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CEMENT. 

By STORY B. LADD. 

Hydraulic cements aro of three kinds, Portlnncl or 
artificit~l cement, 1mtural-rock conrnnt, :Lll(l Pozznolmm 
or slag cement. The la:-;t-namod class does not foll 
within the scope of tho mining cernms, nor does tho 
mnnnfocturc of any kintl of cement, except as it is 
us:-;ociatod with tho mining or quarrying of tho raw 
mntcrbl; hence tho stittistic:-; pre:-;cnted in Tables l and 
8 include only the Portlm1d and nntuml-rock comcnt 
mndc hy cstablisluncntH mining or quarrying tho mw 
material, at least in pnrt. In ('.ltHOs where the mw nmte
rial was mmmflwtured into cmnrnt by the opern.tor of 
thn mine or quarry, tho stlLtistics include the mnnufac
tnro, ns well as the mining and quarrying, of the mw 
material; nncl where u part of tho raw nrnterinl wits 
rn irnid or quarried mid n part pnrchium<l, tlrn complete 
mining and nurnuftictnring sfatistics itre included, be
('!tuse it wafl impossible to differentiate the sta!;istics 
elml'genble to the pnrclmsod nmtorittl from those per
tnining to nrnterfol mined or qrntrrietl. 

The comparative :;tatistics :from 1850 to 11l02, inclu
::iiYo, nre shown in Table 1. 

TAm,E 1.-0o111paruli1•0 xurn11w1·11: .!850 to 1902. 

Number of mines or 
tLllHrl'iO!·I ••.•• , •• , •. 

1002 

101 
03 Numhcl' of operatorA. 

Sttluricd officials, 
clerks, etc.: 

Number • • • . . . . . . 913 
Siilnrlcs.......... $1, 087, nJ.l 

"\Vnge-cnrners: 
Avomgenumbcr l:l,O.Jl 
'Vngl..~8 .•.. - . . . . . . $6, a~B. RfJ2 

Contrnet. work....... $10, G27 
).Ciscullnucous ex· 

1R80 1H80 

(') 

18701 18601 18501 

(') 
1145 

(') 
(') 

(2) 
8 35 

1, 032 740 407 
$031, 993 $20G, •160 $117, 02·1 

(') (') (') 

(') (') (') 1wn8eH . _ . . . . .. . . . . . . $1, mml fi20 
Cost of su/1plies and 
P;~w:i~rl11 s.......... $9, o9s, 220 <'l $rioo, 403 $773, 102 $202, 920 s2s8, m 

Qmtntity, lmne!H 24, Gflfl, 300 '' 7, 000, 000 2, 072, 9•13 (2) (2) (2) 
\'nine ............ $2•1, 208, 838 •$5, 000, 000 $1, 862, 707 $2, 033, 893 $767, 080 $50!J, 110 

1 From GensuH Report on MannfttetnrcR. 
2 Not reported. 
a EsltLhliHlunontA. 
41'hc United Sl1ttcs Gcologlc1tl Survey reports 25, 753,504 barrels, valued nt 

$25,360,SSO, which inclnctmi 1111 m1muf1wt11red cement. Tho Census reports only 
the rrorJuct Of npCl'!\tOrS mining, qll!ll'r)'illg, 01' l'XC11Vl1tillg 1'!1W llll\terJaJ. 

Estimate in Eleventh Cmrnns Hoport cin Mining Indnstrles, pllge xv. 

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

por cent, imd tho increase in 1902 over 1889 was more 
than 250 per cent. 

In 1902 there wore H3 operators, of whom 4 were in
dividtmls, G were firms\ and 83 were incorpomted com
panies, as shown by 'fob le 8; a detailod smnmary of tho 
statistics. Of the individ1ml opemtors, 3 were lomited 
in New York imcl l in Minnesota, and of the firms, 4: 
were in Now Y 6rk and l each in Mnryland nncl Minnc
sobt. The 83 corpomtions, constituting 8H.2 per cont 
of tho operators uncl owning nl mitahlishmonts, or 80.1 
per cent of the whole, produced !lS.3 por cent of tbo 
product. All of the Porthtncl cem1~11t was made by in
corporated compimfos. The statisticR for the present 
ccnsns are the most complete tlmt lrnve ever been puh
lishocl. At the IGlevonth Census no statistics in regttrd 
to cement prodnction wore reported in connection with 
tho mining census, except the estimated quantity and 
value of tho cement product, 7,000,000 barrels, lmving 
n total nilne of $5,000,000. 

Oap#al Ntouk r1f l1w011wrrded 001112x1nles.-Tab1e 2 
presents in detail the capitalization of incorporated 
companies. 

Tho state of Pennsylvnnia lecl both in number of com
panies and in capital inveRted, as represented by the 
par vulue of stocks and bonds issued, reporting 39.1 
per cent of tho entire par value. New York, with 13 
corporations, mnked second in number of companies, 
and 1Ylichig1111 wrts third, with lO companios. One com
pany operating in Ohio iilso owns ttnd operates a plant 
in Indiana; l company operating· in Incliann, also owns 
and opomtcs a plant in Kentucky; 1 company in Pcnn
sylvnniu opemtcs 2 plants in that state, nncl unothor 
company in Pcnnsylvanilt operates 3 plants iu that state 
and 1 in Indiana. In tho cui;o of 1 limestone company 
in Michigan and l in N cw York, producing cement as 
a minor product, tho capitalization is reported in con
nection with tho 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 u small part of tho total. 

(839) 



840 MINES AND QUARRIES. 

TAm,E 2.-CAPITA.LIZATION OF INCORPORA'fED 001\IPANLES: Hl02. 

-==---=---=------------------_-__ -_c:c_-_-=.. 

United 
States. 

Illinois. Trnlimm. M11ryhmd. Michig1w. New York. Ohio, PPnnsylvu.nia.I Virgiuin. All other 
"lnteH. 

----· ---~-·~-------··-·-·~-~-----
Number of incorporated l'omrmnios..... 8:1 G 7 
Nmnhor report lug <·11pitalization. ..... .• 81 n 7 
Onpirul sto"k 1111<1 lrnnds lsoncd .......... $Ti.\ tHU, 870 $2, OiiG, r.tlO $1, 401, HOil 

C1tpit11l stock· 
'l'ot1tl 1111thorized-

Num ller of Ahnres ............ l,OU8 1 H~:l B:l,700 Hl,78() 
!'111· value .................... $50, fiiili,fillO $1,5211, oou $1, 2:18, Ollll 

Tot11l issue<l
Numlll'r nf slmres........... UUfi,:Hri 
Parv11!11e .................... $1li,m2,170 
Dlvidc11<ls pairl.............. $1,~U~,llG7 

Connnon-

33, 700 lH, :~li2 
$1,520,ouu .

1 

$1,2w,xuo 
$2G, 2:n $f12 1 !i3·1 

Attthm·lzcd- I 

PM v11lno...... . . $12, uoa, ooo $1, riw, uoo $1, 2aH, omi 

B 10 
3 9 

$:181, 2llll $H, 1110, 720 

a, f>CIO f>liri, 000 
$300, 000 $7, ·lliO, 000 

rn 
rn 

$R, ·12·1, 200 

7U,Hr10 
$7, 2.rnl ooo 

7 
7 

$2, lf>fi, 100 

2H,Oll0 
$2, ·IHO, 000 

22, 881 
$1, \lliH, lUll 

$Ufl 1 fi81i 

3, fiOO fllii, 000 ·l·I, 100 2:1, 000 
Si!OO, 000 $G, !li>O, Ollll $·1, 570, 001! $1, \lHO, 000 

_____ !_ ___ _ 

u I :1 120 
'rn 

$9, OHO, 000 
HI :I 

&21, 7t>li, :mo ' $1, JH, ooo 

2Gii, 000 11, llOO J U2, Olia 
$1U, tiGO, 000 ~u.. or.u, llOO $U, ti2:J, iillO 

+J•N SO(l 
$rn,GOfi:tiun 

10t CMO U2, 'iDO 
$1, 0:12, 000 $8, 7·18, l100 
............ $272,127 

11, llllO 'I" 'll'I 
$1, Oiill, 000 5H, 700: 000 Nnmlwr of sh11resl Utlf>, rn:1 :1:1, 7llll 1\1, 780 

Isstwrl-
Nnmh<•r of shnrcHI Htlf>, 222 :1:1, 700 1 u, :ltl2 a, ·122 ·Hll, ·1U2 a7, 022 18, f>Hl 
1:»1tr v11lne........ $H8, tm:\, fi20 $1, fi~0, 1100 $1, 210, RUO $292, 200 $0, 2tH. \l~O $:1, Hfi2, 200 $1, fiil8, 100 
llivi<leudspai<l.. $%8,3G7 $20,231 $r12,e:u ............ $102,00!I $i>2,0llll $71,5H!i 

PreJcrre11-

211,%1 10,tHO Rl,Otll 
$1f1, llf>B, 70ll $1, O:l2, 000 $7, H7:l, GOO 

$:\HJ, 72ll . .. • • . • .. .. $2n, 127 

Antltnrlzet1- I 
Numller of slmreH J:l:!, 700 ......................... - .. • . • • . .. • iill, 000 2l1, 7iill 
I'tir vnhrn. .. .. .. • $8, :;:;3, r.oo .......... _. .. .. .. .. • .. • .. .. . . . . • .. . $nou, uoo $2, mri, Ootl 

fi,000 ·12, 200 ··--······· U, 7flU 
$50ll, 000 $:! 1 ~Jflf), UCO $U~:l,fi00 

Issued-
Number of Hh1n'eH 180, 123 ....................... _ . .. .. • .. • • • • fiO, 000 2ti, 750 
Pnr vnlue........ $8, 278, tmo .. . .. • • • .. .. .. . • • • .. .. .. . .. . .. . . • .. . $500, 000 $2, l17fi, ooo 

.J, 800 •10, a2a ··-········ X, 7fl0 
$-IHO, 000 $a, 7UH, or.n $87f>,Oll0 ............ 

Divithmcls 1mitl.. $"i>l aoo' ...... $:m,ouu $18,ooo 
Ilonl~it110rizc<l- • ' 1 ·........... .. . . . . .. .. .. .. . ... 

$2·1,000 $17-1,300 ·---·····-· ............. 

Numher ..................... li>,2171 B,130 2llll l\10 2,7Hll 2,117 
I'11r v11! uc.. . . .. . . .. .. . .. .. .. • $!1, i>78, 400 $505, uoo $200, ouu $\lo, ooo $2, 2lfi, Ollll $2, 0!17, ooo 

li-<Hued-

:lHll 4,270 7;!0 l,440 
$.180, ()()0 $:!, 250, 000 $·Mli,Oll0 $:131,.IOU 

Number ..................... H,lii!i I :l,073 lHf> 178 2,fi·l2 l,907 
P11rv11luo .................... i~.717;7lllJ \ $fi:lfi,fJOO $1Hi\,UOO $Ril,llll0 $2,Hfi,HllO $1,HH7,000 

lHH :~, Rttl 7110 1 ,.1.rn 
$1R8, llllO $2, \ll:l, 1100 $-M:!,0\10 $3:11,·lllO 

IntereRt pnltl .. . . • • ... ... • ... $:un, m12 $82, mo $!1, 2fi0 $5, am $li2, 121l $·11, 07ll 

Assessmm1tH lcvicd:==:~~: ___ ~:i;;,:'.:'.'.JL=:~:~L:.:~~:-~::.~=-=-:.:..:_~_:1''•.m ___ .1_li------------·--·--····-··-·····----·--·-·······----·-

$0,llllO $J.IU,lii10 $10, 000 $\)70 

····-······· ................. ~ ... -.. I 

1 !1wlrnle~ con1pti11ics tliHtrihuWil llH follow:.;: Alnlmmn, 1; Cnlifornin1 2; Colornrln 1 1; Guorgin, 2; KnnHns, 2; Kontuoky. li l\liHHOtll'i, 1: NPW ,lel'1"1l~y 1 ~: Nul'lh 
Dn.knta, 1: South D11kottt, 1; rruxns, 2; Utnh, l; \Vo:-it Virg-inin, l; "'iH1~011t-1in 1 2, 

1.llncludes <~mnpanil:H diHtl'ilmte<l n8 follnwH: Cnlifornin, ~: Co1ornllo, 1: Genrgi11, 2; Knmnu~, 2; Ktmhwky, 1: Mi:..:isouri, li NPW ,ll'l'.'·ll'y, 2; Nortll lhtkulu, 1; ~rn1Lh 
Dnkota, I: Texns 1 2; Utnh, l; 'VeHt Virginhi, 1; \ViHcon~in, ~-

Dividends to the nggregi•te amount of $1,20!.l, 0117 
wore reported as imid by :n eornpm1h~s, of whieh ti wcm 
loentecl i11 New York, Cl in Pcu1u;ylvania, ob in Inc1imrn, 
3 in Michigan, 2 each in Illinois, K:tnsm1, Ohio, anrl 
New ,Jersey, and l each in Colorado, South Dakota, 
Utah, m1c1 \Vbconsiu. DiviclmHls to the nmuunt of 
$251,BOO were paid -on preferred Htock of a total p1u' 
value of $3,G05,000, by 3 comp1mie1:1 in Pm1111:1y lvanin, 2 
in New York, and 1 eaeh in .Michigan aml Ohio; and 
dividoucls !Lgg-n1g1Lt.ing $1J58,807 wm·e paid on common 
stock o:f a total pnr value oi' $11,-,bbl,!llO, by -1 c0111-
ptt11ieH in Indiana, ,tin New York, 3 in 1\mni:!ylvania, 2 
mich in Illinois, Kansas, Michigan, Now .Tcl'soy and 
Ohio, a11d 1 each in Colomdo, Sontlt D1drnti•, Utah, and 
vVbconsin. Tlw dividends paid 1wemgec1 7 per cont 
on tho preferred i;tock ttnd S.± per cent on tho eommon 
stoek of tlrn companies reportiug them. 

The sum of $3n,B91l Wtts paid in aHsossmonts to 2 com
panie::i in New York. Outstanding bonds ngg·rogatiug 
$8,717,700 were report.ml hy B·! comptmim;; lrnt tho 
interest rPported, amounting to $Hl<I, DG2, was paid hy 
only 25 compmlies on bonds of n par vnhrn oi' $11,081, 700, 
cfo:trilmtecl as followH: Pen11:'1,Ylvtu1in,, $2,818,UOO; Mich
ignn,~1,14:5,800; New York,$787,000; Illinoi:..;, $5:3G,500; 
Virginia, $-±00,000; Indiana, $185,00ll; Ohio, $.lOG,000; 
Nfarylrmd, $8fl,OOO; and "nll other ::;tn.tes," $10,400. 

FJmployeeN and Wll(!r.!8.-0f the $7 ,41G,3GG paid for 
:-mlaries ancl W!Lg'OS, $1,087,514 WtlS pnicl to Drn Hllhtried 
o1iic.ia1::,;, clerks, ete., and $B,328,852 to 13,04:1 wagc
mmrnrH. The salaried employees comprised 1±8 geneml 
oflicers, who received $347,132, an avemge salary of 

$2,34:!l; ·1:2() superiutC\ndonts, nmnagurs, forrnnm1, sm·· 
,·cyors, etc., who l'L'cnivnd $4Ul,H71, an avomµ;o ol' 
$1,15±; and 8311 durk:8, who recoiwd $248,711, an 
ltvPl'llg'O of $734. Of tho rn, O·Ll wngn-eal'llt\l'S ~' ( J!l2 
were engineers, iircn1en, and other 111edmni<•s, who 
recoived $1,a2±,l2l; 8,251 worn miners or qnnrrynrnn 
ancl miners' helpers, who recoivl:d $1.,,~40,!12H; mHl 111 
were boys nmfor l() yenss of agP, who rPcc\h•(\cl $~.lil,.fil1l; 
the 7,ll87 other wage-m1nrnrH rm:oivml $H,G,~l,20H. 

M.ining· helow gTonml 'rns rcportnll in Uw cHHl\ of H 
milw:,; or quarries, of which r; wmo locatPll in Nc\W York, 
8 in l\forylnncl, 1rnd l onch in llliuois, I11dinmt, North 
Dakota, Ohio, Virginia, ttll(l \Visconsin. BoyH undm· 
lG yoarH of age were l~mployncl in 22 minns---() in J>l\nu
:-;y}yania, Ii in New York, 2 Ptwh in Kansai.; an<l Virgi11h1, 
and l each in Ahdmma, Cnlifornin, Gnorg·i1t, Iudimm, 
Marylm1d, Texas, ancl lTt;ah. CH these tniuPH, only 1, 
locatPcl in the 8btfo of New Y(1rk, reports tlw (\Jllploy
mont of boys nrnlergTonml. 

The Vttriation in the 11mHlinrs of wag"l)·tmriwrc; 0111-
ployed itt different 8l1!lSOllH of' the year is shown in Tahle 
8, which gh•es the 1tvcrntg'(1 111u11lit\l' ol' 11w11 aucl hoy:.; 
employed during each month. 'I\tking tht\ i11dustry tlH 
a whole, the minimum nmn lier was employed iu Febru
ary tLnd the maximum in Soptc~rnher, witb a st<'ady in
cret~so from Febrnary to Sept0111her, followed liy a 
slight foiling off in tho fall nncl early wiutm'. The 
increase in the n mnber of wage-earners for Deeomlwr 
over the number employed in .fammry, 35 per cent, re
Jlects the grov;'th of the industry, w hieh W!tH rnoHt 
marked in 1VIichigan, Illinois, and Indiana. 

l 



In 1icldition to asking for the avcmge number of em
ployees nnd the totnl amount paid ns wages, the sched
ule cnJlcd for the mm1 her of wnge-enrners employed at 

841 

specified daily rates of pay. These statistics are shown 
in the f91lowing table: 

TAm,1~ 3.-DISTRIBU'l'ION OF WAGE-EAHNERS ACCOHDING TO DAILY RATES OF PAY, BY OCCUPATIONS: 1902. 

========c====="-----------==---=o--"='-'""""'""°"'--=-====-=-=--------- "- ---------
MAClllNISTS,HI.ACJ{-1 ! ----"--

l~NHINEEl!H, 
81HI'l'US, CAilPirn~ MINJmH .A.NJ) QUAR~ }U1Y8 tlNDEit Hi ALL OTHER WAGE~ 
'l'EH8,AND llTIIEH. ItYMEN. Yl~ARS. EARNl~US, 

ALI. (lCCllPA1'IONl:i, 

MECITANIC8, llATB. JlB!t IlAY 
(llOI.I,ARS), 

numbc•t'. of totnl. , 11mn!Jt•r. of totnl. umnher. of tolttl. numller. of totnl. nnml.>er. of tot111. umuber. of totnl. number. of total. 
Avt~rngo Per <~Pnt Averngt' Poreunt Avcrnge Per <~tmt Averngc Pl~~;unt ~~~:;"l:-;~:~~:~ ·~\~~l;~~-1· "l~;::~ Av"t1rn~""·-1 I":>cr c.:unt 

~1.?.:;:;;::'.;,:: ~ -" ·~ "";; : .:.~ • ., d~ ~ .... ·: ;~~f: /~~ : ~"~ ~ :·~; ;~~'1· ---- - ·;; 1- ·;;; <~1 - ,;·~~ 
0.7f.tn0.\l\l............ rn2 l.r, .......... .......... •i o.n 1 0.1 ""' 1.8 i18, iH.3 \17 1.3 
l.t]{)tol.2.J. ..•....••• l,om1 H.•1 o 2.1 :n u.2 70 .1,0 a:;o 11.f> 10. 11.1 G20 7,9 
1.~f1tnLl\J ............ :1,8-1\l 2\l,[i :l\l 11,l\ 27 8,0 120 8.5 l,ltitl :l8.5 11 0.9 2,1\111 32.0 
l.fiUtol.7·!. .•••..•.... ·l,107 ill.fl 17 fi.O 117_ lU.H 2:11 17.7 HOfi 20.fi 1 U.U 2,8711 30.8 
l.if•tnl.\m ............ 1,na2 12.fl 21; .7.7 HO 20,4 21·1 15,l a21 10.8 ........... , ........ 1 \l70 12.5 
:Ul0to2.2L........... u:1:l ~·-~."! \18 2\l,1 87 2fi.7 BO() 21.2 mo 5,0 """"""I'"""""'"' 270 3.0 
2.2C.tn2.·l\J ... _._______ ·t·i7 " fi8 17,2 21 7.1 11\) 8,•l 26 0.0 1..................... 200 2.6 
~.fill 102.1.i............ -rn:l a.s .Jg" 12.fi fl 1.f> mo 1:i.1 32 1.l 1: ......... .'1 .... ·----·1 ltH 2.1 
2.iri to2.11t1............ 10:1 o.i; 11> 4.•I 1 o.:i •JO a,.1 s o.a .......... ____ ...... ao 0.1 
~'.g~1::;::~~:· ..... ::::::.·-. 1~1'~ li·.?1 2!l; 711 .~ 8 2.•1 ~82 ;J·12 2 (1) .......... .......... 31 U.4 

' ·" ......... _ "" ""'"" ,, -·' .......... ..................... .......... 12 0.2 

~:qf: f.': il:Ji\:::::::::::: J~ \1\0, l ........ :i' """(1."1i' :::::::::: :::::::::: ~ 8:t :::::::::: ::::::::::l::::::::::i:::::::::: 1i (!) O.:l 
·I.IHI to-l.:H............ 7 >) 1 o.a .......... .......... f> O,•l ................ ----1 .......... 1 ... ·--·--· (I) 
.J.~;,unrlovor......... ·I ') ........................................ 1 0,1 ........................................ (') 

------------------"· --"··--~- ..... " ___ ...... -·-- - -~-------~---·---~---~····-·-· 

1 LosN thnu onu-tnnth of 1 {IL'l' t~ent. 

Thron-iifths of all wag-n-u1u'no1·s wnrn pai<l from $L2il 
to :i;\l.7± per d1iy, 2D.fi pPr 1•m1t recniving from $l.2il to 
$1..!D, nud Bl.l"i iwr ('Ont from $1.[)ll to $1.7,b; of tho8o 
1tt h>W(\l' mto,,;, 8.± por <'Pnt. ru1•nived from $1 to $1.::l± 
;trl<l 2 per cont. Jpss than $1; whilo of thoso nt higher 
rates 12.5 pol' cent l'<lcniv('(l from $1.75 to $1.HD, nnd 
Hi. l per eout: $::land ovm'. 

Of tho total 111m1btlr of wag'('-l'ttrners H,mn, or 2il.::l 
por cont, wnro minors or qruttTJ'llHm; of thi.'! class, 
2,llfil, or !iH pnr 1·e11t, recninitl from $1.::l[) to $L'7·l: pl'r 
1l11y. Of the :1,o:u minors or <[llltr1·y11wn di.~trilmfotl in 
T1thlo H iwcordiug· to daily nit.i's of ptiy, tlwro wore 4·.W, 
l-J.. s pol' cont of tho totitl 1mml)(\r, :for whom mt;es had 
to lm eornpnted, lHwunso they were pai<l hy tho ton or 
1~u hie y1tnl. The total imwuut paid them wns $211\, 7\HL 

Contrnct mining· or quarryi11g· wns reported for 11 
mii1t>:-: or qnurriPs, lcH'atecl a nach in New York, Ohio, 
nml I\:1111Hylvnnia, trntl l eueh in Californin, :Miehigan, 
awl Utah, at rates ranging- from $0.18 to $0.40 per ton, 
exeqit in the emm of l mine in Ohio, where the mte WH8 

81. 25 pm• gt·oss ton. In nd<lition, 1 estttl1lisl1111ent in 
'l\Iichigan rnporktl the (\X1•1wation of marl by contract 
ttt $O.Oli5 per t•nbic yard. 

Co11tmct wm·l.·.--Uontmd work for tunneling, shaft 
sinking, 11ori11g test holes, etc., was roportecl by a e1::1tah
lbhm ents, 1 mch in Kansas, Kontncky, and New York. 
Tho nnmbe1· of men 1::10 on1ployPd wns a.J, and the amount 
paid fol' such t'<mt.md work was $10,G27. 

,)'uppl/e.-:, 111{d1·1·!1118, m11l 111 /Ncellaneou8 e;rpe118e8. -The 
total oxpentliture reported for supplies and nrnteriab 
was $!1,008,22G. As cem'ent is mrirketed in barrels or 
hags, the contttinors constitute quite nn item of expense. 
The total amount reported for miscellaneons nxponses 
was Sl,G65,il20; of this amount, $52,1105 wns paid by H 
opemtors-4 in Pennsylyania, a in Ohio, and 1 each in 

Kansas, lVforylancl, Minnesota, Now York, Texas, Utah, 
ttnd Wisconsin--for royalties and rent ol' mine OI' quarry 
nml mining plant, and $1, 612,615 was expended for rent 
of offices, faxes, insurance, interest, arnl qther sundries. 
· Jlfilu!wm:ul/l j){IWt!l'.-'l'he primary power employed 
in the cement iud11st.1·y nggregatecl lltJ,O!J2 horsepower, 
of which 110,G50 wa:,i owned and B,J.J..::J rented, the 
latter being electric power. Of thn power owned, !J3.8 
per crnt was stt:\mnpowor. g]ectric motors were em
ployed in the industry of 11 total capacity of 17,±20 
horsepower. 

lh1d1wt/on. -'l'he total production of hydraulic 
ct•numt by estithlishments mining or quarrying mw 
material in whole or in part, was 2J,055,3HO barrels, 
yahtcd at $::l±,2G8,338. PmmHylvnnia was tho lnrgest 
prodncL~l', rnixirting H,300,802 barrels, or 38 per cent of 
the entire product; this Rtate and New York together 
reported 57.2 per ceut of the totttl production. Penn
sylvanin produced 51.3 per eent of the Portland cement, 
nnd New York H. H per cent of the natnrnl-rock cement. 

Of the 101 mines or quarries cow.1·ecl hy Table,: 1 und 
8, 54 nmnnfactured Portland cement only and 37 natural
rock cement only, while lO produced both Portland rrnd 
nntuml-rock cement. 'rim 5± Pstahlishmeuts manu
facturing only Portland cruHmt pr()(lucec1 1±,11(),121 
barrels, at an aggreg~tte expense of $12,G55,1811; nearly 
DO per cont of this product waR reported by 40 estab
lislunonts in the states of Illinoh;, Indiana, Michigan, 
Nl'W .Jersey, Now York, Ohio, and Pennsylvania. 
Among the 5! mines or qwnrics producing Portlnnd 
cement exclusively there wern 13-7 in Michigan, :3 in 
New York, 2 in Ohio, and l in Indiann-which reported 
the manufacture, in the aggreg11te, of l,H81,±15 barrels 
of Portland cement from mnrl. The mtu·1 mined or 
exmvated by these establishments w11s reportl~cl in some 
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ctt.sps in cnhfo yards and in other cmms in tons, the quan
tity 1·1.~portml bning '1~3,385 cubic yar<ls 1tncl 35H,277 
towi. In :vr inhigim tho clovelopment o:f the marl cement 
i ndtrntry lrnH hem1 very grmit; tlrn ·7 estnJilhihments 
l't~pol'ting from that, stnfo exciwated fl5t>,D02 en hie yards 
aml 2U,OOO tom; of nunl, u.ml produced 1,1H7,052 lmrrels 
oJ t·mum1t. 

The 37 establishments manufacturing only natural
rock cement produced, in the 1ig·gregatc, 6, !)54, 704 bar
rels of cement at ltll nggregate expense o:f $2,732,51±. 

The entire hydraulic cement production of the United 
States for rno2, including eemeut nmnufactnrecl by 
companies not mining or quarrying any portion of the 
nrnterinJ, is shown in Tnl>le 4. 

TAnr.E 4.-0KMENT PRODUCTION: HJ02. 

- ···-
- . ··-~--·----~--~-------- -·-~-.---~---~-

I 

1'1\0IHTCTION, 

~r'~\~W11: Number II---------------·--·-·-----·---··---········-·----------· 

11"1'· of oriur- Total l'<11·tl1111d co1nent. N1ttnr1•l-r·111'k l1Cllll•11t. Pozznoltmtt or shlg 
llH~tiH. ntorH. · • " · emuent, 

BturolR. I Vulue. 
""··-·-· --- ~···----- -- -----· 

V11htP. llnrrl!IH. Vttlne .. B11rrclH. Vnlne. Il1urel~. 

.All Cl!tlthll8hments •••••..••.•....•.••..•.•. 10~ :m, 75:1, O'.J.[ $21\, H66, 380 17, 2:10, llH $20, RM, tliH R, OH, 30:\ $-1, 0711, ll:lO HH, fliiii $·12fi,t172 

ll:Nto.bllRhmentR mining or qunrrylng mw nmte-
1•lnl In wholp nr in 111n't ....................... . 

1tHltth11HhmcntH tltlt mining or qrntrrylng rtt\\' 
mi<lt!rlltl t ..................................... . 

101 

11 

tis 2·l, fl5f>, ~mo 

g 1,00R1H•l 

~·1, 208, mm 161 tHJl, 05f) 

5B9,68\l 

20, 231, 708 

6:l2, 370 80,0()0 t!0,0011 ·178, Mn 421i, 67i 

t Not lnnlmlml tn mining PCllHllH ro11orts, bnt ltwlmlml In ":t.Il1Hmtl Rl\Ronrues of tho Unltc•!l 8t1iteH," 1111\lliHhrnl hy the Uultt!<l 8t11lt'H lhmlogi<-11! 8nr1•ey. 

Of the 2!'i, 753,50,~ harrcl1:1 of hydmnlic cement of all 
kinds rn1inufaetnrPtl in 1!102, til>. D por cont wns Portlnncl 
conwnt, Bl. 2 pt11· cont WILH irntural-rock conwnt, and 1. (} 
pm· cent. wtts J.>o:;i;v.uohum, or ~qlag cmnenl;. Of thn ontiro 
prmlnct.ion, ~'1:,H!'i5,81i0 hm'l'eh1, or Hfl.7 per cent, wnci the 
lll'otlnet of eHt.abliHluuouts tlmt mined or qunrriod mw 
umtorinl, at loast in part; t;his product inclndocl DH.9 · 
p<'l' mmt of 1111 Po1·tlnncl ctm11.mt nucl UH por cent of all 
the tmtm·nl-roek e11numt miinnfoetnred, hut nonn of tho 
Pov.:;i;uoltttm or Hlttg enrnout.. Cm1wnt was miinufo.ctnred 
from purdrn;;ncl material hy 11 PHtahlislnnenfa;, O:f 
tlw:;o, ,l m;tltbfo1hmnnt;.;--l etwh in Colorado, Illinoi:-i, 

Ohio, n:ncl I.>onnsyl va.nht-mimnfitctnrecl l>tntland ce
ment; 1 estitblishmont in Kansits mttmtfactnn~cl uatural
rock uemont; itnd () establiHl11mmt1:1--:3 in Abham1i1md 1 
mwh in IllinoiH, l\faryland, Now ,for;;ey, n11d Ohio-made 
Pozznolmut, or slag cemont. The 2 m;bihlishments in 
Alitlmnrn manufoctnring Hhtg cmuont were ownecl hy 
tho same company, nnd l eompany in Illinois manu
factured both Portland n.nd Hhtg l'.Olllent. 

The growth of the entire ('.Gillen(; irnlnHtry from 18\:lU 
to 1002, inClu::iive, and the imports (lnring the t:itune 
pcrioll nre Hhown in the :following tu,ble: 

'.rAm,1il 5.-UI~MEN'l' l'IWLllHJ'.rION AND Il\IPOHTS: 18\JO TO Ul02. 

[f1ompl11"l from l'llJltll'lS of nnltml 8t1ttPS lh•ologieltl i:lnrvoy, "Mhwral RllSOlll't•es 11! llw Unltrnl Sttttc•s."J 

TEA.ll, 'l'ot111. 

·----·-----
Vttlno. 

·~-~----

!Rllll .................................................... 7,776,f>lf> $6, 380,-025 
18\ll ...................................... , ............. 8, ~~:J, 7U2 0,071,4ll7 
lKll:! •••••••• • ............................................ 8, 7f18, l\Zl 7, 152j 7fi0 
11111:1 .................................................... R,002, 41l7 (i,'262,S.lll 
1.~111 .................. , , , ............................... R,Bfl2,:W1 f\,O:lll,081 
lK\l;i, .................. , ................................ 8, 7:ll ,.IOJ fit482,21H 
IH!JO ••••••••...... ....................................... 9,fil:l,tl73 li,473,213 
JHU7 .................................................... lll, !IHU, 41i:I 8, 178, 28:1 
!HUH .................................................... 112, 111, 208 \J,8@,f\01 
lHll\I .................................................... lf1, i120, 4•!5 12, RSU, 142 

Pit())llJCTION, 

l'ortl111Hl eement. N11tuml roek eement, 

Jll1rr!!ls. Y11lnc. B1trrels. Vttlue. 

a:m, r,oo $70-1, OfiO 7,-Hl, 116 $5, 676,li75 
•IM,81B 9fi7,4W 7, 7G7, U79 5, 70<!,008 
fi.17,<HO 1, ms, ooo H, 211, 181 Ii, 9\Jll, 11\0 
f)\)0, 6ll2 1, 11\8, 138 7,411, 810 Ii, HJ.I, 708 
7ml, 7fl7 1, 388, •173 7, lifl3, 4K8 8, Q.lll,fl08 
9\ltl, :l2·1 1,680, 830 7, 741,077 a,8Df1,•1'.!<1 

1, 1\.13,023 2,·124, 011 7,970,450 ·1, 019, 202 
2, tl77, 776 •1, 311\, 891 8, 311, 088 a, 802,80:! 
3, 6H2, 2Hi1 5, 070, 773 8,418, 92·1 3,8HH, 728 
51 Gf12, 206 8,0H,371 9,868, 179 •l,81'1, 771 

Pozznolnnn. 1 or ~lng 
eL'llH\llt. 

ll1trrulH. Ynltw. 

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

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

........... -. ············ .. ............. ··········-· . ............ 
: : : : : : : : : : ::I! . ............ 

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

..... (i\""" ""'""(o\"""' 
( 2) (2) 

Imports 
(llnrrels), 

---------~-

l, 9.10, 186 
2, Ul'.\8 1 :llS 
21 HO, Gfi.1 
2, 07·1, H9 
2, li38, 107 
2, 1197, 3U.5 
2, IJH9, 597 
2, 000, 92,1 
2, OlB, 818 
2, 108, 388 

1\)(11) .................................................... 17, 231, lf>O rn, 283, 081 8,·11!2, 020 o, 280, .;~.m R,H!IB,51U ii, 728,MH :Ilia, on $27-.1, 208 21 m~H,683 
1\111\ .................................................... 20, tlC.H, 7H7 1r,, 780, 780 I 12, 111, 225 12, i\B2, 3<i0 7,0M,823 B,OM,27H 272, GH\l 198, lfil 9:19, 3:l0 

117,2:10,0,14 um·~ .................................................... :1~.m, 7fl3, 0011 25, 3GB, 980 20,8M,07H 8,0H,B05 ·1, 070, (\30 ·178,fl55 •125, Gi2 1, 9\J.f, 789 
-- - . -~~------~~-··- ···------·~"'"' -----~-

1 N• •t hwltuling ~im,txm lmrrols of l'ozr.nol1um1 or ~l!tg ceuwnt, tlrn vuluu of which wns not reported. 
• N "t rupm'l<'tl, . 
"r11"1tufos eenwnt m1mufrtctm·e1l b)' the 11 est1tbliHl11ncnts not mining or q1mrrying nny mw m1iteritLl, 11.nd tllomfore not ineluclet1 in m!umg census roports. 

(Ht•t\ 'l'1tl1lo ·l.) 

Thn prndtwtio11 of cement lms steadily increased 
th roup;hont tho period coverecl l>y this falile, except in 
1S!l2-ll3. 'l'he natun1l-rodc cement prorluction, how
Pvnr, shows no real growth; it reached its nmximum in 
.U3D!J, arnl i;hn production in rno2, thong·h greater than 

that in rno1, is loss thn that in 1892. On the other 
hand, the growth in the production of Portland cement 
has been very great; :from 1892 to HJ02 the rn.te of 
yearly growth fweraged 40 per cont, ranging from 7. 9 
per cent in 18fl2-93 to 73.5 per cent in lS!lG-97, so that 
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during the decade the output increased more than 
thirty-fold. Portland cement outstripped natural rod~ 
cement in v::tlne in 18\17, and in quantity in moo. 
The imports reached a nmxinnun in 1.8H5; since thnt 
year th0re has been, on tho whole, a oonsidr.mble de
creuse, the imports for 1H02 exccl'ding Yory slightly 
those for 18HO. Since 1R!l7, except in moo, the annual 
imports have been he low the 1wcrago of tho imports for 
the entire period of thirteen years, a1Hl in Hl02 they 
were npproximatelr on it par with the imports for 1800. 

li.7/ns.-Tho kiln oquipnwnt, of tho 101 esbtblisl1111ents 
included .in Tnble 8 eomprised 5M \'l~rtical and 451 rotary 
kilm;. As n, rnll\ natural cement rock is oitlcined in \'m"

ticnl and Portland cement rnixtnrPs in rotary kilntl; 
hut 3 ostahlh;hmonts in Nt>w York and l in South Dakota 
reported the use of .t7 n'rtknl kilns in the uumnfoctme 
'Jf Portland cenwnt, and 1 est.ahlishment iu Minnesota 
usod i:i rotnry kilns for ntttnrnl-rock eonwnt. 

.L\~111p!'()(lw•1'7'8.-Tlwre Wl'l'P. fl I nonprrnlnl'ing comcnt 
estnJllishmont:s, of which ::J(l were iww plants in com·1>n 
of erection. Tho unmber, clistrilmtion, and clmmcter 
of m1·11prship of these establishments arn shown in 
tlw following· tnhk 

'.l'AHLE G,-X,,11111·w/11ci111111it111'R 111· 1111mTi1°R: lfll!:J, 

!"11111I11.•rtif tnilte~ or 
q 1uu·rlt~s ..... _ .... 

NL1 \\' n1int•."lot'ttl1Hr-
rit~s .......... ..... . 

Numlior11f opcr/\.tors 

!Tnilt!il 
Htlll'PS. 

I 

I 
·-·--1····----··------~~·;;· 

. . Nl'W f • Pl'llll· . ntlwr 
Imlt- Mt<'ll- Tt•l'· N<'\\ Ohio ,yJvn- Vu- st1tlt's 
111111. ig-m1. ~"" York. ·1 iiht r:inhl. nrn! 

· · · tt1n1-
torit•H.1 

•10 :1 I 1~ 

:.!ii I· .. ·.~.
·Hl I " 

I' 
'l I . I 

l I!H'l111lys 1 mitw or qmUT)' 1•1ll'h in Arknmns, Cnlifnrnin, Colorndo, l•'lorl<ln, 
fh•nrgm, I1hnois, Kent1Wk\· 1 Ma1<4sn1•hns1.1ttH, Nl1ln·n!-lk1t, N'l•W ~Tt'xit•1\ 'l't~xn~1 m11l 
Wt•"t Ylrg-i11in. · 

~ 01w owtw1l hy nn 1wtiYP l'slnl11iHlnue11t op11rntiu'i' in KP11t1wky. 
:1 tndndus 1 miutJ or 11rnu·ry v1wh in Arkn.n~n!-i, t 'nllfnr11in, Heorgln., 1uttl New 

lt.Iexh 1t1, 

-t One irnUviclunl ownf-1 ~ i1llt1 1nhies 11r qnn.rril1H. 

Of the 51 nonproclnciug nstuhlishnwntR, :n---10 in 
Indiana, 5 in New York, a in Virginia, 2 in Ohio, and 
1 each in Colorado, Florida, Illinois, Kentucky, Massa
chusetts, }\1Iiehigttn, Nt\bmslrn, Now ,Jersey, Pennsyl
vania, 'l'exns, and 'Vest Vfrginin---wrre properly "idle 
est:thlishments." The other 20-8 in Michigan, 4 in 
Pmrnsylvania, 2 in Now ,Jersey, 1u~d l otteh in Arkan
i:ms, Citlifornia, Georgia, New Mexico, Nmv York, and 
Ohio·__,were in course of erc'etion clming· the year. 

There were .f± inwrporatnd companies whieh reported 
ownor8hip of nonprodueing mines or qttarries-24 own
ing idle establishments nnd 20 owning the 20 estahli~h
ments in COlll'8C\ of corn.;trnction. Capitalization was 
rnported by 16 of those compnnic8, distributed as fol
low8: Companies owning :idle establishments, 6 in Indi
mm and 1 each in :Michigan, N cw York, and Ohio, or !t 

total of 0; eompanies owning establishments in course 
of constrnction (or "new establishments"), 3 in Miehi
gnn n.ncl l each in Arkansas, New Jersey, Now York, 
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and Pennsylvania, or a total of 7. The statistics of the 
capit!ililmtion of the nonproducing comp11nies reportii1g 
capit11fomtion are shown in Table 7. 

TAm,1~ 'T.-C11pit11lizalion 1(( nm11n·odncing incorporated compmi.ie.~: 
.t90:Y. 

Tol11!. 

Nnmber of inr.orpomtcd com1iunlos ....... ·H 
Nmnlwr re1iorting C!L]litalirnlion .......... 1ll 
C1tp1t1tl stm·k nn<l bonds issuer! ............ $17,517, 700 

C1tpitnl sto1'1t: 
'l'olltl nulhorizod-

NnJuhcrof slmres .............. IHO,aHU 
Pnr vnlnc ...................... $27, 038, 900 

'l'otul ls.,lll'd-
Nmuh(lrol slmrcs .•..•......... 103, 1"7 
Par vnlue ..... ·······-·-······· $17,t.17,700. 
Divi<lmtds pnl<I ..........•.•.•. $l2,31i2 I 

Common-
Anthorizctl-

Nnmlle~ of shares .. ·t:l7. :l89 
Pnr \'t\.IHO .......... $JU, 2:lH, llOO 

Issned-
Number of shnr1..1s .. Bf>H, fiti7 
Pur vnluu .......... $1.l,072,7110 
Jlivitlcntls p1iitl .... $12, illi2 

Profcrre1l-
Anlhorlzctl-

Nnmher of slrnrl's .. 108, 000 
Pnr value .......... $8, ·100, 11110 

Issnetl-
Numher of shares •• .w, r.oo 
Pnr vulue . ......... $a, 01;;, ooo 

Bontls: 
Anthnrizcd-

Nnmlll,l' ....................... 1. 100 
Pnr vnhw ......... ............. $fi:lll, 000 

IKH\1"11-
Nun11.ler ........................ ·JOO 
Ptll' l'llhHJ ...................... $·100, 000 

Itllo com
panies. 

2·1 
9 

$2,356, 700 

fi5, 88U 
S5, 588, ooo 

~m,001 
$2, 351i, 700 

$12, Bli2 

:m,HHtl 
$:l, 588, 900 

18, 5tl7 
$1, sr.n, 100 

$12,:m!.! 

20, 000 
$2, 0011, 000 

r..0011 
$f>OO, 000 

............ 
············ 
............ 
............ 

New con1 .. 
p1mles 
owning

plantsln 
eonrRe of 
eon~trtte· 

tlon. 

20 
7 

$15, 101, 000 

·189, 500 
$22, OflO, 000 

ai9,fJOO 
$J.1, 7Ul, 000 
............. 

·Hll,nOO 
$W, li50, 000 

aaH, 100 
$12, 2lti,000 
····-······· 

88,000 
$11, .1()(), 000 

·ll,iil!O 
$2, 57;\oon 

1, 100 
$1la0,UOO 

·100 
$100,000 

H the 7 now companies reporting cftpitnliz1ttion are 
representative of nil such companios, (;here has been a 
marked inerease in tho avemge c·npitafomtion per com
pany. The 7 new companic~s reporting capitalization 
show a tot!tl pitr valne of st:oeks and bonds issued 
umonnting to $15,HH,OOO, or an 1wt~rag·e of: $2,170,143, 
nH compared with an a''emg·e of $G70,±80 for the 83 
nctive companies for whieh capitaliza,tion is reported in 
Tn.ble 2. . 

The following statistics were reported hy 9 of the 51 
nonproclucing mines or qtml'l'ies-5 in Indimm and 1 
each in New .Tcrsey, New York, Michiga,n, and 
Pennsylvaniu: · 

S1t1m111.11'i/, rwnp1·od1win{l mines m· q1.ttw1'ies: 1fl02. 

Nnmhcr.of mines or <tlllirrles reporting ................................ . 
8nlnrfod oillchils, clerl(A, etc.: 

Nmnher............ ................................................. 13 
SttlnricH .......................... : . . . .. . . .. . . . .. .. . . . • .. . . .. . . . . . . .. $52, 333 

\Vugc-Qttrncrs: 

\\>~1'1!~~~:~'.'.1'.~~~~: :::::: ::: : :: ::: ::: : :: :: :: :: ::: : ::: ::: ::::::: :: ::::: $214, ~i~ 
Mlsr.ollnnconH expenses,.......... .... .. . .. .. .. . .. .. .. .. • .. . .. . .. • .. . . . $80, 1147 
Cost of snpJ•llcs unrl mnlerinls .. .. .. .. .. . .. . .. .. .. . . .. .. .. . .. . .. .. .. .. .. $3, 086 
Totnl horsepower .. . .. . . .. . .. .. . .. .. .. • .. .. . • .. .. .. .. .. .. .. • .. .. • .. .. . .. 11, 187 

Of the salaries, $1±,380 was paid ton general officers; 
$28,513 to rn 1mperintenc1ents, managers, foremen, sur
veyors, etc.; itnd $9,-1:40 to 18 clerks. Of the wages, 
$155,849 was paid to 220 engineers, firemen, and other 
mechanics; $17,,158 to 28 miners or qnarrymen-26 
above ground and 2 below ground-and $41,310 to 88 
other wage-earners. The miscellaneous expenses repre-
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sentec1 the rent of offices, taxes, immmnce, interrnst, 
nnd other sundries. The mechanical power waH fur
nished liy 2G steam engines, o:f 8,SiliJ hor!'lnpower; 2 g1tl'l 
or gasoline engines, of 12 horsepower; l water wheel 
o:f -±0 horsepower; imcl 78 olectric motors, of 2,300 
horsepower. 

A detitilecl summary showing· the stiitistics :for cement 
during 11)02 is given in Titble 8. 

DESCRIPTIVE. 

Hyclranlic cornenfa> are of throe genornl chtRses: 1 

(1) Portland cement, 1t compound comdsting m;::;en
tially of lime, silicn., and nlumirni, produced hy mixing 
intimately some form of caldum carhon1lte with the 
necessm·y proportion of cht?, rnlcining the mixtnre at 
a high heiit, and grinding the resulting clinker to a fine 
powder. A mixture of Portland <~ement and snn<l 
ground to :tn extremely fine powder is cnlled sand 
cement. 

(~) Nfltuml-rock cement, produced by calcining itt 

n. compn,rativcl,Y low hen.t a nntnrnl produ<'t-e1neh as 
arg·illaecm1s linwstonc--pos::;essing in its compo:>ition. 
lime and day in proportiomi aclnpterl to form a hy
draulic cement, and u:>1mlly contn.ining nbo u com:icler
able proportion o:f nmgnesia. 

(B) Pozzno1mm, or shig cement, prorlnced by mixing· 
with slacked lime a nntuml voleanic ,;corht 01· grnnn
hitecl hlttl'lt fnmucc Hl:tg of suit1Lliln composition. 

The ehmnicltl constitucrnt::; of the three g·tmtwnl clas1-ms 
of hyc1mnlic. cement iu·c :tpproxiumtely aH follow:>: 

CtJNSTITITBNTS. l'nrt111ncl. 

-----··-·-- ---·-· 

Limu (pcl'f•ent) ................ . 
SillC'!l (per l'l!lll) ............... .. 
Al11min11 (pe1· <'Clll) ............. . 
Iron oxi1Iu ( pL1r mmt) .......... . 
M111.meHi11(pm·l'ent) ........... .. 
Hnlphnr!e tU'i•l (1wr <'ent") ...... . 

08, Oto ti7, 0 
20, 3 tn 211, l 
fi.2 to lll. ti. 
'.!. 1 lo n.a 
0, :l to 2. :l 
O.H to J,X 

Ntttnrttl m.,k, 

il2.3 to fiH.fi 
21. l to Bi\,·! 
n.a to H.fi 
1. 7 In o, I 
L·I to20.(I 

Sing. 

!lll.tl toi10,0 
18. 0 to 28. ll 
\l.O tu 1!1.0 
o.a t11 2. 8 
O.f1 lo 7,0 
0. 2 [11 2. 7 I 

Thn process o-f formation ttnd lmrdcning of the cement 
is simihtr in n,ll ca:>es, depending chiefly upon the fornm
tion of calcium silieates, which beeorne hydrated and 
crystallize under the action of water. lf it w<~re possi
ble to find a natural produd eontaining lime nncl day 
in thu right proportions, tt cement of the correct Port
hrnd standard conld he made from it by the 8imple oper
ations of calcining and grinding; lint a variation of 1 
per cent from the correct sbtnditrd greatly reduces the 
vn,lue of the cement. Most of the arg;ill1weo11s lime
stoncA of the United States contain a high proportfon 
of nrngnc::;in, ttnd an excess of chiy. H burned nt the 
high tempemtnrc necessary to produce Portlttnd eement, 
they fuse to it slug 'vhieh docs not pos:>C\H8 hydmnlic prop
erties; bnt when burned at a heat only sufficient to drive 
off the carbonic acid, they yield a soft ydlow clinker,· 
which, when .ground, gives the natural-rock cement of 
commerce. 

1 "Portlarn1 Cement," by H . .B. Newberry, in "The Cmuent In
dnstry ," repl'intecl from the Engineering Record, has l>een largely 
drawn from. 

li1.yredlent1:1 1tsed.--'l'he iiet•eHsary nmtcrials for Port
hmcl cement ar1~ e1tlcimn carbo1mto (wnmlly in the :form 
of limP:>toue, drnlk, or nrnrl) 1wcl t'lay or slmlc. The 
re1ntiye proportious of the two deponcl upon their v1iry
ing co111prn-:ition. 

Thn caleimn earborntte shonld he as pure n:; pos:;ible, 
eXl'ept for the presence of elay. ?lfagnesia is always 
proseut to somo extent, ttll(l tltongh it is g-enemlly ngreocl 
tlmt; up to :J.o iwr cent it. is lmrmln:-;;;, tt htrg·e perecnhtge 
i:> o hjeetionahle. Ualeium snlplmttl in oxt'ess of about 
2.5 por r•ent is also ohjecLi01mhle, unless a cleddr\d oxidiz
ing t!mue he maintained in bnming", ns it iH lhthle to he 
redncPcl (lo the ;;nlphide. Both nmg·1rnsia and e1tlcim11 
sulphate are considered e:-;peeiti1ly ohjPct.iouahfo in 
conwnt:-: tlmt nre to Jip expm1ec1 to tlw Itel.ion of sett water. 

In Eng·bnd a r•ompamtivnly ;;oft chalk is gennmlly 
nsed; in Gm·nrnny, <·lmlk or linwsto110. In the Unit.l'tl 
SbtLe:-: it hngo part of' the Pol'thtml cmmmt is made from 
tlrn :-:latn-likl' lime;;tom\ of tlrn Lt>high Yttll<'.Y region. 
Thi:-: nmtorinl c•o11tai11:-: mtlwr moro day tlnrn i:-1 roquired 
for a c01TN·t mixt.ttl'l\ so that a ;;nmll proportion of 
pttro lime:-:tone-uRtutlly from 10 to ~O pPr c•rmt--is 
aclde<l. In Nnw York, Ohio, nrnl l\Iit'hiµ;an marl, ll 
,;oft fre:,;h-water cfopm;it simihtr to chalk, b gmrnrnlly 
omployrcl. Pm·o limostonn i;; ust>tl in tt t'\'W <'ltSl'S 011 ly. 

The chemil'al compo::;ition of t~mhtin typi<'al fom1:-; of 
rnlcium cttrlH>nttt.<'. usnd in the maunl'ad'rn·o of Portland 
cement is shown in t.lw following taliln: 

C:O!"H'fl'fUE!-i'l'H, 

70. 10 nx. HI 
1r1.11r1 17. !12 
\1,112 7. 117 
I. 27 ~.lll 
;\,\Ill ·t. ~s 

····-·.······· 

(}!l!l 1i111n enrlHHHltl•..... HH.r~71 H8, ltl 
Klhett................... 0, Id H, ~ll 
Aluml1111............... 0.111 1.110 
fmn rn:iflt"............. o. OK II, :\0 
Mng-llP'"illln t•nrltomtt1•.. o.:JH 1. iH 
1:11l<'lllm snlphnte ................ ii· ....... . 

~nll
tln~ky, 
llhlo. 

UL ii 
0, '2:! I,,,, 
O.·lll 
11.r,;1 
!I.Ill 

Hyrn .. 
1•\11"\l!, 
ln1l. 

~8 .. 19 
1. 7H 
11.\ll 
o. an 
~. 71 
I. ,;s 

'l'hll clny t1honlt1 lm highly siliceous, low i11 mng11ee1ii1 
and :,n1lplmte:,;, nnd free from HttJHl. Few thn lwst l't\Ktilts 
the proportion of silim should lH\ ttt lPnst thren time::; 
tl8 g·nmt n:> tlmt of iron oxicln iwtl nltuu irnt comliined. 
Highly 1tlnminm1:,; d11ys gin :t fusil>h' c·linknr nnd qnil'k
sotting t'PHIPnt, while cfay:; contai niug 111orP tlmn 5 p<.ir 
eeut of il·ou ox.irlo givn it <lnrk-colorPcl en111<mt. 

The following fable prnH('Uts an a1mlysi::; of a fow 
t,ypicrtl cltty:> usPcl in Portland e<'11wnt, mmrnftwture: 

Sil kn................................. ill. fill iil. iill ori .. IJ 51. su 
Alnminn • .. .. .. . .. .. .. .. .. .. .. .... .. . H. r12 1a. 2a rn.r •. t rn. 83 
rrcm oxitlc............................ a. un a. :io o. 011 5. ;,7 
Lhne H............................... ·1. ·1B 11.r1~ •J •>•> B. 20 
l\Ing11e>i11............................. .. . . .. . . .. a,.1r1 i: ;;; 2.r>7 
Carhonie nci•l .. .. .. .. . .. .. . .. . . .. .. .. B.-rn 12. Hii .................... .. 
Allmlics...... .... .. .. .. .. .. .. .. ... . .. a. ur1 .............................. .. 
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The small proportion of nllrnlic:-; present in ordinary 
clays exert.s llut little intlncnee and lwnco is not gBHer
nll~· determined. ' 

..Lll/:~·iiw-The method of mixing· orig'inall~· prncticed 
in Eng'lnnd wns the wet process, in which the materinl:-i 
were ground and mixerl in water, and :-iettled in reser
voirs, and tho "slurry" dried preyion:-; tn bnming. In 
the dry proeess, now Inrgely used, the materiah; nrc 
gl'ound ancl mixed in the dry :-;fatl'. :Marl nnd clay are 
mixed in it pln:-;tic condition. Rock crn.shern, i'ollowod 
by lrnhrstoncs, 1~uwry mill.s, tulm mill:s, or Griffin mills, 
are generally used for tlw dry grinding of rnw inatnrinl, 
nnd pans with C(lgn nm1rnrs, fo!lowod hy tnhn mills, for 
wet grinding'. The chemical composition of' the mix
ture i.'l con:,;tantly te . .,;td, nml tlrn porcnntag·e of calcium 
c1uhonate i:; kept within the O. I\ por cent of' tlmt :found 
to he correct for tho nrnforin]:,; m;pd, 

/]I/I'll /up.--OvPr nn per eent of tlrn Porthmd cement is 
now lmr1wd in rotary kiln:,;, Tho rotary kiln con:;istH oi' 
n slightly indinecl cy linclPr, lined with lire briek, turning 
nt the rato of nnn nwnlntiou in from one to tbrce min
utes. Fuel oil wa.-; formerly wmcl ns a HOHrcu of heat, 
hut powdered t•tml iH now generally employed. 'l'hn 
cement nrntmfal i:-; frtl in ('OntimHmsl.'' nt, the upper 
end in the form of dry powder, or, in the (•ase of marl 
un<l cl:iy, as liqni<l mud. Dt1se()ndi11g gracltutll)', it part>-: 
with its water, ii' iiny, in tlw ll!JP('l' third 01' the kiln, 
hocomos lwatccl to redn():-;:;, ]o:,;e:-; its carbonic acid, 
:forms small roHnclecl lmlls whkh mu.ch a nParly whito 
heat in the lower third o'f the kiln, and finally is>-:no:; 
nt tho lower end as Wl'll-lntrnc<l hhwk dinker in grnins 
nlmnt pc:t size. 

\Yhen the hnrning iH cl0110 in vertical kiln>-:, the dry 
})Owder i:,; first moistened and molcletl into lJl'icks, which 
ttre again clrierl lil'foro being focl"into tho kiln. A(~l'nrcl
ing· to Le Chatelier, the following l'hm1gcs take pince 
during the huming: At n, rod hmtt the comhinPd. water iH 
cxpollccl from the clay; ut it somewhnt hig·her tmupN
ntnrc the caldum eurhmmto i:-; decompo:,;ed into earhonic 
ncid gas, which cscapes, nml linw, whid1 immediately 
cntors into comhinntion with the Hili('n and alumina of 
the clay, producing· calcium silicatPs nnd nlnminuteH. 
At first~ fusible glasses, rich in :;i!icu, aro formed; hr 
combining with mm·n limc, these grndun lly become morn 
nnd more basic, until at la:-;t the trimh-imu siliento i.s 
}H'Ocluced. The iron and nlumitrn also remain in com
bination with lime as nn alumino-forrite. 

The proper degreo of burning is indicated by the 
:formation of n de1rne green-hlack clinker. Under
burned clinker is browni:,;h and soft, while overbnmed 
c Ii 11 kcr is .fused and :-;Jag-like; long·-continnecl burning 
or au excess of clay muises the clinker to " dust" or 
fall to powder on cooling, the resulting powdcr show
ing· little or no hydmulic properties. Underhumecl 
cement is apt to be quick-:;etting and to expimcl and 
crnclc in hardening; on the other hand, overlmmed 
cement is usually slow in setting and hardening-, though 

it may :-;how oxcellen t test!:; n,t long poriods. Cement 
properly proportioned, mixnrl, and burned doe:,; not 
begin to set in less thitn two hours after mixing with 
water, but al'tcr tho setting begin:; it hardens rapidly 
nntl shows n steady gain in strength, especially when 
tested with sand, np to sevornl ypn,rs. It b an almost 
universal practice to add from 1to2 per cont of ground 
gypsum to rd11rd the setting. 

Or/nd/11{f.-Portlm1d <·ement clinker was formerly 
ground with bnhrstones and bolted tluough revolving 
screens. At present the Griflin mill or the Gcrman 
hall mill, followed hy the tube mill, i:; generally used. 
A degree o:f fineness, such that D2 to H3 per eeut will 
pttHS through !L No. 100 sieve, i:,; gonorally attltined. 
Fiucr grinding can casil,y hn nccomplished, if necossary, 
hut is rnrely demanded. There fa, crf conr:,;o, a point 
beyond which it is not. ocouomical to carry the iino 
pulverizing of cement, 1>incn the same result can be 
accompli:,;hed by using- slightly richer mixtures. 

Tho nnmo1·ons te8ts shown in the rnports of Govern
ment arnl private engineers WtL1Ttwt the daim that no 
Portland l'enwnt made in any foreign country equals 
thn product oJ' the lmtdiug American faetories. 

NATURAL HOOK CKl\'IEN'l'. 

Ol' tlrn natural rock ecment produced in the United 
States in 1002, itbont Ji) per cent came from the state 
of Nmv. York; ttbont 22 lH\l' cent from Kentn('ky and 
lndiann, within a rndiu:-; o'f 15 mile:-; of LouisvillP, Ky.; 
and the renrnincler !ttrgnly from Pmrnsylvrrnia and 
lllinoi:-;. 

Ro.wJJulide e1'1111'11t8.-(}f the 1mtuml-rock cements the 
Rosendale cements, mmmfiwtnred in Ulster county, 
N. Y., fron1 :t irntural cement rock known a:,; the 'Tentnc
nlitn or wator-linrn deposit of the lower Heklerberg 
group of the Now York Geological 8urvcy, are typical. 

The Ro:'lenclnle cement industry i:; the oldc:-;t nrnnn
:foctnre of' hydraulic cmnent in tho country. Dating 
from lSil~, the industry lut8 been developed con:-;erva
tively and :;uocessfolly. 

The l'Ol'k depo:-;it is a nmgnesian limestone, of which 
two ditferPnt heels, known respectively as the "light" 
rock and the "dark" rock, are qtmrricd for cement. 
Both roclrn are bard, eornpaet, nnd close-gmined, the 
light rock lmving n >-:teely-hlnc color, aucl the d1i1·k a 
duller and deacfor color and a more shaly appearance. 
Apparontly·the light rock contains the more lime and 
the dark the more clay. After calcinntion t.lw light 
rock i:; yellow, and the dark a redder or ·dark sienna 
color. It is a tradition tlmt no good cement rnn be 
made without a mixture of the t"':o. 

At Binnewater, Ulster county, the depth of the chtrk
rock deposit, which b the lowor bed of cement rock, is 
about 18 foet, that of the light rock is from 10 to 17 
:foot, and thnt of the unworked strata betwcen the t.wo 
is about 12 feet. The dip varies, but is generally about 
45 degrees. The general mining scheme is to nm slopes 
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to a depth crf itbont 40 feet, following the dip of the 
dark rock, and then to sfart breasts or hetulings in both 
directions along the strike. When the headings have 
been run out to thtylight, to property limits, or to the 
limit of economical working, the slope is run down 40 
or 5U feet farther and new headings started. The rock 
is lottded on cars which are run through the headings to 
the foot of the slope and hauled up by cable. 'l'o g·ct 
at the lig·ht-rock deposit,, whieh is overhead, horizontal 
gm1gwn.ys are cnt from the gangways in the dark rock 
through the hanging wall into the heel of light rock, 
Rml heitdings rt.re then started in it in both directions, 
jnst rt.s in the lower formation, the c1trs being run 
through the connecting gm1gways ancl up the slope. 

In chemical composition the Hosendale cements are 
remitrlmble for the high proportion of mngncsfa they 
contain; it varies considerably in clifforent Roscnchlle 
brands, but the following amtlysis i:-; typiml of these 
cemenbs as a class: 1 

Siliea _____ - ________________ - _. - ____ . ___ : __ .. - - - - . - - . _. 24. BO 

.A.hunina ..... _ .. _____ .. ____ ...... _ ...... ___ .. _ .. _ ......................... _ _ _ _ 7. 22 
Ferrie oxi<lo_. ___ . ____ .• _____ .. ____ .. _ .•.. --·-· _____ ·-- 5. OG 
Li urn __ . __ .... _. _ .. ____ .. _ . _ .. ____ .... _. _ ... _. _. _. _ • • . B:l. 70 
Magnesia .. _ .. _. __ . _ .. _ .... _ .. _ .. _ .. _ . _ .. _ ...•. _. _ •. _ _ 20. H.t 

Volatile r\latterand 11ndekrndne1l ...... ···-··--·-·--·--· 8. 78 

'.rotnl .... _____ .. ___ .. _. _. _. __ .. __ . _ ..•.... __ . __ . 100. 00 

The condition of the successful w;e of rnagneHian 
limestones is light htlrning, and this reqnirmnont is 
carefully obserfod in 1111 the Rosentfak factoritk 

Loniso1'lll~ uement~.-The so-called Louisville eemcnts 
nre .next in importtince to the Rosendale product~" An 
extensive deposit of limestone occurs at Louisvil1<:1, 
Ky., forming the lied of the Ohio river, and causing· tho 
falls and l'ltpids at tluit place. The first mnnufiictnre 
of Louisville cement hegm1 alongside of ttncl in ·con
jnnction with the construction of the Louisville 1md 
Porthincl Canal around the Louisville faUH. Tho hugest 
phtnt in tho Louisville district is at Speeds, Indiaua. 

The cement rock is of the smne geological horizon as 
the water-lime deposits of New York, Pennsylv1111ia, 
and ·Wisconsin. A general :umlysb is about :ts follows: 
Silit•a and in8olnl1le matter_ .. _._._ .. _ •... _._._. ____ ._____ 15. O 

Alumina lllHl iron oxirle ..••... ·-····--· ··--·-··-·-- ·--·-· n. 0 
Calcium earl.immte .. _ .• _ ..•...••. _ .. _. _ .. __ . _. _ .•.•. __ .•. GI. O 
Caldum snl phnte __ . _ .• _. __ . _ .. _ . _ .. _ . _ ... _. _ ••..• _ .• _... 5. O 
Magnesium carbonatB. __ ... __ . __ . _ .. _. _ ..•• __ •... __ . _ _ _ _ _ 10. O 

Witter, nlkalil~s, l•tu ... --··-····-······-···-·-····-··-·--· 3.0 

'.l.'otal _ •••• _ •• - • - - .•• - •• - - . - • - - __ •••..•••.• _ •• _ .••• 100. 0 

It is worl~ed both in opnn quarries and by mining. 
At the Speeds mills the rock is graded into three sizes, 
at n breaker i)rovidecl with screens, the fine stuff cal
cining more readily than heavy rock. 

.JJUtnuj'rwt1t1•in (J process. -For calcining naturu.l ce
ment rock, vertical kilns arc genemlly used. They are 
operated continuon;,,;Jy, hy dmwing from the bottom 

1The Cement Industry, page 153. 

imcl chaTg'ing at the top. In charging, a layer of rock 
is thrown in, then it thin layer of anthracite pea co:tl,. 
then another layer of rock, ete. The :fuel consumption 
is low, the output of cement per ton or crntl being qnite 
high. At Binnewitter the kilns itre 28 feet high and 
10 feet in diameter, with a daily capaeity of from !JO to 
100 lml'l'cls of nmrketahle cement stone, after discal'd
ing nll lrnrcl-bnrned clinker ancl sorting out the nnder
burned clinker for remtlchmtion. At the Speeds mills 
they are 80 foet high imd have an inside climneter of 13. 
feet, with a daily cnpicity up to 2fi0 barrols. 

The enlcinecl rock is run throngh crackers nnd then 
sc1·eened; the coarse rock is next ground in mills, lmt 
the finest gmdos pnss dirnctly to tho lmrrnl p1wker::1. 
The product i::i pttcked nB it is gronnd-nearly all of it 
in barrels. 

SLAG OEMrnN'.l'. 

'l'he urnnnfactnre of hydmulic cement; from fnrnacC' 
Hlttg has reitched considcmhle proportions ahroad, hut 
in this country it i:-; t•ompamtilrnJy it 1ww iud n:;try. It 
is not tlirecU:r within the st~opn ()[' t.he mining census, 
but it is noticed briefly heeanso it ntiilizes a wm;te prod
uct ol' mined nmtel'inl. 

It is only ocrnt:-;iormlly that oreo; nnd tlnxes employod 
in blast :fnrmtePs will prod nee shtg· :·mittihle for cBnrnnt, 
furnace shtgs n:,; orcliimrily produced hy easting aml slow 
cooling being devoid of hytlmulill properties. Slag tc} 
be used for cement is run off from tho fm·rnirns 1uHl 
droppecl in a molten state into a trough through which 
is :forced It !1trge stl'<'nm of cold water; tho slttg· solidiffo11. 
in vesicles or lmbl>les, which hrmtk up into thin, slrnll
liko picl'mi. The hest gmde of snch ::;lag hns 1t dolimto· 
blue color, and though lmrd is thin rtnd porous, nncl 
hence is r1~1tc1ily crushed. 'l'he rest of the proem;s i.'l 
extremely simple, cnnsist;ing iu dt-y:ing the :,;lag, mixing· 
it with the proper proportioni'l of sin.keel limo, nnd thou 
grinding the mixture to ii forn powder. The lVforylttnd 
Coment Company ntilizes the Hlttg· from the h1nst fnr
nnces of the Maryland Steel Comp1my, ttt Rpitn·ow· 
Point, Md. Cnban iron ores are largely usod in these 
furnace8 with oyster shells 1tR flux. 

INVJUN'rIONS. 

Invention has played itn important p11rt in the· 
development of the cement industry, both in the im
provement of cement compositiorn; ttncl processes o:f 
manufacture and in the perfecting of methods nnd 
machinery, whereby the cost of rnti1rnfactnre lrns been 
greatly reduced itud uniformity of product secured. 
Many of the opemtors own and control patents for such 
inventions; n. digest of nil patents pertftining to proe
csses or eompositions employed in tJie industry-not 
including patents for :ipparatns or nuwhines-is itttached 
hereto. The term of a United Stntes patent is seven
teen years, so that all patents which luwe run for that, 
period are public property. 



Nu1u bel' oi 1nil1c8 or quurries ... _ ... _. _ ......... . 
Nn1nl1c1• of operatorH ........................... . 
Chnrncter of ownership: 

Inrliv!f111nl ................................. . 
1r-ir111 ....................................... . 
Inco1·porntcd company ..................... . 

Sn.lnrlcfl officinls, clorkH 1 eto.: 
'rotnl 11uml1er .............................. . 
'l'otnl R1tll1rie8 ............................... . 

Gencrnl oJliccrn-
Nnmher ........................... .. 
SnhtricH ............................ .. 

8nperintcrnlentr-:e1 mnnngt11·s, fc1rPlIWH, 
survt~rors1 ctn.-

Nnmher ............................ . 
Snl!1r!e8 ..................•....••..... 

Ii,oren1en, bdow gr11H111l-
Nun1lll!l' ............................ . 
Salnr!eH ............................ .. 

Clerlcs-
N111nlH .. 1r •..•.•...••...•....•......... 
Ralnr!eH ............................. . 

'\'ngo-~nrners: 
.Agg--regu .. t-o nvurngu ntunbor .. .............. . 
Aggn•gttt-e WHAeH . . . . • • . . . . . • . . • • ••.•.•.•... 

AUnye gronwl-
Totnl 1tvorng-e nnmher ............. . 
'l'otttl wnges ........................ . 

Eng11lel1r;.1 1 Hrenwn, n.ncl othlit• 
i11L1eh11nieK-

A v£.!rngu 11tnubur ........... . 
,,tltg'l!H .. .•..•....•.•......... 

~IhWl'H Ol'CJtllLl'l'j'llll.m-
Avt•rugc nn1nhN' . .......... . 
'Vng-c1H •. •••••••••.•••••..•••• 

Bo)'R l111<for 1tl )"l'lU"H-
Avl!l'Hg'C numlwr ........... . 
\\'ngeH ...................... . 

All other Wllg't'·Plll'llPrH-
Avt1rnge nn1nlior . .......... . 
\Vngt~H ....... ••.............. 

BHl(nV gronwl-
Tcitnl uverngo 11mnl1m· .. ............ . 
Totnl WllA'l'H ................ _ .•.....• 

)l!ners-
Avurngt! lllllnlu•r ........... . 
'VngoH .................. .... . 

~liJWl'H1 }ll'l}IPl'H-
A verng·l~ nnml1t~r ........... . 
''rageH ...................... . 

BO>'R lln<kr Ill ~·t·nr"-
.A \'l~rngc u 1un lwr ........... . 
'Vngl'H ............. , ........ . 

All otlwr wnglH~1u·rn 1rH !.!_ 
Avt.~rnge nun1bor ........... . 
,,rUg"('8 •••••..•. ..•••••.•.•••• 

A verugc nn1nlJt•r of wnge-enrnors ut !-l]lt1t!Ul<'tl 
<ltlilr rnlt•H of pay: 

Engint•t'l'S-
$1.()0 to $U-1. ........................... . 
$1.2Ti to $1.·19 ........................... .. 
$1.flll to Sl.7·1 ........................... .. 
$1.75 to $1.~lU ....................... ..... . 
$:!.00 to S2.2·1 ........................... .. 
$2.25 tu $2,.HI ........................... .. 
$'2.fiU to $~.7'1 ............................ . 
$2.7fi to $2.9\1 ........................... .. 
$3,00 to $:1.21 ........................... .. 
$3.2fi to S:UU ............................ . 
$H.7f> lo $:1.110 ........................... .. 
$1.00 111 $4,2-1 ........................... .. 

Firmnen-
$0.7f> to $0.llU ........................... .. 
$1.00 to $1.2·1 ............................ . 
$1-2'> to $1.•19 ............................ . 
Sl.flO to $1.7-1 ........................... .. 
$1.75 to $1.llO ............................ . 
$2.llU to $2.2·1 ........................... .. 
$2.2f) to $2.·JU ............................ . 
$2.50 ln $2.7·1 ........................... .. 
$2.7/i to $2.DO ........................... .. 
$3.00 tn $:l.2•1 ............................ . 

hl1whl11!,ts, hhwlrnmithH, enrpontors, 11111! 
othQr m"el1unkH-

$O, 71i lo $0. \19 ........................... .. 
$1.00 to $U-I ............................ . 
$1. 2fi to $1. ·HI ........................... .. 
$J.ri0 to $1.74 ................. : ......... .. 
$1.7f> lo $1.UO ........... ·r ............... . 
$2.00 to $2.2.J. ........................... . 
$2.21i lo $2,·HI ........................... .. 
$'2.fiO \Cl $2. 7-1. ........................... . 
$'2.7ii to $2.11\1 ........................... .. 
$3.00 to $:1.2'1. ...... : ................... .. 
S:J.2f> to $:lA\I ........................... .. 
Sa.no to $:l. H ...... : .................... .. 
$3.75 to $3.90 ............................ . 
l!·l.00 to $<1.2-1 ............................ . 
$1.21> Hllf] OVl.'l' ......................... .. 

)IillC!'R or f]\lUITYllll'll-
$0,fiO to $0.7°1 ........................... .. 
$0.75 lo $0,99 •••·• .••..•.•••...••..•.•.•.• 
81.00 lo $1.2'1 ............................ . 
$U!5 to $1.'19 ............................ . 
$1.50 lo l!l.74 ............................ . 
$1.75 to $1.99 .................... . : . .... .. 
$2.00 to $2.24 ........................... .. 
$2.25 to $2.49 ............................ . 

CEMENT. 847 

TABLB 8.-DETAILED SUMlVIAltY: Hl02. 

United St11teH. 

101 
\):J 

Ula 
$1, 087, lil-1 

H8 
$iH7, l:J2 

·!Oil 
$-170,llill 

~() 

$lfi, Olli 

:mu 
$2-JH, 711 

la, OH 
$0, :l2H, Hfi2 

I'..?, r12·1 
$n, ORl, ooa 

I) 0U'1 

$1, B~~: 1~} 

:.!, 7ti{i 
$1, 2lll, 29! 

10\J 
$22,illlO 

7, riro 
$B, ii27, Ill 

'•17 
$2H,7llll 

2HG 
$1:!11,ll:lH 

220 
$ll9, 1110 

'l() 
$1-1,11D2 

Ill!no!H. Imliunn. l1I11ry
li1nrl. Miehlg1m. New York, Ohio, 

--~-"- 1-----1-----

fi 
6 

4 
.j 

11 
JO 

············ ············ ....................... . 

50 Oil 
$59, 2119 $71, 16() 

12 10 
$2H,·J(J0 $23, Hf>O 

111 2·1 
$20,RilH $2\J,OHO 

·····--··-·· 1 
............ $ll20 

1\1 au 
$11,\1\11 $17, lllil 

·lHH FitiH 
$201, mw $2nn, 9.rn 

·H~·l r.:n 
$21iH,ll7ll w:.ma,1cm 

·lti 77 
$:l4, 8711 ~Hf,, lUi 

7ri 12ii 
i:lB, !H7 $iiil,2tl7 

............ 1 ............. #2:11 

:11m :!28 
$lH·l, liiO $1"'1,·lliH 

·l :17 
$:l, 2ii0 $l:l, 7Hll 

·l il7 
Sa, 2;i0 $Ul, 7Hll 

~ ........ iii' 

22 
$17,227 

5 
$-l,Olll 

ll 
1Hi,37U 

4 
$2,HllO 

7 
$1.13fi 

170 
$7'1,1177 

107 
$101 2a2 

lfi 
$8,MO 

0 
$2,1:!7 

1 
$211ll 

Hi"! 
$:H,:mn 

on 
$20,,1,m 

fit; 
$211, .Jilli 

1112 
$131, 131 

17 
$4il,,lfi0 

fiH 
$118,~81 

··········-· . ............. 
27 

$10, 400 

!1:18 
$fi:15, mo 

1138 
$ii8fi,ri7U 

H7 
$111,Hf}/) 

171 
$H7, 802 

····-··--·-· . ........... 
1120 

$:m21 H1a 

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

.......... ~ --
············ ............ 

ii ........... . 
$:!,000 ........... . 

21 
20 

17 
J.1 

3 
3 

3 ............................... . 1i ........ 7 .......... i.i' ........ 3. 

1-11 
$Hill, 282 

21 
$·111,801 

m1 
$GG, 781 

11 
$11,02fo 

no 
$l!7, 721i 

~' •lilU $1, m1a, :na 
2, Ofi:! 

$1, 022, ll·lfl 

2fi2 
$111:1, ·171 

lH-1 
$8\1, ·172 

a~ 
$!1, lliO 

1,mm 
$71il, HiH 

:wn 
$!HO, :!li7 

J:lO 
$1i\l, 7211 

220 
$1l0, lllO 

2 
$!IOU 

.19 
$fo7, 8:!8 

1-1 
$21, HOO 

1\1 
$25, 7ti:! 

1 
$700 

15 
$~l, H~fi 

:wri 
$227, fi.Js 

:1t111 
$21U, U02 

:l!I 
$ill, 277 

r12 
$:..!O,~flU 

27f1 
$1fi0, ·12fi 

II 
$7J1Sti 

8 
$i,0(i(i 

207 43 
$!:!1'i0,!!fl2 $H, 675 

2() 0 
$73, 2tlfi $15, 500 

!11 :w 
$108, 750 $18, !100 

··········-· 1 
············ $:!75 

\10 lil 
sns, 2a1 $9,!lOO 

fi,BiCi 178 
$~, .Jll, 115~ $83, ,123 

fi,a?G ma 
$2, ·111,t1fi:! $711, 428 

l, 1-lll 39 
$1m1,rir11 $20, [>95 

l,f1113 5G 
$0011, 20:1 $21,00·l 

.rn Ii 
$H,1ua $1, 29i 

~,tlH2 fi2 
$1, J:lK,OlU $'2.i, fl27 

········-·-· Vi 
············ $l,OOIJ 

············ rn 
. ........... $1,000 

23 
22 

1 
1 

20 

23,1 
$205,68·1 

37 
$91,850 

110 
$132, Otl6 

2 
$1,.190 

85 
$1i!l,878 

2, 489 
$1, 2113, 7!14 

' !.:?, 1176 
$1,257, 1120 

:121 
&nR,llOO 

fiiM 
$:.?81, ·150 

2,1 
$3,·HO 

1, 537 
$7:i3, oag 

l:l 
$n,:m5 

13 
$fl,3ti5 

!!·1 
$10, f>7'2. 

1 ............................... . 
$f>20 ............................... . 

B~ :::::::::::: :::::::::::\:::.:::.:!'.::::::::::: ......... ":i" .......... 3~ ........ i .......... i 
~(; ............ , ......... i. ~ ... :........ ~\ 1 l2 ........ i .......... 3 
ux --·-~--·--5· 11 ··· ···--·r Jri 28 s 24 
li8 2 !! 6 :1 ~1 1 28 ·12 .......... :i' ii 11 :1 ~ 7 
15 f} ~ 2 (j 
~n .......... i. :::::::::::: :::::::::: o 2 7 
8 ............ ............ .......... ............ ............ .......... ............ 2 1 

~ l ::·:::::::::: :::::::::: .......... ~- :::::::::::: :::::::::: :::::::::::: ........ :. :::::::::: 
2 2 ill ............................................................................. 2il" .......... 8 

21 :::::::::::: .......... 2 ......... i. :::::::::::: .......... 2 ......... 2. 1s ....... T 
1
~

1 B7 ....... ... .. 12 2 fi 20 i> 9 
kG 1 ............ .......... O 17 ........ i,. ·17 10 
87 11 2 1 2 18 2\} 19 
24 ·--···~····· ............ .......... 9 ·1 .......... ··········i· :::::::::: l~ 
~ ....... ::::· :·:::::::·:: ..... ::::: ......... "i' :::::::::::: :::::::::: .............................. .. 
8 ....... 1° .: ....... : .. :::::..... 5 ............ .......... ............ .......... 2 

1 
70 

UO 
2r,1 
21·1 
800 
110 
190 

'10 
58 
:l2 
5 
2 
Ii 
1 

2 
5,1 

350 
1, 106 

895 
327 
169 

26 

............................................................................. 1iti" .......... ! 
::::::::::i: ......... ~~· ........ i. :::::::::::: ......... ~f .......... 1~~ 8 it 

1 3 ........ i .......... jf,' 18 2 l!iH .......... 15 
8 l 8. 29 231 -1 17 

.......... i1' 3 1 JS ,10 :JH ·l 0 
'1 18 1 18 29 ....... ·,;· :!G 83 
a 12 7 rn ........ :i. 7 
3 .......... [" :::::::::: H 2 ........ :i. 2;1 11 
1 ............ .......... 1 2() 7 

............ ............ .......... ............ .......... ............ .......... 3 

............ ............ .......... 1 ............ .......... ............ .......... 1 

............ ............ .......... ............ 1 .......... ............ .......... 1 
l ......... . 

:::::::::::: .......... :. :::::::::: :::::::::::: :::::::::::: :::::::::: :;:::::::::: ·~·····ir,· ········39 
............ 29 fi 301 2 12 81 s1 ......... T ..... , ... 73· ....... T 768 rit 15r, 

42 7 Ill 121 10 ·110 187 
2 20 G:l no 7 10 121 
1 15 i)f) 21\ fJ7 
1 ...................... H -1 5 

1 Jtieluc\es opcmtC>rH <listritmte1l ns follows: Ah1bam11, 1: C11lilornilt, 2; Colorndo, 1: Gcorg-!11, 2; K1tllA!lH, 2: Kentucky, 1 (2 quauies); )finnesotn. 2: Mlssonri, l; 
New Jersey, 2; North D11kot1t, I: South D1drnt•1, J; 'l'exns, 2; Utah, l: West Virg-initt, l; Wisconsin, 2. 'Inclucfos timberrnen 1md tmek layers. 



848 MINES AND QUARRIES. 

TABLE 8.-DIGTAILED SUl\LlVLAHY: l\J02-Continnecl. 

Averngl! nurnln:ir of wn.ge-eurner~ nt i-;1ieeHlPtl 
clitily rnt<•s of pny-Contimie<l. 

MllllH'S cir qum·r~·n1m1-Ccn1tlnue1t. 
$~.rio ttl $2.7-1 ............................ . 
$2.7fi to $2.UU ........................... .. 
$:l.UO lll $:\.2-1 ............................ . 

MinerH.' lwlperH-
$1.50 lll $1.J.l ............................ . 

Timlwrnwn m11l tr1wk layerR-
$1.25 lo $1.4\l ........................... .. 
$1.fiO tn $1.7'1 ............................ . 
$1.7/i to$1.!l0 ........................... .. 

Boys UllllL•l' rn )'l'lll'o-
I.u>A lhnn $0.fJU ......................... . 
$0.f>O tll $0.74. .......................... .. 
$0.7fl to $ll.UU ........................... .. 
$1.00 to $Ull ........................... .. 
$1.25 to $UU .......................... · · · 
Sl.f>U to $1.7-1 ............................ . 

All ollwr Wttg<.H.'lU'llers-
SO.f>O to $U.7'1 ............................ . 
$0.75 to $0.\IU ............................ . 
$1.00 to $1.21 ............................ . 
$1.25 to $1.4U ........................... .. 
$1.50 to $1.7·1 ............................ . 
$1.75 lo $1.UU ............................ . 
112.uo to $2.2'1 ............................ . 
$2.25 to $2.4U ............................ . 
$2.fiO to $2.7-1 ........................ -···· 
$2.75 to $2.UU ........................... . 
$:1.00 to $:1.2·1 ........................... .. 
$:1.2!\ to $:1.4U ........................... .. 
113.liO to $B.7·1 ........................... .. 
$:1.75 to S:l.U!l ........................... .. 
$-1.00 tn $-1.2-1 ........................... .. 
tii<l.20 uncl over .......................... . 

Average nnn11Jer of ,i;rnglH.11uner:-1 L'llll1loycd dur
ing mwh month: 

Men lG J'C!Ll'H 1tm1 ovcr-

Kr~~~~;~::·:::: :: : : :: : : : : :: : : :: ::: :::::::::: 
t11~~1_:::::::::::::::::::::::::::::::::::: 
Junu .................................... . 
.Juli· ................................... .. 
A.ngtrnt ................................ .. 
Soptumhcr .............................. . 
·oetobt.~r ................ _ .... _ ........... . 
Noveniht•r .. -· _ ..................... ··-- .. 
Dct•c111l1er ···········-·-····--········-·· Boys llll(1t.~1· lli yenrs-
Jttntutry ............................... . 
Fehrun.ry ................ ···- ........... . 
:l.hil't!h .................................. . 

~:w~l::::::::::::::::::::::::::::::::::::: 
• Inly ................................... . 
A.ngnHt ................................. . 
Septe111ber ...••.....••................... 
Ontol1er .. _. _ ............................ . 
No,Ten1her .. ............................. . 
Doecmher .......................... ..... . 

Contrnet wurk: 
Amount p11i<l ............................... . 
Nun1ber of ern.plnyee~ ...................... . 

l!iRPc.dlnnecn1s expm1scs: 
To!til ....................................... . 

Roy1tltiPs 11nr1 rent of mine llUd mining 
11I1mt ................................ .. 

Hl•ntc1f nfllues, tn.xe:-1 1 hu:mrn11ce 1 intnre~t, 
and other AllJHlrieH ................... . 

Co"t of Hnppl!L•s and m11tcri11J,, ................. . 
PrmluL't: 

Qn1llllity, l11trrelH ........................... . 
V1tlue ...................................... . 

PortlntH1 cmnen t-
Q111m tity, lmrrelR ................... . 
VnJne ............................... . 

Nn.tnrnl-rm•k ct1nll'nt-
Q1111ntity, bmrclH .................. .. 
V1tlno ............................. .. 

Kilns: 
'l'otnl nun1lmr _ ............................. . 

\Turticnl . ····-· .... - .. - ........... ··- · ... . 

Power: 
I\otn.ry ................................. .. 

Tol1tl horRcpower .......................... .. 
Ownerl

EnglncH-
8tcam-

N11mber ................... .. 
Hol'.>.;cvowcr ············--··· 

Gn~ or g1umline-
N11inher ..................... . 
HoTHO}HH\rcr •••.•.•..•••••••. 

'Vu.ter wheels- · 
Nmnbcr ....................... .. 
Hor~epower ...................... . 

Othm· powcr-
Number ........................ . 
IIurscpower ....................... . 

Renkd-
Elcetric1 horsep1lWUl' ...•.....•...... 

Electric 1noto1·s owuc<l-
Nnmber ............................... .. 
Hnrsepowor ........................... .. 

Snpplit'Cl tn other e8t1tbliHlrnrnntH, horHO· j 

JIO".'l1l' ••.•••.•••• ·······• ....••••...•.•• : •. 1 

-· -

l'llil<"l Rl11tPs. Illinois. Ind Inna Ma!T· 
lt111il. Miuhig1Ln. Nmv Ytn'k. Ohio. Pm1nsyl

''nnht. -----11--1 
I 

a~ I· ........ _ ~l. 
2 ........... . 

·! ....................•. 1 .......... B.~········ ~U 
............ .......... ............ ............ H ............................... . 
............ .......... 1 ............ .......... 1 .................. .. 

}<[ ............ ............ .......... ............ I .................. .. 

1 :::::::::::: :::::::::::: :::::::::: :::::::::::: .......... i. :::::::::: :::::::::::: :::::::::: ~ 
Si ............ ............ .......... .... ........ ............ .......... ~-1 . ...... ... J:l 
rn ............ I[ 1............ ., .......... l 11 \! 

~~ :::::::::::: ::::::.::::: ::::::::::~:::::::::::: ll :::::::::: ......... ~'.). J 
~ :::::::::::: ::::::::::::1::::::::::c::::...... ::::::::::<::::::::::: :::::::::: :::::::::: 
3 ............ 2 .......... ............ ............ .......... ............ 1 

!.l7 a ~;) m.1 n20 :::::::::::: ........... i ........ i~- ······----~· ----·----i~· a rt1iti ri H1 
2,·182 ............. Utl fiH ~a ·llK :rn l,3~il ~f1 fi()O 
2, H55 H07 ~>on 8 ·.mo HHx rm :ml ;m U9:l 

OH rn 7 111 il:!H Hl:l 2·l 1:m 1 2H3 
270 2:l :17 i!H 77 fiii -1:1 
200 I 17 ............ .......... 1 2ti i2 li:l 21 
11a .. • .. .. .. .. • 7 2 a2 2 11:1 , .. .. .. .. .. a 
HO, 2...................... 1il lll! .......... 2 

11:::+<:::: ,: :::;. :w< : 't::-··::, 
<1rn :l:J7 1:1H ·l21l 1,HHH I :1~''' -1,mo I 11r1 1,um1 10, a:m 

10, 2i2 
10, 771 
12, 2llll 
18, lHO 
rn, 2so 
l:l, •17\l 
u,rion 
H,lrnl 
l-1 H·lU 
u:rnri 
l:l,UtiU 

\)(j 

U2 
112 
12a 
123 
1111 
ltfi 
1 Hi 
117 
110 
110 
102 

$J(J,tW 
:H 

$1,!Ulri,fi2U 

$fi2,9ll1i 

$1,612,Glfi 
$U,0U8, 226 

2-l, Or>fl, mm 
$2-1, 208, a:IS 

7, 90·1, SOi> 
$-1,0llG, ti:IO 

11'1, 002 

·1U5 
10:!, 811 

10 
2,8ll0 

21 
l,Hfi-1 

0 
2,mm 

.i20 211-1 rna ·llil 1, Mt: :m:1 ·l, m1:1 !fl7 1, ur;1 
-13·1 ·113 12ll fitil 1, 7W :1nr1 -1, HS-1 lilt 2, lfi:l 
·l-15 H7 17:1 701 2,.1~n :rnn r., urin 111 2.-m1 
•1113 •17fi 17U 1, Of11 2, 7·1\1 :IHI! f>, lf>-1 l7fi 2, fi.17 
492 ·1fi2 1HB l, 077 2, 77;, :ltiO fi, 171 ltm ~J1H8 
480 4fil 187 1, lllU 2, ?aH atiO Ii, 2-11 17\l 2, i:H 
48'1 onr, 1m 1, li\I 2,liHH :llll fi,\107 IHll 2,H-12 
·l8r1 7fl7 177 1, 111 tJ, 7'.:!f'l :ma o, una -iHa ~. 7!.m 
1177 Htl[> 18() 1, Hit 2,firifi :1s~ fl,Hlm 188 ~.tH2 
r.n H·lO liU 1,rn1 2,riou ·117 r1,n1 IH·l 2,r.rn 
r.27 Hl 8 17!i ] 'IH:l 2, ·17H ·I~~ fi, mm 102 ~, ·l07 

:::::::::::: .......... i ......... j. :::::::::::: 
............ 1 2 .......... .. 
...... ....... 2 l ··-········· 
............ l ........... . 
............ I ........... .. 
............ ............ l .......... .. 
•••••••••••• 1,1 1 ······••·••· 
............ 2 l .......... .. 
............ 2 I 1 .......... .. 

:::::::::::: :::::::::::: ........ '.. :::::::::::: 
........................ ! .................... .. 

··········· 
$Bli, li21 

$185, HHl 

1, ll[18, OH-I 
$7t:U, 2f>l 

.mo,2n.1 
$t112,il9G 

007,820 
$lfiG,8fif> 

2B 
11 
12 

li,fi2fl 

$f1:l,•.f.l7 

-·-········· 
$fi:l,·H7 

$-120,lOH 

1, Hi9, HUI 
$1, 2HO, 228 

o:ml7on 
$C.2H, 21-1 

1, M3, 185 
$1157, 084 

!IU 
71 
2R 

7,!IHO 

:J7 
o, 230 

$17,\lH 

$lfl, 71B 
$;'ii, 87\l 

·IOU, 21111 
$1fJ!l, OHO 

-lllll, 200 
$150, OHO 

·12 

$170,·1i7 

i, ri11,01111 
$2,l:H,:l!lli 

1, 577, Ollti 
$~. l:l-1, B\JG 

·12 .......... .. 

l, fi!!U 

9 
I, 520 

Hti 

11, 81if> 

•tu 
llJ,.Jtifi 

:10 

!l~c::::::: 
!!~ i:::::::::: 
ao 1 

•••••••••• 

ii~ 1:::::::::: :n, 

$-1,•lf>O 

1 

.................... .. 
.J .................... .. 

$:1111, 7n $71, K2ll $711, 7H2 

$11, ti·l l : $1, !077 $1:1,-l·lH 

:ir2m1, 1~x 
$1, 117-1, (j.[IJ 

·I, 7:1-1,J.17 
$8, liflll 1 ()HU 

1, lfitl, fill7 
$1,f>~l,fif):\ 

2H3 
2/H 

·1\1 

20,·Hili 

80 
18, 81fi 

$70, lfl2 
$2:11, :122 

M7,08H 
$71-1, f>fil 

rioo, ma 
$OKI, lllli 

;iy, !7~ 
$.M1 .ln11 

~o 
r, 

2-1 

ri, mo 

2·1 
5, mo 

$1i\11',:l:l-l 
$-1, 0·1H1 fiOH 

n, :mO,HO:! 
$HI, :.!'..!!I, ~H7 

H, r111a, U'...!ti 
$H,8H21 fJ\IH 

7!Hl, H71i 
$:\.Ill, tlllU 

2Utl 
J.lll 
ma 

:lfi,.J\IH 

ltl8 
i!il,·HH 

r. ~2 
G qi) 

r. ~n 
tl ~li 
(l ~m 
Ii ~fi 
(] :.!a 
G ~m 
Ii ~fi 
G 20 
G 2:1 
tl :rn 

$ti, 177 
HO 

$ill,.1H7 $-:.W2,l\)1 

$:.!:\, !);\;} 

$:1:1, ·1H7 $:.?:is, :!r.n 
$01,l!Xl l*l,il!Ml,-1!11 

2Rl,OIJll ·l,7f1ii,H\! 
$:121, nr.n 

1

.$fi, mir:, 111 

2;;0, ooo :1, r.\111, na 
$:J07, tlf1U fH, ·Ui:l1 H(iti 

l.H, OllO 1 1.!n~,-1911 $20, ouo ~:i-12, 0.11 

1:l 
Ii 
8 

2,GlO 

12 
~' 610 

mt 
70 
Ul 

~2, 378 

101 
17,2·!8 

··········· ............ ·········· ............ ············ ·········· ............ . lfi 
2,890 ... -................. -.... -................ -- ........................ ~ ......... -. -...... . 

3 
BOO 

38 
883 

12 
1,.1110 

7 ..... ····· an.1 ......... . fiO :::::::::: 

5 ................................................................ .. 
l, 750 ................ ···--- --···-. ····· .......... ········-· .. -- ·-·····. 

36 ........ .. 
i,.121; ........ .. 

1, 2~l7 

92 
~I 85(j 

21 
\100 

1:17 
·l,50() 

Hi 
S25 

1 
no 

1 
-lfi 

~15 

1, 2!lfi 

20 ................................. . 
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APPENDIX. 

DIGEST OF UNITED STATES PATENTS RELATING TO CEMENT. 1 

.'711-(Molil'I' u, 1S;J/', E. c. \\'AHN Im. Jfod11 ·~( 1111l111(/itl'llll'ill[! 1t!1-
1fra 11/ i1• cm11•11/ .from IJ11N11Hite. 
Hnsanit1• Lyrlian Htum', ,;1nw•tirnl'H1•alh·1l "toud1HtouP,'' iH 1•1tldne1 I 

to n l'l'•l hPnt arnl grnnrnl. 
l lU./.l;f---Scple111/11•1· i!IJ, .181".l. I>. (:. 8A YI.OH. fo11n•111•1:1111'//I h1. t/11• 

111mn\{w·l111·c 1~/' 1•c111l'1il. 
A hydranli1· l'<'llll'nt. iH ]>l'"1\n1•1•d frn111 argilln-11mgnl'Hia11 awl 

nrgilhH•alP:tJ't•(lllH li1111•HhllH'. 
I:.'ll.'189-Jfo// JI,/,\?:!. Tl.(!, N.\YLoH. li11p1•11111•11wul in 1111• 'llllf1nl

j(11'1111·1• <(f' h!fi/1'11U/i1• 1'<'1111'1//, 

Argill11-111ngm•Hia11 li1111•Ht:oin• iH l>Hl'lll'<\ 111111 l'l'l1Klu·1l, mw-'liftli "i 
its wl'ight nf raw Ht'OIW iH nc11ll'd tlwn•to, awl tlH• lllllHH iH tlwn 
gr1 n1111l. 
J;i.;ll.lf-S1·1ilc111/,,•r .!, .18/./. F. E. mul \Y. L. H11011·N. .li11111·111•1•1111:11l 

in hyd1·1111lii· c1·1111•1t1. 
( 'urnllilw, enru] rock, Ill' foHHil l'lll'Hl iH llHl'd for thP numnfadnn.> 

, ,f hy1lrnnli<' 1'f•11wnt.. 

l!llli:i,'/-R1·1ite111/wr .14, J,\'/'1i, C. F . .iltTKllNHI>AI.E. ln11n·o1·1mw11t i11. 
h!l<frrrnlin r·1•1m·11I. 
Kaolin, ur otlwr Hilil'ah' nf alm11imm1, fnlhn·'H earth, and lilllo 

111·p 111ixPd, linrllL'Il, mul gronnd. 

17./.i'Sl--Jlim·h 'l, I87ri. A. R~ll'l'II. .lfrl/wrl '!f 1111111't~fl11·tnl'i1111 lime 
mu/ <"1'1111:111. 
Linw, m· 1•m11P11t ruck, iH bnrm•1l with oil, rldivm·\•d iutothocom

huHtinu 1·ha111lwr in a Jlnid Htat.e, in HJ>ray, or HH vapor, aloug with 
:;team, Hnpi>rlwatP<l or n"t., aml air. 

1itl/188-Jfa11 ;J, 18/"ti, C. F. lh1i-;mmuA1,1-:. 1111111·11111:11uml ·in tlw 
m11111{fr1ctw·e rif art(ficial h!l<ir11uli" r"1'111ml. 

'flw l'<mwnt nutturialH are crnHlll'll am l rnixP1l in water iu a den8e, 
tmmiflniil state, Jlu\\'eil tlire1•t onto a rlrying floor or pa11, then 
pl't'>'>'L'll mul lmr1rn1l. 

19,;74,r1-01•tol1m·i!, .18r1. C .. F. l>uN1>1mI>A1,rn. 1inJmH•i:nwnt in com-
1mniti1mx for u111ki11(1 hy1lr1mlic 1·em1•1d. 
It c~nnsiHtK of infn:;orial Hilim awl a silieato of alnminum wHh 

lime, l>111·1w1l and grouml. 

:!O.fri;if!-J1mc 18, 1878. \\'. ,T, BnmN11'l'nN. 1inp1·ol'eine11t fa the 
1111nir{lrtt'l111•" r(f ltuilranlic ce11wnl. 
A <"tmient mrt1le of fossiliforonH limeHtmw awl blue el!ty. 

;JOfil•i.'l-.!111w ;J.1, 18"/8. J. Dmm.011-. 1111111·1111e111ent hi tlw 1u11m9l11!
/111·" q( hyd1"a11lie ce11wnt. 
"\. hy<1rnnlic cement forme1l or ruttm1, 1\oe0111posed, or refnHe 

lin11.•,:hme nr rnarhle, and the 1leposit of rivm·H, in ahout equal pro
portion~. 

[J0.1riW-.July 2, 181"8. U. CuM~IINt<H imcl .L. ,J. BIUNNET'l'. Improve-
111n1t in tlw 11w1111(acl1u·e 11( l111ilr1111li1• 1•1•111e11l. 
'fhe method cm;sists in ifrHt crnHhiug anrl disintegmting the cal

cinerl !llHl Uw vitrified pnrtim1H of tlw cement stone, then scparat
in!! the Yitriffod portion by Hcmening or bolting and reducing Urn 
vitriiled 11ortion separately to powcler. 

fJLJOf14-.1'H1r11111·y 11, .18'7.'I. ,T. A. FHANC'!S. Imp1:01w111e11t in the 
w1m11fcwt111·e 1l h11rlra1tlie 1•1•11w11t. 
It c011HiHts iu tlw \!HU of 11lne dny i:rnul>inerl with emtl nslteH anrl 

Hnwm· murl. 

;!I!/4NJ-1lflm:h .18, 18/fl. Cl. H. Sr,1cm1. 1llim11f111•t111•r.' qt' 1'o1'tlmul 
Ci'lllfl//, 

Tlw curn1mt making material rnmHistH nf gronncl oyHtor ~helhi, 
i'ttw or hnmu<l, rnixud \\'ith HilicormH day. 

;JJl',/f1;-Jiil11 8, 187.9. ,T, K. RnIN~. ,1fon11.f1wl11r1J •!f Iii/I[' awl 
l'l'lllllld. 

'.l'o mpi1lly pro1llw1' limn awl l'l'llll'Jl1., tJw rH\\' nmturinl iK Hnh
jl•l't1•1l, \\'hiln Imming, tn thu nd.ion of tt forced liiaHt, 1·ontiuuerl 
until Imming iH c11mplett', mul thu forc•p1[ l>lm;t iN tlwu ~nHtninetl to 
t•ff1•()(. rapirl unoliuµ. 

:!:J:!OO.f-1'1'011m11ha :!fi, .!81'!1. C. BHo\l'N. l111111·1i1·1•m1:11t in t/w uu11111-
fw•t111·r· qt' 111•/ifil'illl hyd1·11H/ii• IJ1' f'ol'tlrrnd 1•1Jm1'11/., 

Thi' mixetl raw nmturinl iH n10lrlt•1l into hollnw 1·yli111lriml lorn1fl 
or purfnrithid Aplwrl' bal!H. 

:J:!.'18J1j-.J(w1wry !!7, .1880, .F. HANHmm. .1lli1.111(/iwtw·e 11/' cr•m1•11t 
u111l11rlitilli1dNlmU'. 
A whit~• or mtificially tinted euu!l'nt iH ua11h1 f1'111n 11 niixturt• of 

lrn11liu 11r eldrni cl!ty 1trnl drnlk nr nrnrhl1', by briming i11 muflk-kilm1 
nr rl'tnrts withont contact with fnol. 

:?lllN:lllfi-AuuuHl 10, 1880. A. •.r. EAH'1'1mny, II11dMulh! cc11u:11t. 
Travertine iR employe1l fm· the 1ununfaeture of hydraulic coment. 

f!8J1'7:!-.·J11111rnt 1'7, 1880. H. Jom>AN. Ce111e11t 1·01np01twl. 
A cument enmpounrl, to lie l'ttkhwd, llomposl'd of silica, oxide 

nf iron, and nlnmiirn, eombinud with the refuse from smln works, 
cnmpoHutl of lime, so1ht, 11ofaHh, mngnuHia, nrnl alum, tmnper1Hl 
with rofnHo from gas works or tauneriC"s. 

:Ml8fi8-A1111irnl 81, 1880. K SOINAY. l'roces.1 j'o1' the num1{fcwt11re 

11/' ee11wnt. 
'l'ho l'l~Hi1lne from tlw dec:o111110Aition of ettlcimn chloritfo by a 

Ailieate of aluminum, ::nwh as clay, iH user1 ns the basis for the 
m1mufaeturo of cement. 

:Y;J7500-Ji'l'f1rw11·y 8', 1881, ;r. Jlnrnww and R M. l'EA!llto. Jlfan-
1~f11clit1•e rif hydraulfo ament aiul lime. 
Rotten or decomposed limestone is burned and then sn bjeetod 

to eurrents of nir or steam in n tightly clmietl receptacle, and the 
material then sifted, \rith or without grinding. 

!J,ffi574-Att{/ll.lt .9, 1881. .T. B. SPmm. 'lh:atme11t qt' hyd1'1mlia 
1•emm1t fa the kiln. 
8temn fa admit1:e1l to the muss after it hus fallen below the point 

whero it is burner!. 

i!46699-Ai.i(lit~t JU, 188.1. "'· .T. BtrmNm'oK. .ilfmn\(artnre of 
lt.ycfraulic cemmt. 
It is made nf white marhle of the second fornmtion awl blue 

day. 
1 Prinh~tl eovius of 1in.tentH um ~mlcl hy the Comn1h:Ri01wr of Pntentrl al fi Pents eneh. 

( 849) 8022il-0-t--fi.f 
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1249648-Novembei• 15, 1881. J. REESE. Preparing, inclnmting, and 
Bolidifying calrareous lining materials jo1· f1irMces. 
Lime is mixed with carbon or a hydrocnrbon, then subjected to 

a high temperature in fl cnpolfl until fusion takes pface, nml, finally, 
run into suitable shapes for liningR. 

260103-April 4, 1882. V. ErnAIGL. Jlfamtfnctim of a?'tijicial stone. 
A mixture of carbonate of Rodimn, carbonate of potasi;ium, cal

cined quartz sand, oxide of caleimn, oxitle of magneRimn, clay, 
and siliceous sand forms an artificial stone. A hydrnulic cement 
is prnducerl without calcinatinn by ac'hling to 120 parts of saicl mix
ture 300 parts nf ettrbonate of lime, 200 parts of oxide ot calcium, 
of which 150 pttrts are iireviously slaked, and 880 parts of lirick
<lust. 

'2/J0546-July ,,f., 1882. R J. DI' S:.rnnr. J.Ianufacliwo of lilfdrm1lfo 
lin,1e ancl liy

0

1frmtlic cement. 
'rhe lime of cement stone is treated, at the time of cnkination or 

afterwards, 'to a l'erl heiit while in contact with earbonie aeirl. 

2G8310-Aiigust 29, 1882. "\Y. ]?. BHOWNI~. I'l'OCl'R.~ of uml mewrn 
for mam.\facl m·i11g n heat:.'.(! fttel .for burning lime, eta. 
'rhe products of !'Ombustion are exhausteil from a lime kiln, and 

forceclby a jet of gaseous v:ipor under pressure into a carbmeting 
chamber, where the mixture i8 enriched with oil vapor; it iB then 
forced under pressure into the kiln, whereby the hot products of 
combustion alHl gases arn circnlatecl through the latter, thua immr
ing uniform lrnrning. 

268878-Septemlia 5, 188:?. E. J, DB SMEDT. .ilfoimjiwlm•e rJ.f lty
clmulic cement. 
Slow-setting hydraulie cement is proclueed from cement stune 

containing an excess of free anhydronri lime, 1)y adding to the eal
cined stone, before or alter grinding, Aufficient water to combine 
with the free anhydrous lime, forming calcium hychate. 

27009'7-Jwiual'y 2, 1888. J. MunrnY. Hydrmilfo cement. 
It is composed of iron slag, soapstone, an<l burned or roasted 

day and lime, in the proportions of 2 parts of slag to l 1mrt of each 
of tl1e othel' h1gredients. 

270008-January 16, 1888. L. ROTH. Nan1.tjactii1'e of cement. 
A cement is forrnecl by calcining and grinding a mixture of 

bauxite, or minerals similar to bauxite, with quartz,· hydrnted 
silicic acid, infusorifll earth, blast-furnacie Alag or other Rilieates, 
tmd 1ime, either as limestone, chalk, or bumt lime, with or with
out admixture of dolomite, oxide of iron, raw soda, alkali ash, or 
other fluxes. 

274288-.March 20, 188.'l. E. .T. DE S11mm. .Jht of manufacturing 
Portland cement . 
.A hydrocarbon or other combustible is adde~l to and mixed with 

the cement material prior to calcining. 

274784-Mm·ch27, 1888. E. J. DE SMED'I'. 1lfanu.fact1l1'e of P01·lland 
r,emcnt. 
Enough lime is comLined with cement i·oc:k or hydrnulic lime

stone, either before or alter m1lcining, to bri~g the percentage of 
lime up to about 70 per cetl.t. 

274785-1Jfc1rch :'27, 1883. E. J. DE SM:mn•r. Jfonufactrwc of Po1•tland 
cement. 
Enough dolomite is combined with cement rocks or hydraulic 

limestone, either before or after calcining, to bring the percentage 
uf lime and magnesia up to abont 70 per· cent. 

@75869-April 10, 188.'l. K J. Di~ SMEIJ1'. IIurlraulic cement com
pouncl. 
A cold, slow-setting hydraulic: cement, composed of not more 

than 50 per cent. in bulk of a shtty or siliceous non-cement produc
, ing roek in combination with not less than 50 per cent of the hot, 
quick-setting cement rock in common use for cement rnanufoctnre. 

279854-June 12, 1888. E. J. DI~ SMEP'r. .ih-l of man11factit1'ing 
Po1'tland cement. 
Natural ro~k i;; calcinetl, groi.md, formed into a· cement paHte, 

and then recalcinecl and reground. 

281965-July 24, 1888. W .• T. BumNoroN. Cement com]lound. 
It i~ eomposecl of the variegated marble of the second formu.tion 

(dark ancl w11ite), aml blue clay. 

!!8'7941-:-Nm.•embrr 6, 1888. "\V •• ToNES. Hydrniilic 1101'1lrmd cement. 
Hydrimli1\ Portland cement iH mmle from argillaceou8 limestone 

or dolnmito l:ontaining an exceHs of clay, by mixing tlwTewith lime 
or it8 cnrbomite in such gnantity that tlHi mixture Hhall (•ontain 70 
to 80 per cent nf cm·bonate of lime, then n~olding, call'ining, and 
gl'indi11g. 
2921i:J!J-.Tan·11m·y f!l'J, 1881. R. "\V. LEHT.lff mul .l. l\L "\Vu.r.cnx. ,lfon-

11(ac/.nrr: of l'ol'tlrm1l r:rm1c11t. 
'rhe pnh;erized ernuent mnterinl iH tlampl:~u·d slightly Ht.> that it 

iH still a powder antl not a 1mHte, 11H1lch•<l intn hallH <>r lnmpH Ly 
luml pn:ssure, nllll then c•ttlciiwcl arnl grounrl. 

rJ.?4080-Feln·1w1•y ;JrJ, 1881. L. Ro'!'!!. Jfoni(/rH't111·e r1f cemeiit. 
A mixture of l>lnst-lnrmwo eindur, say 100 ponmlH; Parhonnh: of 

lime, 135 pnumls; nnd an allrnlinu t•.hlori1l(', Rtll'h as enrnnllite, 15 
to 20 pnm11lH in a Hatnratml Holntion, iH t•nlcinell nml grnuncl. 

800"/90-.Tww #, 1884. .T. l\foitPIIY. .!I11dm11lir' ('('1/W1ll. 

It is com11ospd of Jibrolitt:, Iunrgarite, iron Hlag, slwll nmrl, nml 
dny, mixe<l, bnmod, and gl'llnnrl. 

805rJ01-8eptemlicr W, .l88,f. H. "\V. J.mn.Iff. ,]f(t111ifrwf'!11•,, qf f'm·t
la11cl eemm1t. 
Lime, or limll nnd magnesia in nny nf their formH, !Ul\l Hlnte m·e 

rnixe(l in su listantially sud1 proportions as to umln1 tho 1111mu f1w
turecl eL1ment mrnlyzo tthnnt 70 ptn· eont oUime, or lime nud rnngne
Hia, to 80 per cent of alumina and silir~a, t.Jwn caleiiwil arnl gronncl. 
806758-f:kpte:mbei· 80, 1884. IL "\V. Li~HJ,J"" Umm.fm•1111·1! oj 

hydraulic rement. 
A fllow-setting hydraulit~ cement iH nmclo liy mixing fpn•nginonH 

earths or stones, such aH are nHL'd in the manufacture of the m iu
eral brown and red paint!:! of commerce, with qui\'k-sotting c•ement 
roc1rs in suitablo 1n:o11ortimrn, m1cl then ealeining mul gl'in(Ung. 

805164-September 80, 1884. R W. LI~%NY fUHl ll. GmPt•'I'l'lll'I. 
Uam\facl.wrc of Portland cement. 
Iron slag or dncler, ns an essential ingre11ient, iH mixeil with 

lime, or lime autl rnagneHia in any of their formH, nntl t>ttldne1 l nwl 
gfonnd, thti iiroportions 1>eing snch ns to l>ring tht\ percentage of 
lime, or lime and magneHia, np t.<1 about 70 per t•ent. 

805070-l::.'r11tmnlie1• 80, 1884. S. II. SnoH'I'. Jlfam1frwl:w·c l!f hydrmilic 
r~ement. 

A mixtnre·of limestone cont1tining from 5 to 15 per eent of chiy 
and from 3 to 10 per t:ent of· mng1rn~ia, mixeil with a clay con tuin
ing about 60 per eent of carbonate of lime, BO per cent.of ~ilka, und 
10 per cont of magnesia and nlkaline carbonates, iH forrnerl into 
bricks, burned, and ground. 

809150-Decernbci· D, 1884. R F. LorREAU. ."ht qf 1nan11,tiwl111'in9 
l'ortlmid rcmcnt. 
The cement 11owder is kept in flgrannlnr eomlition before it goeH 

upon the rolls, lJy the addition of "binders" nf larger Hize tlum 
the cement powcler, and composed preferably of coke <luRt, cm1l, 
cnlm, rnw cement, or limestone. 

809270-December 16, 188.f. S. T. Wm.r.~IAN 1inil G. W. G01;:orz. 
l'lant .for and proc1~ss of making lime. 
'rhe process or mode of expelling or clri ving off mrlionie aciu ga.s 

by driving or drawing through the limestone nil' which has been 
more or less highly heated. 

8118!!5-F'elirum·11 10,. 1885. D. Grmr1•1T.Irn, ,lfon11.foet111·11 of 
hydri.mlic cement. 
Raw roe: ks containing silica, preferably slates orargillo-cah:1lreous 

limestones, ancl slaked lime, are incorporated with caleiner1 l'ernent 
rock or hydraulic limestone of the kind that produces hot, quick
setting cement. 

818217-Jlfarch 8, 1885. R. W. LBST.JCY. Uan11faet111·e o.f 1'01·tlrmd 
cement. 
Black or diwk-colorecl cement.is prod need by incorporating l1laek 

clrnlk with the cement 111ateri11.l after caleination. 
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9Ii'i711-Ap1'il 14, J885. R BRYCE. ,)foni{fact10·f n.fhy1fraulic cement. 

I"citchfielrl marl or shale, say 5 parts, and limestone l1 parts, are 
ground together, compressecl into bricks, c:alcincd, ancl gronml. 

S:U1£0-Jww SO, 1885. H. W. LBHLEY ancl D. GmFil!'rHR. Art of 
11ui1wj'a.ct1m'ny 1'ortlan<l 1•1\mt11I • • 

To destroy the clinker hridge formecl in a kiln <lnring the opera
tion of calcining cenu•nt. !lutking maturial to a dinlrnr, a <'mrent of 
!'Old nir is clirecte<l ngainst th() nnclc>rfacn of Haicl. bri1lge to offeet; the 
cn"ling, contrnction, ancl breaking clown of tho sanrn. 

.'121121-Jiwe 80, .188..r. R ·w. LEKLBY nn<l D. <Tim·1··11·m. lifon11-
,ri1clu1'e qf ceme11/. 
Cenwnt is art.iffoiully Hl'asmw<l aftpr grin< ling by snlnnitting H to 

tho action of a forcecl cnrrc•nt of air c:lwrgt«l with moisture. 

S:J158!1-.T11l11 "!, 1886. .T. Dorm.ow. J!itn11.fiu:t11rc 1if h11<11..-11tlic 
cement. 
Decomposc<l limuslmwiH employee! forihemanufm:tnrnnf cement. 

880i1'0:J-J.Vo1.•1·111lie1' a, .188(;. H. :\IA'l'lll~Y. J[mll\flll'llll'C of l'IJll/C1li. 

Cement roc:k iH grnun<l to a Jhw powclPr, whiclh iR then rntlc:inecl. 

. 881.?4/l-;.VOl'Cllllil?I· ;J./, .1885. \V. ,Toy, ,lfomtfclC\llO'IJ l(f C/!1111'111. 
"'t't slnrry or n, mixtnro of WC\t Alnrry urn! ftwl is c:l1nrgocl into n 

c•emcnt kiln, in successive porlinnH, on the 1Jnming eharg<1, at the 
parts whern tho ehargo i~ lmming 11wHt froc~ly. 

8.'J•J870-1Jcecmlic1· fJ!I, .1886. .T. :\!. WTI.L<'OX. Jlfai11\tiwtnro l(f l'orl
lrinrl cemmt. 
l'owderecl cement making material iH mixecl with a binding 

mmlinrn, which will be mmlo Hoft. nrnl fiui1l hy heat arnl which 
will harilen when coolecl-snch nH pitl'l1-arnl rnolclecl mul cal
!'inecl, tho hirnlor finally volatilizing in t.he fnrnuee. 

8.'J!i117.1-Ap1'il 18, J881i'. IT. l\[A'rirnY. Jfom\(rzl'lim• of 1·1•11wnl. 
Cr11Hhetl rock is caldnetl in a revolving cy!i!1(lnr, aIHl tb<m pul

YE'rize<l. 

S40.91i7---1]>1'il f!O, .18811. .F. HANHOME, 1lfom{fartw·i11r1 crmcnt, et1~. 

The l\ernent material, re<lncetl tn a pow<ltir, is lmrnecl in a 
revoh·ing fnrnnce whill\ exposecl to the flame of prodncer gas 
mixed with It Anitahlo amount of oxygen. 

,'J.JJ784-.lime 1, 188r!. U. CmrnrNGR. Mam\factui·c qf cement. 
Tho cmnent nrnking mnterial conRists of about 1,26(3 pnrtfl nf gyp

snm by wc1ight and of ~.00 parts of clay. 

S4.'!182-Jttnc 8, .18811. TI. l\IATirnY. Ni.m11frwlto·e l(f h11drmilic 
Cl\l!lenl. 

'!'he proeess consists in pulverizing nntural cument roek, adding 
alluvial chty, mixing, aucl Jinally lmrning uncler agitation .. 

ll4:318d-.Tanc 8, 1881J. H. ?IIA"J'rmv. .Jfon11ji1clure 1if hydrciuZfo 
ceme11I. 
Gemcnt is colorecl by ad<ling a metallic oxicle to the humed 

cement rock before final pul\'erization. 

S48J84-:-Jnnc. 8, 1881J. II. ?IIATIIEY. Jfonujaclti1·e qf h11d1·rmlic 
cement. 
A pnlyerized metallic: ore roaste<l to an oxide is added to the 

rnnstcd cement of No. 848182 ancl the mixture grouncl. 

il48fl18-.Tnne .15, .18811. H. ·c. and D. Mn.um. Proce,q8 of inrimi
factw·ing hydraulic cement. 
Fresh broken clay arnl marl arc; piled in alternate layers al1d 

allowed to remain until the clay absorbs the snrplns moisture of 
the mnrl, when the mass is removed in vertical slices, reduced to a 
plnstic condition, cnt into blocks, dri.l;d, mlcined, and ground. 

.'/46525--.August 8, 1881J. J, ANDERSON. 1lfoking hyrli'aulic cement. 
Crushed cement or limestone rook is immersed in a solution of 

ncetic ~cid of moderate strength for nbont three homs, and then 
cnlcinecl, Roman cement being produced if calcined to a red hent 
and Portland cement if the calcining is carried to a white heat. 

847867-Augirnt 17, .1881J. J. MtmPrrY and N. W. Lonn. 1fi1draulic 
cement. 
It consists of limestone, fnrnnee slag, sal~ arnl clny mixed, 

burned, and gron111l. 

8i10416-0ctol>er 5, 18811. U. Cumrrnos. Ilyrlmulic cement. 
The process nf hydrating liyclranlic lime or cement consists in 

exposing the mkined and pnlverized material, while in motion or 
agitation, to an atmosphere of steam. 

.96848"1-1ll11?'1:h .t, .1887. .T.ums aud .TcrnN D. Dmrnc1rnn. ProcesH of 
lmrnin,q limn. 
'l'he hot air is clrawn from the top of tl10 kiln and forced liack to 

tlw fire hy means of n blast 

.'l/8fl.'1!2-Nol'emlier :J,9, .1887. S. LownEN. Jian11frrcturc qf cement. 
First, a mixture of clay, 1 part, ancl chalk or limestone, 5 parts, 

is lmrnecl ttt a white heat and ernsltccl; second, limestone is crnshed 
separntuly ancl roaFted at about; 210° F.; ancl third, the products 
me mixed in the proportion of 8 partH of the first to 1 part of the 
HOCOll<l. . 

8755,9,9-Deccmbm· fJ7, J88"/. R. Bof'Sic, K Fnmsrn, and F. WoLTEHs. 

1Iyd1·w1lic antl otl11.1· C1J11ic11ls. 

A cement composocl of blast-furnace or nther slag reduced to 
grmmlar form, sand, mHl slnlrnd limo, with or without silicic acid. 
Also proccHs of making saine . 

.'!8fJ8i"li-1lfrty 8, .1888. J. JlfunPnY. Hydrnulie cement. 
Snrne ns No. B,17367, with the omission of the salt. 

8871.9.'l-.Tuly 81, 1888. G. L. EA<+AN. 1l11dr1111lic rmnent com11m1ml. 
A cmnl>hrntion of lime rnck, Hilex, mineral magnesite, and 

nlnminn. 

887ii88-Ang1rnl "!, 1888. CJ. R. Cos1•r,rno. 1'mcess q/ manu.fact111·i11g 

hl1dm11lic cenwnl. 
'l'he cement material iR ernHhed. ancl grouncl, 1nixed with water 

tn a plastic Htato ancl regronIHl in this condition, next thfo<l in a 
suitable chamber, and then cttlcinorl ancl agRin gronml. 

8.'146'68-Decemlim· .18, 1888. J. T. HrnnY. 1lf1.ini.iftwtw·e qf cmnwt 

f1•mn linw-murl. 
Lime-mud, the rcHidne of nllmli works, is washecl ancl tretited 

with rntrbonie acid, until Rnlphuretecl hydrogen ceaseH to he given 
off and then with sufficient allrnlino Hilicnte to decom11ose tho 
alkaline-earth chlorides, when it iH mixecl wit11 clay for the manu
facture of cement. 

8.97878-Fe/n·wi1·y 5, .188,9. R. W. LHSLEY. Jlfmii1factiire cif cement. 
In the manufacture of cement from slags, tho lime or other 

ingredients, in a finely divi<lecl condition· and at a high heat, are 
injceted into the slag while still flni1l. 

8.994M-:-Jlfarch 1/J, J88fi. G. K CAnrnTON. Jlfeth£lll of c1ilcining 
1'0CJ.:, 

An air blast is indncecl nn<lerneath the fuel to increase the draft, 
ancl a Rprity of steam or wnter within the ttrch above the fuel to 
regulate the heat. 

40251.1-Api·it 80, 188fi. U. CuMMINGs. Cement. 
A hy<lmn lic cement consisting of silicate of magnesium calcined 

ancl pulverized. 

4171J81;-December J"I, 1889. G. DurtYJlA. Process o.f rnanujactu1'inr1 
cement. 
Fluorspar is mixed with cement-producing materials. 

#087.t-.Taniwry 28, 18.90. J. M. Wn,Lcox. ~lfetlwcl o.f Imming 
~ement innking nwterials. 
The cement making material in a kiln or chamber is subjeete<l 

to the simnltaneonH act.ion of the uAual solid fuel, mixed with the 
materinl and forming part of the charge, nnd of auxiliary burning 
jets of gas or liquid fuel, applied to the upper strata of the charge 
before or about the time the lower strata are lighted. 

42"1880-1lfoy 6, 1800. E. N. TumrP aml D. W. PECK. Jlfetlw!l qf 
esta.blishing iinits o.f measnre in com1w1m<ling Porllancl cement. 
Each ingrerlient is separately molded or cut into forms of uni

form size, the sizes varying nccorcling to the proportions in whieh 
they are to be compounded. 

484880-AU[Jtl8t 10, .1800. W. Joy, 1llctho<l o.ffeecling cement kiln.~. 
Quantities of slnrry and fuel mixecl and quantities of neat slurry 

are separately deposited on the lmrning mass in the kiln at different 
times as the burning proceeds. 



852 MINES AND QUARRIES. 

14(ifJJ J-Jt'eln·1wry :j.f, 18111. 11. C. B.\ PM, J'r111•r,.s <!f ·1111m1ztlu•tm·i1111 
.I '111'1 land ceml'11.t. 
(1nieklime is tttl!fod tu Wl't mlcareous marl, arnl through the 

rrnmlting elwmical 1wtion the mixturu hi rlm<lul'rnl perfoetXy dry 
Jll'L'ptuatory to grinding. 

4./11.510-Marnh .11, .18111. U. \VJI,1,u~rH. 1'1·11c1'NR 1d ·11um1u<1ct111·i1111 
l'PllWl!f, 

Cnrbu1mte of li111e iH redncecl to powcfor by stemu, m11.ler pressme 
proclncL!d from a HOll'ltion of silicttte of Roda and water; alnminn, 
Hilt,x, a1ul a th in ptrntu of calcium ehlnri< h,, unslake11 lime, au1l 
Wfll'm water, :Lre Urnn tt<lllecl nrnl t.lw utixtnrn is mohled, ealcine11, 
awl gronml. 

4fi0'71iO-April :Jl, 18111. ,J. B. St>1mu, l'1·oc1'NR t(/' ·11111111\fiu·t11ri11.y 
li!J<ll'milfo eo1111:nt. 
'l'he rock iH emshe1l and 8izc)<l hy ~creuning, it11<l the fnr1uwe 

charged with lnmpH of n unifonll Hize. 

4,;,]'lf;:J-.T1wc !J, 18!11. R F, HAum,. 1lfo1111,1r11·/111·1· t!f l'orf/111ul 

'~enwnt.. 

'l'o n btuin Jll11'l~ limo for tho 1murnfac·.tnre of l'ortlautl C>cn11ent from 
blue litueHtonc, the li1rn~Htuno iH fir8t cttldm•1l; t.lrn mlcim1<l lump>1 
an' iwxt moiHtenecl by 1 lipping in "·ater tUHl qnic·kly removi11g them, 
HO thnt only the pure liuw will Hlttlrn; ancl tlw i•nru, Hhtlw1l limo iH 
then separated from the impnrn liy ;,;ifti11g:, 

45;i;J'lli;_.lidy '1", .18[/J, H. II. WtN<i. M11111\f(.cd111•1' l!f ('l'llWl/f. 

A mixture compoHed of a phnspltnte, irn mlciu111 phoHplrnte, arnl 
a silieah1, such Its clay or serpentine, the phosphate pre<lmuinat.iug 
(1my 100 parts of phosphate rock to ~ti.2\l pnrts nf clny), iR uuld1w<l. 

.j!i0.'i0!1-8eptmnber:?n, 18.91. U. H. KnllL'BYJ~Jtan<l G. "r· llAwr1ww-
~mw, Sr. ProcesH <(( Jll'l'Jlllri111111111l i1'111p1wi11:1 x/111'1'!1 .flJJ' 1'111•t/1t)l(l 
1·emcnt. 
Freshly dng day 111111 limu nrnt.erial~ nrc1 111ixecl in propurtionH 

~letermine<l by weight, wnrke1l \l'hile Hnlt., <lamp, or wot, n JiOl'tfon 
·of the mixed masH teRte<l t.11 dett•rJ11ine pruJHirt.iom•, a.ml tlw pro
portions corrected, if nm~essm·y, hy n11tling mnteriul. 

41;oU!l'i-01,t11l1m• 111, 18.'ii. .T. H. \Ymun-r. Jlytlrm.1/ii! li111r-. 
Lime, ~lake<l in a solnti1111 of eru1fo potash, c'rude sn<ltt nsh, aucl 

alum \l'hich lrns been b11iled nnd cnolml, is mixli11 with nn equal 
qnnntity of lime Rlalwd hy clipping ill' Hprinkling with Knlphnric·. 
nci1l or ~vit:h plnster of I'nri~, aml t!H; mixtnre i~gmuwl to a pnw<ler. 

4114616-Di:c1!ln/,e1'8, 18111. .T.1<'. NAvAmm. Pro1·1!~x111'mm1.ufal'/.1tri11u 

hyt/J'(l.itlic 1·eme11t. 
The mw grouwl rock iH burned in a vertic1tl kiln and pulverized; 

the required ad11itio11af element is then addecl, the imherizrnl 
mixture is caleined in a rotary kiln, nnil the prodnct is ground. 

41J.jt116-Deceml"w8, .18111. ;T.1<'. NAYA1mo. l'N!CCRxof11uin1\f1wiw'-
in{/ Portlwul cenwnt. 
.Argillaceons rock contnining the uonstituenhi of Portland cement 

i~ ground in a dry state; when <lllfieient in linw, 11 definite p1·opor
tion of cement ruck high in lime, or of pme lhneHtone gromul mw, 
is adcletl; the powclcrs nre mixed ilry nnd calcined in a rotary kiln, 
aurl the dinker is ground. 

46.'i:IHO-Dlll'IJllllWI' 1/i, 18[11. c. 'l'oMKINl'l. l'roeeHN C!f'111111Wfnet1i·rin11 
cement. 
HighlJ' heated Rhtg HH it c.omuH from the fm·rnwe 111Hl liefore 1~001-

ing iH Hubjedocl tu a bath nf hy(lrate of lime, ttrnl then dried and 
pul verizetl, 

48U1115-.Yovcmber M, 1892. H. .T. J,rvrnGS'rON. C'om,puHition of 
nwtta fol' zn•odueing l'o!'tfuntl cemml. 
It consists of 11 parts of shell t~onhdning Hll per eent antl upward 

of carlionate of lime, 2 parts of alluvial ~lay, aml 1 part of ground 
ehalk tlints. 

481J'706-Nov1•111/1er :2:?, 18fi:J, C. YAX F<>H1'1,1.. Ai·t(!icial Portlan<.l 
(~('/lll?ili. 

l'nlverized Homan eement. iH mixeil wi.th pnru hydrate of ealcium 
in the form of a dry pll\v1ler so that the limn and tho hydmnlie 
factors are in the proportion of :ti to 10, 

4811'70'7-Nu11e111ln'I' :!!J, 18.'I,!. CJ, V.\N" Flltmr,r.. .frt(ticiul Rmwm 

1·enw1J/, 
Pulverized H11nrnn eenwnt eont:aining au t,>X<'l'HK of li11w is mixv<l 

11'it.h pnwcler0<l silicate of alm11iu11111 HU thnt Um lime nml the 
hyclrnnlie faetnrK are in the propllrt.ion of 17 tu 10. 

4U1:J80-l•i:lm1111'!1 'l, 18!1:1. Jl. DuEYI'tlHH. C1,11w111. 
A mixture of 2 partH ot puh'l\l'izucl Hpm1t liuw allll 1 part. of pnl

verizecl enko Hhtg, with 01w-twent.ietl1 of itH weight of Hlnlw<l !'ul'k 

lilnt'i arnl sun<l. 
.j!J,flt>'8-A1n·il .;., .lc':i-..'J,'f, V. F. TJ, :{\II'l'lL Cl!iJWHI. 

A <1l'y-grnnwl 111ixtnn' 11f orclinnry c•tm1pnt. \\'ith ~and, gra\'l'l, or 
ot.lwr Jilling 1rn1turiaL 

411'178.'i-Jlfo!f :!;J, 18.'18. M. L. G1trw1N. J/11111t,1iwl111·1• 1~( /'1wll111ul 
1'1.'lllC/I/, 

Preeipitate<l earl>ouate of litrn', prrnlnc·u1l hy tlw wl<litinu o( lin1u 
to tt Rolnhlo c·111·\u111ah', Httclt aA l-'ll<li1111t c•1u·h<matn, is mixc•1l with 
c:ltiy or otlwt' 1tlnrni11onH mati•rial, clrie<l, 1•tdt•im•cl, HIHI grunu<l. 

r;o1;o:211-(ir-/u/1c1· .9, 18!1,J, .T. Ii'. BAmtmr. f'1·11<l111·ti11n 1~/' li1J(('. 

'['he prmludH llf. c•mnbtJHtiun nn' exht\11Hl.t•1l frum tlrn 110Hh 1.1f 

the kiln, H•l that nir may l'nter thn fnrm1<·1• without mixing to 
tut appret•ia\ilu 1•XIP11t with tlw ~ni<l pr1ul1H·.t~. 

fil.1IJ;!8-J1u1m11·11 .!, 1s11.1 . • N. D.i·rn·rr.m:, 11/11111(/111·/111'1' •!1' 1•1·1111'11/. 

Jt ifl (!OlllpOHt\11 0£ HlalwcJ Ji!lll', ('l\l'lHllUll.1• of [Hl\l\Hh 1 Hlllphtth> of 
«opper, mHl 8lllplmt.u of iron. 

,'ifiiO.f'i'-]11'111'11111·,11.!0, 18.'J.f. K L. H.AN>\<l'.llt·:. 1~'/tcki11!f /i1111'. 
Tlm clinker pr111hwecl in lmming ern11lmHtil;ln. n11tll'riltl 1·rintni11-. 

ing limo iH Rht,kml, 11iHint<>gratu1l, ttlHl co11l1\ll liy pttHHi11g Htl>:llll 

tltrnngh tho l1nr1w1l mnHH buiore it iH witl11ll'll\l'll from th(> fnmnt't'. 

fi.tfi1;"i/"-Jfor1·h II, 18!1.{. n . .T. E\'lmE'l"I'. ( '1'1/(f'/I/. <>011/./lOlll/ll, 

It iH ennq10Bl•d 111' a 1·unw11t \l'hieh iH itl'ulf lty<lmnli<-, dil11rhlt• ot' 
mll-inlll, nrn1 li111e. 

fi.!:lll./1i-J11t11 :J.1, 18!1.f. n. K. RlliHY. N111mJi11'/111·e 1(1' l'l'IJ/1'111. 

"Anlltlllllilt-HIHla," '11' "(~lut!H'l•" Wl\,Hto iH \\'llHhP1l to l'\~lllll\'l\ >'11\
nhle irnpmitil•N, th\•n 1PHh•cl el11·n1iettlly, a1t1l li111u it1lih•1l 1111\il t!tP 
impnritit,1>, o!h\'l' than K111ltt arnl Ho<linm <0hl"ri<l1" al'<' l1ul11\\· :l.ii 
per 1•p11t, when it. iH mix1•1l \\'itlt ulu111i11uuH 111ttl:1,1·ial, l'ah·iuml, 
an1l grnnncl. 

ii:?1Jfll0-0cto/1c1· .'.!, .1811.), .l\. K. HHrnr. ;l!tc11u,ti1d111·1• uf 1·1•1111·1tl. 

A 111ixt.nrn of L1• Hhu11• lime., 1111111, arnl l'lay iH c·ald1ll'1l nutil 
ov·urlmrning tak<.·H phu·11 ttll(l tl11·11 gro11111l. 

1i80iJ4'l-D1•cm1d1e1· .f, 1804. <r. IV. A. R•1•mr-;, ,lfrtlirnl 11{ 'lllll'1m,1l11·

t11l'i11y h11clr1wli1• <'t!111mt. 
From 5 to 10 pt•r <'t1nt of Klug, NmHl, 111\ll hy1\mtl' 11! li111u iH mixt\<l 

with the raw eunwnt HmtorialH to Jll'l'Y<mt <liNilltl'gratfon 11dom 
lmruiug in 11, kiln.· 

.'i484fifJ-,htly !M, .!8!15. H. lI. l'umcl•!. 1'1•u1'<'.~H <(f ll'l'llli11y /i1111', 

Quicklinw iH Rhike<l t11 a pntty, then rm1,Hte1l arnl gronnil, 

fi,J4701i-A1tg11NI ;?0, 18Dfi. .T. ·wm•1•rnn. Jlfo'll.1\fllt'lill'i! qf l'Cl/11'/tl, 

It is eompoRu<l of pulverized hlaHt-furmwe or other slag, eat1Htic 
smla, and slake<l lime, all in the dry statL~. 

fi4556!?-8cple111/1a S, .!8115. \V. R '.l"AYWU. ..t11p111·11/118 ful' l111r11i11y 
cm1c1tf. uwki111f 1111ileri1dH 111111 Jl1'oceNR t!f olil1tini11y 1·111•/11111 din.l'/tle, 
The nmtmfals are ltetttecl in dired contact with gaseonH pr111hu·t~ 

of cornlmstion until the moistnni, orgnnie mntfor, mul tlw lilw :u·" 
drawn off nml the tempemtnre rond1e1l at whi1·h i·1trhouie ndtl i~ 
given off, when the heating is eont.innecl out of Poutal't. with 1110 
gaseous prodnetH of emnhn~tinn, 

,r,5or;111-Decr11ilw1· 8, 181!.'i. I·~. I-I. I-IunnY awl II. .r. Rt·!.\)tAx. 1'1•11c

e~R of and ripJHt1•1.1l11N for ·mum\fw·t11rc <(f e1•mml. 
The cement material iH roastell, the hut dinlwr pal'tially c•<H.>le1\, 

broken, arnl wet.toil, mul the moistm·H uYapnrnted from thl' ln·nlwn 
material in a eontinuons process. 

5f/f2f!82-.fo11<) :10, 18!ili. li. \V. A, R·rmx. Jlydranlic 1•e11ic1d. 
A s1m1,\l quantity o[ ground slag Harnl or gmunlated furnace slni.; 

hi adrlccl to a 1lnishe<l mixtun' of mw eLmwnt tn make thu siutt"l'C'd 
mixfore hrittfo, so that on cooling the mnss emmhlc~. 
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5686.'1!1-&ptem/il'I' JD, 18M. 0. BnNNIC\'ILLI~. ,l[cf/unl <!( uml ap1u<
ral1rn jiJI' 1•ufrini11!1 <'Cl/11'n/. 
Raw ce111ent material and L'emL'llt ln·oper am cnmhilll'd with :t 

eomlmstibl<! material, in an intimately mixrnl arnl plastic 11m~H, 
aml are then subjt•<'.te<l to a ;;inrnltnneumi rolling and 1•ald11i11g 
operation hy whieh the rnaHH iH fornte<l into HL•pamfo lmnps inmw
dintdy bdnm, itrnl the <·omlmstil1le material ln1rne<l unt upon awl 
immediately after the Hutting of the ee111ent proper. 

5W18,J!l-Oe/o/J1•1· JO, 181i1J. B . .ToH<lBNHION. 8/1(!/ <'l'llll'llt. 
'l'u orclinary ~htg epment, whkh iH <·nnqioHe<l of gromHl Hlag nrnl 

slnkt>d !inll', iH ml<lecl a maHtecl and powderrnl n1ixtnro of gronrnl 
slag, Hlake<l lime, awl \\'ltter. 

684008-,l/1111 ./, 18111". H. \V. L1~s1.rnY. llycfra.1tli1' 1•1•me11t. 
To prrnlm•p n Hlow-setting l'ort]nlJ(l cement the eumenL making 

material, niter cakination, awl in 1lw form of either eliulrnr or 
powder, iH trmted with <lilntu Hnlpl111riu nui<l. 

..-;s.;su1-.Tn1w J.'i, 1sm. M. w. L. NA11NHEN. Jlfm11\f11dw·1• q/' ccmnit. 
The residm'H frnm tlw rnallnfndnre of r:nlplrnte 11f alnminmn aw 

freml from enmponentH H11lnlilu in waf(\l' mul tlw n'mai111l<\r mixP<l 
with lime, \\'ithont being lnrnwd. 

/i[l00ii7-8eplem/1n· J.j, J.l'!i/'. \\'. I I. F,\lll!NJ.:Y. Jfrtlwil <!t' 1•1tld1ri11[1 

{1'itt/1fo 111<1/t'l'iU/N, 
0

'1'lw maturittl t<> bu <'tti<-irn·d i~ innarnl inl11 :t tnlm awl <'ontiun
ou~ly prnjL•d(•tl into thu fm•1rn1·p 1 lh<' lu•a(, of whidt pnHHt'S 11Jl 

through tho tnhe. 

(i.'J.!./.11,!-01'111/u·1· ;!II, 18.'il". \'. l\.,m!,JlHEN. 

From !·l !11.ii 11ur l'<'lJt of !lHUlllftl!'l\11'rnl 
l'H\I' ll11tlerinl arnl tlw 11tixtnre fu1·nu1t! 
lmrnecl nml gronwl. 

(.'tJllll'llf. 1111//ll{ftW/l!/'I'. 
l'l•lll(\llt iH 1Hl<}<!t\ tll i]w 
int.11 lilockH, whidt nrn 

/i!i!il.'l:!-Jlm·1·!t 1, ./.1',IJ.'t. I l. I l. l'rn1w1>:. l'r111'•"'·' 1!!'t1·1:uti111f li111t'. 
llnicklin1t• iH Hlalwd to 1L pnt.ty, rrntHt<'l 1in1h<' preHtnwu ol <'nrliouiu 

ud1l gnH, nnd g1·m11H1. 

rl0th.';'·8-,h111t' .!8, 1898. C . .T. Un1t'l'!N. .l't111'e.<.< '!{' 11111ki11g x/t1111·e11wnl. 
Burnt, liuw, to wltid1 haH lH'<'ll wl<h•tl ii p<•r <'<'llt of hy<lrn!\hlorin 

nd<I, iH innlll~l'l4<'•l in uliont 2ll p<'r <'<'nt ()f wal<•r, 1110r1111ghly mix<'<l 
nml c01nhim!1l with Kfi ]l<'l' <lunt of molton Hing, awl tlton <lrii'<l nwl 
pnl \'l'l'il\P< l. 

IJJIJ41-,liw1ia1·y 11, .181111. ,\. I>. E1.HNHH. Pr1w1w.~ uf il'm1ti11g lilirnl-
f1m111ce ,q/1111,1111· N1111:11I. 
l'nlnirizl•<l blm;t-lmm1<:" r;lng iri HUJwrlh»inlly <IL•sulphnrir.P<l liy 

tlw applieation "f n Wl'Hk Hnlntion of nitri" nd1l, am! t.lum nllrnlbm1l 
hy impregnation wiU1 an 1u1twnnH Holntion of HO<linm cnrbonatu. 

1!2016fi-Pcl11·11111·y ;!8, 1811!1. H. J. LrvINUH'l'ON. Cm111umitiim /111· 
u111king 1•1al1aw1lcd, h!irll'llnlir: li111c, 1·1·11w11t, ur 11wr/a·1". 
It c:cmsiHlH nl 100 partH nf hy<imtt> nf linw, :lll tn ·lO purtH of eolU\1 

nrnl 1 pnJ't of 14Hrn,hnriiw or farinau<'UHH uml;l:ur liy wtdght. 

a;U88/-,l111·il ./., 18Ni. H. 1 T. l!r1mc1·:. Cm1w11t. 
llniddime iH H]a]Wll to It pu(Jy; JlUl\'oriY.l'<l Hll)pJrnttl of limn 

ii; then a<l<hc<l, the mixture iH ronHtl'tl, an1l the roaHte<l product is 
then i·erl nce<l to !l powrlor. 

l!2,.!d88-Ap1·il 4, .18D!i. H. H. l'nmcm. 'i'rcat11w11t q( li1ne. 
tinicklime iH Hlake1l to a pntt.y; pulvcirizml <'arl>on!tle ol lime 

iH then itd<lerl, the mixtme iH roaste1l, and the rnasted pr0<lnct iH 
rt>clnce< l to a powder. 

fldli8fJ!i- ,Vn1.•eni/11w 1.1, 1811!1. C. 8•rnAu11. P1·u1ie.~R 1!f tr1•<<t·in11 enfoium 
oxide. 
Caldnerl lime iH partially hydrat:rnl, and then rei:ah:iued until all 

111oiHtnre is expellrnl. 

a.f,%'6U-l1/:limary fJO, 11!00. \V. S. 0. i\lu·rH. Mnnufa.otnreof cement.. 
Bmut lime is hydrMe<l with water containing a solnhle salt 

whieh will evolve oxygl!n ut n high ternperatnn1, such HH nitrnhi of 
soda, and the hydrated lime is mixe<l with powdered blast-fnrnace 
slag, and then calcined. 

li511i8,/.-.T1t11<t 1/1, .1.'100. U. i\I. \VgHT~LIN. .l'roeeNs nf 111an·1\ful'l11ring 
li1111• 1111<l 1'11'1'i111nic wid, 
The proL,esH <'OJJRists in heating n mixt,m·e of carbonic add and 

stmun, pa~i<ing this mixturu thrungh limestmw, 1lrawing off the 
expelle<l carbonic aci<l nud lime pr(l(lm:e<l, bringing the expelled 
<:arbonie acid in <'<mt1wt with water to c1mvort tho latter into 
Htcam awl form a 'mixture of ~tl'nm am! mrlinnic rn:i<l, reheating 
a part of the mixtm·<" thus formml, mHl forcing the mixture bnck 
into and through tlrn Jimestonp, 

li55fi01-An111rnt 7, 1.900. L. II. i\L MmicrmoN-VICAT. ,frt(tii:ial 
i!l'llll\11.l. 

J\Inl'ly liim1sto1w is ealdued, aml then fnsed urnler oxillizing 
eon<litions, thernby removing tlw 1mlpl111r whilo in ti stnle of 
fnHinn. 

11117:!,5.5-Felll'll<l'l'lf ii, 11101. 1\. B. Rcmimm'r' anrl F. .T. PumcB. 
T"roc1'.~.q of Jil'<Hhtcin1; li11111 m11I c1:111t'lll awl Ji:1·l'll 1·0111/111.~lilill' yases. 
'rirn gaHeH <listillcd off from a lllHHH of mw !\t1me11t aml fnel nre 

JlllHHrnl through n mnsH of im·rm1fost:ent t•arhcmacenns material, 
from wldch ttir iH ex<'lmkd; tlw ruHi<luum is Hnliseqnently 
clinkero<l, the lwat ev<>lwd in tlw clinkering proceRR lming 
nt.ilize<l lor <liHtilling nm! partially hnrniug"a .Hnh~eqncmt <'harge. 

li"/004'1-Jl[111'ch .l!I, l!JOJ. tT. i\J. 'WNH'IWAN. l'rrH'l'.~8 q( 1111111.1(!{1ct1t1'· 
ing linw 1111tl 1•111'iio11fo rwirl. 
'l'hiH iH It 1'011tinuonH }ll'<.ll.'t'~H of Lmating li1m'Htmw with a highly 

hefttrnl u1ixtnrn of mrlicmiu ad<! nrnl Hteam, cn11~isti11g in L'Xpelling 
the mrl1011ic a<'i<l from the liuwHtouu, bringing the hot <'arliouic: 
add in cont.tu:(; \\'it.h watl'J' to con yurt tho liitt:m iuto Hi't'alll, rnixing 
tho Hh·nm with tho nxpellrnl <'ttrbrmie nl'i<l, aJHl 1.lwn relH'nting the 
mixtm•t, aJHl again paH~ing it tltnmgh thu li111eHto111., tlrnH prot lueing 
litne nrnl carhmiiu acid o[ rnaxiunua pnrit'.y. 

li/84.t;J-.li1l!I J/J\ 11101. \\', LIOHHIN«. l'1·111·1wx 11( l111mi1111 1'1'1111'111, 
f/!/}!Xl/111 1 ff<'. 
'l'he rnw ull\terial iHgronlHI, hea'tl'1] to 11 whitt• heat., awl <lropperl 

<lnwmrnr<l agn.i11Ht 1t ''olnrnn of Hmnu; it iH th(ln ntiliZC'<l, in itH in
tunHoly lwtttml c:owlition, to gPmmll<\ Htrnun for tlw prnliuiinnry 
warming of freRlt maturhtl. 

(!'/8;'411-Jlll!f Jll, 1fJ01, Cf. JVlJJ,l,rnH. J'1•111'/18N l~f.f<Ji'/11.illf/ piec1•s 1i( '1'11'11' 

cemmf, 
l'iect•H of <lrirnl Llemon(; aro passrnl stwccsHivoly through a ~'eries 

ol <lrying 1ln1111H, Ptwh containing n ph1Htio mass of raw cement. 

1!8:!887-Scptemlim' ti, 1!J01. C. :lVI. Av1mY. ProceNs of 1nlf1,erizinr1 
1:aleium o.dde or li111e, 
'l'ho limo, ns it e<mws from the kiln, is HHlijccterl tu Hinmltaneons 

agit1itio11 mHl sifl;ing in the 1n·eH1mce of stemn. 

l/8,1J88-8<'jill'llllitr 24, .11101. l<'. N. SPRrn. Process of trcatiny lime. 
Finely <livi<le<l qnicklinw is Hnbjectecl lo the action of ste11m in 

n olose<l duuuber, aJHl then hronght into contact with carbonic acid 
gas ubfoinerl from ti <•a}cining kiln, 
08ti0114-01'1.ol11:r :?iJ, .l.'101. 1\. 8. Brnrrm1mT. 1'1·ocess of 1n·od1wi111; li11w 

01• cement and comlnrntililc !/<tN<»~. 
Heated prodtwt:; of the comlmstion of burning fuel ure passed 

through rnw cement material, theroby expelling gasennH umtter 
t.herefrom, the resultant gases heing subsequently passed throngh 
a brnly of highly heated fnel. 
li88li10-Deceml1e1· 17, 1.901. G. llrAJ!HBN. 1lf11.1111frictun of ce11wnt 01· 

Rfo11ilur m11terialN. 
The licj11irl slmlge is run into mol<ls nn<l tlriecl, to form blocks fm· 

ca!Dination. 
(![11/J[l'J-.limiutl']I i!l, .1!10:!. .T. n. lVIc:DoNNBLJ,, Ccmrnt. 

It c011siHl:s of watm-, carliolie acid, 11itro-rnnriatie adcl, nitrie ackl, 
crushed ,·alcareous rrn:k, ;.inlphnte of mlcium, 1uHI cement of any 
mnnnfa<,tnro. 
li.9i?26'7-l•H1r11ai·y .f, 1.90:J. 0 .. K E1,1m1m. Uctho<l <d calcinfog 

lime, etc. 
In plncl• ol' the ordinary pnre-air tlrnft, nn artitioially accelerated 

t!ralt eomposed of air nml a neutral gaseous diluent-kiln gases-is 
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llHe•l 111 lll'<H111111, comlmHt.ifm, tlwrt>liy gr(mtly retnrdiug the libern
li11n 11( t.hP lwnt. nnitH 11f tlw flwl a11<l prmlndng n long llnme of 
largo \'<Jlttlll\', 

11/1,.,•::•a,.,• ...•• Aprif :!.!, l!Jll.J. (I. Fmr.. .l'1·01,e.<N ot' 11111ki1111 1'1•111e1il. 
'l\1 1•r111hw11 a whito t•1mHmt, a mixbn·o ,.;f limo, 

0

dny llH fnm aH 
1111l":<il1h• frn111 lr1111, nrn1 f,1[1lHpar is hnr1to1l lt1 Uw vmgl• of fuHinn
tlmt iH, J11,y11111l Urn Hinh•ring limit. 

';'(l!(/11!1· ·.I/Ill•' to, /!HI.!, F. ( ... TnHIL\N, .l'1·111'f.~N l~f ?111tkiil!J (!('/JlClll. 

l .i11w;;t111w iN 1ll'1•111·l1111mfo1l nrnl ~ilit•P•n1R day mix:P1l tlwrowiOi 
w\til11 i111t11 iH1·arnlPH1'L'llf. HlttlP; tlu• ulix:t.111·11 iH tlnm ignitl'•l iu t.lw 
]•l'1'H1•111·1• of a h~·11mling ngt•llt., nwlolrnl, 1·aldnt•tl, antl gronrnl. 

·;n;s./11,.,, .!11./11 !ii, l!lli.!. ,J. 'l'. l\kKnr. e .. 11u•111. 

A l!1111q111\m<I tu 111' a1l1lP•l lo P11rtlawl 111' ~i111ilrn· eemont, eon
i-it<t i11g 11f 1·nl1•1t1·011tltl 111•lt1'1', ir111111rn phm1, n11<l lit.lmrge, grnnrnl arnl 
i-11lijl'l'll'll to !l l11•nt. of moo li', 

','llii1i/'!,--,f11l!I :.'.:', 1110:!. · l\L ;l'. ,J. ( lt :11~. l'l1tH/1•1· ""111111miti1111. 
[I. t'lll\HiHt~ of ll ntixtnt'l' 11f 2 piwtH 11f hy1lrnulk <'l\llH.n1t, 1 part ol' 

1111\1'<h•r1•1l t-tilfoate o[ nluminm1t, 1uul l pnrt of p11w1fo1·e•l carbmmte 
nf lillll', 

'705650-.lnly !?9, 190fJ, V. CoN'l'I, .<T. D1diE01:•1mY, arnl G. LB (hLL 

nu T1m·m. A1·t(!ir:i:itl .~tune. 
A mixture uf 15 pnrtH of alnminnm sulphate, Iii parts of pulver

ized Kieselgnhr, 50 partB of mlcinecl magnesia, 25 parts of rnagne
Hinm chl11ride, nnrl 75 parts nf magnesium sulplutte, nil by weight, 
togothcr with inert matter. 

'lOIJi"/:0-A'll{lll.~t l'J, 1902. 'W. R. KNox. 1I)1clr111.1lfr .fii'ep1·oof cemmt . 
. A grnullll hnt nnl mrnerl mixtnro eompnspd o! aliuut 2-! par!H of 

Hilil'H, (\~ parts of ttlumiim, 5 partH of m11g11u~in, liO partH nf lime, H 
pnrts of hyrlmehlmfo anid, and 1!) parts of iron uxido. 

'lO'l't88-A11u11NI :Jfi, 11102. .T. l\Iu1wnY. Cm11prmitio11 qlm111/m'. 
H wmRiHt'H 11£ l'rtrnhrnl, luml iron Hlng, pnlvori:t.l•tl bnr1l-lillH"l t~i11-

1ler;;, l'ortlallll cemout, liquor 11f ilints, mul wnter. 

'l1484JJ-1>1•1,e11i/1e1· :J, .f!IO;J. R F. \VBN'l% ,·frl rd 1111m1tjm·l1l'l'i11u 
f'l 1 JJU'llf, 

Cement nre iH eald1w11 liy the ernnlmstion of 1mln1rizecl l'nrbuu, 
ntilhliug nlHo tlw lwat frnm the gaHeonH prn1lnctH, •lerh·e1l frnm tho 
11isiutq(mtin11 of highly heated cement elinker when t.rnatell with 
wnter mul idr. 
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CLAY. 

By .T El!'l!'ERSON J'l'lIDTlLETON. 

This report covers the opcmtions of the clity mining 
iuclm;try in tlrn Unitrnl ::-:ltates dnring tho yrnu· 1D02. By 
for thn ln,rgm· portion of the clny mined is nsocl b~' tho 
miner in tho mamifoc:turo of clay prodiwts, lmt a:-; the 
work of winning tho clay is Hli('h an intinmto pttrt of 
the process oi' nutnnflwture us to rnako it:-; segn1gation 
impossible, only tho chty minml and sold as snch has 
}J()('ll included in tho roport. The statistics for tho chLy 
working indm;tries wore shown in the Twelfth Cewms 
Report on MannfoctnroR. 

Tho clay mining· industry RecrnR tn have received lmt 
littfo nLtnntion nt previous consnsm;, Statistics W(\l'C 
jfrst shown at the C(\Jlsus oi' 18GO, when fi minoR were 
reported, all in Miclclle:-;t~x county, N .• T., with 11 product 
vnluod at $1013,H(iO. At tho census of .1870, 1 fire cln,y 
eBbtblishmont was reported from ,fockson county, Mich., 
with it product valued at $80,000. At the cen::;us of 
1880 Htatisticf.; were prcsPnted for D kaolin mines-4 111 
Delawal'e, 2 in South Carolimi, ttnd .1 each in Indiana, 
n1urylancl, and New York--reporting 23,277 tons of 
clny, valued at $200,,~57. Tho Eleventh Census con
tains no statistics for clay mining as a dii:itinct indnstry. 

Clay mining was c!trried on in 27 sttitos, but in most 
of thmn the industry was or minor importance. In 
only G of the st!ttcs rlid the product exceed 11 Vltlue of 
$100,UOO, and the product for thci::;o states mis 68. 7 per 
cent of the total Vttluc of protlncts for the United 
States. . 

The following t!tble is tt Hummary of the statistics for 
Hl02: 

'Lun,1~ l .-Swn11w1·11: woe. 
Numlrnr of mhtc• ..•.•.••....................... : .................... .. 
Nmnlier of op•.m1tors •..•••.••••••• : • .................................. 
81tlnrlcd olllcinlH, clerkH, etc.: 

205 
203 

Number........................................................... 18fi 
1-'ttlnries . . . . .. . . . . . .. . . • . . . . .. . .. . . . . . . . . .. . . . . • . • . • .. • . . . . . . . . • . .. $150, 50ii 

"~ogli-curnors: 

'\~-l~~~~~ ~~,~~l~~J-t~~: ::~:~: ::: : : : : : : : : : : : : : : : :: : : : : : :: : ::: ::: ::: : ::::: 
Coll( met wmk ............................................................ .. 
)[isc~ellnneouH expenHes ........................................... · .. · 
Co~t of RUJ1plles 1uul nutterinlH ........................................ . 
Prndnct: 

2, ,133 
$958, 892 
$13,2'11 

$120,878 
$272, 828 

Quantity, silo rt tnnH....... . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.-11\fl, 857 
Value ................................................................ $2,0(ll,072 

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

industry is as yet largely local, the modern tendency to 
combination not having affected it. Of tho mines, :34: 
were in New .Jersey, 81. in Ohio, and 25 in J'\TiRsouri. 
The number in the other stntes ,·aried from 1n iu Penn
syl vimia to 1 in seveml of the HtatC's. 

In addition to the nctivo mines, Gl idle mi11es were 
reported, cli:-;trilmted ns follows: .12 in Ohio, fl in Ten
ncssoe, v in Marylaml, 4: ottch in Georgfa aud Pcrmsyl
vimia, B each in Colorado, Missom·i, North Carolina, 
and Virginin, 2 each in Culi:f'omia, Illinois, Iudi1111a, Ren
tncky, J\<fossnelnrnetts, mHl Vermont, nnd 1 P1wh in 
Mk·.hignu, New Hmnpshiru, New .TerRoy, New York, 
South Cnroli1m, and West Virginia. Thero worn also 
2 mines-1 eiwh in Nor th Citrolirni and Florida-at 
which development work only WH8 reported. 

l-fop/tal 8toc1..· (if' /ncm1;01•ated 11m/1JJanle.~. -Table 2 
presents the details of the cmpitalization of the 45 iu
corpomted compitnio:-i reporting eapHalization. It 
shows that of the 203 operator:-1 of clity minef:l 52 wore 
incorporated compai1ies, o:f whom ±5 reported an au
thorized rntpit!il stock of $(),D.J:7,600. The total num
bor of shftres authorized waH GGO,fi3G, nnd the totld num
hor of shnrcs issued wits 3±1,107, with n par value o:f 
$5,275,200. The dividends pnid during the year 
amounted to $50,190. The authorized stock was di
vided into ()fi0,986 slmreR of common stock, with a par 
vn,lue of $6,272,600, and 9,550 8haros oJ' prderrecl :-;tock, 
with 11 pitr valne of $()75,000. Of the common stock, 
however, only 332,37'7 shares (pm.· vttlne, $4,037,200) 
were issued, while 8, 730 slmrcs of preferred stock (par 
vn,lue, $638,000) were issued. The l>onds issued were 
717 in number, with a par value o:f $331.,000, on which 
the sum of $18,1.10 was paid as interest. The only 
stittes in which companies reported preferred stock 
were Georgia, Delitware, and New ,Jersey, while bonds 
were nuthorizecl and issued only in the two last named 
stntes 1md in Ponnsylv1tnin. In vVc8t Virginia bonds 
to tho value of $.15,000 were authorized, but uone were 
issued. In only 1 state CVVisconsin) were assessments 
levied. 

(857) 
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TAm,E 2.-CAPITA.LrnATION OF INCORPORATED COMPANIES: 1902. 

United States. Gttlllomitt. Colom<lo. Delawn.re. Georgln. Illinois, Knntnekr. Missnnri. 

-----------------!------- ------- -----·· -·---·--- ----·1-----1---·-·····-- ---·· ----

N11ml1cr of lncorporaterl c.ompanies .............. . 
Number reporting c11pit11llz1ttio11 ......•.....•..•.. 
Capital stoclr 11nd bonds lsst10c1 .....•..........•.. 

C11plt11l stouk: 
Tol1tl 11uthorlzcd-

Nmnhcr of shares ••..•......•••••••••• 
P1tr vttluc ..........................•.. 

Total lS8llCd-

r,2 
,15 

$[>, GOG,200 

ouo,5ao 
$6, 9•17,GOO 

2 
1 

$200,000 

000,000 
$f!U0,000 

1 
1 

$i10,000 

30,0llll 
$30, ouo 

r, 
r, 

$1, 141i, 000 

18, 200 
$1,:170,00ll 

·1 1 .\ 2 
'1 1 ·l 2 

$'lBii, !JOO ~5,000 $2ii, ·100 1"192,200 

G,iillO 100 :2,~mn fi,210 
$li[i0,000 $ii,OOO $210, llllO $[121, 000 

Nnmher of shares ...•....•.•••..•....• 
l'ar vnltic ............................ . 
Dividends paid ..........•...••..•..•.. 

Common
Authorize<l-

3H, 1071 200, OllO HO, 00() 
$5, 276, 200 $200, 000 $:JO, 000 

1159,100 ................ . 

11, RiiO 
$1, HO,OOll 

$10, 000 

2,:mn 
$235, uoo .............. 

100 :;51 .J, 022 
$ii,OOO $2f>,·lll0 $-1921 200 . ............. S.i1<JSV ···········-·· 

Bonds: 

Nnmb~r of slt11rcs ........ . 
Pnr vnlne .... ...... -~ ....... . 

Issncrl-
Nmnhc1• of Rlrnres ....... .. 
Piir vnhrn ................. . 
lJivldcnds pnid ..•...•..•.. 

Preforrerl
Authorizecl-

Nnmbct• of shares .......•. 
Pru· vnlne ................... . 

Issned-
Numher of sh11rcs ..•.•..•. 
ParYnlnc ................... . 
Di vlclemls p1ticl •••••••••••• 

Authorlzorl-
Numhcr .............. _ ..•........•...•. 
I'11r Yaluc ...................••..••..... 

Issncd-
Numl.ior .............................. . 
I'm• Yalt1e ............................ . 
Interest pail\ ......................... . Asscssm en ts 1 ovicd .............................. .. 

050, 98fi 
SG, 272,000 

332, 377 
$·1' 637' 200 

$55, 600 

9, 5fi0 
Sr.75, OOll 

R, 730 
$G38, 000 

$3, 500 

90, 7'17 
8•136, 000 

717 
$331,000 
$18, 110 

$100,000 

500,0llO 
$500, 000 

200,000 
$200,000 

ilU,llOIJ 
$:10,om1 

30,000 
s:io,ooo 

H,'.!00 
s.010, non 

7,Hiill 
$7-10,0llU 

$10,UOO 

'J,000 
$•100, 000 

'i, 000 
$100,000 

fi,000 
$1\00,000 

21 07U 
$207, 900 .... ~ ......... 

WO 
$ii0, IJllO 

280 
$28,000 

Hill 
$5,000 

11111 
$5,0UO 

·············-

2,20(i 5, 210 
$210, noo $5211 uoo 

ar,.1 ·1, 9~2 
$~f"1, .100 $!02,200 
$7,:.180 . ............. 

2 ·············· .......................................... . 
$0,000 

2 
$6, IKNI 

$31111 

·············· ·············· ·············· ·-·······;···· 

New Jersey. Ohio. I Pennsyl\'ltnla. Son th West Yirginl11. WIAeonsln. All other 
Cm(l\llll\, 8l1ites. • 

Number or incmpomtcr1 comp11nias .............. . 
Number reporting c11pitallzrttlon ................. . 
Capitiil stock ancl bonds issued ................... . 

Capital stock: 
Tot.1tl 11uthorlzcd-

Number of shurcs ..................... . 
Prtrvulue ............................. . 

Totnl issncd-

Bonds: 

Numhcr o! slmrcs ..................... . 
PnrYalue ............................. . 
Divitlenc1H ptild ....................... . 

Common
Anthorizer1-

Num!Jur of sharos ..•••..•.. 
PrtrY!tluc ................ .. 

Issuccl-
Nurn bcr of shares ..•••..... 
Pnrvnlue ................. . 
DiYiclends 1111.icl .......... .. 

Preferrcc1-
Authorlzac1-

Number of shares ......... . 
Pnryuluc ................. . 

Issued-
Numher of shares ......... . 
·Parvalue ...•.............. 
Dlviclends pnld ........... . 

Authorizec\-
Number ............................. .. 
ParYalue ............. - ............... . 

Issucd-

9 
9 

$1,800, 700 

25, 920 
$1,2H, 000 

2·1, 192 
$1, 125, 700 

$15, 310 

20,870 
$1, om, ooo 

19, 7,12 
$915, 700 
$11, 810 

fi,050 
$225,000 

415 
$175, 000 

ri I 
ii 

SM, 000 

150 
$45,000 

340 
$3'1, 000 ................... 

4150 
$<15, 000 

840 
$3-1,000 

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

ll 
" $1, 200, 000 

ll, 000 
$1, 0'10, 000 

11,000 
$1, OfiO, GJO 

$5, 000 

11,000 
$1, 050, 000 

11,000 
$1,050, 000 

$5,000 

90, 300 
$240, 000 

---• -- ·-•-rn•o~·--

fi 
4 

$'2'28, 000 

11,rioo 
$250,000 

11, 280 
$228,000 

$1, 500 

11, noo 
$250, 00-0 

11, 280 
$228, 000 

$1,500 

________ " ___ 
···~-----

2 2 7 
2 " fl 

$75, 000 $110, 000 $r.2·1,00Q 

2, 5110 200 40,WJ 
$250, 000 $200, 000 8625, 000 

700 110 43,81\0 
$75, 000 $110,000 $fl2·l, 000 . ..... ~ ......... .................... $20, 000 

2, 500 200 ,a;, 7fi0 
$250, 000 $200, ooo Sli21i,Oll0 

750 110 43 1 HrlO 
$75,000 $1l0, 000 $52·1, 000 . ................ .................... $20,000 

BO ............................... . 
$11i,OOO .............................. .. 

Nnmber .......... -.................... <l15 ........... ...... 300 ............................................................... . 

As,essmcnt!rl~r!i~'.~'.i!~:::: '.'.'.'.::: :: : : '. '.'. :::::::: ....... -~~;~'. ~~~. : : : '. '. '. '.'. '.:: :::::: ........ ~~~~'.~~~- : : '.'.: :: ::: '. ::::: :::::: ::~:: '. :::: : : : : :: :~i&6; ~6: : : '. :::::::::: '.'.: 
--·-·····------· 

t Inclndes comp11nies dlstl'ibutcrl as follows: Connecticut, 1; Florida, 2; Mussitclrnsctts, 1; North C1trolitm, 3. 

Delaware, New ;Tersey, and Pennsylvania are the only 
states showing a capitalization exceeding $1,000,000. 

Employees and wages.-The average nmnlJer of wage
earners employed during e11ch month in 1902 is shown 
by states in Table 7. The most active cby mining sea
son: was from ApriLto October. This is to be expected 
when the principal method of mining cfay is consiclerec1. 
Probably 90 per cent of the work was done in open pits; 
this tends to reduce operations in the cold months ancl 
in incle_ment weather. The variation in the number 

of wage-earners between the months of summer and 
winter is not as great as might be expected, considering 
the fact that the work done is rtlmost entirely above 
ground. The twern,ge number of wage-earners, men 
Eind boys, for the whole year was 2,433. The largest 
number of men employed in any one month ·wns 2,G2± 
in June, while tho smallest was 2,100 in February. 
The average number of men employed for the whole 
year was 2,403. The tivertige number of boys em
ployed during the year was 30, tJ1e highest number 



OLAY. 859 

being- 34 in .T nne tmd .Tuly, n.nd the lowest number 2'7 
in October and November. The largm1t number of 
men wns employed in New .Tersey--GH1 for tho entire 
,rear, 798 in July, and 5BO in .February. The avern.ge 
number of men reported for })ennsylvn.nifl, was 311 for 
the whole year, with the hugest number in .Tune (8:?8), 
nntl the· s1nallest in Febnrnry (274). South Carolinn, 
shows Rn !LYCl'rtg'e of 1H0 for tho year, whilo the !LVemg·e 
by months mnged from 1G7 in August to 216 in 1\fay. 
In Delaware tho iworage for tho yetLr was 16fJ, while 
the greatest number, 197, was reported in .Tune ancl 
tlrn least, 103, in February. 

'l'nble 3 prmtents the average 1mmber o:f ouch chtsR of 
wuge-earners employed at speciiiod daily rates of p1i,y 

in 11102. 

1'.rnr.t: 3.-Disl1•ilmtion of wag1!·emviie1·s anco}'(ling to da'ily mte,, of 
pay, by OOCll]l<ltim1s: 1tlO;?. 

n.<n: 1•1m J>AY . ,All Eng-i- Firc-
(1101.1.,qtH). "fi~~~•.t· nonrs. mun. 

Mitehin· 
iH!S, 

hlitek· 
HlllithH, 
ClLfJlOil* 

torH1 nn<l 
t>llwrme· 
clumks. 

Min· 
01'8. 

'l'otnl.. •• . 2, •133 fi:l 1\1 !ll 1, IH\I 17 30 ll21l 
- -- ·c.c '--'='" =- ··· -~-'"-'lccc.ccc·· .=.c=oc· '·"···.•.•·. ==·== 

i'.?~"1:~18.¥ .• ~·:~.:: n ..... , ,,_,,, ............... ;· :::::: :::::: l~ s5 
o.7f1 to o.9u.. .... sso ......... T .......... '.!7fl 2 fi >!7 
l.00lo1.!H.. .... •!Uil Ii '.! ....... ·7· '.!Oil • .... . ...... 3 2711 
J.:t;; lo 1,.tll... •. . 871 2 B f> 7;!(1 2 .. .... .. .... 129 
1.f..O to 1,7,1. ....... 321 2·1 10 · 12 2Wl 8 ...... . ..... 86 
l.7i1 In l.9!J...... 8U 2 3-1 3 ...... ...... •lR 
'WO Ill 2.2.J... ... 121 11 H 76 •l .. . . . . ...... 21 
2:~a to 2.•JO . . .. .. . . 05 2 1 5:1 • • • • • . • . . . . • • • . . • • u 
2.;">i.1 to 2.74...... ll8 >! 1 2\l ...... • • • .. • • •• ... 1\.l 
2.7fitn2.9U...... 7 ............ ·-........ 7 ...................... .. 
3.00 lo 3.2.J...... 10 1 "·--· .......... o ...... ...... ...... 3 
3.25!03,49...... 1 1 .............. - ............................. -.. 

Of th'e 2,433 wage-earners of all occupations, 871, or 
35.8 per cent, receivecl between $1.25 and $1.49 per 
clay; 11n5, or 20.3 per cent, between $1 and $1.24; 330, 
or 13.6 per cent, between 75 and 9!l cents; nnd 321, or 
13.2 per cent, between $1.50 and $1.74. 

Of the total number, 1,648, or 67.7 per cent, were 
miners, of whom 730, or 4J.3 per cent, receivecl hetw~~en 
$1.25 and $1.49 per day, and 281, or 14: per cent, be
tween $1.50 nncl $1. 74; while 27u, or 16.1 per cent, 
received Jess thnn $1. 

'rhe .. wage-en.rners next in numb(w to miners were re
ported as "all other wage-earners." Of these there were 
62D, com;isting largely of unskilled workmen or com
mon laborers, us is indicated hy the low rates shown in 
the table-311\), or G3.:l: per cent, having been paic1 from 
$1 to $1.4\) per day. The other clusses of occupations 
were n nmericnlly smal I. 

The rates of p11y of engineers, firemen, and mechanics 
avemged somewhat higher than the rates for miners, 
while the rates paid to boys ranged from loss than 50 
cents up to from $1 to $1.24. 

JJ{eclian:ical powm'.-The total hon1cpower reported 
for the industry wns 4,47$, of which 3,M2, or 88 per 
cent, was ::;tenm~ the re1rndnc1er being divided between 
gns nnd gasoline engines, wn.ter' wheels, and "other 
power." Power is used to a less extent, proportionally 
to procluetion, in the mining of clay than in many· of the 
other mining· industries, clay being t11ken usually from 
open cuts, with pick and spade, and without the use of 
machines. 

Frocvuotion.-Table 4 shows the production of clay 
from 1807 to 1902, inclusive, by varieties. 

'fam.E ,1.-qUANTITY AND VALUE Oli' EACH KIND Oli' OLAY PRODUCED: 1897 TO Ul02. 

KIND. 

All kinds ......... -.. 

nu.w ............... 
Prepared .......... 

Kaolin .................... 
Hnw ................... 
l'repnrcd .............. 

nnn ....................... 
Hnw ................... 
l'repnred .............. 

Fire ....................... 
H1nv ................... 
l'repnl'cd .............. 

Sto1rnwnre ......... , ....... 
Hnw ................... 
l'repru:cd .............. 

Term cottl\ (mw) ......... 
Pipe ..................... _. 

Bnw ................... 
. Prcpnl'cd .............. 

Mt!E•ullnneons •.•.......... 
nu.w ................... 
Prepared .............. 

[Unlte1l Stlttcs tlcologleal Snrver, "Minor11J ltCHOlll"CCS o( tho Unitocl Stlttes,"] 

1110~ 1001 

Qmmtity Quantity 
(short V11hw. (Rhort VEiluc, 
tom). tom). 

1, ,155, 857 $2, 061, 072 1, 867, 170 $2, 576, 982 
~"".:':~~;:.:::::: ---·---
1, 203,3C.9 

2fil,U88 
1, 319, 174 

7'il,898 
1, om, ms 

848, 007 
1, 273, 68•1 
1, 303, 2•18 

123, 813 646, 777 97, 253 584, 523 
58, 3,13 189, 603 87, 41i6 loll, 8U9 
05,470 tjfi7, J71! li9, 797 ·1'12,624 
50, 527 171, 086 121, 008 168, 907 
30,000 l~~:~~J 21,00B 68, U07 
20, li27 (') ('1 920, 806 801, 18fi 929, 749 1, 51•, 508 

77,l,fi32 780,0:ili 680, 798 7'10, 956 
152,3fi.1 155, 130 2•18, 950 767,052 

91, 579 113, 842 92, 229 lH,013 
87, 147 lOf>, 182 87,829 101, 753 
•l,432 !:\,660 >l,400 12, 860 

50,>lf13 M,213 ············ ············ 9•1,87'1 7•1,850 ......... ~ .. ············ 94, 87'1 7•J,806 ············· ············ 
'"ii7;2ifi" · "ioii; iis· ""226;'93i" .. .. 29:i;sai· 

'108,020 •oo, 7·:11 102, 077 21'1, l!i9 
9, 195 18, 372 8•1,8M 80, 212 

1000 1800 1808 1807 

-----·~·-··-····---

Qurmtlty Quantity 
(short Value. (short Value, 
tons). tons). 

Quantity Quantity 
Value. (short Value. (short 

tone). tons). 

------
l, 221, 000 $1, 8·10, H77 8·13, 270 $1,°'15,328 585,450 81, 884, 706 563, 115 $978,448 

= --- =..-:-:::::-: 

1,~~~: ~1~ 1, 207, 100 
688, 217 

8·13, 279 1, (J.lli, ll28 585,'150 1, 884, 760 563, 115 978,448 

----11----1-----11---- ----- ;------
60, 114 897, 286 
22, 554 108, 220 
37,560 289, OGG 
21, 881 91, 983 
lB,976 os,si;o 

7,40fi 88, 133 
8•15,559 947, 993 
714,403 085, 927 
131,156 202,0tltl 
93, 529 94, 705 
BB, 815 83, 8•18 
4,71'1 10,862 

4.5,077 50, 769 
42,532 36, 134 
42,•107 35,60·1 

125 530 
118,•108 221, 507 
101,•111 188, 947 
12,057 82, 560 

97, 107 
U7, 107 

471, 282 100, liS·l 
471, 2R2 100, 58•1 

·190, 979 
•196, 979 

68, Na I 367, 080 
68, 7.13 867' 080 

· .. 22; 762 · · · · -io9; 869 · · ·ioi; iii" .... i5.i; 7.is · "ii2; 926 · .. · 2is; 566 
22, 762 109, 36\) 101, 111 lfi.l, 743 112, 926 213, 566 

·"i7id100· .... s2ti,'9i9' ,··352:012" ····572;si;2·1-·:isi;+io· ... 397,'so:i 

::~~~:~~~: ::::~~~:~~~: !::~~~:~~~: ::::~~~:~~~:r~~~:~''.\::~~~·:~~~ 
:e:~ : 1:1:~ +: ::: 11 :_J ::·:::: 

···~H~f ..... ~flfr l- .. ~H8r ..... ~8;~~r[ ::::::::::!:::::::::: 
...................... 1 ................................ [ ......... . 

-----------
1 Prepared bitll cla.y Included in "mlsccllmieous." 
'Includes 89,157 tons of sa.ncl, va.Jucd a.t $35,0fJB, produced in connection with tho mining of clar. 



8()0 lVIINES AND QUARIUES. 

It is possible that the fig·1ues:for some of the years n.rc 
not 8trictly compn.mble, bec1rnKC they may include c1ay 
sold, in the mw or the prepared state, by i;hose who"e 
principal bnsincs8 was the mnnufactnrc nncl sale of 
clay products and not the production of dn.y. This 
table shows thn.t the procluction of cfay increased from 
563, 111) tons in 18\l7 to 1,±55,857 tons in 1H02, a gain 
of 892,24:2 tons, or 158.4: per cent, while the vidue 
increttsecl from $978,±+8 in 181)'7 to $2,061,072 in 1H02, 
a gn.in of $1,082,624:, or 110.G per cent. It is prolmble 
that the figures for the first two or three years rnported 
by the Survey are somewhat l>clow the itctmil output, 
because they were collected by corrcspondcnec--11 
method hy which it takes nstrnlly two or three yrni1·::; to 
secure satisfactory Tesults. 

·while the quantity of tho product for ln02 was.tho 
hirgo::;t rccor<lccl, being grellter liy 81:1,187 tons, or (i.5 
per cent, tlmn in U)Ol, the value of the product de
creased from $2,57El,H32 in UlOl to $2,001,072 in lD02, 
ii loss of $513,860, or 20 per cent. This clecreiisc in 
vn1ne wn.s dne largely to a umrked decline in the valne 
of proparrnl tire c1iiy, which showetl a tfocrettl:4e of 38.8 
per cent in qmtntity nnd of 7H.8 pm· cent in value. 

Of the 1,±515,357 tons of clay mined in 1902, 1,203,H!ill 
tons, or 82. 7 per cent, were sold without any prepam
tion whatever after mining, while 251,fl88 tons, or 17.B 
per cent, worn prepared n.t the mine by washing, hy 
grinding, or in some other manner. In men, 74.5 per 
cent was sold mw Etnd 25.5 per cent was prcp11recl at 
the mine. The average Vttlue of nll clay tLt the mine in 
1902 was $1.42 per ton; tho value of the mw chty waR 
$1.10, and of the prepared, $2.H4: per ton. In 1001 
these nverngc values were $1.811, $l.2ri, and $3.'74, 
respectively. 

Rank of states.-Tahle fi shows the distribution o-f 
the value of the cby iwodnced during 11)02, by states, 
mnked according to the value of their product. 

:New Jersey was by fn.r tho most illlportttnt chiy 
mining state, its product heing _va1uecl at $G12, 721, or 
2(). '7 per cent of the total. Pennsy lvanht ranked second 

with a product niluecl at $288,811, or 14 per cent; 
Delaware was third, with ii value of $171,714:, or 8.3 
pee cont; and Missonl'i, 8onth C1trolirm, and Ohio were 
fifth, sixth, and seventh, in the order nmned, w1th pro
ducts valued at $184,8G2, $107,32'3, and $101,305, i·o
speeti vcly, or (). 5 por cent, 5. 2 per cent, and 4:. H ixn· 
cent. The proclnct of these six states was yalm'Ll 1tt 
$1,4:1G,738, or 68 .. G per cent of tlrn total. In "all 
other state::;" tire inclm1cd, hmvcvcr, two mthcr im
portant chty producing states, rrnmely, Floridti and 
North Ctiroliim. In the::;e :-;tn.te::; tho clay produced was 
vttlued at $221,8313, or 87 per eent of the total for "n.11 
other 1-1ttttes," tind 10.8 per cent of the total for the 
United Htittes. The renmining states were of hut roln
tivdy small importance, none producing elny Yttluecl 
n.t a:-; much ns $100,000. 

'.l'ABLI~ 5 .-Rank 1if .•talcs lll!1·ordinf! I(} I•ahw 1if clay 1n·orht1·ed: lDO!, 

H'rA'l'E, H.1t11k. Vn.hw nf Pt1l' l~t·nt 
111'11<h1l'l.. !lftutul. 

! 

Unllt'll Htltks ........................... ····1:······· $~,Olil,lln i-- 1UU.O 

New .T<.mmy .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 lil2 1 7~1 ~~l. 7 
Pcnrn-1yl\1nnin................... . . . . . . . . . . . . . . . . . . . 2 ~HX, Rll l·l. o 
lll'lttW1ll"u......................................... B 171,7H 8.!! 
Florh\11 ................. ..... .. .... ..... ..... .... ·I (') .. • 
.Mi~i.iO\ll'i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. fl U\.1, 80'2 . . . . '<·~:fl 
Hn11th U11rolin11... .. . . .. ....... ..... . . . . ... . . . ... Ii 107,i\2f> 
Ohin... .. • •• • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 101, llll'i 
NorthC11rnli111t........................... ....•• H (1) 
G eorgitt .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. \J 71i 1 ·180 
Colnr1ulo.......................................... 10 t\7,-131 

{~r~l~~{1\ii1~kf1;f1i::::::.::::::: ~:::::::::::::::::::::: ~~ ~};{: ~U:{ 
Ill!nnlK................ . . . . . . . . . . . . . . . . . . . . . . . . . . . 1ll lll'I, ·Iii:! 
'l"cnne~:-Lm ................ H..... .. . . . . . . . . . . . . . . . ll '2.7, 171 

~~~!:lif:~t:::::::: ::: ::::: :::::::::: ::::::: :: : : :: ::::1 i~ ~1:t,H 
Cn1111el1tiout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 18 (1) _, r: 

1 New Ytll'k •• . .. . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . •• 1\1 H, 11.l.1 1 

¥f.'~i)K~~;·'.~: :: :·.:::: :::.: -.. : : : : : : : : : : : : : : : : : : : : : : : : :: ~~ 
1
\,l\,ur.,, 

Vermont.......................................... 22 ) 
Uttth ............................ "................ 2:1 1) 

:l.7 
a.a 
~ ., 
" 1 i:u 
1.a I,, 
1. 1 
1. ll 

0. i 
O.f1 

:t.lkhig1m......................................... 2·1 (I) 
M1tss11nhnsetls .. :. ......... .... ......... .... ...... 2r1 (') ......... . 
11\!XllH................................. . . . . . . . . . . . . ~Ii ·lflfl (:!) 
Wnsil inglm1 . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 27 (1) I •.•.•..••• 
All othm· st1ttl's.. ....•... .. . . .• . . ... . . . ... . . .. . .. . . . .. . ... ~~.1.~r.1 I 12 .. 1 

I ' 

1 Innl111letl !11 "nil other st1tl(;s" to avoi<l <liHdnHing in11lvltlu1tl rnl111·11s, 
ti I .. ess thltn onu-tonth 0£ 1 per t~ent. 

li11poi1t8.-The following hible is a statenrnnt of the 
cltiy imported into the United Stfitm-1 from 1885 to 11102: 

TABLE 0.-Ii\IPORTS OF OLAY, CLASSIFIED BY KINDS: 1885 TO rno2. 

[United St11tes Geologknl Snrvcy, "Mincml Resources of the Uni tc1l St11teK," 1U02.] 

C.ALENDAR YI;:All, 

18Hf> .................................. . 
lHKll •.•.....•.•••.••.••.••.•••••.•••••• 
18H7 •.......•.......•••.••.••••..•••••• 
1H8H •......••.••.•••••••••..••...•..••• 
188\l .................................. . 
lHUO •.•.••.••••..••.•••••••.••......••• 
18111 .............•......••...•......... 
18\12 •.......... ·-· .. ·-· ..••.•.....•..•• 
18U3 •...............••...•..•.......... 
18\H •...••..••••••••••••••.••.••.•.•.•• 
18Vf) .................................. ... . 
lHIJli •.••.•..•••.••..••...•.........•.•• 
18117 .................................. . 
18Y8 ...••••.•........•••••.•...•...•.•• 
lR\ln ............................... . 
moo ................................. . 
l!JOl •...••.•.......•..•.••............. 
1902· •.......••...•. •••••••·· .........•. 

Qnnntity I 
(long ton~). I 

~s. 910 
31,98'1 
4a,s18 
·!ri,li8ll 
·17, 222 
OH, ur~o 
li~, ~ll2 
79, 82i! 
7[1 1 Oflt> 
83, i;,7 

J02,89f> 
Ut1 1 f>iH 
9!l,7H 

108, HO 
123, 074 
1·14, 107 
107, Hlli 
lti8, 5f1l 

Vn.lue. 

$100,400 
257, 098 
HOH 1 052 
807, 989 
324,•192 
45-i, 770 
41W,li20 
()55,011 
(illG,lif>H 
G5:l, g.19 
7fl8, 1R4 
731>,fiQ(j 
(J52, 881 
7fl5, 2H8 
872, 962 
902,307 
969, 777 

1, 15·!, 805 

Al.I. OTHlm CI.AY, 

KAOLIN,()H ClIINA CLAY', 1
·-- ·---·----··------------·····----··- ---·--·-

\Tnwrnnght, Wrought. C11mmoH hlne. 
---------·--··-·- li---------1--~ . .,- -~---~------·---~-- t---···--------···~--

Q.<mnmr 
(lung tom), 

------

10, n2n 
10, r)ou 
23, ·181i 

. 18, lfiO 
lU R•l3 
20: 923 
3\l, 901 
•IU,·lliH 
19, 713 
62, 710 
7fi, 447 
70, 718 
71,11:38 
811,580 
9~, 521 

111, 959 
117, 706 
138,0G~ 

V11lne, 

------
$83, 722 
123, 09:l 
141,i!GO 
102, OiiO 
113, il38 
270, 141 
29.J,·liiR 
37fi, 175 
37'1, 4GO 
4fl5, 501 
531, 71'! 
530, 081 
·198,·ml 
07:3,5l!fl 
om, 717 
098, 7~0 
GllH, 3711 
sss,om 

Q11m1tity 
(lung ton")· 
----·----

~l, 7:-u; 
rn, 7·l0 
17,0·lii 
~o.no.J 
lU 1 2S7 
21 o-rn 
rn:ou1 
20,1B2 
1·1 949 
rn:rn; 
lll,-119 
rn,arn 
tl, ·lOfl 

16, 130 
19,Gl·l 
211li~li 
27,fl\l7 
25,~31 

V11lUl'. q11ttntity I \' 1 , qmmtlt;· 1 " 1 , (long tonH). It nc. (Jong ton;,). ' 11 111 · 

-~· .. ·---------- ··--·~-- . ·-···-·--~----"'--

$70, 890 
113, 87ii 
lSU 1 110il 
lfl~ 1 mH 
H\ll8i! 
rnri,-1so 
118, tl89 
lf)[l,0·17 
113, 029 
98, 770 

12f>, 417 
8R,ll2U 
f>G,2tH 
98, •184 

118, ll7U 
121\, 203 
15li,838 
138, 032 
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CLAY. 861 

A det:liled :mmnrnry of Urn clay mining industry for 
1902 is given in 'foblc 7. 

D ESOH.IPTIV.K 

Popularly, clay is any earthy snbstitnco which, if 
mixed with water and molded, wi11 retain its shape 
tti'ter drying, nod which npc)u subjection to high 
temperature loses its plasticity and b~comes luml and 
brittle. 

Tcchnieal1y, pure clay or kaolinite, which is the basis 
of nll clay, is a hydmtcd silirntn of alnmimnn, uxpressecl 
hy the fommln Al~0:12SiC\, 2IV). All cltty in its 
rnttnml state contnimi more 01· less impuriticoi, the kind 
nntl r1unntity of whieh dotorminc it:; chamcter; from 
purc.~t. varieties, called kaolin, days mnge throngh all 
:-;tage::; of impurity tlmrn to a point where the nmterial 
contains so little lrnolinito that; it cnn not bo classiliod as 
rlay nt all. 

Clay i:; ordirntrily classitiecl tt8 kaolin, !>nil chty, lire 
clay, vitrified ware clay, an cl l>riek day; thoro are 
also slip clay, and paper !•ltty. Fire clity inclmles 
d:ws nse<l i'or stonPWlll't\ arnl for tPl'l'lt cottn, which 
an; roported sepamtdy hy the Geologic:d tl\\l'vcy. 
Vitrified ware ehy indndt>s tho pipe clay rPportod liy 
tho 8urvcy. 

In tho following description of the phyi·dettl ancl nlwm
il'al properties of the ROYL'rid kimlR o:f clay, tht1 chemical 
1umlysis ]ms boen Rnpplrnm·ntod, wlwrevor pos:,;il>lo, by 
what is called tlrn mtionnl nrnt!ysis. Tho ordiimry 
qtmntitati\'o chemirnl nnalysi:,; treats cfoy ns a mixtnro 
of oxick . .,, nlthough tho nlements muy l>e present in en
tirely different. comhi111itions, sttch lt8 8ilicateoi, rn1rbo11-
ttte:~ ·or hydrates, snlplrntes, otc. Tho natme of those 
1•orn bi nations is of importtrncP. For example, silictt in 
the form of g_rntrtz, which is infnsihlu, will deurease tho 
shrinkag-G and np to certain tempcmtnros increase the 
rnfractoriness; hut H prer;ent as it component o:f fold
spar, it. serves the purpose of a flux itnd somewhat in
creases the plasticity. The ttdvantagc of the rational 
1uinlysis is tlmt it resolyo,., the clay into its mineral com
ponents~ affording- an iirnight into the physical proper
ties-us fusibility, refraetoriness--of tho material. 
This is frequently a nrntter of far gro1tter impmfance 
thnn the chemical composi tiun; for instance, two clays 
of the SltlllG ratiorntl composition will l>ehavc much alike 
if burned under the same conditions, even though they 
nmy differ in chemical composition. 

Jliwll:n.-Ifoolin is it white burning, non plastic, highly 
refractory residual clny used in the manufacture of 
china nnd other white wares; it must ho pmctically free 
from iron, as lt very snrnll quantity would c:111se the 
win·e to boconrn discolored in burning. Tho chief pro
duci1w states are Pennsylvania, Dolaware, North Caro-

~ 1 . 
lina1 and South Carolinn.. Tho following is an amt ysrn 
of a wushecl Stimple of the kaolin from North Carolina, 
which is one of the bo:st known and most widely 
used. 

A1111lyNis of w1rnhcd kaolin.from Notlh Ga1'0lina.1 
J'L'r cent. 

S!lim.. ....... ... . ... . .. . . . .. . . .. . . .. . . . . ... . ..... .. . . .. ... . ... .. .. . .. . .. .. •15. 70 
Alumlnu • . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . .. .. .. . . . ·10. !il 
Ferric oxitll~................... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 80 
Lime...................................................................... u .. Jii 
llfHl{IleRill ................................... ., .. .. . . . .. . .. .. .. .. • . • .. .. . .. 0, 09 
Al!rnlieH..... .... • . .. . . .. . . . •• .. . . • .. .. • . . . . .. . . . . . . .. . • .... . . . .. . . . . .. . . . •2. 82 
MoiRture .......................................... ....................... 0.35 
\\

1
nlcr (loHR on ignitio11) ....................... ~--··········---·············· fi.93 

100. 39 

Ji'ree~ntHl .................................................................. ;{, 19 
'l'otnl flnxeR....... .. . . . .. . . .. .. .. . . . .. .. . . . . ... . . . . .. .. . .. .. . ... . . . . ... . . . ·I. 7ii 
Specllle grnvity....... ......... .. • • .. . . .. • .. .... . .. .. . .. .. .. .. ... . • .. •• .. .. 2. ·13 

The mtionnl nnalysi8 b as follows: 
Clu;· HllhH1ILJ!(•c .................... "" ............ " .............. ". ... .. 9fi.$1 
qunrt,,. ...... .... ...... ....... .... . .. . ... ........ .. ... .. ... .. ... . . ......... 0.07 
FultlRJlltl' .. . . . .. .. .. .. • . .. .. .. . .. . . . .. . . . • . • . . .. . .. .. • .. . .. . . .. . . .. . • • • . • .. S.12 

lll0.00 

i North C1trn1it1a Geologiettl 8ur\'ey, Bulletin No. 1a, 1~uge 01. 

.Bal/ d1iy.·-Ball day i:s a white buming, plastic, sedi
mentary chty, used with kaolin to afford phtstieity to the 
body in the rnimnftwtul'e of white wttro, and often incor
ruetly cnllocl lmolin. Tho distinguishing c·linmcteristic 
of this cl11y ifl its pl:rnticity. 'I'he ch id producers of lmll 
clny f:or :mlo aro Florida, Now .Jorsey, nn!l Knntncky. 

'I'hn following· ifl nn nnnlysis of hall elay from Flori!fa: 

An11lygis qt /1all day f1·m11 Ji'fotid11. 1 1•,~t· ec•nl. 

Rl1!ntt ......................... · .. · .... · .. · • · · • · .. · · · .. · · · · · · .. · · · · · · · · · · · · · ·!ti. \I 
i\l 111ni1u1 • • . . • • • • • • • . . • . . • • . . . • • . . . • • • • . . . . • . . . . . . . . . . . . . . . . • . . . • . . . au. r1r1 
F'tH'l'iu t1xi1lt•...... •• . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. :Jfi 
1''11lg'l1l~Hilt ••••••• • - •• · · • • • • • • • • • • • • • • • • • • • • • • • · · • · • '· • • • '· · • • ..• '........... ~~: 6~ 

~WA'iNl~1 ;:~·i;i~'.~:::::::: ::::: :: :: : : : :::::: ::: :·.::::.: :: : :: : ::·.:: :: : :: :: : .. . i. ~n 
\V lt!Ul' ............................. , .. .. • . . . . . . . .. .. . . • . • . . .. . . . . . . . . . . . . . . l:l. 7H 

ltll. ! ll 

i Unite<! Stn.tc:-i Gt\olugirnil Snrvey, l'rofeHsioual P11pm\ No. 11, 11ngu :m. 

F/i'e olriy.-The term firo cltty is it rrtther broad one, 
em lmwing not only the high-gmde clays u . .,;ed for the 
m1111nfocture of refractory mnterinl of nJI kincb, hut; also 
the morn or less impnre varieties u.sncl for stonew'itre, 
torra cotta, and yellow and H.oekinglmm wnre. G hiss
homm supplies, which nnrnt l>G highly refractory, tn•e. 
made from !tn e:specinlly high grade of this clay. Eire 
clny is Hnbdivicled into flint, or nonplnstic, and plastic 
elny. 'l'he mining of fire clay for sale is moflt exten
sively mtl'l'ied on in Now ,l orsey, Misso11ri, Pennsyl
vn.niit, rmcl Ohio. 

CONB'fl'rllENTH, 

Annly.~eH qf 1Jm·im1a jlr1~ l'lnyH. 
[Chemic111.j 

~ ... HLA~S-l'OT I llOCKJN'G-
FIUh CJ,~ l OLA y PUOli[ STONE- JIA)[ J..!\D 
1'110~! NhW I AY'l'ON I WAllE YET.I.OW 
BitJGII'l'ON, BT''rHIN GJ,AY,1 \\'AllE 

PA, 'PA.•' Cln\.Y.1 

---··--·"- ---.. ~ ------' --·-
Per eent. Per cont. Per cent. Per cent. 

smc11 ........... -.-. • .. .. . • .. . .. .. tll. 7;, 01. RO 71. 58 no. 50 
Alumina .. .. . .. . .. .. . . .. .. .. . . . 23. !ill 2~: ~~ 18. 81 2fi. 53 
Ft•rr\HlR of{tlc .......... · ..... · · 1. \l:l o. 29 ·· .. ·· · i: 09 · .... ·· · Tilii 
n,~;ec.~~-(-~::::::::::::::::::::1·"""0:.iii' 0.·11 0.·10 0.3R 
M11gnesi1i ....•. · · · · · · · · · · · · · · · · .

1 

?· :n n~ ' ~· ~~ U~ 
~ll~~;tg8oiiicie:: ::::::::::::::::: f: 78 ....... .' .. '. ...... ; .. ~ ... o. M 
lYiung1u10us oxi<le ........ " ................ " ..... "... 'l l'\liiee, 0. s~ 
Water.......................... 7.20 __ !l·_~~- ~-':~;~ 7.9 

Totnl .. : . . . .. . .. . . .. . . .. . \Jtl. f1i1 00. HU . "" a 
I 

1 ·11111 91 '"'· 0 "1 

[Rnlionnl.] 

Cl1ty RllhRtllllC!C . • · • · • · • .. · · · ·.. · · · .. · • • • · 1 · · ·"'.'."' 
--;;;;:-;2r~ 

'1·1 •. JI I lU.f1-l cinttrtz .......... ,........... . ...................... . 
l'elclspntlt!u tlotr1t11R........... '-·-··--····--·- -·····-- ---·-·--

Tntnl ................. . 

1 ChemiRl.ry of Pottery, u)' Karl Lm1go11i.Joclc. 
2.combining weigllt 47 per cent. 

o.UK ! 4.28 

99.87 
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Vitrified ware clay.-Clays for vitl'ified wares, such 
as sewer pipe, electric conduits, and vitrified paving 
brick, are those in which the proportiqn of fluxing 
impurities is sufficient to allow the clay to vitrify at f1 
mo·derately low temperature, but not to cause the ware 
to become soft under tho pressure of a column of some 
heig·ht !tnd considerable weight. ~l'he following table 
shows the r~mge of the constituents of clays used for 
making vitrified paving brick, together with an iwerage 
analysis of such clays: 

Analysis of 11iti•ified J.mving brick clay. 1 

Minimum Mllximmn Average 
(per cent). (pe1• cent). (per cent). 

----------~--1------~· 

S!liCIL ...................................... . 
Alumhm ......•........................•.... 
Fm·rie oxli\e ............................... . 
I,!me ...................................... .. 
J\lllgncsiti .................................. . 
Allmlics .................................. .. 
Ignition loss (rn1tinly w1iter) .............. . 

·19.00 
11. llO 
2.00 
o. 20 
o. 10 
1. 00 
3.00 

7fi.OO 
2f>.OO 

9. 00 
3.fiO 
3.00 
o.oo 

13. 00 

1 Vltr!flci\ Paving Brick, by H. A. Wheelor, rmgc 18. 

flll.00 
22. 50 

6. 70 
1.20 
1.40 
3. 70 
7.00 

Brick clay,..:_Brick clays 1ue divided into those used 
for common and for pressed and ornamental brick. Red 
e1•rthenware) such as flowerpots, is ahio mnde of brick 
clay. Clays suitable for the mannfactme of common 
brick are located in every state nnd almost evei;y county 
in the Union .. Of all clays these are usually the most 
impure, often containing a rn,ther high percentage of 
lime. Lime in a :fine1y divided state is not harmful; 
but in the :form of limestone pebbles it is very injmi
ons to the finished product, as the process of burning 
converts these pebbles into quicklime, which is apt to 
slack, thus brenking 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 fable shows the range of the constituents of 
clays used in the man u:facture of common building brick, 
together with an a.verage analysis of such clays: 

Analysis of common brick clay.~ 

Silica ..................................... .. 
Alumln!L ..•••.•...•.................•••••.•• 
Feri·ic oxide ............................... . 
Lime ....................................... . 

l1ik~1r~~~-::::::::::::::: :: : : : :::::: ::::::::: 
Water .......•...........................•... 
Moisture ................................... . 

Minimum M!Lximum Avcrnge 
(per cent). (per cent). (per cent), 

3•1. 35 
22,14 
0.126 
0.02<1 
0, 02 
0.17 
0,05 
0.17 

90. 877 
4,1, 00 
33.12 
23.20 
11.08 
15. 32 
13.60 

9.61 

'19.27 
22. 774 
5. 811 
2. 017· 
2. 06 
2. 708 
5. 719 
2.502 

1 New York State Museum, Bulletin No. 35, page 639, 

Pressed brick and ornamental brick require a higher· 
grade of cfay, the bntI varieties being made sometimes 
from lt refractory or semire:fractory clay. The buff 
color in refractory clay iR 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 

brick', it is due to a large percentage of lime, which 
enters into chemical combination with the iron, thus 
neutralizing its coloring effect. 

8li!)J clay.-Slip clay is used in glazing low grade 
products such tts e!trthonware mid stoneware. It must 
fuse at a low temperature and produce a, gln,zo of even 
color. 'I'heclay genemllyusecl for this purpose ifl mined 
near Albt1ny, N. Y., 11ncl hence is known tis Albany 
slip. It produces 11 cfark brown gfoze, and is ship11ecl to 
almost every state in the Union. 

PllJM' clay.-Paper clay is used, 11s its nmne indicates, 
in the mmmfn.cture of paper. As clay used for this 
purpose is not molded or fired, phtsticity, :fusibility, and 
vitrifying qualities need not be considered; hence any 
pure white, smooth, gritloss clay can be used. 'Where 
tho cln,y is snitn,ble in color, but gritty, tho grit is some
times washed out. In the U nitecl States paper clnys 
arc mined in Delaw11re, Georgin,, Maryland, Pennsyl
v1tni1i, 1wd Wisconsin. 

The following is 1111 analysis of so-called kaolin from 
'Wisconsin, used in paper mttnu:factnrc: 

Anctlysi.~ of paprr clay .frmn WiBconsin. 1 

!'er cent. 
SiliclL...................................................................... f>2. ·ll 
Alumi111i .................................................................. 8·1.10 
Ferrio oxide............................................................... o. lo 
IAmu ......................................... ............................. O.Ofi 

~~lf~it~~''.::::: ::::: :: : : : : : :: :: : : : ::: ::: : : :::::: ::: :::::: ::: : : : : . ::: :::::::: ~: h~ 
~'itanic oxlclo.. .... .. . .. . • .. .. ...... .. .. .... .. . ... .... .. .. ... .. . .. . . .... . .. o. 80 
Combined wtiter............ ... ... ..... .. .. . .. . ... .. . .. . .. .. .. .. . . .. ... . .. . 11. 81) 

100. lll 

1 Wiscomin Gcologiettl 1t1Hl N1ituml History Stirvey, Bulletin Nn. 7, pnge 272. 

Jl1etlwd.~ of mhdng.-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 1tncl shovel, with a 
scraper, or by :falling the clay, that is, by undermining 
it ancl Jetting 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 co11l 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 sinking through the vein a round shaft, the 
sides of which are timbered. 

P1•ipamtfon.-The commoner gracles of clay are gen
erally sold as mined, because to prepare them :for the mar
ket in any way would add 80 greatly to their cost as to 
make them unprofitable. Even the common clays, how
ever, are sometimes screened or ground to get ricl of 
limestone pebbles or other small stones; screening 
removes them mechanically, while grinding overcomes 
their bad effects through comminution. In this coun
try the common clays are not washed. The kaolins 
ancl ball clays are, however, sometimes washed at the 
mines, but they are again washed or prepared at the 

•..• :c~ .• 1 .. · ~ 
>if 

fy 
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pottery before being manufactured into white ware. 1 

Another method of separating the clay from its nncle
sirable impurities is by funs. 'rhis method can only be 
employed where the impurities ttre in the form of coarse 
particles or grains of sand, and consist,s in first grind
ing the cfay to a very fine powcfor, tifter which it ir,; 
cctrried to a :flue through which a strong cmront o:f air 
is .forced; this immediately citrries the finer particles to 
the end of the tine where they ttl'c dropped into a bin. 
The coarser particles are dropped into the flue and ca1;
ricd back to the pulverizer to be g-rouncl over again. 
In the manufacture of pottery, ttnd idso of brick by the 
dry press process, the clay is cured, or weathered, often 
for months, before being used. 

Uses.-Ciay is used most extensively in the manufac
ture of common lmilding brick; next in impo1fance, as 
measured by the quantity of material consumed, is front 
or pressed brick, with its almost limitless variety in 
color and shape. Then there itre vitrified brick, with a 
large ancl growing field of usefulness, and fire brick, 
the shape and utility of which arB almost without limit,· 
stove lining being ttn imporbmt subdivision. Other 

1 For description of methods of washing elays, Hee New York 
Stnte Museum, Bulletin No. 85. 

important products are drain tile, sewer pipe, orna
mental tcrra cotta, fireproofing, roofing tile, flooring 
tile, and enmmstic tile. 

In addition there ttre assayers' supplies, boiler and 
locomotive tile and tank blocl,rn, building blocks, 
hurnt elay ballast, chemical brick, patent chimney 
brick, chimney pipes and tops, clay furnaces and re
torts, conduits for unclergronncl wires~ crucibles, cupola 
bricks, fence posts and fence post stubs, flue linings, 
frost proof cellitr briek, gas logs and settings, glass
house furnace blocks, grave markers, nmffies, porous 
cups, runner brick, sidewalk tile, souvenirs, stone 
pumps, term cottit vmms, tile mantels, wall coping, 
washbon,rcls, itnd well brick and tile. 

In addition to the well-known pottery products of 
clay, such ns 1wl e!lrthenware, stoneware, yellow and 
Hockinghtun Wftre, and the various grades of white 
ware from C. 0. ware to china, the following wares 
ahio are made of clay: Acid proof tanks, art nnd chem
ical pottery, bn,th tubs, mster wheels, electrical sup
plies, foience glass pots, insuhttors, jarclinieres, lavato
ries, pins, stilts and spurs for potters' use, porcelain 
hitrclware trimmings, shuttle 'eyes ancl thread guides, 
pump stands, and wash tubs. 
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'l'ABLE 7 .-DETAILED 
-- --· ~·-------~-·---------~ --· --·---·----·~ .. ·-··---- -___ ,. _____________ _ 

I 
]lulawat'P. I <lt~11r.1.tin. 1llinoi~. Alnlmmn. Cnlifor11i11.. Cnlorn1l11, l111 il<'<l Sh\ 1 l's, 

2 
N1n11l)er of 111i11e~ ............. _ .•.. ~ ....•...•......•........•.••..•..... 
Nn1nhl1r of opl'rntor.~ ..... : ................................. _ ........... . 
Churiwter of 0\\'111...~rHhip: 

:1 1111.liYitlllnl ........................................................ .. 
·l Firm .............................................................. .. 
fl i lnm1rpornll~c1 c•mnpnny .............. , .......•...................... 
fi I Httlttriecl ollleinl~. t~ll'rkH, ct<~.: . 

'!'Ohl! lllltllht•l' ........................ , .................... , ... , ... .. 
7 

\I 

10 
11 

12 
1:1 

rn 
17 

18 
1\1 

21 

22 
2:l 

21 
20 

'..!Ci 
'27 

:io 
Bl 

H:l 

ff! 

f>i 

!ill 
(i7 

fiK 
(m 
7tl 
71 

7:l 
71 
iil 
7li 

'l'otnl ~HlnritiH .....••••••...••..........••.••••••.••••.............•. 
Getll'ntl 1111in~rs-

N111ul~L·r •••••••••....•......•....•.•••••..•...........•.... 
Hnl1trie:4 ••••••••.••.•.....•...••••••••.•..••.•.......•.....•. 

8upt•rink1uknti-;, 11umnger:-1, forOllH!ll, H\lrYey<.n'l'i 1 etl•.-
N11111hur •••••.•........•..•.••••••.••••..........•.•...•..... 
Rnlnrit•s ................................................... .. 

Jt"'orl'llH~n helnw gron1ul-
Nt1u1lH~r ...•................................................. 
Silltll'iL~H ••••..••••••••••• - •..••...•...•••.•.....•...••....... 

Clul'ks-
)\°t1111lH.!r ••••••••.••••.•••••.••. , .•••••.•••.•.••••• , ••.••••••. 
~alnril~i-1 .........•................ , ........................ . 

''\'llg'll·l'tll'lll'l'S: 
AggTeA"nle n ''Pl'lll-·W nninbl~l' ... H ................................... .. 

~\g-grl·gntL.' \\'Hgl~S ... ······-----·-··· ..............•.......•.. ·•••···· 
AhOVL' g'l'O\llHl-

'l'otnl n\'Pl'llgO nnmhcr ................................... .. 
'l'olnl 'vng-l'!" ................................................. . 

Engineers, firetnL'll, nrnl utllt'r llH1Ch1tni< 1H-
A Vt~rRge inuul)l.'l' .......... _ ........................ . 
'\'ngc8 .......................... -·. -.. · · · · · · · · · · · - · · · 

1Iiner~-
.Avcr1tge n11rnlu2r ................................... . 
Wages .............................................. . 

Bo~·1:1 uncler ltl yettrl'l-
A vcragc n\nnhur ................................. .. 
Wages .............................................. . 

All other wngo-cariwr~·-
.A Ytn·ngc 111nnher ..................•................. 
\Y1ig-es .............................. · ..... · · .. · · · · · · · 

Below P:l'<>nml-
'fntnl ll\'t•l'Hf.{L1 Illllnher ..................................... . 
'rutnl \r1tgL·s ................................................. . 

i\fint1r~-
..-\ \'urnge 11nn1 her .. _ ....•..•.••.•.............•...... 
Wng-!'~ .............................................. . 

Ii.finers1 lwlpPrl"\- . 
AYernge number .................................. .. 
\Yl\g't~S .••.•••••••••••••••.••..• • • •.• · · • • · · · · • • • · • • • ·" 

All 11thL~r wng(i-enrners. ~-
A \'e1·nge numlll~r .................................. q 

\'
1

ng~H •...••••••••.•••..•.•••• ••••••••·•············· 
:\ verngl1 nnmln·r oi wngl.H.mrne1·s at 1-'JIL'l'itictl 1lu.ily l'tttc~ of JHLy: 

Engineurs-
$1,0il to $1.2·1 ................................................... . 
$l.2f> lfl $1.4\l ................................................... . 
$1.flO tfl$1.74 ................................................... . 
$1.7fi to $1.Ull ................................................... . 
$2.00 [fl $2.2·1 .. . . .. • ...................................... - ••..• 
$2.~fl t<) $2.-1U •••.•..••• '. •••••..•.•••••••••...•••••••••••••••••••• 
$2.50 to $2.7'1 ......................... , ......................... . 

~~:~?, ~g ~il:.i6:: :::::::::: :: :::::::: ::::::::: :: ::::::::::::::~:::: 
Firemcn-

$0. 75 to $0.09 .................................................. .. 
$1.00 to $1.2'1 .................................................. .. 
$1.25 to $1.'lU ................................................... . 
$1,i>O to $1.7'1 .............................. : .................... . 
$1.7h lo $1.09 .................................................. .. 
$2.0ll to $2.24 .................................................. .. 

M1whi11!KtH, lllnckHmithH, ei>r11cnt."r", nnd other mcchnnicR-
$1.tlO to$1.2•1 ................................................... . 
$1.2'1 to $!.·19 ................................................... . 
$1.fitl to $1. 7-1 ................................................... . 
$2.00tn$2.2·1 .................................................. .. 
$2.2/i tel $2.-tn ...... " ........................................... . 
$l.50 to $2.7·1 ................................................... . 

Mincrs-
$0.50 to $0.74 ................................................... . 
$0.75 to $0.\19 ................................................... . 
$1.00 tn $1.2·1 ................................................... . 
$1.2ii lo $1.49 .................................................. .. 
$1,fiO to $1.7-1 ................................................... . 
$1.71i In $1.119 ................................................... . 
$2.lltl to $2.2-t .................................................. .. 
:lt2.2fi to $2.·IU •••.•.•...••••...••.•••.• , •.•.•..•..••.......•••.• ~. 
$2,50 to $2.71 ................................................... . 
$:2.70 to $:!.tl\l ••..........•.•..•••••••••.....••.•.•.•..••••••••. ~ .. 
$3.llO tn $:!.2-t ................................................... . 

)finer!-l1 lit ... lperH-
Sl.25 to $1.·19 ·························~······················~·~· 
&!.nil tn$1.H ... , .............................................. .. 
Sl.75 In $1.Uil ................................................... . 
$~.llO tn $2.2·1 .................................................. .. 

Timhernwn n1Hl tral'k Ia.veni~ 
$0,7fi to $0.Ull ........ : • .......................................... 

BO)'H nnrler lti :\'(»l rs-
Less tlmn $tl.l\O ..................... : .......................... .. 
SO.nil t" $0.7-1 .................................................. .. 
S0.7f> to $0. 9!l ................................................... . 
$1.00 to$1.2·1 .................................................. . 

llf> 
:Iii 
f:2 

1Kf> 
$Hlt),f10f1 

fitJ 
$!i(), ~tifl 

\ti 
$!i7, ·lt1'2 

:.w 
$1:·~, \liii 

,, ·l'l'\ 
$Ufl8; Hl12 

~,u:m 
~770, lHl 

lllli 
~mo,risu 

ilO 
$fi,fil8 

fHf, 
$~.WO, 1ri7 

:mi 
$17!!, 711 

2m 
$12\),litlf"i 

17 
$8, lill 

Rfl 
$H,1t1f1 

fl 
fi 

····-···· ... ····-· ···-~-. ·········i·. ····· ····ri· 

.j :1 rn 
$:\, :'lf)S $:.?,·Hill i ~12, 7ltl 

··········· ............ 1 Ii 

············ $1i,litlll 

al 
1 Ii 

•) ·- l $!l:lll $fi,O~O 

.... -~~·-!.·;:~. ., ........... 
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2u, mo 1'1,050 810 ti7,ll0(l 
$107,821\ $27,171 $·l5!i INB,206 

3f>3 20 ............. 230 

H 2 ............ ,j 
313 20 ............. 280 

.............. ············ .............. .............. ............. ............. ·······-···· .............. 

u 
\) 
9 

]<! 
Gl 
till 
71\ 
GO 
SU 
'.l.5 
24 
10 

·············· . .............. 
············-· ............ ,i" 

Ii 
fi 
fl 
·l 

··········-·-· 
·······-······ 
·············· 
............... 
·············· 

$1 22fi 
$877 
$3,18 

$3,092 

2, 735 
$28, 178 

llli 

8 
115 

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

34'! 88 
33'1 8\l 
330 90 
830 91 
32·1 92 
B20 93 
323 94 
293 95 
292 96 
32-1 97 
Hlli 98 
822 99 

8 100 
8 101 
H 102 
8 103 
8 104 
7 105 
7 lO!i 
G 107 
ti lOR 
G 100 
G ]]0 
0 111 

··········-· 112 

············ 113 

$2·1, 211~ 114 
$11, 30fi 115 
$12, 1187 116 
$'10, fiHIJ 117 

52, 908 118 
$25<1, 8fl.1 110 

950 120 

lot 121 
825 122 

............... 128 ............... 124 

l 125 
25 120 

s 127 
100 128 
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ABRASIVE MATERIALS. 

By ,JosE11n HYDE PnATT. 

The mining of abrrtr-:dve mntcriiils forms 11 very impor
tant industry a,moug the minor minerals, on iwconnt of 
their dose connection with all nm11nfiwtnring industries. 
As f\. whole, these nbmsivc nrnterials arc hut little unclcr
stoocl~ although they are of widespread use. No manu
facturing plant, machine shop, blacksmith shop, :farm, 
or household iH ·without some form of nJ>msive, so that 
these materials nre perhaps in as universal nHe as nny 
group of minerals. While the nhrasive nrnterials vm·y 
widely in clmrncter nncl occmTcnce, they t1an readily be 
grouped together n.nd considored under one head on 
account of the similarity of their use. The natural 
}lrodncts that ftre m;ed for 11hmsive purposes are as 
iollowH: Bnhn;tones mid millstones (conglomernte nnd 
gmnit,~); cornndmn and emery; crystnlline qnnrtz; gitr
net; grimh;tones and pulpstones (sandstone); infusorial 
on.rth, tripoli, irncl pumice; nml oilstones, whetstones, 
11.nd -,;cythestones (sttndstoue and schist). 

The crystn.llinc qmtrtz included in this repol't is usen 
in the manufacture of sandpaper, scouring soaps, wooc1-
fi11ishi11g· nmterinls, etc., and does not include that used 
in the pottery 11nc1 glass industries, and which is included 

'in the report on flint ttncl :feldspar. On the other lmnd, 
tho entire production of infusorhtl earth ancl tripoli is 
included in these statistics because tho small production 
of the:;e materials, although hut little is actmilly used for 
abmsive purposes, does not justify sepimtte treatment. 

In treating these mineral products under the one sub
ject of abrasives it is not ltlway:,; feasible to give detailed 
statistics regarding eaeh, as would he done if they were 
trcn.ted 'Seprtrately, and proper comparisons between 
expenditures on nceount of the production of the dif
ferent ahrusiYeH cnn not ttl ways be made, because some 
of the article:,; require more elaborate processes than 
others in their preparation for market. At none of 
the previom; censuses hnve the abrasive materials been 
grouped as they are in this report. The statistics of 
mining operations fol' some of these minerals were re
ported for 1880 ancl 1889, but they were not brought 
together in a single class. 

At the censn:,; of 1880 the classifications of nbrasives 
were, corundum (e~rnry), gamet, infusorial earth, oil-

:,;tones, scythestones1 and whetstones. At the Eleventh 
Census the classifications were, corundum, grindstones, 
infusorial enrth, millstones, and whetstones. 

In Table 1 are given the statititics for those several 
classificittions for the censuses of 1902 and 1880, and 
while not eomp11rnhle, yet they indicate in some ·meas
ure. the growth in the production o.l' abrnsive mato
riah; for this period. For corundum nnd emery, and 
ttlso for oilstones, whetstones, and Hcythestones, com
parisons of most of. the items can be made for the two 
censuses. 

Bnhro;tones and millstones to the vitluo of $1,425, in
cluded in the sfatistics for 1002, were quarried at grnnite 
qmtrriel':I; grindstones itnd pulpstonos to the value of 
$±03,0GG, and oilstones, whetstones, and scythestones 
to the value of $38,612 at 8ttndstone qunrrioK; nncl infu
sorial earth, tripoli, nnd pumice to the vnlue of $1,436 
at talc and soapstone mines, all as by-products. In 
these cnses tho wages ttncl other expenses of production 
are included in the statistics for granite, sandstone, and 
tnlc nnd soapstone, respectively. 

The production of certnin of these abrasives is on the 
decline, while that of others is increasing, but because 
of the incrense in manufacturing industries the aggre
gate nmount 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, bn't in the aggregate there will be an increas
ing demand from year to yenr. 'l'his will depend prin
cipally upon the growth of om manufacturing indus
tries nncl the development of our agrfonlturnJ lands, and 
with an incrense or a decrease in manufacturing· espe
chilly there will be a corresponding change in the pro
duction of abrnsives. The principal change, however, 
thnt will be noticed is in the amount of the different 
kinds of abrasives used from year to year, the produc
tion o-f some increasing rapidly, others steadily decreas
ing, these vnriations being clue to the introduction of 
new natural or artificial abrasive products, to changes 
in methods of manufacturing, tmcl to the use of new 
types of machinery, affecting principftlly the abrasives 
formerly used for agricultural implements. 
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TABLI~ 1.-001\fPARh.TIVE SUMMARY: 1902 AND 1889. 

All ahm
Hives. 

i 

llnhrstom's Cornnrl mn CtTstrillinc I 
1uHl rnill· 1t1Hl iinnrtz ' Unruct. 

stoueR. emery. " 

Grin<l- Inf1rnorinl OilMones, 
HtoncH enrth whet-

nnd pulp- tripnli,rtrnl stmws,nnd 
~tOIWH. }1\lllliee. ~<;~;:n~~ 

Number of mines nr r11111rries .... . . . . . . . .. . . . .. . .. . . .. .. .. .. 1902 
'188U 

~~ 20 I\ 6 7 0 11 11> 

Number of opemtorR ...... - .. . ...... · · · · .............. · -• 1 i~~~ 

7;, ......... ~~- .......... ~- .......... ;,-1 .......... ~ ........... ~ .......... ;~- ........ ·;~ 

S111!1rie<l nffi.,J1tls, clerks, cte.: 
Number ................................................ 1U02 7;, 

S11llll'ics ............................................... .. 

'V nge-t'n.rners: 
.A. verngu Illlllibt~r ............ .......... , ................. . 

WilgUH ............. ' •.. ' ' ...................... ,. .. '' .. .. 

Contruet work ............................................ .. 

:M!suell1menuH oxpemcs ................ ·: ......... ....... . 

Cost of RupplleR arnl nmtcrinls ............................. . 

Pro<lnut: 
Q111rntlt)',slturt tons .. , , , .... , ........ , ............... .. 

\
1 £l.}\}(l .•. ,,,,,,.,,,, ... • ... ••••••••••·• ... • •••• 

1 Not re11orlecl. , 
•Inelmlmlin wnge-e11rncrs mul w11ges. 
arnclude<l with Hb1tiHtkH for R1Ulr1Hto1w. 

IHHU (I) 

1002 
188U 

1002 
lH8U 

1002 
1889 

1902 
1889 

1902 
1889 

1\Hl2 
1880 

$48, 008 
(I) 

$J2,·l10 
$10, fiU7 

$HO,il09 
$12, :m.1 

·-····-····· ............ 
1°$1,177,711 

$11:ltJ,(\fi9 

............ ············ ........... ···-········ ············ ···-········ ············ 
7 0 8 12 ~.m ll 

(1) (0) (1) (I) (") (I) (') 

$1,08'.! $5, 060 Sil, ll:JO $U, 178 $1H,l),J~ $4,0ltl $i1, 100 
(1) (") (I) (I) (") (I) (I) 

$1,o!KO $2, 77U $1~ Ui10 ~M,Ufl2 $24,·l:l:l $~, :.!li:1 ~H. nr,~~ 
$9~il $-~, ·lti2 (I) (I) (") $0, Uf1fi s:mn 

~1,Hll\I (2\, lH $\lflO $10, 12i $:!!, lHU $21 '2U7 $7. tlG2 
$1,'il~ ~~•, m-1a (') (I) (") $7ml $~88 

f•O,flG7 ·l,~:H 1n 1 10i1 3,H~G fl:i,tiri7 G, •llfi :1,H7r. 
(1) 2,~HO (1) (I) (") :i,.rnu ~) 'J\Jl 

$fiU,~0~ $HH,G!lf> 'S·Ja,OHo :tnm1,n20 $1lG7,·t:ll $M,mH $1 l:l, \lr.8 
$a5,um $WG, rino (') (I) $13\l, fi87 $2!\, B72 $:l~, 980 

•-•----··•-••·--•-••-----r·-------•""',•~-~-·~--~--·~----~··---•"""~--

tinclmlcs foremen; their ~nlarles 1uc inch111c1l in wnges. 
6Numllcr of picr~es. 
•The Unltc<l stritcs Geologim1 Survey reports $1,820,75fi, which inelmleH pro1lucbi flnlshml e!Hewharo thnn r\t the •1nnrri-. 

During the past fifteen years, many experiments and 
iuvestigiitions htwc been made with n view of produc
ing artificial abrasives that would he equal to or supe
rior to the natural products. As a result of these 
experiments there are now four artificial tibmsives on 
the market-carborundum, crushed steel, alnnclun (tirti
ficial corundum), ancl adamite. The value of the. artifi
cial abrasives produced n,nd used in the United Sttites 
during 1902 was over $300,000, and will illustrate the ex
tent to which these a1·tificin,l products are being ntilized 
at the expenl:le of natural products. 

As shown l)y Tttble 1, of the 82 mines or quarrie8 
producing abmsive materinls in 1902, 21) are credited 
to bnhrstones and millstones, this being due not to tho 
laTge produotion of this type of n.brasi.ve, but to tho 
fact that there were a great many individual opemtors 
'in the New York field producing a small number of 
huhrfltones. Grindstones itnd pulpstones are credited 
with only ll mines or quarries, although the \1alne of 
their production is great.er than the vnlne of the com
bined production of all the other abrasives. 

These 82 mines or quarries were worked by 75 oper
ators, there being 39 individuals, 17 firms, nnd 1D 
incorporated companieio. Twenty-three of the 31) indi
vidual operators were producers o:f buhrstones and 
millstones. The next ln.rg·est number of individual 
operators were the 7 producing oilstones and whet
stones. 

Thero were 85 mines or quarries that; have prollu<'od 
abrasiYe mnteriahi of some\ kind clnring the pnst fc.~w 
years from whkh 110 prm1nction was roportm1 for 11102. 
These were distributed among 1H states, from Maine to 
California. Nineteen were owurn:l by indivicltm1s, 11 by 
firms, 1md 5 hy i ncorpomtecl companies. The capital 
r-;tock issued by th(~ incorporated compttnioti nrncnrntcd to 
$258,000, all o£w hi ch was reported for the corundum and 
ornery indm;t1·y. While some of thoso idle plant:'l 1111w 

h1we shut clown permn.nontly, others will protaibly b(~ 
producers ngnin in n,nothcr year or two. Dcvnlopmcnt 
work, without production, was reported l>y 1 eornndmn 
and ornery mine. 

Ocijn'.ta1 8tocli: r!f i11001')J07'ate1l oompa11 le8.-N o doliuitc 
comparisons can be made of the shttistic::i of tho incor
pomted compn.nies producing n,brttsivmi, for tho reason 
tlmt the corpomtions are not n.lwn.J;8 confined simply to 
the production of an rtbmsivo rnatcrittl. Thi1s, in the 
case o:f the grindstone industry, the compttnies produc
ing the greater amount of this abrasive n.re also pro
ducers of huilc1ing 8tone, which is their prindp1ll 
product, t.be mnnufo.ctnrc of tho grindstones hoing thr 
smaller part of their business. The dotaihi of their 
capitalization n,re, therefore, given under sttnclstoncs in 
the report on "Stone." 

In Tn.hle 2 arc given the detn.ils of the mipitn1izatim1 
of. the 19 incorporated companies producing abrasives. 
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. TABLE 2.-CAPITALIZATION OF INCOHPORATED COMPANIES, J3Y KINDS OF ABRASIVES: 1902. 

Corundnm Crrstalliue GrindRtonus Infnsorinl Ollstones, 
All 1tbt'1tHiVUH. Gnrnct. and pulp- e1trth, tri1H11i, '\'hutstoneH, 

nn<l mnury. l!lllLl'tZ. stones, rtml vumiee. llll!\ RC)'the-
HlOllCS, 

··--·----· --~··-- --------

rn .j ,, 
8 5 3 I! 

$5,[l-lil,HtJO $2, 3G5, 800 $300, 000 $2, ·112, 000 $21\a, 100 $130, 000 $Hii, 000 
N11rnher of inL'or\•oratucl emnpnnieH .................. ~ ............ . 
Cnpitnl Rtock nm hm1cl8 issued ....... _ .. ... : ...... ··········-· ., .. . 

Cnpitul stoc•I<: 
Totul 1111thnriicll-

371, 5fil 3:18,000 lii, 000 18, ll20 21fial 1,300 1, 100 
$fl,2:lii, 1110 $3, llOO,llOO $800, 000 $1, 862, 000 $2f>:l, 100 $130, 000 $00, 000 

sor,, sou 2(HJ, 858 1i;, 000 18, G20 1~1 531 1,aoo 1, 000 
$·!, otm, uoo $1,U:lli,800 $800, 000 $1, sn2, ooo $2r.:J, 100 $180,00ll $85, 000 

$:l0,8l;Q $10,HliO $10, 000 ······-·····-· ·············· $10,000 ·············-

N11mher of shnreH .... _ ............................... .. 
l'nr vnlnc .•..• - ................................... _ ... .. 

Tot11l lss11c<l-
N11mher of sh11r1~s .. _. _ ............................... . 
Ptirv1tlne ...................................... -....... . 
Divideu<lH pni<l. ........ _ .......... _ .................. . 

con1111nn-
Anth11rizL·tl-

:inn, or,1 I il28,000 lii, llOO 18, li20 2, 031 1, BOO 1, JOO 
$5,tl8f>,lllll I $iJ,l()ll,OOll $300, ouo $1,862, 000 $203, l-OO s1:m, ooo $\10,000 

302, 7-JU I 2lH, 7UH lfl, 000 18, 020 2,oa1 1,:mo 1, ouo 
$·1, 80U, UOO $1, 72U,ROU $800, ouo $1, 862, 000 $203, 100 $130,00ll $Hii, 000 

Nnmher 11f Hhnr1•0 __ . _ .............. _ ...... . 
f>nr vnl11e .. ................................ . 

Jssue<l-
Nmnlwr of ~hnrt~:-: ......................... . 
l'11r vnhw ........ ················-····-····· 
Dividends p1tid .... _ ...................... .. $20,000 ·············· $10, 000 .............. .............. $ltl,0Ull 

l'rcforred-
Au thorlzctl-

Nnmher of Hllllrt•H ......................... . 
J>ar value .................................. . 

Isstw<l-
Nnmller of shnres ......................... . 
lJnr vnltH\ ........... ....................... . 
Divi<lcmlH p1ti<l ............................ . 

Bonds: 
Atllhorizecl-

NmnhL•r .... , .. , ........ _..... . ....................... . 
1'11r v1tl11e .............................................. . 

Issuecl-
Numher ............................................... . 
P11r \'lthw .............................................. . 
Interest 1111!11. .................... , •••••• _ •...•.•• _ .•••• 

ii,flOO 
$flf>O, 000 

2, UGO 
$~riti,UOO 
$10, 8Gll 

1, lolll 
$1, 070, 000 

1,0iill 
$0HO, OOO 
$~·1,000 

The total pm· value of tho c11pital stock aud bonds 
is1med h,v the incorpomted companies was $5,l'i..l:f>,UOO. 
The tendency tow1trd incorpomtion is most evident in 
the comprmics mining garnet mid corundum 1m<il emery, 
but tho capitttlizittion roported for these companies in
clnclos nlso, in part, the mnonnt utilized for the subse
quent nmnnfactnring process. 'l'hoso indm;trios, too, 
nre the only ones l'eporting a bonded indebtedness. 
I~our comp1tnies producing cornnclum and emery re
ported n c1tpitttl stock nncl funded debt amounting to · 
$2,3!i5,800, and three ('ompm1im; producing gamet 
reported $2,'112,000 for tho same items. No incorpo
rntcd companies were reported !\8 ongugod in produc
ing lmhrstones and millstones. 

Crystitlline qunrtz; grindstones and pulpstoneH; in
fnHorinJ earth, tripoli, and pm nice; and oil stones, 
whetstones, and seythestoneH show 11 compamtively 
small average capitalization. Dividends amounting to 
ii\H\000 were paid on the common stock of crystalline 
quartz companies, and a lilrn amount on the common 
stock of companies producing infosorial mirth, tripoli, 
aml pumice. Companies producing· corundum and 
emery paid the sum of $10,8GO as dividends on pre
ferred stock, and $24,000 !l8 interm;t on bonds lmving 
a par value o:f $±30, 000. 

Employee8 and·w11rfe8.-'l'he total average number of 
employees engaged in the abmHi vo industry during 1902 
was 685~ of whom 75, or 10. n per cent, were s1tlaried 
employees, ancl 610, or 89.1 per cent, wuge-Ntrnei;s. 
These receivect in salaries and wages $344, 922, of which 
$±8,008 was received by the sahuied employees nnd 
$206, 914 by the wage-earners. The classification of 

f>,1100 .............. , .. , •• ,_....... f!Oll .............. ·- .. - ........ . 
$f>Otl,OOO '1· ............. \""" ---·-·-· ~f>0,0011 ··-··· ..................... . 

~,lllill .......................... _, flOO .. - .......... .!. ... _ ........ . 
$201i,l1011 : .............. j.............. $CTO, 0011 .. _ .......... 1 

•••• _ ........ . 

$10,HiiO ......................... _ •. _ .•••• _ .................... 

1 

•.. ·- ........ . 

GIO 
$·170,()0ll 

500 
$·Ja0, 000 
$~·1,llllll 

liOO 
$000,000 

iif1() 
$:\f>O, 000 

I 

•••••••••••••• •••••••••••••• 1 •••••••••••••• 

tlieHe salnriod employees and wnge-rntrncrs is shown in 
Tables 4 and 5. 

Of the GlO w11ge-em·ner:,1, only 25, or 4.1 per cent, 
were employed below gToui1cl, nncl of this nnmber 22 
'were employed in tho eorunclum rtncl emory industry. 
The other 3 wage-earners below ground were eng:tgecl 
in the infusorial earth industry. All tho other abra
sives arc obtained by mrntni-:l o:f open cuts and pits. 
Because of this the opemtions are o:f neces:,iity some-. 
what cnrtailecl during the. winter months. AR iH seen 
in Table 4, the monthly 1wemge number of wage-eftrners 
employed during .Tamrnry, February, n.nd March 
rftng·ed from 42f.l to ±78, while clnring the rnnrnining 
months of the ymir the muge was from 5HG to 703. 
The daily mtes of rmy of the wage-e11rners, iLlso shown 
in Table '1, variml from 75 eents to $±.24, the lowest 
wages being paid principally to the 111inel's or quarry
men and the highest to the engineers and machinists. 

Of all the wage-earners, 212, or 0±. 8 per cent, 
received from $1.50 to $1. 74 per day, m1cl of these, mo, 
01· 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 totH.l number (J.5 per eent were 
classified as engineers, of whom the greater number 
mceived from $2 to $2.24 per clay; 402, or G5.H per 
cent, were returned ns miners, their wages varying 
from 75 cents to $3.24 per day. Only 10 rniner:,i' help
ers were rnportecl, but it is very probable that the 
actual number of this class of wage-earners was consid
erably in excess of this iig·ure, since mnny of them were 
included under '' ttll other wage-earners." It wm be 
notined that in this industry the question of child labor 
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is unimportant., as only 3 boys under 1G yrnn·s were 
employed. 

Supplie8, '))Wte:rfols, and 1m:saellanemt1:1 empense8.- · 
The total cost of the supplies n,nd nrnterials used in the 
mining and quttrrying of the abmsive materials pro
duced in 1902 wtts $80,30D. Of this amount, $Hl,349, 
or 3!) per cent, was used in the g-rindstone industry, 
ai1d $26,114, or 32.5 per cent, in the corundum nud 
emery industry. . 

The miHcellaneous expenses mnountecl to $42,410, of 
which $8,421 wns paicl out for royn1tie:,; and rent of 
mine nncl mining plant, 1111~1 $33,989 for rent of offices, 
tnxcs, insurance, interest, ttnd other sundries. 

Jlfealianical JJOWeJ'.-Of the primary power reported, 
2,300 horsepower, or 92.2 per cent, was stenmpower 
applied by 71 steam engines. Forty-one :;tenm engines, 
having a total of 1,235 horsepower, were used in the 
grinclstone and pnlpstone industry. The next htrgest 
number of stettm engines, 13, wit:> reportecl for the oil
stone, whetstone, mid scythestone industry, but these. 
aggregated only 185 horsepower, while the 7 steam en
gines used in the gitrnet industry rtggregtttecl 4:20 horse
power, aml the 7 in the infusorial e1irth, tripoli, and 
pumice industry lmc1 a total of 410 horsepower. Eighty
eight horsepower was generntecl by 7 gas or gasoline 
engines, of which 3, having tt capitcity 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, h:wing 11 en,p11city of 5 horsepower; this was used 
in the infnsorial rnirth, tripoli, nnd pumice industry. 

P1•ocluction.--The value of the production was 
$1,177,711~ an increase of $541,052 over the value re
ported for 188H, which was $686,65B. Of the particular 
nbmsives, grindstones and pulpstoues show the largest 
increase, $227,84:4 in value, over the production of 188!l. 
The second lnrgest increase wns in oilstone:,;, whetstones, 
ancl scythestones, the value of which was $11B,UG8 m 
Hl02, an increase of $80,D88. 

Oils tones rtncl whetstones arc not nJways finished iit 

the quarries, !mt 11re in some instancos shipped to a 
centml plant nnd thorn prepared for use. \Vhen the 
finishing process is not conrhwted innneclilitdy in con
nection with the actual quarrying, the \'ttlue of the 
crncle produet is g·iven in Census reports. In tlrn 
reports of the U nitecl States Geolog·ical Bnrvcy, on tho 
other lrnnd, the finished v1ilne is given, :for the ren:,;on 
that, with the exception of Arlmnsa:,; novaculitc, this 
nuitedal wonlcl not be nrnrketable in its crudo state. 
Wore the tlnishecl vttlne to be faken in every instance 
by the Bureau of the Census, the total produt•(; for oil
stone8, whet:>tones, ttnd scythestones wonlll bn imn·Lmsed 
by $107, 7H4, and the production would muk ns second 
instead of third among· nhrusive materials. 

In order to. show compamtivoly the viihrn of tho 
rurnrntl consumption of eaeh iihmsivo used in the United 
States, the valne of the domestic prodnl't arnl of' tho 
imports reportocl since lH80 arc gi \'l\11 in the following 
fable. The statistics ttre compiled from ti1bles of the 
United Sttites Geological Snrvey pnhlishcd in" lVIirwml 
llesources of the United 8tatcs." 

'hnuu 3.-ABRASIVT!~ l\lATERIALS-VA.LUE OF DOMESTIC PRODUCTS AND Il\iPOR'rB, BY KIND8: 1880 TO l\l02. 

[Uuitu!l 8t11tes Geologlcnl Survey, "Mineml llcHotirces of llw Unitc1l liltttlcs."] 
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I IlUHltSTONl'S ANll 
I 

COllUNDUM AN]) "",';.:;~'' "'"~"I""~·~~'":"."" AI~I4 Al\RASIVISH, 
Mll,LS~'ON llS, EMEBY. I QUARTZ.' l lJJ,PRTONhS. 

YEAI\,1 -------·---· - . ·-- ---·-----
V1tlue of V1tlue of Vnl\\CC>f Vnluc of Vnlucol Vu1uc or V11!11u of Vnluoor V11l110 of V11luool domestic domeslk domestic domcHt!e domestic clomesllc 
J>l'Otluct. lmporls. product. imports. product. lm[Jorts. prorltwt. product. product. lmporls. 

---·---- ------ --- --- -------
1880 .•.. ·········- $782, 880 $321, 425 $200,000 $125, 072 $29, 280 $105,89,1 ·········· ........... 3500, 000 $70, 27'1 
1881. •• - • - •••••••• 718, 580 . 305, 103 150, 000 1U3, Ul2 80, 000 97,482 .......... ........... fiOO, 000 87, 128 
1882 ••••.••• - .•••• U98,000 827, fi30 200,000 J.0.1,03·1 80, 000 98,690 ·········· .............. 700, 000 07, 22fl 
1883 •••••••••••••• 865,000 205, 205 150, 000 73,685 100, ouo 85, •100 ........... ........... OUO, 000 105,852 
188'1 •• _ •.••.•••••• S.15, 000 307, 789 160, 000 •10,100 108, 000 148,890 ............. ............ 570, 000 86,28il 
1885 ...... ____ •••• 728,000 182, 290 100,000 35,,177 108, 000 7•1, 800 ............ ............ 500, 000 5U,57U 
1880 •••••••••• - ... 527, mo \!ll,803 140, 000 29, 935 116,190 121, 038 ............... ···-·-···· 250, 000 39, 140 
1887.---···· ....•• 403, 100 mo, 021 100,000 24,007 108, 000 ll8, 209 .............. ............. 22•1, 400 oo,a12 
1888 •••• -•..•••.•• 479,920 237, 905 81,000 87J 228 91, 020 118, 2·1U ............... ............ 281, 800 61, 755 
1889 .............. 080, 661 34,1, 970 35, 155 •10,88,l 105, 567 218, 060 ................... ............. 430, 587 07, 720 
1890- ............. 083,2M 239, 1!31 23, 720 33,9% 89, 395 123, 367 ............ ·········· 450, 000 t!f>, 115 
1891 •••••.•. ··••·• 754,918 151, 713 16, 587 24, 039 90, 280 71, 302 ............. .......... 47li, 113 21, 028 
1892 •.•••.•.•.••.. 667,3·16 249, 281 23, <117 S<l,186 181, 300 120, 023 ·········· ........... 272 •. !!•14 611052 
1893 ...••....••.•• {ifl5,506 242,898 16,63() so, 2r.1 1'12,325 127, 767 ··®is:ori,i- ··$~ii; ano· 838, 787 f>9,5l10 
189'1. ••••.....•... 590, 3•12 109,410 lil,887 18,087 95, 936 71, 973 228,2H f>2, ll88 
1895 .............. 033, 011 240,060 22,5'12 20,:no 106, 256 183, 088 27,000 or,. 050 20fi, 7ll8 o.1, 276 
1896. ··--· ....•... 70:i,40tl 291,979 22, 567 261 9G5 118,246 1'18,281 18;000 6S, 877 32t1,82U 66, 195 
1897 •...•.... ··-·· 776, 272 237, ·168 25, 932 22, 956 10ll,f>7<l 180,ii31 22,liOO 80,Hfl:l :108,0f18 •10, ·1U6 
1898 .........•.... 1, 098, 7g,j 2fi1,227 2i>, 93,1 23, 999 275,06'1 183, 399 23, 990 8G, 850 489, 7li0 (i2, 973 
1899 ............. · 1 11225, 2.11 27•1, 374 28, 115 18, 881 150,000 157, 181 89, 000 98, :125 G75, fiSli 031852 
1900 •.••.•..... ·-· 1, 208, 073 •100, 807 32, 858 28, 904 102, 715 239,fi06 40, 70f> 128, •175 710, 021l 92, 581 
1901. ............. ' 1, UM, 772 '190, 712 57, 179 42, 187 1'10, 040 291, 999 41, 500 158, 100 580, 708 88, 871 
1902~~~~-·\ Ol,32ll, 7r>5 42li, 730 59, 808 10, 158 10'1,005 214,842 84, 335 132, 8~0 667, '131 70, 900 

l'J'he vn.luc of imports ls for llscal yc11rs up to 1881l:. snbsc~nent. veil.rs ure ca.lendar ye11rs. 
2 Icignrcs fnr import.~. ttl)d Jlgm;es for clomcstic jn'orluct prior to iSIJ.I, not nvailtlllle. 
u Prior to 1U02 Ill) v11lue for pumice i• inelmled n the>lc flgures, 
4 Figures not 1w11ill1ble except for rno2. 

--- ----~ ·- -· ... ·--~-.::-."."::-.::=::.::::.::::::::::::== 

INl•'U!-iOUlAI.1~A ltTH I 
'fill l'O I.I, ANIJ 
l'l1M!CE, 

-----· 
V11l110 ol Vtthrn of doniestlt\ 
procllwt." imports,• 

--- ~--•-••-M• 

$4fi,fi00 .......... 
10,0UO ·········· 8,000 . ....... ~ .. 
fi.000 ·········· 5,000 . .......... 
f>,000 . ........... 
0,000 ............. 

15,000 . .......... 
7,500 . ......... 

2s, a12 . ............. 
fi0,24ll ····-····· 21,088 . ......... 
113, tlfif) . ......... 
22, 5B2 ···--····· 11, 718 .......... 
20, r11.i ···--····· 
201 702 .......... 
22,:n·m ........... 
16,GUl .......... 
25,:lll2 ........... 
2·1,207 ............ 
fl2 1 UflO .. $iti; 37,j. 5fl 1 mH 

<lll.STONm{, WlrnT-
H'l'ONm·1. ANI> 
RC\"I'lrnHT<INES, 

"-······· -.. ~--··· ""'--~-

Yttlnenf 
tlomusll<' 
prorltwt. 
"""··--·----

r. $il,OOO 
81f\RO 

10,llOO 
10,000 
rn, ooo 
15,000 
15,000 
111, 000 
lfl, 000 

6 ill!, 080 
liU,1109 

150,000 
Wi,730 
Ulli,17:1 
l:lti,873 
rnri. 881 
127,11\18 
l·l!l, 970 
lHO, ·18ti 
208, 283 
17'1, 087 
li>H, 300 
'..!21, 7li2 

Vnhmn[ 
irn11orts. 

---
$H,1 • 
10,f>al 

85 

2 

3 

27,88' 
30, 178 
20 51' 
21: ·134 
21,141 
2•1,09 3 

6 
00 

Sll,l\'I 
27,·1 
37, 4~'1 
ar.,s1· l 

I) 
1 

33,'12 
25,30 
20,611 
3·3,.13 9 

8 
5 
6 
0 
l 

1i 
0 

fi0,58 
3·l,·llll 
30,llli 
8-1,fit 
:W,:lll 
{M,n~. 
f)t\, •J5 

6 Vnhte of unfinished produ<Jt W1\~ reported for 1880 1111cl 1880. 
•Including $107,79'1 [or Jlnisn•1d oilstones, whetstones, 1mtl scythestoncs, un1l $41,250, the val11u of qnllrtz, ground, not shown in census tltbll\S, 
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The value of imports of 1ill 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 
yetir. In many cases the market value of abrasives is 
less at tho preHen t time than it was ten or twenty yoarH 
ago, so that the viilncs given rqireHcnt n grcator ton
rntgc now than then. 

Of the total value of the imports in rno2, $21±,842, 
or 50. 3 per cent, waH for corundum and emery, the 
domestic production of thi:,; almtHi ve being 11 little less 
thm1 one-half thiH vttlnc, or only $104,()05. The year 
in which the combined value of tho domestic production 
and imports of corundum and emery was grmitest was 
1001, when it amounted to $-141,mrn. In that year the 
value of these imports Wtts greater than during any 
other year on record, being $2114,!HJ!l, or $80,157 more 
thm1 in Hl02. The year when the rnluc o:f the domestic 
proclnetion WllS greatest was 18DH, when it amonntecl 
to $275,0{i4. The Vtllue of the domestic production in 
HJ02, $104:,005, was lPHS than tlmt of thirteen of the 
years l'Cl'orded. The selling price of corundum iwd 
emery varim; from 1 to 10 rn.mts per pound. 

The ulnss of ahmsives mnking next in value of 
imports is grindstones and pulpstones, for which the 
imports in lfl02 !Ul!Ountccl to $7H,HOU, or 18 per cent 
of the total value of ull imports. This is, however, 
only 11.5 per cont of tho total viduc of tho clomeHtin 
pl'Odnetion of grindJ:Jtones, which was $l>07,43l. A 
large proportion of the v1tluo reported for the importB 
of grindHtones mis for pnlpi,;tones, from Nowcastle
upon-Tyne, Enghirnl, which arc considered to be Bnpc
rior in some respects to tho::ie nmde from the Ohio 
sandstone. The American stone, however, iw giving 
good satiHfacti01i, which should nltinrntely C!tll!le a de
crease in the importH of these pulpHtoues. The com
Lincd vnJne of the importH nucl domestic production of 
grindstones_ and pulpHtones waH greatest in 1900, when 
it iunounted to $802,G07, being $58,270 more than the 
combined vttlne for rno2, $7-±4:,337. The value of the 
domestic production W!\S greatest in 1900, when it 
amounted to $710,02G, which is $42,595 more than the 
value of the 1902 production. Tho next highest value, 
$700,000, was reached in 1882. It must, however, be 
taken into consiclemtion that the tonnage of the pro
duction during the pa8t ten years was much gren,ter 
than in 1882, for in that year grindstones were worth 
about $15 per ton, while now they are sold itt from $8 
to \iilO per ton. 

The value of the domestic production of buhrstones 
and millstones in 1902, $;'HJ,808, was greater than that 
for any year Hince 1888; while the value of the imports, 
SlG,158, was less tluin for 1u1y year recorded. The 
combined vitlue of the imports and domestic production 
in 1902 wn,s $75,9G6, which is $249,106 less than that 

of the year of greatest value, 1880, when the figures 
were $325,072. In that year the value of the imports 
was idso greatr.st, itnionnting to $125,072, nnd the valne 
of tlrn domestic prodtwtion, $200,0uO, Wtls only equaled 
by one other year, 1882. This enormous decrease in 

·the value of lmhrstones nsecl in the United St!1tes is due 
hirgely to tho introduction of the roller mill process for 
grinding wheat. Tho inoreaso in the domestic produc
tion since 188!l is due to tho utilization of buhrstone:,; 
in grinding the coar:,;er cereals, mine ml pitints, etc., rwcl, 
as the American stone nnswmH as well for this purpose 
as the foreign, the continued falling off in the vriluo of 
the imports is thus ptirtially accounted for. 

The combined value of the imports and domestic 
production of: infnsorial earth, tripoli, tmd pumice in 
rno2 was $118,368, of which $G2,S74, or over one-half, 
was· the value of the importJ:J. The valne of the pum
ice imported was eight times the value of that produced 
in this country, while the vitlnc of the imports of infn
sorial earth was only tbree-fourtlrn the value of the 
donwstic production. It will be noticed tl1!Lt the 
clomo1:1tic production of infusorial mirth varies very 
widely :from ymir to ymtr, this being clue to its limited 
use ttncl tthm to the fact that some producers will mine 
in ono year tt quantity suflicfont to litJ:Jt them two or 
mo1·e yertrn. The smttll prnclnction of domes tie pumice 
compared to the quantity imported is due to the clis
fanco of the domestic dcposib:1 from the l!irge m!trlrnts, 
which nrnkcs it impossible to compete with the pumice 
imported from the island of Lipari, Italy. 

For oilstones, whetstones, ttnd scytheHtones the com
bined v1ilue of the domestic production and imports for 
1!)02, $278,218, was greater than t;hat for any year 
since these statistics have been collected. The value of 
the domestic production for 1902, $221, 762, was grenfor 
than that of any other year recorded, and Wlts nearly 
four times the valne of the importH for thtit _year of 
$5!l,45G. The year in which the value of import:; was 
great.est was lfJOl, when it was $6±,G55, this being $8,1H9 
more than the valne of the imports of 1D02. The almost 
constant increase in the oilstone industry is well illns
tmted in Table 3. The vnlue of the domestic produc
tion lms increased from $150,000 in 1891 to $221,762 
in 1002. In the snme time the imports have increased 
from $il5,344 to $5G,±56. Prior to 1801 the statistics of 
the value of the domestic production represented the 
vn1ne of rough, crude rock, while since then it has been 
principally for the finished oili;tone. 

There have been no imports recorded of garnet or of 
crystalline quartz, hut in the viilue of the domestic pro
duction of each there has been a gcneml increase. The 
year of largest production 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, $132,820, 
which was the next highest value recorded. The 
increase in the value of erystalline quartz used for 
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ahra.sive purposes has been very marked, and, with the 
exception of 1896, the vitlno efich year has been gret1ter 
than that of the year befo1;e. 

The state in which the greatest va1ue of abrasivo 
nmterials was produced dming 1902 is Ohio, the v11lne 
heing $587,28.+. The abrasive was principally grind- · 
stones, the value of which was $560,412, the lmlance 
being oi1stones and whetstones. New York w11s second, 
with a value of $180,345, the abrasives producetl in 
their order of production being gnrnct, emery, lmhr
stones, crystal1ine quartz, and tripoli, 

The detriilec1 statistics of ttbrasive materials for 1fl02 
ttre given by states in Table 4 and by clu.sscs in Table 5. 

DESCRIPTIVE. 

The naturn.l n,brasive mn,tn1fals mm readily be divided 
into two general grou1Js: 

1. Those which occur as rock formation and arc cut. 
and manufactured directly into the form desired, while 
retaining' their original rock structure 1i.nd appearance, 
as grindstones and whetstones. 

2. Those which occur as a constituent o:f either a rock 
or a vein, and have to be mechanically separated from 
the associated gangne u.ncl cleaned, as cornndum, emery, 
and garnet. 

The artificial products would make a third ch1ss of 
abrasive materia1s) including carbornndum, crushed 
steel, etc. · 

The nbmsive materhds are Ro universally distributed 
that there n,re but few localities where some of them 
may not be found. While this is tho cu.se, various kinds 
of n.bmsivcs are consbtptly being- exportecl from n.ncl 
imported into the different countries on account either 
of their superior almisive efficiency or of their better 
a.claptability to required purposes. 

The use o:f any particular abrasive is dependent upon 
the character of the ab1;asion to be ~iccomplished. Thus, 
·while the efficiency of a certain ahrasive, as an 1i.bmsive, 
nrny be greater than that of another, it will not do as 
sttti.sfactory work as one with lciss n,brasivo eJliciency. 
For instance, although corundum ht1s the highest abm
sive efficiency of any included in the second type of 
abmsives mentioned, there are a number of cases where 
garnet, with a much lower ttbrasive efficiency, will give 
better satisfaction. 

G:rhidstone8.-'l'he abrasive that is perha11s the most 
familiar to all is the grindstone. . This is. produced at 
the present time in commercial quantities in Michigl1n, 
Ohio, and West Virginia, and in much srna11er quanti
ties in l'vfontn,na and Wyoming. The largest quantities 
are quarried in Ohio, whence the procluct is shipped to 
all parts of the United States. The q uanies in the 
north01;n part of Ohio arc located at Chagrin Falls, 
Berea, Cuyahoga. Falls, Elyria, Euclid, Grafton, Inde
pendence, Massillon, North Amherst, Oberlin, n,nd 
Peninsula; those in the eastem part of the state at 

Empire, Freeport, ancl Tippecanoe; n,ncl those in the 
southern portion o:f the stt1te at Amesville, Belpre, 
Bl'iggsdale., Constitution, Federal, Gmvel Bank, Ports
mouth, Vincent, and Marietta. A large nnmher o:f 
the qrnuries in northern and southern Ohio, lmve 
been brought under one nrnnagcmcnt. At Em pi re, 
Peninsula, imcl Tippecanoe the pulpstone vnric~ty of 
grindstone is found; at the quarries at Empire pnlp
stonc is the chief production, the regnbr grindstone 
forming hut a very snrn.11 part of the ontpnt. 

In Miehigan there wn.s but one locality in 1D02 pro
ducing grindstones-that. near Grindstone City-but 
the stn,te mnked next to Ohio in the vnfoc o:f it8 product. 

The qmnries in vV cst Virginin, 11re directly neross tho 
Ohio river from thmm in southern Ohio, nncl arc 
loc11ted at Atlm1tie, Bois, Briscoe, Louecedar, itnd 

Sherman. 
Grindstones in very snmll qtrnntity have bocn made 

:fo1· local uso near Uolnmbns, Y ellowstonc county, Mont,; 
near Rawlins, Ci1rl>on county, w· yo.; 1111cl near Edge
mont, S. Dn.k.; lmt from the ltitter loctdity there wn:,i 
no production in 1VU2. 

Thero is comlidern,blc v1ni!1tion in gl'indstoues, 
c1cpenclent upon the v1trin.tion o:f the sandstone from 
which they are nmcle, which hi due (1) to the clrnra0ter 
of tlrn ccmonting mntcrin.1-whcther it i:-; n, hyclromi 
iron oxide, cnleimn ctirhomtte, or silic11; (2) to tho pm·
centage of the cementing material-tlmt is, whether tho 
grains nre septiratecl from each other hy simply a 
minute iilm o:f cementing material or by tt c•onoddornble 
layer; (8) to the size mid slmpc o:f tho gmins of qmtrb:. 
According to these variation8, there nro 11t loast seven 
grits that are recognized as cfoitinctive, six of which 
are derived from va.rions gmclos of Ohio Handstone nnd 
one from the Miehign,n Htone. Those' grib,; arc as 
follows: 

1. 'rtrn Berea grit, whieh is ft fine, sharp grit, used 
especially :for 'shal'pening· edge tools, sneh Rs formers' 
tools t1nd woodworkers' small tools. 

2. The Amherst grit, which is Hort and loose, medium 
and loose, 1tnd fine. lt is used especially for cdgt' tools, 
saws, ete,, in nmnnfactnring ostt1bliHl11mmts whern the 
grindstone is propelled by steam. 

3. Tho Independence grit, which is a con.r:;c, sharp 
grit, is used for grinding springR itnd files n.ncl for the 
dry grinding of en.stings. 

4. The Massillon grit, a cm1rse, sharp grit, used for 
grinding hirge edge tools, springs, files, iincl castings, 

5, The Tippecanoe gTit, which is 11 fairly loose, hard 
grit, used :for grinding wood pulp, 1-:lprings, :film;, and 
heavy forgings. 

6. 'rhe Mariettn, grit, which i~ soft and loose, is used 
largely in grinding fl!l ws, rr.achi no kni vcs, and other 
highly tempered, thin steel tools. 

7. The Huron (Michigan) grit is ~ fine, sharp grit, 
used for cutlery, mowing machine sections, and tools 
o:f tliat character, where a fo1e edge is required. 
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An eighth might he ac~ded-the Peninsula grit-a 
hard and coarse grit, used for grinding wood pulp. In 
addition to these gmdes of stone, a grit known fls 

Euclid stone, which contnins al>ont 70 per cent of fine 
silica and 30 per cent of clay, is used for wlrntters, prin
cipally in cutlery works, for polishing· out the scmteho;: 
made by the ordinary g·rinclstone. The production is 
small, but importm1t. 

It nmy be well to mention here the grades of grincl
stonos tlmt are imported into the United States, ns tlrny 
are usetl for special purpose:,i for which they semn to 
be partip1larly adapted. A grindstone madn from 1.t 
coarse, hard snndstnne it; imported from 1hv1tri1t, and 
is used particularly :!'or mzor grinding. A forn, hard 
grinll.-;tone, cnlh~cl tlrn Cmigfoith, is in1ported from 
Edinltmgh, and is trned for speeial purposes in tho glm;:,i 
trade. 

Although snnd:,;tonc :,;nititbln for the 111amrfnctnre of 
gl'im1stonos i;; not llll('Ollllllon, tho variety 11dapted to 
the mairnfoctnro of a pulpstone i1o1 Honww hat raro. A 
considerable demand for pnlpstone;; ro:>c when pttpor 
begnn to hn mannfaetnrctl from wood pulp. In this 
manufactnro it :,;tone is required tlrnt can bl\ nm in hot 
wn.t!'l'. The Peuinsnla grit oht1tirwd :from Ponin:,;ula, 
Tippel'nnoe, and Empiro, Ohio, i1' carui'ully :,;(\loeted, 
onght to nmkc a good pnlp:-;tone, which shc)ttld lmHily 
compete with that imported from N oweastle-upon-'l'y1w, 
Eng1am1. 

The 1mtural gTindstone nrnnnfoctmwl :f:rom :,;11ndstouc 
WltH fornH.nly in nnivcr;;al uso in 11ll kinds of nuwnfoc
tnring IJltwts iind in the hon:,;ehok1, lntt tlwro has been 
introduced ;;nceessfully during the pm;t ten yeitrH n 
grindstone made from emery or cornnclmn. 'While at 
the present time only the Bnrnllor t>ized grindstones for 
household u;:e are mado of thc:,ie materials, it is po;;sible 
that in the near future htrge wheels will be made that 
will rivnl some of the larger grinch;tones. 

Oll:stonLW, wl1,etst011e:s, and ,w:ytlwNt1111e8.-'.I'he terms. 
oilstone, w hotstoue, rrncl Hey th es tone m·e u1o1ed some
what irnthignowsly, and o:l'ten tho ::;iune stone when u:,;cd 
for onn purpm10 will be callorl an oil:;tono, and when 
used foranother purpose 11 whetstone, or even a scythc
stone. The term oibtoue has come to he applied to all 
stone;; used for :,;lmrpcming medmnics' tools, for the 
reason that it is ncee1o11o1nry to use oil on most o:I' them to 
prenn1t the stone from becoming· hot and thus heating 
the tool, 11ncl 111:,io to prevent the snmll piuticles of stool 
that are ground off the tools from entering into the 
pores of tho :;tone. 

A considemltle change from one census to another is 
noticmtblo in the oilstono, whetstone, and scythestone 
industry in respect to the stone that has the greatest 
use. 'While the imle of oilstones and whetstones has 
increased, or at least hold its own 1 in the United States 
since lSSl:l, there has been a con:;iclerable falling off in 
the S!tle of :,;cythestones. This is undoubtedly due to 
the small muu bcr of scythos, sickles, etc., used at the 

present time, these having been hugely replaced by im
proved agricultuml machines itnd implements. Scythe
stones arc now used in quantity only in tho;;e Rfates or 
countries into which the improved agricultnml urnchines 
have not yet bnen introduced. Thus, while the produc
tion 01' 1o1cythostoncs in the U nitod Stt1te1o1 has rem11inod 
about tlrn :;amc, it has become nuce1o1sary to ::mek n, miw
ket for them in foreign conntrie;:, nncl a con:,iidernhle 
proportion o:I' ·tho production is· exported. 

The whetstone producing roeb are all sedimcntnry 
in origin, and include quartz-mic11-schist, :-;unclstone, 
!lO\'ttcnlite, and intcrmcdiato rocks. 'l'he;;e i1re found 
11hmHla11tly in various localities, so that there are prob
ttl>ly hut fow countrios which hiwe not withtn their bor
dors n supply of sonH.l kind of stone suil:n,l>Je for making 
wlwtstonm>. Although the nmtm·in.l for mannfoctnri11g 
whotstonos is so common, only those qwtrries which 
produce :,;tones of 1o1npcrior qnality and have the great
e1o1t mlvtmtuge:; for mamrf:acf;uring and shipping can 
:mrvivo tho competition in the trade. Thi::; is of coun;e 
the rea:,ion the proclnction 01' whetstones is confinnd 
to n fow lol'alit.ios. Occasio1mlly a stone is found 01' 
exceptional qnnlity, as the llOl'Hl'Ulito of Arlmnsas, for 
which thorn is a largo clo111and, althongh tho price nrny 
l>o rntwh higher than tlrnt of otlrnr whotstoneH. At tho 
present time tho domestic supply of wlrntstones is ob
tnfocd from Arkansas, Indimm, Ohio1 Now Ilmupshire, 
imcl Vermont. Thore is undoubtedly considerablo whet
stone material utilized in other stittes. hut thoHe mcm
tionod are tho only ones that have prodncecl this nln·a::dvc 
for tlrn nutrket. 

At the whetstone qnarrie;; in Arkansas, which are in 
Garland and Saline counties, principnlly at and i11 the 
vicinity of" Quarry or W110t:,;tone mounfain, Gtufand 
county, there is o htnined tho novacnlito (stwd;;tone) 
:from whioh is nmnufncturcd the best nnd most valuable 
natuml oilstone or whetstone on the m11rkct. Tho (pml
ity of the rock varies greatly, lWCll in different parts of 
tho same quarry, but two distinct types of stone or grit 
are recognized, which are known on the market as the 
Arlmnsas aml vVashita. The fatter iH lesH den:,;e and 
much more porous than the Arkansas. Both of these 
types are divided into two gntde8, known as soft and 
bard. They are used principally in the form of small 
wheels, oilstones of different shapes, and points such as 
nro usod by engravers, surgeons, carvers, dentists, jew
elers, watehmakers, and diesinkers. 

. The sitndstone of Omngc county, Ind., furnishes a 
whetstone known ns the Hinclo;;tan or Omnge ;;tone, 
which is quarried in Fronch Lielc ttnd Northwest to1vn
ships. The stone is fine gmined and is used for oil
stones. It is considered the best low priced sharpening 
stone for mechanics' tools. A considemble quantity of 
this -stone is now being· exported. 

At a number of the sandstone quarries in Ohio from 
which grindstones are obtained, principally nt Berea, 
in. Cuyahoga county, and at Grafton, in Lorain county~ 
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a grade of stone is :found suitab1e for whetstones. This 
stone makes a scythestone that does good work, but i.t 
does not stand transportation so well as the scythcstone 
made from schist. At Enclicl, Cuyahoga county, is a 
fine grained sandstone from which a consiclerabfo mnn
ber of oilstones are made. The well-known Deerlick 
oi1stone is made at Chagrin Falls, in the same county, 
from a fine grained sandstone. Since the introduction 
of this stone a few years itgo its produ·ction lrns in
creased considerably each year. 

In Corthmd county, N. Y., near Ltihmdor Lake, a 
sandstone sirni1ar to that quarrjecl in Ohio is found. 
It is known as Labrador stone, and is used to a 1imited 
.extent in the manufacture of whetstones, although no 
product was reported as quarried in 1802. 

In 1-faverhill, Grafton county, N. H., and ncin La
moille, Orleans county, Vt., there is !L quartz-mica
schist from which are mmrnfactunicl the celebrated 
Indian Pond, White Mountah1, and Lamoille scythe
stones. These schists tire variable in their structure, so 
th!tt only portions or bands of them can bo utilizet1. 
~rhe cutting quality of the stones varies with the com
pactness of the schists ai1cl the percentfige of qrn1l'tz or 
grit contained. There are two principal grades of stone 
found at the New Hampshire qmtrries, which are known· 
as the Indian Pond and the White Monntnfo. Both of 
these stones come from the same quarry. The ·white 
Mountain is more compact and has a finer texture, anc1 
the Indian Pond includes the more laminated vnrietk~ti 
of the schist. The name lndin.n Pond was used as en.rly 
as 1820 for a stone obtained :from a stratum of schist 
about 7 miles south of Pike Station, near n pond known 
by the above name. The stones from the quarries at 
Lamoille are sold under the name of Liunoille stones. 
At Lisbon, Grafton county, N. H., there occm·s a fine 
grained quartz:mica-schist of a blnish chocolate color, 
which furnishes a stone known as the chocolate whet
stone. It is a medium hard stone and is especially 
adapted for leather and skinning knives, and it is 11Jso 
used extensively for sharpening cloth cutters' tool::;, 
kitchen and carving knives, etc. 
. Bnlw'stones @zcl millstones.-Tbe American buhrstone 

and millstone varies from a sandstone to a quartz con
glomerate, which occurs along the eastern slope of the 
Appalachian mountains, fron:1 North Carolina to New 
York, an<l is known by cliflereut names, according to the 
loc1tlity from which it is obtained. Occasionltlly a gran
ite is also used in the manufacture of this stone. The 
states producing buhrstones and millstones in 1H02 wern 
New York, North Carolina, Pennsylvania, Vermont, 
and Virginia, by far the larger production coming from 
New York. The buhrstone produced in New York is 
principitlly from Ulster county, and is known as Esopus 
stone. The Pennsylvania stones, which are obtained in 
Lancaster county, are known as '.rurkey Hill and Co
calico. From Montgomery county, Va., is obtained a 
buhrstone which is known on the market as Brush 

... 

mounbtin stone. In Rowan county, N. C., a granite is 
q nn,rriecl and manufactured into millstones, which arc 
sold, for the most part, in North Carolina and Georgia. 

Whereas formerly a large number of lmhrstones were 
used in the United States, prineipally in grinding wheat, 
now very fow are used for that purpose on !tecount of 
the introduction of the rnllcr mill process. Bulm;tones 
are still used for this purpose only in cert11in mountain 
diRtricts where milroacl facilities are wimting. New 
uses, however, have !Lrisen for these stones, and they 
are now cmploy()cl quite extensively for grinding the 
con,rser cereals, mineral paint ores, fertilizers.,, cement 
rock, l>arytes, imd other minemls. For these purposes 
the use is incretifling ench year, although at the census 
of 1H02 the value of the lmhrstones produced was only 
about one-sixth of the valne o:f those reported 11t, tho 
census of 1.880. The decided chtmgc in this industry 
began in 1.888, and there wits a gradrml falling off nntil 
181l4, when the industry ngitin beg•itn to impro\·e with 
tile introduction of the new uses for the stone. 

Garnet.-Tbo grmtter part of the gttl'IH't tlrnt is mined 
for tibrasive purposes, except the production from North 
Carolina, is used in the 111ttnn:factnro of garnet pttpnr, 
which it-: extensively employed for 1tln·1tsiyn purposm1 in 
the rnannfactnrn of boots and shooH. Neiirly all tho 
production from North Otrolhm is mann:ftwtnrcd into 
wheels, which 11re sold as emery whcds. Tho alnw.;ive 
value of gamot was known to the North American 
lnclians, who engTaV(~c[ shellH with toolH con:-;i:-;ting of 
garnet points attachetl to wooclrm lmndlcs. 1 

During Hl02 gn,rnet was oht1tirn•.d from Counecticnt, 
New York, North Carolina, and Pennsylvania. 

In Conneeticmt, near Roxlmry, Litchffold conut:;~, 
garnet is obtained from 11 mica-Hchist, in whieh it oc
eurs in crystiils from less than a qmtrter of an inch to 
nearly two inches in clilLmeter. A:-; the rock is crnshod, 
the eryi;tals reacH1y s1.•pnmto from the schist, nmldng tL 

·clen.n garnet concentrate, that ii; nmcly for crushing and 
sizing. 

The pri11ei1)1Ll New York garnet localities are near 
North river, in ~rarren county, nnd in Essex eounty . 
The mineml occurs in segregated nutsse":J, in ho th gneiss 
and limm;tone rocks, vnrying in size from tlrnt of ii 

pigeon's egg to a diameter of 20 :feet. Commerci1tlly, 
this g·arnet is designated (1) as massive g·itrnet, when it 
is in the larger nrnsses, whit'h tire impure; (~) ns shell 
garnet, which is nenrly pure gamet; and (H) pocket 
garnet, when it occurs in snmll masses or crystah; in 
the gneisH. Of· these, the 1,;hcll gnmct i8 con:iidcrecl 
the most valrnthle. 

The North Carolina garnet deposits that luwe been 
developed are all in .Jackson county. The principal 
mine is on Sugar Loaf mountain, ltbout one and one
half miles from the milroacl. The occurrenees arc all 
similar, being htwds of garnetiferous gneiss in ordinnry 

1 United Stt1tes Geological Survey, Twelfth Annuli! Report, 
Part VI, 1889, page 608 . 
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. gneiss. These hands are 50 or more feet in width, and 
average from 15 to 30 per cent of garnet. 

In DelawfLre and Chester counties, Pn., a giirnet oc
curs in small crysfals n,nd 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 gttmet. 

Cry8tall/ne quartz.-Tlrn production of crystalline 
quartz that is included under the head of abrasives, is 
thnt which is used in the manufacture of sandpitper, 
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 hy the marble 
workers. A small amount of <Jlmrtz is pulverized, and 
sold under the name of tripoli. Of the prmlnction re
ported for 1902 the lt1rger amount wtts used as a wood 
finisher, and was obtained from Connecticut. Most of 
tlmt used in the manufacture of sandpaper was mined 
in l\mnsylvania. 

.lnf1.l801'1'.al ecwtli and tripoU.-Among tho ahmsivos, 
infusorial earth and tripoli formed but a small pro
portion of tho production, and of the amount produced 
less tlmn hn.lf wt1s aet.nally usPd for iilmrnive pnrposes. 
Under the head of infnsorial ciuth and tripoli are 
included nil porous, siliceous ctwths of orgm1ic origin, 
snl'h n.s infusorinl earth, tliatomacoons earth and tripoli, 
and also a siliceous material which is the residue from 
an impure siliceonR linrnstone by Urn leaching out of 
tho calcium carbonate. Tlw material produced in lD02 
was from California, Georgia, JVInry !mid, Mii;sonri, 
Nev1 Hampshire, New York, and Virginia. 

Pu.mlce.-Tho production of pumice in the United 
States has been very erratic during the time for which 
statistics of this material hiwe been published, althoug'h 
commercial deposits are known to occur in hirge qtmn
tity, especially in Ut1ih and NeJrntRlm. On account, how
ever, of the distanrn of these deposits from the mil
road, and from the large markets, they are not able to 
compete with the pumice imported from Lipari, Italy, 
whieh is shipped largely as ballnst, !tt1tl which, after 
being ground and bolted, is sold in New York fLt from 2 
to 2t cents pei· pound. These Lipari <lcposits supply 
nlmo:,;t !;he entire demand for pumice. During 1002 
the entire production of pumice in the United States 
was from the Nebmska deposits, and was used lnrgely 
in the manufacture of soaps and scouring powders. 

Ooruncl?tm and emery.-The natural abrasives that 
have the highest abrasive nfliciency Me corundum and 
emery, and there is trn increasing demand for these, 

which is dne largely to the increase in lllfinnfacturing, 
especially of agricult,uml machines, hut also to the 
improved methods thnt have been cle,risod for making 
emery itnd corundum stones and wheels of till shapes 
and sizes. These iibrnsives, nmnnfactured into wheels 
of various sizes, hiwo replaced, to some extent, the 
smaller grindstones in manufacturing establishments. 
They luwe also been manufactured into oilstones and 
whetstones, and htwe successfully competed with the 
rnttuml product, 111thong'h selling at a higher price. 
With the exception of certain emery wheels made by 
the silicitte process, and nsod for saw gummers, no 
forgo emery wheels have as yet been made. Even if 
htrge vitrified emery wheels could be made, it is a q nestion 
whether their cost could be lowered suflieiently to per
mit them to enter into competition with the grindstone, 
and also whether the emery stone would do as satisfac
tory work as the grindstone for ce1:tain kinds of grinding. 

Of the corundum and emery used in the United 
Stiites n,bout one-half is produced in this country, the 
rmmtincler being obfainecl from the Turkish and Orecin.n 
emery miiws, and from tho Ciurndian cornndnm mines. 
There were hut a few tons of corundum produced in 
the United States in 1H02, the prodnctiou of this type 
of abrtisives being nlmost entirely of the emery variety. 
Corundum was formerly regarded us occmTing sparingly 
in rnttnre, lint it is now known to luwe a rnther wide 
occurrence 11ncl to exist in commcrefal qunntity in 
many localitil1s. With the known occurrences of this 
'minenil in this country there should be no diflfoulty in 
stwh production of it as to fully s11tisfy the markets' 
demand. Competition with the Canadian cornndnm 
will he strong, and if there is a decrease in price, the 
location of the deposHs for easy mining and snfficient 
railroad fac.ilitimi will need to be very fnvomble if 
tlrny nm to hr. prolittibly worked. 'l'he value of corun
dmn in 1D02 wns from 7 to 10 cents per pound when 
clomiocl and sized. Emeries varied in price from 1 to 
5 cents per pound. 

'.rho more promising deposits of cornndnm iu the 
United States arc ns follows: In North Cttrolina, at 
Conrndum Hill, Macon county; nt Sapphire, ,Jackson 
county; and at Brick creek, Clay county. In Oeorgia, 
at Laurel creek, Rttbun county; and in Montana, on 
the headwaters of Elk creek, G111lntin county. The 
emery deposits are near Peekskill, N. Y., and at Ches
ter, Mass., the latter furnishing the most of the emery 
prodnced in the U nitecl States. During 1902 there was 
:1lso a small production in 1\fonttma. 
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TAnLg 4.-DE'rAILED SUMMARY, BY S'rATES: J\J02. 

Nnmlier of mi ueH or <JllttlTieH ........................... .. 
Nnmlivr nf 011urn.tors ................. ..................... . 
Ch1u·1wter of ownership: 

lndividmtl ........................................... . 
I?ir1n . ................................ · -· · ·. - .... -· · -- ·· -~ 
Inco. rpomlc<l <'fllllJHtny .............................. ·1 

Snlrniecl ofllcin.ls1 elerln.;t l't<'.: 
'l'otttl number ........•................................ 
'l'ot1\} Rttll\l'iCH ..................................... · .. · 

GetHH1ll oftlel!rs-
N11111lH~l' • ... - ................ - ...•••.•.•.••..... 
HttltL!'i""--------·-······· ..................... . 

su1w1'intcmluntl:l1 1mt1111gcrs, fore1ncn 1 xnrveyor1'\, 
('\e.-

Numllor .................... : ................. . 
i;ttlttl'il'H ..................................... .. 

Fon1men l>L~ltn\' gronnd-
Nmnlwr ..................................... . 
Rahtries ....................................... . 

Clerk~-
NtnnhPr . .................................... . 
~nhlrie::; ...................................... . 

'Y1tgc-en rn1..~1·~: 
Aggrug1tt-c 1ivcrngG nun1her ....... .................... . 
J\ggrllgn to '\'uges . .................................... . 

Al!,we gronrnl-
'l'nlttl nverngc nnn1her .. ................. . 
'fotttl wngeK ................................. .. 

l~ngineer:oi;1 flnmwn, nu<l other mc<•lmnies-
A vm·ngo ntunllcr . .................... . 
Wnge~ ............................... . 

l\litu.m.i; ·or q111u·rynH~11, n1Hl tttoneuntters-
A \'ernge n mnher ..................... . 
'Vngt~~ ... .............................. . 

Boys nnclur 1(i yl'1trs-
Avcrnge nnmlH!r .......... .......... .. 
'''ugeH .............................. . 

All other Wll.g-(.l-enrnurs-

''rugt~s ................. ............... . 
A veri1gu 11mnh~1'. ..................... 

1 
Below g1mmd-

'l'otnl nYerugn nurnlier ........ ................ 
1 

'1'11tu 1 \\'nge~ ............. ..................... . 
· ~l!tierH- I 

Averng(jnumher ..................... . 
Wng"s ................................ . 

~finers1 hulpers-
Avcrng-Q nnmhcr ....... ................. . 
\'rFLg'OH ...................... , •••••••••••••. 

AYerngl' number of \\"nge-curncrH n.t ~pedllc.\rl <lttily rate:-i. 
nfp11y: 
gngl1wer~-

$1.2f;to$1.4\l ...... , ............................. .. 
~I.fJOto$I.7·J ··············~········· ............ . 
$1.7f>tn$1.0\l ..................................... . 
$2.00 to $2.~l .............. , ...................... . 
$2.2f> to $2.·1\J •.••..•.•..••.•....•..••.•.........•.. 
$2,f!O to S:.!.71 •.••..•.....•.......................•. 
$3.00toSB.2·1 ..................................... . 
$3.i10to$8.7·1 ..................................... . 

Firemon-
$1.00 tn $1.21 .......... , ........... , ............. .. 
$1.75 to $1.\lO ................ , ... ,., .............. . 

Mn~h!niRIR, l.Jhwksmilhs, ~tu•penters, nnrl uthcr me-
elumles-

$0.7ii to $0.nu ..................................... . 
$1.iill to $1.7·1 ..................................... . 
$1.7'1 to$J.\IO ....... , ............................. . 
$2.00 to$2.~·J ..................................... . 
$2.25tn$2.·10 ..................................... . 
$1.00to$·!.2-I ..................................... . 

?ilinerR or q1rnrry1ne11 1 nnd Rtonecutters-
$0.7/i tn $0,H9 ..................... · ................ . 
$1.00 tn $1.2·1 .................................... . 
$1.25 to $1.,10 ............... , .................... .. 
$1.fiOtnl'l.7·! ..................................... . 
$1.7f1 to $1.!19 .................................... .. 
$2.00 to &2.2! ..................................... . 
$2.25 to $2 . .J9 ..................................... . 
$2.fiO to $2. 7-1 .................................... .. 
$2,7f1 to $2.99 .................................... .. 
$3.00 to $:!.24 .................................... .. 

Min~lrf-{ 1 ht•lper~-
$1.liO lo $1.7·1 .. , ................................. .. 
1\11.75tu$1.99 ..................................... . 

Boys n111\er HI y~1trs-
$0.7fi to $0,91J ..................................... . 
$1.2fJ to $1.49 .................................... .. 

All other wng-c-onrnorH- , 
$0.7.'i to $O.n9 ..................................... . 
$1.00 to $1.2·1 ..................................... . 
$l.2ii lo $1.·IO ..................................... . 
$1.fiO to $1.74 ..................................... .. 
$1.7f>l0$1.99 .................................... . 
$2.00!n$2.24 .................................... .. 
$2.fiO lo $2.7•1 .................................... .. 
$a.oo to $~.2·1 ..................................... .. 

Unitucl 
Sl11tus. 

H2 
75 

3\1 
17 
HI 

70 
~-IH,OOH 

Hi 
$1:l, 1111 

.1:1 
$~.m.ou(; 

J 

.ArliCILilRllK. 

·I 
a 
2 

""""""i 
2 

$1, or10 

············ . ........... 

5'1, Oiill 

I I::::::: .... $(il)U 

rn 
$S,~lll 

1:10 
$:!\Hi 1 Hl·i 1 

f1H~) 

~'2H.0 1 Hli 

7fl 
$La, i72 

:IK7 
$17H, 7tlH 

JW 
$flH 1 U:H 

~r1 
$1ti 1 ·l~IH 

Jii 
$1ll,IHH 

10 
$;1,HflO 

~a 
S:lO, liff1 

~.!:l 
s10, nm 

1 
$1ltlll 

IJ•) 

s10,oif. 

Conneeti
cnL 

I\ 
r, 

2 
2 
l 

\l 
$1\,a!H 

•) 

~2,0110 

Inrliturn . 

Ii 
f'i 

fl ············ 
~:l, l!R J .......... .. 

I 

J\l 2·( 
SH,ll~l <l\l,Oll:l 

rn 2·1 
~nlr1~1 $~1, Oti:~ 

1 
Sm JU 

w 
$H, 1t.!l 

New York. 

:m 
30 

'.22 
.( 
.[ 

17 
$12, 1:m 

r, 
$:l,;lllll 

Ill 
s1, :~:m 

1rlr1 
~Hl, illl 

]fl( 
$81,llllll 

\I 
::rr1, 121 

llll 
$!)'..!, ll2il 

~ri 

~H:l 1 HI~ 

rn 
$i,>iS~ 

11!1 
$(i\I, :l:Hi 

1-1\1 
Snn,:1:m 

~7 
$1", Hl:I 

HK 
$·101 ::or) 

1 
$SI() 

1 I 

Yiq~ini1t, 

~' r; 

Sli -171 

~C'[(I I "J"J 

"'' 1 ....... :. : .. 

]'I 
$~,'...!~ti 

1 ~) 
~}l;,~:,?{i 

" $8(0 

]K 
Si, n:.?r. 

lK 
$i, O:.?fl 

·1 

' 

Allotlwr 
!-<t1tt1.~k. l 

18 
l·l 

,, 
·l 
7 

rn 
S:12, f1:l7 

" s:J, .mu 

ll 
~1.>'lltl 

1 
~fiOll 

11 
::ra, 1i71 

2111 
810!1, liO 

!l\l 
$-1'..!,·1:~;1 

., .. 
$H,1>01i 

1~ 
$H, 7t'1U 

1 InclndeR npemtorR !llstrihutrnl ns follows: Cnlifomln,, 1; Gem•gilt (opemtor inclucle!l nndcr tnlc ttl!cl KonpRtonc); Kentucky, 1: Mnrylnrnl, 1; l\I1t~stwhnsctts, 2; 
Miehignn (opcmtorin<'lmJecl nn<lersnnclstoncs and qnnrtzltcs): Missonrl, 2; Montnnn, 1; Ncbmsk11, 1 (2 qnnrrieR); New Hampshire, 1 (3 qnnrrles): North Cnrol!nu, 1; 
Vermont, 1 (2 qun1-ric•); West Virginia, 2; ttnc1 W)·omlug (operator indnrlccl nncler sauclstoncs 1md quartzites). 
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'rAm,g 4.-DETAILED HUMMAHY, BY STATES: HI02-0ontinued. 

Averuge ntnuh(~l' of wngc·enrnprs l 1mpluyl'll <luring rnwh 
mouth: 
~Jen 16 ye1trs and ovcr-

J1tnunr)'. ......................................... . 

r1~~:-~i'1:1 ~:.: ::::::: ::: :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
AJ>l'il ............................................. . 
Mai· .............................................. . 
Jnnc ............................................. . 
.Tnl)' .............................................. . 
August. .......................................... . 
September ...................................... . 
OetOIJCt' .......................................... . 
November ....................................... . 
[)eet1111bcr ......•.••..•....••..•.........•...•••... 

Boy.• tm<ler 16 yca"-
.Tammry ......................................... . 
February ........................................ . 
Mnrclt ........................................... . 

ti~!~:::::::::::::::::::::::::::::::::::::::::::::: 
June ............................................. . 
July ............................................. . 

~~:ft~:\ii)e',::::::::::::::::::::::::::::::::::::::::: 
Oetolll>r .......................................... . 
November ....................................... . 
neet~llll)er ... ..................................... . 

lllisccll11neo11s cxvenscs: 
Total ................................................. . 

Hoi·111ticR 1tIHl rent of mhw 1111ll mining phrnt. .. . 
Hent O[ 01Uces1 tn.xes, inHlll'lllWe, lutCn~Ht, tUHl 

other sumlricR ................................. . 
Co~t or supplies 1md materials ........................... . 
\'ulue of product ......................................... . 
Powt~r: 

1'otnl horsepower ................................. . 
Owncd

IC11gineH
Stcam-

N111nher .............................. . 
HorRepower .......................... . 

Gns or gusolhw-
Nnmher .............................. . 
Horsepower .......................... . 

0tlH'1' powcr-
Numlmr .............................. . 

Renterl-
Horsepower .......................... . 

Olhet· tlrnn cleet!Pl<•-
Horsepowcr .............................. . 

mcctrk motorR owncd-
Number .......................................... . 
Horsepower ...................................... . 

1Tuilecl 
Stntet-;, Arkansas, Cmmeeti· 

ent. l111lhum. New York, Ohio. Penn~yl
vnn1u. 

---- _____ , ___ _ 

·12i 16 11 
l:li rn Ii 
·lifl 211 8 
liOf1 :.!O 21 
tltm 2i 2:.? 
li7:1 '27 Ji 
li7f) 2i li 
71111 27 :1:1 
li\lli ~w 2D 
mHi ~ti 2:l 
n:w Iii 2:! 
fiH2 1G 2:! 

a ............ ············ a 
a 
a 
:l 
a 
il 
a ............ ·-·· ....... . 
:l 
a 
4 

$12,·.llll 
$H, ·121 

$:!3, \JHU 
$HO, :1m1 

$1, l7i, 711 

2, ·IU5 

71 
2,300 

$(i8fl 
$175 

$510 
St.mm 

$'..H, 275 

21 

2 
21 

$2,fl77 
$2,0lll 

$1811 
$l,lll7 

$·12~ 8U5 

HO 

2 
HO 

7 ................. ······· 
88 

lR 
21 
20 
20 
29 
20 
:m 
2U 
20 
20 
20 
2ll 

$800 ............ 
$800 

$1,1Jflrl 
$16, 950 

:n 

·l 
27 

3 ................................... . 
Uri 

Ul 
U7 

101i 
J6[j 
172 
Hi5 
lGG 
10:! 
:192 
1H8 
18:1 
JG.8 

$0, 720 
$1,71'1 

$5,006 
$12,2lH 

$180, 3,Jf> 

275 

8 
20fi 

1211 
ll9 
1~2 
130 
i:is 
lii2 
]fl/) 
171 
1119 
mu 
1fi4 
l'J:l 

$11, 077 
$2:!, 384 

1 $587,28'1 

0·17 

21l 
n:m 

u 
9 
\I 

22 
22 
22 
22 
22 
2~ 
2:1 
23 
2:J 

$108 
$926 

$20, 738 

35 

1 
:m 

20 Ia8 
20 14() 
21 153 
23 lUl 
28 231 
22 239 
19 239 
rn 236 
18 220 
18 220 
10 20<1 
rn 1H3 

$3f> $10, •IH7 
$20:\ $38, 883 

$1li, B3[> c $282, 889 

200 

2 
200 

1.WG 

a.1 
1,087 

G 
K·i 

1 ................................... . 2 
8fi 10 .................................. .. 

12 ............................................... . 12 ................................. . 

l ................................................................................... . 
5 

1 
ll 

1 lnelndcs prod net v1ihwd n.t $•108ilnll8 o!Jl1tinml in qnarrleR 1n·odneing other thun nllmslve matcrinls. 
~Includes product valued at $35, '11 obtained In quarries producing othor than abrasive. mnterlctls. 

3022:-3-0·1-50 



882 MINES AND QUARlUES. 

'rABI.E 5.-DE'rAILED SUMMARY, BY CLASSES: 1\102. 

Number ol mines or qu1trrlce ....................................... . 
Number of opemtm·s ............................................... . 
Chnrnctcr of owm;rship: 

Jndlvlr1unl ..................................................... . 
Firm ..................... : ..................................... . 
Incorporate_ d comJ''lll)" ........................................ .. 

flahtried o!l\eitlle, <!ler rn, etc.: . 
Totnl number .................................................. . 
'l'otttl sal11rie• ................................................... . 

Geuerul oflillors-
Numbcr .......... ; ..................................... . 
Siil1l.l'!es ................................................ . 

Superinte1H'lents1 mu.1mgers 1 forcrnen 1 Jomrveyors, ote.-
Number ............................................... .. 
Salnries ............................................... .. 

Foremen below ground-
Nnmber ........................... : .................... . 
Snlarles ... · ............................................ .. 

Clcrks-
Numbct• ................................................ . 
R1tl11riuH ............................................... .. 

Wnge-enrncrR: 
Aggregntu u.ver11gc numbc1• ..................................... ...... n 

Aggn•gatc wages ............................................... . 
Above grcrnnc1- · 

'l'obtl 1wemge number ................................ .. 
'.l'otal wngcs ............................................ . 

Engineers, 1lrenum, tUHl other ineC!httnfos-
Avcmge number ............................... . 
Wnges .......................................... . 

Minc1·H or quarrymen, and Htonccuttcrs-
Avcmge number ............................... . 
Wnges .......................................... . 

Bnys nndcr rn ymii·.<-
Avemge numher ............................... . 
Wages ......................................... .. 

All othet' wngo~mtrners-
AveritgC number .............................. .. 
W1tges .......................................... . 

Below ground-
Tol1tl n.vurage numbcn· ................................... . 
Tot1tl w1tgeH ............................................ . 

Miner8-
.t\verrigc 11nmller .................................... . 
Wng(is .......................................... . 

Miners' helpers- · 
Avernge nnmber ............................... . 
Wngcs .......................................... . 

Average numh<\r of w11ge-earners at specified d1tlly mtcs or p>ty: 

E~-- . $1.25 to $1.•19 ................................................ . 
$l.fi0 to $1.N ............................................... , • 
$1. 7f1 to $1.99 ................................................ . 
$2.00 to $2.2•1 .................... · ........................... .. 
$2.21> to $2.49 ........ ,, ...................................... . 
$2.li-O to $2. 74 ...... , ......................................... . 
$3.00 to $3.2·1 ................................................. . 
$3,60 to $3. 74 ............................................... .. 

Flremen-
$1.00 to $1.24 ................................................ . 
$1.75(0$1.99 ................................................ . 

?d1tchinist.<, blncksmiths, c11rpcnters, anrl other mcchanlcs-
$0.75 to $0.99 ................................................ . 
$1.liO to $1.74 ................................................ . 
$1.71\ tolll.99 ................................................ . 
$2.00 to $2.2•1 ................................................ . 
82.2/i to $2.49 ................................................ . 

. $<1.00 to $4.24 ................................................ . 
Miners or q nnrrymen, 11nd slonecu ttcrs-

$0.75 to $0,99 ............................................... .. 
$1.00 to $!.24 ..... , .......................................... . 

lUg 1~ :rn ::::::::::::::::::::::::::::::::::::::::::::::: :: 
$1.75 to $1.90 .......................................... : .... .. 
~2.00 to 82.2•J ................................................ , 
$2.21i to $2.49 ................................................. . 

~rn tg :~:~i :::::: :::::: ::::::::::::::::::::::.:::::: ::: : ::::: 
$3.00 to $3.2•1 ................................................ . 

J\Ilners' hclpers-
$1.liO to $1.74 ................................................ . 
lll.76 to $1,99 ............................................... .. 

Boys under 10 years-
l!O. 7/i to l!().99 ................................................ . 
81.2/i to $1,•19 ............................... , ................ . 

All other wnge-eitrners-
l!().75 to $0.99 ................................................ . 
Sl.00 lo $1.2•t .... ; ............................ , .............. . 
$1.25 to $1.•19 ............................................... .. 
81.50 to $1.'74 ............................ : ..... .............. . 
$1.75 to $1.99 ................................................ . 
$2.00 to $2.24 ................................................ . 
$2.50 to 112. 74 ............................................... .. 
$3.00 to $3.24 ............................... ; ................ . 

All11bm
siycH. 

H'.! 
75 

Bnhrstoncs Corurnlum Cr\•stttllhw 
mnf~;;;ne8 . mul emery. ;1t111rtz. 

0 
[\ 

G-u.rnut. 

7 
7 

Grind- Inlusor\~11 
stones nnd en,r~h, trtp-
lml1istoues oh, t~n<l 

· pnmwc. 

9 11 
9 10 

Oilstnnes, 
whetHtone~, 

tlll<! ' 
SC)'thu· 
stones. 

Iii 
10 

B9 2:l 1 1 ll 7 a 3 1 I a r, l.l 2 
i~ .......... ~ ............ i ........... :i. 
7fi 

$18, 008 

rn 
$1:1, JOI 

·1:1 
$:.Ui,r>Ol\ 

1 
$Gilli 

rn 
~8, Hill 

inn 
$2110, UH 

f>Hli 
$280, •110 

7f> 
$•l!l, 772 

ilH7 
$171l, 7\l8 

8 
$912 

1~0 
$.'iH,9:H 

21i 
$11l, •198 

15 
$1ll, 0·18 

10 
$0,850 

7 
$·1,ti82 

1 
iH71 

li 
$·1, 211 

Hll 
$:-l~l,fiH2 

/\ii 
$891fifi2 

·l 
$2,21H 

HO 
$:iii, 7:H 

2 
$5li-I 

u 
~51 mm 

•l 
$2, U50 

'2 
$1, l\!9 

J 
$!i00 

2 
$1, 211 

47 
$:1'2,871 

25 
$18, 271 

G· 
$5, f\2r, 

11 
$fl,MO 

K 
$7.~00 

22 
$1'1,lillO 

12 
$H, 750 

JO 
$f1, H50 

f2 ·.m H {) 
$9, 178 $18,0·12 $•1,0lll $f>, 100 

8 
$li,O:lO 

2 1 4 
$2, 100 ~NHO $1,000 $·1, 050 

2 
$2,000 

ll lH r, 2 
$1,02H $10, 1:12 $'..!,O!lli $1,050 

·I 
$2,1\:lO 

··-·--······ ............ ······-····· ············ ············ ............ ············ ......................... ············ 
2 

$1, 200 

2n 
$18, f1U2 

~m 
$13, fi02 

1 
$GOO 

20 
$12, 392 

$1i00 

·I 
$:1,1100 

llH 
$50, na2 

11H 
~mU,li32 

10 
$·!,\)].! 

tll 
$29,flOf> 

Ii 
$2, ·laO 

2lll 
$U9,f>\)H 

210 
$tm,f)tJ8 

·lH 
$27, llll 

118 
$iil,270 

·1~ 
$17, liHI 

····-······· ··'········· ........... . 

" $111iu 

:m 
$13,liK~ 

8" 
$11, 7};4 

20 
$7,~M 

10 
$:l, ll\l0 

a 
$1,K(lH 

Fm 
$B7,\)77 

Hr> 
$:\7, \177 

·I 
$'2,·12U 

71 
$:11,097 

1 
S37r> 

n 
$-1, om 

................................................. ···--······· 

............. ············ .. · ................................. . 

1 ............ ............ ............ 1 ................................... . 
u I ............ ............... 2 a ~ 1 
1 ............ ............ ............ l ................................... . 

22 ·········--· ............. 1 ············ 20 ............ 1 
3 ............ 2 ............ ............ ............ ............ 1 
2 l 1 ............................................................. . 
1 ........................ '............ ............ 1 ....................... . 
1 ............ l ........................................................... . 

1 ............ ............ ............ 1 ................................... . 
1-1 ............ ............ ............ ............ l<l ....................... . 

.. ........ i. :::::::::::: :::::::::::: ~ .......... i. :::::::::::: :::::::::::: 

............ ............ ............ 1 ti ....................... . 
1........................ 2 a............ 1 

............ 1 ........................................................... . 

............ 1 ........................................................... . 

Ju ........... ( :::::::::::: :::::::::::: ......... ~~ ........... Ii .......... 1.r 11 

l~~ I 1~ ....... :·1 ......... 2r ~g ~:111- ......... is'. .......... .'~8·4.··,· 
35 5 • .. . • • ... ..• 1 20 

·I ............ ............ ............ ............ 3 ........... 1 
7 ............ ............ ............ ............ 0 ............ 1 
1 1 ....................................................... · ................ . 8............ 7.................................... 1 ........... . 
Ii ........... . 
5 

5 ........................................................... . 
ri ............................................. , ............. . 

2 ............ ............ ............ ............ 2 ...................... .. 
1 .. ......... ............ ............ ............ ............ ............ 1 

6 ....... ;.... ............ ............ 6 ................................... . 
14 :........... ............ 2 ............ 2 10· ........... . 
l6 2........................ 1 13 ....................... . 
~~ ............................................. 20· 21 ............ r 
20 ............ ............ ............ .. ..................... . 

g :::::::::::: .......... f :::::::::::: :::::::::~~: :::::::::::: :::::::::::: :::::::::::: 



ABHASIV E .MA'l'E lUALS. 

T.HlLE 5.-DETAILED SUMMARY, BY CLASSES: Hl02-Continned. 

A ,·erngc number of wnge-enr1wrHenq1loye1l <luringt1nt•h 11w11tll: 
1len Hi ~·et\l's n.nd n\'er-

J1rn111uy .................................................... . 
FebrUILl'Y .................................................. .. 
Miirch ..... , ................................................ . 
April ...................................................... .. 
Mn.y ....................................................... .. 
Ju11e ....................................................... .. 
,July ........................................................ . 
August ..................................................... . 

37!lb~:~r~~'.:: :::::: :::::::: ::: : ::::::::::::::::: ::: : : ::: :::::: 
Noven11Jcr .................................................. . 
J)~CClllhL'l' ...... ...................•.... , , ................ , . , 

Boys unrlur Ill )'CHrH-
,Jnnua1·y .................................................... . 
February ................................................... . 
Mnroh ..................................................... .. 

~[~~).:::::::::::::·::::::::::::::::::::::::::::::::::::::::::: 
June ...................................................... .. 
July ..................................... · ................. .. 
August ............................. '. ....................... . 

~i~l~g~l~~'.::::::::::::::: :::::::: :: :::::: :: : : : : : : ::: ::: ::: ::: 
November ................................................. .. 
Dec!mnber ......... : .. ...................................... . 

Miscellaneous cxpmrnes: 
TOtltl ........................................................... . 

Roynltles n.ncl rent of mhw 1uHl mining ph111t ••••........... 
Hent of oflieeH1 tnxuK, ln!-lnrnnee, intcreHt, n.n1l otht~r~mulriP:-i. 

Cost of sup piles 111Hl mnterJ1tls ..................................... .. 
V11lue of product .................................................. .. 
PoW('lor: 

'fotnl hmsepower ............................................... . 
ownecl-

J~ngiucH-
Stcnm-

Nnmbcr ........................................ . 
HorHepOWl'r ................................... .. 

Gns or gnHolinc- . 
Number ....................................... .. 
Horsepower ................................... .. 

Other power-

All nhrn· 
siws. 

•127 
-1:!7 
·17fl 
tiOfi 
lili9 
1i7a 
070 
700 
mm 
m10 
1i3U 
fJ\12 

BuhrHtimeHI Coru111lll:l!CryHtltlliue 
mn\~l~ncHf 11111 emery. 1111m·lr.. 

·l--1 
I 

H' 
ili 
H7 
!12 
!JH 
H7 
~6 
H:I 
Hfl 
Ill 

~~ i 

:Hi 
37 
a5 
:18 
·17 
50 
fi!J 
fil 
f>!l 
r1r1 
·12 
·HI 

17 
17 
17 
27 
~8 
28 
28 
·J.l 
·IO 
3·1 
:w 
3·1 

62 
ti2 
118 

rn7 
H3 
i:m 
rnri 
Jill\ 
Hfi 
138 
J.10. 
JHl 

a ............................................... . 
:1 
a 
:l 
a 
a 
:i 
:l 
·l 

$·1~,.110 
$H, ·ml 

s:m,OHU 
$HO, 80ll 

$1, 177, 711 

~, .rnr1 

71 
2, HOO 

:::::::::::::::::::::::::::::::::::r:::::::::: 
············ ············ ....................... . 

$1,m1 
$1i:lli 
WRJ.t 

~1, HOU 
1 ~11'),~(18 

~f} 

$2, 77U 
$1,0111 
$1,!188 

$2li,ll-I 
$llJ.l,tl05 

110 

2 
ao 

$11 ~lfi() 
$1.~20 

$12fl 
$ll50 

i4:l, 0~5 

211 

1 
20 

:fH,Hfi~ 
$1,:J.ll 
$3, llll 

$10,nH 
$l:l2,H20 

<!BO 

7 
·120 

7 .......... .. a ....................... . 
AA HO 

uu 
lfi:J 
lGfi 
193 
212 
231 
228 
24!1 
2-13 
!.M8 
218 
207 

$2•1, •Jail 
$2,00il 

$22,4ll0 
$al, B•JU 

~ffllli7.-131 

1, 2.17 

·11 
t,~:m 

2U 
2U 
29 
Bl 
BR 
:J8 
80 
an 
37 
39 
39 
39 

::::::::::::1 
::::::::::::i 

$2,2tl:l I 
$1,0fi() 
$1,21B 
$2, 297 

a$r,r1, m14 

·110 

7 
·IHI 

883 

(l(I 
ti3 
7'l 
87 
im~ 

U8 
10•1 
102 
87 
Ul 
71 
li8 

1 
l 
l 
1 
l 
1 
1 
l 
l 
1 
2: 

ff•ll!-~¥~: 
$·1,071!. 
$7,f>fi2 

•smi, um1 

rn:i 

•I 
8 

Number ........................................... .. 2 ...... ······ ........... . 1 .................................. .. 
Rmited~orsepowcr .......................................... I 

Other thnn electrl!!-
Horsepower ........................................ .. 

Elcctrie motors owncll-
Number ................................................... .. 
Horsepower ............................................... .. 

• Inclucle8 $1,-121\ qnnrrlcd with grnnite. 
'Includes $403,066 qunrrlccl with ~nndetoue. 

l"r1 •...•.•••••••••••.•••••• JO 

a Inchulcs $1.-lilll mlneil with trilc nnd so11pstone. 
l Jnclnclcs ti38,612,quurr!ccl wlth Bumlstonc.-

" 

; ,· 
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1. 

BORAX. 

By .Tosm•n Snmnrnns, Ph. D. 

The first connnerchtl prodnction of horax in the 
United St11tm; wns in 18H4, when 12 short tons were 
mined in California. Since that ym1r the production 
hn.s flnctu11tecl from nothing in rnml, 1870, m1cl 1871, to 
10,142 :,;hort tons in Hl02. llp to the prmicnt investi
gtttion ·lJomx has never heen :-;opamtely troittPcl in the 
cPnsul'l of mineH 11nd miuing. Table 1 is n :-;nmmary of 
the Htatistics for l!l02. 

T,\ BL!~ l.-S111111J1HI'!/.' /!Ill;!, 

Nnmber of mines or qnnrrlus •.•..•••.••••••••.•....••..•••..•••.•..•.• 
Xmnber of opcrntors •••••••.••..............•...••.....•••••....•••••• 
8nln.r1ed offl<~lnl~. e1erlrn, tJt'(~.: 

N11ml>e1·.......................... ................................ H 
SnlltricR ••••••••••••.••••..•••.•......••.....•• : . • . • . • . • • . . . • • • • • • • $18, 128 

"'nge-enrncr.s: 
J\ vcrngo 11n1111Jcr •..•...•....•....••........••....•.•..•...•..•.... 
W11ges •.••...•••.....•.••.•••.........••••.••••••••••••••••.••••••• 

lfif:collnncou:!1 l\x.11e11Hl!s~ ••••••••••••••••••••••••••••••••••••• ••••••••• 
CoHt nf 8llppHeH !Lilli m11terl1tl8 .•...........••••.••....••••.•....••.•.. 
J>roihwt: 1 

s111rntltv, HhOl't !Oils ...................... ,....................... lU, 1·12 
\ nluo. : ••••••••••••••••••••.•••••••••••••••••••••••••••••••••.•••• $2, :JH:l, OJ.I 

• 'rliu Unilccl HlnleH GL1ologi<'nl Htu•vt.~v J'(~portH 20,00·l Hhot'L torn,, vnlnc1l nt 
S2,fl88,fi14, whieh i1wl11de8 Hli2 Hhort \mlH of ]IO!'le 1w!<l, l'llhW<l ltt $1fi5,(llJ0, 
!rhis aeid, r(~p1·esentlng n 1nnnufnetnro, ls not repurtcrl hy tht~ CensuH, 

There wore only 0 productive 1ni11es or <lUltrrieH in 
1!102, and thei-;e were not widely 1mpamted geograph
ically, Four were in Citli:forn iii, and 1 each in Nevada 
1wd Oregon. Each company opomtecl 11 Hingle mine 
only. An avemge of a.bout 25 wago-earncrs for oach 
mine iK Rhown. For the induBtry m; a whole lL total 
1werngL1 for t.he yenr of only lli7 salaried employet'H 
1tnd wage-carnen; iH reported. Com1mrcd with tho 
amount paid in wnges and HtdttrioK and for misl'dlimeouH 
expenseK, the cost; o:f Knpplil's and nmtmfals ttppettl'H 
1m·gu. 

Six mineH•Wero idle in 1\10~--3 in Cnlifomia, 2 in 
Ncn1da·, ancl 1 in 0Tegon--·nnd 11t l mine in California 
rfovelopment work wns carried on. 

Capital stod: <if /ncm'})(;·r1tte1l e0111:Jm1it'.e8.-F'.,very 
[tcti ve eompm1y reported wiui org·auizecl HH 11. corpomtimr. 
Their c11pit11liz11tion nppcarH in Table 2. 

Ntunbcr of itwoq1oraletl rnimpn11im1 •......••••••••.....••......••. ••. 
C11Jlit11l Hlnck: 

'rot11l 1iuthmlzcrl- . 
N111nhur of Rllltl'l'H .....• ..............•••...•••.......•...•..• 
P1tr value .................................................... . 

'l'ot1tl iHHltC<l-
Nutn hcr CJ[ shn.rt~B .. ........................................... . 
P11r vnluo ....................•.....•.........•....•.••...••... 
Dlvl<lcn<lH pnl!l .•......•.....•.•..• ,, .•••••.•. , ••.•...•....••. 

Common
Authorizuil-

Nu1nhcr of Hlutrl's ............................... . 
11nrynlnc ................. ......................... . 

IsHuc<l- . 
Number of Hhn.r"s ••••••••••••••••••••.•....•...•• 
I1n.rvnlul1 •• .......................................... 

DlvidouclH ]In.I<! ..••....•...•••••.•••••.••••••••••• 
Prefol'l'(!<l

Authm•iic1l-
Nmnllllr of i-;hnl'l!H ••.••••.•••••••••.••.••••••••••• 
11nrvnlno .............................. : ......... . 

THR!1Cll-
Nmnl1er of Hlrnrt•H •.•...•..••••..••••..•.•..•••.•• 
l 1nr vnltll~ .. ....................................... . 

Hll'' •>r')lJ 
$a,o2ii;iiiw 

$~tn. nuu 

2nu,om1 
$200,(l()(J 

250,0tlll 
$250,0(IU 

These compnniei;, as a rule, reline thti crruln borax, 
mid it must be i·cmernbored tlu1t tho mtpitalization 
shown inclnclos that utilized for tho equipment and 
nmintenancc of the relining phmts. Helining, howovm-, 
iH too cloHely related to mining to allow of HlttiKfnctory 
HCg'l'Cg'fttion. 

The par value of the tot!tl amonnt of cnpitnl :-itock. 
authorized for these cmnpanies WltH $H,l71l,UOO, repro-
8onting 82B, 750 :,;]mrec; of both common and prefc~rred 
stoek. SlmreH to tho nurnher of 8~:2,~50, wit.Ji n pa1· 
value of $3,020,000, were is:;ned. Qf thCH() fi72,2:'i0. 
c;bnres were oJ' common stock with a par yitlue of 
$2, 775,000, ttnd 250,000 shareH were of pl'Pforred stock 

·with n pttl' value of $250,000. All the p,i•eforrod Ktock 
anthor.izecl wttH iHtmecl, 11s was all hut; .l,500 Hhnre1:1 of' 
the common stoek. Thero >vas paid $2ill,HOO in divi
dends on the common st.ock: iKsned. This iH equivalent 
to 8.35 por cent on its ptir valne. No dividend wn.t:i 
pn.icl upon the preferred :,;tock. Thern waH no 'bonded 
indebtedness. 

Employees adu.l1oa11e8.-Tbe avemge number of wage~ 
mtrners ep1ployed during . each month of 1D02, and the 
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dnily rntes of ptty, nre shown in Table 6. 'The impor
tam~e of this industry is not to be judged by the numbc."r 
of men to whom it giwe employment, only 1'74 at the 
maximum, during the cool months of the year. In 
Hnmmer, from ,J nne until September, the heat in the 
southeastern counties of California does not permit 
active operations, which as a consequence ttre reduced 
to !1 minimum. On the coming of cooler wm1ther, how
ever, opemtionl-! ~tre at once resumed, as nppears from 
the number of men reported employed in September 
and October. 

Here relatively high rn,tes of pay are shown. Fifty 
per cent of the engineers received from $8.25 to $3AH 
per diem; 3 ol' the G mechanics got n.bove $3.50 per 
diem. Over '71 per eent of those classed its miners 
or quarrymen Teceivecl from $2.50 to $3.2± i)er diem. 
All of the miners' helpers received from $2.50 to $2. '74. 
Of ''all other wage-et\.r1Hn·1:1" none waH paid less tlrnn 
$1.50 per diem, n.nd more than two-thirds, or ()7.4 per 
cent, received from $2 to $3.2±. 

1lfi.Jc11anfo11{ puwer.--Mechanical power to the amount; 
of 338 hor~mpower wn,8 reported. Two hundred and 
live horsepower were :furnished by o stemn engines, 
123 hol'sepower by 11 gas or g·asoline engines, an<l 10 
horsepower by 1 w1tter wheel. There was fthlo l elec
tric motor of 1 horsepower. 

I'l'Ocl1tation.-Tahle 3 :.;hows the 1mmml production of 
bomx in Califoruhi from 18RH to 1D02, fLS repol'tecl by 
the United States Geological Survey. 

TABT.Jl B.-l'l'Orl1wlion r{f' /,,mu; in California: 188!1tu1!10'.!. 

[Unite<l 8tn.teH Uoologicttl Snrvl~y1 '' Minernl H.L'Hnurcus nf Uw TTnill'cl Rtn .. tes, 1
' 

1902.] 

!8oU ................................................... . 
IHUO .................................................. .. 
lS\11 .................................................. .. 
1892 ................................................... . 
!SUS ................................................... . 
li\V-1. ................................................. .. 
18% ................................................... . 
18Utl ................................................... . 
18\17 .................................................. .. 
1H\IH ................................................... . 
18\19 ................................................. .. 
l\1(1(1 .................................................. .. 
1\)()1 ................................................... .. 
rno21 .................................................. . 

Qnnntlty 
(shnrt to11"). Vnht<'. 

~W1,•17M 
·180, 1r,·2 
(l.I(), 000 
MlS, 7H7 
nos, 202 
K07, ~07 
f>OI\, UOll 
Ci7fi, 400 

1, 080, 000 
.!, 1fi3, llllll 
1, 13!l,fi82 
11 OU~, 2fll 
1, lll2, llH 
2,m-\R1 f11•! 

I Ineln<1l'H HtnullqU1tutitfoi-; ttn<l Vttlnu or ~1111rn, JUinml in Oregon (l,llrl Nl~Ytuln. 
1.'o i:-;cpitrn.te wonlrl revettl the 011erationA of ainglc opertLtors. 

Since 18G4, when the :first production was reported, 
15l!,35J short tons of borax have been produced in C11li
fomitt. 'l'hiH is practically the production :for the whok 
Unit,ecl States. Prior to 1890 the number o:f short tons 
produced annually had paHsecl the thousand mark only 
in 18'75, 187G, 1884, 1886, 1887, itnd 1888. In 1889 the 
productioi1 ::;ank slightly below this mark, only to rise 
with a bound in 1800 to 3,201 tons, the greatest up to 
that time. From then until 1900, with the exception of 
18D3 when there was a tempomry setback, it gradually 
increased to 25,83'7 tons. In 1901 a production, of 23,231 
tons wtts reported, and h1 1002, 19,142 tons, exclusive 

of the 8()2 tom; of boric acid reported by the Geologieal 
Survey. The clecrmtsc in ontpnt :for these yeitrs is 
apparent only, for it must he borne in mind tlrnt the 
figures of production are for both crude and reiinecl, 
and that; the proportions of each nrny vary gre-atly ench 
ymtr. 'l'he tendency of ln,tri yeitrs has bem1 (",o do a:-:1 
much refining or concentrating a:-:1 is pos::;ible itt the 
place of prodnction. Thus in lll02, while 43,010 short 
tons of crude ore we.re mined, '.l:0,·.1:10 tons of this 
received some treatment itt the mines, nmking 16,54:2 
tons of refined product, which, with the remaining 
2,600 tons of crncle, comprise the Hl,H2 tom; reported. 

Table 4 gives the production of borax and boron 
compoumh1 in the principal producing countries of the 
world from 18lHl to lDOl, inclusfre, a:-:1 reported hy the 
U nitcd States Geologicr1.l Survey. 

'.l'Am,1" 4.-TJw prruluction 1{/' lul1'Ci:I', l1om1e.•, f!t1.!,, in the J>l'incip((l 
c01mtri1!S qf llw world: .18FH1 lo 1[101. 1 

[United StnteH OeologicnJ Hnrvey, 11 Minor1tl HoHmn\~oH of tlw United ~tntc~, 11 

Hl02.) 

[Mctrk tonH.] 

Unit<!<l <'llil<• Ct•rm11m· Ittily l'er11 'l'nrkt\" Stn.ti..iH 
1 

J , , Indio. r · . ~ (horio " 
(rnilelnm (cn,,lci'.m~ (bornx)." (}10!11- lll'i<l (cnlelnm (pn11<1ct·· 
llorate). llouttc). cite). i•rn<1t!). horntll).' mitu),2,a 

Yl':All. 

··------·--~ -~--·--··--- -··---·-- --- --·-------"'"' 

lH\lll ....... 12, BHI 7.·l8ll l\.111 lH·l 2, lilll 1, 1i\) l!!, L)20 
1H07 ....... 17,0llO B,lUH :!HO 1U8 i,71H l'l,Xf>O 11, :m, 
1HUR ....... rn, 011 7,0:H 18'1 2:m ~' OllO 7, 17H (•l) 

181111 ....... 1 21,H:H 1·1, tlfll ~rm lH:I 2, 07'1 7, ll:JR ('') 
HlllU., ..... 2:l, (ifiti Ia, 177 22·1 ~i\2 2, ·lOl 7, OHO r') 
11101. ...... 

1 

Hi, 227 11,fi.l7 1112 lH·I 2,fif)H ('•) ·I) 

1 Ji'rOin Oillllittl tPilOl'tH of the ruHpe1•,tlye t•,om1trlrn-1 1 l\XCt•.pL tht~ UnHL•d Htn.tt~H. 
fl .rnxporlH. 
a Fhmnl ycnrt-i. 
·I Tot1il mq1ol'!H, 1897to1901, 11monnto1l to ·i:l,Hiil tmtN, \'1l.l1Wtl 1tt :£7811,:llH. 
'' SttttiHtkH not )"<>t 111·1iil111llt•. 

The control of the bomx industry in the world iH 
now practically in the handA of the Bomx Consoliclntml 
(Limited), nn i11torrrntimml tmtlo combination which was 
formed i.11 18ll8 wi.th 11 capittil stock of :81,400,000 to 
auqnire all the important hor11x-prochwi11g propertiPs 
in tho world. ThiA concel'n owns or 'contro li:i lmmx 
buds 1111d rofinerie::; in thn Un itod Stiitm-:, England, 
France, Chile, Pern, and Turkey. 

The :future of the bomx i.ndnHtl',Y i ndiuates ttn incrnai,H~d 
demand for borax and boric 1wid, 111:1 well 11H ftll inernitsc 
in the munber o:f indnstrfal pnrposeH to which tlwse n.nd 
!;heir compounds r1re applicitbln. At the preHcnt time 
tho vn,rious inchrntries in which boron compounds n.re 
nsecl include t:.he mann:facture ol' em·then, chimt, ltnd 
gfosH wn,re, enameled ironwitre, smolt.ing·, fatnning, rntlico 
printing, cement making, color nrnnufactnre, bleaching, 
son,pmaking, and meat packing. Boron compounds are 
1111:10 used i.n lttundries and for mttny houSl\hold, toilet, 
lLlld surgical purposes. 

There has been considerable discussion as to the u:;e 
of boric ncid as a preservative for :food, itnd the prc
ponclemnce of the evidence seems to be in :fa1ror of it:,; 
elnployment in >:mall qtmntities as an entirely harmless 
preservative, but only tt smnll proportion of the total 
supply in the world is utilized for this purpose. 
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In order to provide clitta ·from which nmy be mlcn
lnted an estimate of the consnmption of homx itnd boron 
sn.lts in the United Stntes, Table 5, showing the im
ports, hm; heen preparnd by the United Stntes Geolog
ienl Survey from the rnports of the United States 
Treasury bqmrtniont. 

T.ABLB 5.-lniport8 of bo1•<1;u nnil bumt<'H i11t11 t1w U11:ite<l State.~: .l88!1 
to 111112. 

[United St11teH Geologien.1 8urvoy, "Milwrnl H.eHonr1!eH of tho Unitrnl Htntrn.:.," 
1Ull2.] 

-·----· ---- .... - -· -
·~---~---~--~------·--·---

YE.Alt. 

llOltAX. 

<iu11utlty I Value 
(poun<lH). · 

}~~::-::::::: ~-~~-::::::f~~~:~~: 
1801.---· .••• ------------ ------·---
1802-. -· ................. -• ·-. -• -- • 
1803......... 11,2:10 $1,H27 
18\H...... .. . 1, R12 22f, 
180t> .. - • - .• _ _ G12, 7:10 26,.l2U 
18911......... ll,371i 79G 
1so1..... • • • • rn, os1 i, 128 
18\IB......... 10,282 Oli2 
1R9lJ......... f>1 1 22l a,008 
1000. -• • .. .. • 273, 706 O, \l:l7 
1001......... Mfi,Mfi 20,MH 
1002. - • • • . . • • !i84, fiB7 20, 79fi 

llOllA'fJ~N, <~AJ,CIUM, 

ANl> SODIUI't( 
(GllUilJo: ANll Im-
1" JN IOI SOIHUM 
no1t.A'm). 

Q,1111ntlty 
(Jltl111Hl"), 

V11hrn, 

--·---------· ---
Nil. Nil. 
21),(108 $800 

·ll<l, lfll 17,fl81 
·10 0 

Mil, 907 13, 65U 
Hl,IXHi 11,.127 

·1,23•1, 2til 10ii,il0·1 
·1, H07, 100 10·1, Uf1] r,, 20,1, 612 70, 268 
11, 28f>, 8ii6 92, 108 

jJ2, 1(i5 21 U7H 
08,2iH . 4, :mo 

JOH, 700 !l,411 
186, 807 12, 002 

BO!l!C AC!ll, 

---~~----~---·- -··-·- -
Q,u1111tlty 
(poun<lH). Vn.lne. 

·----~-------
l\76, 786 $36, 814 
867, 802 4il, 967 
(i(i6, 7flfi •11, 019 
701,(j2fi so, •118 
771, 775 ·lll, 568 
2\18, 000 19, 282 
U2fi, l!IB ·12i01l0 
5fl5 1 71iU 21, 800 

············ .......... ............ --··2a:rir.i1 fi82 002 
.in:m 17,.1311 
72fi,00fi 
1-i22, 007 

26,H20 
30,.18\1 

A detniled snnrnmry Hhowing the 8tatistics :for bomx 
during 1.902 i:-:1 given in Tiil>lc fl. 

DESCRIPTIVE. 

]I/.'!to!'iu1t!.-'l'he occnrroncc of' homx in the United 
States wa8 discovorccl in Californiti hy Dr. John A. 
Ven.tell, .Tammry H, l81Hi. Ifoviug· boiled IL smitll 
ri.nantity of witter from Lick Spring (then known as 
Trnwrm Spring), Doctor Veatch notfoecl tlrnt, as the 
witter cooled, cry:;tali1 formed and ndlrnrcd to the sides 
of tho ycssel. 'l'hese crystn.ls provocl latcr to ho Hodium 
hibomte, or born,x. Shortly nfterw11rds Doetor Veatch 
found small <1rnmtities of l>ortLX at the month of the 
Pitt river, in ShnHtiL county, and tracoH of this stilt 
in numtwoni:; springs in the Coast .R1wge mountmns; 
bnt it wa8 not until September, 185G, that . he dis
covered the extensive umrsh deposits on the m1stern 
side of Clear Lake, in L11ke county, which subse
quently fumishod a li1rge Hhare of the borax produced 
in the United States. 

'fhe year 18G± witnessed tho beginning of the borax 
industry in this country. In tlrnt year 12 short tons 
(24,304 pounds) of hornx were ohfainecl by evaporating 
the saline waters from Bomx Lake, adjacent to and 
oonnected with Clmir Lake, in Lake county, 80 miles 
north of San Francisco. Ln.ter t.he waters of the Jake 
were enriched by the !tddition of crystalline hor~x col
lected :from the alkaline marshes surrounding the Jake. 

Until the early seventies, 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 discovm·y of large quantities of pme borax in mu.uy 
of the allrnline 1rnirshes in <iastern California and west
ern Neviida, rnwsod the abandcmment of the lake refin
eries m1d the erection of now plants, notably near 
Columbu8, Nev.; at Searles m11rsh in the Amargosa 
valley; !Lnd at the month of Furnace creek in Death 
Viilley, California. Despite the difficulty and great 
cost of t.r1111sporting the relinod product by teams 100 
miles to tho milroad, tho refineries continued in suc
cessful opemtion for several years, until the relatively 
larg'(J increase in the domestic output, tog·ether with the 
increased imports :from Ita.ly, so reduced the price that 
the working of the 1rnirsh deposits became no longer 
profitable and the refineries were closed clown. About 
the yeiir 18HO it was found that the homx crust on many 
of tho marshes had been formed by the leachings of 
beds of calcium borate (borate of lime) in the Tertiary 
lake sediments in that region. Owing to the large 
extent of these beclclecl deposits, which possessed n.lso 
the double advantiige of containing 11 purer gmde of 
mineml rmd of being more misily itccessible than the 
marsh deposits, the borax industry as it existed at tluit 
time was revolutionized. A mine was started 011 a 
bedded deposit of from G to 10 feet in thickness nt 
Borate, 12 miles northenst of D11ggett, Cal., in San 
Bernardino county, and a relining plant wns erected by 
the Pitcitic Coast Bomx Con!J>any. '!'his company was 
orgnnized in 1888, and at the present time is the ehief 
producer of bomx in the United States, ns well as the 
producer of tt htrge part of the output of boric itcid. 
The ore nt Bomte consists of colcnmnite (n calcium 
bornte mineml) in hirgo musses more or le8s connected 
hy stringerH and bands in n bedded' deposit of from 5 
to 80 feet in thickne;is, intcrstratiJiod in hike sediments. 
Tho grcnt value o:P this deposit led to extensive pros
pecting in other pnrts of the sfato, which lms resulted 
in the discovery in Death Valley of (mormous <1rnmti· 
ties o:f cokmn.nito reported to exceed gren.tly in value 
the deposit at Borate. Both nt Bomte and in Denth 
Vttlley the deposit:; ttro of similar occurrence, being 
contained in a regular strnt.um intcrhodclecl with som i
inclnmted sandH and cln,ys which comprise tho bulk of 
the strata. These beds n.re regarded as of Tertiary 
age, and 1no ~mpposed to lmvo been deposited from 
inclosod bodies of water. L!Lrge plants for the concen
tr11tion and refining o:f the crude ore lmve he.en erected 
in Citlifornia: At Alameda, near San Francisco (inop
erative during 1H02), at Mnrion, and at Daggett. The 
fargest homx refinery in tho United States, however, 
is at Bayonne, Now Jersey. 

.Rev1:ew of tlw bomm lndu,st1'y dm·ln[/ 1.902. --There 
were 4 companies eng11god in the borax industry in 
Cali:fomia during 1002-tho Pacific Coast Borax Com
pany, the American Borax Company, the Western 
Borax Works, and the Frn.zier Borate Mining Company. 
The Paeific Coast Borax Company, continued to supply 
a sufficient qua,ntity of borax to satisfy the requirements 
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of the market; and apart from its operations at Borate, 
prospecting work for other colmuanite deposits hns been 
cttrried on in Death Valley and much !Ldditioiml property 
lml:l been acqnfred. Tim deposits in Anrnrgosn Valley 
were carefully examined and l!Lrge sample lots of ore 
wero transported by tmction engines t.o Manville, 100 
milei':! distant, m1c1 thence hy rnil to the refinery for 
testing the quality, in order to determine. Urn Yalue of 
the property. The large borax refinery at Bayonne, 
N .• T., was destroyed b~r fire in April, rno2, but has 
since been enthe1y rebuilt. 

The American Bom:x Conipauy, hi under the control 
of the Sta,nclarcl Sanitary Compttn:y, of Pittsburg, Ptt. 
The plant of this concern at Dnggett has been grmLtly 
extended hy the rtddition of two 20,000-gallon tanks or 
digesters for the treatment of the crude material from 
the ndjaceut n~ucl deposits by the sulphuric ncicl process, 
which is referred to in detail later in this report. The 
enlargement of this plant has grcntly inerensed the out
put of Imrie acid ('Om·.entrntes, ttnd the results lmve 
been so satisfactory that a further extension of the 
phmt !Lt Daggett is contempfated. A new refinery is in 
course of erection a,t Pittsburg, to whieh will be 
1:>hipped the· concentrates from Daggett for tho final 
refining. 

The mines of tlrn \Vestel'll Borax \V orks are locat<'d 
in Inyo county, and those of' the Frnzicr Bomte Mining 
Comp1111y in San Bcr1utrdino county. . · 

Apart from the output of the abovc-mutwd concerni,;, 
lt :-mrn1l quantity of borax lms been obtained from the 
marsh deposits in Cttlifomin ttncl Nevndii, hut the total 
amount produced from thN;o i':!Cttttered sonrces !ms hmm 
of so little comparative import!mee tlrnt thn ho1·ax mar
ket wrudn no wrty 11Jl'ected. During the par-;t few years 
Ore.g·on has contributed .to the domestic :mpply it :mrnll 
quantity of borax from the nuush deposits in Harney 
county. The output has 1wemgecl ahont 400 tonl:l 
annnally except ill HJ02, wheu 120 tons wnrc reported, 
as the mining opemtions had gin3n wa,y gTeatly to 
development work. The cltief bom:x prodnccr in this 
state i1:1 the Rose Valley Bomx Comptiny, controlling 
2,000 acres of rich marsh liuid 1rntLr Lu,ke Alvord in the 
southeastern ixirt of Iforncy county. Tho totn.J arm1 
of the deposit, whid1 is south of tho 111k:e, aggTegntcs 
approxinuttely 10,000 tLCl'('H. The ground is lnvel itml 
treeless, and is incru:,;tocl with it hyer seveml inehes 
thick containing in ttdclition to sCHlinm ho1:ate nmnerous 
other salts of sodium. During· the long sunm10r 
months the loose surface deposit is 1:>h0Yeled into small 
hettpH, lLllcl is HU IJsequently replaced With a SOCOnd inel'llS
tfltion within tt eompiwatively short- period of time. 
The stock o:f crude n11iteri11l collected clnring the sum
mer is snfficient to enable the refinery to continne in 
operation throughout the entire year. The crncle min
eml, containing from 5 to 20 per cent of boric acid in 
combiimtion with a sodium base, js shoveled into tanks 
containing boiling water to which ir,; added n propel' . . 

quantity of ehlorine gas or snlphnrie acid to decompose 
the alkali sulti> nud thus lib01·itb\ the boric acid. After 
it treatment of twenty-four hours iu the tank the <•.lmr 
snprrnatant liquor is withdrnwn to the nl')'stn,llb:ing· 
viits and itllowed to cool, whieh c1mi,;o:,; tho boric :u:id to 
sepamte in the form of erystalH, lerwing it mother 
liquor, which is nsecl rnpeateclly until it conbtins snfli
cient sodinm stilts to wiurnnt, it Hepiirnte treatment. 

01.·c1t1'1'1J111'1'. -The prindyml minemls contnfoing boron 
:u·e as follow:,;: 811:,;solite, horie acid (IIaHOa); borax . 
"(tiueal), sodimu bihorittn (N1i2H/\.UlH,P): nlrxite 
(bm·mmtrocalcite) (OtN1tl\(\.8H20); colenmnitn (im
pnro v1irietfo:o, priecitn nncl pttmlermitn), rnkimn hornte 
(0121\011 • uH/>); i1nd horncite (stassf'urtite), rnng·nei,d.nm 
bornte (2MKl~HC\r.. l\ifgCl2). Boron iH ttlso a constit
uent crf Slwm·al common Hilicate minemls, uot!tl>ly 
tournml:ino and cl11to1ite. Bomx, sodium hiliomto 
(Na2B/)1.l0l-I20), iH t.lrn only important salt clel'iwd 
from lJOric aeid. Jt, occnri'.4 ll!ttivn in Cnlifomiii, Cnylon, 
mid Tltihet, and from tho b:,;i:-rntml'd pltwo it is olitaiiwtl 
in the form of tincal, ltll impme crystiLilized liorax con
faining calcium and nmg·nesium snlplmtl\s and t•hloridt•s 
nrnl u, grea:-iy snbstnncP w hieh ii,; added pr('s1mmlily to 
protect tho cryl':!tfds :l'rorn eflioresconen all(l hn•ttlmge. 
The tincml ii':! puritied hy dissolYing· in warm wittor and 
adding limmvatPr mid <'alcim11 cb loriclo in order to pre
d])itato the grea~m ns !t limo srn1p. .A.Her tilteeing, t;lrn 
pnre erystiLls of horie aeicl ttl'() olihdnecl hy Pvapomtfog 
tlw solution. 

J>hys/i•rt! mul i!lii'.111 /o({l dw1'ltctm·iNtle8.-Soyeral forms 
of homx ttl'e used in industrial, medieinal, 1111<1 lithom
tory processet-J-t,he priiwipal one being· prismatic sodium 
hort1te (borax, NtL2B/)7.10H20). '!'here is IL second 
vnriet.y en.llccl "octahcclml homx'' which contnius fivo 
mokm1les of water of erystallization (N1i2B10 1 .f>H20), 
forming ol't11hedml crystals. Tlw latter vitriet.y, uuliko 
prhmrntic homx, becomes oymquc npon <1xposuro to 
moist 11ir nnd i:-; eonvc>rted by Lim absorption of witter 
into tho pl'ismatic :form. 

A propnrty o:f: molten liornx o'f gnmt utilit~' in amt
lytirnLl rDsearch is thn.t of disNol dug various metallic 
oxides, thereby forming: t.ransparm1t ghti':!SPS of clutrtw
terist.ic colors. By m1tki11g 1t borax bead on a loop of 
phttinnm wirt~ helcl in it hlowpip(\ tlnmo, and diHRoldng 
therein tho snh1>taneo under examination, tlH\ pn•i,;e11m1 
o:f uortain metals is m1sily cli::1tingui:-;lrncl. 

Bora.x is also of great v11ine in nssayi11g gold ttllcl :-;il
ym· ores, being nsecl to cfoisoln1 nucl rmnovo tlw hmm 
mefals from the met1illie load but.ton e<l1ltaining the gold 
mHl silver n:f the Kltmple o:f Ol'(\ tPstml. This propt'l't,Y 
0£ disRolving oxides is utilized 1tlso in soldering nnd 
brazing metal:-J thu.t !U'(\ oxidizable by hoat; tlH' molten 
borax absorbing 11ny oxides :formed w bo::;e presem•e 
m1.:clmnimlly would prevent tho close adhesion of the 
metnls so 11ecessi1ry for tt proper weld or soldered j oiut. 

Among other importnnt nses ftl'e its 11 constituent of 
HLraRs or paste for nmking glass and enamels; as n glaze 
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for fine earthe11w11re; in combi1mtion with shclhw as n 

varnish for stiffening folt hats; with ca1oiein 11s a substi
tt;te :for gum arabic, and (on 1tceou11t of its antiseptic 
qualities) m; a honschold soap;, a:,; an ingredient of 
various cosmetics; ancl as a solution for cleansing the 
hnir. 

Brwi'.e cwid (H3B03) (old name boracic acid): In Tns- · 
cnuy the vapors esm1ping from the hot springs and from 
openings in the ground (funmroler;) co11t11in boric acid, 
und in some place:,1 this ,.,;ubstance is obtained as cry;.;tab 
by the ev11pomtion of w11ter from these fuma1:olcs. The 
e1-yshtls or crusts produced uaturnJly form the min
eral sassolitc. The cryst!tls of boric acid arc white in 
eolor, larnim1tecl in structure, and po1:1scHs a mothcr-of
penrl Inst.er. They dis1:1olve readily in hot water though 
,·cry slightly in cold. U pcm being hm1tcd to l li0° C. 
they lose one-half tlrn water of cryst1t!liimtion tUlcl 

hecome trrmsformed to pyroboric ut\id (I-I2B10 1). At 
n red heat nll of the w!'lter is expellc(l 1t11cl hi>ric m1hy
driclc (B20~) i·mmlts, which, even ttt hig·h tcmpcrnturrn; 
iH stable and nonvolatile, nncl for t.hhi reason it is able 
to decompos~~ neitrly itll of the metallic snlplmtes, form
ing· when fused with them, mctallie borates. 

Fused boric anhydride when cold resembles orcli
rniry glass in trnnsparmwy, hardnmis, itncl brittlcnesH. 
The chief uses of boric aeid arc in the nutnul'actnre of 
borax; in rnitking colorml glaze:; for tho decoration of 
iron, steel, and other metallic oh:ject.H; in cmm10ls and 
glitzes for pottery; in the mmmfacturo oJ' flint glrtHH 
and Htra::;s or paste from which artHichtl stones ttl'G cnt; 
in nmking Gnignet's green; ltH n,n antiseptic in medicine 
nnd 1mrg·cry; and as a preservative for iish, meat, milk, 
nncl other foods. 

The principal methods used in thn mannfactnro of 
boric acid arc thus described: 

The ch.lo7'hw 111' jJfiHm! Jn'oeess.-In thi1:1 procesH, whieh 
is used to some extent in Eng·land, the crm\o colcmanito 
in powdered form is suspended in w11tcr 11nd heated to 70° 
C.·; then chlorine gas is p!tHHed into the liquor and react:., 
011 the eolcmanite, forming boric acid, m1lcium chloride, 
ancl calcium chlorate. 'l'he greater pn.rt of the boric 
ncicl crystnll.ize1:1 out npon cooling and is ~mbsequently 
purified by repented crystallizn.tions. The residue solu
tion, c11lled mother liquor, is used nrnny timeH until the 
1wcumnhttecl calcium Halts begin to sepn,mto ont in tho 
form of eryr,;tals. 

Tlw hy<b>oolil11rio add JJrootw8.-The mode of pro
cedure in this proce:;s iH ai,; follow:,;: Two parts by weight 
of hydrochloric acid and ·four partr,; of water (the volume 
of the latter being kept constant) 11re used1 in which 
the ealcinm bomte is boiled until dissolved. The boric 

· aeid is then crystallized out of the cooled liquor, leaving 
the calcium chloride still in ::;olution. B<~forc the 
crysbtls 1tre in proper condition for paµking and ship
ping, an additional treatment is necessary, which con
sists of drainii~g, "whizzing," and washing with cold 
water, concluding with a second and final "whizzing." 

In Germany the hydrochloric acid proecss is used to 
extract the boric acid from the bomcite contitined in 
the famous StasHfnrt Hnlt deposih1. The material is 
m·ushed and ti·eated with hydrochloric acid, the result. 
ant p1101ty nrnss is dissolved in boiling water and the 
solid materit1l sepamted nnd removed l>y iiltmtion or 
decantation; the cleal' solution is then cryst!tllized in 
iron tanlrn, yielding pure crystals of boric acid. 'l'hc 
chemical ·reaction involved is (2Mg3B80 16), MgCl2+ 
12HCl+rnH20=7Mg·Cl2+rnl-l3B03. 

Tlw i,11dp/1,1t1•io add pr'o<.:e8s.-In thiH process citlcium 
bomte is treated with sulphuric acid, the reaction yield
ing soluble boric acid ttnd precipitated calcium sulphate. 
The boric acid is obtained by leaching with hot water, 
the solution so produc!'d being concentrated by evapora
tion until the crystnls of boric acid seprtmtc out from 
the solution. In CiLliforni11 tho process is slightly modi
Oecl. The bomte mud is boiled in huge tanks with 
water containing :mlphuronr,; acid, which decomposes 
the caleinm borate, thereby liberating the boric Mid in 
the i:JOlution and lmwing the calcium in the form of 
im;olnble cttlcimn snlplmta. As before, the boric acid 
is dissolved by leaching with hot water, which, how
ever, extracts also a small qrn1ntity of other fJOlnble 
saltH. For this reason fractional cry::;titllization i:-i neces
sary in order to obtain a fairly pure proclnct. In a few 
works the insoluble cnleiurn sulphate is septimtcd iind 
removed by pm1::;ing the mudcly 8olution from the tanks 
through filtm· preHscs. 

The snlphnric acid proce::;s i:; sometimes used to de
compose the boracite of tho Stnssfurt deposits,· and iii 
this case Epsom salt is obtained ns a by-product from 
the magnesium sulplmtc contained in the mother 
liquor, according to the following chemical reaction: 
(2Mg·3B80ir,), MgCl2 + 7H2SOi + 18H20 = 7MgS04 + 
2I-ICl+HlH3B011 • 

Tlw am,,11w11<i1i p1•11oeNs O'l' b1:yot Ji'i'O<Jl?8N.-Boric acid is 
produced by heating in a closed vessel 100 parts of 
colemanite 11nd 150 partH of ammonium sulph!tte. The 
product of the first reaction is mmnonimn borate, which 
iH htter decomposed into mumcmia ancl boric acid. The 
nmn10nia is condmrnecl and polloctcd, and the boric ncid 
is dissolved from the residuum by leaehing with wnter 
and concentrating the resul.tant aqrn~ous solution until 
erystal1:1 of borie acid iire formed. The crystids are then 
1:omovcd, washod with water until free from adhering 
mothor liquor, dried, and pnckcd for shipment to tho 
nu1rket. At times the crysfals are ground to a fine 
powder before being packed and shipped. · 

17w m.an1{faot1t?'1J id' hm•aw .fhnn borio 1tc1:d.-'l'he 
process genomll}' used to nmke borax from boric acid 
is briefiy summ1trizecl a::; follows: Equal qrntntities of 
crystallized sodium mirbonatc and w11tcr are heated by 
steam in tt lead-lined vessel, 1111d to the solution thus 
obtt1inecl sufficient bode acid is gi·admdly added to com
bine with the sodium carbonate and form the bornx salt 
(Na2B40 7), 10H20. Another process is to prepitre solu-
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tions o:f ammonia, sodium nitmtc, 1md boric acicl in 
the proportions of two, one, and two, respectively. By 
heating this mixture ancl dissolving in water, borax ancl 
ammonium nitrate are formed. In both of these cases 
the crystnls of borax 11re ultimately obtained by the 
evaporation of the solutions containing the borax salt. 

171.e 'lnanuj'actm'e of boraw .from eolcmanlte.-At the 
homx refinery in Alameda, Cal., the process used to 
convert colemanite into bomx crystals is briefly out
lined as follows: The crude cole1rnmite, obtained direct 
from the mines, is first broken into lumps of from 
three-fourths to H· inches in din.meter, 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 tmnsferred 
to an iron tank partly filled with w11ter containing 
in solution the proper proportion of sodium carbonate 
necessn,ry to decompose the calcium borate. (A ren.dy 
and cheap ·supply o:f sodium carbonate is obtained from 
Owens Lake, Cal.) Heat is applied to the tank ltnd 
the contents boiled 1md thoroughly agitated by mei1m; 

of n mechanicttl agitator. After a short time the chem
ical reaction has becmne completed, d10 double decom
position being the change from ct1lcium borate and 
sodium carbonate to cttlcium carbonate and sodium 
borate. The sodium borate being soluble is extracted 
from the im1olnble calcium carbonnfo 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 11 consequence the crystahs 
of bomx obtained by cooling ttncl evapomting this 
solution in tanks are of a dark color and somewhat 
impure. They are imrified by u. Sf}COncl solution in hot 
w11ter and 11 second crystallization in a special vat lmv
ing a series of suspended wires on which tlrn purer 
borax crystals :form. The cryst11ls on the sides n.nd 
bottom of: the vat are less pure. The purified crystahi 
of borax are removed from the vats, washed free from 
adhering mother liquor, drh~d, ground, ttnd screened 
into several gTadei,; for the nmrket. 

At the Marion (Cal.) works the crude eolemanite ore 
is suhmittecl to a concentration, and tlie ifoh concen
trates are shipped to the refinery at Bttyonne, N. ,J., 
for final eonversion into bomx. These concentrates 
are in two forms, lumps and fines. Formerly the low 
grade ores at Marion were rejected, bnt at the present 
time they are heated in a, two-hearth, 100-ton Holthofl'
Wethey fmnace, :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 Temovecl when cold by screening, 
and is sacked and shipped to the Bayonne refinery. 
One disadvantage of the separation of the colemanite 
by heating in a furnace is that arry panclermite (the 
compact variety of the mineml) 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 

waste cq uals in quantity one-half of the "flour'' 
product. 

The conversion of the colemanite into borax at the 
Btiyonne 1·efinery in New ,Jersey is made by decompos
ing the calcium borate with sodium carbonate, leaching 
out the sodium bibomte with water, yielding n, solution 
which i::; separated from the insoluble calcium carhonate 
by pnssage through n filter press at 11 pressure of from 
50 to 100 i)otmds per square inch. The clarified solu
tion is transferred to vats having wires suspended from 
2-inch iron pipm1 extending across the top o:f the vat. 
The crysbtls of borax form on these wires tts 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 t;o be 
redissolved and purified by a second crystallization. 
The pure crystals are crushed, screened, and sorted 
into three grades-refined crystttls, refined screenings, 
and gritnnlated bornx. The crystals and screenings are 
ptwked for the market, bnt the gTanulitted borax before 
Hhipment undergoes a final trmitment, which corn:iists 
of hmtting in an incliiled rotating cylindricitl fnrnn.ce, 
erushing to the fineness of flour in a pulverizer, settling 
and collecting the dust in a large dust chamber, and 
pitcking the iinal product for market. The Bayonne 
refinery is well equipped with 1111 modern mcclmnical 
c1evicm1 for the lmudling and treatment of the crude and 
finished materials. 

'f.1n1,rn 0.-Detaili!d mmi111111·11: 1.'!02. 

Nnn1bor of tninuH or quarries ..................... _ ................. ___ 6 
Number of opemtm·H ............................................. ,.... 15 
Uh1u·nctl'r of 011•11erHhip: . 

ltH'Orpomlutl COlll]>IUlY ....................... ' ...... '' .......... . 
Snluricd olli<~ittlH, elerli:H1 uw.: 

'l'ot11l nmnher.... ... ... ... .... . ..... ....... ... .. . .......... .•.. ••• H 
Ht1lt1rleH ................... , ............................ , .... .. .. . •. SIR, 128 

Generttl otliot~l'H-
Nnm hrn· ......................... ......................... 1 
S1tlttric• ..•......•. ,, •...•.. , ......••.•......... , .. ,,....... $1, H()!I 

Snpt~rint{!IHlentH, nmnugorH, forenum, /-\lll'VP~·1n·:-1 1 t•h•.-
Nnmlwr .••.... ,........................................... 7 
H1LiarieH ............................................ '....... $10, f1U8 

Formncn helow grounrl-
Nmnber ............. :..................................... :1 
H1tlttrlcH.............................. . . .. . . . . .. . .. . . . . .. • .. $:!, '180 

rnerl,s-
NnmlH•r ,............................ ...................... a 

. 1'11h1dc>< ....................................... , ........... , $2, ~rio 
Wnge·rntrnerH: 

Aggregn.ltl nvemg-e n1nnber ................. ...................... rn~l 
.A.ggregn.te wngcH........ ... . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . $lH1 8fif1 

Allovc g1·omu1-
Totnl n.verngn numhor.. ...... ........ .... ... . . ............. . 71i 
Totu.l wngeH . .. : ... ..................... '.'. ... .. .•..•..... sr12,1'Ul 

Engineer~, fircmtm, mHl, other n1t~ohnnit!H-
A vornge number.................................. 17 
Wnges ......................................... ,... $1'1, 2fi7 

:Miners or qunrry1nen-
Avert1ge nnmber, ...... ....... ....... ........ .. . . . . 21 
WugeH ......................................... ·.... 3lll,300 

All other wngc·cnrmirH-
Avcmgc numlJcr. ..... ...... .. .. . . . . ... ..... . . . . . . 38 
W nges . .. .. . .. .. .. .. . .. . .. . . . . . . . . . . . . . . . .. . .. . . . . . 820, 2ii'I 

Below grotm<l-
'l'otn.l 1wcmgo munl>er ...................... ., , ........ , .. 77 
Total wnges , .......... , .. . . .. . .. .. .. . . . . . .. . . . . .. .. . . . . .. . SG2, Ofi·l 

MinerH-
Avcrttge. 11un1bt•r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·Ir> 
Wnre8 .......... , .. .. . . . . .... • . • • • .. • • . • ... • • .. • • .. $B7, 2·11l 

Miners h cl pcrs-
A vemgc number.................................. 27 
W ngcs . • .. • . . .. . .. .. .. .. .. .. .. . . . . . . . . .. .. . . • . . . • . • $20, 050 

All other wugc-cnrncrs-
Avcmge numlJer .... ...... ....... ••••• ...... .. .•.• o 
Wnges............................................. $·!, 258 

Avorn.go number of wnge·c1trncrs ltt spccillcd d11Hy rates or p11y: 
Englne~rs-

$1.75 to $1.90. .... ...... ..... ...... ....... .......... .... . . ••••• 1 
82.00 to $2.24 , ................ , .. • • • . .. • . .. .. .. • • • .. • • . . .. • • • • .. 2 
$3.00 to $3.24 ............... , .. .. .. . .. .. .. .. • • • . • • . • • • • . • • .. • • • • 1 
&3.25 to $3.40 ................ '....................... .. . . . . • • • • • 4 

1 Includes operators <listributccl ns follows: Cn.l!fornia, 4; Ncvn.da, 1; Oregon, 1. 



TABLE G.-Detniled xu111mary: l!ID!!-Contilllrn(l. 

AYcrogc number of wnge-c11rnerH 11t Kpeclflrnl (lllilY mt es of pny-Con. 
I~in~men- . 

$2.00 to $2.2,1 .................................................. . 
$2.76 to $2.U9 .................................................. . 

Mnchlnlsts, blnelrHmitl1H, <'ltt'peuterH, and oth<'l' llllH•h1mk><-
$1.rio to $1.7L ................................................. . 
$3.50 to $H.7L ................................................ .. 
$·1.00 to $-1.2·1 ................................................. .. 

:'t!Ii11er~ or qnnrry1nt~11-
$1.50 to $1.7-l .................................................. . 
$2.00 to $2.2·1 ................................................. .. 
s~.fiO to $2.7-1 ................................................. .. 
$3.00 to $il.2L ................................................. . 

.MinPrs' hclperH-
$"2.50 to $2.7'1 .................................................. . 

All ot11cr wnge-en.r11urH-
$l. fiO to $1. 7·l ................................................. .. 
$1.7f> to $1.99 ..... . : .......................................... .. 
$"2.00 to 11'2.2·1 .................................................. . 
f2.2r, to $2..19 .................................................. . 
$2.fiO to $2.7-1. ................................................ .. 
$.9.00 to $3.2·1 .................................................. . 

.A.veruge num1Jer of wngt•-earnPrH t.1mplorP(l clnring- mwh month: 
1frn 16 )"Cl\l'H ltlHl O\'('l'-

J1tlltltll'Y ................................... · ....... • ......... .. 
Fehrunry .................................................... .. 
Mnrdi. ...................................................... .. 
Aprll ........................................................ .. 
'Mny .......................................................... . 
Junu ......................................................... .. 
July ......................................................... .. 
August ....................................................... . 
8cptl'mhl11· •..•••••.•.....•.••.••.•...•......•..•.••••...•••..•. 
October ....................................................... . 

BOHAX. 8tl3 

:! 
2 
l 

8 
11 
20 
27 

~7 

11 
a 
1 

ta 
rn 
2 

170 
170 
174 
lH 
17'1 
96 
or. 
96 

lfiR 
17'1 

'l'AllLB G.-Detailml s11nw1ni·y: l!llJ:;>-Continuerl. 

Avernge nnmller of wng-o-e1trncrH mnpl1)yc<l cl uring c1wh n111nl,h-Con. 
Men 16 yeiu·s n.nd over-Continut\<l. · 

Noven1ber .. ............. __ ... _.: ......... : .................. _. 
Dene1n 11er .................................................... . 

MiHC!Cllltll!HJ\lH CXJll'llHtoH: 
Totltl .....•....•................•.................................. 

HO)'ttltiu~ nrnl runt of mine 1m<l mlnlng-plllllt .............. .. 
Hent ofofliccH, bLXPH, i11Hlll'atHJe1 intorc..~Ht 1 nncl ntlwr:mn<lries .. 

Co~t of ~mpplicH nncl inntcrinlH .................. _ ............... _ .. H. 
l'rnd1wt: 

'l'ot11l-

J74 
170 

$-17,606 
$1D, 200 
$28,406 

$2l:l, 538 

Q111mtlly, Hllo1·t IOllH........................................... rn, J.12 
\rnlue ......................................................... $~, flRa, 014 

Crnde-
Qnnntity,Hhort tonH .................................. . 
Vaine .••........•...•..••...........•..••..•..•..•...•. 

Rct111cd-

2, 1100 
$01, 000 

Q111tniity,Hhort tm1A. ......... .•.. ...... •.• ............ rn, M2 
Vnlne ................................................ : . $2, 202, 614 

Jl<•wor owned: 
Tot11l hornepowtor ................................................ .. 

Bngines
Stmun-

Nmnbt'r •..•.••.........•.•...•...••.......•..•..•..... 
IInrRC[unver .......................................... . 

Gu~ or gnHolhrn-
Nnmber ............................................. .. 
I-Ior~epo,ver .......................................... . 

Waler wheelH-
Nmullc1· ................................................. .. 
HorHl'J>OWcr ...................................... · ....... · 

l~lenlric motor}l-
Nnmhor ..................................................... .. 
HorHcpower .................................................. . 

388 

I\ 
205 

11 
12~l 

1 
10 
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FLUORSPAR. 

By .Josm'n Hnm PuATT. 

The mmmg of fluorspar has increased very greatly 
since the census of 1890, due to the htrge increitse in 
the use of this minert1l in metallurgical processes, 
especially in the iron industry. :F'or some years the 
use of fl uorspar for fluxing iron was not large, because 
it was fen.red a constant supply could not be obtnined. 
.At thn.t time the mineml was pro(1nccd in only one 
st1ttc1 11linois, although it was known to occur in mnall 
quantity h1 it number of other states. Now, however, 
it bns been proved to occur in commerciitl qunntity in 
Arizona, Illinois, Kentucky, ttnd Tennessee. 

The first census statistics :for ilnor8par wero collected 
at the Eleventh Census, and these are compared with the 
statistic::; for ln02 in the following tnblc: 

TABLB 1.-Compar11tive HWIW/ltl'!/.' .11102 w1d 188!1. 

N11mlmr of mines ................................ c,. ......... . 
Nmnber of Operntorn ....................................... . 
Salnri(•<l ofllci1tlA, elurks, <'le.: 

NmulJt•r ...•.•.•..•..................................•... 
Salaries ••..•.......................................•.•... 

Wnge·enrnerH: 
Avurage nmnbcr ...................................... .. 

Cou;~·~f,{~(;1:k::::::: :: : :::::::: :::::: :: : : : : : : : : :'::: :: :: :::::: 
Mist!cllnn enns expl'mcs .............................•....... 
Cost nf supplies nnd mntcrinls .............................. . 
Product:• 

Q.uuntlty, short tonH ................................... .. 
Vulnu ................................................... . 

100~ 18811 

22 
18 

112 
$27, :m 

20\l 
$110, 002 

$:JOO 
$23, 002 
$31,:JH 

·18,818 
$27f>,682 

(1) 
(l) 

('l (' 

101 
$14,213 
(l) 
$B, 008 
$6.025 

D,500 
$45, 805 

1 Not rqmrl«tl. 
~Tile Unltccl 8(tites Gcologlenl Survey reports •18,018 slwrt tmrn, valued nt 

S'i7l,8:J2, wllleh is the 1iroduct markotoll. Census flgmes represent the product 
ml11c11. 

Less than one-tenth of the total quantity and about 
one-fifth of the entire value reported for 1902 repre
sent the product prepiired at the, mine for the market, 
the preparation corniisting of drying rind g·rincling, in 
addition to the mmal 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 inereasecl from 9,500 tons in 1889 to 48,818 
tons in 1902, or over fivefold, and the valuo from 
$45,835 to $275,682, or over sixfold. In these twelve 
years, Illinois, which was the only state producing 
flnorspn.r commercially in 1889, has increased its pro
duction from 9,500 tons, valued at $45,835, to 18,860 
tons, valued nt $123,000, or 98.5 per cent in amount and 
HlS.4 per cent in value. One mine in Kentucky was 

:10223-04--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: 

De!>elopmcnt wort.': 1!102. 

~~~~B~~ ~:I ~~1~~~tiir~·:: ::::: :: : : ::::::::: ~:: :: : : : : : : : : ::: :::::: ::::::: ::: :: 
W11ge-e11rncrH: 

2 
2 

~~{d~Hg~~ ~:1~:1:~)·0·1~:: :: :::~: :: : :: ::: ::::: ::: : : :: : ::·.:::: :: : : : : : : :: ::·.:::: $2,12i 
Cost of snppllcH 11ud m1itcri1tls ............................................. $2, 800 
Mlsccllnncous expenses,.................................................. $25 

The 22 productive mines were controlled by 18 oper
ators--2 individuals, 2 firms, mid 14 incorporated com
panimi. 

Capz'.tal stock 1if 'l'.ncmpomted emnp1i1l'ie8.-Thc details 
of the capital stock and f\rnded debt tiuthorizcd and 
issued by the 14 incorporated companies are shown by 
states in Table 2. 

TAnr,g 2 .-Capitalization of incorporated companiea: 1,'102. 
__ , 

Unltet1 All 

Atates. Illinois. JContuoky, other 
stntes,1 

------" --
Number of lneorf'>r11te(l companies .. H 3 9 2 
Ct1plt11l stock anc Jmnds issnccl. ...... $2, 21'1, 000 $1, 536,000 $028,000 1150, 000 

Capitnl stock (till common): 
Tot!\! 11uthorlzml-

Number of slmrcs ......... 3, 146, 730 2, 000, 000 606, 680 40, 100 
Par vnluo ................. $8, 813, 000 $2, 500, 000 $1,203,000 $.'iO, 000 

'.l'ot1tl lssnc<l-
Nnmlicr of shares ......... 1, 726, :120 1, 536, 000 11\0, 220 40, 100 
Pnrvulue ................. $2,154,000 $1, fl3(i, 000 $508, 000 $50,000 

Boncls: 
Authorized-

Nnmbor ......... - ......... 1,000 ............. l,000 ········ Par valnc ................. $100, 000 ····-······ $100,000 ......... 
Issnecl-

Number ......... - ......... 600 .............. 600 . ........ 
P11rvnlne .... _ ............ ~GO, DUO ................ 860,000 ········ 
~-"-

linclucles companies tlistrlhntcll its follows: Arizonn, 1;_Tenncssee, 1. 

The 9 Kentucky comp1inies 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 capitaliz11tion of all companies. 
The 3 companies in lllinois issued $1,536,000 or capitiil 
stock; representing 69. 4: of the total el1pitalization. No 
dividends were reported on auy of the stock nncl no 
interest was paid on the bonds. 

Employee8 and wage8.-The salaried employees num
bered 42, or 13. 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 srilaries and wages, which 
amounted to $137,313. The 269 wage-earners, there-

(897) 
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forn, com1Litnted Rfi.l'i por cent of the total number of 
omployenH, !1ll{l thnir wages 80.l per cent of the total 
Hlllitl'k1H !tnd wagm;. 

As shown in Table 4, the busiest months in this indus
tr~·, 11ll Hhttn::i c\ombinccl, were from May to December, 
i ndmliv(\, 111 Illinois, the hugest number w11s em
ployt~cl in Aug·ust; in Kentucky the nmximum was not 
l'Padrncl untU October, which wns true 111:,;o of "nJl other 
:-it11te:-;. '~ 'l'ho tlvorage number of wage-earners, at speci
fit•cl <l1lily rates ot' pay for the cli:ff erent occupations is 
Hhown :in 'l'ahle J.. The nmjority of the miners received 
frolll $1.25 to $1.-±D per cl11y, 100 miners, or 56.8 per 
cent of Uw total number, receiving wage:> within these 
limit:-;. Fen· 35 miners, or :W.9 per cent of the totlil 
numhcn-, the wages were lower, being between $1 and 
$1.~4 per thty, while for 41 miners, or 23.8 per cent of 
the totnJ number, they wero higher, 82 miners receiving 
b(~twe\\n $1.50 and $1/7".l:, 5 between $1.75 and $1.99, 
n.nd ± between $2 1wcl $2. 24. Of the l6 engineers 
rnportecl in the indnstry, 14 received between $1. 50 
1tml $1. 74, nnd 2 received 1)etween $2.50 and $2. 74. 
'l'lw. ratmi pni<l mtichinistH n.nd enginem·s were, on the 
whole, higher than those for other w1tge-earner1:1. 'l'he 
nmployeeH tit tlrn higher mtes, included under ••all other 
w11ge·n11rm1rs," are men who wash or jig the ore. 

S11pprieN, mrtt1~ri1tlN, and m.l8eellanoous cwpen81'8.-The 
cost of suppliBs ttnd nmtel'i!tls amounted to $31,H74, 11nd 
tho miscelln,neonH expenHeH were $23,H02. The mnount 
inl'luclecl in the latter item for paymenL of royalties 1111d 
rnnt. of mines mid mining plnnts w11s $7, 000, or 33. 5 per 
rnmt of tho total; the lml11nco, $15,702, or G6.5 per cent, 
WHK pnid for rent o:f offices, t!txes, insnru,nco, interest, 
nnd other H1mclries. 

11/i,<•hanieal powel'.-At the 22 minet>, primary power 
wns m11ployed aggregating 660 horsepower, o·f which 
fi:-10 or 7D. 2 per cent. w11s steam, ancl :urn or 20.8 per 
t'Pnt, g'ILH or ga1:101ine. Therewrn,;, in addition, one elec
tric motor, with 11 capacity of 25 horsepower. 

PJ'Oduct/011.·-'l'he following table shows the quantity 
arnl Ynlne of llnorspar produced and sold since 1882: 

TABL1' a.-Prorl1wtiun l{f.fluo1'81>(!1'.' 1882 to W02. 

[Un!l"'l Htattl'H Gcnloglmil Snrvuy,' '"Mlnuml Resom·ccH of tlw Unite(\ StnteH, "1902.] 
··cc··c-.co.=-.~~Y'"-----·· __ - ·~-..==.-.=~-==c=--=c=-."' ...... · ·- ................ -

'. Qnnntil'' I V 1 , A'•cirnge Q1111ntity y 1 Avernge 
'Mii. (Hhnrt.ton~).I . 

1111
':_ -~alu~ -~ll~~ ~shorttons), .. ~110·_ -~11lne~ 

1Hll2 .... 1,000 $20, 000 $5.00 1R93 ••• 12, •100 $!1•1, 000 $6. 77 
18H:J .... •l, 000 20,00ll 5. 00 189•1... 7,500 ·17, 500 (l.38 
11-lM .... 4,000 20,llOO 5. 00 189f> .. ; 4,000 24, 000 G,00 
l8Hfi .... f>,000 2i? 1 1lOO 4.50 1896 ... 6, f\00 52,000 8.00 
1880 .... 11,000 22, l)(JO 4.•10 1897 ... 5,002 37,lfi9 7. 34 
ll-lH7 .... ii, 000 20, 000 4. 00 1898 ••• 7~ 075 oa, ow s.:n 
181-lH .... ti,000 30, 000 fJ.00 1899 ••• 15, 900 UG, OflO 0.08 
JHHU .... O~ flOO .ffl,83fi 4.83 1900 ••• 18,460 U<l,500 5.12 
11-lUO •••• H,21i0 or11 S28 6. 71 1901 ... 19, 580 118,803 5.81 
!HUI •••• 10, OH 78, 330 7.HO 1902 ... 48, 018 271,832 5.66 
lH\12 •••• 12, 21i0 HU,000 7.27 

----··-------·--.. ,--

From 1882 up to 1887, the annual production of 
flnorspar was only 4,000 or 5)000 t,ous. In the next 
few years the production increased considembly, reach
ing 12,400 tons in 1893. Then it fell off to 7,500 tons 
in 181)± and to 4-,(JOO tons in 1895, thus reaching the fig-

ure at which it stood in the ym1rs 1882 to 188±. The 
year 1896 marked the hcg·inning of a second period of 
increasing production, which appe1irs to be still in 
progress. In 1891) the production was 15,900 tom;, 
which was more tluw double· that of the preceding yc1u'. 
Bnt the most rcmarlrnblc increase wits in the year Hl02, 
when the qurtntity produced showed ti gain of 28,482 
tons, or 145.2 per cent over thnt of the preceding· yei1r, 
and the value of the product, 11 gain of $158,0:W, or 
188. 9 per cent. 

The nvcmge v11lue of :fluorspar per ton has varied 
from $4 to $8. The average was exceptionally high in 
the years 1896 to 1898, inclusive, reaching $8.21in1SD8. 
Iu 11:102 it was $5.66; the prices reported for that ymir 
varied from $2.8() to $11.50 per ton, this higher value 
being obtained for the fluorspar mined in Arizona, 
which was used in Califomia. This hwrease is clue to 
fluorspar being much more lnrgcly nsed than formerly 
in the fluxing of iron in steel works, n.nd as it is intro
duced into the smelting o'f copper and the reduction of 
other mett1hi, there should be a still further incren.se in 
its production. 

The imports of fluorspar arc not sepamtely st!ttcd in 
the reeords of the Bureau of St!itisties of the Depart
ment of Commerce ttnd Labor, !mt rwc included with 
mineru1s and oils not elsewhere spceifiecl. 

The detnilecl Htatistics of. the tlnorspar industry for 
lll02 arc shown in Table 4. 

DESCBJFrIVE. 

Ocetw1•enoe and use.-:Fluorspar is the common name 
of fluoride of calcium, u mineral occurring in crystnls 
and masRes of various colors, very commonly !ls the 
g'!tngue of many metallic oreH, espceially of lead. It is 
found chietly in vcin:s iu limestone, Htmdstone, mictt 
slnte, cltiy slate, and gneiss. When it occurs in com
mercin,l quantity, it is nsmilly in elmwablc masses, and 
of white, greenish white, 01' rrnle green color; but when 
s1rnill openings exist in the veins, the 1luorspl11' iH apt to 
be found in well-developed cubical cry1:1tals, which are 
g·enerally hig·hly colored with various tints of purple, 
indicating that it is 11ssociatecl with metallic minemls. 

Until 18H8 the only sourcei:; of iinorspar in the United 
States were the mines in Hu.rclin 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 sfates were producers of fluorspar in commer
cial quantity in 1902. The minernl 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 tluorspar deposits 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 tbis overcomes one of the ohjccticms often advimced 
ug1iinst using tluorspar in the :mielting of iron, namely, 
that a constant supply of this mineral could not be 
cfopendecl upon, its uHe for this pnrposn :;honld now 
incrmtse r1tpidly. Other hinclmnccs to tlrn use of fiuor
spar :for Huxing purposes lrnve been the higher cost of 
thii,; tiux ns cornparnd with limestone, i111wcessibility of 
the deposit:,;, and the itction of Urn :;Jag- and gase:,; on the 
lining· oJ' the fm·mwes. But the recently discovered 
deposits of Kentucky ttnd Tennessee, together with the 
deposits in Illinois, furnish nu abunchwt supply, f1wor-
11bly located for tmnsportation, either hy milrmid or 
water. The use of chromite (chromic i1·011 ore), nither 
in minernJ form or as chrome bricks, will mttke it lining 
for furnnces which can he nJfocted but little by the use 
of fluorspar as it flux. Fluorspitr possrn:;ses qrntlities 

that nmke it especially adapted for the fluxing of 
iron, and these should more than compensate for its 
higher cost, atJ eornparccl with limestone. Thus far the 
larger proportion of the tlnorspar 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 
pm·poses, 11,ncl also in foundry work, Hs use will nn
donbteclly inerease mpidly when its vn.Iue as a flux is 
more thoroughly understood. 

Another use of flnorspar, and formerly its chief use, 
is in the prepamtion 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
ernJ is itlso used in the nrnnnfoctnre of opalescent glass, 
being corn;iclered vnry e8senthtl for this purpose. 

TA.BLB 4.-llETAILEll HUMMAH.Y: 1\l02. 

N1nnher of n1incs . ...................... . 
Nmnher of oper1ttorK .................... . 
Chnl'Ht~k·r of ownership: 

l!!•livlclnnl ........................... , 
l1r111 ••• •.•........•.•••.......••.•.•• 
Iiwmpomted 1imn1•11ny ............ .. 

80.lnrjell c>lficin,lH, <ller ti", ett!.: 
'fotttl nmulrnr ....................... . 
Tohil H1tlnrlt'" ....................... . 

Ucnm·nl otnem·s--
Nnn1l>er . ........ , ........... . 
H1tlnrles ..................... . 

Snp(~rintmulontH, mnnti~crH, 
fnt•tmum, Hlll'Yeyor:-:1 l1 t<~.-

Numlwr .................... .. 
Snlnrlt!s .................... .. 

l•"orenum, below gronrnl-
Nnmher ..................... . 
S1tlnries .................... .. 

Clerks-
Nnmher ..................... . 
An1nrieH ....... ••............. 

Wnge-l!arnm·~: 
.\ggrcgt~ll~ nver11ge Innnlwr ......... . 
Aggn1g1tte wngt~H ................... . 

A 1.Jovu gr«>t1nd-
'l'otltl nvemge nnml.H•r ...... . 
,-l'otlLl wngeR ................. . 

l~ngine1.1 rs, Jlrl 11lll~Il, mul 
other 1nonh11nk~-

AYernge number .... . 
Wngos ............. .. 

Minl'r><-
A vcrnge nmuhor .... . 
Wngt'H ............. .. 

Boys urnler Hl )'l'Ht'.~-
Avel'nge numl1er .... . 
'Vnges ............... . 

All other wngu-l!ltl'IWl'H-
A vern.go ntunller . ... . 
Wngcs ............... . 

Below ground-
'l'otrtl average nnmhm· ...... . 
'l'ol!tl wnges ................ .. 

Miners-
.A verngo nnmber .... . 
WngcH ............. .. 

:Z..liner!-1' hclperH-
A vemgo nmn\JCI'. .. .. 
Wngcs ............. .. 

Average mun bcr of wnge-c1irncrs 1it Rpee· 
illcd dnil)• rntcs of p1iy: 

l!nglnccrs-
$1.f>O to $1. 74 .................... .. 
$2,50 to $2. 74 ................... .. 

1'"1remcn-
$1.00 to $1.2•1 .................... . 
Sl.25 lo $1.49 .................... .. 
$2.00 to $2.2•1. .................... . 

M1tchinists, blnckHmlths,<mrpcnters, 
nnd other m<!clmnies-

Sl.f>O to $1. 74 ..................... . 
$2.00 to $2.74 .................... .. 
$3.00 to $8.24 ..................... . 

Unil<Hl 
Stn.tt'S. 

22 
JH 

1:1 

·12 
$27, :n1 

12 
$11,Mi> 

17 
~m .. m1 I 

II 
$21/'H\J 

!WU 
$110, 002 

1·10 
$flti, 23fi 

2ll 
$12,(i2(i 

5G 
$21, 180 

57 
$22, 19f1 

129 
$1"1:!, 707 

120 
$00, fi0-1 

!l 
$B,2tiS 

}.I 
2 

llll11oi.,, 

II 
$fi,:IUI 

l 
$:!00 

a 
$B,li(J0 

:l 
$1,m-t 

2 
$-IHO 

71 
$2H,H'lfi 

iJH 
$10,328 

fi 
$2,·IKl 

·1 
$1, 27fi 

211 
$ll,fi72 

sa 
$13,517 

2-1 
$10,2M 

II 
$:l,2ti3 

2 
1 

Ken
l'nc~k~·. 

J.l 
lll 

1 
u 

:11 
$21, 107 

11 
$11, 2-lf> 

12 
$H,O:l7 

H 
$1,H~i) 

·········· .......... 
lll:l 

$7!1, 107 

\18 
$:l\l, ·107 

211 
$Hl,1'll'i 

·18 
$18,·llli'i 

2 
$28,1 

28 
$10,tl2:l 

\)f) 
$311, 700 

llfi 
$311, 700 

"12 
1 

1 .......... 1 

All 
other 
stntt•s 

1111tl ter
rilorim;.1 

2 

2 
$1100 

" $1100 

········ . ....... 
ri 

$2,llilll 

·I 
$1,fillll 

·I 
$1,fiOO 

1 
$MO 

1 
$550 

l 1 ................. . 
2 2 

2 
1 
2 

1 
1 
2 

i 

A vernge nulnlwr of wnge-en.r1wrH nt HJH!l~~ 
illeil <111llr 1·nteR of pay-Conlinnecl, 

llllners-
. $1.00 to $1.2·1. ................... .. 
$1.25 ((I $1.49 ..................... . 
$1.50 to $1.74 .................... .. 
$1.7fi to $1.99 ..... , .............. .. 
$2,(JO to $2.2•1. ................... .. 

Miners' helporR-
$1.00 tn $1.2·1. ..... , .............. . 
$1.2ii t.o $VJ9 .................... .. 

Boy8 under lli )'enrs-
$0. 75 to $0.!l!l. .................... . 

All other wnge-e11ruors-
$1.00 to $1.2'1 .................... .. 
$1.21\ to $1A9 .................... .. 
$1.fi(}to $1.7-1. ................... .. 
$2.00 tn $2.2·1. ................... .. 

.Averngo nninlmr of wugli-cnrnt'rH em
plorerl rluring Cllllh month: 

llfon 16 ~·e1u·8 m11l over-
.Jan11111•y ......................... . 

fi~~:.~.W1'.'~'_:::::::::::::::::::::::: 
April ............................ . 
Mity ............................. . 
.Tnnu ............................ . 
.July ........................•..... 

t~:it~~i,C"1:: :::::::::::: :: : ::: : : :: 
<ktoher ......................... . 
Nnvcniher .. ............... _ .... . 
J>ct~omher ...... .................. . 

BoyR mHh•r JG )'enrH-
,July .•.....•...................... 
AUgUHt .......................... ' 
Heptmn lier ..................... _. 
Oetnlier ......................... . 
No\·emlwr ...................... . 
1Jeemnl>er ........................ . 

Contrnet worJc: 
Amountpnlcl ....................... . 
Number of employees .............. .. 

MiSCDllnneou' expenses: 
Tolitl ............................... .. 

Hoynltles an<l rent of mine 111u1 
mining pl1tnt ................... . 

Rent of officc8, taxes, inRurmwe, 
httcrcst, and other sun<lrieH ..•. 

Cost ol supplies nnd mnterlals •.......... 
Product: 

Qmmtity, short tons ................ . 
Vnlue ............•...••.•..•......... 

Power owned: 
Total horsepower ................... . 

l~ngines-
Stcnm-

Number ................. . 
. Horsepower ............. . 

G11" or gnsolinc-
Nnmber ................. . 
Horsepower ............. . 

Electric motors--
Number ........................ . 
Horsepower .................... .. 

1 Includes operntors diRtrlbutoll llR follows: Arizmm, 2: 'l'eimcs8ee, 1. 

Unitt•il 
Htato.<. 

:m 
!Oil 
i\2 

r, 
·I 

2 
.j!j 

1\ 
12 
7 
1 
B 

1 
H 

1 
25 

~I '"""'3'1 

! 

1111 58 I 
J.l7 fil. 
1-17 ,191 
ma no I 
255 Q(I i 
2HO ll7: 
3H:l 88 
3·!0 89 
Bf11l Rfi 
:171\ H3 
:mo 711 
203 i 80 

·I 
,1 
4 
4 
,1 
•I 

$:!00 
:i 

$23,li02 $1, 149 

$7,900 $2fi0 

$lfi, 702 $899 
$31, 37'1 $17,115 

•18, 818 18, 860 
$27fl, 082 $123,000 

609 162 

17 0 
fiHO 162 

10 
18!) 

····-····-25 
·-·--~··-~--

Kon
tnolcy. 

28 
HH 
'..m 

2 

···--····· 
·······-·· 

1 
20 
a 
4 

103 
!Ill 
98 

12B 
180 
210 
248 
2•18 
259 
280 
2·1U 
202 

.f 
4 
4 
4 
•l 
4 

$300 
3 

$22,328 

$7,650. 

$14,678 
$18,952 

29,030 
8143,410 

507 

11 
868 

10 
139 

l 
26 

All 
other 
states 
!UH] 

torl'ito
rier~.1 

2 

2 
I 

·····--· 
······-· 

. ...... 3 
3 
2 
8 

10 
12 
1l 
11 

$125 

$125 
5807 

928 
$9,272: 
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GYPSUM. 

By S·roRY B. LADD. 

The stntisti<~s presented herewith comprise those for 
gypi·nun in its calcined form }\8 well a1:1 in it8 natuml 
Rta te. 'l'ho chie:f consumption o:f gypsum is for the 
manttfactlll'o of plaster of Paris and wall or cement 
plaRter, of which plaster of Paris iR the chie:f ingredient. 
At the Tm1th Cemm:-; no Htatistics in regard to gypsum 
were reported, nnd at tho three decndos prior thereto, 
namely, 1870, 1860, nnd 1850, only the mannfoctnring 
statistic:.; for phtHter are nvtiilablo for pnrpo:-;e::; of com
parison. Table 1 is it compamtive Hn1rnuary for the 
~rrnirs 1850, 1860, 1870, 1880, and rno2. 

TAnu~ 1.-Co1nzmmti.11n .•n111mnr11: 1860 to 11102. 

--- ----===-"'=================== 
mo~ 1880 1870 1800 1850 

Xumber of mine." nr qunr-
rlt'S •••.••...•••.••...... ()2 gi C

1
Js21 

(I) (I) 
N11m ber of 011emll>rs ...... ·1" 2307 21'JO 
811lnried offieiill~. clerks, 

et<~.~ I 
Number ............... 2-19 1~l ~;l I ~:i i:i 81tl11ries ............... saoo,11~0 

\Yugu-Lmrntirs: 
i,f>la I Average unrnbcr .. .... 1,472 701 Rllli :J81 

W11gcs ................ $759~~g~ $~49, 200 $533,407 $232, 500 $100, 692 
Contrnct wmk ............ $10, 031 ~ 1) ~I) (ll 
lil~cellnncuu,q eltpenHes .. $'200, 709 $-Hl,21i2 I) I) (1 
Gost uf supplies nml n111.tc· 

rinlH ·- .................. $!l41, 7GO $128,SM $1,·lilO, HO S522, 880 $239,0118 
Prmltwti: 

Qnnntity, short toDH.. r1Rl, 033 
Ynltrn ................. 

1

s2, 089, 8.Jl 
2~l0, 72rl 

$76'1, 118 
(1) 

$2, 601, 851 
(I) (I) 

$1, 110, 8M $428, 01·1 
··- ------~--··-- -~~-·--·--·-·------·----··---·-·---·····---· 

t Not rel)()rtcd. 
2 E~tnbl HhmcntA, 
3 Not reported sep11rntcly, 
•The U11!tccl Stntes Geologicnl Survey reports 810,•178 Ahart tons of crmlo 

gypHUtn, of the val~to ns here given. The Census 11gurcs of qmtntlty nre for the 
product prcpnrecl, rn greatest ptirt, for tho market. 

In 1850 the vnlne 0£ the hmd-plaster product Wf18 

given as $428,014:. In 1860 the value of plaster and its 
mrmufa.ctnrcs was $1,110,854, 1mcl presumably the 
largest portion of this amount wns land plaster. In 
1870 the amount of plnster manufactured, reported as 
''Plaster, ground," and presumably chiefly used for 
land plaster, reached $2,691,851. Up to this time th~re 
11i)pcnrs to have been a Hteady gr<:»wth in the use 0£ 
g-yP':mm ns n :fertilizer, but '\vith the development of 
the phosphate rock indnoitry, which began just prior to 
the close of the decade ending in 1870, came a conie-•. , 
sponding reduction in the 11se of gypsum for land 
vlaster, and in 1880 the total gypst-im production, as 
rnported by the United StfLtes Geological Survey, was 
lmt no,ooo Rhort tons, valued at $400,000. 

'l'he mining of phosphate rock commenced in South 
Cnrolina in l8G7, mid in 1870 the production wns G5,24l 
long torn:;, In 1880 the sales of phoHplmte rock in the 
United Stntos amounted to 211,371 long tons, valued 
at $1,123,823, while the gypsum product had :fallen, as 
itbove noted, to lL mlue of $400,000. In 188!) the sale:; 
o:f phosphate rock were 550,245 long touA, valued 1it 
$2,H37,77G. Floridit lmd fotely become a producer. 
On the other lumd, the ground gypsum :-;old as land 
plaster in 188D w11:-; but 108, 771 short tonH, valued at 
$233,307, in contrnHt with the produetion for 1870 of 
gTouml plaster, vitlued rrt $2,Blll,851. 

The shrinkage in the commmption of gypsum for 
land plaster continues, the growth in the gypsnm in
dustry Hince 1889 being clue to the increasing use of 
w11ll m· cement pfaster. In 188\l, 108,771 tons, or ±0.6 
per cent, of the gypsum was sold n.s land .plaster; in 
1902 only 60, 791 tons, or 7.4 per cent. 

The vowth of the industry dnring the period :1889 
to 11)02 has been entirely in the production o:f cttlcinecl 
gypsum. In 1889, 85,755 tons of gypstpn, or 32 per cent 
of the amount quarried, were calcined, while in 1H02 
the quantity calcined W!LH G74,232 t0118, or 82.6 per cont 
o:f the gypsum qnarriecl, in·oducing 53H,387 tons of 
citlcinecl plaster products-plaster of Paris and wall or 
cement phister. Along with the increaser! consumption 
o:f citlcinecl plaster there w11s it decreas<;i in the avernge 
price :from $6. 92 per ton in 1889 to $3. 50 per ton in 
1902. There W!lS no material dumge in the average 
price of crude g·ypsum, it being $1.13 per ton ,in 1880 
and $1.15 per ton in 1902. The average yalue of the 
land plaster, however, decreased from $2.1{pe~· tm~jn 
188H to $1. 75 per ton in Hl02. 

A change in the chamcter of the industry is 11lso 
shown by the reduction in the number of operntors. 
In 1870, 321 operntors were reported, and iii."1902 oi1ly 
45. 'l'he number ·of mine::;,· which in 18170 rhnst 11ave 
been at least 321-that beirig the numbe1· of' 01)er1~
tors--wus only 62 in 1902. Tho proclndtion of. 'la\1d 
plaster requires sman capital, the gypsum:1)eing ~i'iiiJ!lY' 
mined or qu!uriecl 11ncl ground; itnd the average·vn:h'res 
of' the product per opornttn· for the ymtri:; 1800,11~8130;· 
and 1870-$3,064, $3,910, tmd $8,38t1, respecth•ell···:u: 
indicates'_ that during that ·ertrliet peTiod, · when,,, l'antl: 

nuo:·f/" JtJ~~ ,1 J v: ~,, 
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plaster wtis the principi1l or sole product, this industry 
was small and local in character. The statistics for 
HJ02 show a concentri1tion of the bu81ncss. The 1>2 pro
ducing mines or quarries were controlled hy 45 opent
tors au<l the average vn,lue of the product })Cl' operator 
was ~-.1:!1 1 430. Of the 02 aetivc mines or quarries, HJ 
were opcmtcd by 2 companies. The reduction in the 
number of open1tors and active mines en· qnarrieR 
retlects the growth of the wall plaster industry, which 
has a 1vidcr irnulrnt a,ncl requires a much hirger capital 
and plant tlrnn the mere manufacture of land plaster. 

Dnl'ing 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 iunount paid in wages 204. 7 per cent. 

There wore 17iclle mines or quarries in lll02, distrib
uted as follows: 8 in New Yol'k, 3 in Arizona, and 1 eaeh 
in Kamms, Missonri, New Mexico, Ohio, Texas, and 
Virginia. These were owned by I) individuals, 1 iirm, 
11nd 5 incorpOl'ated companies. Two of the mines in 
Arizom1 were owned by 1 individual. Two of the other 
iclle mines, 1 in Kamms 'nml 1 in l\'1issouri1 were owned 
hy 1 eorpomtiou, which open1tecl 16 active mines or 

quarries in Imv11, Kansas, Michig11n, New York, Ohio, 
and Oklahoma. The statistics of the capih1lization 
of this corporation t1re included among those of the 
11ctive mines. The remaining± incorporated companies 
were located l Elach in New York, New Mexico, Ohio, 
iind Texn,s. Threo of these did not report cr1pit:11iza
tion. The fourth cornpa,ny reported an 1rntJ1orizPcl 
cttpifol stock of 250,000 shares, with a par vahm o:f 
$250,000; all of the common stock, 200,000 sbnrrn~ of tt 
par value of $200, 000, hntl been issued. It reported 
also authorized bonds of it piir value of $25,000, of 
which $15,000 had been iKsnod, nmking 11 totnl of 
$215,000 for stocks nnd bonds iKsnecl. 

Of. the JIS operatm·s in ln02, .13 were inclivi clrntls, 6 
were iirms, iwd 2G were incorpomtod companies. Only 
3.() per cent of the gypsum minni1 or qrnirried \\'Its pro
dncctl by the 19 indivichrnls ttnd tirms, nncl in lowii, 
Kansas, Michigan, Oklahoma, Texas, mHl Ut:th t)rn 
01)erators were sololy incorpomtecl cornpanit\H, 

(}apltal Ntook t{f hwOJ')JOl'!lt1Hl r•m11p1111!1w,--T11hle 2 
presents the cletai1s of tho cttpitalization of tlw hworpo

. mted compn.nies. 

TAHLN 2.-0AI'ITALrnATION OF INCOHPOHA'rEn COMPANIEN: 11102. 

----·---~--- '-~----~ 

Numhet' ofi1worporatec1 cm1n1u1nieH ............................................... ...••.• 
Numbtir rnporting cnplta~lzatlon ..................................................... . 
C11pltttl stoek •uHl lJmuls 1~•1uocl ....................................................... . 

Cnpitlll stoc•k: 
'l'ol11l 1111thnrized-

N11mllcr of shares ......................................................... . 
l'llr vi1hw ................................................................. . 

'l'otnl Issued-

Bonds: 

Number of shares ......................................................... . 
I'nrviclne ................................................................. . 
Dividends p111c1 ................................ " ......................... , • 

Common
Authorlzed-

Number of slrn.res ............................................. . 
Pnrvaluc ..................................................... . 

Issuecl-
Nnmber of shnres ............................................. . 
Pnr vuluc ..................................................... . 
Dividends puid ..........................•............ , ........ . 

Pre!errecl-
Authorlzcrl- , 

Number of shttrcs ............................................. . 
l'nr valuo ..................................................... . 

Issuccl-

~t~r~~Jii~~ ~'.1.~~~~ :: :::::::: :::::::::::::::: :: : : : : : : :: :::::::::: 

Autl10rlzcd-
Num ber ................................................................... . 
Pllr v•ilue .................................................................. . 

Issued-
Number ................................................................... . 
I'11r valui• ................................................................. . 

Assessmcnt~f~~l~~::~.i'.~::::: :: : :::::::;::::::::::::::: ::::: ::::: :: :::: :::::: ::::::: :: : 

Unil ncl f-\t11te~. Knusn~. 

__ ... ""----~-·--· 

26 (> 
25 fi 

$10, 070, 9()fi $:M0,7tir1 

106, 880 1,H21 
$10, 576, 66fi $220, 70f> 

106, 298 1,R21 
$10, ~25, 96fi $220, 7(i(i 

$0•l, 300 83, 126 

61, 580 
$6, 046, 065 

1,1121 
$220, 705 

60, 9118 1, 821 
$5, 995, 9fkl $220,70/i 

$6'1,300 ~3,120 

•J5,:lllO ..... ~ ...... 
$<!, 530, 000 ............. 

45, 300 ............... 
$<!, 530, 000 ............ 

1, 0,15 25 
$1,145,000 $25,000 

145 25 
$1'16,000 $25, 000 

$2, 700 $1,500 
$3,2,10 .............. 

~Tic·hll(1U1. 

l.( 

<l 
$8,ir.1.r.oo 

8:1, 1011 
$8, Hl0,000 

83, 000 
$8, lr.7,fiOO 

$Hli, 700 

38, 100 
$3, 660,000 

38,000 
$3, 057,500 

$35, 700 

45, 000 
$•!, fiOO, 000 

·J5. 000 
$•1, fiOO, 000 

l,liOO 
$1, 000, 000 

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

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

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

·-·: :·.-·····-·~-- """'.""··--~---. ----.-

I 
All other N1•w York .. / Okhthonui. Still<'·'· 

ll 
0 

$Of1\l,Hllll 

tt, f»JO 
$f>M,OOO 

i\,:1\)8 
$!i3\l,800 ............ 

r,, 2.10 
$52·1, 000 

fi,OUH 
$fi09,H(Xl ............ 

aoo 
$'30, 000 

HOO 
$30,000 

120 
$120,000 

a ~~ 

a 7 
$200,000 $1,:1·17, !UIO 

~.ooo 1H,S10 
$200, 0()0 $1,mn, ooo 

2,lillO l:l,'179 
$200,01111 $1,lH7,800 

$2,.100 $2!1,071 

2,00() lil, 81\) 
$2f>O,OOO $1, 381, 900 

2,600 l:l, •170 
$200,000 $1,:H7,HOO 

$2,,100 $'28, 07'1 

........... T .......... . 
::::::::::::1:::::::::::: 

120 ........... ·I· .......... . 
$120, 000 •.•••.•••••. : ••••••.••..• 

:§:~rcl ::::::::::::':::::::::::: 
I 

! Ono of the~e companies opemtecl mlnes and q1mrries In Iowa, K11nsnB, New York, Ohio, and Okltthoma, as weli 11H In :Mlchigmt. 
-Inc111dos compnmcs clistrlbnted as.follows: Iowa, 3;, Texa.~, 2 (1 compnny operntlng q11nrrlcs 11lso In Oklnhoma ttncl Wyoming); utnh, 1; Vlrglnht, l; Wyoming, L 

Of the 26 incorporated companies", 6 were in New 
York, 5 in Kansas, 4 in Michigan, 3 each in Iowa and 
Oklahomit, 2 in Texas, and 1 each in Utah, Virginia, 
nncl w· yoming. These companies operated 4:3 mines or 
quarries distributed as follows: 9 in Iowa, 8 in New 
York, 7 in Kansas, 6 in Michigan, 5 in Oklahoma, 2 
each in Ohio, Texas, 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 mE1nufltctme 
o:f its products. The authorized ci1pitnJ stock consisted 
o:f 61,580 shares of common stock of· n par value of 
$6,046,665, and 45,300 Rhares of preferred stock of a 
par value of $4,530,000; 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. 11 par value of $1,14:5,000, of 
which there had been issued 145 bonds of a par vnluo 

•. :, •. :.· •. ~ 4~ 
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of $1±5,000. The outstanding eapital stock :ind hondR 
issued n.gg-reg-tttcd $10,fi70,9fi5. 

The interest paid on tho bonded de lit was $2, 700; the 
small amount is expln,incd hy the fact that the organiza
tion of scvcml of. the eompanies occurred during 1902, 
1t11d only 2 companh~s reported the pa'yment of inter
est on bonds ag·greg·ating $•115,000. Dividends rtmount
ing to $64,300 were paid by 6 companicK, diKtributed 
1 each in Iowa, Kansa:,;, Michigan, Oklithoma, Texas, 
and Utn,h. The capifalization of l company operating 
mines or qun,rries in Iowrt, Knnsrts, Michigan, New 
York, Ohio, ttnd Oklahonrn was credited to Michigrm, UR 

its ln,rgest production was from tJmt statr;; rmcl, in like 
manner, tho capitalization of 1 compttny opm·n,ting mines 
or quarries in Oklahoma, Texas, and \Vyoming WllR 

credited to Tex1ts, where itf; h1l'gcst plant was located. 
l!,}1y>loyee8 and ?M(/es.-Of the total mnount, 

$l,05D,G78, reported tis pttid for salaries ttnd wages, 
$7Ml,258, or 7Ul per cent, was paid to the wage.mtmers, 
and$300,420, or 28.4 per eent, to the Hrtlttried employees. 

The vtn·in.tion in the number of wagc-c1trncrl'.! em
ployed n,t cliff erent sea:,;ons of the year is shown in 'l'ttble 
O, whid1 gives the ttvemge number of men and boys 
cmployod during mwh month. The employment of 
l>oys under rn is reported only in the case of 1 mine. 
The leHst 1wemge number of wago-ettrners employed 
during nny month wns 7713 in .Tnmmry, and the largest 
1wm·age number for nny month was 1,6H!l in September. 
For the remaining monthK tho number fluctuated within 
a comparn.tively narrow muge. The number of wage
earnerH employed at spocifirnl daily mtes of pay is ttlso 
shown in Table 6. 

The prevailing mte of pny for wage-earners wits 
from $1.50 to $1.74 per day, 754:, or 51.2 per cent, 
receiving this rate. The per cent receiving less than 
$1.25 per du,y was only 2.5; 5.G per cent received from 
$1.25 to $1.40; 23 per cent, from $1.75 to $1.99; 10.2 
per cent, from $2 to $2.24; 3.3 per cent, from $2.25 to 
$2.49; 2.5 per cent, from $2.50 to $2.74; ancl 1.7 per 
cent receivecl $3 and over. Of the total number of 
wage-earners 614, or 41. 7 per cent, were classed as 
miners or quarrymen. Of these 329, or 22.4 per 
cent, received from $1.50 to $1.74 per day, Nine 
received ·from $3 to $3.24 per day. 

Mining and quarrying 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 
$0.05 per ton, with an nvernge of $0.445 per ton. 
These mines or quarries were distributed as follows: 7 
in Iowa, 4 in N cw York, 2 in Kansas, 1tnd 1 each in 
Cali.fornia, Michigan, Oklahoma, 'Texas, and Utah. 

Supplies, -materictls, and misoellane01ts ewpenses.
The total amount reported for supplies ancl materials 
was $341,760. In the case of operators producing 
uncalcined gypsum only, either crude gypsum or land 

plaster, the expe1rne for snpplic;:: and material:,; was 
small, only 5 or 10 cents per ton. 

The total mnonnt reported for miscelfoneous expenses 
was $200, 769, of which amount $49,912 wtts pitid by 20 
mines or qrnuries for royalties ttnd rent of mine and 
mining plant; and $150,857 for rent of offices, taxes, 
insurance, intere:;t, and other sundries. The mines or 
q1mrrios reporting the pttyrnent of royalties and rent of 
mine and mining plant were distributed aR follows: Six 
in New York, 4 in Kansas, 2 each in Iow11,.0hio, Ok:fa
homa, and Wyoming, and 1 each in Texas and Virginia. 

.Llfeoliam:cal powm'.-Of the 62 mines or quarries 
opcmted, 55 repo1·ted power, the primary power 
employed aggrcgn,ting 7 ,319 horsepower. Where mills 
were operated in conjunction with the mine or quarry, 
this includes mill power n,s well as power directly 
employed in mining or quarrying. '!'he power was 
supplied by 68 stmtm engines, aggregttting 6,3815 horse
power; 2 gas or gitsoliilo engines with it total of 20 
horsepower; ancl 11 water wheels having· ni± horse
power. There were, in addition, 5 electric motors with 
!L cnpacity of 68 horsepower. 

Frod1wtion.-'l'hc total prochwtion :!'or the year 1 !.l02 
was 816,478 short tomi of gypsum quarried, of which 
B74,232 torn; were enlcinecl, producing fi3H,387 tons of 
citlcinecl plo.ste1·-plnster of Paris and wall or cement 
p!ttstcr-v1ilned !tt $1,880,lHO. 'l'bere wcro sold in the 
crude state 81,455 tons of gypsum, vttlued tit $!.l3,fl1±, 
ttn nverage price of $1.15 per ton; and HO, 7H1 tons 
ground for htncl plaster, v11lued at $10H,i37, an 1wel'llge 
pri<Je of $1. 75 per ton .. The 539,387 tons o:f calcined 
produot;s comprised 188, 702 tons of plaster of Paris, 
valued at $562,H28, an 1werage price of $2.H8 per ton; 
and 350,685 tons of w1tll or cement plaster, valued at 
$1,326,262, an average p1•ice of $3. 78 per ton. The 
production of the 188, 702 tons sold as plaster of Paris 
consumed 235,878 tons of crude gypsum; and the pro
duction of the 350, 685 tons of wall or cement plaster 
consumed 438,354 tons of gypsum before cnleination 
into plaster of Paris and \:nnnufaeture into wall or 
cement plaster. The increase in the mtirketable gyp
sum products for 1902 over those of 1889 was in quan
tity 434, 908 tons, or 63. 7 per cent, and in value 
$1,325,223, or 173.4 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; HO 
per cent and over of that from California, 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, t:),nd less than 50 per cent only from 
Michigan, New York, Ohio, and Virginia. 

Table 3 sl~ows the production of gypsum in the United 
States from 1880 to 1902, as rnported by the United 
State8 Geological Survey. 
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TAJIJ,J~ a.-Production !~f !l!IJlWlll: 1880 to 11102. 

(Unite1l 8tn.tes <h~nlogienJ Hurvcy, 0 iunerttl H.l'sourt~e~ of the tJnitNl 8tn.tes/' 
1\101 ltlld 1U02.] 

1
1 

Q111u1titr of i~·~t~~ ~~ii1~,i~:ll--
YJ>~An. gypHnnl 11tnd' P1.1u:ite1:: 

·(Hhott tonH). ancl <'!tleinerl.I 

rn~o ..... ~.:--~o-,-ou-o .. --$--lll-u,~uu l1_1_8 .... 9.c __ >. ______ --.---.--

!~~.\......... sri, otio s:;o, no. o I' 1Ru:1 ..... . 
188.......... 100, 000 •150, UllO 1891. ... .. 
IXH:l......... 90, 000 420, 000 189ii ....... . 
188-1......... 90, 000 390, 000 189ll •.•.• ". 
!XX[>......... 90, •105 405, 000 , 1897 ..••.••• 
1xx11......... uri, 250 428, n:.m I 1sos ....... . 
1887......... 9f>,OOO •l2fi,Oll0 1890 ....... . 
1xxx......... no, ooo rmo, ooo moo ....... . 
188\1..... •• • • '2G7, 7G9 7!H, IJ8 19tll .•.....• 
rnuo......... rn2, ODO fi74, r,2:i rno2 ....... . 
1891. .. • • • . • • 208, 126 028, 051 

quan t!ty of Value of pro· 
1 in rltwtH: crnrle, 

gyps 1 lnnd phis lcr 
(Hhort tom). unrl enkincd. 

$695,'192 
{lf)t), {ilfi 
7!\l, 719 
797, -H7 
f>7a,:J.I.I 
7f)r), H6·1 
7i>51 280 

1, 287, OHO 
1, G27 1 203 
11 f>06, tHl 
2, 08\l, :!42 

1 }.In.rket1tblu procltWl:!i, 2·Ui,72fi Hhort torn:.i. 
• Mttrlrntttblu prmltwts, liK1,li3:l short tonH. 

Beginning with the yenr 1809 there was shown 11 

marked anmml increase in the quantity of gypsum pro
tluced. The increase in 1890 WHS UG.7 per cent; in moo, 
22.3 per cent; in lHOl, 12 per cent; and 1U02, 24 per 
cent. The total increase :from 1808to1002 was 524,840 
ton::;, or 180 per cent. 

The impor.ts of gypsum from 188!! to 1H02 are :-;hown 
in the following titblo: 

TAHU<: 4.-GypNu111 imported illl!i th1! United State~: 188.'I lo lfllU. 

[Unilc<l St11tcs Geologicnl Survt,)', "Milwml Rcsnnrccs of the Unite<l Ktnll's," 
' lllll2.J 

-----·-··~· 

YEAR ENDINH-

Ilceember :n-
1R80 ............... . 
1800 .............. .. 
1801. •••..•••••..... 
1802 .............. .. 
189:1. ............. .. 
1804 ••• : ........... . 
18ql} ........ ~~-· ... . 
18'l(i ............... . 
1Hil7 ............... . 
180K ............... . 
189!1. .............. . 
1900 ............... . 
rn01 ............... . 
1902 .............. .. 

OIWUND OR CAT,~ 
C!NIW. UNGllOUNll, 

V11lue nf 
--~--·11 mnnn- 'l'otnl 

ltteluru<I \'lthw. 
plnster QUl\\ltlt;- Q111mtit)' 

(long Viilnc. (long Viilue. 
tons). tons). 

170, 955 
171, 289 
110, 21\7 
181, HJ.I 
JG.J,llOO 
Hl2, 1\00 
1U2, fl.tu 
180, 2li9 
HiB, 201 
Hlll,05ti 
Hlli,f('O 
20!),/-:81 
2Bfl, 2ll:I 
301\,:lli7 

I Nnt HJW!!ili<Hl. 

Sl7U,H•l\l 
17·1,(l()\) 
129, 003 
2m~ 1 <toa 
180, 2f>-l 
179, 2B7 
21f>1 70fl 
193, ri•-1 
1~8,li8li 
181, llli·I 
220,liOil 
2211 878 
2:lH:·l·IO 
28-1, 9'12 

of l'tir!H. 

$220, 1-10 
22\J,8/i9 
2211, 319 
:lllH,011 
211,9'M 
lUG, OGO 
2·17,f>H:l 
227, ~4K 
212, ·l2\) 
2·1[},11-1·1 
29.,, 91'6 
am,riso 
a~H 1 fi'70 
3GO, 700 

The world',; production of gypsum from U\HB to Ul02, 
inclusive, is show11 in the :following- tnhle: 

TAm.rn 5.-THE WOHLJYS I'IWDGCTION OF GYPSUM: 18\lil TO Ul02. 

[Unite~l Rtu.lcs Goologit:ttl Survey, .i Mhwrnl Hesonrc~cs of the Unill~tl Htati.•81
11 1002.] 

.. 

UNlTED STATl~S. FRAN CF.. CANAnA. f.HtNAT llltlTAJN, Ol~lt.'.\IAN J~)IPIHl~. .11.rrnnIA. I\ rnn1,1. CYJ>J?tlH, 

----·------ ---.·--- ......... ------·--
Yl~Alt, Qmm- Qnttutlt,- Q1mn- Qu1111-

lit)' Vaine. (short Value. tlty Vnlne. 
tlty 

(Hhort tom). (Rhnrt (•luirt 
tom). ton~). tons). 

----- --~--
, ..... ·--·-··--·--·-·· --- ------·· 

$2;ilui:auri·[ 1893 ...... 253, 615 $096, 515 . . i; ti9:3; 88i. 192, UGH $19G, 150 158, 122 
189!.. ..•. 239, 312 751, 719 223, ll31 202, 031 lllY, 102 
1895 •••.•• 265, 5l)3 797,'147 2, 17fi, •148 il, 392, 7G8 I 22ll,178 202, 508 mo, 037 
JR9li •••••• 224, 2M 573, 34.4 1, 8ll0,'J98 2, GO!, 2110 I 207,032 178, 061 21:l, 028 
18\17 ...... 288, U82 755, HO·l 118•15,87~1 2,on,oaa 239,691 2H, 5Bl 2o:l, 151 
1898 •••••• 2\11, 038 7551 280 1, 931, 712 2, 777, 8161 219,2iiG 23ll,-HU ~lU, ~1'19 
1890 ..•••• •186, 235 1, 287, 080 1, 802,812 2, 641, 020 24·1,fiOG 257, 329 2ll8, 071 
l\10ll ...•.. 59,1, 4.62 1,(1i7, 203 1, 701,835 2 772, 221 252, 001 2119, 000 23:1,()()2 
1901. ••••• 633, 791 ] .liOli, 6'11 2, 182,229 3,•l·.19, 747 293,1179 3·10, 148 ~241 tl19 
1902 •••••• 810,4.78 2,08U, SH (') (2) I 382,045 85G, 817 ~fll,610 

' I 
-~-- . 

1 Inclur1cH Biirlcn .. 

The detailed :-;tatistics for the gypsum industry elm'-· 
ing 1902 are given in Table 6. 

D gscRIPTIVE. 

Gypsum, a natural product, is calcium sulphate, of the 
chemical :formula CaS0{.2 H 20, contn.ining46.5 per cent 
of sulphuric ncid, 32. 6 per cent of lime, and 20. 9 per cent 
of water. Anhydrite, a mineral like gypsum, bnt, as 
its name indicates, containing no water, is composed of 
.18.8 per cent of sulphuric aci<l and 41.2 per cent of 
lime. This absorbs water 11ncl changes to gypsnm. 
··when gyps}ml is properly calcined it '.oses a pint of the 
mtter of its composition and becomes plaster of Paris, 
the name originating from the great deposits of g-ypsum 
work.eel at Montmartre, a suburb of Pari:-;. The trans
parent ery:-;tallizecl variety of gypsum is called selenite; 
its tine massive variety, alalmster; and its fibrous form, 
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satin spar. A loose earthy gypsum fonnd in lfon,;as 
and other points in the West is cnJled gypsite. 

Gypsum crystallizes in the monoclinic sys~em, Juu; a 
hardness of 2, an<l a specific gmvity of 2.31. It,; color 
is usually white, although sometimes red, green, blue, 
gray,· or hrown, When protected from the action of 
water it is extrmncly durrtblc, as evidenced l1y the 
numerous monumenbtl ef-Ilgies, many centuries old, in 
European churches ancl elsewhert,, 

It is quite generally distributed and oeeurs in frreg-11-
ln,r nnd often in very extensive and nmssivo deposits. 
A deposit of white crystalline gypsum at Nctherfield, 
England, is more than 50 feet in thicknesi;, and in the 
Thflringerwn.ld, Germany, a great nms:-; lrns been sunk 
through ton depth of 70 feet. The gypsum deposits of 
Onon~luga county, N. Y., show in places a t.hicknesR of 
t10 feet. The snow-white alabaster found at Volterm, 
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in Tnscany, Italy, is used extensively at Flol'ence and 
Leghorn fot· works of art. · It is white when newly 
broken ancl on drying becomes even w hi tor on the sur
fnce. It is easily cut and turned and under proper 
treatment takes a fine polish and :·mtin luster. 

On'r;1'.11.-0ypsum deposits have been formed by 
direet deposition, n.ncl by the alterati.01~ of existing lime 
cleposi ts. Most of the gyps nm deposits of the world 
1tre considernd to have been formed hy tho evaporation 
nm.1 conccntmtion of sea water, although the cttlcium 
sulphate is not deposited until about 80 pm· cent of the 
water has been evaporated. Sea water, according to 
the a.nalyses in the Clmllenger Reports, contain:; 3.5 per 
cont of minernl nrnttor of the following con:;tituonts: 

Soclium chloricle (salt) ................• _ .............. . 
lllagnesium ehloricle .......•.... _. _ ... _ ...... _ ........ . 
.i\lagneHium sulphate .. _ ....................... _ ....... . 
Calcium Hulphate (gyprinm) •.•.........•.••........ _ .. . 
l'ntnssium Hnlphate .................................. . 
Caldum e1nb01rnte .... _ ............................... . 
lllngnesinm bromide ..............•.................... 

Pcre(mt. 

77. 7fi8 
10. 878 
~. 7::17 
a.ooo 
2.4()5 
0.34fi 
0.217 

100. 000 

"\Vlrnn 1-mch n. body of water cut off from the oceun i:-1 
LWuporated, tho Cftlcinm :,;nlphate i:; deposited hei'oro 
tho sodium chloride, the latter being thrown down only 
!liter the removal of H3 per cent of the wator. " 7ith 
complete evapomt.ion and deposition them would be, 
therefore, iirHt it deposit of gypsum ancl then tt hcmvy 
dopo8it of salt, though the evitporatioit may go far 
enough to deposit the gypsum, hnt not far enough to 
depm;it the salt; or if the ln,ttcr he deposited it may be 
removed subHeqnently by solution. Gypsum deposits, 
therefore, arc more widely :,;proacl than salt, hut rnnrnlly 
occur in thinner heels. 

'Yhon sulphuric acid, liberated by the decomposition 
of pyrite, acts on calcium rnubonatc and convert.-; it into 
en.lei mu sulph1tte, there is geuomlly n grachrnl tmnsition 
from the limestone into the g·ypsnm rock. 

Gypsum is clepo:;ited b,r some th01:11ml springs, as in 
Iceln,ud, where t;he sulpb urons acids on becoming oxi
dizC\d clmnge to :mlplrnric acid, which convert:-1 the cal
cium citrb9nate into calcium sulphate, ttnd this when 
evnpomtion takes place iH deposited in fibrous and 
!'rystalline :forms. 

The theory of Dawson on the or1gm of gypsum at 
Plaister Cove, Novn Seotin, is a:; follow:;;: First, there 
wns an accnnrnlation of nnmerouH thin layers of lime
stone, either so mpidly or at :mch great depths thnt 
org1tuic remains wore not included in any but tho upper 
layers. Second, there wn.s an introduction of sulphuric 
acid, in solution or in vapor, which w1u:i a product of 
nilcn,nic action. Then for n, long time the acid water8 
acted upon the calcareous mntmial without interruption 

from mechanirntl detritus, changing the calcium carbon
ate to calcium sulphate, and gypsum of good qmiJity 
accumulated in consiclernble thickrn:s:-1. 

Oemtrr1!1UN>.-Gyp:;u111 is widely distributed geolog
icn.lly, being· found in v11riou:-1 formations ranging f~·om 
the Silurian up to the Tertiary. In New York extensive 
beds of g_yp~mm are found in the Silurian formation; 
in Ohio and Michig!tn they occur in the Oirboniferous; 
and in Iowa and Kansas they arc Cretnccous. 

G·ypsnrn h; n.lso widely distributed geographically. 
In the United States it i:; found in Arizona, California, · 
Colornclo, Iowa, Kansas, Michigan, Montam1, Nmrada, 
New Mexico, New York, Ohio, Oklahoma, Oregon, 
South Dakotti, Texas, Utah, Virginia, and Wyoming, 
and is mined in all these states except Arizornt, Mis
souri, 1md New Mexico. It is found in Arabia, Austtfa, 
Bohemili, Canadtt, I~gypt, gnglnnll, France, Germany, 
It1dy1 Norway, mid Persht. 

ll.~e.-'I'hc use of gypsum was known at a very early 
period, fol' the Greeks worn familiar with it, m; shown 
by the writingH of Theophmstus and Pliny. Gypsum 
in its ground, uneitleincd stnto i:; used chictly for land 
plaster, a fortilizer. In its calcined form, nH plastl>r of 
Piuis, it haR extensive and varied use:;. 

Land pZaster.--Grounrl pla:;tcr has long been 1rnccl Rs 
a fertilizer. Virgil wrote concerning the value of gyp
sum on cultivated lnnds. Benjamin Franklin called at
tention to the value of gypsum a::i a fertilizer for gms:,; 
by sowing land plaster in 11 elovcr field, so as to form 
thu sentence, "ThiH has been plastered with gypsnm," 
the letters showing by the hcig·ht and color of the clover 
wbel'C gypsum had been sown. 

N umcrous experiments and tests arc on record n::i to 
tho value of gyp:mm as n fertilizer. Boussing·ault in 
18d:l fertilized a clover field with gypsum and analyzed 
the elo\'er grown on fertilized anq on un:tertilizecl land. 
These experiments were conducted for two years on the 
same land, and the analyHes of the ash of the clover 
from a hectare of ground showed as follows, in kilo
grams: 

Analysex u.f clu11er.1 

1841 

I 1 ltl Lnnd 
,nnc w 1 without 
gypsnn1. gypH11n1, 

Ashes free from CO, ...•••....•. 270.0 113. () 
Silicti .......................... 28. l 22. 7 
Oxide (iron, mnngtlllCH<" nlu· 

2. 7 L·I mino.) ••••••.•••.•.•.•..•••.•• 
Lin1e ........................... 10 .. 1 a~. 2 
MngncH!11 .••...•......•••..•.•. 18.1 R. ll 
Pot11sh ....................... · •• 95.6 2(1, 7 
Sodn ........................... 2 .. 1 1. 4 
Snlphnrlo ncicl. ...•...•.•.••... 9.2 •l. 4 
Plwsphnri" nci<l •••••.•••••.•..• ~.J.2 11. 0 
Chloriut> .....•................. JO.a ·J.li 

1842 

Ltind with 
gypsum. 

~80.0 
llJ..1 

('I) 
102. 8 
28,5 
\)7. 2 
0.8 
!l. 0 

22.!1 
8.·l 

Lnnd 
without 
gypsum. 

07. 0 
12. 7 

O.G 
az.2 
7.1 

28.0 
2.8 
3.0 
7.0 
3.0 

'The Unil'crsit)' Gcolnglcnl Surver ol KtlllHtts, Vol. V, Report on GypHum and 
Gypsmm Cement PlastL~rs. 
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This shows an increase in 1111 the mineral constitucnb,;, 
but especially in lime, nuignesia, r1,nd potash. 

The theories of the twtion of gypsum as a :fertilizer 
htwe been nmny. Sir Humphry Davy !lncl others before 
1wcl after his 'time lmve regarded gypsum as a di.reet 
1mm·ce of plant food. It is now thought that gypsum 
~cts as 11 fertilizer in three ways, one mechanieal m1cl 
two chemical: 

(1) 'rhe gypsum by mechanical action ffoccnlates 
loose soils. 

(2) Gypsum as pointed out by s.torer 1 !ms n(~arly 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. 

(3) Gypsum decomposes the doubl~ .silicates in tho 
earth, setting free potash nR a soluble s1hmte. Accord
ing to Storer, the action is ns follows: 

Al 20 3
] !AI20sl CaO · · -, • Cao X· R'() 1 I' 0"0 K.O XS102 + CaOS08 = Cao . ' 1 . , -i- "-2 " s 

HP H,O 

By this mmtns the potash in ~mlution reaches the roots 
of the ph1nts. Soils with almnclm1t potash do not need 
land plaster, and soil8 with no potn.sh compoumls 111·0 

not benefited in this respeet by it. 
PlaBtei· of Pm·i'.8. -The phenonrnrnt ttttendttnt upon 

the baking and hardening of plaster of Pnri:; were first 
studied liy Lavoisier. In the Comptcs Hondus of Feb
ruary 17, 1765, appeitrs the following: "After having 
removed the water of hydration from gyp:;um by lrn1it, 
if it be presented to it again (this i8 commonly known ' 
as the mixing or tempering of plaster), it takes it lmck 
with avidity, ancl suddenly assumes a stttte of irregular 
crystallization; the small crystals which form become 
eonfosed with each other, the result being a very bard 
mass." Lavoisier discovered that when plastrir was 
baked at too high a temperature it lost its peculiln· 
property of setting, and that when it was heated the 
water of crystalHzation was removed ttt two different 
stages, three-fourths of it being much more easily 
removed than the remainder. Payen, in 1830, found 
that gypsum began to Jose its water of erystallization 
at 115° C., and that the loss increased rapidly as the 
temperature rose. He concluded that a temperature of 
from 110° to 120° 0. was the be~t for calcination, but 
that plaster of Paris could l1e made at a lower tempera
ture, even us low as 80° O., 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 Ohatelier 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 128° C. ttnd the 
second at 163° 0., indicating the existence of two dif
ferent hydrates, whose decomposition took place at the 

1 Chemistry of Agriculture, Vol. I, 1887, pages 206 to 216. 

temperatures stated. The clehydrfttion was fonnd to 
be incomplete at 155° C. a~1cl complete 11t 194° C. 

An analysis of the first hydrate gave: 
Per 1.•ent. 

1.V ater __________ - _ - - - . - - .. - ... - ... - . - ..... - .......... - . li. 7 
Cnkium Rulvhate_. _ - - - - - - • - - - - - - - - .. - - - . - - - - . __ - .. - - . - - . ll8. 8 

100.0 

This agrees very closely with the formuht (CaS0{)2 

I-120, which gives: 
Per cont. 

\Vater . _ .. _. ______ . _. _ - .• - •.•... __ ..... ___ . _ .... ___ . . . . . U. 2 
Calcium Rnlphat.l~ .. _ ...... - .. -.. - -.... - ............ - - .. - . \1:{. 8 

100.0 

Gypsum has 1 part of enJcium sulphate united_ with 2 
parts of wtiter, while this hyclrnte shows 2 parts of cal
chun sulphate united with 1 part of water. The Bmlrn 
hydrate is found in the incrustation of the. boilers of 
ocean stemners when feel with sm1 water, as Rhown by 
the following mmlyBis: 

Anal11nin of lioilm- foc1·1i8tl(tionfmm n imnx-Atlantfo .~teama. 

Cttldum l'ttrhonntll .. _ ... - __ . - .. - _. __ . _ . _ .. _ - ____ . _ - - - - - - - O. a 
Ferrie oxido __ .. _. ________ . _ . _ . __ . ___ . ___ ... ___ ... - . __ - . 2. 0 
\Yater . __ .. _. __ ......... _ .. - ............... _. ... _ .. - . . . . . Ii.~ 

Cnkimu sul1ihate .......•.... - ...... - .. - ...... - - . . . . . . . • . !Jl. I> 

100.0 

Tho tcmpemtnre ttt which this eompouncl is com
pletely dehydrated lies between rno0 ttnd 1 70° C, 
Broken np aml mixed with water, it hydmfos and 
hardens. Further experiment:; showed phtBter of PariB 
to be tt definite hydrate with the formulit (CaS0,1) 2II20. 

The second hftlt noticed in Le Chatelier's experiments 
took pliwc at 163° O., and from this tempcmturo to 
221° C. no change was noted in the plaster, but beyond 
221° U. the plaster, when mixed with W!tter, did not ab
sorb it readily and set only after a long time. H the 
heat. reaches 3~1:3° C., the plaster 1tcts like !tn 11:nhydrite 
and is said to he "dead burned." It will not sot on the 
addition of water. \Vhen heated stiill more the sub
stance melts o.nd, on cooling, forms a crystalline muss, 
which can not be· decomposed hy heut, except in the 
presence of organic matter, when it changes into UaS. 
If this substance is acted upon by carbon dioxide gas 
(C02) and water, sulphureted hydrogen gas is formed. 

The burning of gypsum is, therefore, a very impor
tant matter, and calcinors become very expert. If the 
gypsum is unclei·burned, the new hydrate is not formed, 
and the plaster will not set. If it is overburnod, 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 considemble amount of water. Each molecule 
of plaster, in passing through the liquid, seized its molecule of 
water of crvstallization and fell to the bottom in the form of small 
brilliant n~edles, visible only with a strong lens. These needles, 
dried in the open air qr with the aid of a moderate heat, are very 
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soft and silky to the touch. Under a microHcope it iH perceive<l 
that what was taken under the kmA for nernlles aro also pamllel
opipeds, very fine, some thieker, many thimwr, nnd many mm·e 
elongated. 'rhe plaster in this state is not cnpnble of uniting with 
water, but if it is calcined mrnw these small crystals lose their 
transparency and their water of eryHtallization anrl become again a 
true plaster, as perfect as before. One may, in this fashion, snccess
fnlly caleine and recrystallize the plaster, lWtm to infinity, and con
scquontly give t.o it at will the property of seizing water. 

Lm1drin, who, in a paper published in 1874,1 quoted 
the above, and gave the re:mlts of lL study of phLster, 
divided the set of plaster into four period;; as follows: 

(1) The calcined plaster, on contac!; with \V!tter, unitcH 
with this liquid ancl takes a crystalline form. 

(2) The plaster dissolves pn.rtinlly in the water, which 
becomes sn.tumted with this salt. 

(3) A part of this liquid evapomteH, dne to the heat 
sot free in the chemical combination. A cryst!tl iH 
formocl and determines the crystallizittion o:f the entire 
ma8s, a phenomenon which is analogous to that which 
tnJrns place when a piece of sodium imlphate is placed 
in a s1itnmtec1 solution o:f this srtlt. 

(4) The maximum hardness is reached when tho phii,;
tcr lose8 enough water to correspond exactly to tho 
formula (CaS01) 2H 20, this maximum being to the 
rernn.inder in proportion to. tlrn quantity of water 
ndded to die plaster to transform it into mortar. 

Tho maximum harclnesH then was reaehell when 
the plaster contained about 20 per cent of w11ter. 
Landrin believed that the loss of water wns dnc to the 
C\'nporation. 

Le Chatelier showed tlmt plm;tcr would set in a 
vacuum, so that evaporation wirn not it 11cces::mry step. 
According to Le Clmtclier, the plastei· of Pitris dis
imlvcs, becomes hydrated, and then cryt:itiillizos out 
ns gypsnm, and every particle of the plaster goes 
through these steps. · 

:Microscopic examimLtion 2 Hhows that ground gypsum, 
before calchmtion, is composed of rather large masses 
of various sizes, these massns consisting of more or 
less broken crystah;, After c1ilcination thesr. larger 
lllHHBeS ttre broken up into fine granules nearly uniform 
in 8.ize and shape. AH tho nmterhLl is heated, tho water 
is changed into steam and, expanding, hrcaks tho crys
tnls into finer particles. There is thus a physical clmnge, 
ns well as a chemical one. 

When water is added to the calcined plaster, snmll 
needle-like crystal:,; itro seen forming and shooting out 
hero and there, !Lnd these, as they become more abun
dtmt, unite and form ii solid nmss, in which the indi
vichml crystals can smtreely be distinguished. Open 
sp!tQG8 left in the ~1msH arc fimtlly closed and a firm 
solid mass· results. 

UnCltlcined gypsum treated with water shows, under 
the microscope, very little change. Gypsum crystitl-

1 Annales de Chimie, 1874. · 
2 University Geological Survey of .Kansas, Vol. V, Report on 

Gypsum antl Gypsum Cement Plasters, pages 92 to 95. 

lized by evapomtion shows crystrth~ 'ivhich are not 
needle-shaped, !mt broader 1111d of considerable irregu
larity. '.L'lrny do not interpenetrnfo, but ·form a loose 
mass which readily crumbles. 

Crystallization is aided by the smitll size of the grains, 
and the iiuer-gridned plasters set more rapidly than the 
coarsor-gntinod ones, as Hhown by the comparison of 
the fine dental plaHters with ordinary plaster of Paris. 

11lan1ifaetm•e.-In the umnufocture of plaster of Paris 
the gypsum rock is crushed and ground into flour in n 
buhr mill, a roller mill, or 11 disintegrator. The ground 
gypsum is then pltssecl into Htomge bins. In some mffls 
the l1our gypsum is conveyed to the bins by 1tn air blast. 

The calcining kettles are made of boiler steel 1md 
hold 1Lhout 8 tons; the flame is c1uricd 11ronnd the sides, 
by Jines, 80 as to heat all parts. In elmrgiug, the 
grotind gypsum is run slowly into the kettle, which is 
kept at 1L tempemtnre o:f 212° F. or over; Rbout an 
hour and a lrnl:f hi consumed in filling to !L depth o:f 5 
foot. ThD material is kept in motion by a mechanical 
stirrer, it being of the grefttest importance that the 
p!Lrtly mLleinecl plaster shall not remain in contact with 
tho he1Lted iron. The Hlow filling tends to keep the 
hmtt constant or nmtrly so during tho clmrging, and 
as the boiling increases the plaster i::; occa8ionally 
thrown in " W!We8" out of the kettle. The heated 
materinl boils liko thick cret1m, 1.tnd rnns ttlmost like 
witter. '.L'he boiling is, of course, clue to the escape of 
the water o:f crysh1llizt1tion ftncl tho hygroscopic water 
tlmt nrny he present. The boiling takes 1thout three 
hours; 11 short time before completion, when the tem
perature reaches 270° :F., there is a sudden settling 
down and the Hteam ceases to rise, marking the period 
of formation of the first hydrate. Soon tho mass 
begins to boil ag1Lin; after n. certain time, quite aocu
mtely determined by the expert calcinor, when a tem
perature of ftpproxiurntely 350° F. is reached, the 
charge is clone, tho disclrnrgo gnte is opened, nncl the 
finished product runs out into a vault. The refilling of 
tho kettle for the succeeding charge begins at once. 

Retm'dmw.-As phister of Paris, when mixed with 
water, sets in from Hix to ten minutes, material is incor
porated therewith, either clnring its manufacture or at 
the time of its preparation for use, to delay or hold 
back the set, in order that the cement plaster mLn be 
prepitrccl in quantity and applied with uniform results. 
These compounds or n.clrnixtures are known as retarder:; 
or restrninors. Jn the eitrly dayH of cement plaster, 
glue wns 11dc1ec1 hy the workman when he prepared the 
material for use; but now, to secure uniform results, 
the retarder is, as a rule, incorporated with the plaster 
in the process of m111mfactnre. Citric acid was used 
:for 11 time,· but this waH expensive, nncl the re:mlts were 
often uneven. As magnesian limes set more slowly 
than calcareous limes, it was thought that the addition 
o:f nmgnesian limestone would serve as IL retr1rder, hut 
the use of this substance is s11id not to be a success. 
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In the days of the Homans, blood waR used to retard 
the set of rilaster of Paris, mid organic matter from 
slanghtcrhonse refuse (tf111kage, lJones, hnfr, etc.), forms 
the bttse of nmny of the retarders now in use. 

Any 1mbsb111ce which, when riclded to the w11ter with 
which calcined gypsum is mixed, or to the dry phtster, 
will keep the molecules apart or from too dose con
tact will delay the crystallization irnd retltrd the set
ting. Such snb8t!Lnces are dirt or organic mn,tter not 
of a crystalline ehamcter. Insoluble material or car
bonates or the alkaline earths will dilute the plaster so 
thn,t it will not set as quickly 11s the unadulterated plas
ter. "Whether a reta,rcler weakens the cement plaster 
or not is 1i dbpnted question among n,rchitects n,nd 
pla1-1torers, although it is concedecl that the addition of 
too much foreign materifil recluces the strength of the 
mass of interlacing crysti1ls. As a general rule the 
prolongation of the period of crystallization or set is 
cleterminecl by the qmmtity of rctiwcler a.cldecl to or 
incorporated with the plaster. Ualcined plaster which 
seb; slowly, whether retardecl or not, is known' as cement 
plaster. 

Accelm•1don.-It is a well-known fact thttt when ft 
salt crystal is dropped into a supersaturated solution of 
a salt, as for instance sodium sulphate, the whole mass 
immediately crystallizes. Urystals, or evlm solid lmr
ticles of foreig·n material, will hasten the crystnUizlt
tion. Hence, to nrnke a q11ick-setting plaster, as for 
donti1l use, some other crystt111izing salt, as nJmn or 
homx, is added, i11 small quantity, to the ci1lcined gyp
sum. The result is that, after solution, the added tialt 
has a tenclenc.); to crystn1lize, and thm; shirts the proeesR 
in the dehydrated gypsum. 

P1·oce88es for liardmiin{J pla8ter. -When calcined gyp
sum is steeped in a solution containing from 8 to 10 
per cent of alum, n.nd then dried and itgttin burned with 
a dull red heat o:f uniform itnd constant temperature 
(Greenwood's process), ii plaster is produced which 
after setting is very much harder than the ordinnry 
pfaster. Uasts made of such plaster solidify gradually, 
hut :finally ticquire a hardnm;s similar to thnt; of ttla
baster or marble, and present 11 translucent appear
ance resembling· these substances. According to 
Lttndrin, this chn.nge in the plaster is not to l)e 
accounted for by the formation of double sulphates of 
lime tmd alkali, nor by the crystals of calcium Rnlphate 

I 

being embedded in itlumina; bnt mther by the ealciurn 
ciirhonatc in the phtster Atone being converted by the 
alum into citleinm sulphn,tn. A liquid contn,ining from 
8 to 10 per cent of sulphuric nci.d acts in a similar nrnn
ner. Landrin 1tmilyzecl alum plnstl~r1-1 with tlrn following 
results: 

T>l~HCltll 1TION (W BPl~CI.l\IKNH 
( AJ,1tl\f P.T,AH'l'Blt8). 

Ji'r(1nuh ceinent. .......... ..... . 
English eeincnt, No. I ........ . 
I~nglish cL1nicnt, No. 2 - ... _ ... . 
StUC<~O ______ .•..•... ······- ... . 

I 
CONH'r!TUl>N'l'H. 

Cni-itl;. II ·-··-······· ···-

. ·-· -~tC10a· ) >:iO,~ ~-~ro1111.. 
rni. 75 i, ori o. n 1. ·18 100 
\lH. ID 0. '11 1. ·W 1011 
~H. 02 0. :17 0,.12 1. JU 1Ull 
98. 05 0, !\G 0, fil l. llH 100 

These figures Hhow that the alum cements lll'l>. of 
great purity and have 110 tmce of almnitrn or potash. 

Keene's lmrd cement is produced by impreg·nnting 
plaster of PitriH with 11 solution of l part of borax and 
1 part of cream of fortftr in 1H partH of Wltter, drying 
1mcl burning nt a low red heat :for Hix hours. Bomx 
11lone serves the pnrpose. Tho ph11-1ter harclm1s more 
slowly 118 the tiolntioll is more concentrnted. 

Silicated plaster is formed hy sponging the 1-1m·foce 
of plrtster casts with a solution fomwcl by first adding· 
whey, free :from fo,t;ty matter, to 11 potash lye solution 
made by rtclcling l part of potash to 5 piirtR fff witter, 
mid afterwnrds mixing,± parts of t,hi1-1 with n simple 
solution of potftssium silicate. 

8teiirin melted 11t llot too high 11 tmnpemture l11m 
been employed as a hath in which pln,8ter cw-its arn 
immersed. 

Liwdrin fonnd tlrnt lime lutd groat intluenco on plas
ten;. By mixing lime with tho pfastor ill different pro
porti01rn, not to exceed lO per cent, ho ohbLinod plat:iter 
which set reguhtrly, boc:une V!\l'Y lmrd, and took tl hig·h 
polish. 

A hirg·o number of pf1tents luwc !men isRnecl for re
tarding compounds and 11dmixturm~, 1iml for prep11r1~cl 
plasters, as well ns for proceRHes of nutnnf.!wturc and 
:for hnrdening gyp8nm, 11nd !l digost of the same will bo 
:found in an appendix. There lmve a!Ho bmm issiwct 
some 280 or more patents for improvements in the arts 
iiwolving the nse of gypsum or plastor o:f Parii-; in the 
manufacture o:f a1·tifl.ciitl Atone, wall 1111d roofing 
cements, p1weme11ts, eriiyons, hhwkbo11rds, heat irnm
lating composition, etc. 



1. 

GYPSUM. Hll 

TAm,g 0.-DETAILED SUM!IIAHY: rno2. 
------·---··---·-

Number of tniues or quarries ... _ ........................ ............. . 
:\tnnber or opera.tors .............................. - ..... - ............ . 
Chnrncter of ownership: 

Imlivitlmtl ...................................................... . 
Firm ............................................................. . 
Iueorporute1l eompt1ny ........................................... . 

:o;nhITied oflit?i1tlH, elerks, ctt~.: · 
Tol11l nmnher ................................................... .. 
Totnl H\}l11rilos ..................................................... . 

Genc~rul ofliecrH-
Numher .................................................. . 
Sn.lnrics ................................................ ... . 

SnpQrinte1ulents1 manngl1l'H1 fon·rnPn, snrvcym'H, Ptc.-
Nnmher .................................................. . 
SttlflrleR ................................................... . 

Forcm1m1 llelow g1·ou111l-
N111nber .................................................. . 
SfllnriuH ................................................... . 

ClerkR-
Number .... .-............................................. . 
SnlnrieH ...................... -............................ . 

Wnge-mnnei·H: 
Aggn•gatc twernge nnmher ...................................... . 
Aggregate wnges ................................................. . 

Above gronnd-
Toh1l 11 vcrngc number ................................... . 
Totttl Wflges .............................................. . 

J~nginecrA, flrcmen1 nrnl otlwr ineehanks-
A verngu rrnm her .. .. _ ............................ . 
WngeH ............................................ . 

Miners or qnnrrymcn-
Avcrnge umnhPr ..................... ............ . 
Wnges •......••.•••.••••. .••...•...• : ............. . 

Boys nnllcr 16 )'l'ltrH-
A vornge nmnl:u~r .......................... H •••••. 

Wnges ............................................ . 
All other wnge-e1u·uer~-

A vcrnge nmnhcr .......•..•...•.......•..........• 
\Yngcs ........................................... .. 

Delmy grouurl-
'l'otn.1 nvernge number ............................. _ ...... . 
~rotal 'vngeH .............................................. . 

Mincrs-
Avurnge nl1rnh(~l' ................ ................. . 
Wngcs .••••.••••••.•••......•..•..•..•.••.....••••. 

All other wngt!·Pnr1wrs-
li.. vernge u11111lRH' ....•.........•......•.....• .•.... 
Wngcs ............................................ . 

Avcrng1;1 mm1hcr.of wnge-cnrnerH llt AI>eeillcrl <lull,- rtt!PH or ]ll\)": 
Englneers-

$1.2i> to Sl.4\l .................................................. . 
$1,fiO to $1.7·1 .................................................. . 
$1. 7o to $1.UO .................................................. . 
$~.no to $2.2,1 •.••••••..••.•••...•••.....•...•.•.....••..•.••.•.• 
$2.25 to $2.-IO .................................................. . 
$2.flO to $2.7•1 •...••.••••.•••••••••••••..••..•...•.......•....... 
$:l.ll0 to $B.2•1 .................................................. . 
$-LOO to S·l.24 .................................................. . 

Firt!1nen-
$Ul0 to $1.24 .................................................. . 
$1.liO to $1.74 .................................................. . 
Sl.7ii to $1.90 .................................................. . 
$2.00 to $2.2·1. ................................................. . 
s2.~;) to $2.40 ............................... - .................. . 
$'2.f>O Jo $'2. 7·1. ................................................. . 

Mnchlnlst", hlttcksmiths, cn.rponterH, 1111<1 otlwr nwehnnh.•s-
$1.2'1 to $1.·19 .................................................. . 
$1.fiO lll $1. 7-1. .............................................. • • · • 
Sl.7f> to $1.9U .................................................. . 
$2.00 to $2.2'1. ................................................. . 
$2,25 lll $2.49 .................................................. . 
$3.00 to $3.2'1. ................................................. . 
$·J.OO to $•1.2'1. ................................................. . 
$4.2fi 1rncl over ................................................ . 

Miners or qnnrrymen-
$1.25 to $1.49 ............................................... · •• • 
$1.50 to $1. 7'1. ................................................. . 
$1.?fi to $1.\l\l .................................................. . 
s2.oo to 82.24 .................................................. . 
$2.21\ to $2.49 .................................................. . 
$2.fiO to $2. 7<J. .................................... • • • • • • • • • • • • • • 
$3.00 to $3.2L ................................................. . 

Iloys urufor lli yenrs-
$0.50 to $0. 7'l ............................................... • · • • 

All other wngc·enmers-
$0.75 to $0.90 •..•..••••••••••.•••••••••••••••••••..•••.•..••••.• 
$1.00 to $1.2'1. ................................................. . 
$1.25 to $1.40 .................................................. . 
$1.fiO to $1. 7'1. ................................ • ••• · • • · • • • • · · · .. • 
$1.7fl to $1.99 ••..•......•••• ~ .................................. . 
$2.00 to $2.2•1. .................................... · · · · ··· ··· · ·· • 
$2.25 !0$2.40 ................ : ................................ .. 
$3.00 to $3.24 ............................................... ••• • 

United 
Stt1lcs. 

62 
·15 

Town. 

17 
lfi 

13 ................................... . 7 ........... . 
ll 

26 

24\) 
$300, ·120 

32 
$73, 93il 

ll:l 
$lf>3, 095 

I 
12 I 

$fi,918 I 
{)') I 

$64,•1:11 

11 mm 
$5f>l,fi93 

101 
$1l3, 7.J;J 

ll 
$MO 

73fi 
$3llfl, 803 

:m 
$207, liG5 

368 
$1U8, OliO 

19 
$9, 605 

1 
a 
·l 

21 
7 

l:l 
1 

l 
fi 

J:l 
7 
l 

1 
1 
3 
8 
4 
1 
1 
l 

......................... 
3 

2 ... , ...... :i' .......... 5. ··········.j". 

20 19 
lflfl,888 $20, mo 

2 li 
$1, ll2fi $10, 000 

11 ll 
$9,fifiO $6, 110 

3 l 
$2, 228 $900 

·1 6 
$2, ·180 $3, l•lO 

293 J.16 
$170,828 $71, 2til 

l•JO 119 
$li6, 020 $5S,020 

rn 10 
$7J13l $fl,25'1 

l 12 
$7Q.l I $0, U73 

............ 1············ ............. ············ 
·1~~1i 97 

$77, 785 $<15, 790 

HI 27 
$8·1, HOH $13, 28f> 

138 27 
$W,9·1H $J:l,2i!5 

1271 22 12 il 
$171, 2•15 $32, 000 $8, 208 $-1,228 

·1 i 0 ·1 1 
$15, 700 $24,400 $2, 062 I $1, 000 

li4 i il Ii I 2 
$108, 050 i $3, 075 $·1, 700 $1, 703 

1 " i8:m $2, 70f> 

58 0 2 3 5,rn,06'1 $2,-120 &fi·Hi $925 

359 2H 66 15 
$170, 007 $100, 99(i $:H, 408 $7, G75 

:113 J.Jl 66 rn 
$152, 1'13 $07,'108 $34, 408 $7,67f> 

28 12 9 1 
$17,880 $G 1 7!lrl $5, 878 $"32 

110 ·12 16 3 
s:on,~mo $20, lltl $8, 309 $1, 3~0 

.......................... ············ ············ ......................... ............ , ............ 
]66 

$79, 007 

·JO 
$2•l,•1M 

.lfi 
$2·1,·JM 

87 
$'10,fifi7 

·ll I 

$20, 221 
11 

$5, 708 

7:l 
$:!:!,flHH : : ::: : : : :::: :::::: ::: :::1 

n i ............. 1 ............ 1 

$:\:l, iiHH I ...................... .. 

11 ................................... .1. ........... 1 ........... . 

$1l,8tl0 .................................... I ....................... . 
! I : ' 

lfl 
rn 
fi 
4 
4 

•13 
$48, 106 

9 
$17, li40 

18 
$19, 301 

8 
$2, 200 

13 
$H, 866 

379 
$107, 483 

282 
$J.lf>, 013 

28 
$18, 934 

na 
$29, 808 

a 
$fi00 

1\18 
s11r., r.n 

\l7 
$fl1Ji70 

80 
$-1i,82i> 

8 
$ll, 7.15 

2 
1 

I I 

s~Z ·········2:i"I l5 ........ j.j\J'I u[\ 1········ ··7·1··········3· 4~ 
158 fi2 (j lfi 18 {j .............. 61 
50 22 11 1 I 3 8 j........ .. .. 10 

~~ ~~ :::::::::::: :::::::::::: ::::::::::::i:::::::·::::i:::::::::::: ~ 
9 ........................ 1······"'·""'1""""""''"""'1""""""""""""1· .. ········· : 

82 ::;:;::;:~:: :;::;:::::::c:;:::;:;:,;::::::::::~: :::::::::),::::::::::) 2i 
55 ............ 201·· .......... 1 3 5 •.•.••••..•• ' '27 

·no 7 m io8 I 12 20 . . . . . . . . . . . . Rs 
llil !JO M 3 11 . . • . . . . . . . . . . . . . . . . .. . • . 37 
M 27 G .• .......... .•.••••••••. 7 7 17 
16 HI .................................................................... . 
0 .•..•...••.....••.•..... '. ................................... ·••·• ••..... \) 

I Jncluclcs opcrntors dlstribntecl as fol\ows: Californh1, l; Colornclo, 1• 
South Dakota, 2; 'l'cxns, 2; Utflh, 1; Vlrglmn, 2. 

.Monta1m, 2: Ncvu<ln, l; Ohio (2 mines; oporntor reported In Michlgnn); Oregon, l: 

·~ 



MINES AND QUARRIES. 

'rAm,g G.-DETAILED SUMMARY: 1!l02-Cnntinnc<l. 

Unltccl 
Sttttes. Iowa. KnnsitR. Mlchlg1rn. New York. Oklnhonut. WyomiJ1g. A;),~~~~~r 

Avurngo numl>Pr of wnge-enrncT"'I tm111loyl~tl dnring etwh month: 
Men 1li ye1u·s 1ul<l over-

J1tnu111·y __ -- ______ ; ______ ............................. · ...... . 

~~~{~~~~-t~~~:::: :: ::: : : : : : : : :: : : : ::::: :: : : : : ::: : : : : : :: : : : : :: : ::::: 
Aprll ......................................................... . 
M1iy ......................................................... .. 
.J llll c.~ -.............. - ................ -.....•.............. -...... -
July ......................................................... .. 
August ..................................................... . 
se1lt~n1 bt~L'- ...•...... - ...... - - .••..•..........•.•.... - . - ...... - •. 
October ....................................................... . 
NovemlHJr ....................................................... . 
Jlccember ·-··········································-········ BnyH nuder 1!1 ye1irK-

~~~~~~~;~~'. :: : : : : : : : : :: : ::::: :: : : : : : : : : : : ::::::::::::::: ::::::::: 
April ........................................................ .. 
!\fay .......................................................... . 
Jmw .......................................................... . 
July ......................................................... .. 
AngnRt ....................................................... . 

~°cft~1r::::: ::::::::::: :: : : : : : : : : : :::::: :::::::: ::::::::: :: : : : : 
November ................................................... .. 
December ................................................... .. 

Contrnct work: 

~~~~t~~ r,1i~;ni,ii;,:ee~:: ::: :: : : : : : : : : : :::: :: ::::: :: :::::::::: :: : : : : 
Miscolltineous expenses: 

Totlll ............................................................. . 
Hoy1iltles and rent~ of mine 1mcl mlnlngpltu1t ............... . 
Rent of officeR, tnxe:-;1 i11sur1u1ce, intereHt 1 antl other :-:tt1Hlrie:-:.. 

Cost of supplies and mnte1'illls ...................................... .. 
Product: 

GypRum, short tnus ............................................... . 
Gypsum calcinecl, Hhort tons (hefore enll'lnntlnn) ............... . 

l\lnrketable prodnct-
Total qnantit)', Rhort tonR ... _ ............................ . 
•rot1il value .............................................. .. 

Crnde-

~~J;~i-t~'.:::::::::::::::::::::::::::::::::::::::::: 
Land pl11ster-

Q1111ntlty ......................................... . 
Value ............................................ . 

Calcined "Pl11ster-
Quantlty ......................................... . 
Valt10 ............................................ . 

Power owned: 
'.l'otal horsepower ................................................ . 

Engines
Stenm-

Number .............................................. . 
Horsepower .......................................... . 

G1ta or gnsnllne-
Number .............................................. . 
Horsepower .......................................... . 

Water whccls-
Number ................................................. .. 
Horscpowm· .............................................. . 

Eloctrlc motors- . 
Number ............................... c ...................... . 
Horsepower .................................................. . 

770 
1, 271 
1, :JO.I 
1,.mo 
1, ll~~. 
1, 608 
1,1\90 
1, •JUii 
1, 61J:l 
l,li83 
i,nrin 
1, fi83 

127 
2iil 
2~5 
218 
n1 
:rn.2 
:118 
32:l 
H87 
:rn11 
37'1 
a:11 

a ........... . 
a 
a 
a 
a 
·l 
·l 
·l 
3 

109 H2 
138 350 
1'14 :mo 
11>3 <100 
1r>2 sm1 
HU ·1111 
Hli ·102 
H3 ·103 
170 ·!02 
lf)fl 3fi:l 
150 BO:\ 
Hl mm 

G8 ~H 8 
11).J ·IU 12 
198 •l\l Hi 
203 •JU 

rn I 221 09 Iii, 
217 ll7 !fl 
222 G7 18 
~:mo Ci7 Ill 
2·17 li7 1ll 
21l2 U2 rn 
21H l02 lfi 
~!fl:.! 90 lfi 

2 ······.······ ..... ······· ............ ············ ············ ........... . 
2 ..... ····-··. ··········· ............ ············ ............. ·········-·· 
2 ............. ········-·· ·········-·· ... ········· ········· ... ············ 

S·JOil 
7 

s200, 7lm 
$'1U,ll12 

Sl50,Hf>7 
$Hll, 760 

HlG,.178 
fl7·l,2a2 

081, li33 
$2,08\l, a.u 

81,.lf>f> 
$U3,\lH 

liO, 701 
$101i, 237 

f>:lO, 3H7 
$1, ss1J, mo 

7, am 

GA 
6, B8fi 

1no, mm 
H7,na 

120 779 
$BH7: 7B·l 

GOO 
89011 

2,000 
$3,llOO 

118, 170 
1mm1,8a.1. 

1, sor) 

H 
1,aori 

$27, lHl 
$:\, ii07 

$2:l,07·1 
$21\6'..W 

112.1u1 
fill, 7711 

/')O,J..l7 
$2llf1,fi(l() 

............ 
·--·-····-·· 

~.:l3l 
$:l,4\l7 

47,Hl(i 
s202, orn1 

fl55 

8 
4rlfi 

$H, 715 

.... $i-i;7ifi' 
$H8,li:H 

2·10, 227 
1r1H, :m1 

208,MS 
SHi\l, G21 

(i8,88f> 
$70, 'JGO 

rn,022 
srn,:Ho 

12G, GM 
5:172,821 

11 
1,065 

$1'1,0Hl $11, llR $1$i\~~ $7,rim $7,liOo 
$1i,ii8() $H, rna $:1,(l:li> 

$:n,17r, $:.!-l,(}U7 srn, n2a 

110,:lH·l a.1, 1rin ll, HOl 
1r., 2:m H-1, lfifi !l, HOl 

~m, a1x 27,U:Ui 7,HH 
$'.mU,170 $111, 2ff> $!!8,372 

o, tfla ············ ············ $lrl, lH·l ············ ............. 
20,wn ............ ............ 

$·13, 7f>O ............. .............. 
no, 18·1 •>7 '1')1 7, 841 

$2ll0,2:lli $lll: 2fo $38, 37:! 

1,.rnu •1:10 212 

1:l ri B 
1,~~m ·1110 212 

2\l2 
277 
31)1) 

412 
43:1 
427 
41H 
817 
40-i 
410 
408 
BU2 

3 
3 
3 
3 
3 
4 
4 
4 
s 
2 
2 
2 

$-10!1 
7 

$92, 717 
s~m.H\H 
$6B, 32:1 

$109, 022 

200, l)OB 
UHl,232 

171, GOO 
$fi77' 069 

2, 817 
$7,:ml 

17, ·lii7 
$3\l, G50 

Jf1l, :lHli 
$tiBO,(HU 

1, 01:1 

H 
1,103 

2 . ··········· 2 ........................ ·•··•••••· 
2(1 

11 
01·1 

I) .......... .. 
08 

1 
100 

1 
llO 

20 

1 ................................... . 
!.m 

s 
·180 

4 
43 

··---------····'"-·----------------------...C.-- ----

I 
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APPENDIX. 

DIGEST OF UNITED STATES PATENTS. 1 

GYPF:lUM ANll !'LAST.ER 01<' PARIS. 

I-PH<>CEOll':\EB. 

II-Rl!.'l'AHll1'IU:\, 

I-l'1•1u·1w.1·1•s. 

JS6J-Octobe1· 11, 183.'I. .T. D. Cimmmn>on and R IV. K1mNE. 
Ccmentfm· fo1'11iinu arlijil:illl Hfmu'. 
Gypsum iH saturateil with wntur in which 1 ponrnl of alnm to 

the gnllon hns been 1lissolvrnl nntl then <ll'ietl and ealcine<l. 

12110a11-JJ1~1~m11lic1· 1'7, 1818. 0. •r. 'roMKtNH. Prepa.ring !llfJ!Nltm 
for irnc in JmJUJI' 111akiny awl otlwr 1m1·1ioN1w. 
l\Iinntely crystalline snlphnto uf lime iH iunuecl hy snhjeeting 

gyi>sum to eontiuuouH agitation in a lank with water nnll t.o a t:on
tinuous drcnlntion. 

sos111-1Y01•cmber 18, 1881;. .T. H. Ttm'Kiff. Art 01' }Jl'OCe.~.~ (~j' 'aml 
c0111po.5iflon jill' making a1'lijii:ial Nlo11e, 

It is eompoRerl of plaster of Paris, glyctn'in, mHl water, null iH 
l>oiled in a ~olution nf brirnHtoue aftcr Ja.:t:mning Hot and cll'ied. 

B091l1:J-Decc111/im· 28, .1,,w4, R JI. I~Al:ION and J . .T • .McU1mrn1. 
Cement composition .fur inoltli11y ln•ick, de. 
A mixture of gypsum arnl aHheH in about et[tutl provortionH inn 

dry pulverized state is boiled in water without ngitation until the 
water iH evaporated nncl tho nutHR drietl out. 

8JIJ047-Septembl!I' 8, 1885. \\T, MANNINO. P1·or!eHs o.f treati'll(l 
gypsm11. 
Alalmster in the form of a tlry predpitat()(l powlfor iH formLHl by 

snbjeeting gypsum to grinding, caldniug, mul agitation in water, 
then iloatiug in a Hoating avparntm1, then forcing. through n filter, 
aml afterwartfa drying, erm1hing, nm l grin<ling. 

.91;:?78.f,-,fone 1, 1886', U. CtrMMINlll:I. Jl[cmi<jactw·e o.f cement. 
For the manufal!turo of n hyllrauliu or l'ortlancl eemont a mix

turn of day 400 ponncls and gypHnm l,2(itl pot\IHlH is calcined. 

.91;.9181-Jwic 8, 1886. K W. lYIAHHlr. .l'1•oceHH of calcining !JYJiSWll. 
Ground gnisnm inn suitably constructetl lrnttle iH mq1oswl to the 

heat of snpel'lieatt1d stcmn. 
891J159-1Jercmlu:1· !iii, 1888. IV. MANNING. Pruccs,q of treating 

YYJ1$Um. 
To produce nu impalpable opaque nnbytlrons powder, gypsum is 

subjected to a second ealcination and snbst:quent reduction by 
crushing nnd grinding. 

519J59-11Iay 1, 189!;.. II. C. HrmHNSON. 1lfanufr1ctui•tJ of J.!lastei" 
The plnster is heated to about 81!5°, then cooled to about 305°, 

and then given a ternpemture of about 880° and discharged at such 
temperature. 

549151-Novemb&I' 5, 1895. G. W. PARKER. Process of ll'enting 
gypsum 1'ock to 'iinitale chalcedrm.u. 
The rock is dehyclratell by the notion of hot air, and the porous 

rock is then allowerl to absorb n solution of sulphate of iron.1 nitric 

anitl, nrnl potassium sulphocytinicle, irter which it is immersed in 
n Holution of nlnminnm sulphllte, A.12 (S0.1} 3, for 15 homs, then 
cxposetl to the nir nrnl polished. 

588J87-.1.l1cyirnt 1'7, 1807. (i. W. l'AHKllit. l'iwe88 <1f ll'eatin(I f/!IP· 
swn ?'oc!.: to imitate mm•ble. 
The moisture is firAt removed from the l'ock by tile actio11 of hot 

nir, then the hot rock iH plneed in a elose<l comptwt111ent charged 
with the fmneH of ammouii1, imt.l the cool rock is then immediately 
inm1erHetl inn Holution of aluminum snlphnte until the pores are 
llllml. 

1;::47011-May II, 18!i!I. I<', l'. VAN Home l>lt!thod t\f p1·01hicin11 plcrn
ter Jll'odw·tN. 
'l'lrn matmfal is caleinetl to n pnlvernleut condition and then, 

while intensely hentrnl, snl>jected lo the action ol a enrrent of coltl 
air of Hnch strength tlutt tlw particles are taken np and carried in 
1:1uspl'llHio11, and mpiclly cooletl, 

a5ti501-August 'l, J,900, L. II. M1mc:rmoN-VreA1'. .·ii'tifidal cement. 
Natural nrnrly limestone, or a prepnre1 l mixtme of calcareous 

mnl;ter nrnl clay, conbtining snlphnr, iH calcinetl and t11e11 inserl 
nuder oxhlizing cornlitions, thereby rc1Uoving tho snlphnr while 
the materials 1trc ill n state of fnRiou. 

li!l1247-Novem11er ll, 1.901!. IV. R .ToHNHON. P1'oce,qs of 1•evfo(f11in11 
old 11Z1rnter o.f Pai·i,q, 
It iH snbjoctcd to two hetilings and an intermerlinte wetting with 

al'i<lnluted Wttler, the lirHt heating effocting a more complete re
movnl of water than the second, while the intermediate wetting 
serves to ruhydrate the lmmt plaster. 

!!74't'IJO-J1fay :21, 11/01. A. E. Cummn. l'l'Ocess 1~f t?'eatiny hudmus 
C0111JiOl.tntl8. 

'.l'he raw material iH heated nntil dehydration has commenced 
mul has lleen partially completed, and then the dehydration is 
completed by tho resident heat of the material out of contact with 
thB 1til' .. 

6/8!;.U-Jul11 16, 1.901. W .. L1~sHINU. Proce.~s o.f buminu cement, 
gypsmn, 1:tc. 
The gronnd mw material is heated to n white !lent and dropped 

downw1m1ly against !t column of flnmc, then cooled, nnd the result
ing heat used for generating steam and for the preliminnry warm.· 
ing of the material. 

II-Ret1irde1·s. 

10125B-111m·ch !i.9, 1810. A. H. Ji'1mAn. J.fom\(actu1·e of m·tijicial 
stone. 
Employs an nqueons sacc1mrine solution of lithnrge in the man· 

ufneture of artificial stone. 

.t655:33-.luly 18, 1815. A. BoAG. Oompo.~ition,for stone cement,1. 
Calcined gypstun .is satmnted with tt solntion of I pound of salt

peter to 4 gallo11H of water; it is then dried nncl ground. 

225261-11fa1'ch 11, 1880. 0. F. vVooDWAilll. Composition .fm· mak
ing molded m·tic/es o.f rnanufactwre. 
Gypsum and rosin, say i11 tho proportion of 125 pounds of gyp

sum and 100 pounds of rosiu, are mixed together under bent. 
1 Printc<l <!opies of pntcntR nre solrl by tile Commi~sioncr of Patent~ 11t 5 cents each, 
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fJ91508-.Jcmtiw·y 8, 1884. IL GRAF. P/astcl'i11y eomposition. 
· Uses glue and glycerine, together with plaster of l1ariH, Hlalrnd 

lime, sawclnst, and hair. 
821620, ii2162J-,July 7, 1885. E. mid E.W. J'l'L1RSH. Compo.qition l{f 

mailer to be 1~sed as a plaster for lrnildii1y pm:voscs. 
Uses !lH retarder resin lac tlisHolved in a solutfon of t'!rnstic srnla. 

368594-.August 28, 1887. G. R. Krno. Compound tu rextrain the 
selting of plaslel'. ' 
The restrainer consists of glue and grournl stone. 

89015'1-Septemlici• 25, 1888. J, CoY. Compo.~ition qf matter fm' 
plttstering, etc. 
'rhe restrainer consists of glue, Irish moss, molasses, and tartarin 

acid. · 

991889, 891890-0ctober so, 1888. J. H. lTITZGEHAr,n. Plastel'ing 
cmnpoBilion. 
Uses sugar as a restrainer. 

892528-Noi•embel' 6, 1888. C. STRAUB, G0111po.qition of building 
matafol fen· ai-chitcctuml J!U?'JlOBcs. 
Magnesia is mixed with dissolvecl glue or gelatinomi matter, 

hydrocarbon compound, acid, and pulverized ciilcine<l material, 
the magnesia producing a smooth and glossy surface. 

897296:-l!eliruary 5, 1889. CT. IL Krno. Compound tu 1·e.~train tlic 
setting of plaster, etc. 
It is composed essentially of animal gelutinons or vege~uble gln

tinous matter ancl hytlruted lime, 

409012-Aiigust 18, 1889. M. n. Crruncn. Ornmnentatfon of 1valls. 
A fatty matter such ns oil or glycerine is atldetl ns a retarder to' 

alabastine, a mixture of calcined gypsum and glue. 

422171-Felmiai•y fJ6, 1890. G. WEST. Cmnpo.~ilion of matter Joi· 
architeCTtto•(d purpose.~. 

· A compound of glne arnl sal socla to be nsecl with plastering 
material. 
422269-F'cbi·uary 25, 1800. G. WEs'1'. PlMterin{! compoimcl. 

A compound of glue, dextrin, arnl sal socl·a to be used with 
plastering material. 
422270-Felmwry fJ5, 1890. G. WES'!'. Composition of mati('I' for 

nrchitect1md rmrpoNes. 
It consists essentially of glue or other well-known retarder aml 

boracic aeirl. 
427591-Jliay 13, 1890. R, B. and E. H. MAH'J'IN. H'all-coi•c;·i11g 

compoMtion. 
Citric add is 118{;ld ns ii retarder. 

439743-August 5, 1890. S. S. RUSTON, W. E. HoPKINS, aurl. B. 
RusTON, P1·occRR rif manufactnrin{f plaslei'ing 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 
applieation of heat, until it is converted to aclry, pulverulent state. 

498899-Angu8t 5, 1800. H. LmrcrrsENRING. Artificial J!lastc1'. 
It consiBts of glycolline, plaster of Paris, and Wftter. 

487140-8eptembei' 28, 18EIO. J. Src1cr,EH, Process of calc-ining 
{fl/JlBW)!, 

The. retarding agent is incorporated with the plaster during the 
process of calcining, and while it is in a molten condition and 
prior to complete calcination. 

446211-.Tanuan12'l, 1891. E. WATSON. Composit'ion of matte;• fm• 
retai•ding the setting of plaste1•. 
Hair is boiled with an alkali, caustic soda or potash, ancl used in 

liquid form, or evaporatecl and reduced to a powder. 

146601-llebmct1'1f 17, 1891. E. WA'l'SON. Composition r{f matter fur 
1·est1•aining the setting of plaster compounds, 
A dry leguminous substance, such as peas, beans, lentils, etc., 

treated with a solution of caustic alkali, mixed with an alkaline 
earth or a salt. of an alkaline earth, or a salt of a cuustic alkali, 
dried and pul vcrizcd. 

1fii:J8411-May U, J8fll. I. C. HAR'l'. Pltrnlering <'<Jn1prmnd. 
Lime iH dry slaked with glue water. 

451J20'l-.!itly ;?f, 18tl1. A. ANTHONY. l'hrnte;·iny COl/l]JO.~ition. 
Uses !lH it rctm·(ler in a specilied plastering eomposition a i<ub· 

mixture of sugar, Hlaketl lime, nml bicarbonate of SO(ltt. 

4fi8742-Seplenibcr 1, .1801. E. 'NA'rsoN. Co111p0Hitio11 <(f 1111(111'1' for 
?'eHtraining the Hetliny qfpl11stel'. 
A mixture of flaxseed or oil lllt\ttl calrn urn] nn alkali, ns L'arbon

atc of sorfa or potash, is J'e(lnced to !\ dry powder. 

158748-September 1, 1891. E. WA'rRoN. Com110Hiiim1 •if 11rnUm· for 
r1:stmining t/w sdting <(f 71la,~ta. 
Comminutecl hoof, hom, or fotithers is clissohed by boiling in it 

solution of caustic alkali, ()riecl, and reduced to a powder. 

462678-Novmilbfi' 10, 18[11. G. W . .A.mn,1,, Composition qf 11wtter 
fol' 1vall coverinfJS. 
A mixture of white leatl, litlmrge, sugar, linseed (oil citke) meal, 

lime, calcined gypsum, sand, and water, in specified proportions. 

46,51JJ4-1Jecember 2i2, 18!11. G. E. CoY. Compmmd lo r1\qtmin Ille 
.1e1ting o.f pl11slcr, ancl 111·orcss of making the ,q<1 ll!e. 
A mixture of pnlverons qnicklime, glne, nncl flour. 

169894-Feln•1wi·11 f!.1, 189:?. G. IV. Amn,r,. Composition qf matier 
for covm·ing malls or otlwr Blll'fctcfN. 

A mixture of tlry oxitle of zinc, sugar, flour of sulphur, wood 
pulp, linseetl (oil cake) nwal, ground gypHnm, lime, saml, and water 
in Rpcciiied proportionR. 

4'12822-.A.pi·il 5, 1892, E. WA'L'HON. C'mn110.qition .fol' 1•etarding the 
solidificrition of calm'.necl gypsw11. 
It consiHts essentially of calcined gypsmn an<l "tank water;" to 

retard the setting from half an honr to three hours or more, from 
2 to 10 gallons to a ton of l'alcine(l gypHmn, or of tho semiHolirl i;ub
staiice, stiek, from 2 to 10 pounclH to the tern, or from 15 to 15 ponncls 
of thy material, formed by mixing any c1wthy snbstaneo, siliceous 
or alnminous, with tank water nnd clrying aml pulverizing. 

472611-Api'il 5, 1892. W. RnmNHON, Jra.ll pl1rntm-. 
A mixtlll'O of sand, plaster of T'ariH, glne, lime, clay, alum, anrl 

starch. 

4./8961-JullJ 12, 1892. (). CASSTJmr,. l'laslcl'. 
A composition comlisting of wat.cr, lime, gypsm11, and coke, or 

liriek dust, with it small proportion of It mixtnro of sugar, alum, 
and lime as a rntanler. 

479060-July 1fl, 1802. E. W. DrcKrn, Composition of 111atlci' for 
plastering. 
A mixture of sand, plaster of Paris, Hhcll marl, and cut rope, or 

hair, with glue, alum, and sulphate of zinc as a rest.miner, uom hincd 
in a specified manner mul proportions. 

48517'7-Noi•emlier 1, 1892. C. L. DirnrnoN. Wall 71l<rnler. 
A composition consisting of lime, cottonseed mcul, plaster of 

P1uis, borax, and cream of tartar. 

4981J13-Jlfm•ch 14, 18/1,~. E. A. BuoNHON. Componnrlfrn· rl?lm·ding 
the setting of cnment. 
It is com11osed of air-slaked lime, glue, flaxseed, or oil cake, nnd 

china clay, in specified proportions. 

502096, 5020[!7-,Jnly 26, 18£!8, 'r. J. Ilm,ram. l'l<rnlci· cmnpo8ition. 
A compound fo1· admixture with a plaster composition consist~ 

ing of silicate and carbonate of soda, alum, sugar, gnm,,snlt <'ake, 
am1 ground inert material. 

508592-.August 22, 1898.. J, FLYNN, Cmnpoaition fm· ai-chitediirnl 
Jl!l?'}JO.lf8, 

The retarder, combined with other ingretlients, consists of a 
solution of carbonate of potash aml glue absorbed in quicklime. 
504938-Septemliei· 12, 1898. E. A. Moo1m. Gompo.1ition for a;•(•lli

tectim1l piirpose,q, 
A mixture of dry pnlverous glue, sulphuric acid, kerosene oil, 

and quicklime, as a retarder, is combined with sand, raw gypsum, 
and Jim\', 
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507il4:!-0cto/1cJ' 81, 189.1. B. n. R'l'Al'l'OHD. I 101/!jUl.~itiun fur pllrn

fn and cuatL11!f 1rn//N. 
It consists of pow1lere1l borax, powtlori;1l alnm, wheat flonr, 

111nnlered sngar, ant! dry slaked lime in spe<'ifiL1tl proportions. 

1ill7"11i-Dcce;11ber :!Ii, 1898. .T. K . .ToN1cs. Wall pl<rntcr. 
Tlw rt1tar(ler is composed of sugar, 100 parts; Honr, 25 pllrts; arnl 

nir-slaked linw, 2150 parts. 
. Hli 40-December JIJ, 1898. .T. R l\foir,vm 1rn. l'rocex.~ l{f 'l/l(trn~fac

tw•i1111 I'• lard1•/'afo1· 11/axfer. 
A paste is formed of air-slaked limo, water, flour, liqni<l glue, and 

wood ashes, dried arnl thoroughly mixed. 

iill8iV-.Jmwa1·11 J, J8D4. w. l\I. DAWHON. l'l<rntic 1'0111.)WUnd ll1Hl 
zn-vces.~ '!f making xm1w. 
Tho restrainer consist!; of a mixtuni of lime with tho liquor 

obtained by the 1le1~0111position of organie matter in water. 

5:Jil1Ji58-.J11l11.'l.t, 18114. W. M. llA\v;;nN. Pftrntei•in!l 1•11tcmfrr and 
melltod of making .11111w. 

The rest.ruiner eonsists of a mixtnre of lime, Ho<linm nitrate, and 
the liquor obtained by the decomposition of orgm1ic matter in 
water. 

5:J8Dflfi-i\Trmrnibcr 18, 1811,f. A. "r· 8mnr. Plrrnteri1111 compowzd. 
'.l'hc restrniner comists nf lime, glue, wheat flam, and tiutaric 

acid in certain proportion~. 

58.'1420-li'e/m1111·y 5, J,\'.95. W. H. Auo1AN. Jfaildiug plcrnte1'. 
As an ingredient oflrnilding plnRter, a compound of alum, wheat 

1lom, sugar, lime, oil <'ake meal, and zinc sulphate in specified 
pro portions. 

1i,54J4;J-Ji'dn·1w1·y ,/, 18flG. IV. M. 
0

HEEsE. P/a.1/er . 
A mixture of pnlverized gypsum and 1lry tanknge in the propor

tions of 10 punnds of tanlrnge to a ton of gypsum, is calcined and 
the heat continued to a temperature nf :180° to 420° F. 

fi58485-AJ11'il 14, J89ti. .T. E. Ru~rnEnH. Plas/e1•ing compound. 
A mixture of fnrnace Hlag, slaked lime, plaster of Paris, hydraulic 

cement, the flour of grnin, and vegetable fiber in specified 
proportions. 

IJ199Jl-JM11·1uir11;?/,18r111. H. E. S•runc1rn. · .lfonuj1wtw·c qf pfo.qler 
and i·estrai11e1% 
'l'he r<lstrainer !'Ousists es~eutially of the pulverized residue oi 

an evaporated solution of bone iu alkali. 
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PHOSPHATE ROCK. 

By JOSEPH STIWTHERS, Ph. D. 

Pl'ior to the report of 1880 'no figures re hi ting to the 
producition of phosphate rock nppcrired in census re
ports. In that year 21 establishments were reported 
in South Oirolina, with a product of 211,877 tomi, 
v11lnecl 11t $1,128,828. At the Eleventh Census tho 
production for 1889 was shown, iind the totals, 
compared with those for 1902, appear in Table 1. 

TADLE 1.-Compamtii>e summc.try: 1902 and 1889. 

Number of mines or quarries ........................... . 
Number of opcmtors ................................... . 

1902 

115 
87 

Bnlarlccl officials, clerks, etc.: 
Number............................................. 891 
Salaries • • •• •• •. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $35/i, 204 

Wngc-curncrs: 
Average number • • • .. • • • • . . . • • • .. • • .. • • • • .. • .. • . . . . • fi, 971 
Wugcs • • • • • • • • • .. • . • . • • • . • . . . . • • . . . • . • • . . • . . • . . . . . .. . $1, 980, 098 

Contract work........................................... $lfl7,402 
Mlscclluncons expenses................................. $lfiO, •175 
Cost of snpplies and materluls ...• , ........... , ... ,.,.... $799, 41'1 
Product:6 

Qnuntity, long tons................................. 1, 548, 720 
Value ............................................... $-1,922,948 

1 Not r<:pol'tec1, ·· 
2Not rcporled separately, 
•Includes foremen. 
• Im:ludcs snlu.rics of olllcc force. 

1880 

1il 

m 
8fi, 011 

•$1, 209, 151 
$115, 930 
$843, 271 
$317,15U 

550, 245 
82, 987, 776 

6 Tho United Sta.teR Geological Survey reports 1,490,814 short tonH, vnlned nt 
$4,693,'1<14, which is the prorfoct marketed. The Cen~us figures rLipresent the 
product mined. · 

The most notab1e fact in the jndustry is the transfer 
of dominance from South Carolina to Florida. During 
the period between 1889 and 1902 the prndnction in 
Floriclrt increased nearly one kund1;edfold in quantity 
and over sixtyfold i.n value; at the .sanie time that of 
South Carolina decreased 39. 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 i'n 1902 the production 
of the state was 432,603 long tons, valued at $1,308,8'72. 

This rock, however, was of low grnde, averaging in 
value only $3.03 per ton. North Carolina did not re
port imy 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 tbe 
production for the United Stn,tes as n whole increased 
181.5 per cent in quantity and 07.6 per cent in value. 

Among the most signilieant items of Table 1 are 
those relating to w1ge-earners and their earnings. By 
this table it appears that the .number of salaried offi
cials, clerks, etc., 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 lrirge in either year, and although the 
induRtry increased in all other respects, the number of 
boys decreased from ·91 to 37, or 59.8 per cent. In 
South Carolina, where HO boys were employed in 1889, 
none were reported in 1902. The figures in Florida in 
1889, however, do not offer a wholly st1tisfactory 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 d~ring 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: 1DOfJ. 

Nnmber of mines ...... ,................................................... 2 
Nnmber of opera.tors...................................................... 2 
Salaried 0Jllcit1ls, clerks, etc.: 

~It~~~~:.::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 84, 3lg 
y..,ragc~cn.rners: 

Avemgo number...................................................... 5 
. 'rVngcs ... :·······:·· .. •••••••••••• .. •·•••••··•··••••••••··•••• .. ·····" $1,~~~ M1scell1meous expenses . . . . . . . . . . . . . . . . . . . . . . . . . • . . • . . • . . . . . . . . . . .. . . . .. . . $ 

Cost of supplies a.nd materials............................................. $726 
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Capital stoolc of incmpomtr:cl omnpan·ies.-The details 
of the capitalization of the 5H ineorpomted companies 
are $hown by states in Table 2: 

TABLE 2 .-Capilal'ization of fr1.corpomtcd companies: 1.902. 

United 
Stlttes. Flori<l!t. Son th 

C11rolhm. 

---·--···-----··· ··-·-·----·· 

Tunncs· 
see, 

All 
other 

stt1tes.1 
---------1-----1 --·-- ____ , ____ , 
Number of incorporated 

compm1les ........... . 
Number reporting capi-

tttlirntlon........ .... . 53 
Capital stock and bonds 
c~sw~?siock:"'"" .... $13, 775, 935 

~i;otal authorizcd-
Nun11Jor of shn.res .. ~ 20·1, 955 

T~~j' ~~;;~~:..:.:. · • • • · • · $13, 269, 500 
Number ofohares.... 194, 79l1 
Par vnluc •.•..•••..• $12, 321, 13fi 
Dividends pttid..... $31G, 205 

Common
Authorizcd- · 

Number of 
slmres .. .. .. 184, 955 

rsfi~:Ci'.'.'.1:1 uc ..... $11, 292, ooo 
N um her of 

shares . .. . • . 174, 79tl 
EYv 'j~j t~eri (j s. $10, 343, G35 

PrereJ~~~L ....... · 5179' l1fi 
Authorlzed

N um b c r of 
Shtll'CR .. .. .. 20, 000 

Isfi:~d'.'.'.':lue ..... Sl,977,600 

Number of 
slmres . . . . . . 20, 000 

t~rv~~l~ends· $1,977,600 

:$oncls: 
]l111Cl........ $187, 090 

Authorized-
Number ........... . 
P11rv11lue .......... . 

Issnecl-

4,fi30 
$1, 735, 800 

Nnmber .......... .. 
Pttr value ......... .. 
Interest p11id ...... . 

3,518 
$1,454, 800 

$61, 750 

21 

21 21 

$5, 982, 800 $1, G3·1, fiOO $5, Oli7, 200 $201, 435 

98, 75:; 21, 150 !i3, ;;r,o 21, 500 
$5, oos, ooo $1, om;, ooo $G, 010, ooo $201, 500 

97, 734 rn,.1ari 59, 102 21,.13;; 
lH, 902,000 $1, 520,fiOO $5,631, 200 $201, ,Jao 

$HH, 380 .. .. • . . .. • • $211, 825 

06, r.55 21, ooo .m, soo 21, 600 
$4,793,000 $1,980,000 $•1,317,500 $201,600 

95, 63·1 10, Slfi •11,.112 21, 431i 
$-1, 7fi2, 000 $1, fill, 500 $8, 87H, 700 $201, •IHfl 

$72, ·190 $lllt1, 62fi 

2, 100 mo 17, 750 
$'210, 000 $Ui, {)0(} $1, 7fl2, 500 

2, 100 lfiO 17, 750 
$210, 000 $15, 000 $1, 7fi2' 500 

$:U, 890. $105, 200 

3, 9R6 108 ·135 
$1, 276, 800 $108, 000 $351,000 

3, 02·1 108 386 
$1,020, 800 $108, 000 $326, 000 

$51\, 510 $3, 2·10 $3, 000 

1 Inclncle" comprtnics cli8tribntc<l as follows: Arlmn•11B, 1; Ohio, 1. 

The total amount of common ftnd preferred stock 
issued amounted to $12,321,135. On this amount 
$316,205 wits paid fo dividends, or 2. 6 per cent on the 
total par value. On the bonded indebtedness $G1, 750 
was paicl 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 011 preferred stock to G per cent on the respective 
par values of the stock issued. In Florida, with a cap
italization quite similm· in amount, dividends were paid 
on common stock at the rate of 1. 5 per cent, itncl on 
preferred stock at the rate of 15.2 per cent. 

Employees andwages.-The averag·e number of wage
earners reported for each month in Table G shows tlmt 
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 
numbei\ were reported, and. February, when 5,366 
wage-ea1•ners, the minimum, were at work, there is a 
variation of only 1,076. The avemge per month for 
the year was 5,H71 wage-earners. Child labor consti
tuted six-tenths of 1 per cent of the total, itnd was con
fined mostly to the r;rnall colored boys who drove carts. 
Floriclu employed 48 per cent of the total nnmlier of 

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 mtes of pay is shown in Table a. 
TABLE 3.-Averagc number of wage-earners liy specijieil daily rates of 

pay: 1.902. 

Mttchln-
IHt•, 

All ulnok- Timher- BoyA All 
Engi- I~ire- HmithH, IIIinm·H men nn- other RATE PER DAY 

(llOJ,I.ARS), 
OCCU· 
]lli· 

tlons, 
11"'ecrs nlcn enrpeu- or qunr- nnd clur wngo-

, ' tcrH, llllll rymcn, tr1wk 1G crtl'll· 
other luyors. yenrs. t.n·s. 

1ncehnn-
icH. 

Tota.I........ 5, \l71 173. lt19 171 •1, 382 111 a1 u2s 

Less than 0,50 ..... li2 ...... ...... ········- 7 '1.\ 
0.50to0,7L ........ 8!1 ...... 1 Ii 27 fif> 
0.7f>t00.99 ......... 1,288 14 20 1,010 JO 2 232 
1.00 to 1.2.i. ........ s,tmo 5 70 8 2,900 100 1 •176 
1.25to1.<19 ......... ll78 5 37 28 220 ········· ...... K2 
1.f>Otol.7'1 •••.••••• 200 fi2 27 25 120 ...... 20 
1. 75 to 1.9\l ......... ~m 3 s 4 1 1 .. ~ ... 13 
2.00 to 2.2L ........ 101 ,17 7 :m 7 ········· ······ 5 
2.2ri to2.'19 ......... 38 2·1 1 7 1 ········- ····-· ...... 
2.50 lo2.7'1. ........ rm 20 •1 20 2 ........... ....... ...... 
2.7fi to2.UO ......... 3 1 ....... ........ ii. 2 . .......... ...... ...... 
B.00 to3.2ol. ........ 21 11 4 ········· ....... ...... 3.50 to8.7·1 ......... 4 2 l l ......... ....... ...... 
S.75 lo3.U9 ......... 3 ...... ...... l 2 .......... . ..... ...... 
•.1.00 to '1.2'1. •••.•••. fi 2 ....... l 2 . ...... ........ 
4.20 n.n<l over ...... H 1 ....... fi 2 . ......... ......... ....... 

·--·-----··--·-~··-· .. -·~---

Of the wagc-eamcrs, 1,42H, or 23.D per cent of the 
whole, received less than $1 per diem, and 5,085, or 85.2 
per ceni~, loss than $1.25. Only 283, or 3.9 per cent, 
received $2 or more per diem. Of the wage-mu·ncrs in 
Florida 5. 9 per een t received $1. 75 or more per diem, 
while in South Carolina. the corresponding perceuhlge 
was 3.9. In '.L'enne8see only 1.D per cont received $1. 75 
or more. 

11feclutnical power.-The primary power reported for 
this industry aggregated 1±,229 horsepower, all ownet1 
by the operators reporting, distributed ns follow:-;: 282 
steam engines with a horsepower of 13, H7 :L, 1 wn te r wheel 
of 170 horsepower, and 2 n,ir compressors o:E 85 horse
power. There were also !) electric motors with 500 
horsepower. 

P.rorluotfon.-The quantity and Vttlue of the produc
tion of phosphate rock, beginning with 1880, u.re shown 
in Titble 4. 

TAnLH 4.-l'roiliiction qf phosphate ?"ock: 18811 lo 1002. 

[Unltecl St11tcH Gcologkal Survey," bllncml HcsnurocH of tho Uni led Stiites" 
HI02.] ' 

YEAH, Qnttnllty 
(long tons). Vltlnc. 

--------------------1----1·-··----··-··--
18~9 ..................................................... . 
1890 .................................................... .. 
1801. ...... : ............................................. . 
1892 ...... ~ ............................................. .. 
1893 .................................................... .. 

m~:::::::::::::::::::::::::::::::::::::::::::::::::::::: 
1890 ..................................................... . 
1897 ....••..•..... ••·••·••· •. ··••·••··••···•···•··•· ...••. 
1898 ..................................................... . 
1Hm1. .................................................. .. 

~~~~:::::: :::::: ::::::::::::: :::::::: ::::::::::::::: :::::: 
1902 ..................................................... . 

fi50, 2·15 
510, 4119 
li87, 98R 
681, 571 
9'11,368 
990 940 

1, 038: 51\1 
930, 77\l 

1, oao, 3,15 
1, 308, 885 
1,lilfi,702 
1, 491, 21G 
1,483, 723 
1,•19U,3H 

$2, 037, 77G 
3, 2131 705 
3,051, mo 
s, 2or., 221 
4, 130;070 
3, 470, 017 
3,606, 09-1 
2,803, 372 
2, 673, 202 
3, 453,460 
5, 08·1, 076 
li,3fi0, 2•18 
5, 316, •l03 
•l, 003, •144 
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Dudng this period the quantity of production lms 
incn~ased 170. 8 per cent. The greatest iirnouut pro
duced in any one year was 1,515,702 long tons in 18HD. 

In 18SD the average value per ton was $5.34, while in 
rno2 it was $3.15. The production of phosphate rock 
in the world, from 1896 to 1901, is given in Table 5. 

TABJ,g 5.-WORLD'S PHODUOTION OF PHOSPHATE ROCK: 18fl6 TO 1901. 

[!Tnitc<l Hlttles t>eologie1tl Survey, "Miiwml Hesonreus of tile Uniter! Stutes," 1002.] 

[Metric tons.] 

1800 1807 1808 1800 11100 lUOl 

COUNTRY. 

\1utlllllt)'. i V1tlul'. \1trnntity. Vt1hH'. Qmmtily. Vttlne. QimntHy. V11lne. Qunnuty. Value. Qunntlty. Vnhw. 

Algurhi................ lOfl, 7:l8 $f>OO, Ullli 228, J.11 
1 :-mu,050 

82·1 
535,auo 

872 

21i9, 500 $1' 078, 000 a2,11 98a $1, 2ou, us2 319,.122 $1, 277, ti88 20/i, 000 $1, OllO, 000 
Bt•lg!nm.......... ... .. 1297,.170 5:l7l• :11~ll11 , 1 rnn, 920 aoa, 2ao t UJO, 090 3·12, JHO 1 215, 010 :m7, 10.1 222, 520 3UJ, 398 

2, 722 18, 000 no» a,mm 
MA, nos s1 110, ons 

Cnnntht................ 517 , , - ' 
Fnuwe . . . . . . . . . . . . . . . . fl82, ti07 3, 502, 0~7 ' 

I, 28·1 7, 105 937 ll,280 
li35, 076 2, 014, 5-13 587,919 2,827,291 

a, mm na, ao2 1 llll. 17, ""(I Norwn~· ............. · · , > "" 'I 

He<lomln (British West 

!Hfi,8G8 S,S:H,Hfl 
1,500 22,UO 300 '1,445 (') .......... . 

Indies) ..................................... 
1 Hu•~l!i................. 8, 77li 1 ~1 , o

0
gri
0
1 

8pnin.. ... ...... .... ... 770 ,,. o 
Ui1itcd Kingdom . . . . . . a, 0·18 2h, 2fl0 
United Slntcs.......... 9·1fi, 082 2, 808, :l72 

812 
li,917 
2,08·1 
2,oa2 

11 UfiO, :12~ 

r),mm 
22, 132 
lli,G72 
17, fi()() 

2, 67:l, 202 

750 
1,870 
4,500 
1.076 

1,330,2().1 

•I, 725 
·J, 78·1 

·10,00:l 
13,505 

S, 4530JGO 

1, 507 
16, 8fi3 
8,510 
l, 409 

1, fi•JO, fiOB 

9,270 
58, 0,10 
35, 100 
12, 0<15 

5, 08•1, 076 

2,230 
25,(i{iS 
·I, 170 

680 
1,515, 179 

Nil ........... . 

('.l, 220 ..... iii; 880 
71 080 

1, 507, 681 5, 316, •103 
_____ ... ·---··-· ---···-· .. ----'---"--·--'----

1 Cubie mctorH. 'StntisLics uot yet 11vnilt1ble. 3 Value not reported. 

The detn,iled stathitics of the industry for Hl0:3 tire 
given in Tnble G. 

DESCIUPTIVK 

The name pbosplmte is applied to the s1ilt1:; of phos
phoric acid, ehietly "orthopho1:;phoric" ncicl, which is 1i 
tril,nsic acid (H8P0i) and from which a gl'Cat variety 
of salts are ol>ttiined. Ettch of the three hydrog·en 
ntoms in the ncid ean be replnced by tL monml element, 
forming, comiequently, three varieties of Ralts, ntLmel~r, 
those in which one hydrogen ntom is rephwed, those m 
which two hydrogen ato1irn ttm replaced, twcl those in 
which all of the hydrogen ntoms nre replaced. Sttlts in 
which all of the hydrogen atoms have been replaced are 
called ortho or neutral phosphates, while those still 
contltining one or two atoms of hydrogen are cnlled 
acid phosphates. Cnlcium pho8ph1ite, or, more strictly 
speaking, tricalcium orthophosphate, is the most im
port11.nt of the minernJ phosphn.tes and this class form1:; 
the large mineral c1eposit1:; utilized for the nrnuufocture 
of fertilizers. 

Jii8torical.-According to historical records, the 
RonmnR utilized the excrement of birchi for fertilizing 
the soil, and in the twelfth century the Ambs a~1d 
Pernvians used the guanos of their respective countries 
for a like purpose. 

The waste clippings of hone nncl ivory from the bnt
ton nnd knife factories of Sheffield, Englam1, greensand 
from the counties of Kent and Essex, England, nmrls 
from the state of New ,Jersey, and boneblack (spent 
nnimal cha,rcoal) imcl crushed bones were used as fer
tilizers 11t different times during the eighteenth and 
nineteenth centuries, hut while the beneficial results 
from their use were recognized and appreciated, the real 
muse of the stimulating effect' seems not to have been 
tlefinitelv recoo·nizcd until Dr. Justus van Liebig, of 
Geissen; Germ~ny, evolved the idea that sulphuric acid 
should be added to bone fertilizers in order to render 

soluble the phosphate they cont!tincd. It was not until 
the year 184:3 that the Duke of Richmond, after an 
exlrnustive series of experiment::; upon the soil with 
both fresh and clegelatinizcd bones, camc to the con
clusion that their value for fertilizing purposes was dne 
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 calcimn phosphate had been 11dded 
to the sm1c1, qut after this nddition the growth became 
flourishing. 1 

The cttlcium phosphate in bones Imel hitherto been ' 
considered as uselesR owing to its insolubility, and the 
:fertilizing element was considered to be the gelatinous 
matter. Shortlv after 1840 Mr. ,T. B. Lawes put Doctor 
van Licbig'side1;s into practiL:e,n,nd began to manufacture 
iirtificial fertilizers at Deptford (London), England, by 
mixing sulphuric acid with crushed bones. In the ~1 ear 
18±5 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 11:1merous l~one cru~l~ing 
works were quickly converted 111to chenncal :fertihzer 
and superphosplrnte factories. The coprolites of ?a1:1-
briclae were supplemented by the phosphate deposits rn 
Suif~lk and Bedfordshire, hut it was not until twenty
five years later that the phosphate mining industry 
hegnn to assume a commercial importance. This slow 
growth is attributed to the immense supp~y of ~·nano 
obtained from Peru, the best beds of whwh did not 
become exhausted until between 1870 and 1875; the 
failure of this source of supply immediately led to the 
substitution of other pmterial for the manufacture of 
'fertilizers. 
. Ocaup1•ence.--In Fmnce the phosphate deposits at 

i Phosphates of America, by Francis Wyatt, Ph. D., page 19. 
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Estimated mean wmual q1.w.ntill! and 111d11e qt' 1·1'1'lain 1·1·11eta/1/e produdx 
in the Ui1ited St11tex. 

Whe11t ................................ .. 
MlliZll ................................. .. 
011IH ................................... .. 
Pollitoes ............................... . 
Hnr ....... - -- ......................... .. 
Cotton ................................. . 

Avernge 
percenL- Qmuitlty 
~~!~ ::;. (lmHhOIR), 

n1inoral. 

~.9~ 
l. n.1 
3. 18 
3. 77 
7. 2·1 
:l. 10 

·HiO, 000, 000 
1, UOll, 01111, 0011 

000, 000, 000 
200, 0011, 000 
1.J5' 000' 000 
2ll, noo, ooo 

·--------~--·---

1Tons. 

Ynhw. 

$HO, 000, 000 
027' 000, 000 
rnH, 000, 000 
100, 000, 000 
HOO, 000, 000 
2:i0, 000, 0-00 

According to \Vyatt, the total weight of the ash con
tained in the entire annun,l cereal production of tlrn 
United States (wheat, maize, oats, lmrley, rye, nucl buck
wheat), abont the yeftr 1890, exceeded 17,500,000,000 
pounds, contn.ining 2,714,585,473 pounds o:f phosphoric 
acid. 1 Of course, a htrge part of tho phosplmte content 
of tho plants was returned to the soil in one form or 
1inothor, but the immml loss to the :;oil wns nearly 
1,500,000 pounds of pho:;phoric add. 

.A.o; tho are1i of cereal production at that time WllH 
140,378,857 acres, these figures show (;hat tho <1rnmtity 
of phmiphoric aeid remond amnrnlly by tho c<'real 
crop fa npproxinmtely rn pound:; per !Wl'<'. Similarly, 
tho quantity removed by the lmy crop is calenlated to 
ho 12. 13 pounds per acre. Further, it has heou shown 
t.hat oYory cow kept on pirntnrn ln.nd carries off during 
11 summer not less than 50 pounds of citlcimn pho:iphate 
in tho shn.pe of: vetil, lrntter, and cheese. 2 

These fow instances show in a Htr.iki11g nutmHn' the 
cum·mous lusH o-f pho;;phorie acid occurring· in ttgricul
turnl dbtricts, imd tho m~cessity o:f returning to tho soil 
those Halts which have been remoyocl therefrom, 

JtgYIBW O:E' Tlrn INDUSTRY IN 'rIUQ UNI'rlm STA'.l'I>:S. 

The phmiplmte dopositH of: the United Stntes are 
clmmri bod hy stlttes fts follows: 

.F'lorida.-Pho8plmte roek occmri:l over n hirge area, 
extending from Ln.ke Okeechobee on the south to tho 
extreme northern piirt of the state-n clistiuwe of 240 
miles, and averaging 30 miles in width. The. dcipositR 
of commercial value, however, !iro compamtively few 
in munber and are widely scattered th ronghout the 
rrgion. The three chief clmises of the phosphate rock 
p1•odnct in tho order of importance arc hard rock, land 
pebble, nnd river pebble. 

Hnrcl rock is mined in an f1rea of HO hy :10 miles, 
extending from Albion on the north to l~ay City on the 
south. The material i:; obtained from pocket-; which 

1 Phosphates of America, page 15. 
2 United States Geological Survey, Bulletin ·!6, "Nature aiul Ori

gin of Deposihi of Phosphate of Lime," by R. A. F. l'enrose, .Tr. 

Val'y in yield from a few torn; to many thousancl.s, and 
rnn so il'regnl!lrly that it is frequently necessary to 
clmnge the location of the mining plants. In former 
times the mining opemtions were limited solely to tho 
bowlder:; o:l' phosph!ite rock, which varied in weight 
from ft few ponnchi to nmny tons. Tho mining con
:;istecl in removing tho rock from the pits, llrying it in 
the kilns, and shipping it without m1y adclitioual prep
nrntion. Little mtpitnJ was called for, 1ind mnny hard
rock companies were formed to mine the rock, hut they 
finally withdrew from bnsiness on account of the sc!tr
city of deposits ea:,;y of extrnctimi. Attention was then 
directed to mining the gmvel phosplmtn, which repre
Rents the snmller or brok<?n pieceR of the bowlclers that 
occur intermixed with clriy, Jlint, et<\,, the sterile nrnte
rinl being removed by washing in tho ?rdinary log 
washer. Later, as the mining n.ncl milling processes 
becnme more complicatBd and costly, liirge central 
phints were erected for chmtper treatment oost, but 
the economies sought, however, were not realized, on 
account o:l' the small size of the .indivichrnl deposits 
and the consequent expense of transporting the crude 
nrnterial containing less tlrnn 15 per eent tricalcie phos
phnte from the mines to the mill. 

At the present time the cheapest method of treatment 
is to h1Wt! one or more remov1ihle wnshiug plants, each 
o:f a capttcity of from 40 to 50 tons of clen,n rock in 
twelve. honr1:1. 'J'hesc plants itre 1:10 cmrntructecl that 
they cim ensily be taken down 1111d removed to new 
lomdities. It is 1tlso the present pmotice to crush, 
wash, rtnd screen the entire product. of the mine. 

The most recent pmetice in mining lmrd rouk is the 
inshilhttion of dredges of the dipper type to mine 
deposits that h1we been worked clown to the wiiter 
level, p1irticnlarly in those cases where it lms been 
found impracticable to lumdlc the water with pumps. 
The use of the clipper dredge i:; economical, and with 
deposits that mn be httndlecl by this method Yory excel
lent results lmvc been obtained, so much so that 
deposits unworlmble nt a profit by the older methods 
of mining are now treated with commercial success, 
the chty, s1ind, 1mc1 iiue materi!il being removed in log 
washers plentifully supplied with w1iter. '.I'he washed 
rock is cttrefnlly hand picked on n picker belt, dried in 
kilns which consume from 5 to 7 cords of woocl per 100 ' ' 
tons of rock, and is then ready for l'lhipment to market. 

The average cost o:f production, :f. o. h. 1it the mines 
during moo was :from $3.50 to $4 per ton. According 
to C. G. Memminger those deposits most favorable for 
cheap transportn.tion and mining n.re ulmmit exhausted, 
and the present efficient methods of mining and handling 
leave· but little room fo1· clirninii.:hing the cost, conse
quently with the gmchml exhaustion of the best 



H22 MINES AND QUAHRH~S. 

Gmnd Pre, in the Ardennes, began to be exploited in 
185G, ttnd snmll quantities of the rock in a ground Rttttc 
were utilized lJy direct addition to the soil. In 18G5 
other deposits were discovered on the plateau of Quercy, 
in the depal'tment of Lot, and in 1870 the deposits of 
Lot-et-Garonne, Tarn-ct-Gn.ronne, and A veyron (known 
as the Dordeu.ux phosphates) were rninccl mid the prod
uct sold to fertilizer manufacturers. ln Spain the min
ing of phosphate rock began at Logrosan, province of 
Estrenrndura, about the year 1855, followed, 1n 1860, 
by the exploitation of the deposits nrntr Caceres, the 
latter district yielding it considemble quantity annually 
until 1875. ln Norwtty phosphato deposits were mined 
at Kragei:o, in 1854 .. ttnd at Oedeg-arten, in 1874. In 
Germany the N11ss1m phosphate deposits were discov
ered in 1864 and the mining of the rock commenced 
at once. In recent years the competition in the world's 
nrnrkets of higher grade and purer phosplmtes from 
other countries has caused the ccs1,mtion of the exports 
of rock from the Lahn mines, the material of which 
contains a large percentage of iron and aluminum 
oxides. ln a few of the islands of the West Indies, 
notably Navassa r.1nd Sombrero, prior to 1805 phmi
phate deposits had been opened and the product ;;hipped 
to the United States 11nc1 the United Kingdom. 

In the United States deposits were first worked in 
South Carolina in 18Ei7. From 1867 to 1877 there was 
1\ grm1t advance in the world's production of phosphate 
rock. In 1873 Belgium began contrilmting to the 
world's supply from the deposits near l\fon:;, and Frnnce 
increased its production very lttrgely. In 1880 the is
lands of Cm·119ao and Oruba, i 11 the Dutch W c:;t Indies, 
snpplemcnted the output of high-grade phosphates ancl 
shipped an ayerage of 10,000 tons for the year. 

In the decade 1880 to 1890 the sourees of the supply 
of phosphate l'Ock altered very considemhly. At the 
encl of this period Spain, which in 1882 and 1888 
shipped 100,000 ton:; to the Uuitecl Kingdom, p:nwti
cally cea:;ed to export. In .France the old sources of 
supply had been replaced to a large extent hy the 
newer fields in the Somme 1111cl other clepltrtments in 
the north. Belgium had asBumed an important place, 
producing about 150,000 tons of phosphate from the 
mines at Mons itlone. In the United State:,; the South 
Carolirnt deposit:,; had been developed to a very large 
extent and Florida had begun to contribute appreciably 
to the supply. 

Oliaracteristics 1.ind use.-The various deposits of 
phosplmt1c material have not yet been ehtssifiecl geolog
ically owing to the difliculty in determining the' position 
of seveml of the deposits, augmented by tho large num
ber of forms which the phosplmte assume:,; and the com
plex blending of c01-tain varieties. The common tech-

nicnJ clnssiJicatiou nrnkes the broad di;;tinctiou between 
rnineml phosplmtcs, whose origin mm not lie traced to 
animal 1ifo, and rock pho:;plrntcs, morn or less rninern.1-
ized, but direct!)' tmcon.ble to an organie origin. On 
this hasis tho only mineral phosphates ine those con
tnfoing crystalline apatite, which oceur in Canada, Nor
w11y, and tt few localities in Spitin. The deposits at 
Nussan in Germany, Lot-et-Gttronne, Tttrn-et-Gnromrn, 
and A 1'eyron in Fmncc, and Logro:;an and Caceres in 
Spnin are nstrnlly included in the mineml phmipluites 
under the nrhitrary and indefinite term "phosplrntcs." 
The term rock phosplrntes inclndmi the remaining 
varieties of phosplmtic limestone, coprolites, nodnlttr 
phosph11.te:;, coneretio1111ry phosphate:;, nrcrnwt~ou:; phos
plmtes, sheet-rock phosplmtes, tmcl bonn heels. 

'.l'he vnlne of phosphate rook in tlrn United States 
lies solely in its use as a fertilizer to cn~·ich land i111-
poverh,;hecl hy continual removal of crops that have 
grown thereon, or lm1d whiclt did not origiimlly posses:,; 
the components necessary for the normal gTowth nnd 
clcwelopment of plant life. 

It has been only within compttmtively recent yrn1rs 
that the rotation between pln.nt1> and soils has been sci
entil1en1ly studied. In general the mt1m1er of lifo in 
plttnts 1·t~scmhles that of aninmls or man, in that they 
roqnire certain foods in st!1tcd · proportiomi whieh 11rc 
digested or assimilated, tlrny must lmmthc n ccrtttin 
atmosphere, 11ncl they ttre subject to. the inlluenco of 
heat mid cold, Hg·ht 11rnl dn.rknesH. The tisHues of plimfa;, 
like those of animnls, !tro composed of mtrbon, hydro
gen, oxyg·en, nitrogen, and certain minernl 1wids or 
bases, notahly phoHphoric and sulphurit•. adds, lime, 
umg·nosia, iron, and potnsh; 11nd the growth of a plant 
benr:; a closci relation to that of 1tn tminutl for the reason 
that it constantly ttb1>orh8 elements from the soil nncl 
air to build up its Htrnotnre. Tho relation of plm1t lifo 
to imimnl life hi reciprocal. Animals brc11tho in tho 
oxygen of the itir and convert ft surnl1 p1ut of it into 
earbon clioxiclo, which is exhaled and retnrnnd to tho 
nir, while plantH, under the 110tion of chlorophyl iwd 
sunlight, absorb cn.rbon dioxide from the air n.nd decom
po8e it into carbon and oxygen, utilizing thc foriner to 
build np the cellular structure and returning the oxygen 
to the 1tir. Tho chief clements assimil11teCl by ph111ts, 
and consequently removed from the soil when the phtnts 
1tre cnt down mid taken ltway, 11re nitrogen, phosphoric 
n.cicl, and potash. These compounds play n very im
port!tnt part in the functions <rt Yegeb1Lion ttml are the 
most liable to he exlmusted from the soil. 'l'he estimntcd 
mean annmil qm1ntity imcl V!tlue of a l'ew o:f the impor
tant vegetable products in the lT nited Sfatmi h1wo been 
compiled as followo;: 1 

1 Phosphates of America, pnge H. 
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and grentest yield per aero are fast hci ng exhausted, 
and :fuel, which is a fargc item of cost, ii-; mp.idly being 
exhausted in the Yicinity of the mines. The qncstion 
of fuel supply is one of great importance in connection 
with the future of the industry. Lttrge tmcts of wood
fond lmve bem1 bought up hy the vnsiow; eompanies, 
but wood -will undoubtedly be supplemented by coal 
when the mines control tlrn transportittion to the point 
of shipment. Fuel oil also will become a possible sub
stitute for wood under the new conditions of tmnspor
tution. 

The present cost of prodtwtion, :f. o. l>. at the mines, 
is from $J. 50 to $2 per ton, a fig-me that will don btles:; 
increase very nrnteriitlly in the near fotm·l~. The prod
uct h~ shipped from Port Tampa. At the present ratt' 
of production the deposifa,; containing GS lJlH' cent-. and 
upward of tricaleic pho:;plrnte, and low in iron and 
nlnminum oxides, will be exlmnsted within ti fow year:;. 
Those contnining :from H± to n'i por cent tl'icalcic pl10ti
})lmte and from -! to H per cent ircrn and iLlnmiunm 
oxide:; are in very htrge rm;Pl'\'es. There lrns been a 
marked tencloncy toward more careful methods in the 
prepamtion of the rock :for thn nrnrkot, which is 1Lttainec1 
wmally by in:;tnJling one m· more log washer::; in addi
tion to tho ordirntry double log washer plant; iwd by 
crm;hing the rock after it has been dried, 11nc1 snh
!>O!Jllently SC'.reening it, this prncedme lms been pro
dnetive of good re;;mlt:; with certidu cla::;:;es of rock. 

As the higher grade deposits become exhausted the 
urnthods of treatment must be improved in order to 
hancl le tho lower gmde rock at ·a le,;:;enecl cost. As a 
vroof o:f tho growing St!arcity of' the ho:;t dass of rock, 
deposits hn.ving an ovorhurden of from 215 to 30 feet 
nre now being opened up and developed. Deposits of 
this chn.rn.cter it short time itg•o were dechned unsuited 
for proiita.ble working. 

The excessively high Lrnnsportatfon and terminal 
clrnrges previtiling in recent years have forced minor:; 
to seek relief. One company has <'onstruetecl it priviite 
l'ailrond :from the central plant at Hockwell to Port 
lnglif;, 18 miles diHtant, iit the mouth of the Withla
coocheo river. Tho port iH ttn opon ronclstcad, and the 
vossC\ls have to be loaded by lighters. 

As in the mse of the lmrd-rock miners, there have 
boon HlWel'Rl unsuccessl'nl r\fforts to consolidate the l!trg-e 
miners of land pebble into a community o:f interests, 
which would eliminate useless competition and enable 
the producers to maintain price:; 1.tt it loVl'l which would 
admit o:f mining at a fair profit. 

The bulk of the river pebble luts boon obtained from 
Pmtce river, which rises near Bartow and flow:; 200 
miles in n. southerly direction into Charlotte harbor. 
The Alafot river, a small stream flowing into Tampa 
hay, has al:,;o contributed it :;mn.11 quantity o:f river 
pebble, n.nd the Caloosahatchee, Miaklrn, and Mamtteo 
rhTor:; hnvc proclnced a pebble of low grade. 

The method of mining the river pebble consists in 

using dredging boats equipped with 8-iuch or 10-inch 
centrifug·id pmnps, to w hieh are attfwlwd suction pipes 
suspuncled :from cmnes. 1'he pebble, being loosely 
mixed with sand, is readily misecl by the pumps and 
passed into a rotary screen, which i:;eparates the sand 
and delivers the washed pebble onto a lighter moored 
alongside the dredge. When a snflicient quantity of 
pebble Juts accumulated on the light;er, it is cmTind to 
the drying plant, clrie!l in rotary caldners, and i:;tored 
in bins, from which it is 1in11lly clbelmrgecl by gravity 
directly into cars :for shipment. .A::; the supply of peb
ble in the rinw beds became exhausted, attention was 
given to the deposit:; lying under the swmnps which 
were formed by the river at 1tn mirlier period. Gener
ally these deposits are covered with an overburden of 
s1tnd of from G to 1G feet in thieknern, supporting a thick 
growth of heavy timber. In order to obtain the river 
pohblc from the :;witmp depo:;its the timber was removed 
and the overburden witshed into the stream and removed 
by pumps; later t;he pebble was obtrtinecl in like nrnn
nor and trentecl Hi.mill.Lr t:o the pebble in the river beck 

The totltl production of phosphate rock of all classes 
in l!'loridn., ns reported by the U nitecl Stittes Geological 
Snrvey, bnsed on nrnrlrntecl output from 1888, the year 
of the inception of the industry, to arnl including 1002, 
aggregiites H,GOll,4G8 Jong t01is, v1tlnocl ttt $24,UG7,otHI. 

Sunth CY1Poh:iw.--·Although the phosplmte deposit:; in 
Sonth C11rolina hacl betm known for nmny years, they 
were not recognized as such prior to the Civil 'War. 
A mining company was formed in 18()7 to test the pmc
timliility of working the phosphate rock on a commer
einl settle. The phosphate" bolt.'' is composed o:f Qnn· 
tcmnry sitncls and clays overlying beclH of Eocene marls 
upon whose surface, .ancl intermixed with it, are found 
the phof.lplmte deposit:;. The ·pref.iumecl total area of the 
phosphate formation is 70 hy 80 miles, extending from 
the mouth of the Broud river, nc11T Port Royal on the 
soutlwit:;t, to the hertdWttters o:f the Wanclo river in the 
northeast, its m11jor axis being parnllel to the" coast line 
and ib; greate:;t 'vicUh nrntr Clm1fo:;ton. The stratum 
of phospluite rock sometimes outcrops at the surface, but 
it is genemlly :found at a depth of from 3 to 20 feet and 
nuics in thickness :from a few inchm1 up to 8 :feet. Tho 
ehid points for eonsiclemtion in order to llSeertain the 
value of the phosphate beds nre thickness of deposit, 
depth below the t:mrface, and riohness in phosphoric acid. 

In South Carolinn. the geneml method of ascertaining 
the value o:E a phosphate rock deposit is by means o:f 
boring and pit sinking. At fil'Ht a careful topograph
ical survey of the property is made, followed hy the 
systematic sinking o:f a series o:E bore holes by menm 
of n. long steel borer or rod speeiall)' designed for the 
purpose. The boring rod is forced downward through 
the upper strat11 until it strikes the solid bed of i1hos
pluite rock, which nmkes itself evident hy resisting the 
further passage o:f the rod. The rod is then removed, 
1tnd the distance it has traversed is measured with a 
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deposits the cost of production 1mrnt increase. It j:; 

qnite prolmble that the cost of production of :from $3. 50 
to $1, :f. o. h. n,t the mines, i:; a8 low as it ever will be. 
Tho cost; to the consumer, however, is regulated largely 
by the cost of transportation from mines to port of 
shipment. 

Iford rock is sold on a gnamntee of a minimum of 77 
per cent tricalcic phosphate (bone phosphate of lime) 
and it maximum of 3 per cent iron mid alnminnm oxides. 
Pmetically the entire output is exportr,<l, <·hiefl~r to 
Germany. The ports for shipment of hard rock arc 
Ferrmndinn, Port Inglis, itnd Tampit, Fla., and Bruns
wick imcl Siwammh, Georgia. 

The land pebble phosphate rock occurs in Polk, De 
Soto, and Hillsboro eonnties, :B"'loncla, occupying !lll itren. 
of nl)out 2, 000 square miles, beginning a few miles north 
of Biutow and extending over the upper portion of the 
drainage basin of the Peace a,ml A.hdia, rivers. Dnring· 
the past few years the entire product has been obtained 
:from Polk county. The tirca of tho occurrence of html 
pebble is restricted 1tnd the deposits widely scn.ttered, 
rendering this branch of the industry of cornparati ''ely 
loss importance than the others, yet seveml lrnndrcd 
thousand tons of phosphate imiy be obtained from a 
single deposit. The pebble:-; itre roughly rotmllod, of a 
gray or brownish color, ancl vary in size np to two incho:; 
in diameter. In preparing the 1miterial for the nmrk:et 
two classes of product are made, the size of the coarser 

·being from one-sixteenth to 1 inch in diameter. The 
deposits are usually along the stream l'Olll'8es, in low 
swamps, or in bay heacls. The thiclrnrn;s of tho deposits 
varies from n. fow inches to 18 feet, averaging 10 feet 
for the district. '.rho pebble, which u:;nally represents 
less than 25 per cent of the mass, occurs in 1m argilla
ceous matrix, sometimes very sticky and tenacious, an cl 
sometimes sandy and readily disintegrated; the over
burden consists of sandy soil, clay, and it so-milled con
glomemte rock of viirying clmracter in different pitrts 
of the clepusit. The bed rock viirfos from a hard yello\Y 
marl to a soft, cliiy-like nmtcrial. The hig·hest grade 
of hind pebble contains :from GS to 73 per cent of tri
calcin phosphate and fr01:n 3 to 4 per cent of iron 1tt1d 
aluminum oxides; the low-grade material bas from (iO 
to 65 per cent of tricalcic phosphate and from ± to 5 
per cent of iron and aluminum oxides. At the present 
time land pebb1e is sold on a guarantee of a minimum 
of 68 per cent of trimtlcic phosphate and a maximum of 
4: per cent of ·iron and aluminum oxides; conditions 
which, in order to operate at tt profit, call for au averngc 
yield of 20 per cent of pebble to the mass, tm average 
minimum thickness of 8 fel~t of the deposit (yielding 
3, 733 tons to the acre), and an overburden not exceeding 
the thickness of the deposit. 

"Within recent years n hydraulic method of treating 
land pebble hns been devised, which is undoubtedly the 
only practical method of lmndling this class of material. 
The important feature of the process is that the water 

which is used to break down the rock also parthilly cliR
integrates the matrix and renders tho snceeec1ing wash
ing for the :..;cparation of the pebhle it vory simple 
operation. According to C. CL Mennninger the equip
ment of a hydntulic plant consists of !L stemn shovd for 
removing the overhnrden, one or more dredgr,s fitted 
with boilers of from 400 to 500 horsepower, a 10-itwh 
centrifugal pnmp, hydmnlic-pressnre pumps, t-1l~reen8 
and wnshors, nnd bnrgcs to carry the pehbln to the mill. 
The mill should contain a :mfHcient nmnlwr of wa:;hers, 
rotary driers, e1cv1ttor:.;;, l>oiler8, and dry-storage hins of 
from ,l,000 to rn,ooo tons capncity--au c<1niprnent which 
c·itllR for a hea.vy inve:;tment. A phwt with one dredge 
and two drier:.; should prodneo 50,000 tmrn of pebble 
per year. Tho method of mining· is hriotly outlined ns 
follows: The CJ\Terlmrden lrnviug h!~on removed 1>,r the 
steam shovel, the dredge is lmmclrncl in a suitnhle LlXC1tY1t
tion and the suction pipe from the c•ontri:fng1tl pump 
on the clrcclgo is laid some 150 foot h1 ttdvmwo, whnre a 
small :.;ump hole is opened :for suction. Streams of 
water from two hydmnlic giants, working under a pr<•s
sure of from :100 to 110 potmcl:;· per sqrntre inch, are 
directed into the hole, which i:; im·roa::ied to a comiider
tthle size in a short time. Thn :..;uetion gmclnnlly ho
eomes lowered until tho sump i:; formed in tho l)(\d rock. 
As soon as possible the giants are placed in tho pit, nn<l 
ltS the lmnks aro cut clown tlrn materiEtl passes with tho 
water to tho sump itud is pumped to the dredge, whero 
it is screened, the pebble being thoroug·hly washed and 
sepamtecl and the debris clisclrnrgecl tit the side of the 
dredge. As tho pit become:; enhtrgod it is a good prm·
ticn to use a i-;eeond cnntrHngal pmup in eon ncction 
with the pump on tlrn dredge. In thi:..; wity 1i pit of 
several acres in extent mn be mined. Tlrn pump nnd 
pipes arn removell from the pit. as soon as economy in 
pit size is rrnwhed. '.rl1e pit iH lillml with witter and the 
bitnk: between tho droclgL) ttnd the pit ii-; brolrnn. The 
dredge i;; then move(l on and operations heg·iu nfro::ih. 
Tho pits form it channel .for the tmni-;porbttion of the 
pebble in barges. On reaching the mill !;110 pebble i8 
elevttted; thoroughly washed, dried, imd 8tored for 
shipment. 

Tho most modern phtnt; in thi::; distril't has been 
equipped with electric motive power, the intention 
being to eliminate the dredge by using tt series of 
eleetrkally-driven centrifugal pumps which will force 
the cntfre mnteria1 mined to the mill, a central pump
ing station giving the hydraulic }Jl'C8Knro rer1nircd. 
Under certain conditions this system promises excellent 
results. 1 

An innovation f1t the works of one of the pho::iphato 
companies is the insta,lltttion of a ceutml plant to gener
ate electric and hydraulic power :for the mining opera
tions. The results have proven cminenUy sncccs:;fnl 
!tnd under proper conditions the met.hod promises to 
supersede the older and less economical ones. 

The highest grade deposits with light overlmrclen 
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foot rule, thus showing the thicknei-;s of the overly
ing stmta. The rod is rephwed in the bore hole, forced 
throng·h the resisting stratum, and ag1ti11 withdrawn and 
measured, the di:ff erence l>ctwecn the firi-;t and second 
mcnsm·cments being taken RH represHnting the thickness 
of the phosplrnte bed. The bore holes are g·cnerally 
100 feet apart, extending over the entire area of the 
laud under examination. A series of exploring pits 10 
feet long and 5 feet wide are dng at 500-foot intervals 
in order to verify and confirm the results obtn.incd by 
the bore holes. The phosphate rock is carefully re
moved, the depth from the surface and the thickness of 
the bed is measurecl, and average samples of the rock 
and nodules are obtained for analysis. Throughout the 
armt o:f the South Carolina field the strata overlying 
the phosphate rock Etre rernarlmhly uniform. Hereto
fore, mining operations have been limited to mnforial 
occurring not more than 15 feet from the surface, hut 
there are larger areas containing phosphate rock at a 
greater depth than 15 :feet whose value h!ts not yet been 
determined. 

'l'he phosphate deposits of South C1trolina nre clasHi
:fiecl into Tiver l'OCk and ln,nd rock, the river rock, 
which is :found in the heels of rivers, having been 
washed into them from the origirntl land beds. 

The river rock hn,s been worked extensively and with 
considerable profit, for the reason that it is obtained hy 
the simple and cheap process of dredging; which iit the 
same time washes the rqck free from adhering impu
rities. The dredging scoops are massive in construc
tion in order to break. through tl10 stratum contilining 
the nodules of phosplmtc rock. The boats are held 
in position by :four "spuds," o'r strong, square iron
tipped poles, one at each corner. The nodules 1tre 
thrown :from the scoop into the washer which is gen
erally on a lighter moored alongside of the dredge. 
Various kinds of washers arc used, the one in common 
practice consisting o:f a truncated iron cone with per
forated sides revoh;ing on a horizontal axis and fur
nished on tho inside with steel i:;pirals like the grooves 
in a rifle barrel. The nodules are dumped by the 
dredge into the small encl of the cone, heavy streams 
of Wllter are introducecl through both ends and the 
cone rotated; the wttshed material is discharged at the 
larger end of the cone and is removed by a derrick to 
~mother boa.t which carries it to the shore. The clredge 
generally used is o:f the ladder bucket type, which con
sists o:f a series o:f steel buckets connected by means o:f 
double links, the whole :forming an endless chain which 
moves over clrums or tumblers :fixed at tl10 ends of the 
ludder or :frame. The higher end of the ladder is 
placed directly above the receiving hoppers and the 
lower end is supported by a tackle which allows it to be 
r11ised or lowered, according to the depth at which the 
work has to he clone. The motive power iH applied at 
the upper encl by means of friction gear, so that any 
undue strain will not break the machinery. The ladder 
bucket dredge in the pbosphntc field ordinarily does 

not operate at. depths greater than from 20 to 25 feet. 
Occasionn Jly, for depths greater tlmn 20 feet and up to 50 
and no feet, a clmu-shell hnclrnt dredge is nsecl, consist
ing of a contrivance o:f ± or n iron claw:-; which open as 
they are lowered and close forming· a bucket ar,; they 
1tsc(md. The lmcket, generally o:f lthont 1 cubic yard 
capacity, is opemterl from a swinging· cmne covering n 
rndinS:of 2fi foet iu :front of the scow; the nmterinl is 
delivered at a height of H :feet abon\ the deck into the 
receiving hoppers whid1 foecl into the waslrnrs. The 
cost of operating n clnm-shell bnckot (1redgo is :from fonr 
to five timos thn.t or the ladder lmclrnt dredge. 

Both the rock and nodule;.; from the river and land 
depmlits occur in very irrcg·nhtr masses or blocks of 
extremely hard conglomerate of varieg1tted colori:;, which 
weigh from half ltn ounce np to more than a ton. 

'.l'he mean specific gravity o.f tho material is 2.4, nnd 
the roek is perforated with n network of very small 
holes, the work of innumerable crm;ttwmt, now filled 
with Ramls and chtyR from thn overlying Htrntit. Some
times the nodule!'l'!tre quite smooth or even glnzecl ns if 
worn hy water; in other cni:;e:-i they 1tre rough or 
jngged. 

The aYemge n.mtlyRis of South Carolina rock nuiy be 
taken as :follows: 

Por cent. 
Tricaldc phosphate ....... -- ... Cn8(P0.1 ) 2 •••••••••• _ ••••• f>H. li3 
Calcinm carlionate •............ CnC08 ••••••••••• :. _. _.... 8. ll8 
i\fagnesium ctirlHmnte .....••..• :\(g(Kl8 ••••••••••••• __ •••• 0. 73 
Iron and nlnminnm oxides •.... FeP8 nnd Alp8 •• •• • • • • •• • O. GO 
Sulphuric nci<l ...... - ..... , ..... II,S0.1 \ •!. 

80 Cnlcinm flnoride ..........••... Cal?2 I · · • · · · · - · - · - · - · · · · 
Waternrnl lmisrndgnition ...... H 20 ··--·-··············· 8.00 
Silica nn<l mHleterminecl .•...... SiO, ........•....... _ . . . . 11. li(i 

The lnncl rock occur;; chiotly in the vicinity of 
Chflrleston, while the~ rivnr rock iR eonthwcl to tho 
Coosaw river and other streams in tho vicinity of Beau
fort. The land rock contains from l'l7 to GO per cent 
of tric.mlcic phosplmte, hut hits nlso a higher porcnnt1tgc 
of iron and 1ilumina tlmn the rivnr rock. 'l'hat portion 
of the river rock which is low in iron and 1tluminn. 
is mainly shippecl abroad. 

The excellent qmility of tho South Cnrolhm product, 
tog-ether with the favorable shipping conditions, pl1ico 
the production on ii pcrnrnneut lmsis, and the supply of 
reserve rock known at the hflginning of the present 
decade is mtlcnlatccl to furnish n supply at present rate 
of consumption for thirty-Jivn ~'earR to come. In recent 
years there has been a i:;light clocreasc in the tmnrntl 
production of river rock. The methodr,; of mining· and 
prepamtion htwe not changed materially during- the 
past decade except that steam shovels :ire rephwiug 
hand labor for the removal of thn overburden 11nd the 
mining o'f the hnd rock. With regard to land roek, 
Francis Wyatt describes t.he method of trcnting it in 
order to make it nmrketi1hle as follows: (1) mining or 
excavating, (2) washing to remove sand and other ster
ile impurities, and (3) drying in kilns to arive off the 
contained moisfore. 
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Tnking these in their order, it b custonmry to estab
lish n trunk rnilroad, starting at the river front or 
on the bank of· some couveuim1t :-;trnmn, and rmssing 
through the center of the property to be exploited. 
Alternate latemls can be run off at right angles from 
uny portion of this mnin line, at a distnnce of Rtty 500 
feet, in conformity \Vith the natnre of the ground. Be
tween and parnllel to these latemls a ditch or clrnfo is 
dug to a· depth extending from -! to 5 feet below the 
phosphate stratn. From this mitin dmin the excavators 
stn,rt their lines ttt right angles to the laterals, commenc
ing n,t one end of the Held and digging trenche:; 15 feet 
wide n.ncl 500 feet long, the work bning so armnged 
that the men are stationed !tt intm·v1t!s of 6 feet. Every 
man is supposed to dig out, daily, a pit !l feet long, 15 
feet wide, and down to the phosphate rock. The over
lying mn.teria.l is thrown out to the left-lmml side of the 
trench. 'l'he phosphate itself is thrown out to the right 
and takon in wheellmrrows to the milroacl ears which 
p11ss at either end of the trench. The water draiiis 
from the trenches into tho underlying diteh, and is 
thence pumped out by m<mus of a st<~am pump worked 
h,r a locomotive engine. Tho pump and the engine are 
scctuecl to connected railway pl1ttforms, iwd run along· 
the mi !road tmck from one ditch to another ns occasion 
rnqnires. 

The can; loaded with the crnck phosplrntic materittl 
dug ont of the pits a.re run down to the washing n,ppa
ratus, which is constructed 1tt an elevation of 80 foot from 
the ground, and genemlly eonsists of a. serie:; of semi
eircnhu· troughs from 20 to :30 feet long set in uu iron 
fmmcwork at an ineline o:f: about 20-inch rise in their 
length. Through every trough passes an octagonal 
iron-cased shaft provided wit,11 bladm; so nrritnged and 
distributed as to form a screw with a twist of 1 foot in 
t1 1 which :forces the wm.:hed rnnterittl upward nncl pro
jects the frngmenhi against en,eh other. The phosplrntc-
1m1tm cars 11ro hauled up itn incline and their contents 
clumped into the l>ottom trongh, where the phosphate 
cncou nters one or more heavy streams of water, pumped 
up by 11 steam pump. This witter docs not run off at 
the hottom, but overllows at the higher end near 
whero it enter::;. ·when sntliciontly washed the mitte
rial is pushed out upon a lmlf-ineh mesh screen, the 
smnll cMbris being received on o:,;cillating wire tables 
below. 

The phosphate is now ri.~ady for kilning· or drying, 
nml of 1~11 the methods hitherto adopted for this im
portrmt process, that of simple roasting in nn ordinary 
kiln~ such as is genernlly used in the nutm1facture of 
bl'ieks, is said to hitve been found at once the most 
mpid, effective, and economical. The rock pile is built 
on layers of pine wood, n.nd owing to its content o:f a 
considerable quantity of organic matter it readily lends 
itself to combustion mid requires but a short time to 
become quite reel hot. The. kilns arc made sufficiently 
large and are so armngecl as to allow free passage to a 

tmin of cars, which, running on the main line of rn,il
road, can be loitdecl in the kiln, run do\vn to the htnding 
pin.cc, and clisch11l'ged dii;ectly into the liarges or boats 
on tlrn ri yer. 

The total production of phosphate rock in South Car
oforn, bn,sed on marketed output, from 1867 to and in
cluding Hl02, as reported by the United States Geolog
ical Survey, is: Land rock, 6, 702,1:39 long tons; river 
roe){, 8,930,:362 long tons; total, 10,632~501 l<Jng tons. 

Trmnessee.-Although the presence of phosplmtic 
nodules in the Cha.tta.nooga shale lmd been known for 
seveml years, it was not nntil 18D3 that the industry 
wa8 :-;tltrtecl in Tennessee. The deposits are in Hick
man and I.1ewis counties in the central part of the 
stiite, hut in :fow places only are they o:f suflieient 
c1uantity 1mcl richness to admit of profitable working. 
The phosphates nre classified according to color into 
blue, brown, and white. The blqe rock deposits began 
to be developed in 180± in Hickmitn and Lewis counties 
over an itrea of 10 by 20 miles, the principal deposits 
being 1tdj1wont to Swan Creek valley. The gTont draw
lmck to the exploitation of the blue rock was the 
distance of the iield from the rnilroad, being 20 miles 
away; this objcctiou, however, might have been over
come, but the Inter discovery of the high-grnde, easily
moved, brown phosphate rock near Mt. J>Jmisant, Maury 
county, 5G milrn.; from Nitshville, having clireet railroad 
tmnsportation to the nmrket, reduced tho mining of 
hlne rock to inconsiderable propor!;ions. The blue 
rock occm'8 in horizont!tl bods overlying and conform
ing to the country limestone; tho workitble beds iwer
age 18 inches in thickness and outcrop only where the 
streams have cnt through the overlying strnttL. In u 
few cases it can he mined in open cnts by stripping 
the overburden, but the great bulk of the work must 
be mined under cover. \¥ith an 18-inch scam the min
ing· cm;t, though high, is offset by the fact that the 
rock is sufficiently pure to be used without preliminary 
washing 01· screening; in fact it is stated to be the only 
deposit of phosphate yet found in the United States 
thn.t can he minecl and shipped without preliminary 
treatment,, The iwerage composition of the blue rock 
shows 70 per cent of tricnlcic phosphate and from 2. 5 
to 3 per cent of iron and itlnminum oxides. On account 
of its lociition away from the railroads the consumption 
of blne rock is locitl. With this blue rock occurs a so
callecl brown rock containing from 14 to 75 per cent of 
tricalcic phosphittc and from 5 to G per cent of iron n,nd 
ftl urnin mn oxides. 

The general practice of mining is to strip the over
burden by hand htbor imd to qtrnrry the rock in lumps, 
or to run drifts into the deposit itnd remove the rock 
by the orclinitry pilhir 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 overbm-
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den is 11 simple matter for the reason tlmt most or the ' 
phosphate rock tleposih; outcrop on a hillside. Gen
erally the rock is crushed to p·ass through a 2-inch i·ing 
aml is then treated in a revolving one-quarter-inch mesh 
screen in order to remove adhering chty and sH,ncl; tlrn 
screened materiiil is ground to from HO to 80 me8h size 
and sold for direct mm by the former or to snmll super
phospbat.e manufacturern. The rock as it comes :from 
t.he deposit is compar1itively dry and contains on Rn 
avemgo more than llO per cent tricalcic pho;-;plmto. 

Prior to 1896 the bulk or the proclnction was obtained 
from the blue rock district where the mines havn been 
developed tn a considerable extent. The district was 
lmndicapped by long wagon haula.ge iincl comparntiyely 
costly underground work. 

The Mt. Pleasant rock occnrH over an are11 of from 
3 to 4 miles north nncl south rtnd from () to 8 miles 
east and west. 'l'here rtre two vm·ieties-the ::;o:ft, 
which constitutes the bulk o:f the supply, and the hard, 
which is o:f minor importance. 'rhe sort rock when 
clry varies in color from gmyish or reddish brown 
to cream white, and occnrn in phites or vnrions thick
ness or size, rarely exceeding 2 or a :feet'in diameter. 
'l'he plates are closely packed together iuto a hirly 
reguhu stmtum which is not uniform in thickness mul 
o:ften sinks into depressions or the nnder1ying lime
stone. '!'he overburden a\'erages 8 foet in thicknm;s, 
except in the eastern }J1trt. of the field where it is too 
thick in many places to admit or success:fnl mining·. 
'rho rock is 0£ loose rtncl porous tc:xtul'e and is renclily 
ground when dry. 

Two classes of product 1u·e made, known locally as 
domestic rtnd export. The run or mine ttfter the re
movtd of the export lumps, is washed, kiln <lried, 
crushed, and screc~necl, the small partielcs and dust 
which pass th1·ough forming the domestic product, 
while the lumps constitute thn,t exported. The export 
gT11de is gnn.rnnteed 78 per eent of tricalcic phosphrtte 
with 11 nuiximmn of 4. per cent or iron and n.lnminnm 
oxides; the domestic product. is 75 l)el' cent 1tnd 5 per 
cent of these components, respectively. 

The lmrd rock is comprtct, hmwy, oolitic in structure, 
yellow white in color, and occurs like the blue rock in 
lt well-defined stratum of abont two :feet in thiclrness. 
It is of high gmde, but occurs in small quantities. The 
Mt. Pleasant rock contains no pyrite, bnt little fluorite 
and usually a high content or tricalcic phosphate. 
vVashing is necessary in order to remove the iron and 
aluminum oxides present in the crude rock as it comes 
from the mines. The mining n,t Mt .. Pleasant is all 
open-cut.work. From 8 to 9 feet of overburden is re
moved by hand or with scrapers and tho rock removed 
with pick and bar, no explosiye being necessary. Usu
ltlly the mined rock is dried, under sheds on it cribwork 
o:f eord 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 

obtained chiefly from Mt. Pleasant and vicinity, ·while 
lower grnde deposits exist in Hickman, Giles, and 
Sumner counties. For the former class or roek there 
is a g'ood export market, bnt the low gmde rock is 
consumed mostly itt home. 

The white rock deposits Me in Perry county, the 
largest development being' 11t Toms creek; it b far 
from the ntilroads, but is within 4: miles or the Te1111e1:1-
sce river, which ftffords wator trnnsporta,tion. The 
rock: closely l'esembles Floricht l1ind rock in 11p11en.mnce 
11.nd occurs ·with chert in pockets or varinhle size. 
Selected sanqJles show ll hig·h content or tric11leic phos
plrnto and low iron and aluminum oxides. On account 
o:f its unfovornble lomtion lint little work has been 
dune 011 this property. ·white rock is fonncl in other 
lomtlities in Tennessee, but so far the deposits itre or 
little, jf 1my, importanC'c. 

Otlie1• state8.-The g·eologic11l snrvl1y of Al!tbaum lrns 
exmninccl scveml well-detinecl deposits, the chief one 
lieing the Ifamlmrg bed in Perry lmnnty, which is pttrt 
o:f 1i formation extending nenrly twross the sttite, although 
at only one or two pointH is the nrntel'ial of snJlieicnt 
richness to nmlrn it o:f importance. 'L'he Coatopa l>c-d iu 
Sumter county has heen trnced for some dii:1t1mcc. Thu 
Snow Hill heel in Wilcox ttnd Marengo counties cmrril•s 
tt higher percenhtge of tricalcic phosplmto tlmn ci ther 
of the other depm;it,f'.4 rmd holds out lllOl'(\ promisl\ or 
commercial y1dne tlmn any other in the stntP.. There 
hm; been no production of phmiplrntc rock in Alnlmnm 
Hince moo, in which yoar Ba~: long· tons, v11luecl nt $f>B,[., 
were pro<ltwecl. 

In Arlutmms phosplmtc rock has been founcl in the 
counties of Independence, Stone, Izard, Baxter, l\foriou, 
Smtrcy, and Newton, in the northern pitrt 0£ the state, 
but little prospecting has hccn done, owing to the dis
tmwe 0£ the deposits from the rnilrcmcls. Tho nui:jol'ity 
of the srtmples n.!mlyzed prior to 1902 showed n low 
content o:f tricaleic phosplmte and were high in iron 
n.nd :1lnminnm oxides. In rno2 a large :l'ortilizer plant 
was built near lfat,esville, on the vVhite River Hailroad, 
which was being· extended to the mines. Mining opern
tions hnve been begun in a 11iyer of phosplmto rock 
eontitining from 50 to 80 per cent or tricalcic phosplmte 
and less tba.n 3 per eent or iron arnl iiluminum oxides. 
The depositH promise to he o-f: considerable extent and 
richness, itnd. they will doubtless he clevoloperl. as soon 
as the railroad has been completed. 

A deposit 0£ phosplrnte rock !ms been reported near 
San Diego, Cal., but the smnples sent east showocl it 
small proportion of phosphoric acid and it brge content 
or calcium Cf1rh01111te. 

In Georgi1i, accordiitg to S. ·w. McAllie, tlrn only 
commercially important phmiphate deposit is near 
Boston, Thomas county, whieh was discovered in 18811. 
The phosphate occurs in nodules o:f n size mnging :from 
I. inch to 1 :foot in dinmeter, sciittered promiscuously 
throug·h a· reddish sn,ndy. clay overlying im irregularly 
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el'Odecl surface of limestcmc. In addition to the nodules, 
which contain from 70 to 78 per cent of trimlcic phos
phntc, there is nlso a small proportion of soft phosphate 
rock. A few carloads of roek worn produced in 18811, 
but the work wns abandoned on account of the smnll 
qtrn.ntity of rock iwailahle and the great thickness of 
tho overburden. 

A small qrnmtity of phosphate rock is mined tumuidly 
at the shell-rock qnnrry, Castle ll11yne, ncmr Wilming
ton, N. C. The Htnte owmJ the mines, and in 18D7 pro
posed to work them with convict labor. In 18!18 a land 
and improvement company was orgnnize<l to fake oyer 
the property under contract; with the state. During 
recent. years the entire product, which is of very low 
grndc, hn::; been mHicl solely for macaclumi:dug the streets 
of vV ilmington. 

The phosphate mines at Hoss Farm, .Juniata com1 ty, 
Pa., on the Tuscarora Valley Hail road, nre opemtecl hy 
a fertilizer company, which erected n 111rge plant :for 
the m1urnfactnre of acid phosphate in 1808. Tho aver
age rock is of low grade, lint the good rock, containing 
more than llO per cent of trieiilcic phosplmte, can he 
easily separated from that o:f poor grade. The phos
plmte bods dip steeply into the mountitin, and the rock 
cnn he delivered at the works, 300 yards dii-:tnut, 11t n. 
very low cost. 

In Virginia the oceurronce of depositi,; of lmrcl-rock 
pl101>phate was reported in Nelson county in 1H!J3 and 
in lfockbridge county in 1894. An 1umlysi8 of samplm; 
showed that the nmterial wits of high gmde, lint the 
deposits examined were so inaccessible and small that 
the rock could not be mined at a profit. 
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rn,07-l 

1 
170 

l 
170 

iO 
:1, llill 

sr1 •......•....•....... 
I 

All 
other 

Tonnes- Htntes 
sec. nnc1 

$157, -102 
aou 

$81, 882 

$i18, 7/H 

$~8. 128 
$U:l, 7lf• 

·1:12,li!l:I 
$1, :!OH, 872 

1, .Jill 

lH 
1,:·t.?!1 

tcrrl· 
torles. 

$~87 

$120 

~167 
$fi.ll 

~ •. i-15 
$8,.100 

220 

2 
220 

H~ ::::::: 

Nmnber ................. . 
HorH.epnwl1r _ ... _ ........ . 

!l 
rioo 

!l 11 .......................... . 

f>Oll .......................... .. 

-------
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SULPHUR AND PYRITE .. 

By .T OSJ•il'II STrmTmms, Ph. D. 

Tho stathstics for the sulphur ttnd pyrite industries 
havo been united in the present discussion in order not 
to dhdose the operations of 1 company cnguged in pro
ducing sulphnr. Table 1 iR a snmmtu'.)' of the com-. 
hined statistics for those 2 in(lust1foti iu l88H and 1902, 
nnd of the sbttistics of pyrite itlonc for 1880, 110 returns 
.for sulphur mining lrnving been made for tlmt yeitr. 
The expansion of domestic production to meet the 
inereasing denmnd for sulphur' iwd imlphnric 1tcicl is 
cJoiirly indicnted. 

TABLJ.: 1.-1 'Ollljl('ll'llfil111 ,qn11w1m·11: 1880 l() 1.'IOfJ. 

Xumbcr o( mincH ................................. .. 
Number of np!•rntnr~ ............................... . 
~nl111·iell ollldtlls, elorks, cte.: 

Number ........................................ . 
S11!1trie~ ........................................ . 

\\'1\!N·Cllrnm·s: 
A\'Crllfi'!l lllllllhCI' ............................... . 
Wngl's .......................................... . 

Contrn<Jt work ..................................... . 
~lh;cellnuennK ux1u.mses .. ........ h ................ . 

Cost of Rll(J(Jli~s mu! m1tterlnls ........•............ , 
l'rmluct: • 

t~mmt!ty, long tmrn ............................ . 
\nine .......................................... . 

i Xot re110rtml. 

11102 1881) 1880 

2il 
18 

lH 
lH0,8\lO 

\170 
ll'H\l8, 870 

$:!, &87 
$39, 118 

$217, 202 

('l 

(') 
$li,fi12 

2•19 
$G•l, 78\l 
$23, 103 
$30, 202 
$-13, 700 

207, 87'1 10ll, 100 
$11-17, 089 $209, 9U9 

2 Not reportecl se1inrnrnl)-. 
" Inclt1<le" in 1902, 11,•JH:J tnns of pyrite, v11!11orl ttt $29,.J~O. prodnee<l nH ll hy

prodm~t of coal mining. 

For tho twenty-two years covered, the table shows 
nn increase in proclnction of over onc-humlredfold, and 
in vitlue of nearly one lnmclrcd and ninety fold. ·when 
the totttl amount of sulphur commmecl (fts sulphur, not 
including pyrite) is taken into considcmtion, tho amount 
of the domestic production in 1902 was not relatively 
Jarge, but tho steady increase indicttte:; the snbst!Lnti1tl 
nature of the industry. In 1880 tho industry was 
~mall-only 1 py1:ito mine with a product valued at 
$5,000 being reported, hut in 1889 the value of the 
production of sulphur and pyrite was $209,069. This 
increased to $947,089 in 1H02. The growth from 1880 
to 1889 was greater proportionately, but that from 1889 
to rno2 was larger in absolute amount. 

Three sulphur mines were reported idle in 1902-1 in 
Colorado and 2 in Utah; and 5 pyrite mines-1 each in 
Alabama and Ohio, and 3 in Virginia. At 1 sulphur 
mine in Texas development work was reported. 

Oap1:t11l 8toeli~ of i'.nern·poratcd comJxtn'!'.08.-0f tho 18 
opemtors in the United StateH in 1002, 14 wore organ
ized as incorporated compftnies. The detitilH of t.heir 
capitalization nre shown in Tnblo 2. 

'I'AllJ,g 2.--:Chpilalization <~f iUCli1'JIOl'llled ll0111JUl1li<'B: 1!102. 

Numh~~r of itrn<.>rporntec.l l~omI11tnieH ....... . 
Nmnl1cr rer1ort111g e11plt1tllx11t mr .......... . 
C.:11pitrtl st1H!k: 

'.l'ot11l nntlwrixcd-
Nnmbcr of Hhnrcs ................ .. 
11nr value ....................... ... . 

Tnt1tl iHHuod-
Numher of Hlrnrcs ................ .. 
1'11rY1tl11e ......................... .. 
Tllvl1lcnds pnld ................... .. 

Common-· 
Anlhorlxe<l-

Nmnher nhhnr!'H .... .. 
l'nrvnlnc ............. .. 

. I~H11e1l-
Number oi sh1trcs ...... 
l'ttl'Yttlue •••.•.••••••.•• 
llivlrlonrls puirl ........ . 

Prelorrccl
AnthO!'izeil-

Nnmller of slmros ..... . 
l'ar vnln(~ ..... ......... . 

IHHUCr!-
Nnm he1• of shnres ..... . 
Pnrvnlue ........ c .... .. 

TT11lte1l 
· 8t11tes. 

·-

14 
12 

·lll,000 
$4, 2110,000 

HH,~mo 
$:J,o•lfi,OOO 

$2,,100 

421 500 
$:l, mo,oou 

:J7, fiOO 
$B, •110, OOU 

$2, 400 

3,MO 
$:Jfi0,000 

1, 3fi0 
$1B5, 000 

____ ,_._.-•... --.. 1--

112 
"10 

12, rioo 
$1, 2f>O, Ollll 

S:l,iiOO 
$:!, 010,000 

7, fl()() 
$7f>O, Ollll 

31, 350 
$'.l, 79f11 000 ............ $2,.JOO 

12, 500 ! 3ll, 000 
$1, 2/iO, DOU 1 $2, G!ill, 000 

7,501] 30,000 
$750, 000 $2, (iGO, 000 ............ $2, •100 

············ 3,500 . ........... $350, 000 

............ 1, 850 
············ $135, 000 

'Inel11<lcs comp1tnicH rlistrlbnte<l riH follows: Ah1lmmri, 1 · C1tliforni11, 2; Lo11-
isht111l, 1: MnHsllChnsctts, 1; Missouri, .l; Novu<ltt, 1; New York, l; Ohio, 3; Wash· 
ington, 1. 

2 Includes companies distrilmtcd ris follows: Ah1hnrn1t, 1; Louisimm, 1: )ftts
s1tchusctts, l; ~iissom!, l; Nc1•1tda, 1 ;'Now York, 1; Ohio, B; W1tshlngto11, 1. 

The::m companies reported 11 tofal capit11l stock issued 
of a pat' v1tlue of $3,545,000. This was rn1tde up of 
37,500 shares of common l:ltock, 88 per cent of the lllllil
bel' authorized, having· 11 pttr valuo of $3,410,000, which 
is 87 per cent of tho total pttl' ntlne of the $3,910,000 
authorized; and l,H50 shares of l'>reforrecl stock having 
a pitr value of $135,000, these rtmonnts being· each 90 
per cent of the number of shnres Md total value of the 
preferred citpital stock authorized. There was no 
bonded indebtedness. 

.EmJJloyecs and wa,qes.-The (tverage number of wn.ge
earncrl'.i employed each month during 1002 is showi1 in 
Tnhle 6. The employment was comp1tratively steady. 
The average number of wage-earners for the entire 
year was 970. The highest monthly 1tverag-e, 1,059, 
reported in July, exceeds this by only 89, and the low
est, reported in December, falls short of it by 151, n 
total variation of 240, or 24.8 per cent of the yearly 

· nverag·e. Child labor constituted only 13.4 per cent of 
the whole. 

(933) 
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Tahle G Rhows al:,;o the average number of wagc
oarncrs employed at specified daily mtes of pay during 
1902. 

'l'he rate group comprising tho greatest number of 
wage-earners is that from $1 to $1. 2± per diem, 30 per 
cent of the ·entire number being included within these 
rn,tes. Of the employees, 205, or 21.1 per cent, receh'ecl 
from $L25 to $1.±fl per clay; 6.G2, 01· G8.2 per cent got 
between $1 and $1. 74 per (fay; 14:6, or 15 per cent of 
the total, were employed :it a mte of $2 or morc, and 
117, or 12.1 per cent, received less tb1<n $1 per diem. 
Of the D70 w11ge-mirners, 429, or 4±.2 per cent, were 
employed below ground. Mine1·s and quarrymen num
bered 301, or 31 per cent, and 110, or 3G.5 per cent of 
these, received from $1. 25 to $1.4D per dt1y, the 
rcnmincler being distributed mostly among the higher 
rn.tc groups, G receiving from $3 to $3.24:. "All other 
wage-en,rners" numbered 405, or ±1.8 per cent, their 

greatest concentration, 48.1 per cent, being in tho rate 
gl'oup from $1 to $1.24. 

.Meclwm.fra.l J)(JWl!7'.~-The primary power reported for 
the :mlphnr and pyrite industry aggregn,tecl H,H05 horse
pow'er. Of this 5,915 horsepower was g·eiwratml by 
steam, 20 by gas or gasoline, 50 1>y rented watorpower, 
and 320 Ly ail' compressors. Two electric motor:,;, htw
ing rt c1ipncity of 80 horsepower, wcre nbo reported. 

J<roductlon.-In the :following table the tignres for 
the domestic production and the imports of sulphur 
and pyrite are given, so far tis obtainnhle, for the years 
1880 to 1!102. The Rtatbities for the two minemls arc. 
presented :,;epttmtdy except for rno2, It combhmtion for 
that yea!' being necessary to avoid clbclo:>ing the oper
ations of 11 company engaged in producing snlphur. 
The quantity of sulphur displaced by the use of pyrite 
is 1ibo shown. 

'rAnLH a.-.ANNUAL DOMESTIC PRODUCTION, Il\'IPORTR, AND TO'r.AL CONSUMPTION OF SULPHUH. AND 01~ PYH.I'rn, 
WITH PEIWENTAGE DOMERTIC PRODUCTION IS OF TOTAL CONSUMPTION, .AND QUAN'rITY Ql? SULPI-Hm 
DISPLACED BY PYRITE: 1880 TO 1!102. 

[United SltLles Geologic1LI Snrver, "Mlneml Rusonmes of tho Unllml St11tus," 190~.] 

SUI.PHUn. l'Yil!Tlt 

, ________ ------------- 1---------------,,.----------~--·----··-----·--· 
Qunntlty 

of RUlphur 
111Hplnced 

ImportH. Domestic produetlon. lmports,1 

'rotal eon- I _______ ,, llr ust! of 
Humption Qunnlity Pei· eent Qnnntity p;-rtte(loug 

(long tons). (long Vnluc. 0g111;:i~~~- (long Vnlue, tons). 
2 

tons). tion. tons). 

YEAR, ---------- --~--·---------

Total <ion-
sumption Qnunlitv Per cent Qunntlty 

(longtonH). (long • Vttlne. of total (long Value. 
tons). 00[f~;~~p- tons), 

-------1----1---------- -------1----1---------- -------··~~-·-~II----

1880 ................. 88, 65,~ 536 $21,000 0.0 88, 119 $2, 03·1, S99 
1881 ................. 105,802 53() 21, 000 0.5 105, 26(} 2, 720, 26ti 
1882 ...... - ... -· ..... 98, 258 536 21,000 o.o 97, 722 2, 636, 52,1 
1883 ................. 95, 627 893 27, 000 0.9 9.1, 73-1 21 2g6, (i95 
1884 ................. 105, 862 HG 12, 000 o..i 105, 416 2, 2fif>, 331 
18Rfi ................ _ 97, 712 038 17, 875 0.7 97,07-1 1, 951, 35-1 
1886. - - .. - ... -.. - .· ... 120, 099 2,232 75, 000 1. 9 117,867 2, 21>0,605 
1887 ................. 99, 92,1 2, 079 100, 000 2,7 97,211fi 1, 700, 723 
1888 •. ·-· .........•.. 98, 407 .. .. 7;i~fl0' ···-··o:r 98, ·l07 1, f>86, fil9 
1889 .... - -- - . - .. - - -- . 136, 360 402 135, 958 2, 070, 461 
1890 ................. 162, 789 

""i;67i" ""39;6ciii" 102, 789 2, 767, 731 
1891. ......... ·- ..... 111!, 258 0.9 117, JR7 2, 083, 97.1 1892 ..•. _____________ 

103, 522 2,400 80,6•10 2.8 101, 122 2, 199, 026 
1893 ................. 106, 89-l 1,071 42, 000 1. 0 105, 823 1, 909, 9!il 
1suL ..... _ ......... ·I 12a, 9or> Hll 20, 000 O,•l 12f>, 459' 1, 70S, 017 

i~~~:::: :: ::: ::: : : : : :1 
123, 703 1,607 42, 000 1.3 122, 096 l,!i13, 7M 
1'13, 976 4, 69li 87, 200 3.3 139, 280 2, 172, 029 

1897 ................. 143, 936 2, 031 45, 590 1.4 1'11, 905 2, •1fl.l, 073 
1898 •••.....••......• 105, 575 1, 071 32, 950 0.7 1G4,fi0-1 S, O!iO, 92-1 
1899 ......... - ....... 145, 8'16 4, 313 107, 500 3,0 Hl,fi33 2,ri2a, 20s 
1900 .............. - .. 170,8·13 8,1•17 88, 100 1,8 167, 695 2, 9-10, 888 
1001. -...... - ..... - .. 182, 076 0,860 223, 430 3.8 175, 210 3, 287, 90lj 
1902 ................. (•) (3) (•) (8) 17'1,939 3, 2811, 309 

-----·-- ·---·-··---·-·--·-·-----

:::::: :::::: · .. 12;000· .. 1112: 000· : ::::::: :: : ::::: :: :r::: :::: ::: 
............ 25,000 137,500 ............................... . 

rll, 710 85, GOO 17f>, 000 G7. 7 lll, 7l0 ~iiO, tl32 
55, 078 •19, 000 220, 500 89. 0 0, 078 18, r,77 
00, 605 fifi, 000 220, 000 97. 2 1, 605 9, 771 
G8, 578 52, 000 210, 000 75. 8 10, 078 •JU, lilll 

"·--·------ M,331 167,658 ............................... . 
...... •••••• 93, 705 202, 119 .............. - ....... ·- ...... ·-

·-··207;i8,j" 
~um.147 
270, 711 
260,486 
280, 98·1 
Slfl, li51 
•102, 747 
HG,187 
4,J4,002 
527, 099 
tl3H,fl31 

II G48, 237 

99, RM 273, 7'15 
100, 5311 338, 880 
109, 788 305, 191 

7fi, 777 256, 552 
105, 9·10 363, lR·l 

99, fi.10 322, S.15 
llfl, 483 320, 163 
14:1, 201 391, Ml 
193, SCH 593, 801 
17'1, 731 MS, 2·19 
20<1, 6lfi 7-19, 991 
23•1, 825 1, 02,1, 4,19 

•201, 87'1 •9•17, 089 

..... r,;: .j ... i(10; 1ii8 •. -.. 892; i·ii" 
,11.!) 102, sriu 587, uHo 
28. 0 19·1, U:H 721, 699 
a9. s 10B1 5·16 mlol uon 
S·L B 190, 43f> tl73, HI\! 
SO, Ci 200, 1U8 618, 306 
35. ti 2fi9, MO 7'17, '119 
•13. B 2F12, 773 717, 818 
3\).3 269,868 1,077,0fil 
88. 8 322, 48·1 1, Of>5, 121 
so. H •JOa, 70!1 I, •llfl, 1-10 

•140, 363 1, Gf>O, 852 

.... "'<i·i""i3 
iJ.7: iiiiG 
121,8W 
121, 2119 
rnu, .rna 
H2,0J3 
181, 236 
200 762 
200:011 
237, 196 
287, 339 
(8) 

1 Previous to 188'1 clnsst>rl tunnng sulplrnr ores; 1887 to 1891 cllisscd among other Iron ores; since 18Ul includes Iron p)"rile conl11ining 2r1 per el>nt or more of 
snlplmr. 

2 Estimated on basis of ,15 per cent sulphur content. 
8 'l'he statistics of the domestic prod notion and totttl consumption of sulphur ure combined with those of pyrite to 11voicl diHcloslng tho opcmtlons of tt company 

proclucing sulphur. 

The quantity of sulphur produced each year in this 
country h1<s been a relatively small part of the total 
consumption of the commodity. In no year during 
the period covered by the table lrns this proportion 
exceeded 3. 8 per cent, but a comparison of the 'fluctua
tion makes it evident that this proportion tends to 
increase. The imports hav~ 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 p!'oduction, but in 1901 this source yielded 

only 36. 8 per cent of the total. Owing to trade condi
tions the foreign pyrite can he more profitably util
ized than can the domestic ore. Hence the imports 
have constantly grown until they now form 11lmost two
thirds of the total consumption. 

The recovery of the sulphur content of pyrite hns 
steadily encroached upon the field formerly occupied 
almost exclusively by sulphur. Estimated on an aver
age sulphur content o:f 45 per cent, the quantity of sul
phur displaced by the use o:f pyrite has grown :from 
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93,233 long tons in 1891 to 287 ,339 long tons in 1901. 
This latter iigurc exceeds the domestic production of 
sulphur by 280,;t73 long tons . 

. hnports of sulpk111'.-1'ablc 4 shows the importation 

of sulphur into the United States for 1900, 1901, and 
1902, the exporting countries, and the eustom:; district 
at which the sulphur was entered. 

TAm,B 4.-Il\iPORTS, BY COUNTRIES AND BY CUSTOMS DISTRICTS, INTO THE UNITED STATES, OF CIWDE 8ULPHUR 
OR BRIMSTONE, FOR 'l'Irn FISCAL YEAR ENDING .TUNE 80: 1000 TO Hl02. 

[Unite<l Sti1tcH Guologim1! Htm·ey, "Mineml Hesoumes or the Unitecl St11tes,'' 1U02.) 

-----------------····--·-··--· ··- ... ····--· 

moo 

Qrnrnlit)' Value. 
(long tons). 

1001 

Qmmtity 
(long tonA). Value. 

lll02 

Qtrnntit)· 
(long tons), Value. 

, _____ ,, __________ 1----'-·-

'fotnl. ......•.................... r:':'.1.~~'.'.~·- ....................................... =•=1="='"=39=9
01 
__ $_2,_11_1,_9~12 '" 15•9'2~1- $2~7~~~~ 11~_ ·=18=7~·= ·1_8-=0=l==$=8,=f>8=2=, 8=81 

Cannll11 ...................................................................................................... ; . .. 933 2·1, 957 7711 18, 631 

ii~~:n_1'.:1.:::::::::: :: : : : : : :: : :: : :: : :: : : : : : : : :: : :: : :: : : : : : : : : : : : : : : : : : : :: : ::: :: : : : ::: : ::: , rn~: M~ 2J~~:~~~ rnii::rn~ d~~: ~~~ rn~:~~l 3, m:~n 
,Jnpnn .................................................................................. 

1

1 9, 958 18!1, 847 11, 798 219, 193 lli, .J.18 290 82tl 
Othur countrleH..................... ... . .. . .. . . • . ... . •• .. .. . .. . . .. . . . . .. . .. .. . . . .. . ... . Ii HO 4 65 4 ' 69 

• llIRTR!CTT. 

Tot111. ............................................................................ 
1 

15ii, 399 2, 711, 912 159, 711 2, 875, 104 187, 480 3, 582, 884 
1-- . ''=·-·-=~. ='-~-=--'=--"' ... . ..... .-· . .... . ......... ·--··-

llnlthnoru, :1.Icl ........................................................................ , 12, 798 213, 893 9, 0·10 153, 66'1 12, 137 225, 804 
Ilo~ton tu1<1 Charlestown, M11sR ....................................................... ·1 10, 023 203, OJ.! 11,0·18 217, 27•1 12, 12•1 251,366 

~~~~·~r~l~~~i~ 1I:::: :: ::::: :: : : : : : : : : :: : : : : : : : :: : : : : : : : : : : : : : : :: : : ::: : : : : : : :: : : :: :::::: · · ··· · i;ooo· · ·· ·· · ·io; iii. ····· ·2;2is· ··· ····5.i;oli·i· : :::::: :: : :: : :::::: :: : :: :: 
New York, N. Y........................................................................ 8o,H81i 1,467,°'17 89,756 1,585,0H·I 100,100 1,891,55•1 
l'hila<lulphlu, !'11....................................................................... 7,•H8 120,284 11,100 185,319 16,719 304,777 
l'orthrncl, Me.......................................................................... 2·1,880 436,692 20,039 363,•173 30,032 f>96,931 
San Fr111wir.;"o, Gnl..................................................................... 8, 237 lf>2, 835 9, 859 172, 170 10, ·197 200, 255 
Rav1111nah, Ga.......................................................................... 751 13, 675 1, 000 18, 190 ......................... . 

Wlllluneltu, Orug ...................................................................... 1,630 38,134 2,087 40,515 a,.175· 63,"iJiJf, 
Vermont ............................................................................................ 1·········.····· 439 12,285 ................... .. 

~~otl~.r ............................................................................... 
1 

2,1.11
1 

5.1,s21 s,o3o n,rno 2,387 ·18,501 

Relatt'.-ve p1·odiwt?:on of su(pl1i1tr by qJar'imts oount?'ies.
In order to show the production of sulphur by the dif
ferent countries of the world, the following table has 
been compiled frpm dat11 gathered by the United States 
Geological Survey. This table indicates that nearly 90 
per cent of the world's production of sulphur is obtained 
frorn Italy. 

'l'AnLE 5 .-World' 8 Jn•ocliwtion of sitlphio•: 1899, if!OO, and 1.901. 

(Unitc1I Sll\ICH Gcologiettl 8nrvey, "Minernl Hesourccs of the Unltuil Stlttes," 
1902.) 

·; .. --· . ... 

1800 1000 1901 

·---··---- -·······-··--- --·----- ··-----
COUNTHY. Qunn- Qllllll- QUIUI• 

tity V11lnc. tit)' Vaine. tlty VtLluc. (metric (mctrie (metric 
tom). tons). tons). 

-~------ -···~--~ ---- ----
'l'otnl .•... fl 1!U,O·i•l $10, 9·10, 838 OH,809 $10, 809,0<ll 68j1 761 $11,1'19, 937 

. --- ---·~--·-- .. --·- .... .. 
~ 

United St1itcH ... l 4,383 107,500 
3, ~~~ 88, 100 6, 970 223, <13 

Austria• ........ I 556 1,520 2,2fi0 4, 911 12, lO 
Frnncc• ........ ' 11, 74'1 28, 88•1 11,551 20,427 7,000 10 •JOO 
(~ormnny ....... : 1, 663 36, 000 1,•145 31,000 963 20: 250 
brcccc .......... 1,237 22, 266 891 16, 038 3, 212 67,29 
Hnngnry .. . . . .. 116 8, 000 123 8,8~0 137 s, 847 
Uni;'. ........... ! 5;;.1, 638 10, 392,415 5<1-l, 119 10, 212, 903 563, 096 10, 73•1,19 
Jnpnn .......... 

1 

10, 235 211, 735 14,•135 298, 660 ~:i ~2) 
Iln!<;;la.......... •151 9,412 ("~ (2) ~~.11 
s1mln ••.•••••••• 'hi: i~~ 81, 350 50 18, 000 610 

102, lfiO l(;.J,36'1 109, 947 l<J9, 850 59,306 
Swurlcn .•...... ·I- ........ ............ 70 1,890 ......... ............ 

1 Crude rock. t SttttlsticA not yet reported, 

A detailed summary of the industry is given in 
Table 6. 

DESClUPTIVE. 

SULPHUU. 

Sulphur has been known to mankind from the ea1·1i
est records of history. It is one of the most important 
clements 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. 

Pliy8ical and clwmfral oliamoteri.stios.-The element 
is insoluble in water and nearly so in alcohol and ether, 
but is quite soluble in carbon disulphide, petroleum, 
and benzine. It burns in air with n, blue flame, and is 
oxidized into sulphur dioxide or imlphurous acid. It 
exists in two distinct crystalline forms, and also us an 
amorphous variety. These modifications are character
ized by differences in specific gravity, in solubility in 
various liquors, and in many other respects. 

Sulphur i~ a pale-yellow, brittle, crystalline solid, 
with a resinous luster, is almost ta,steless, and emits a 
peculhtr characteristic odor when rubbed or warmed. 
It 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 
hy the mere warmth, 11nd will 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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nt n. temperatul'e of a.bout 230° 0. the nmss appm1rs 
almost bln.ck, and is so viscous that it cn.n no longer 
be poul'ed from the vessel. As the tempemtnre is still 
further mised the substance, while retaining its dark 
color, again becomm; liquid, although it docs not rcg!tin 
itR :former limpidity. At 448° 0. tho liquor boilB itncl 

is converted into 11 pale yellowish-brown colored vapor. 
In coo1ing the same changes occur in nwerne order. 
The atomic weight is 32. The specific gravity of ordi
nary octahodrn.l sulphur is 2.05; of prisnmtic sulphur, 
1.9G. 

U:qes.-Sulphur is used in the preparation of sul
phuric n.cicl, i u the m11nufn.cture of gunpowder, in nmk:ing 
friction matches, in vulcanizing rubber, rts !tn insecti
cide, and in medicine ns a htxative, and for certain skin 
c1ise11ses. 

1l{in.mvils o.f snlp/mr.-Sulphur occurs in combi'nntfon 
with other clements, forming the hirge 11ncl importtwt 
groups or minerals, the sulphides and the sulphates. 
Of the sulphide minemls, tho combiMtions with the 
metallic elements are of pl'imary industrial importance, 
ancl, with the possible exception of the iron sulphides, 
they form the ores from which many o:f the base meta.ls 
are ohtuined. 

The principn.l sulphide 11nd snlpl111te combinations nre 
as shown below. 

St1lphide awl sulphate emnbinations. 

co~nnNA'l'ION OF ELEMENTS. 

Chief sulr1hitle minemlH: 
Sulphur and iron ............. . 
Sulphur 11n(l iron ............. . 
Sulphur and iron ............ .. 
Sulplmr an<l copper .......... . 
Sulphur and copper ancl iron . 
Sulphur 11nd copper and iron . 
Sulphur and leacl ............. . 
Snlphnr ancl zinc ............. . 
Sulphur ttnd silver ........... . 

Lc~s lmrortant Hnlphlclc minerals: 
Sulphur ancl 1trse11ic .......... . 
Sulphur ancl arHtmic .......... . 
Sulphur ancl antimony ....... . 
Sulphur nnd molyllclcnnm ... . 
Sulplmr nnrl mercllr)' ........ . 
Sulphur and nickel .......... , 
Sulphur nncl tin .............. . 

Chief snlplmte mincmlH: 
Sulphur ancl rnilcium ........ ,. 
Sulphur anrl calcium ......... . 
Sulphur uncl burium ......... . 
Sulphur 11nd magnesium ..... . 
Sulphur nncl strontium ....... . 
Sulphur nud soclium ......... . 

Sulphur and lead ............ . 
Import1int artificial sulphtLteH: 

Sulphur 1111cl copper .......... . 

Sulphur nnd iron . ., .......... . 

Sulphur and zinc ............. . 

N11me of mlnoml. Clwmhml formnln. 

ii;i~!J~;1ia·:::::::::: ::: : 
l'i·rrhotite ............. . 
clmlcocltc ............. . 
Chalcopyrltc .......... . 
Bornite ................ . 
Gulcnltc (grLlmm) ..... . 
Splmlcrlte (zinn blonrlo) 
Argenti to .............. . 

Renlgrir .............. .. 
Orpiment .............. . 
Stibnitci ............... . 
Molyllclcnile ......... .. 
Cinnabar .............. . 
Mlllcrite ............... . 
'l'!n pyrites ............ . 

Gypmnn . . . . . . . . . . . . . . • . CnS0.12H20 
Anhyclrlto......... ... . . Cn804 
Bnritc .. .. .. .. . . • • • .. . • • Bn80.1 
.Epsomil<l (EpHom milt). MgS047tI,o 
Celestlte ................ 8l'K04 
'l'hernmllte (Gl£1nlicr Nn.so, 

.<nlt). 
Angleslte ............... ' PIJS04 

Copper sulplmtc (blue CuH047H20 
vitriol). 

Iron ·sulphate (cop- FeS047II00 
peras). 

Zinc sulphate (white ZnSOFH20 
vitriol). 

-------------·---··--····----·-.-· .. ---
Sulphur dioxide (S02) i,,; the direct combination of 

sulphur with oxygen and is fo1p1d naturally as a minor 
constituent of the atmosphere, particularly ne11r vol
c11noes, and over lnl'ge eities, where ifa presence is due 
to the oxidation of the sulphur contained in the :fuel 
burned. 

In vegetables rnlphur exists in some of the tissues of 
plants, although not in the woody tissues. In animals 

it constitutes nn essentia1 clement of the blood, muKcles, 
skin, hair, and other parts. 

Hydrogen snlph idn (H2S) 11ncl sulphur dioxide (SO~) 
are evolved from volcanoes as gases, which are doubt
less the products o:f the u.ction of the water of the oce:w 
which lrns penetmtcd to tlrn interior of the volm1110 
npon the molten metn.llic sulphides that exist there. 

The two forms in which tho sulphur is nmrketed arc 
the :flour, or fiowers, of sulphur, which is a light pow
dery form of the substance caused by the condml8ation 
of Hulphm· vn.por; and brimstone, or sulphur, whfoh is 
nmclc nstmlly by melt.ing this soft pmvder mid mold
ing the liquid thnR obt!tinecl into l!trgc blocks or cylin
drical rods in wooden molds. 

Uccn1'J'on.ce.-Natuml deposits of :-mlphur itrc HOlllO

times found stratiffod with bods of clay or i·oek, but 
they often occur as what are known as "li vi11g" lieds, 
in which the sulphur is continuously being formed a::; 
the resnlt of active chemical deeompositions. In stwh 
lt living sulphur heel the sulphur is produced hy the 
direct action of sulphurom; gw4e8, ni,;peciitlly hydrog(ln 
sulphide (l-128) 11.ml sulphur dioxide (S02), which in the 
presence of moisture (H20) rm1ct and form water (H20) 
and sulphur (S). These gt1ses emirnufo in regions o:f 
1tcti ve or expfring volcm10es, mid form thn so-called 
solfat:arns, in which the snlphur hni,; bocn eondern;ed 
from the vitpors :formed 11nd has co1lectecl in cmeks in 
the 11tva and tntrs or in tho kaolin or clay :formed hy tho 
corroding action of the acid v11pors on the ln.vas. 

From a conunercial standpoint, espechtlly for tho 
manufacture of .sulphuric 1tcid, tho mineral from the 
solfatam deposits is not regarded :favcirably on neconnt 
of its lfobility to contain ttl'sonie in tho form of the 
m~nernls orpiment (As2S3) 11nd reitlgar (AsS). Sn lplmr 
of this ehnmcter lu1s been imported from tho islirnd of 
V ulcano, one of the Lipari group, off t.he coast of Italy. 
A similn.r association of 1rn:1enic mincrnls hai,; hoen re
ported in the s;tlphur depOfdts in Y el1owstonc National 
Pnrk. Traces of scilenium and tellurium, which tire 
also objectiorntble in tho nmnu:factnm of snlphnric ttcid, 
occur in the vol<'nnic sulphur dopmdts in .fap1tn. Tim 
only Rc>li'abtm doposihi of conrnwreial importti.nce at the 
present time 1ne in Bouthern Utah and in the islm1cl of 
Hoklrnido, .fapm1. 

The world's supply o:f sulphur i8 derived from two 
principal sonreeg: (1) The deposits of the native mineral 
sulphur, which yield the sulphur or brimstone of com
merce; ancl (2) the deposits o'f tho sulphide mincmls
pyrite, pyrrhotite, clmlcopyrite, splmlerite, itml other 
sulphides-from which is derived the sulphur dioxide 
gas used in the manufacture of snlplrnric acid. In 
addition to these two natural sources of sulphur, there 
are seveml artificial products containing sulphur, 
chiefly in the form of sulphur dioxide gas, in sufficient 
quantity to admit of commercial utilization. There are 
also lead, copper, and other mattes from the furnace 
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treatment of various lead and copper ores nncl alkali 
wnste from chemical works engaged i11 nmnnfacturing 
soda. 

During recent years, hrnvevcr, 8eveml thousand tons 
of 1mlphm· hnve been produced tmmmlly in Engfand 
from tho 1wcn111nln.tccl alkali waste of the Le Blanc 1;od1L 
proee::;s. Thi:-: nrnnnfoctnrecl product is known as 
"chn.uec-clttus," or recovered sulphur. The process 
of its nrnnnfoctnrc l'<\prodnccH, in nrnuy rcspecb;, the 
chemical renction8 l>y which natural snlphnr ii; formed 
from g,Y}JSnm. 

rrnvmw 01'' TUE INJJUHTltY TN 'l'HN UNITED S'I'A'l'ES, 

Tho dm'clopment of the :mlphur mining industry in· 
the Unit eel State:-: hiis been of very slow growth, owing 
principally to the chmiprrnss with which tho refined 
prrnluet c1Ln lie 'importncl from Italy. In recent ymtrs 
neal'!y tho entire supply hns hrn~n nbtn,ined from the 
cnorn10us dnposits in the hdm1d of Sieily, which :·mp
plics, ns wnll, hy far the grnator p!Lrt of the rest of the 
worlcPs dcnumcl, The depoi;its of sulphur whidt have 
hmm worketl i11 the U nitecl Stn.te8 tLre limited in num
ber. Tlw states from which, <lnriug mo~, the domestic 
.supply of native snlphur was dcrfred rtrc, in the order 
of the qtiantity oJ their output, Louisiitna, Nevada, itnd 
Utnh. 

The following is a brief: 8n111m1iriz1ttion of the prog
ress tlrnt h1Ls been made in extracting m1cl refining the 
sulphur of the depmliti; in this country. 
Low«~ia1111.-An immense deposit of sulphur of the 

gypsum type occurs in Calciu;ieu parish, 280 miles west 
of New Orlmws iwcl 12 miles from Ln.ke Clrndes. This 
is unquestionably the most accessible of the Americlln 
depo:-:its, ttncl, iii nll probability, it is the richest as well. 
Exeeritiorml difficulties luwc been encountered in devel
oping the mino, owing to qnick8ttnd iwcl gravel which 
overlie tlrn mineral. A8 proved by tt number of drill 
holPs, the bed of sulphur is from 110 to 125 feet in 
thickness, the upper level being tibout 350 feet below 
tho snrftw.e. · 

In tho working of the Fmschprocess, 1 a well is sunk 
hy a drill precisely in the s!Lme wiiy its for petroleum. 2 

Thif:1 well i:> cased with tm iron pipe 10 inches in diame
ter, whieh enturs the roek overlying the bed of sulphur 
for a distllnce of 10 ·feet, the joint being snbsequcntly 
sealed as well tls possible by molten sulphur in order 
to exelnde miter. Inside the 10-hwh pipe is placed 
one of G-inch diameter; in8ide the llltter, one of 3-ii10h 
diameter; and, finally, inside the 3-inch pipe, one of 
1-inch (limneter. The well itself is carried clown to 
the bottom of the sulphur bed, and the 6-inch and 
smaller pipes are extended nearly to the bottom of the 
well. The inner pipes are recovered when the well is 
abandoned, The method of extracting the sulphur is 

1 United StateR patent1:1, Nos. 4G142H, 461430, and 461431 of Octo
ber 20, 1891, 

2 The l\Iineral Industry, Vol. V, pageA 514 and 515. 

as follows: Steam at ii tcmpcmture of 330° F. is forced 
clown the 10-inch nnd ti-inch pipes under it 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 ns a thin liquid of n, 

8pecific gmvity of about 2. At first thn molten sulphur 
was pumped out through the 3-inch pipe in a nmuner 
i,dmilnr to that followed in pumping 11etrolemn from a 
well, the working val vc being formerly o:f itluminmn, 
which is not tiffectcd liy sulphur. It was found, how
ever, that the aluminum was not strong enough to with
stand the shock of the heavy colmun at the change of 
st,rokc, and the method had to he abandoned. Later, 
the 1-inch pipe referred to 11bove was introduced into 
the 3-inch pipe, and through it compl'essed air was 
forced. 'l'he lmhhles of air mixed with the sulphur 
reduce the specific gravity of the column of sulphur 
and cause it to rise with mpidity. This latter method 
of oxtmction bas not been entirely satisfactory, and it 
nmy lutve been modified or replttccd by i;ome other 
more efficient method. 'l'he sulphur prorlnced is prac
ticnlly refined sulphnr, and find:-: tt rcn.cly sale on aecount 
of its purity and attmcti ve appeamn<ic. 

It is not pmcticn.ble to ascertftin precisely what; occurs 
at the bottom of the well, but it may be assmnecl that 
flS the sulphur melts out of the bed it forms a more 
or less pear-shaped cavity, which he comes larg·er and 
la,rgcr, until fiMlly the increased surface exposed to 
the witter is sufficiently great to recluee the tempemture 
of the water below the melting point of the sulphur, 
while the ih1puritics of the bed collect on the bottom 
and the sides of the chamber and protect the sulphur 
still nnfused from the melting action o:f the heated 
wllter. 1£ the bed of sulphur is very pure the chamber 
might become quite large in size, when the unsupported 
overlying roo:f would fall and allow the water to eHcape 
through the overlying beds. 

Althong·h the Fmseh process is very ingenious and 
the inventor deserves great credit for working· out the 
numerous details, yet its app1imition to the deposits of 
sulphur has greatly injured them, since the exploita
tion of the deposit by shafts and the common method 
of nnclergronncl 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 hettvy flow of 
water which 1miy be expected through eerbdn of the 
strata this uncertainty is an element of great peril. 

Nevada.-Sulphnr occurs at lfabbit Hole Springs, 
315 miles from Humboldt House, in Humboldt county. 
The deposit is of the solfatara type; and the sulphur, 
associated with gypsum, etc., nlls the craters of a few 
extinct hot springs. The sulphur rock is in beds of 
considemble thiekness and extent, included between 
limestone and magnesian rocks. 'l'he ore occurs in 
masses of vn,rions sizes up to several hundred pounds 
in weight, which are mixed with clay among heaps and 
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byers of ashes and light gravel. The om i:-; mined by 
ndits and drifts run in from the level of the wagon 
ro!tcl, which extcncls entirely around thQ hill at a con
siderable elevation. All rock containing more than 8 
per cent o-f sulphur is mined, and the product is taken 
to the refinei:y ancl refined in iron kett1es heated by dry 
stenm. The refined product is carried in wag·ons to 
Humboldt House nnd shipped thence by rail, chiefly to 
the powder foetorics and acid maker;; on the PaeHic 
coa8t. 

Ut(t/1 .. -The deposits which are the source of most 
of the sulphur mined in Utah are located in Beaver 
eounty near the Millard county line. They were 
known to the early pioneers, who obtained small qurm
tities of almost pure sulphur from the numerous caves 
in thn,t vicinity. Soon after the year 1870 the c1aim8 
were locatecl under the mining laws, ancl a small refin
ing furnace was installed which was worked intermit
tently until the year 1891, when the property ehanged 

·ownm:s, and the plant was moclemized rtnd enlarged. 
Under the new management, the mining operations of 
the company hlwe been continuous and successful. 
The ore is removed by open cutting, and the furnaces 
nre worked during the summer only. Four of the six 
stacks in the refining plant are genernJly operated at a 
time, and about 50 tons of 20 per cent rock are treated 
daily, yielding the refined product in the form of roll 
sulphur, which is sold as such or is ground in mills to 
make flour snlplui.r. 

Deposits in other states ai1d in Alaska 11re thus 
described: 

.Alaslca.-There are a number of· sulphur deposits of 
the solfatara type on the volcanic islands off the coast 
of Ah1ska. The largest so far as known is on the 
island of Kadiak, but others arc recorded on Unalaska 
tmd Akutan islands, and on U.n unnamed island south
east of Akun Island. The deposits have not yet been 
exploited beyond the prospecting stage. 

Oatifornia.-At Sulphur Bank, on Clear Lake, 40 
miles north of San Francisco, n deposit of sulphur oc
curs in the white siliceous residue of n, basalt flow that 
has been decomposed by the uprising solfatara and the 
sulphur deposited. Some 25 yen.rs ago this dei>osit 
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 o:f 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 iii Cltlifornia, 
but nowhere in sufficient quantity to warmnt its extrac
tion as a commercial product. 

Idalw.--Tbe occmrence of sulphur has been reported 
near Swan Lake, Custer county, and also near Soda 

Spring·s, in Bn,nnock county. The deposits lmve not yet 
been developed to m1y great extent, although tlrn1·e was 
a small output in lDOl. 

Te;i)a8.-'l'ho sulphur deposits in the northeastern 
pn,tt of El Paso county hani been known sinee 1854, 
when they wore noticed hy Prof. ·wmiam P. Blake, 
who was them the g·eologist of rm expedition for the 
sm·,·ey of n. railroad route from the Mis:sissippi ri n~r to 
the Paeific ocean, whieh wa;, made by the U nitPcl ~ttttf's 
\Var Dep1utment. The region in which the clopo:-;it:-; 
occnr is from 1B to GO miles from the rnilroiid. The 
nearest milroad station, GuadalnpP, on the Pcl'os 
Valley Railroad, is ·12 miles north of Pecos. The :sul
phur occurs in the form of small cry:stals t'mheddc<l in 
white gypsum, and in some instttuuPs the ore c·<rntaim1 
lts much ns 25 per cent ·of native snlphnr. The arl'n of 
the region thus for prospected if1 f>nmll, hut there 1ire 
other localities of promise 11waitiug examirn1tion. 

Jfetlwd t{f ?'1'fininy 81tlpl1.u1'.-It has been proposed to 
sepamte sulphur from the ore by lH'rtting it with hot air, 
with steam t~nder pressure, or witli~superhe11ted steam. 
But these methods have been unproiital)le on account of 
the cost of fuel in those regions where sulpbu r occurs. 
Sulphur may be extracted from the ore by a solvent, 
such as carbon disulphide, which nmy be recovered after
wards, hut this method necessitates itn expomdve pliint. 
For some ores a treatment with a solution boiling abovo 
the melting point of sulphur has proved sncoessfnl. 
The ore is placecl in an iron basket or erate in a boiling 
solution of calcium chloride, 1 which boils 11t 125° C. 
The sulphur melts and flows away from the nrnl;l'ix of 
stones, etc.; passing through the meshes of the ha;:iket 
and fulling to the bottom of the tank, it is dr1v1vn off 
and cast in molds. After .it is melted· out, the basket 
of hot stones is lowered into a tank of ·water, which is 
hen.tecl by the stones, ·while it removes tho lLdhcring 
ca1ei.um chloride from them. This warm w11ter is then 
nsecl to replace tlmt lost from the boiling calcium 
chloride solution. This process causes no loss o:f :ml
phur as sulphur dioxide, and no nnistt11ce is create<l, 
while a fairly pure proclnet is obtained. The calcinm 
chloride used is a waste product of the 1mm1onin, soda 
industry. 

In the United States; the extraction of sulphur hy 
means of snpel'heated steam 2 has been tried, ancl an 
excellent quality of sulphur lwi been obtained without 
formation of ttny sulphur dioxide. The cost of fuel in 
the West, howeve1~ is an obstacle to the further devel
opment of this method. In Louisiana, as mentioned 
earlier in this paper, steam is forced, under pressure, 
through clrh·en 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 

1 Vincent: Bull. Soc. Chim., 40, 528. Am. Chem. Jour., YI, !l3. 
2 J. Soc. Chem. Ind., 1887, 439, 442; 1889, 696. 
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steam pressure through a small pipe inside of the steam 
pipe. 

Generally the method of extracting tho sulphur from 
the ore, and at the same time of partiitlly refining it, is 
to treat the ore in n, cy lindrieal or slightly conicrd ca8t
iron vessel of a capacity of about 5 tons of ore. Steam 
inlrts are provided at tho top and bottom; also a bottom 
valve throug·h whieh the melted sulphm is withdt'awn 
and cast into mold1-t The ;;ilrn mid the form of this 
refining vessel clepernlH to somn extL'nt upon the nature 
of the mn.terial to ho treated. ] f the ore iH p01·on;;, a 
higher vessel of greater c•ap1wity can he used, and with 
ores thn,t increase their yolnmc considomhly from tho 
action of tho heat, tho bottom of the vessel shonld t>o 
made of much larger croHs sPctio11 than the top, in order 
to fn.cilitate the discharge of the spent ore after the 
snlphnr has been extracted. The 8tcmn jets are so 
armng·ed tlmt tho melted ;;nlphnr c!tn not aceurnnhtte 
at any point within the YPssol Pxcept at the bottom. H 
properly {trrangecl and opemtccl the extnwtion of sul
plmr by menus 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 tren.tod. 

811/pkur dqpo8it8 of lta/y.~Owing to the importance 
cd the snl1)lmr depmdts of Italy, the following· hricf 
outline of the methods of mining· and refining adopted 
in that country will be found of intercHt. 1 

In Sicily the sulphur mineral is disscminnted through 
the matrix, sometimes in considerable masses of nearly 
pure sulphur, but usrntlly in :fine soam:; or grains. The 
methods of obtaining it arc very crude and wasteful. 
The mines arc for the most part open pits, ranging from 
200 to 500 feet in depth, and the ore is c11rried to the 
surface in baskets or sack:; hy litborers, who 1l8ccncl by 
inclined paths on the Wftlls of the pit .. In a few of the 
hettcr mines, however, hoiHting machinery is now used, 
hut the introduction of this method !ms met with the 
detcrminecl opposition of the laborers. 

The ore i8 generally refined in a very simple manner, 
the process being canicd on in kilns call eel '' calceroni." 
Ai-l usually constrneted, these are shallow pit:; about 30 
feet in di"ametel', with Wtl.lls about 10 feet high, made 
tight with mortar. They are generally built on 11 hill
side, and the sloping hottom i:; beaten smooth. The 
ore is arranged in the ettlccrone so as to loave rt fow 
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 are closed, the calce
rone covered with spent ore, and the whole left for 
1>eveml days. The heitt given out by the burning of 
part of the sulphur is 8uflicient to melt the remainder 
from the gangue, and it collect:; in a pool near a tap 

1 F. l:I. Thorp: Outlines of Industrial Chemistry, 1898. 

hole made in tho wall nt the lowest point. At intervals 
of a few honrs the melted sulphnr i:; dmwn off into 
molds. If the tolllp!\rntnre riHC8 a hove 180° c. (35G° F. ), 
there i8 a large formation of plastic sulphnr, which will 
not, flow from the tltp hole. The time 1'lecessttry to burn 
out a calcorone varioR from thirty-ifre to eighty days, 
neeording to its :;ize, the weather, nncl the nature of the 
impnritios; for exainple, mnch gypsum rntarcls the proc
ess, owing to the water it contains. U srndly from u 
quarter to a third of tho snlplrnr iH los(, ns sulphur cliox,
ille during the linrning. As this causes much damage 
to vegetation in tlrn vicinity, the lmming of calceroni i:; 
prohibited during the Hpring and s1m1mcr months. 

l'YRl'l'J<:, 

The name pyrite is derived from the Greek word 
n:vpfr71s moaning "of the nature of fire," and alludes 
to the property possessed by the mineml of producing 
$parks when struck with a hard substiuice. Specifically, 
the nmne pyrite is restricted to the isometric crystal
line form of the native iron bisulphide mineral (FeS2 ) 

containing 46.6 per cent of iron itnd 53.± per eent of 
sulphur. The mineral marcasite is 11lso ft native iron 
bisulphide (FeS2) of identimlly tho same chemieal com
position as pyrite, but it occurs in crystals of tho or
thorhombic system of cryst11llization. In n general 
souse, pyrite inclt;ides that class of 1mtive minerals in 
the massive or crystalline form composed of a metallic 
sulphide or arsenide, or both. Iron, copper, nickel, 
Mel cobalt pyrites are the principal minerals of this 
elass. 

Ooou?'renoe.-Pyrite occurs abundantly in rocks of ltll 
geologic ages, from the olclCf~t crystalline to the most 
recent alluvial deposits. In crystalliue fol'llmtion it 
usually occurs in small cnbes, 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, etc. 

V.~e8.-Pyrite is u1>ecl principally in the manufacture 
of sulphuric acid. Hecently it has also been used in 
pyritic nnd allied smelting processes and, to some ex
tent, in making sulphui· dioxide ga8 for use in bleach
ing wood pulp. In vulcanizing rubber and .in t~1e 
preparation of medicitml compounds tho UHe of pynte 
is impructicahle. 

.Depo8its and mining 1:n tile [Tn#ed States. -The de
posits of pyrite in the United States arc .quite 1~um~r
ous and widespread. The largest deposits so for d1s
coverec1 are at Mineml, Va., 1md Charlemont, Mass. 
Deposits are also found in Alabama, California, Geor
gia, Indiana, New York, ancl Ohio. Tho mineral was 
mined in these states in 1902. Virginia supplied nearly 
one-half of the total. The production in Incliltna and 
Ohio was in the form known as "con! brasses," ob-
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tained as a by-proclnct in the mining of coal. The total 
q nantity so produced, however, was bnt n. 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 become, of importn,nce. 

There nre nmny other de1)osits of pyrite in the United 
St!1tes, but they have not been exploited hecnnse of tlrn 
impure or low-grade quality of the· ore and the excess
ive cpst of mining and of tra,nsportn.tion both to and 
on the milroads leading to the centers of consumption. 
Some of the ores not now deemed of sufficient value to 
he worked for their sulphur content will eventually be 
profitably treated by modern methods. In the Southem 
states particularly are many cloprn;;its of this clmriwter, 
which could produce enormous itmounts of :mlphurie 
ftcid in this manner at prices lower thmi the present 
average prices itt the seaboard. A condition which has 
served to retaTCl the growth of the procluction of the 
domestic ore lies in the fact that foreign ores can be 
imported and accumulated at the scaboo,rcl and shipped 
inland in quantities sufficiently large to secure very low 
freight rates. 

A promising prospect for the pyrrhotitc ores o:f the 
South lies in the :feasibility of their utilization for the 
manufacture of snlplmric acid. It i!'I claimed thitt 
the sulphur contained in these ores can be so effectually 
removed that the residual procluet will be of vahrn iu 
the rhanufacture of pig iron or even of steel. For thh; 
purpo8e the.cinders or residues from the roasting of 
pyrite for the manufacture of sulphuric acid have been 
utilized to advantage. It is well known that the resi
dues from Spanish ores treatecl by the Henderson proc
ess have been sold either in the form of "fino8" or 
"briquetting" and ntilized in the manufacture of steel, 
but in the United States roastecl pyrite residues have 
not yet been utilized for the manufacture of iron on 
acconnt of the large percentage o:f sulphur remt1ining 
in them after treatment in the chemical works. If 
pydte residues could be roasted so that tho 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 so,ving· of many 
thousand tons from what is now a wa8te product. As 
yet, however, the recovery of sulphur and iron from 
these ores is in an experimental state. 

Other experiments have recently been conducted for 
the utilization of the by-product. gn,ses resulting from 
the •roasting of zinc blende ores, the practicability of 
which has been demonstrated with financial profit o,t 
the zinc plants of Peru and La8ltlle, 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 callecl--in the 

Chase or other type of special roasting furnace the re
nminder of t.he sulphur will be expelled, uncl the dead
ronst.ecl zinc ore wi.ll then be in proper con<lition to 
permit of the extmeLion of the zinc !Lt very low cost. 
There is an inunnmie supply of imlphnr in the zineifor
ons sulphide ores o:f Arlmnsas, Colomdo, Kansn~, Ken
tucky, Missouri, and other states, and it is well within 
the range of probability tlmt ere long the tonnage of 
sulphur derived from pyrit.iferons 01·cs will he hLrgely 
1tngmented by the ntiliztltion of the sulphur ecmtained 
in these zinc sulphide ores. 

An important factor in the clevr.lopmcnt of the pyrite 
industry is the demand for Rulplrnric aeid in the treat
ment of phosplmte rock, ttncl in tho refining of petro
lenm. Since it chemically pnre sulphuric acid is not 
ossentiid for these pnrpmms, the aoicl made from pyrites 
serves quite rts well as that nmcle from sulphur. An
other :field for the future extension o"f the utilizn:tion of 
the pyritiferous ores lies in the 111nking of sulphur 
dioxide gits for nse in blenching wood pulp, which iR 
thc. lmRis of tho manufacture of pnper by the sulphite 
proeess. Heretofore American nmnufaetnrers of paper 
using this process, with one or two excnptions, have 
been limited to the nse of sulphur for mn,king ~mlphnr
clioxide gas, 1tlthough in Emopc 11 consiclernble quantity 
of pyrite has been thns utilized. It is quite probable that 
th!' difficulties that hnvc heretofore existed in the way 
of utilizing pyrite in the bleaching crf pulp will be 
overcome in the netu future. When this beoomes an 
accomplishecl fact it will open up n litrge field for the 
consumption of pyrite in New York state, and also of 
the lean cnpriferous pyritic ores of the New England 
sttttcs. ·where the -conditions ure favorable :for clocp 
mining ttncl coneentration n,ncl for shipment to the nu
merous piqx'r mills of tlrnt section, eonstitnt u,ncl large 
supplies of imlphur will thn8 he gmmmtecd nt prices 
much lower than can he expected from outside sourcc~s. 

THE l\IANUli'ACTUirn Ol!' SULPHURIC ACID. 

Tho mmrnfactnre of snlphurie Mid is of great indus
trial importa.nce, 1Ls the acid is of prinrnry impol'tance 
in the manufacture o"f phosphate rock fertilizers and in 
the refining of pctrolemn. It is also required in the 
manufacture of other acids 1111d chemical snits, and hns 
a very wide field in the nmking of 1tlizarin cl.res, arti
ficial indigo, !tncl mn,ny other important ehcmicnl Ralts. 
Of the immense quantities of snlplmric acid made 
yearly, the greater part docs not itppear on the market; 
because of the expense and diflieulty of shipping it, 
consumers of lo,rge amounts genemlly make their own 
acid. 

Until a few years ago the totitl quantity of ordinary 
sulphuric acid produced in the world ho,d been obtained 
by burning crude sulphur in air, the resultant sul
phm dioxide gas being then pttssecl, together with 
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steam and an oxidizing agent, genemlly nitric <)xide, 
into lead-lined cluunben;, where these gases react on 
one nnother and fot•m tho dilute aeid, which is subse
quently purified and concentrated to the desired degree 
of strength. This procmis is crtlled the lead-chamber 
process, but it newer and more imtisfactory process is 
the ''contact" process, in which the sulphur dioxide 
gas, in the presenee of 80-cn,llecl "catalytic" snb8t:inces 
(platinum sponge, platinized a8bcstos, iron oxide: etc.) 
i8 directly oxidized to sulphur trioxide (803), which 
i8 then absorbed in witter to form sulphuric ncid of 
nn,y degree of strength. lfocently it has been found 
more economical in nuiking imlphuric acid to utilize 
the sulphide minemlH !ls the source of sulphur diox
ide gn.s. In this mn,nner the more co;;tly brimstone is 
reserved :for purposes other than acid mannfactnre, 
nnd for which the sulphide minerals would not be appli
cable. 

The use of pyrite as 11 mw material in the mnn ufac
ture o:f sulphuric neicl wtli:l first proposed by 1111 Ji}ngfo1h
man mimed Hill, who ohtn.ined a patent for the procesi,i 
in 1818. It was not until· 18:38, however, when the 
price of crude sulphur was nmtrly trebled by the French 
firm who had purchased from the Sicilhtn government 
.the monopoly of the :mlplmr export1ttion from that 
islund, that the use of pyrite hy acid makers attltinccl 
any importance. In the United Htates, which leads the 
world in the consumption of sulphur, this substitution 
of pyrite for sulphur in ncicl makiug has continued 
steadily during the past twenty-five yenrs, ttnd owing 
to its che11.pness 11nd wide:;;pread occurrence, pyrite has 
ulmost completely replaced the crude sulphur th1it vms 
formerly used 1tlmost exclush'ely. This ch11.nge in acid 
making hns resulted largely :from the treatment of phos
phate rock by sulphuric add, by which it is nmcfo into 
vnluah1e fertilizer, and ltlso from the uso of tho acid in 
the refining of crude petroleum. For these purposes 
the use o:f a high-grnde, pure sulphuric acid is not 
essential. Unrefined sulphuric ncicl nmde from pyrite 
is generally contaminated with arsenic, and frequently 
with tho aclditionnl impurities, copper, zinc, nnd sele
nium, but not. in sufficient quantities to h1tr its uso in 
preparing fertilizers or in refining the crude petroleu~. 

The impurities, too, may be removed if de:;;ired, and .a 
pure acid produced. 

To give some idea of the large qunntitics of the acid 
consumed in these inchrntries, it nrny be stated tlmt 1 
pound of acid of chamber strength is required to con
vert each pound of crude phosphate roek into 11cid phos
plmte or commercial :fertilizer, and during 1902 over 
1,500,000 long tons of the crude phosphate rock were 
mined. In relining crride petroleum each g'!tllon of 
conm1crcitil petroleum (kerosene) requires 1 pound of 
8ulphuric acid of tt strnngth of flfl 0 B. for its produc
tion, and during 1D02 the ontput of crucle petroleum in 
the United States amounted to over 89,000,000 bnrreb, 
each of 42 gallons capacity. In estinrnting the quan
tity of acid consumed in these two incl us tries 1tlone, any 
calcul11.tion based upon figures of production, less im
ports, both of crude petroleum and phosphate rock, rnust 
necessarily be tent1ttive and not even closely approxi· 
mate, for the reason tlutt it is impractimble to m;certain 
the exact quantities of Htoek of crude material on hand 
at the beginning nnd at the close of a ymw. For prae
tic11.l purposes, however, it 1~my be assumed that the 
consumption of sulphuric 1wid in the United St11.tes at 
the present time is 11.pproximt1tely in the following pro
portions: For the treatment of phosplmto rock, 50 per 
eent; for refining crude petrolcnm, 38 per cent; and 
for use in the ehemical tmcle, 12 per cent. 

In making sulphuric acid from pyrite, pieces of the 
mineral ranging in size from seveml inches in circum
ference to extreme fineness 1tre burned with aeeess of 
ttir in a furn nee, of w hicb there are nutny fomrn, each 
suited for some special physical or chemical clrnracter
istic of the ore. As 11. result of the hnming, or oxida
tion, the sulphur content of the pyrite or pyritiferous 
ore is converted into sulphur dioxide gas. When the 
ore contains over 30 per cent of sulphur, the heat gen
erated by the oxidntion of the sulphnr is sufficient to 
nrnintain combustion without fuel. The sulphur di
oxide gas produced in this manner is purified, and sub
sequently converted into sulphuric acid, either by the 
chnmber process, in which the oxidatio'n is accomplished 
by nitric oxide gases 11.ncl steam, or by the contact proc
ess, previom;ly described. 
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'rAllLE 6.-DETAILED SUMM'ARY: 1902. 

Unitecl All other 
Status. Virg!nilt. sttttcs,1 United Vir<>inin All other 

Sti1tes. " · Rtntes.• -......... __________________ , ____ _ 
----- -----------·---·--------·-·- ---- ---- ----

;::nmlH•r of rnlneH ............................... . 
"lllUh('r llf O[ter1tlOl'K ........................... .. 
Ghnrt1Ull'L' ul <>11·1wrshlp: 

Imlivhl1111J .................................. . 
l•'lrm ........................................ . 
illPOq1omtl!<l t•mnpnuy .................... .. 

H11h1rll·<l <11lltohtl8, dt•rkH, etc.: 
'l'otnl nmnlwr ............................... . 
'l'olnl ~1llnrit•s ................................ . 

(l(J11<•r11l olllwrs-
Nmn!Jer ............................. . 
!'lnlnrleH ............................. . 

~H1a•rin Lt•tHh•nlH1 1nnrmgers, forcnnen, 
snr,royor:-i, l~te.-

Nmnlu•r ............................. . 
H11h1rks ............................. . 

Fmt•nwn h"111w gronnc1-
Nn1n hcr ........................... .. 
Hnlnrit~s ~ ............................. . 

(~Jl'rkK-
NlllJ1hl0l',, ........................... . 
H1LlnrieH .............................. . 

\YHµ'P·Pnt·1u 1rs: 
Ag-,1.n·•·un.tt.1 t\.VL1 l'Hgl~ number ................. . 
Al-(,J.tl'P:J..(lll'l.~ 'Vtlg'll!{ •......•••••••••••..•..•.. - . 

Ahn\·t~ grnntul-
'I'otn.l tt.\'tirtigll ntunb0r ........... ...... . 
'J'otnl \l'llgt•H ......................... . 

gug-hw('r~, flren1en 1 Rn{l other 
11u1chnnit•s-

Avurngo nn111bcr ........... .. 
WngeR ................. · ..... .. 

?l!lrl\!l'H-
.A vurtigo nutnbcr . ........... . 
\\'lll{l'H .............. ••• ., ... .. 

Boy~ mt1lo1· 1G Ymtrs-
Avuntg~ 1n1n1ber •· ............ . 
W11p;CH ....................... . 

All otllcrwngu-enrnerH-
AYPtnge nun1bor ........... . 
WngeH ....................... . 

Below gro11111l-
'l'ot11l u,vurnge nnm hor .....••.. , •.... 
'1\)tlll \VngeH •. , ..••.•....••.....•••. .• 

MlllDl'H-
Avernge number ............ . 
WttP:OH ....................... . 

:Miners' holper11-
Avornge number ........... .. 
Wngo~ ...................... .. 

All otht•r wngtHmrne1·H'-
Avorngo number ............ . 
Wnp;eH ...................... .. 

A ~·t•mge number of wtige-enrners l\t spcc!flell 
!lililY rlltl'S O[ pny: 

IC11p;hl\•L!l'H-
$1.00 to $1.2·1 ............................. . 
$1.2T> to ~l.·19 ........... , .............. ~ .. . 
$1.liO lo $1.74 ............................ .. 
$1.7fi to $1.U\I ............................ .. 
$2.llO to $2.2.( ........... ,, ............... .. 
$2.25 to $2.-19 ............................ .. 
$2.fill to $2.74 ............................ .. 

r11rcmon-
$l.OO to SJ,2·1. ........................... .. 
$1.25 to $1.<IO ............................ .. 
$1.75 tu $1.90 ............................ .. 
$2.00 to $2.24 ............................. . 
s2.2i; to $2"10 ............................ .. 

Mflchtnists, 1Jl11cksmlths, carpenterH, nwl 
otht~r mcclrnnlcH-

$1.00 to $1.2•!. ............................ . 
$1.25 to Sl.<111 ............................. . 
$1.liO to Sl. 7'1 ..... : •............ : ......... • 
$1.75 to SI.Oii ...... : .. ................... .. 
S2.00 to $2.2-1 ............................. . 
s2.rio to $2.74 ............................ .. 
ll:l.Oll to ~f:i.24. ........................... ,. 

~finerH-
SUlll to $1.24 ............................. . 
s1.2;; tn $1.·19 ............................. . 
Sl.liO to SL 74 ............................. . 
$l.7f> to $1.U9 ............................. . 
S:l.00 to 112.2·1. ........................... .. 
s:i.no to $2. i·I ............................ .. 
$3.00 to $3.2•1 ............................. . 

2a (\ 
18 .J 

1 1 
a 1 

H 2 

fi.I 32 
$-111, 8110 $20, U70 

n ·I 
$0, 030 $7,.lfJO 

31 17 
$28, 582 $13,%2 

7 ~ 
sr.,suo $3, 200 

10 8 
$l\,8(i8 $5 1 BG8. 

1170 (l./if) 
$3U8,870 $222, 91\(i 

fill 38U 
$1UU, 8lf> $122, ·rnl 

120 10;, 
$57, 9fi7 $·11\,037 

28 
$1•1, lllG 

rn rn 
$2, 017 $2,017 

37-1 ~71 
$12fl, 1<15 $7f>.:J77 

'129 2tlli 
$11111,550 $100,fifiii 

273 2011 
$122, 87'1 $78,\104 

lOK rm 
$f15, 7GG $20,2lll 

·18 4 
1120, 015 $1,37fi 

1 1 
7 7 
7 6 
r. 2 
Ii •1 
l 
2 1 

fJ 6 
11 9 
1 l 
2 l 
2 

23 28 
23 23 
12 ll 
fi ·1 
0 u 
fi 2 
1 

33 33 
110 1()3 

H8 60 
ii Ii 

·13 4 
lG 1 
0 

17 
1'J 

:.! 
12 

22 
$1U,U20 

2 
$1,1100 

1-1 
$J.1,0:l0 

.j 
$2,lUO 

2 
$1, f>OU 

Slf> 
$17r.,88J 

lf)2 
S7!i,88·l 

21 
$12, 920 

~H 
$1'1, 1110 

103 
$-JU, 70H 

ms 
$119, 000 

07 
$-Ill, lllO 

fi2 
$an.rmo 

-14 
$19,iHO 

l 
•l 
1 
1 
l 

2 

1 
2 

3 
1 

3 
1 

7 
28 

""""39 
lli 

6 

Average nun1bcr of wnge-enrners at specified 
t111ily mteR of poy-Contlnned. 

Miner•' IH!lpers-
$1.00 to $1.2•1. ........................... .. 
$1.25 to $1.40 ................... , ......... . 
$1.fiO to $1. 7'1 ............................ .. 
$1.75 lo $1.!l\l ............................ .. 
$2.50 to $2. 7'1. ........................... .. 

Timbermen ttJHl tr1wk lnyers-
$1.fiO to $1. 7 'l ............................ .. 
$1.7.'i to $1.09 ............................ .. 

BoyH nnclor Hi Yl'lll'H-
Le•R thnn $0.f>O ......................... .. 
$0.lill to $ll.N ............................ .. 
$0.7f> to $ll.UU ............................. . 

All other wuge·t•1irncrs-
LcsH than $0.f>O .......................... . 
$0.fiO to $0. 7-1 ............................. . 
$0.7fi to $0.90 ............................ .. 
$1.00 to $1.\!4 ............................ .. 
$1.2fi tu $1.<l\l ............................. . 
$1.50 to $1.7'1 ............................. . 
$2.0ll lo $2.2·1. ............................ . 
$2.25 to $2..JO ..... ,, ...................... . 

A yumgc mun her of wnge-ettrnors employee\ 
r111ring onch month: 

Mon Hi yc1irs 1111d over-
.Tttm111ry ................................ .. 

~~~;~,111~1:.::::::::::::::::::::::: :: : : : : : : : : 
Apr!! .................................... . 
May .................................... .. 
.Tnuu ................................... .. 
.Tuly ..................................... . 
Augn"t .................................. . 

~~J~~y~,~!''.':'.::::: ::: : : :::::: :::::::: :: : : ::: 
Novc1nl1or .. .............................. . 
December ............................... . 

Jloys nndcr 16 yetu·s-
,T1mnary ................................. . 

fr°n~~w:r:_::::::: :: : : : : ::: : : : : : : : : : : : : : : :: : 
April ................................... .. 
~!tty ..................................... . 
,Tnne .................................... .. 
July .................................... .. 
Augnst .................................. . 

~~!liiY:~1~'.~~::::::::: :: : : : : : : :: : : : : : : : : : :::: 
Noveml)ur . .............................. . 
lleemnber .............................. .. 

Contmet work: 
Amount pnid ................... , ............ . 
Number ol empluyee" ...................... .. 

MiscellnneonH expenscH: 
'fOllll ........................................ . 

Royaltlt•s, flrt<l rent of mine 1tnd mining 
pltu1t .................................. . 

Rent of ofllceH, taxeH, insurance, interest, 
nncl other sunclr!cs ................... .. 

Cost of snpplics nml nuttcrlnls ................... . 
Pro<lnct: 

Q111rntity, longtons .......................... . 
V11hrn ....................................... . 

Power: 
'l'otnl horsepower ............................ . 

Owncd
l~nghll~H

Stenm-
Nnmlrnr .................... .. 
Horsepowe1· ................. . 

Gns or gusolinc-
NnmlJer .................... .. 
HorKcpower ................ .. 

Other power-
Numher ......................... .. 
Horsepower .................... .. 

Hcnlecl-
Horsepower ........................ .. 

Elentrln motors, uwne<l-
Nmnbc•r ................................ .. 
I·IorHepo,vor . ~ .............................. . 

80 
:.!5 
ti 

rn 
H5 

1 
Iii 

[) 

7 
l 

10 
. Jf) 
·111 

Hlf) 
211 
flfi 
ll 
11 

U-17 
!J.lf> 
unn 
UM 
Utl2 

1, oa2 
1, OU 
1, OlJ.1 

Ufi\J 
U2H 
uou 
807 

8 
K 

10 
Hi 
17 
18 
18 
1(l 
11 
li 
10 
12 

$3,flH7 
lfi 

$39, llH 

$7,0.Ul 

$32,070 
$217, 2G2 

207, 874 
$9-17,0RU 

n,mm 

1 
20 

·l 
320 

flO 

2 
HO 

ao ......... . 
25 ··-··· ... . 

l 5 
12 
35 

1 ........ .. 

f> 
7 
l 

16 

10 ........ .. 
·1fi 1 

•••••••••• 

.j\) 
lG:! 

·1 
3 
1 

fili\l 
Gll3 
r,73 
IH:l 
0;)7 
liHli 
7all 
H7B 
li20 
fitlU 
liH:l 
f)lH 

8 
8 

10 
16 
17 
18 
UI 
1G 
ll 
12 
11) 
12 

$1, l:H 
·I 

$2:l,28fi 

$23, 2Hil 
s1s1,4m 

127, (l.J2 
$501, fi.12 

1,.100 

22 
1,100 

3 
2-10 

2 
80 

........ sa 
25 
52 
10 
11 

2!18 
282 
292 
:i21 
sari 
lHG 
an 
331 
:i:lU 
azu 
817 
280 

·-········ .. 

~2. ·l03 
11 

~lf>, 8:13 

$7,0.JH 

$H, 7Rf> 
$711, 771 

HO, 232 
~H·lfl,'1-17 

•J, ~Oli 

10 
'1, 755 

1 
20 

1 
HO 

50 

I InPIU<lC8 opemtm'R<lislrilJutcrl llR fol1ow.,: AlltlJttmll, 1; Cnlifornht, 2; Gcorgltl, l; Loulshu11t, l; lllttss1tehu8etts, l; MisBouri, 2; Nevndl\, l; New York, 1; Ohio, :l 
(6 mlnuHl: Utnh, l, 

u IncluclL•H timbcrmcn nucl tmck lnyers, 
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BARYTES. 

By ,TosEPH Hnm 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. Baryt<~s Wlts first pro
d need in small q nan tities for use as an iidult;erant of 
white lead. Statistics of production for 1902 rire pre
sented in Table 1, with snoh facts as are urnilable for 
the censuses of 1860, 1870, 1880, and 1890. 

TABI,E 1.-Production of bm•yt1.•11: 18fi0 to 11i02. 

Qrnmtity 
t:ENSl'H. (Hliort Vnlnu. 

tons). 

------- ----- --·---
ll\00 ........................ .. 
1870 ......................... . 
!!>SO................ a,r.OH 

1800 (fo1• l'1Llunc11Lr 21, ·160 
~·~11r lHHO). 

190'.!. • .. • • • .. .. .. .. • 01, llii8 

$2i)1 000 
lll0,000 
37, 4Ul 

106, 813 

203, ]fi,j 

Wlu.Jrn proclucecl. 

New York. 
Connecticnt. 
Clcorgllt, MisHnm·i, l'mrnoylvnnin, V!r

glnln. 
MiRHouri, Y!rgin!1i, Illinois. 

llllHHOlll'll North Cnrolh111, 'l'ennc~sce, 
Virgin 11. 

At the census of 1800 the statistics 0£ this mmmg · 
industry were not separately reported, hut were in
cluded among those for manufactures. Returns wore 
gi vcn for 1 baryte::i e::italilishment in "VY estcbester 
county, N. Y., which had 40 employees, who received 
$12,000 in Wttgcs. The cost of materials was given as 
$5,000, and the value of product as $25,000. 

Tho only statistics reported for this industry itt the 
cnnsn::i of 1870 were tho~m of: 1 est!tblishment in Now 
Haven county, Conn., which employed· 110 men, all 
above ground, to whom $'78,000 was paid in wages. 
The cost of nmterials was $5,518, tho capital $50,000, 
and the value of the product (qmintity not stated) 
$106,ooo. The deposit, which was located at Cheshire, 
had been mined quite extensively, as is shown by the 
old workings. 

At the census of 1880 the statistics for barytes were 
shown under minor minerals, and a total of 6 mines 
was reported for the states 0£ Georgia, Missouri, Penn
sylvania, and Virginia. These employed 63 wage
e1t1·uers, 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 

30223-04-60 

was valued at $37,491. This is an increase o'f $12,4[)1 
in the value of: the production o'f 1880 over that of 
1860. 

At the Eleventh Census mining industrieH wore 
shown separately, nnd included barytes. Tho statis
tics, however, for this mineral were not uniform for 
tho whole country, itnd are not, therefore, comparable 
with those for Hl02. 1 

The quantity 0£ bttrytes produced in 188!! wits given 
as 21,4(}0 short tons, valued !tt $10G,3W, nn iucrmtso o:f: 
1'7,852 tons in quantity, and of $68,822 in value, over 
that for the year 1880. · Most of this production wns 
obtained from Missouri and Virginht, with IL Bmttller 
amount from Illinois. 

At the census for tho calendar yettr 1902, tho qtmn
tity of barytes produced was given as ()1,GG8 short tons, 
yn,lued at $203,154, which is an increase of 40,208 short 
tons in quantity and of $V6,84:1 in value, over the pro
duction re1)ortecl at the census of: 1880. 

In 1002 no product of barytes w1ts reported for Now 
York, Connecticut, Georgia, and Illinois, although these 
states were returned as producers at one or all of the 
censuses of 18EiO, 1880, ancl 18HO. 
--------·----··--·-------------

1 Barytes mining in Missouri is carried on in Rn ch a very irrcgt1-
lar manner that it is impossible to obtain any reliablo st1ttistics 
relative to labor and wnges. Fitrmers mine it in off seasons; tlrnt 
is, when there is no forming to do thoy employ themselves and 
their handH in getting out the bnrytes found on their forms, haul 
it to the nearest tradesman, and receive in exchange clry goods, 
groceries, or other necessaries, or cash. The fo1·mers thus occupy 
time which would otherwise be idle, and dispose of the harytes at 
a less :figure than it would pay to mine it systernaticnlly. Tho 
supply thus obtained is neal'ly sufficient to keep the mills up to 
their fullest eapncity. 

A few mines are, however, operated with some degree of syHtern, 
though forwiint of :i;iroper records it is necessary to estimate a con
siderable portion of the matter of labor and wages. Tho mines 
altogether give irregular employment to nbout 580 men. The rate 
of compensation for foremen is nbout $2.50 per clay, and for labor
ers from $1 to $1.50 per day. It is rarely, however, that the men 
make full time, and their daily enrnin~s are reirnrted at from 50 to 
75 cents. From 75 to 100 women obtam the same sort of irregular 
employment, earning about 35 cents per day. Boys get from 25 
to 30 cents per clay. One mine was active nearly the entil'e yem·, 
but in most cases the number of days worked at the mines rnnged 
from 125 to 200. One mine in Illinois employed 10 men and 2 
women for 52 days. (Eleventh Census, Mineral Industries, page 
745.) 

(945) 
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The htrge increa:;e in the use o:f white lead is oue of the 
principal i·easons for the increase in the production of 
harytcR. This mineral wns formerly considered :;imply 
as an adulterant, hut it is now beginning to be recog
nized that it hn,s qualities o:f ib; own tlrnt mnJrn it of 
value ttR lt pigment, and ,\rhen it, is m;ed in eombi1mtiou 
with white lead or zinc white, those qrntlitieR appear to 
aclvn.ntage. 

Table 2 is tt summitry of the :;tatistics for HI02. 

'Lun,B 2.-81i1m1w1·y: 1!Hi!?. 

Nun1l1er or 11\illCR 01' t}\Hl..l'l'ie~. - .... - •. ··-· •.•..............••.... - ..... ·-· ·Ul 
Nu1n\Jcl' or OJlOl'n.tnrH ............ - . - -- -- ........................ -- ... - --- -1~ 

sn1nN~~~s)t~~i~~~~t~~'- ~~~~1?~~: ~~~:: __________ . __ . ______ . _. _ ....... _____ .. _____ . 2R 
An1nrh .. ~H .............................................................. $lli, 1f1U 

\\r 11ge-e1u•IJ crs: 

Coj~~~~~~1;l~~~~':e:
1

~: ::: :: : : ::::::::::::::::: :: ::: :: :: : :: ::: : :: ::::: :: : : $l*~; ~~S 
:MiHCCll1tneonH expollHCR - •. -- ---- .......... - .. -- .. -- .......... - -- . - .•..• - $:1fi. f)f)f} 
Costofsn1:ipllcs1mdnuttcl'illlH ................................. ,.... .. . .. .. $7, 772 
rrodnet:f 

Qun.ntity, shul't tons................................................. (11, GG8 
V1ilue ............................................................... $'203, 15·1. 

1 Inclucles 53U tmrn, v11luecl Ett $1,618, the procluct of two lo1ul mines; tho 
w11gL18 itnd othm· detn.ilH itra embmcea In the Atltti•tics fur le1u1. 

Of the ±9 mines or quarries shown for 11l02, 84 ttre 
in Missouri, 5 in North C11rolin11, a in Tennessee, and ·1 
in Virginin.. These were controlled by 42 opemtor:;, of 
whom 1G were individuals, 20 tir1m1, itncl (l incorpomted 
companies. Each of 2 firms operated 4 mines. Mis
souri lef1chi in this industry~ with G0.4 per cent of the 
mine::; and 51.5 per cent of the value of the production. 
North Caroli mt i.s next in respect to the v11lue, with 21. 7 
per cent, 11ncl Virginia third, with HJ. 5 per eent. Ten
ne8see produced only 7.2 per cent of the total vn.lue rrf 
the production, n.lthough reporting fi mines, which is 1 
more than North Citrolirnt ftnd 2 more than Virginia. 

Six mines or quttrries were idle during· the ye11r, l 
each in Mis::;ouri and Ohio, itnc1 2 each in Tennessee and 
Virginia. 

Capital 8tooli: of lnc017Jorated oompltn'l'.es.-T11l>le 3 
shows the cn.pitalization ancl bonded indebtndness o:f 
the 6 incorporated companies. 

'rABLE 3.-Ca:p'iializ<itioii of incorporated companieH: 1li0!?. 

Number oiineorp01·11tefl eompn.nicR........................ .. .. . .. . . . o 
CEtpitul stock n.nd bondH issuerl....................................... $1, 1fi8, \100 

Cnpitul stoclc (rt11 eommon J: 
Tot11l nuthorir.Pcl- . 

Number of sh1ircs........................................ llii, 050 
Tott~~~8';~,1cj'.:: · · • • • · · · · · · · • ·, · · · · · · · • · • · · • · · •• · · • ....••••••.•. $10, 983, 000 

Number ofshttrcs ................................... ., • • • 15, 019 
Par v1iluc....... .. . . . . . . . . . . . . .... .................. .. ... . S\179, 900 

llon~!iidemls p1tid................................... .. . . . . . . . . . . $2, MO 

Anthorized-
Nnmbcr .•••..................... .. . . • • . ... . . . .•• . . . . . . . . • 1, 700 

Issu~it:_::•nllw. . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . $1, 700, 000 

Nmnbt•r...................................... ............ 179 
Pitr v11h1c.............. ... . . . . .... .. .. . . . . . . . . . . . . . . . .. . . . $17\1, 000 
Interest p11i<I . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~o, ooo 

Two of these companies were operating in MisHciuri, 
2 in North Carolina, and 2 in Virginia. The entir~ 
stock, both authorized and issued, is common stock. A 
little more than 8. 9 per cent, par value, of the authorized 
:;tock has been issued and \1. little more than 10.5, pm· 

vttlue, of the bonds. Dividend:; of $2,640 were paid on 
$58,000 of the $U7n,uno capital Htock iHHtwd. 

E111ploy1:eN and 'lll(/f/l!N. --·There wore ttt the ±H mines 
or quaLTies n tott1l avemg·e number oJ 3H± employee:,;, 
of whom 28, or 7.7 per cent, WPre dni-;si!ied HK s1th1ried 
employees, 1wcl 33G, or !l2.3 per ceut, tts wago-ea,rncrs. 
Of the tot1d amount, $14n,444 reported m; imid for 
salnsim1 and wages hy the 42 oporntm·s engage,cl in the 
product.ion of barytes, $1.H0,285, or 8H. (l per cent, was 
paid to tho wngo-rntmers 1111c1 $1.5,l5!l, or 10.-J, per cent, 
to the s1tlaried employee:s. Tho cl11:;:;ific1ttio11 of' these 
3fl4 s1tlnriod cmploycm; and w:1go-en1·1w1·:; iH shown in 
Tn.lile G. 

Of tho a~n w11ge-m1r11orH clas:;iifod ltH miners Ol' lJUIU'
rymen, only 151, or 11\, D per cent, were muployccl below 
g]'(mnd, of whieh :31 were in North Unroliim, Hi in Vir
ginia, n.ncl only •1 in Missouri, 11lthough tho lattm· :;bite 
produces over one-lmU' o:f the tobtl prochwtion. This 
ii-: dne to Urn m1tirely different occu1TencL' of the cl<ipo:;
its of lmryteH in North Carolirnt 1111d Virg·inin a:; com
piwed with those in Missouri. ln tho latter 1:1ti1te the 
clepo:.;its occur near tJ1e :;nrfoce, :;o tlmt they cm1 he 
worlrncl 1tlmost entirely by mean::; of pit1:1 11nd open cuts, 
while those in Virginia twd North Cnroliirn have to he 
worked h1rg·ely hy means of shafts, tunnels, imd drift:;. 
Tlrnre was obtained from those minci; reporting witge
earners below gTotmd a product.ion of lmrytes l'tilned 
tit $fl2,noo, or 31. per cont of the tofal value. The tot!tl 
undergromicl wngo-mtrners nmnhered 52i or 15.5 per 
cont o:t' the total wnge-eame1·:-;, and their w11ge:; coui-;ti
tnted 1.2. l por cent of tlrn totttl ·w11gos paid. Tho 8 
witgc-mtrnors shown nuder '' 111! other wage-earners" 
nre laborerH who lrnudle1 lcmcl, ttncl lrnnl the ore imcl clo 
111iscell11neous work. 

'[;] . !-< t . . rnre were on an ttveritge t w1ige-car11ers ·o a nnne 
or quarry. In itddition to the uumbc1r of regularly em
ployed w11g·e-e1trner:;, 10 were employed in contract 
work in North Ciwolirnt at au oxpern;o of $1,000. They 
worked alt:ogt~tbor 11 total ol' one hundred days. 

'l'hn numlrnr of Wltg'C-littl'ners employed during ench 
month, ttncl their cfaily mteH of pity, tire slwwn in Tnble 
G. The busiest mouth of the year :l'or the incln::;try its 
it whole wits the month of 1\fay, when n totttl o:f 443 
wage-e11rners were at work. Angu::;t. wa::; tho next lms
i.est month, with 4:41. The llmst active month was De
cem1Jer, with 144. 1Vfony o:f the companies in MiHsonri 
employ 110 regnh1r miners, tho wol'k being done by the 
farmers of tho neighborhood who work in the mines 
iit ocld times. The company pay8 them !'or the ore 
dug, whether it comes in small or ln.rge quantitie;;, or 
whether by huclrnt, sack, barrel, or witgon loncl. Of 
the tot11l number of witge-earners 821, or !15. 5 per cent, 
are classed as miners. Of this number the wages of 
135, 01· 42.1 per cent, mnged from $1. to $1.24 per day, 
and those of GG, or 20.fl per cent, rnnged from $1. '75 to 
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$1.90 per da31 • The miner who recciyed from $0.i\0 to 
sn. 74 It day was employed in Virginia. The prevailing 
wages for all classes of wage-earners was from $1 to 
$1. 24 a day, there heiug' HH, or -±2. U per cent, pnid at 
this mtc. 

8upplles, matei'ialN, 11nd 'llli8ce7lmu'ons e:iy>enNe8.-'l'he 
amount expended for supplies and materials was $7, 772. 
Of the miscellimeous expenses, muonnting to $Hil,555, 
$27,300, or 76.8 per cent, wns ex1wnded for royalties 
nnd rent of mhws and mining plant, the rmrminder 
being for rent of ofliceH, taxes, insurance, interest, and 
other sundries. 

.J.1lcohaniaal powe1•.-0f the -±2 operators from whom 
returns were reeefred only 2 reported that power was 
required for the operation of their mines. TheHe were 
in North Cftrolinn and Virginia. The totitl horsepower 
11mountec1 to 110, furniHhed hy 3 Hteam engines. 

P1·ocl1,wtion.-The tobtl production of lmrytes for the 
cnJendn.r year 1002 was Ol,HG8 short torrn, vnJued at 
$203,15±, of which MisHomi proclncecl 31,33.J: short tons, 
or 50.8 per cent of the total; North Carolimt, 14,079 
short tons, or 23.8 per cont; Tennessee, 3,255 Hhorttons, 
or 5.3 per cent; and Virginiit, 12,400 short tom.:, or 20. l 
per cent. A comparison o:f the production for this 
indtmtry since 1881! is shown in the following table, 
whieh gives the stntisticH relating to the qunntity and 
\'!due of barytes, as published by the United St!tteH 
Geological Survey: 

'rAm,E 4.-Proci'urlfon qf liar!fle.~: 188{1 lo 1002. · 

[United Stnte~ Gcologien1 StUYO)\ ' 1 ~fincrnl lleHnur1~l'H of the Unltca St1itcs1" 

1902.] 
=========·=·· =-·· ... CO:C:O""-········· ...• ····cco=:cc==-..cc.===-··--··· 

Yl~AH. 

1889 ........... ,, ............................ . 
1800 ....... _ •••. , ............................ . 
rnu1 ............................ , ............ . 
1892 .................................. , ...... . 
1!!93 .......................... ., ............ .. 
1~9-1 ......................................... . 
1S9r> •••••••••••••••••••••••••••••••••••••••••• 
18% ....... ., .................... , ........... . 
1897 ........ , ............................... .. 
1808 .......... , ............................. .. 
1899 ......................................... . 
1900 ........................................ .. 
l!){'J. ........................................ . 
1902 ................................... , ... , .. 

---·~··· ··~----

Qunntlty 1 (shm·t ttm~). Vu uc. 

21,460 
21, \Ill 
i!l,06il 
32, 108 
28, 970 
23, B31i 
21, 529 
17,0lit\ 
26,042 
31, 300 
'11,80<1 
67, 680 
49, 070 
61,6()8 

l $100,313 
HIJ,fi05 

118, 303 
130,025 
88,li06 
86, 988 
118, 321 
46,fi13 
58,205 

108, 339 
189, 028 
188, 080 
157,8H 
203, lM 

)Value includes floatccl bar~·tcs when sold first In th11L form. 

Average 
vnluo 

per ton. 

$'1. 95 
B. 05 
3. Rl 
4.ori 
3, 06 
8. 73 
3.17 
2,73 
2, 23 
3, 50 
3, 33 
2, 78 
8, 22 
il, 2\1 

As shown by the nbove fable, there was nn increase 
of 12,598 tons in quantity and of $45,310 in value in 
the protlnction o:f rno2 OYer that of 1901. Of the 1902 
production 539 to1rn, vahrnd a(; $1,618, were obtrdned as 
u by-product from 2 lead mines; itnd the salaries, wages, 
nncl other expenses of these mines are credited to the 
lend incl us try. 

'l'he largest production reported for this industry 
wns in moo, when it amounted to G7,680 short tons. 
In valno, however, 1902 leads with f~ vtilnation of 
8203,154, while that of moo was $188,089. This is 
due to the higher average prioe received per ton for 

tlrn barytes in 1H02, which was $3.20, or 51 cents more 
tlrnn t.ho averrigo price of $2.78 per ton received in 
moo. The total qnautity of lmrytcs produced in the 
United States since 1882 is G22,fl50 short tons, 1t11 aver
age production o:f 2fl, flG4 tons per year. 

The highest average value reported in the table :for 
any year was $4. 05 in 188H, and the lowest $2.23 in 1897. 
In 1002 the price per ton reported vnriecl from $1.65 
to $4.50, hut the avemge m1s $3.29 per ton. 

In 1Hll2, there were imported barytes, numufoctured 
nnd nnmimnfacturod, to the vnlue of $51, 711, and other 
barium eompounds, nmtrly all of which uoulcl be made 
of domestic barytes, to the value oi' $l52,3Hl. The 
imports of lmrytes :from 1889 to Hl02, inclusive, 11s pub
lished hy the United Sb1teB Geolog.imtl SmTey, ttre 
showu iu the following tnhle: 

TAil.LE 5.-Jinports qf lmryles: 188[1 to WO!'!. 

[Unitctl 8tntcH Goologi<~nl Hnr\"ey 1 
11 l\Iinerul HuHonteeH of the United States," 

' 1902.] 

YEAU ENDINct ll1WEl\lBER Bl-

1880 .• , ..... , ................... ,. 
lK\10 ............................. . 
1891 •••...•• , •••••••••..•.•••••••• 
18112 ............ , ..••••••••••••••• 
1893 ...... , ...................... . 
189,J. ............................ . 
isori ............................. . 
l89ti ............................. . 
IH97 ...... , ... ., ................ .. 
1898 ........... , ............. , .. .. 
1809 ............................. . 
1900 ............................. . 
1901 •.••••... , .....•••..•••.•.••.• 
1902 .•...•....••••••••. , .••......• 

MANU!o'.ACTUUl~ll, 

q111rntity V 1 , 
(Hhort tonH). "IHl. 

$22,·lfl8 
lli,itfl3 
22,0H 
15, 11U 
11, 457 
101 050 
17, 112 
2:1, :145 
13,822 

8,678 
22, 919 
2•1, 100 
27, 062 
37, 389 

----~---·---·-·----"'-----

UNl\rANUli'AC'.l'URED. 

Qimntlt)' 
(short tmrn), 

0, 78f) 
,J,8Jfl 
2, 900 
2, 789 
2,983 
1,88'1 
2, Ml 

509 
fi02 

1, 022 
1, 7B9 
2,fi68 
S, 160 
B,929 

Vn.lt1e. 

$7, 6GO 
13, 133 

8,81G 
7,"18 
7,lil2 
Ii, 270 
7, 061 
1, 27'! 

570 
2,078 
li,•188 
8,301 

12, 380 
H,322 

Table 6 is it detailed summary of the statistics of the 
barytes industry for 1902. 

DESCRIPTIVE. 

Tho Jin;t mining for barytes in the United States was 
very probably in V\Testchester county, N. Y., prior to 
1860, and thiH was followed in the next decade, l8GO to 
1870, by the opening of the mine at Cheshire, New 
Ifaven county, Conn. Between 1870 and 1880 barytes 
deposits had been opened in Georgia, Missouri, Penn
sylvania, an cl Virginia, while those of New York and 
Connecticut hacl ceased to be prodncers. Between 1880 
and 1800 Illinois had been added to the states producing 
this mineral, rind during the next decade, from 1890 to 
moo, North Carolina and TennesBee beC:fUllC producers, 
m1rl in rno2 deposits or thbi mineral begnn to be devel
oped in Kentucky. This mu.lees i1 total of fl states in 
which this minern,l has been found in commercial qrn111-
tity. In 1002 Missouri, North Carolina, Tennessee, and 
Virginh1 were proclncers of this mineml, with known 
deposits in Illinois and Kentucky, which arc being de
veloped, with the expectation o:f putting their product 
on the market in 1D03. The Missouri clepmdts arc :fur-
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nisbing more than one-hnH of the llfiryt.es mined in the 
United St11tes. They are loco,tcd in Cole, Cmwford, 
Miller, St. Francois, and "'\Vashington counties, with 
by far the larger proportion of the mines in the last
namecl county. There 11re a number of deposit:,; in those 
five counties that probably confain 1mrytes in qmwtity, 
hut on account of their distance from the raikoad they 
are not mined to any great extent at the present time. 
The mineral is found for the most part associated with 
limestone. This ro('k is often altered and decomposed 
to some depth, leaving il. rosiclnal clay-like material in 
which tbe barytes, which has resisted the alteration, is 
found. Sometimes the barytes i:s encountered close 
under the grass roots. The lead ore, g·alena, is asso
ciatecl more or less with the barytes, and it nrnkes a 
very Vftluable by-product, although occaRioimlly 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 bn,rytcs deposits oueur in Gas
toi1, Madison~ and Orange counties, those which were 
worked most extensively dming 1D02 being in lYfadison 
county. The mining in this state is largely by means 
of shafts, tunnels, and driftti. 

The Tennessee bttrytes deposit.8 fu•e loml.ted in Brad
ley, Cocke, Greene, Loudon, ttnd Monroe counties, but 
during 1902 the production of thiR mineml was mueh 
less than the year before. The ereetion, how<wer, of ti 

large harytel:! mill for grinding this mineru.l and pre
paring it for market, and also :!'or the production of 
artificial :mlphate of barium, 11tld other compounds of 
b11rium, will undoubtedly leacl to it considerable inermum 
of the industry in this stu,te. 

ln Virginiu, the br1rytcs mines ttre located in Bedford, 
Campbell, Louisa, Pittsylvm1ii1, Russell, rmcl 'fitzewell 
counties. The mines near Evington, Campbell county, 
where the mining is now carded on largely. by means of 
shafts and drift!:!, have been worked :l.lmost continnoul:!ly 

since 187±. · A bout HlOl the deposits of Russell ttnd 
Tazewell counties werl\ opened, itnd the latter gives 
prospect of becoming the largest producer of this min
cntl in Virginia. 

The depol:!its of barytes that arc being developed in 
.Illinois nrc in Hardin connty, mid thmm of Kentucky 
are in Crittenden county. 

The growth of this industry hits been pnrthl.lly 
dependent on the growth of the paint industry, in which 
il. very larg·e proportion of the lmrytrn.; prodncl\cl is used. 
The h11rytcs lrns tt pure whitti color, which is pernmnent, 
and it is unaffected hy weather or hy gi1ses that in some 
instances l>lacken white lead, for which the barytes is 
nsecl as lt snl>stitnte. BeKilles the nse of htirytrn; in the 
paint industry, it is employed in the manufacture of 
ptiper nnd rope to give weight; and nlso in the prepara
tion of a nmteri11l that is used to co1tt the ennvlts sacks 
in which hams are wrapped when rmtdy for nmrlrnt. 
Another use for this mineral, and one that should 
increase rapidly, is in the mtuml'1wturc of other barium 
compounds, principally the hydroxide. This compound 
wns formerly prepared almost exdmdv()ly :l'rorn the 
mineral withcrite, barium c11rhonnte; bnt on ticconnt 
o:l' its mre oecurrence in commercial quantity, l mrytes 
hns begun to be thu rttw material used in the nrnnu:l'nc
ture of this hydroxide aml other stl.lts of barium. One 
of the grcatost uses o:F the lmrimn hydroxide will per
haps be in the beet Kugar imlustry, for the septu•11tion 
of tho }mg·1tr left in the rnohtsses. It is al1:10 claimed 
that the compound is applimthlo in tho e1uw sugar 
industry. Otilwr nseR conRidered for it ltl'C in the puri
fying of water nsod in steam boilers nucl in the prepam
tion of hides for tanning. As theRe uses of lmrium 
hydrnxide increase there should be tl. h1rg·er denmnd, 
mid conseqnen Lly 11 htrger production of lmrytes. 

Theso rnultiplyiug uses for hnrytcs put the industry 
on a new basis, and btke the minernJ out of the list of 
mlnlternnt,s with which it lrn8 hnen mmally chts::;ifind. 



BAR YT ES. 

TAnLll o.-DE'rAILED SUMl\IAHY: rno2. 

UuitL'<l 1 ~IIH
i:i!tlt<'H. I: Houri. 

North 
CUJ'(}· 
Jinn. 

Number of mines or quarries . . . . . . . ·Ill 
:\umber of opcrato1·s..... .. . . . . . . . . . ·1~ 
Clmrncter or ownership: lli 

Indl1·irltml ...................... . 
Jllrm ....••.•..•...... ............ 20 
lm!orpnmted compnny . . . . . . • . . . Ii 

Snhirlcrl ofiklal~. clerlrn, etc.: 
Totttl number.................... ~H 
Totnl 811.la.rlo~ . . . . . . . . • .. .. .. . . . . . $1f>, Jflll 

Gencml otnccrs-
Nnmher................... x 

. SnlnrieH.................... $f1, illlH 
Superintcndcntf.;, mnnngt1r:.:, 

foremen, snrveyorl'l, t1tc!,-
Nnmhcr ................... 7 
Snhtries... .. . . . . . . . . . . . . . . . $f1, !l70 

Foremen. below gronrnl-
Numhcr ........ .. . . . . . . . . . U 
Snlltrlcs.................... $:l, 001 

Clcrk~-
Nnmber •.................. ·l 
S1tlnrleH. •••••••.•.......... $l,2HO 

Wngc-cm·ncrH: , 
.Aggrcgnte nY-ornge 11umliL1r .... .. a:rn 1 

Aggregnte wngcH ................. $1a0, ~/'ir1 
Al.Jove g1·onml-

'l'otnl rwcrngenumher..... 2H·l 
Total wngeH ............... $1HJ1/ll 

J~nginet!rH, Jlrtmwn, n tHl 
other m(wlrnnit1H-

AYllrnge ntunht1r.. ·1 
WllA'<!H ••••••.•.••. $1,liiill 

~flncrs 01· qlllUT)'lll<'ll-
Avorngc n111nht•r.. ~70 
WngcH ............ $110, OHli 

DoyH under 10 renrK-
.AvcrngC unmhPr .. 
\Yllg'l'H • .. • • • .. .. . • $:llltl 

All other WllA"M"ll'll· 
t~r.i.;-

'Ynges·............ $~, filf, 
Below gronml- · 

A\'ur11gu11n111bt'r .. '1 H 

'fo~nl n .. Yerngll numbt.•r..... n~ 
1'otttl \\'llg"US •••••••...•.. , • $)i1, 7:J.J 

Minet'.q-
Avcrugc 1mmhPt'.. fJ1 
WngeH ............ $Jr1, ·l·Jli 

Mitu.!r.<.1' lwlp<.H'H-
A\'erng'll n11mlu~r.. 1 
\\' llg'L~H • • • • • • • • • • • • $2KH 

Avcrn.µc .unmlltJl' nf wng. cH~f\.rnurH nt 
spt•t•Illect d111lr raleH nf prt)': 

l\ugineerH-
$2.00 to $2.2·1 .. . • • • • . .. • • .. 2 

}'jn•n1en-
$().7fl tn $0.90 ............. .. 

10 
lfi I H 
2 i 2 

·l lB 
$1170 $0,.101 

2, 1 
$:l0o ' $1,ooo 

1 •) 

$70 $1,rioii 

8 
$2, ·llll 

1 2 
$:lllo $f100 

~:w :H 
$\JU, 7UU $U,\JH 

~:m 2 
$\IH,fi2U $.lfl() 

,, 
$·trio 

~::m 
:tHJH, ,r-,~.?U 

········· ........ ......... ........ 

·1 1 :12 
$1, 270 i $\I, ·Hi·l 

·I! :JI 
$1, 270 $\I, 1 iti 

'ren~ 
ne~scc. 

1 
$1,000 

Vir
gin!n. 

1ll 
$H, OR8 

fi 
$·1,008 

1 8 
$1, 000 $:!, 000 

~n 
$7,fi:lfi 

l 
$li00 

2:1 
Sli,1125 

2 
$:lllll 

1 
$000 

1 
$480 

:!7 
$l:J, 047 

l 
$1iUO 

12 
$·L,Ua2 

1li 
$.'i, llUO 

ltl 
$fl, 000 

···--- -~ __:__ 

United 
StitlOH. 

MIH· 
Houri. 

North 
C1tro· 
lilllt. 

'!'en· 
nm1see. 

Vlr· 
g!nia. 

------------- ----1~ ---·~·---- ---- ---

Averngti nnmher of wngC!·enrnern ut 
s11eeillerl 1lnilymteHof pay-Cont'd, 

MiucrH or qu11rrynwn-
$O.f10 to $0.7'1 ••....•••••••..•.. 
$0.7ii to $0.99 . . • . . . . . . . .. . . . . .. rn 
$UlO to $l.2·t • • .. . . . . • . • • • . • • • . mo 
$1.2fi lo $1A9 . . .. .. • . • . . . . . . . . . 30 
$1.flO to $1. 74 • • • • .. .. . . • • . • • • • • 7·1 
$1.7/i to Sl.99 ....... ........... no 

l\Iiner1-11 helperH-
$0.75 to $0.!lil ................. . 

Boys nncler 16 ~·curR-
$0.fiO to $0. H ................. . 

All other wnge-cnrners-
$1.0U to $1.24 ................ .. 

Avcrnge nmnher of wngu-cnnie1·H 
employed during l!nCh month: 

Men 10 years nm! ovcr-
Junluu•y ................... _.. 21H 
Fcbr1mry . . . . .. .. .. . . . . . . . . . . . '1ll2 
l\fnr<!l1 ........................ •lH 
April......................... '118 
.lllny ........................... H3 
.June.......................... 426 
.TUI)'.......................... •127 
AnguHt... ..................... 437 
Soptem her . . . . . . . . . . . .. . . .. . .. 306 
Oi:tnllor......... ..... ... .. .. .. H).J 
November.................... lf>:l 
ncemnber . • . • . . .. . .. . .. . . .. . . Iolol 

BoyH under 16 ye1irs-
,Jmrnnr)' .................... .. 
l<'ubr1111ry •... , .............. .. 
.Tune ......................... . 
.Tuly ........................ .. 
AugnHL ..................... .. 
SoptmnhPr ...........•........ 

Contr1wt work: 
Amou11tp111il .................... $1,000 
Nnmlior of timployecs • .•. . . . . . . . JO 

i\l!Hcml11uieous oxpmrncs: 
Totnl....... . . . . . . . . . . . . . . . . . . . . . . $:.m, 55fl 

Ho)'1tltil'H nnil 1'l•nt o( mine 
nnrl mlning plitnt ........... $27, 300 

Itcut of olll(WH, tnxes, itrnur-
tUHH!1 ill tlH'C8L l\.])(l other 
Sl11Hlrim1 ..... •.............. ' $HI 2ilfi 

Cost of snpplieH nn1l mntcrlals....... $7, 772 
l'rollnel: 

(~1111ntlty, Hhort tons............. Gl, flfl8 
\ 11l11c ............................ $20:l, lf1·l 

Power owne(l: 
'l'ut11l I11n·Hepowm·................ 110 

EngineH-
HtC!am-

Nmnliur... ... ...... .... a 
HorHepower............ 110 

·· ···· ·2· ·· ····:i· ··· ··ia· 
80 28 10 ...... i7. 
17 3 10 
u ········ ....... -
00 

1 ............... . 

········· 

mo 
308 
832 
32tl 
334 
320 
82•1 
310 
200 
10•1 
60 
03 

........ 

H 
•12 
42 
•M 
43 
31 
27 
27 
27 
27 
27 
27 

$1,000 
111 

$18, on1 &al 8HO 

$11, filfi $fi, 680 

$7,·136 
$2,'lOf> 

$206 
$2, 7•JO 

2. ·····--· 

........ 8 

23 17 
85 17 
28 17 
23 26 
23 43 
23 43 
33 43 
33 58 
83 40 
17 46 
ll 46 
11 43 

$·l7fi $10, 2•13 

$•Jf>f> $9, GfiO 

$20 
$5'10 

$503 
$2,087 

31 1 mM 14, G79 s1 2r1n 
$104, fi77 $H, mo $1'1, o•J7 

12,400 
$30, 700 

JOO 

2 
JOO 

10 

1 
10 
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MINERAL PIGMENTS, CRUDE. 

By .T OSEPH STRUTIIERS, Ph. D. 

As eurly us 1850 the census stn,tistics of ocher, which is 
11 subclitssiiication o:f: crude mineral pigment:-;, appeurecl 
umong· statistics of nuumfactnre,:;. There were only 2 
establishments, and they were in Vermont. In 18tl0, 1 
establishment Wa8 shown, iilso mnong nmnn:f:actnring 
stati::itics, in Berkshire county, lVfass. A census of 
mining industries wns titkeu at the census o:f: 1870, and 
ocher was included among stone quarrying industries. 
There were 4 esttthlishments, all in Bennington collnty, 
Vt. Among the mining· industrimi at tho census o:f: 1880, 
7 establishments were given-l in New .Jersey aml 3 
each in Vermont 11ml Yirginht-lmt, according to 11 foot
note, there wore n. few ocher mines in Virginia or West 
Virginia from which no returns were received. 

At the Eleventh Ocn8us statistics were given among 
mineral industries for oeher and metallfo paint. The 
number o:f: establishments was not stated. The states 
of Ah1bt1ma, C91orado, Georgia, Maryland, Masstwhn
setts, Pennsylv11nilt, Vei·mont, Virginia, fwd 'Wisconsin 
were shown for ocher, and Alabama, Colonulo, New 
York, Ohio, Pennsylrnnia, 'l'ennessee, and Wisconsin 
fol' metallic pliints. The sttitistics were for tho year 
1889 1mcl apparently included stntistics of the manufoc
tm·c of ores into nmrketn,ble paints. 

The substances included fo this. report, under the 
title "Mineral pigments, crude," are: Iron ores, henm
tite, or red iron ore (Fe20 8), ancl limonite o:f: brown iron 
01·e (Fe20 3 , 3H20); chty and other earths, comprising 
ocher (yellow, gmy, 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 11 pigment for 
printing wall paper. 

Table 1 presents comparative statistics for the indus
try for 1902, 1889, 1880, and 1870. 

T.rnLI~ 1.-C01npm·11ti1'1' s11nw1111·y: 1870 to 190!2. 

1002 lHHIP lHHO• 1870' 

--------------:----.. ····--··---- ····-------
Nnml>er of mine• or 111111rrles ........... 
Nmnller of opemlm'H ................... 
Snlttriccl omt~in.lAI e}(1rkR, eto.: 

Number ............................ 
Snlttrles ............................. 

'Vnge·e1irn1.~r~: 
Averngu nnmber ................... 
Wages .............................. 

Contmot work .......................... 
MhicellnneouH cxpmrnes ................ 
Cost or supplies nnd mnterlnl• .•... _ ..• 
Product:• 

Rmtnti ty, short tons ................ 
'nine .............................. 

1 Ocher nncl mt,tnllie pnlnt uni)'. 
•Ocher only. 

:lli 
Bli 

(i3 
$fi:~, f1Ua 

~mn 
$Hill, UH7 

$2·1, H\IH 
$58, 073 

3il,·179 
$:1110,885 

(") 
(") 

8 
$r.,MO 

:!87 
$120, Ulf1 

$8, G7·1 
$21, 7\l!i 
$H<l,li0\I 

3G,rnJ 
$·Hl3, 70G 

(") 
(") 

•1 

('l) fl (") ") 

100 12 
$2,J,3\IG $0,GOO 

(') ("l (') (" 
$1, R\10 $1, 080 

·I, 037 (") 
$185, 8·10 $11\,000 

•Not reportml. 
•Tile United StatcH Gcologlcnl S\ll'VC)' reports 73,0·JU Hhort tons of mineral 

pnlnts, mnnufaeturml nnd sold, v11lncrl nt $944,332, Census figures me for tho 
ornclo n1incrnl pigmonts. 

The B5 mines re11orted for this industry in 1902 were 
controlled by 22 incorporated companim;, 8 individuals, 
and 5 tirm:-;. The stnte of Pennsylvania led in pro(luc
tion, having 58.G per cent of the total quantity and 68.3 
per cent o:f the total value; the state of Georgia was 
next, with 1G per cent o:f the quantity ancl 13.4 per cent 
of the value; .Mnryland had 7.1 per eent ltncl 3 per cent, 
respectively; New York reported 3. 6 per cent of the 
quantity and 1.2 per cent of tho value, leaving for all 
other states 14. 7 per cent and 14.1 pe1• cent, respectively. 

There were 13 mines reported idle dming· 1902, eon
trolled by 6 incorporated companies, 4 firms, and 3 incli
vidunls. The 6 incorpomted companies issued capital · 
stock and bonds to the par value of $86,750, the totnl 
amount authorized being $96, 7150. Three o:f: the mines 
were in Cn.li:f:ornia, 2 each in Georgia nnd Missouri, and 
1 each in Alnbama, Michigm1, Ohio, Pennsylvania, Ten
nessee, and Vermont. From these 13 mines miscellane
ou8 expenses to the amount of $36 were reported. The 
total horsepower of the engines at these idle mines was 

(953) 



H54 MINES AND QUARBJES. 

given as 115-3 steam engines fmving ti total of H5 
horsepower ancl 1 water wheel with 20 horsepower. 

Chp1'.tal 8toclr: of /ncrwpomteil oompanies.-Thc details 
of capibll stock and funded debt are shown in the fol
lowing table for 17 of the 22 incorporated compnnieH 
cont1·011ing active urines. The figureH for tho remain
ing 5 companies are omitted Lecause mining is but a 
i:lmrtll part of tho total business of each. 

'fAnLJ~ 2 .-Capitalization rtf i11cm'}J01'riied comprinies: J.90:2. 

United 
St1tlcs. 

Nnmhcr of !ncorporatecl companies..... 22 ·1 10 1 R 
Nnlllhcr reporting- cnpitall7.t1tion.. ... ... 17 3 JO ''1 
Cupi!ttl stock and 1Jm1<ls Issued .......... 

1 

$0·10, 700 $156, JOO $650, 600 $HO, 000 
Capltttl stock: 

Total anthorlzecl-
Numher nf slrnres ............ 1 76,310 52,200 22,fl66 l,f>f>O 
P1tr v11luc .................... $1,·l00,300 i'Sl70,000 $1,075,30ll '$15fi,OOO 

Totttl issued- I 
Number of shnres............ tl7,SGl fil,·192 l·l,·160 1,100 
I'ttr value ......... _.......... $881, 700 $126, 100 $tilfi, ooo $HO, 000 
DivlclenrlsJHticl .............. $11,·139 $\l,030 $1,500 

Boncls: 

Co1nn1on-
Antho•·lzed-

Nnm Jwr of shares 7-1, 010 
Par Yalne •••..... $1,Bl.O, 300 

Issnecl-
Nnm her of shares 66, 058 
Pttr v11ln<.1........ $801, 400 
Di vi cl en els paid .. $10, 239 

Prcferred
Anthorizec1-

Number of shares 1, 'lOO 
Par \'t1lue •• , .. • • • $00, 000 

Issne11-
Numberol shares 1, 303 
Pttr valnc • .. . . • .. $80, 300 
Diviclernls [laid . . $1, 200 

Authol'ize<l-
Number .................... .. 30, 100 
Pnr voLlnc .................. . $65, 000 

Issne11-
Nn1nber ........... .......... . 
Pnr vu.11rn ...•..•.••••.••..... 
IntureHt ptti<l. ............. .. 

30, 100 
$Gf>, 000 

$2, 850 

()~,200 ~l,llltl 1,550 
$170,000 $G8fl,300 $11i'1,000 

I 51,.rn2 1~. rnu l,,JOo 
$120, 100 $'135, 800 $UO, 000 

BO, 000 
$30, 000 

BO, 000 
$80, ouo 

$1,fiOO 

$8,?:JO $1,fiOO 

1,.100 
$ll0, 000 

1,308 ........ 

$R0,:100 1·------· $1,200 ....... . 

100 ...... .. 
$3fi,OOO 

100 
$35,000 
$1,:Jflll 

1 Jnclm\es comp1tnics clistrilmtcd us follows: Arkansus, 1: Ct11ifornin, l; Mis
souri, 2: New Ynrk, 2; Virginin, 1: 'Viscorndn, 1. 

2 Inc~lucles compn.nic-s distributed us IollowR: .Ark1tnRns, I; ~IiH!-liouri, 2; New 
Y1u·k 1 I. 

Ten o:f tho incorporated companies were in Pennsyl
vm1ia, 4 in Georgia, 2 each in :Missouri nnd New York, 
1 each in Arlmnsas, Ordifornia, Virginia, f111cl Wiscon
Hin. The c1Lpital stock and fnncled dP,bt of the Penn
syl vani!1 companies was 68. 7 per cent of the totnl. The 
pm· vf1luo O"r the capital stock: issued by all the compa
nies was 68 per cent of the total par valno authorized. 
The bonded i ndebteclness was 6. 9 per cent of tho capital 
stock and funded debt. The cliviclencls paid amounted 
to 1.3 per cent of the total stock issued and 3.4 per cent; 
of the total stock on which they were declared. Eighty
nine and five-tenths per eent of the tobtl amount paid in 
dividends was declared on common stoek and 10.5 per 
cent on preferred. Of the total dividends, 86. H per cent 
was paid on the stock of the Pennsylvanilt mines and 
13. l per cent on the stock of the mines of "all other 
Rtates." 

Employee8 and 1oage8.--The wage-earners were 80.3 
per cent of the s11lariecl employees and w:ige-earnors, 
and their wages were GG.4: per cent of tho total salaries 
and wages. Ther0 were 7.3 wage-earnerB to a mine. 
Of all the states, Pennsylvania had by far the largest 

number of wage-o:wners, leading with 57.8 pPr cent of 
the total number :md ll3. 2 pm· cent of the total wages 
paid. Georgia was next with 25.4 per cent of the 
wage-earners nnd l8A per cent o:f the wages pnJd, 
the remninder being divided between J\farylm1d, New 
York, and " all other states.'' Of the total mun lier of 
wage-rntrners in all the mines, 20. 8 per cent were unclnr
gTonnd. Pennsylvania had 78.8 per cent of thcHc under
ground woTkcrs rwd Georgia the rcnmindcr, or 21.2 per 
cent. 

The average number of wage-earners employed dur
ing each month and their d:dly mtPs of pay by occu
pations are shown in Table a. The nmulwr vnried little 
the year through. The busim;t months were :1ppar
cntly September :md October,·and the least busy, Feb
rmuy and March. 

No particuhir skill or experience is required on the 
part of a miner in this industry, therefore the rates of 
pRy shoulcl not be comparNl with those reportocl for 
miners whore grmiter skill is 1ieces:-mry. The mines 
are worked hy open pihi, slrnft.s, or tunnels, nncl in 
some cases the ore is gronn<l, tloiited, drind, or other
wi;;e prepared for nmrkct at the mi11m:1. Of the totlil 
number of wage-rntrncrs, DO, or 85.2 pP.r cent, :ire clnKsccl 
n::; miners or quarrymen, and 102 ns '' nll other wnge
Oltrners." Of the DO minors, 24 received from $l. 50 to 
$1. 74 per tfay; 28 frmn $1. 25 to $.1.-1D; and 21 from $0.'i'fi 
to $0. 9H. Of the "all other wiige-earuers" rcportocl, a2 
received from $1 to $1.24 per clay 1111cl 81 from $1.50 to 
$1. 74. These men 11re <'mployecl doing miscell:meons 
work around the qmtrricH, sorting tho orn, washing m1cl 
!muling it, etc. The mte of pay of tho hirgeRL num
ber, SG, for nll occnpationR wn.,; :from $1.iiO to $1.74: 
per clay. Those receiving tho higlH~Rt dni ly mtc of pay 
were engineers, nuwhinists, c(;c, 

/}upplle8, 11ude1·ial8, rtnd 111JN011lla1wo1t8 eit'J.>en.~es.
'rho amount, $58,07:1, reported as paid for supplies 
m1d materials, is the largest expcmclituro :for m1y one 
item excepting witges. Of the amotmt, $24:,8\l::l, rn
portcd for miscellaneous expenses, $.1:3,B21i, or 5:-l. IJ per 
cent, was expended for royalties and rent, and $ll,5li7, 
or 46. 5 per cent, for rent of oJli cos, t:ixes, insurance, 
interest, and other sundries. 

JY.feolwm:cal powe?'.-0£ the 85 operators from whom 
reports were received, 21 reported t.he use of power, 
the tofal being 1,840 horsepower. O:f this, 1,200 horse
power, or 65.2 per cent, was stemn; 51>0, or 2H.n per 
cent, water wheels; 50, or 2. 7 per cent, hydmnlie pump; 
and 40, or 2.2 per cent, gas or gasoline. Of the steam, 
545 horsepower, or 45.4 per cent of tho total, was used 
in Pcnnsylvanfa; 185, or 15.4 per cent, in Georgiu; 
and the remainder, 470, or an.2 per cent, in Mary
land, New York, !lnd "all other stiites. '' Of the water 
wheels, 500 horsepower was employed in Pennsylvania 
and 50 in New York. "All other states" had all tho 
gas or gasoline horsepower, and Georgia the hyclmulic 
pump. 
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MINEHAL PIGMEN1.1 S, UHUDE. 955 

Froduot/on.-Tho United States Geologicttl Survey 
has published annual stati;;tics concerning tho quantity 
and Yftlue of minoml paint;;, beginning with 18D4·, irnd 
of some of the sulwhts;;iticn.tions from various date:;, but 
these stlttistics ttre not comparnble with those of the 
census, for the reason that they ineludo tho mimufacture 
of tho ore into paints mid are not limited to the value o:f 
the crncle ore at the mines. The Census stittistics for 
1902 include only tlmt pitrt of the mam1f1wture which 
is done at the rninmi mid which it is impossible to seg
regnte, the mining and nutnnfocture being in such 
cases accompfo;hed with the siuno capital and under the 
same marntgement. From the reports received for 
mo~, the variom; ores and cln.ys from which mineml 
paints were made rang·ed in value :from $1 (for reel rock 
pigment) to $80 (for zinc whi.te) per ton. The average 
Yltlne per ton was $10.17. Allommcc must be made 
for the great vnritttion in the rwerng·o value due to the 
compamtively wide mngc in qunutities and mn,terials. 
The classification of crude minoml pig·ments includes 
yellow, gray, trnd brown ocher, umber, sienna, ;r,inc 
white, white mineral (gyp:mm), slate (:·mld :for pigment), 
cttrbo1rnte of iron rmd of ;r,iiw, oxide of iron, itncl other 
pigments. vYit-J1 m·.lwr some of the previous eeusnf\CS 
have ineludecl tt little of mnlnn· and sienna. Oclrnrs 
nrc known as those days to which the natuml mixing 
of iron peroxide and water hn:-; impttrtecl it brig·ht reel 
or reddish-yellow l'Olor, while the iron pignrnnts nro 
those from which the chtrker l'Pcl 01' brown paints ttl'O 
made. In the statiRtics of production given nt the 
census of 1!)02, there tll'e by-products of 3UO tom; of 
soapstone used :l'or pigment, valued' nt $~,:HO, nnd 18 
tons of· slate, valued at $5~5. The capital, wages, and 
other expenses attending- the production itre given 
unckr '' Title and soapstone" and ''Slate." 

A detailed sumnrnry showing tho statistics for crude 
mineml pigments during· ln02 is given in Table 3. 

D ESC.lUPTIVE. 

Pigments are sub::itances, hoth 1mtural and artificial, 
which are usually insoluble in water, oils, and other 
neutral solvents, and are used to impart color to a body 
cithc1· by surface adhesion or by direct aclmixtnre with 
its substanee. Generally there is no chemical combi
nation between the pigment and the body it covers. 
'Vhen mixed with fL 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 natnral pigments, the only ones with which this 
report is concerned, are nmong the most importlint but 
itre fewer in nnmbe1· than those prepared artifieially by 
chemical precipibttion or other processes. According 
to Thorp 1 the chief pigments are classified as follows: 

H'liites: ViThite lend, lead sulphate, lead oxychloride, 

1 0utlinesof Industrial Chemistry, hyF, H. Thorp. New York 
Z\Iaernillan & Co., 1898. 

;1,inc white, zinc sulphide, harytcs, g·ypsmn, and whiting. 
Blues: Ultmmarine, Prussian blues, smalt, cobalt 
blues, copper blues, and indigo. Y/olet: Ultramarine. 
G1'e1ms: Ultmmarinc, Brunswick gret:n, chrome green, 
G·uignct's green, copper greens, all(l coppfff aucl arsenic 
greens. Yellmo8: Chrome yellow, yBllow ocher, cad
mium yellow, orpiment, litlutrgc, gambogc, and Indiitn 
yellow. Orange: Omnge mineml, chrome Ol'ltnge, n,nd 
antimony orange. Reds: Reel lead, chrome rnd, red 
ocher, Venetian red, vermilion, realgar, nnti.mony red, 
ttnd cttrmino. B'l'Ow11.N: lhnbers, Vandyke brown, and 
:·mpia. Blauks: I~n.mpblack, ivory black, bonehlitclc, 
and gmphite. 

lmn oxide p1:g11wntN.-'l'he irou oxide pig·ments nre 
used to make chnk reel or brown paints, being known 
in the trnde as "natum] reds." 'l'hey ttre classed its 
nutnml and ttrtificfal, the former (metallic pitints and 
mort!tl' color) being- chiefly made from brown iron ore 
itnd ferrug'inons shale::;, aud the fatter (Venetian reel, 
Tuscan red, and Indinn red) from cn.lcining coppems or 
coppems residues in a fnrmtce yielding ferric oxide 
(:Fe20 3) in a state o-f very fino division. 

Although the occurrence of iron oreB in the United 
States is widespread, and enormous deposits exist at 
many plttces, there n.re very few localities in which the 
material is of snitahlo phyf!ical and chemical composition 
for mtmnfactm·o into metitllic ptdnt. 

The ores reported for use in the mtumfacture of 
metallic paint and mineml paint were mined in Anne 
Anmdol and Bn.ltimore counties, .Md.; Carbon county, 
Pa,; .Tames county ,Tenn.; H.utlitnd county, Vt.; Bedford 
county, Vit. ; 1tncl Dodge county, ·wis. The mortar 
Ml ors were all reported from Northampton county, Pa. 
Other iron pigments reported were mined in Cattarau
g·n:; county, N, Y., and Carbon and Wyo ming counties, 
i)a. Tho Venetian reel reported was all mined in Anne 
Arundel county, M1try land. 

The fron oxide paints are highly esteemed for some 
purposes on account of their freedom from poisonous 
ingredients which are found in some mineral paints, and 
bectmHe they resist to a marked degree the effects of 
liµ:ht, heat, ~ud moisture, a qtrnlity which renders them 
of grcn!; v1tlne :l'or outside or exposed work. Ochers in 
!"tcldition re:;iist the destructive ttction of s111t 1tir, itncl itre 
therefore of special value in localitie:; at or neitr the 
seacoast. 

A certitin proportion of metnllic paint is used as a 
eoloring 1mitter in n1ortar making, and appears in some 
cfassificatio11s under the title "mortar colors." 

The mining itnd prepn.mtion of the crude ore for the 
nmrket itre very simple processes. The ore, generally 
obtained by open-cut or quarrying methods, is disinte
grated by exposure to the atmosphere, carried to it mill, 
roughly crushed, dried, pulverized, itncl passed over a 
screen of bolting cloth or through some type of pneu
matic sepamtor, 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 .. 

Ooliers.-The name ocher is applied to clays and 
other earthy bnses confaining in their natuml state 
sufficient ferrous, or :ferric oxide or hydroxides to 
impart to the mass a bright red or yellowish-reel tint. 
The color varies from a golden yellow to a dark reel, 
occasionally possessing vitrious tints of blue 1111cl green. 

The ochers reported were mined in Clay county, Ark.; 
Calaverns and Stanisl1Lus counties, Cal.; Bartow and 
Richmond counties, Ga.; Berks, Lehigh, Luzerne, and 
N6rthampton counti.es, Pa.; Rutland county, Vt.; and 
Page county, Vii. The sienna reported was mined in 
Washington county, N. Y., 1Lnd the umber in Lawrence 
county, Pennsylvania. 

The ochers have heen used us paints from 11 very 
early date, the oldest applications positively recognized 
having been made in Italy, though it is believed that 
some vn.rieties were in use still earlier by the Egyp
tians and Greeks. In modern times the ochers were 
first mined nnd prepared in Italy, and the siennas and 
umbers derive their names from the ltnlian towns in 
which they were manufactured into pigment::-;. 

Odrnrw are cl11ssifiecl in many w11yH, according to the 
lomility of occurrence, the composition, and the speci1il 
shade of color. Pmctim11ly they may be grouped into 
yellow, reel, and brown. Yellow ocher is tlmt which is 
colored by a ferric hydroxide. Reel ocher owes Hs tint 
to ferrfo oxide, and it is therefore evident ti.mt red 
ocher may l1e prepared nrtiiicially hy expelling the 
water from yellow ocher by calcining in ti furnace or 
kiln. Brown ocher is reel ocher modified by the pres
ence o-f black mang·anese' dioxide, which in Vftrious 
proportions yields IL farge rang·c of 1Jrowu colors, notti
bly sienna brown, umber, Vandyke brown, nnd man
ganese brown. 

The v1niation of ocher in shacle 1wd in quality de
pends chiefly, but not entirely, upon the proportion of 
iron oxide present as well as the qnauti ty of water 
combined with the iron oxide. A red ocher, improperly 
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 adnltemtion 
than the ochers, for the reason that any filler that can 
he used n.clvantag·eously is more costly thm1 the ocher 
itself. Sometimes IL little chrome yellow is added in 
order to improve the tone of tt poor colored ocher, but 
the presence of this adulterant is 1~ery easily detected. 
Oxford ochers are the brightest and best of the mineral 
pigments of this class. They are ohtnined from Oxford, 
Englnnd. The German pigments are often · mlled 
ochers, although improperly so, for the reason that 
they are ligneous ei1rths and not ferrnginous clays. 
The manufactured product varies greatly in quality 
and value, and some of the grades pass insensibly into 
umber or sien ua. 

Umber und sienna in reality are varieties of ocher 

which lrnvc been isolated on account of the brown color 
which is imparted to the natural clny material by the 
nddition of iron and manganese oxide;;; rn w umber is of 
11 brown color, while burnt umber is of n somewhat richer 
and redder hue. Rtiw siernrn ii:; of a brownish yellow 
slmde which ttffords a rich russet brown when burned. 
Intermediate shades of color are obtained by mixing 
rnttnml products with various properties of iron mid 
mangnnese oxides, and sometimes by mixing both rn,w 
and caleined materials together. 

The mining aml prepamtion of ochers, umbers, ttnd 
siennas iire similtu• to the practice described under iron 
oxide pigments, with the exception that at times the 
ground product, in piirt or wholly, i:; first heated in a 
:furnace until the desired color has been obtfdned. In 
place of leviga.ting 1Lnd settling the ground nmteriiil, it 
is sonrntimes passed through a p11ou11mtic sepnmtor 
which yields an impalptibly line and uniform proclnct. 

Slrtte, 8lwle, and soapNtoue.--A :few tons rntch of slate, 
shale, and soapstone (the last-named being ti vn.riety of 
the mineml talc) arc annually ground in the United 
States to produce a gTay-colornd pigment mmcl chieiiy 
as a filler for mineral ptduts, espechilly those oi' the 
viiricty called fire-retarding. 

Gyp81tm .. -K.uown !Llso as term alba itnd mincml 
white, is a natuml hyclmtecl rnlcinm snlplmte (UaS(\, 
2H20). It itJ used to a minor extnnt nR a pigment for 
printing witll pttper. The method of nmking this 11ig
ment consists in gri ncling the miueml n.nd treating it 
with ucicl in order to remove tuiy tint or color l'eRnlting 
from the presm1co of iron oxide. The gypsnm, en· white 
mineral reported in 1D02 was mined in Capo Gimrdc11n 
count)', Mi:,;souri. 

...:irti'.jiut'.ol jJl{;m.ent8.-ln addition to the imturnl iron 
oxide pigments, made by a simple wm:hing and grind
ing of pure crude ores, there are two very important 
artificinl iron oxide pig·ment:,; made hy ronsting tho 
residuum obt!tined from nrnking coppcnu;, or green 
vitriol (FeSO,, 7Hp). One is Venetian red, compo8ed 
n1most who1ly of artificial iron l'Jcsquioxide, and the 
other Indiitn reel, which is comprist~d o:f 11bout 40 per 
cent of iron sesquioxiclo, the lmhtncc heing mainly · 
calcium sulphnfo, made by 1Ldcling a certain proportfon 
of lime dnring or before the roasting. 

There are two methodH of numnfn.oturing these arti
ficial reds, the ''dry" and the ''wet." In the former 
method, which i::-; the cheaper for the low grades of 
oxides, the impure coppems is roasted in a furnace with 
lime or similnr im1tcrfal, in order to neutralize the 1tcid 
in the sulphate until the desired strength and color of 
the product are obtnined. Occasionally copperas alone 
is roasted until the acid constituent has been eomplotcly 
expelled, leavingthe residuum in the form of pure iron 
Besquioxide; a :filler (whiting or gypsum) is then added 
in proportions to yield the desired grade oji 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 manufact1ue of 
the general gTndcs of Venetian red, hut yields a les1> 
uniform product than the dry method. In prineiple, 
the waste liquor from the cleansing· or pickling process 
in p1·eparing iron wire or plnfos for gtilvanizing by 
immersion in wcitk sulphuric acid is trmited direct by 
the itddition of milk of lime, Rodium carbonate, or sim
ilar i•eagents, which precipitates the iron as it hydrate 
or carbonate to the bottom of the tank. This precipi
tate is subsequently separated from the liquor by filtm
tion through a press, the dried cairns remaining· therein 
being subsequently roasted in furnaces, cooled, and 
packed for the market without grinding. The prnclnct 
made in this manner is not uniform in quality, an cl has 
hut n lim~ted use. 

Hematite ore is sometimes ground nnd sold aH Vene
tinn reel. The natural products, however, are inferior 
to the nrtificfal and do not comnmncl RS high a price. 

Formerly the iron oxide pigments nmcle in tho United 
Stn.tes Clid not contain more than 50 per cent oi' iron 
oxide, the' hig·hcr grades being imported. Hecontly, 
however, the· nse of it crucible furnace of :,;pedal dmrign, 
which gives good control of the lumt imcl of tho oxicb
tion, has raised tho grade o:f tho product to pr1wti(~nJly 
100 por cent of iron ·oxide. 

In1provemenh; luwc also been nmde in the wet proc
ess, ehicfiy in tho snbstitntion of mocluinical applitmcoH 
for hand labor, which lrns lessened the cost oi' produc
tion and given a more uniform produot. 

Otliei•'m'i'.neral p/y111ent8.-Among other minemls used 
in pm't in the nmnnfoctnn~ of paints nrc lmrytes, asbes
tos, graphite, ancl nspbaltnm. 

The mineml ii; gencmlly prepitrcd as follows: Tho 
crude ore is hand sorted and the limestone rock nncl 
other foreign nmtm·ii1ls remoyed; the selected oro i::; 
then crushed nncl hoilNl in d_ilutc sulphuric acid in order 
to remove any remaining impurities, chiefly iron oxide, 
which may impart It tint. or color to tho product. The 
mnterinl is then thoroughly washed iifter boiling· to free 
it :from acid or soluble salts ancl iH finely ground and 
put on the market in four Y!trietimi: No. 1, No. 2, No. 
3, and "floated" or water sorted. 

Barium sulphate, known as "hfonc :fixe," which has 
been precipitated arti!-ichtlly HH a by-product in some 
chemicnl industries, is used to a eonsidemble extent as 
!l filler and pigment. It lrns more body and grmiter 
capacity and covering power than the 1rntive mineral 
barite, for the reason thttt it is amorphous while baritc 
is cryst1illine. 

The chief use of bitrite iR as it pigment which is usu
ally rnixod with white lead. In the United Stn.tes it iH 
regarded as an adulterant which depreciates the value 
of the i)aint, but in Europe it is considered a valuable 
addition, and in many cases a pigment composed of a 
mixture of ha.rite and white lend is considered more 

serviceable than white lead 1Llone, for the reason that, 
owing to tho iusolubili:ty of httrite in aeidtl, it imparts 
elasticity to the mixture, givt's n greq.ter body to the 
ptdnt, m1cl resists the inlluonce of the weather betterthnn 
white lettd alone. 

A considerable qunntity of lmrite is used in the :form 
of lithophone, which i8 nn artificial compound of lmrium 
sulphate, zinc oxide, and zinc sulphide, obtained by 
precipitriting· zinc sulphide nnd barium ::;ulphate by n 
mixture of solutions of zinc sulphate mid barium sul
phide, tho precipitnte being wnshod, dried, and calcined. 
A type composition is given as: Bttrium :·mlphate, 68 
per cent; zinc oxide, 7.2 por cent; and zinc sulphide, 
24:.8 per cent. The composition, however, varies with 
the different makes. 

Asbostmi cm1 lrnrclly be classed as it pigment, although 
when used ns a filler its white eolor lightens the color 
of tho material to which it is added. The chief nse of. 
tt8bet:itos in paint nmnnfactnre is to yield n so-cal1ec1 
noninflanmmble or iireproof pnint. The fibrous viirie
ties of title nre also used for this purpose. Only a 
small proportion of the total production of asbestos in 
the Unitecl States is utilized in paint 1111mnfactnre. 

Both the 1rnturnl mineral aJHl the 1trtirlchil product 
made in the electric furnace ttre used tts a hhtck pigment 
nnd in pencils, crayons~ and in sto1•e polish. The color' 
of the pigment is n. dull black and permanent, and on 
account of its resi8tnnce to the action of the ntmosphere, 
ns well ns tlmt of ordinary chemicals, it is of great value 
as the basis 01' it protective pitint for coating· oxidizable 
metals, chiefly iron and steel, 

The pnrer grades of nsphaltum are largely used as a 
hfishi for the nmnufacture of it blfick varnish, and as a 
protective paint for the interior of chlorine stills, 
bleaching powder clmmbers, aeid tlinlrn, imcl like appa
nitns. Asplmltnm i::; not actnd upon by ordinary chemi
cals, ancl for this reason it is invahrnble for protecting 
strnctnres of iron, steel, and even wood, which would 
be rapidly destroyed by acid fumes unless coated with 
some inert material. 

Whiting, or Pitris white, is composed of calcium car
bonate (CaC03). Calcium carbonate occurs quite oxten
si vely in nature, either in the crystnlline form, as the 
well-known mineral calcite, or calc-spar, or in the com
pact form, such as nmrble ttnd limestone, or as the soft 
compact variety known as clrnlk. It is produced arti
ficit1lly as a by-product of umny chemical opemtions. 
The whiting used in commerce i8 generally prepared 
by grinding itnd levigating pure chalk, large deposits 
of which occur, notably in Engfand and France. The 
chief use o-f whiting ns rt 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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'LuJI,1" B.-DE'l'AILED SUMMA.HY: HJ02. 

Nun1ber of tniI1CH u1· llllltrriL·~ ...................................................... - . - · - ·. · - - · 
Numlwr of opemto1·s ..................................................... - - ................. · 
Clumwtor of ownership: 

1~1~~-i:~l~'.\~:::::::::: :: : : : : : : : : : : :: ::: ::: ::: : : : : : : : :: : : :: ::: : : : :: : . : : : : : : : : : : : : : :: ::: : :: :: : 
Incorpomterl com1mny .................................................................. . 

St1l!uletl 01lleh1ls, darks, uto.: 
•rotttl numhor ............................................................................ . 
Total Rallirics ............................................................................ . 

GetH.ffltl ofilt~urs-
Number .......................................................................... . 
Snlnr!es .......................................................................... . 

Bnpurintc.udent:;i, n11uutgc1·s, foremen, E'nrveyors, ete.-
Number ......................................................................... .. 
S11!11rles ......................................................................... .. 

Foren1cn. below ground-
Numbm'. ......................................................................... . 
Sn.ltLrie~ ............ .............................................................. . 

Clerks-
Nnmber ........................................................................ . 
8alttrie~ ............... ............................... _ .......................... . 

Wngo-earncrs: 
Aggreg11te ttvcmgc number .............................................................. . 
.. A.ggrcg11tc~ 'VflgGH .......... - .. - - - - ..................... - .... - ..... - .................... - ...•... 

Above gmnnd-
'rott1l 1tvenigc number ........................................................... . 
Tota.I Wllgt\s ......... _ ............................................................ . 

EnginecrN, :flrCinen, u.nd other meehanics-
Average 11t1n1ber ••..... ........•.•.•..•••••...••••...•.•••.•..• ___ ......•• 
Wages .............................. '. .................................... . 

Miners 01· qtrnrrymen-
Avemge number .......................................................... . 
Wages ................................................................... . 

All otherwnge-e11rners-
A ver11go 1111mher ..........•........•..•................•.....•.•.......... 
Wages ................................................................... . 

Below gronnd-

~~i~l ~~;:i~~~ -1~~,~-l~~~:: :: : : : : : ::: :: : :: : :: :: : :: :: :: : : :: : : : : : : : : : :::::: :: :: : : : : : : : : 
Miners-

Avernge r1um1Jcr ....... .....................................•............. 
W!\ges .............................................................. .. 

Miners' helpers-

~~~:.~g~-~~'.1~~?~::: :: : : :: : :: :: : ::: :: : : ::: ::::::: :: : : : : :::: :: ::::::: :: : : : : : 
All othci• w11gc-e1trners-

A ver11ge number ......................................................... . 
Wages ................................................................... . 

Average number of wngo-earnm·s at specilled daily mtes of 11ay: 
Engiueers-

$1.00 to$1.24 ......................................................................... . 
$1.25 tc> $1.49 ....•..................................................•••.•••••.......... 
$1.50 to $1.74 ................................................... '' .................... . 
$1. 75 to $1.119 .. • • • .. • .. . ............................................................. . 
$2.00 to $2.24 ......................................................................... . 
82.50 to $2 74 ......................................................................... . 
$3.00 (() $3.24 ............................................................. - ........... . 

Fire1nen-
$1.00 to $1.24 ......................................................................... . 
$1.2ii to $1.<19 ......................................................................... . 
$1.50to$1.74 ........................................................................ . 
$2.00 to $2.24 ......................................................................... . 

l\fachinists, blncksmit!rn, carpenters, ancl other mcch11.nics-
$l.OO to $1.24 .......... , ............................................................. .. 
$1.50 to $1.74 ......................................................................... . 
$2.00 to $2.24 ... ___ ................................................................... . 
$2.50 to $2.74 ......................................................................... . 
$3.00 to $3.24 .............................................................. _ .......... . 

!lfine1·s or q1111rrymen-
i!-0. 7fl to $0.99 ......................................................................... . 
$1.00 to $1.2.J ......................................................................... . 

~Ug l~ ~U:J: :: ::: : :::::: :: : :: : :: : : : : : :~: :: ::::: ::::: ::: : :: : : :: : : : : : : ::: ::: :: : : : : : : : : : 
$1.75 to $1.99 ................................ : ........................................ . 
$2.00 to $2.2-1 .................. : ...................................................... . 
$2.50 to$2.74 ........................................................................ . 

Miners' hdpers-
$1.00 to $1.2,l. ........................................................................ . 

'$1.iiO to $1.74 ......................................................................... . 
$1.75 to $1.99 ......................................................................... . 

Timbermcn ttncl track !11.ycrs-
$1.50 to $1.74 ......................................................................... . 

All other wiigo·carncrs-
$0.75 to $0.99 ......................................................................... . 
$1.00 to $1.24 ......................................................................... . 
$1.25 to $1.49 ......................................................................... . 
$1.50 to $1.7L ............................................................... , ....... : 
$1.75 to $1.!lll ......................................................................... . 
$2.00 to $2,2-1 ....................... -> ................................................ . 
$2.50 to $2.74 ......................................................................... . 

Average number of wage-eitrners employed during each month: 
l\!en 16 yettrs tmd ovcr-

J 11111rnry ............................................................................ .. 
February .......................................................................... .. 
M1trcl1 ............................................................................... . 
April .............................................................................. .. 
i\lay ................................................................................. . 
June ................................................................................... · 
July ................................................................................ .. 
August .............................................................................. . 

~~~~b~l~~~:::::: :: ::::: :: : : : : : : :: : : : :: :: : :: : :: : ::: :: : : : : : : :::::: :: : : : :: : : : : : : : : : :: :::: 
November .......................................................................... .. 
December ................................................. _ ......................... . 

Uuite1l 
Stutes. fiet)rgin. Marylttn<l. New York. Penrn·wl

vnni1i. 
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lVIINERAL PIGMENTS, CHUDK 

TABLB 8.-llETAILED SUMMARY: lll02-Continuecl. 

Mlsc•cllnneons expenses: 
'l'Olll\ ............. · ........... ····· .............. , ................................. , ..... . 

Hoy1ilties 1u11l rent of mino m11l mining pllrnt ..................................... .. 
Rent of oflices, tnx.ci-;, insurn.nce. intere8t nrnl other Hlln<lrieH ....................... . 

cost of m1ppliPH nnfl nmterl!tls ............................................................. .. 
l'rncluct: 

llniled 
HtnteH, 

Q.unntlty, short tmlH....... ..... ............ .... .......................................... :·lfi,,17U 
. Vnluc.............. ............ ... ... .. . . . .. .. ...... .. ... ............ .... .. .... .... .. .... $:lGO,HH5 

Power owned: 
Totnl horsepower .................................................................... , .. .. 

Enginex-
Stenm-
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lTOl'8CJH1,VCl' •••.•.......•..•.....•..................••....•..••...•.•..••..... 
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1 1 
1\0 ~5 
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All other 
HlalcH, 

_, .. ~ 
--~ -· 

$21,2/;\) 
$12, Ofil 
$8,flOR 

$22,81G 

20,807 
$2,16,3-!G 

l,Q.15 

rn 
5.15 

$1, 191 
$50 

$1,IH 
$20, 12G 

fi, 203 
li'f>O,Ulfi 
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