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STEEL HARDENING METALS. 

By .Tosm•u lJYDN PrtA'.rT. 

Under the bead of Htcel hardening mctflls arc ineludml 
those metnls used or experimented with in the hardening 
of steel, n.lthough some of them are usf\d more gencmlly 
for other purposes in the form of l'Ompounds. The 
metals belonging to this chtsH are nickel, ehromium, 
tungsten, rnolybclenum, titanium, lll'ftnium, and vamt­
dium. The Htati:,:ti<'8 in this report relate to the pro­
duction of the ore J'ro111 which tlwsf\ 111ct1tl8 arc obtainml, 
except thut the Jig·m•ps for niclrnl trnd colmlt ttrc for the 
mntto made at tho mines. In the mincml chui:,:ilimtions, 
chromium 11ppetu•s a:,: chrome ore, nickel as nielrnl nnd 
cobalt, and titanium as rntilo. Manganci'le naturally 
comes under tho lrnacl of :,:tee! lrnrdoning metalR; but, 
on n.t>cotmt of its comparatively large pl'odnction, it i8 
treated scparntely. Niekol and chromium hnve been 
presented sopamtely at former cousu8eH, hut the 8tatiH· 
tics of the remaining metals lmvo not been proviou:-::1y 
shown. 

The statistics collected ttt tJw eensns of 1D02 for the 
stm:-1 hardening metals arc HUlllmarizml in 'I'able 1. 

Ntuubcr ofn1ines ....... .' ............. . 
Ntunt.wr of opur11tors .................. . 
Snlf1ril!d oilkin..l!-1 1 elerlrn, eh.'.: 

Nmnbcr ........................... . 
Snl1tr!t·s ........................... . 

'Vnge-eur11erH: 
..:\..vorng<.~ 111nnbnr .... ............•.. 
'l'otnl wng('"· ...................... . 

Contmet work ....................... .. 
).[isecllln1couH cxp011ses ............... . 
Cost of i;nriplics 1tml n11tteri11ls ........ . 
Product:• 

Qnan tit;·, slwrt tm1s .............. . 
Ynlnc ............................. . 

'runi­
Hhm. 

Uranium Al~tZ~li'e.r 
imd lrnrden-'l'ot111. vmrn- ing 

cl!mn. meltifa' 

12 
12 

\l 
$:l, 7-10 

2 
$H,fi00 

~fl 2 Ul 
$~0. 011 $1, 2(10 $17, 0·10 

oll:82fi 
$7afl • • • .. $i:io · · .. · · $·iuo · 

$:!, 6ii~ $210 $3, 010 

·l, ·l·J.l W·l 3, 810 
$8:!, 717 I, $5, U7fi $48, 125 

I\ 
fl 

1 
$2<10 

r. 
$2, lill 

$82fl 
$12fi 
$·132 

·liiO 
$29, (lJ.7 

1 Inl'ludos operutors as follows: Clmmrn ore, J; molyhtlounm, 1; nlolrnl 1111<1 
eol.JnH, 2; aucJ rntilc, 1. 

•The United St1tteH Gcologfo1tl Survey <locH not report the vnlne of tnngsteu 
nnd molybdenum, nor docs It muler thiH el!t"Hilkntlon present the otllermet1tlR. 
Tlie l'Cpol't for niekcl Is for tlw rctlned: for eolmlt, the oxi<lo prepnrecl from the 
ore: while Ccmsus llgun•s aro fm the uielrnl and uobttlt mltttc nt the mine. 

Besides the min0B reporting ti production dnring 
1902~ 7 were idle. 'fhei:;c have been worked to some 
extent during the past fnw years, some of them becom­
ing producers, while at others the work has been that 
o:f development to prove tho existence of ore in quan­
tity. The uncertainty of the demand for most of the 

ores lrn8 been the principal en.use of their uonproduc­
tion. These idle 111ines wore distributed, by states, as 
follow:,:: Arizona, 1; California, 1; Colorndo, 3; Nevada, 
1; nucl \'Ti:-::consin, .1. They wore owned by 5 indi­
Yirhmls and 2 incorporated eornpanie:,:. 

The total number of mine:,: opemted in Hl02 was 12, 
distributed mnong 7 states, HR follows: California, l; 
Colorado, O; Connecticut, 1; .Mi:,:somi, 1; Oregon, 1; 
Virginift, l; and vVashington, 1. Of these 12 mines, 
±-3 in Colomclo and 1 in Connecticnt--producecl 
tungsten, and 3-ttll in Coloru.do-prodncecl untuium 
and vmrndium. 'Whore there iu·e less t.lmn 3 opemtors 
mining any one ore tlrny are indudcd in "itll otheni." 
Of the 12 operators engaged iu the production of these 
metals, 8 were individuals, l 11 firm, mid 3 incorporated 
companies. 

The tob1l valnc o:f the outstanding mtpitnl 8todc of two 
of the incorporated companies was $200,000, with no 
bonded indebtedness. The entiro authorized stock, all 
of whieh iH common, !ms been i~suecl, the :-::bares mun-
liering 1,001,000. I 

Of the three incorporated tmmpanics, one which pro­
duced nickel and eobalt, i8 not included in this table, for 
the reason that lead was it8 principal product, niukcl and 
cobalt being n'rnrely by-products, and accordingly all 
statistics for this compnn,Y, with the exception of the 
qun.ntity aml vttlne of the ·nickel and colmlt produced 
by it, arc included in t.he report on lend. 

Pmd1wtlon.-The total production of these various 
01·e~ reported in Hl02 wits ±,±±± short tons, viiiued at 
$88, 717. Of this production 85. 7 per cent of the quan­
tity arnl fi7.5 per cent of the v111ue conHisted o:f uranium 
and mnaclinm, the remainder being· about l pltrt tung­
l'lten tincl 3 parts ''all others." 111 quantity the produc­
tion of ehrome ore W!18 t1eco11d, or next to nmnimn and 
fltnndinm, hut in value was fifth. 'l'ung-stcn rnnked 
third in qrntntity and fomth in value; rntile, fourth in 
qunntitytmd sixth, or lowest, in value; niekel and cobnl t, 
fifth in qtutntity and third in value; while molybdenum, 
mnking lowe8t in qmmtity, Wtts second in value. 

The nickel and cobalt ores were eoncentruted into a 
matte which was valued rtt $352 per ton, of which value 
about five-sevenths was due to the colJrtlt contents and 
two-sevenths to the nickel. 

( HG:l) 



MINES AND C~UARRIES. 

The average value per ton received for the chrome 
ore in l!J02 was $14. 50. A sbrndnrcl chrome ore con­
tains GO per cent of chromic oxide (Cr20x), hut for 
every unlt :ibove this there is an increase in value of 
from 75 cents to $1 per ton; while, on the other hand, 
there is tL much gTeate1· deduction for every unit below 
50 per cent. For some uses, as in the lining of fur­
na('os, chrome ores as low as -10 per cent of chromic 
oxide can be used. 

The reported .value oi' crude tungsten ores ntried 
from $±.68 to $±5 per ton. Before this ore is put oi1 
the nuirket it is more or less concentmted. An ore con­
tt1ining· from GO to 70 per cent of tungstic oxide will 
bring in tho geuernl nmrket, from $102 to $200 per ton. 

Molyhdmrnm ores hiwe been valued at from $100 to 
$1,500 per ton, hut the actirnl market value for these 
ores, when they are in com>tant demand for mturnfoc-

tnring purposes, will ho ntmror $100 per ton for a 50 to 
55 per cent ore free from copper. 

Tho valno of uranium and Ymmdium ores is tLl:iont 
$12.GH per ton for crnde ore, which anmiges from 
5 to \l per cent of the oxides. \Vhen com•ontrnted, 
these ores will bring as hig·h as $320 per ton, the prict'S 
varying with the percentago of nrttnimn and vmrndimn 
oxides. 

The titanium reported at; the census of l,D02, which 
Wtts all in the form of rutilo, was valued nt $1~.50 per 
ton, this ropresonting :l crude prodnct which had not in 
any wn,y been concentmtccl or selcetccl. 

Table 2 shows tho production of nickel and cobalt 
oxide in the United Statei> from domestic m·os from 
1889 to Ul02; also imports 1tnd exports oi' nickel oxide 
und matte. Most oi' the imports are from OtmtLla, in 
tho form of matte, tho refining being clone in this coun­
try. The exports are largely to the U nitcd Kingdom. 

TAn1.rn 2.-PIWllUOTION OF NICKEL AND COBALT OXIDJ•; FROM: 110i\IESTIU ORES, .AND Il\U'OHTS ENTERED FOR 
CONSUMPTION: 188\l '1'0 1\102; ALSO EXPOlt'l'R: l8U4. TO l\l02. 

[Compile<\ from tubll'H of United Sl1tteH Geologle11l Hnrve)', '' Minoml Resoureus of tlw Unltt•<l Htult•s," lUIJ~.] 

YEAll E:rnr:m DIWllMBE!t al-

1880 ............................................. 
1890 ............................................. 
1801. ............................................ 
18U2 ............................................. 
189~-----····· ................................... 
1804 ............................................. 
18U[) .............. ······························ l8UO .... ,. ........................ · ...... · · ...... 
1807 ...................................... 
18U8 ............................................. 
18\19 ............................................. 
1900 ............................................. 
1001. ....... ····· ................................ 
1902 ............................................. 

PUllDUC'l'!ON J<'lUHI JlO!\fERTl(l 
Ul\F.H. 

Nkkel. Co bu It 
oxiclt•, 

Q1rnntity V 1 , q1111 nlil v 
(poumls i. ·it m · (poutuls). 

l~fi'l,tifla $tr,1, ri98 lB 1 \l55 
'l2:l, 488 rn.1,uua Li, 7HH 
118, ·lUh 71,0UU 7,WO 
92,2il2 riu, 739 7,Hti9 
'1U1 3Utl ~:.!,JU7 H,·1:.!:.! 
9,0ltl B,2UU ti, 7tia 

10, :l02 a,mn J.1, 4fiH 
17, 170 1,11;.i 10, 7!10 
28, 707 7,H23 Hl,M!O 
U,141i B, 9li0 fi, 217 
22,541 8,5(i(i 10,2:!0 

ij, 715 3,880 n,.111 
G, 700 3,fi5l rn, atm 
0, 7•18 2, 701 8,7:10 

' 

Il\flJOH.TR JrnTE.Rim l.'OH. ('ONSll!\JPTIOX. 

1'utn\ 
v11lue. 

$'l38,fi03 
,13!), 181 
:lG4, Hfll 
4R8, 1211 
·12ll,,l:H 
:HO,·l:!H 
mm, 74U 
nn1;,tia7 
srnt '..mn 

l, (18:J, [107 
I, 28f>, lllll 
1 1'7» 'l'F"1 1: us3: 828 
1, fl88, 761t 

Nfokel, ninkol or<..i, niekcl 
oxide, 11!Jny of ni<~kcl 

with <'OJIJll!I', nm! nickel 
1nlttte. 

Qunntlly 
(poumlHJ. 

Bfl7, 1!88 
H!B, 8711 

10,1100,(i[ir> 
•l,.187, HUU 

1~ 1 ·127, tl8lt 
9,2HH, 7:1:1 

~.W, Bfifi, 749 
2B, 718, Hl 
27,H~l. ~m~ 
GU,ll\10,2·10 
•J.l,.17U,8H 
fl7,f>ll0,HOU 

117, ilti'1, :!:Ii 
SB, U•12, 710 

Vnluo. 

$1r>ti, 331 
:!70, 27U 
H21, Hi3 
428, Oli2 
HHO, HO 
310, fiHl 
029,UIU 
mw, ,rnn 
781, 48B 

1,5:14,202 
l,2lli,2fi3 
1, 183, 8H·l 
1, H'1U,li20 
1. 4il7, !HO 

Colntlt oxi<lo. 

Quantity Vnhw. 
(pn1t1ll\H). 

.i1,.mr1 $H2,:m 
BB,!1B.K ti3, ~02 
2:!,IH:l •l:l, 188 
32, s:rn fl0,0117 
2H,HM 42, tiUJ 
21,020 2U,8fi7 
au, mo :l\l,8HU 
27, 180 an, '.!12 
24, 771 
:m,1:11 

:H,77:! 
1HJ, :.!·In 

·Hi, 791 OH,8·17 
fl.1,07H 88, Ofil 
71,91iU UH,20H 
70, gi;.1 UH, llr1 

EXl10H'f8, NICJu:r. OXIJIE 
ANH l\IA.TTE. 

qunntlly 
(J>llllll<lo), 

. . . . . . . . . . . . 
···---····-·· ....... ~ ...... 
····-········ 
.• 2 i;23r,; i;8A. 

1, UIH, !.!85 
21 70G,tl0-1 
'1, 2flf),flf)8 
51 Oh7,fl20 
ri,001,:m 
fJ,8tUl 1 tllll> 
fi, HOU,Hfif• 
a, 2~H, (i07 

Vnhw. 

............ 
···-········ 
·-····-····· 
············ 
.... $~.i7; f)11~ 

2i!\I, 807 
tlOO,Ha:I 
9117, :iu1 

1. ~mu, HOU 
l, lfil. ·ffl·l 
1, :1:4'.!, 7'27 
1.f)°.!11 '2.Ul 

U2·l.f>7V 
·~-··- ------ ··---··--'"------~----.. ··- -----··----·--·-··-----·--·---··~-----~----·--~----·---- ···-·---~----~-----· ··----------· --· ~---··-·---

1 hwlu<lus :lii,000 po111H\s of nil'itel from C1umclhu1 miittcs. 

The proclnction of metallic niekel, from 188H to 1U02, 
in the principal producing countries of the world is 
given in Table 3. The French nmnnfoctnrers obtained 
the ore from New Caledonin, Ocennia, and the Ger• 
man from New Oiledonht itnd Norwiiy. 

TADJ,1' 8.-Prorlnclirm r~( nickel in n11rnd1t, F1•ltnnl', and Oermany: 
1889 to 1902. 

[United S!lttcs Geolog-il'nl Snn'C)', "illincl'fl.l Hesomc,e8 of the llnltcrl Stntes," 
l\l02.] 

I CAN AHA. 
----

YllAlt, Qn1111tity 
(pnnncls). Vn..lue. 

-----~---·· -- ------
JR8U .......... 830, 4i7 $·198, 28!1 
1890 .......... 1,430, 742 9:lS, 232 
1891.. ........ 4,626 1 G27 2 1 775, UiU 
189~ .......... 2,'113,717 1, :1!)91956 
1893 .......... 3, 9U2, US2 2, 076, 351 
1891 .......... 4, \l07, 430 '2, Olil, 120 
1895 .......... 3, llllS, 521\ 1, 3ll0, 984 
rnuo .......... 3, 897, 113 1, 188, 990 
mo? .......... 3, 997, 746 l,39ll, 137 
1808 .......... 5, 517, il90 l, SW, 838 
J89il .......... 5, 744, oou 2,0!l7,RIO 
rnoo .......... 1 7,080, 000 :J, ;!27, 707 
1901. ........ ·! 8, 882, oou 4, 707,.100 
1902 .......... 10, li\l3, HO fl, 025, noa 

--"·--··---· 

l<'HANCI~. 

--------
Quantity 
(mctrie 
tons). 

Vnluc. 
.. _ ------·---
3:l0 $321, 900 
330 317, 300 
330 31U, 200 

1,2•1<1 1, 174, 580 
2,0·lfi 1, 175, 720 
lJ 5.15 1, 171\, 720 
l,5r15 l, 03i!, 220 
1,545 87ii, 330 
1,2·15 7QcJ,425 
1,r,.10 887,800 
1, 7•10 1, 003, liOO 
1, 700 I, 020, 000 
1,800 1, '1-10, 000 

-. ~ ....... I 

GERl\[ANY, 
·---··---·--···---
Quantity 
(metric 

(OJlH). 

---
282 
·13·1 
riu.i 
7'li 
893 
f>22 
698 
822 
898 

1, 108 
1, 115 
I, 375 
1, Gli9 

Val nu. 

$279, 08 
·J:lll,4:l 
64'1,48 

0 
0 
0 
0 
0 
0 
0 
0 
0 
~ 
7 
1 
3 

698, 03 
77<1,63 
,14u, 35 
575, RO 
GGO, 90 
710, 98 
670, 48' 
ll69, 51 
!H0,88· 

1, 18-1, 20~ 
1 ••••••••••••••••••••• ----

'LnHt •ix monthH: not HCJlllmt<~ly eluHsiflcc\ pl"ior to .Tuly 1, 18Ul. 

8nmll quantitieR of tungsten ore (woHrnmite) and or 
tnngsten iron, valued at $7,04(), were imported during 
1902. 

The uranium n,nd vanadium ores are mostly exported. 
Salts oi' tlrn metals to the value of about $15,000 lmve 
been annually imported. The vtdue of these imports 
for Hl02 was $12,491. 

Employees and Wa{!es.-The aggregate number of all 
classes of emplo,yees tmd wage-ottrners, as given in Tttble 
5, w1ts 2H, who rclwivecl $24,651 in Sfthtries and wages. 
Of these, 3 wore classified as salaried employees, receiv­
ing· $3,740 in salaries; and 2(i as wage-earners who were 
paid $20,llll in wn,ges. Included with the 3 sahtriecl 
employees was 1 foreman, employed underground, who 
received $1,500 salary. Of the 26 wage-earners, 15 
were employed underground, all of whom were classified 
!1S miners. To this number of underground workers 
should ho added the foremtin classified as n salaried em­
pl9yee, which would make the total number of under­
ground employees 16. 
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The wages received h~, tlw,;e 2H wage-ettr1rnr8 varied 
from 75 cent:'> to $8. 2± per clay; 17, or ()fi.+ per ecnt of 
the t;otal nnmhcr, received from $B to $B.2+ ptn· day. 
That Telatively hig·h wtigcs were paid to these Wttge­
t>nrners is clue to the fact Llmt most of the mining 
of s~eel hardening metttls was in the Wet:1ter11 states. 
The month in which the hirgest ntmilrnr of wttge-

ettl'ners WHi'i employed was .T nly, when the number 
n~ached ·12. The minimum was in ,January, when only 
15 were employed. 

The production of chrome ore in the United State8 
and the import,s of ehrome oro, chromate, etc., from 
188!1 to Hl02, inclusive, are given in the following­
trthle: 

T.IBW 4.-PRODUCTIUN OF OHIWl\lE OltE IN THE lJNI'l'ED STATE14, ANJl Jl\ll'Oll'l'8 OF ClIIWl\IE mm, CHHOl\IATE, 
ET<J.: 188\l TO HHl2. 

PHOJ)UC'l'ltlN. 

Q1mntlty V1thw. 
(\OUK). 

Il\fPOll1'H, 

Uhrnnw ort!. <:hromllll'1trnl hi· 
d1 rnnuite of potn~h. <!hrmni1~ nei1l, 

(iunntity Vitim• Q111mlity 
(tOllH), ' ([>OU!Hls), \r 1 , Qnnnlitl' V 1 IL tll. (pmm<lH). It 1W. 

'rote-ti 
vnlne. 

1!'80 ....................................... "............................ 2,000 $80,000 »,·17"1 I $fill, 782 1, fik0 1 aHh $1il7,21l8 $2, UH $1111, om 
l~lHJ ... - ........... - - . --· .. - ....... - ......... - ........... - ....•... ·-···.... a, r1UU 53, U8f1 ·t,:ma f>7,lll 1, BOI, 18fl ll:l, 111:! 113·1 171, 3fi8 
18Ul ................................... ;. ............................... l,:172 20,fiHO ·l,·Hi\l lOH, 7l\.J 75f), 2fi:1 5fl,~U7 li:J.l 203 11H,Hll1 
ll\02..................................................................... l,f100 2fl,OOO 'I, U3() fifl1 fl7U ·lllli, 972 ~H,Oflfl ii'l 201 H!l,8B8 
isua..................................................................... l,<1rio m,7riu li,:lfi-1 5H1 1i29 U71i, 70ti 78,UHl B, 711H Ml iat-i, 2ni 
18!J4....... .••••. •.•.•..... .. . . . . .. . .. . . . . .•. . . . . • . .•• •..... .• . •••...•.•. H, fiHO fiB, 2:11 a,.J70 BH, Bli4 l, 488, 7Cl2 121\ 7\.ln ll, 1180 837 llH, ll\17 
ll\U5.............. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . ... . .. . . 1, 7·10 lil, 7% fl, 2:!0 82,8·1fi 2, 011fi, 910 !Kl, 2·12 2,08B •JH 2ti·1. f)UJ 
18011... .......... .................. ...................................... 781i li,tili7 H,liliU 187,oJOO 052, 7CJ·J HO,G:!8 2, ·1~U 887 21i8, H2fl 
lii97 ......................................................................................... . 11, 570 1H7, •l3U 1, 829,ol?B 108,•1!17 71I220 ll,4fi7 ao1,:-ma 
18UH ....................................................................................... .. lii, 80-I 2n,23.1 1, mo, 710 Hll, J:l.j fi, :i~\) 1, 758 Htl01 1~G 
1890 .......... : ............................................................................. . lfi, ?OB 28·1,H21i 1, J:l(I, U(l5 7:1,/\10 as, i:i-1 n, :um :lfH,mli> 
1000..................................................................... 1-10 1,400 17, ot2 mm,001 111, 701 7. 7fl8 :m,.m2 1, 2a2 :-nn1um 
HIOI. • • • • • . . • • . • • • • • .. . • . . . • . . . . . . . . . . . . • . . • . . . . . . . . • . . . . . . . . . . .. . • . . . . . . 81iH fl, 7Ull 20, 112 BfiB,108 'J:JO, 99ll ~0,22.J rla, .tn2 Hl, HC.l 408, 1!18 
19()2 ............................... ····•·•·•·· ........................... lllfi ·l,flli7 :rn,mo fl82, fiU7 •••••••••••• j •••••••••• Ull, HJ7 11, lli> flll:l, 71~ 

'i'hc tot!tl ltlllOllllt rmitl Iol' :-illpplios ltllcl Vttl'iOllH other 
cxpcrnws wns $fi,212. Of thi:,; amount $3,(i52 wns for 
snppliPH and materials, and $7:15 for rent of oHiceH, 
tnxcs, cite. The lutlanen of $H25 was paid for contmct 
work. 

The tobtl mnount of nwehiwietll power used in the 
prodnution of the oreH of the~m steel lmrdeuing-· motnJs 
wus 310 horsepower, 250 of which was furnished hy fl 
steam engines nnd Go by wut;nr wlrneb. All the water~ 
power was rented. 

.A detailed snmnrnry showing· tho statistics of the pro­
dudioJJ of steel hardening motttls during· 1!)02 is given 
in 'l'nble 5. 

DESUlUPTIVK 

mmo:lln1 mm. 

Chrome ore, or chromite, which contains tho metal 
chromium, wa:-; the first of the lllinemls confaining any 
of thol:le :-;teel lrnrclcmiug nrntltls to be mined in the 
United Strttcs for commercial purposes. The discovery 
of chrome ore in this country was made about 1820 1 by 
lsnac Ty,':ion, jr., at Bare Hills, Md., 7 miles north of 
13n1tirnore, but the deposit, being scanty iind poor, was 
800n almnc1onecl. He afterwards found the mineral at 
Soldiers Delight, about 15 miles northwest of Balti­
more. In 1827 his ftttention was attracted by the ap­
pearance in the market phtce of Baltimore of It man 
from back in the country who bad in his wagon several 
lumps of it heavy black mineral which he was using to 

1 The Mineral Industry, Vol. II, pi1ge 151. 

. _. ··-·- -- ------· - --------

kcq> tt barrel from rolling ahont in hiH rntrt. 2 Upon 
testing tlrn:·m lumps, Mr. Tyson foum1 tho lliinoral to lrn 
chromite nnd leamcd that it, was from }fodord l ~01111 ty, 
ahont 2( mih>.s from Baltimore.. Thi:-; was tlrn heg·i11-
11ing of chrome mining in this country ttncl of the 
chrome inclm;try of the Tysons, which was later supple­
mented by nmnufacturing proces:-;n,; n.nd has continued 
clown to the present time. In tho next yettr, 1828, 
ehromite was difmoverecl in L1mcaster county, Pn., and 
the control of this property wa:; nbo obtainnd by Mr. 
Tyson. It wns ttft.erwards developed into tho fomons 
Wood mirrn, which has produced about D5,000 tons of 
chromite. Chromite mining in Maryland and Ponnsyl­
vauh1 continued for n grcftt nurny years nntil mnny of 
tho depot-lit::; or pockets of chromite wm•e worked out. 
About the time the ore hogan t.o grow scarce in those 
states, it was cliscoverell in C1ilifornia, nncl for n. few 
yenn; rt num bor of thousands of tons were shipped to 
Bn.ltimoro. When, however, the importation of chrome 
ore began, ahont 1884., tho chrome mining· industry in 
the United States begttn to decline. 'l'hore are kno'1m 
deposits of this minornl in qmmtity in California tmd 
North Carolhm, and probably cleposit1; exist in Penn­
sylvania and 1\ifaryfand; hut, ou account of the low price 
at which the foreign ore can be htncled at Baltimore, 
but tt small portion of that nsocl in the U11ited States is 
mined here. New uses for chromium and the construc­
tion of railroads through some of the chrome fields will 

2 Transactions of the American Institute of !\fining Engineers, Vol. 
XXV, page '187. 
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undoubtedly cause an increase in this industry during 
the next; few years. 

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

1. As 11 mineral: In the manufacture 0£ bricks as 
heiirth linings for lmsic, opcn-lwttrth furnaces, n,nd for 
water-jacket fnnmces in copper smelting. For these 
purposes ores ettrrying tlK low as ±0 per eent 0£ chrornie 
oxide can be used. It is also probable that chromite 
emu be used to advant11ge in other fornaces, especially 
whore it is desiral>h~ to nse finon;par as a flux. 

2. In chromium alloys: Chromite is used to a con­
sidern,hle extent in tho prepamtion of it forro-c:hromimn 
alloy. The prcpamtio1i of this it1loy, which is used in 
the mmmfacturc 0£ nrmor plates and armor-plute­
piercing projectiles, has lleconw it ynry important in­
dustry. The forrn-uiekcl alloy ii-; tLlso nsod in the 
mtumfacture of 1trmor pbtc. It ii-; generally made by 
the addition of these two alloys of iron to molten steel 
before it i:-i cast into th0 ingot; they prodnc:e a more or 
les::> homogeneous triple alloy. 

3. In chromium snits: The first use of chromite waH 
in tho }Jrcpamtion of the salts, chromntc and hichro­
mate 0£ potash, used in dyeing, tanning, rind in tho 
nianufacture of pigments; this eontinnm1 to be its 
chief use. It was about 1800 that the \'!ti no of those 
salts as pigments was diBcoverecl, hut it wns not until 
thn discovei·y of deposits of chromite tlrnt they wore 
used commercially. Sonrn chromium stilts are also 
used £or medicinal purpo8es. 

NICirnr, AND COBALT. 

Nickel and cobalt mining· in the United States hogan 
probably in 18G3 with tho opening of the Gap mine, ii~ 
Lancaster county, Pa. This mine was worlrncl almost 
continnmisly n,nd very cxtensi\rely from 1Hfl3 until 
1880, mid wa:-; t,Jrn only nickol mine then workecl on the 
Americnn continent. "With tlw diKcnvery, however, of 
the nickel deposits in the Sncllmry distriet, Ontario, 
C:urndn, :incl tho modemte priers which provailocl for 
nickel, work rtt this Gap mine hognn to decrease, nnd 
nbout l8!ll ceru;ecl altogether. It is very probnblc that 
there are still good deposits of nickel ore in quantity 
in this mine and that in the neitr fotnre it will again 
become a producer. Sinee 181!1 mm;t of the nickel and 
cobalt p1·oclucod in the United States ha::> lJeen nt l\'Iino 
Lamotte, Mo., where it has been obtained as it hy­
prodnct in lead mining. Attempts were nmdc to mine 
nickel in North Carolina about lSHO, and n.lthough the 
mineral genthite, n niclrnl silicn.te, was found in some 
quantity at n, number of phtces, there was only one 
place-near V\T ebster, ,Tack:mn county-that gave :wy 
indication whatever of confaining it in commercial 
quantity. Considerable work was done, hut in 18!:-ll 
the mine was closed and remained so until 1902, when 
the shafts and drifts were reopened and several car­
loads 0£ ore were shipped for experimental purposes. 

There lms also been some deYelopment of nickel depos­
its in Orngon and Idaho, and n few ton::; of' ore luwc 
been shipped for experimental purposes, but nont~ of 
the mine::; rn111 be called producer::;. 

The first gene.ml use of nickel conunercially was 
probubly in tho nmnufocturc of Gorman silvl\r or alh!Ltu, 
ttn alloy of zipe, copper, mid nickel. Articles made 0£ 
iron and plated with nickel have to some extent replaee<l 
those mado 0£ Gorman silver. Another 0£ tho citrlier 
mies of nickel was for coinage, which is yet carried on 
quite extlmsfrely by the United States and many of the 
Enrope11n conntrics. With tho introduction of nickel 
in the rnannfoctnrc of a ::1peeial steel the clemn.nd for it 
has largely incrm1secl, HO thnt thi::1 use of tho rnotal has 
heeome the most important. Larg<'. qnnntitie:-; of n ickcl 
,-;tool nre rn;cd in the nmnnftwturo of armor platrn1, tur­
rets, propeller ::1hafts, crank shafts, de:. Another Ufie 
that lms reueived :favomlilo comddern.tion is in the man­
nfactme 0£ nickel-steel mih;, which were tir8ti rn;ed hy 
the Pcmnsylvanitt Hailroacl Company, anrl eddontly 
gnve entire satisfaction. 

Cohn.It iB pnt on the nmrkct as tho oxide and m;cd 
1Llmo::1t; entirely for coloring g-hLKH, porcelain, and 1olimi­
lar snhstanceR. 

'l'UNllS1'ln.' ANll ll!OLYBI>JrnUM. 

The mining of tungsten and molybdenum ores in the 
United States has become m1 established indusLry within 
the pnst few years only. 'l'nngstnn ore8 were mined 
in Colorndo and Connecticut, 1111cl molybdonnm ores in 
Washingtou. 

Until lately tho usos of these metalii wm·t~ fow, requir­
ing t1 c':ompamtivoly small amou11t of their salts to stLt­
i:;;fy tho demand. 'J'he sults of tnngstcm wcr<'. nsod :ts a 
morclm1t in dyeing· ttnd printiug nnd its Jireprooi' mnte­
rhtl for wearing apparel, while tho principal u~o 0£ 
molyhdennm WILK in thn nrnnufactlll'<'· of nrr111Hmimn 
moly1idttte, nsed by c:hemisti:i in tho cfotormination of 
phosphorie acicl. A snmll amount of rnolyhde11 u111 galt8 
is used in tlrn prepamtion of hltw c1tr111i1w or molyh­
dennm bluo in the coloring· of porcolai11. Tho nse, 
howtffcr, of these two metals in tho propnmtfou 0£ 
·ferro alloys has led to ttn increasncl denmncl, l'spochdly 
for tung8ten, which, when ndd<'d to ::1toel, inercn:-;es its 
hardness mid touglrness, and is bclicwocl by somo to 
rnnJrn it superior for certain pnrposoK to any other 
nmnnfact.urecl. Tungsten Rtenl is also used in the 11mn­
nfactnro 0£ tool stool, spring steel, and sounding phtte::; 
and wires £or pianos, where hardness and strength aro 
especially desired. Molybcle11um steel, the beneficial 
properties of which are similar to those of tungsten, if' 
beginning to ho used, but iu much smaller qrnmtity. 

RUTII,1~. 

'The only. titanium mineml mined for commercial 
purposes is rutile, n, titanium oxide. Titanium was £or­
rnerl~' eonsiderod one of tho very mre metals, lmt it has 
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now been proved to be one of the commoner elements 
and is very widely di:,;tributcd. In the futme, bmddos 
rntile, the ehid eommerchtl someo of titanium will he 
the mineral mcnn,ccan ite (ilmenite), a titanium iron 
oxide. Hntilo hm; been produced rit Hoseland, Nelson 
ronnty, Vn., nud in Cht>stlH' county, Pa. Only a small 
quantity is required to sati:-;fy the dcnmnd, and tho prod-

. net does not. amount to much <wer 1.00 ton:,; of tlw crude 
ore per year. 

The uses of rntilo are principally in the commie in­
dustry for coloring pon·elain and in tho mmnrfacturo 
of artificial tooth. The titanium oxirk will, under fn­
Yornble conditions, impart a tine ~·pllow color to the 
porcelain, and it is al:-;o eapahk of being n:-1ecl with 
other Hnb,,tances to prmlncP 1·mco11clnry colors. '.L'ho 
amount of titanium oxide nsnd in tlrn mimttfaeture of 
1trtif.ichtl teeth is :l'ro111 fiYP-tonths of 1 per cent to 2 pm 
cent of the total rnaterialR nsPd in nmking them. 

At the present time no tihwin111 iR used <·ornmercially, 
as far n:-; known, in the numnfat"tnre of titanium steel, 
tilthoug-h irons have hecm mtttlo containing a eousiclorn­
ble per(·entnge of titnnimn, the rP:-1nH. of nsing ores for 
their iron contents mthPr than their titanium. Con­
sitforn.hle work has boon donn, however, experimontally 
in regard to the use 1mcl vnlno of titmiium stool irnd with 
n g·reat cle!tl of success. It ii; probnble that the intro­
duct.ion of this kind of stool into tho general nrnrket is 
not far disfant. Its properties of :-1pecinl interest arc 
olnsticity, and greater elongation itnd ductility th1L11 
onlimtry carbon steel. 

UitANIUl\1 ANI> YANAllIUM. 

The production of urnninm arnl ''anadium m:es clm·­
ing HHl2 was all in Colorado. '.L'hoy lrnve been mined 
in small crunntitics for a great urnuy year1:1, some of the 
sults of nraninm lx~ing used to produce it pmc black 
g-lnze on porcehiiu, whilo other salts arc nsed in the 
decoration of glass 1md china wal'o, giving ponmmont 
colors. Vmrndinrn salt:-; are used in the colol'ing of 
glass, hnt. principally in the propamtion of vanuclio 
ucicl, a.'! a mord1int, for aniline black in dyeing. The 
use of nrnninm and nurnclinm in the miinnfn.(,ture of 
special steels ii; still in the ox1wrinwntttl sfag·c, but 
enough lut8 been done to prove that they increase tensile 
strength. 

'l'AJll,B 5.-Detailed BU1nl/W1'1f.' 1fi02. 

All 
llmnium other 

'J'otnl. ! ~\~if.- nnr1 Htcel 
v1um- hard-
dium. ening 

metals.' 
----·------- -·------1---·---·--------
Nmnhl1r of mines .......... ·-·-- ........... .. 
Number of opemtors .. __ .. ___ ............. __ . 
Charaeter of ownersltip: 

Inc!iviclm1l ...................... -- ...... . ~ 

12 
12 

3" 
3 

fl 
5 

li'lrm ............................•........ 
llw<.lrpor11t:rnl <'mnpnny ...•..... _ •.. _. __ . 

1 -·----·· ......... . 
1 
I 
3 :i 

S11lttriecl ol!l"111lH, clerks, etc.: 
'l'ot11lnumher ............. - ..... -........ a 
Tutnl Htd11ries .. _ ........... _ ......... _. _. $:1, 7·10 

Snpc1·intcrn1Ln1tH1 Illitnnger~, fore-
nwn, Hlll'Vl!~'"Ol'!-!1 ete.-

Nnntllur.. ...... ...•...•.•........ 2 
81Llttrirni •..•..•.... _ ..... _........ $2, !].Jo 

r~'c1ren1e11, helow gr11uncl-
Nmnhcr. ... .. .. .. . .... .. • ... .. . . . 1 
HttlnrieH . . . . . . . • . . . . . . . . . . . .. . . . .. $1, flOO 

\Vnge-onnterH: 
Aggn~gnte "'''ern.gc nmnlJer. ....•...... .. ~o 
.Aggreguto wugl'H •..•••••••••..•.• _ .•...•. $20, Ull 

AIJovo gronrnl-
Totnl 11.vernge nnml>er........... 11 
'l'otal wnges....... . . . . .. • . . . . .. . . $6, 727 

Bngint.~er:-1, tirenwn, uncl oth-
er mm~hnnics- . 

Avcrnge. numhur.... ..... ~ 
WngeH .... -.............. $1,200 

Mitrnrs-
Avernge m1mhcn· •........ 
'VngeH ................... $fiJd7 

Below gronncl-
Mlncrs-

A YCI'llgl\ 1nunbor.... . . . . . . . . . rn 
Wnges __ .... ___ .............. $1·1, 18·1 

Avorago numbor of wnge-c11rncrs at speci-
llc<l rlnlly mtcs of 1111y: 

~faehin!Hts, blnclrnmltl!H, e11rpenters, 
mu! other mcch11nies-

$2.00 to $2, 2·l ....................... --
Miners-

$0.75 to $0.!l!I ........ _ ............... . 
$1.75 to $1.!l!I ....................... .. 
$2.oO to $2.7·1 .................... -·---

. $3.00 to $3.2·1 .......... -............ .. 
A veragc number of wngc-mirnerH emvloycd 

tluring c1wh month: 
Men 1fj Yl'llrS llllCl OVl'l'-

,Jn11l1nry .•..••...•••.•.......•••..••.. 

K~~;~.~,v;''.'~'. :: :: :::::::::::::::: ::: : :: :: 
Apr!L ................ -............. . 
Mny ................................. . 
June ............................... .. 
.Jnly ........... --.--------·- .. -- .... .. 
AngnHt. ............... - ............. . 
Soptpm Jwr ........................... . 
Oetoht~r ...•......... _ ......... _ .....•. 
Novcn1lJCl' ................... ~ .••••••• 
J)oeen1ber ............................ . 

Ccmtrrwt worlr: 
Amount p11ifl.. ____ ..................... . 
Nnmhur o[ cnqiloyeeH ..•.. ~ .............. . 

MisccllnmwnH l'XJ>l'nHes, total .......•... _ ... _ 

17 

lfi 
17 
23 

Rent.of oillel~H, tn.x.eH, insm·n.nlm, intcrl~~t1 
mul othor snnd1·icH ...•........•..... -• . $7;\:i I 

UoHt of HllJIJ)lieH nrnl nrnterinls................ $a, Hf12 
Proclnot: I 

tinnnlit1·, Hl10rt tons..................... ·l,.J.i.l 
Vnlue . .' .................................. $811, 717 

I>ow(:no: 
'£oln1 lumwpower ................ -...... . 

Ownerl­
I~ngi11es-

Stenm-
Nnmbcr ................. . 

Hcntt><l-
Horsepower ............. . 

Horsepower ................ - ... .. 

HIO 

G 
250 

r.o 

2 
$1,200 

1 
$[1-10 

1 
$id{) 

1 
$720 

lHl 
$5, 075 

,, 
$3,iioo 

1 
$2,DOO 

1 
$240 

1 
$240 

1 l"·----­
$1,GUO 1-- ...... 

rn I " $17,010 $z,on 

$3,57~ I $2,61~ 

21 ...... __ 
$1,200 --·--·-· 

31 fi $21 H7Ci $:!, 011 

l·l 1'""··-· ina,.uH 

1 

.... ___ _ 

2 .•.•.... 

1 
a 
l 

17 ...... __ 

u 
11 
17 
19 

$·1UO 
$:!,010 

a 
a 
3 
3 
3 
6 
6 
6 
6 
a 
9 
9 

$8::?.5 
7 

$12fl 

$125 
~1~2 

:i,srn 
1

. 450 
$18, 12i\ $29, (il 7 

I 
2HO ..... ·--·-1 ao 

2 
30 2~~ ::::::::::j 

..- ... ·--T· .. ---· 
1 I1wlrnleH n1w1·utor:-i t1istri11uterl ns followH: Chrome orlJ1 1; 1nolybcletnnn, l; 

nickel nnd cobalt, 2; nnd mtlle, 1. 
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ASBESTOS. 

By .r oSI<JI'H Hnrn PRATT. 

Two distinct minerals are included in thm:;e statistics 
us nshestos, one being a n1riety of amphibolc and the 
other the tibrou:,; v11riety of serpentine known as chry:-;­
otil<» It i:-; the latter that is the more valtrnbh~ and for 
"Which there is the greater dcumnd. In the Uuited States, 
howovor, it ii,:, tlm:-:: fnr, principt1lly the nmphibolc Yttriety 
that hns l>een mined. " '.l'hc low vitlno of this minel'Hl and 
the uncertain deumnd have rnmsocl a wide variation in 
pt'oduetion. '.l'hc first co11su8 statisties for nsho8t08 were 
reported in 1880, when, among minor minemls in the 
Heport on Mining· fotlnstrim;, 7 mines were shown to 
have been opemtccl-+ in 1Vfaryhtnd and 1 each in 
(:h~orgia, N cw York, ttml t:louth Carolina. The number 
of employees reported was 17, who received $1,.fOO in 
wages. There was nci cost of ~mpplie8 or nrntcri!1ls 
given. The production of 111-,;bestos wa8 150 ton8, v11lned 
nt $4,812. The company opemLing in Georgb was 
incorporated with a c11pital of $10,000. 

At the Eleventh Ceu:-;ns there waH no record of the 
num bcr of mines or ostlthlislnuents. The capital rep­
rescntod was statml to be $±2,GOO; tho employees, 
inclncling foremen and otlice force, were 12; imcl tlrn 
wng-es paid, not inplnding oflice for<~<\, lmt including 
Sl,tlOO for clevelopmontwork in vVyoming, were$2,700. 
The cost of snpplie8 was $525. The production for 
that yem (which wns entirely from California) was only 
30 tons, valued at $1,800. 

Because of the lack of uniformity of the statistics o:I' 
these two yerLrs, they c1111 neither he.compared with each 
other 1101' with tho~e for rno2, except as regarc18 the 
quantity and VlLlue of the production. 

Table 1 is 11 snrnmary of the statistics for 1902. 

'I'ABLB 1.-Stlrll?rll!?'lf." 1.902. 

NumlJer of mine" or qimrrics . . . . . . . .. .. .. .. .. .. .. . .. .. .. .. .. .. .. . .. . .. .. •l 
NUJU!lCl' of Of>Ol'lttD1'8., ... ,, ............................... .,............. 4 
Salnned n!Umals, clerks, etc.: 

Number.............................................................. 7 
Sahnies ............................................................... $'2,628 

'\"uge~carncrH; 
A vemgc number..................................................... 23 
wages................................................................ $8, 250 

Miscellfineons expen~cs.................................................. $1, 71i8 
Cost of supplies and materials............................................ $8, 233 
Product:i 

Quantity, short tons.................................................. 2,50fl 
Value ................................................................ $10, 200 

1 'l'he United Sttltes Geological Snrvcv reports 1,005 short tons, vulncd 1tt 
$16,200, which is the product m1uketed. 'census llgnres represent the product 
mined. 

Dlitttiled statistic:;; of this industry can not be pub­
lifihed by HtlttoH without discloHing the business of incli­
vichml ostt1blishments, for, of tlrn 4 mines or quarries 
reported, 1 eiwh was located in Connecticut, Georgia, 
Mttssachnsetts, and Virginia. Fifteen propertie8 that 
were d<welopecl or prospected for ncibestos in former 
years were icllo in mo~. Three each of these we1·0 
Hitnated in Georgit1, North Carolina, and Vermont, 2 in 
California, and 1 each in Pennsylvani!t, Virginia, "\Vis­
con8in, mid Wyoming. Among the owners were 4 
incorporated companies, with 1111 authorized capit!tl of 
$2,500,000, of which $1,fl55,070, ttll common, had been 
iH:med. Many of these properties, ns those in North 
Carolina, Vermont, and vVyoming, contain the chryso­
tile variety, and it bad been expected that Home of these, 
especin,lly those in Vermont, would report u market1Lble 
production for Hl02. 

Uapltal 8tocX~ l{f ·1'.ncm')Jomted oomJXtnies.-Of the 4 
opemtor1:1 in the ttsbestos industry, 3 were incorpornted 
comp11nies, 1 each of these being located in Connecti­
cut, Georgia, and Virginia. In 1'11.ble 2 arc shown the 
detaih1 of their capitnl stock. 

'l'A1i1,1~ 2.-C'az>italimtimt qt' focor)lomtcd c011qJanies: 190:!. 

Numhcr of ineorporn.tc1l cmn1ut11ie!L ........... ....................... . 4 3 
Cllpit1tl sto<'k isHnerl ................................................... $2, lllO, 000 

'l'olnl 1rnthorir.ccl-
Nnmlierof Hirnres.............................................. 1, ·100, 000 
l'ttr Ytilne ...................................................... $~,llOO, 000 

'l'otul iHHned-
Nn mber of slutres........ .... . .. . . .. . ..... . . . ......... ......... 1, 110,000 
Pnrvnlue ...................................................... $2,010,000 

Common­
Anthorizerl-

Number of slrnres . . . . . . . . . . . . . . . . . . . . . • . .. . .. . .. .. 1, 100, 000 
I'm' Yttlnu .......................................... $2, 000, 000 

Issued-
Numl1er of AlrnreR .. . . . .. .. .. .. .. . . . . .. .. .. .. . .. .. . 9il\, 000 
Pn-r vnlne .... _ ....................................... $1, 875, 000 

Prcicnerl­
Authurizctl-

Nnm ber of shares ................................. " 300, 000 
Par value. .. . . . .. . • . . .. . .. .. . .. . .. .. • . . . .. . . .. . .. . . $300, 000 

Issuerl-
Nnmbor ofshares.......................... ........ 135,000 
Pm· vnlno. .. . . .. .. . . .. . .. . .. • . .. . . .. . .. . .. . .. . . .. • . S13ri, ooo 

None of the companies showed bonded indebtedness 
and none reported dividends. Of the m1thorized capital 
stock, 87.4 per cent of the totnl value had been issued, 
of which G. 7 per cent was preferred stock. The capital 
reported for this industry is extremely large when 
compared with the value of the production :for 1902 
and with the production for any of the past years since 
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the industry was stltrted. This is due to tho fact that 
most of the companies sending their statistics for 1H02 
were organized during the past few year8, when the 
methods of incorporation in vogue have been for highly 
cn.pibtlized compn,nies, regardless of the re{ll value of 
the property or plant or of the nrngnitude of tho lmsi­
ness that could he built up. The comptmies have been 
organized Hnpposedly with the idea that the amphibole 
asbestos cn,n be mined and mmrnfacturecl and used for 
tho same purposes as the chrysot.ilc asbestos. '\Vere 
thi8 the case the ettpitalization would not be so nnwh 
out of proportion to the va.lue of the properties as it is. 
The capitalization given in the above statistics does not 
refer to rtsbestos companies manufacturing products 
from chrysotile asliestos imported from Canada, but to 
those mining asbestos in this country and manufactur­
ing products directly from it. 

Emplayee8and wa[!es.-Of the totn.l mnount, $10,878, 
reported as paid for salaries and wnges, $8,250, or 75.8 
per cent, was paid to the wnge-earners, and $2,<i28, or 
2±.2 per cent, to the sahtl'ied employees. There were 
5.8 wage-earners, on the average, to a rnme. Tiu~ 
avern.gc number of wagc-cmrnors, as may be soon by 
rcferenoe to Table H, was grentest (61) during· October 
and least (7) in .T uno. The dnll months were from .fon­
uary to J nly, both inclusive. Table 6 also shows the 
avemgo number of wn,go-earners a,t each specified dnily 
mte of pn,y. Of the 28 employees, 17 were classed as 
miners or q1rnrryinen. Of these, rn received from $.1 
to $1.2± per day; 1 received from $1.25 to $1.±n per 
day; nnd 8 received from $1.5(J to $1. 74 per dny. 
There ·were 2 machinists or blacksmiths, 1 of whom 
recei\red the highest rate paid, which wnH from $2.50 
to $2. 74 per day. There were 2 firemen, each of whom 
received from $1 to $1.2± per clay. One other wagc­
mtrner, who did miscell!tneous work, received from 
$1.50 to $1.7± per day. Tho prevailing mtc of pay 
was from $1 to $1.2±, 1fl having rccci.vecl this rate. 
'l'hese compttratively low rates of pay nre due to the 
fact thttt most of the minors wore employed in the 
South, where the ra.tes of pay are much lower than 
either in the North or the '\Vest. 

81tppUes, u1.att3Ptctls, and miseellmiemrs ewpen,qeg,-The 
principal item of expense, next to thnt for wages, was 
for supplies tmd materials, for which $8,288 was 
reported as having been expended. The miscellaneous 
expense8 of $1,758 were incurred for rent of office, 
taxes, insurance, and other sundries. Thus, the total 
cost, including wages, sahtries, supplies, materiltls, and 
miscelfaneous expenses, was $20,8(19. 

Jlfeol1mliical power. --Steam engines with a total of 105 
horsepower were used in producing the asbestos, this 
power being reported by 2 establishments-1 in Georgia 
and 1 in Virginia. 

Prndtwtfon.-Tho total production of asbestos in the 
United States for 1902 mts 2,505 short tons, valued at 

$46,200. This proclnction of asbestos is the largest re­
ported clurillg the period beginning· with 1880, in which 
year the statistics for thi:-i mineral were fir8t obtained. 
Of this production, however, 1,f\00 tons represents the 
rock just as mined. The statistics do not, t.horofore, 
represnnt the total vttlne fff t,ho asbestos ns it is put 
upon tho natrket. In some instttm•es tho asbestos wns 
crm:hec1, separated, and oth<~nvise pre pa red at tho mines. 
As in snch caHos the mining and the processes to which 
the mincrnl is subjected were conducto<l under the same 
mmmgement itnd with the samo capital, it is impmeti­
crible to :-iepnrate tho statistic:,;. The United 8tates 
Geolog·ical Survey has published annual statistics of 
the quantity and value of nsbestoR, and theso iue 
shown in Table 3, for the years from 188!1 to 1D02, 
inclnsi ve. 

'fAnr,B 3.-Produdion cit' a~bc.~tos: 188[1 /u lli02. 

[United St11tus c+eologicitl survey," ~Ilnurnl Hesourt1usof thu llnitecl8t1tte~." 1U02.] 

YEAlt, 

18H9 ............................. ·•••• •• •••••• •••• · •• .... . 
18\10 ................................................. . 
1891 ............................................ . 
1892 .......................................................... . 
IHU:I .............................................. . 
lH\J.I .................................................. .. 
18% .............................................................. . 
lHUli .................................................. . 
18!17 ........................................................... . 
189H ................................................ . 
!HUil ................................................. . 
moo .......................................................... . 
1901 ............................................... . 
1002 .......... ~ .............. , ····•············· 

(i111mlily V11l11c•. 
("Jltlrt tOllH), 

BO $1,800 
71. ·1,illill 
llU :l, Olli! 

l(J.1 0, '111i 
no ~,riuo 

a:.m .1,.wa 
7~m 1a,n1n 
lilH ti, Hill 
fiHO li,·triO 
our, lll,:mu 
UH! Jl,rnl 

1, ori.1 . lli, :nu 
7'17 rn, .111~ 

I,Oll:i lti,~110 

.. \\'el'ugf..! 
Ytl.11\C 

lll'rton. 

$fill. Ulr 
lH.~H 
00.00 
lit.OU 
ftll. llll 
t:l.7B 
17.01 
l~.10 
11.12 
17.U~ 
17.~·l 
tri.·17 
!H.07 
lll.12 

As is seeu from the above fable, there hns been n very 
wide variation -iu the <Ilrnntity reported from yrntr t(} 
year, and 11bm iu tho Vttlno. This i8 dno, ns stated 
above, to the nm·ertltinty o:t' the d('lll!tnd for this variety 
of ashostmi. The highest priee8 w<we recniHd for its­
bostos during tho ye111·s from 1H8!l to lHOH, who11 the 
vtdne8 v11ried from $50 to $G±.2H per ton. 'l'hesn high 
prices worn tmclouhteclly clue to tho fnct tluit cl\rtuin 
nrnnnfactnrcrs required only a few tons of ashc:'itos, Etnd 

in order to ohtnin those small quantities they were 
obliged to pity this increase in price. Tho tobtl quan­
tity of asbestos produced in the United Stn.tes since 
1880 amonnts to only 10,!ll 7 tons, which wonlcl mako an 
average production of 47:1: tons per year. The gl'(mtest 
quantity produced in one year Wt18 1,200 tons in 1882, 
nnd the next greatest, 1,05± tons, in 1900. Tho aver­
age vnlue varied from $G4.23 in 18!l0 tci $11.12 in 18H7. 
In 181)4 there wns a decided drop in the value oJ' amphi­
bole 11sbestos, from $50 to $13. 73, and since that time 
the twernge has not exceeded $18.Cl7. In 1D02 the values 
varied. from $16 to $40 per ton, the llltter price hav­
ing been received for 5 tons of chrysotile ttsbestos 
which were obtained as a by-product in talc mining. 

The detailed statistics of the asbestos industry for 
1H02 a.re shown in Table .6. 
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'.J'he qnantity of the amphihole aslwstos produced iu 
the United States tlurinµ; I HU2, ttll(l cmrniderocl as used, 
wns 2Ji01l tons, ndnml nt $+0,000, whilo thl\ amount of 
chr,r:mtile tt:;bestos was valued 1it $7ti2,H82, of which 
only a quantity vtihwd at $2!10 was produced in this 
t·onntry, t.lw lnthtll('l' Im Ying hmm pmclfoitlly all im­
ported from Cnuacla. 'l'hP imports, as Jlllhli:;hed by 
the U nitt>cl St.ates Oeolog·icul Snrvoy, are g-i ven in Tabie 
4 for the year:> 1H8!l to l\102, inclusive.· 

TAHLB 4,,- I 'a/111• 11/' 11.~IJ1'Nl11s ·i1111111rted: .188.'! to .100:?. 

[Uu~~~;~~~~~:·~(ll{il:(~];1~~~'.;);~::~i'.1"rn l lt1•si ll\ l'l'l 'SI 1[ tho nu i tcd Slit to"," 1902.) 

YIMH mmINtl llE('J.;)1111.;It :n-- ! lTll lllllllll~ 
I flll'llll'l'll. 

.}~g~ ::::::::::::::::::::::::::::::::: ::::::::::1 
11'll2. .......................................... ' 

m:~:::::::::::::::::::::::::::::::::::::::::::I 

i~~~ : : : : : : : : : : : : : : : : : : : : : : : : : ~::::::::: : : : : : : : : I 
1K9K .......................................... . 
lfiOU ......................................... .. 
llijltl ..................................... . : ... . 
1901 .......................................... . 
lllil:! .......................................... . 

M111u1fnl'· 
tnrod. 

$9, lil.[ 
o, a.12 
·I, 872 
7,20\l 
U,•JtJ8 

10, UHU 
rn,1m 

fi, 77:! 
'1,0~·1 

12, 8U7 
8,U·J\l 

2-1, um 
2·1, 741 
a:i, 011 

'l'ntul. 

$2oa, aoa 
257,809 
iHi8, ·ltil 
2GO, 0·12 
180,005 
2:fa6,018 
2H,878 
2:H,8fi7 
208,:l(H 
800, 5:13 
i!12,UG8 
ai;;;, nri1 
mn, H2H 
702,·182 

Tul ill~ f> shows tlrn in·mlnction of: ashestoti from 1889 
t.o l!l02 in Ctu11td1t, from which l\(\ttrly !Ll] of tho mineml 
usPd in tho Unitod St1ttt1;,; is ohttd1rnd. 

'I'Am,g 5.-.l.11.11w1l 711·111/111·tim1 1if' 1w/w.~/0N in Omwtln: 18811 t11 Jll02. 

[Un!tL•tl C\tnlcH0"11!11g-lml Slll'I'<')', "Milwrnl R1•"llll'<'l!SOf thn Unite<! St!tteH," 1902.] 

ygAH. 

Hi1>[1 ................................................... . 
18\10 
lS!t):: :: :::::::: :::::::::: :::::: :::::::::::: ::::::::: ::: 
lSU:.L .................................................. . 
ll\\1:1 .................................................. .. 
l!lll-1 .................................................. .. 
1H9ft. .................................................. . 

rnrii:::::::::::::::::::::::::::::::::::::::::::::::::::: 
18\18 ................................................... . 
lH\l!l ..... , ............................................. . 
moo ................................................... . 
llllll .................................................. . 
rno2 ................................................... . 

Qnnntil)' 
(Hhort tnnH). 

n, llH 
!1,8110 
U,27\J 
n,0.12 
li,.178 
7,tii!O 
8, 7fili 

121200 

~~~:~~ 
120,mm 
'B0,t"11 
13H,ll79 
240,4lli 

Vnlut1. 

s·rnn, rir1.1 
] '21i0, 2·10 

llUU, 97H 
BHH, ·1n2 
31B, 806 
<120, 821\ 
8ti8, 171\ 
42U,~flfi 
4·10,:lliH 
4811, 227 
•185,R-lll 
7tia,4:n 

1, 1Rli,4:l·1 
1, 1.1H, am 

I I11d1111i11g- ltHhl\Ktit•. ~ Ilwhullng 10,1!17 toUH 11( llHOl\Htle. 

DESUIUP'.l'lVK 

A8 is soen from the preee<ling- tables and text, the 
nshcstos mining industr~· in the United 8tatcs is very 
snmll, and there is hut little chance of its increasing, 
unlesH lnrge <leposits of the chrysotilc ttshestos are dis­
covered and devoloped. There arc very large deposits of 
nmphihole itshestos, but, as 1tlreacly stated, there is not 
Rnfficient demand for thiH vitriety to create a large 
industry. 

Although in mnny respects the two varieties are sim­
ilar in phyHicnl properties, there is a wide variation in 
strength of fiber the chrysotile variety being superior ' .. . 
in. both strength and elasticity to any nmphibole asbes-
tos, nnd for thi8 reason capable of being used for many 
purposes for which tho latter can iiot be adapted. 
With respect to their heat-resisting properties, they 
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are 1tbout equal, so that when asbestos is to be used aH 
an ingredient in fireproof p1Lint, wall plaster, as hoilel' 
coverings, as paeking,' in the manufacture of firepro(rf 
snfmi, and for nearly all purpm:es in which ·noncon .. 
cluctivity of heat and not strength of :fiber i:-; tlw 
important factor, the muphibole viiriety can he m1ed to 
as goocl aclytintage as the chrysotile. .For these pur­
poses there i8 proh1Lbly but little chrysotile a1:1hestm; 
used, exeept what is known as a:;bestic or the wrtsto 
portions. There arn, however, a number of other min­
erals, snch as infmmrin.l mirth, tripoli, tide, nnd micrt, 
that are strong competitors of the amphibole nsbestos. 

On the other lrnnd, where strength of iiher is es8en­
tbl ttH well as noncondnctivity of heat, ns in the man­
nfncture of cloth, rope, felt. board:::, tn lHiK, wa::diers, and 
blocks of various shitpes, it is only the chry8otile Y!tri· 

ety that can be used. The fiber:; of chrysotile itre sel­
dom 01rer 2t inches long, and itre usually from one-haH 
to H inches in length. The fibers of: the nmphibole 
va,riety, however, occur up to H feet in length, and when 
this mibestos is fairly free from grit, it appears like n 
very n.ttiactive proposition. In rL number of ease::; 
deposits of nmphibole ttsbestos have been developed in 
attempts to compete with ehrysotile, lint in each ctlsn 

tho effort has resnlted in failure. 
It is interesting to note the rnrintion in the vulne of 

these two viirieties of nsbesto:-:; for the nmphibole vrn·i­
ety there is usually simply t.he one tfot mte, which hus 
varied, since 1894, from $11.12 to $18.07 per ton. On 
the other hand, the ehrysotile nshestos varies in price 
according- to the different gradeH tlH follows: 

Jler ton. 

No. 1 asbestos ...••..•••...... --· --- ..... _ ·-·-· _ ... $150 to :i;:mo 
No. 2 (white) asbestos ....•. ---···-·--·········-··· 7.5 to 12.5 
Nn. 3 (red) asl>estoH.---·-·····-·-·····--·········· 50 to i5 
Mill fiber, or paper stock _ .••. -.. _ ....... - ..... - . . . 20 to 40 
Asbestic ·····-········-·-·----·····--·····-·-·-··· 1 to 3 

The mill fiber, or paper stock, is the minute fibers of 
asbestos which have become broken nncl are not capable 
of being used for weaving, and the ashestic is the finrtl 
waste mtiterial, which contains tt small amount of minute · 
ii.hers and a consiclemhle amount of the crushed serpen-
tine rock. . 

Ocml1'1'ence.-Since 1880 asbestos properties have 
been prospected and developed in the Unit.eel States in 
Arizona, Califomia, Georgia, lYiaryln.ncl, Massachusetts, 
Michigan, New Jersey, New York, Pennsylvania, Son th 
Carolina, Vermont, Virginia, and \\Ti:-;consin. Although 
a considerable search has bee11 mnde for asl}estos depos­
its in this country, it has resulted thus :far only in the 
dif!covery of producing· deposits of the amphihole 
variety. 

At the present time the deposits of amphibole llshes­
tos that a,re being worked or developed to any extent 
are as follows: 

About 3 miles from the milroad station at New 
1fartforcl, Conn., a deposit of this asbestos occurs in a 
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ledge that outcrops strongly for it distr1nce of about 
7il0 feet in length, with a width of 20 feet. It haH been 
opened in !1 number of places to a depth of 45 feet. 
A plant for crushing nncl preparing this material for the 
mrtrket was being erected in rno2. 

At Sal mount11in, 12 miles northwest of Ulnrksvi11e, 
Ga., are locatecl the largest developed nsbestos deposits 
in the United States. 

In the nol'theast corner of Habun county, Ga., and 
11bont 1~ miles from Russell, S. C., deposits of amphi­
bole asbestos occur. 

In Virginia, about 14 milec; south of Bedford City, 
a deposit of amphibole asbestos occurs in Hearns and 
veins vnrying from 8 to 50 inches hi thickness. 

In vVisconsin, nmtr Stevens Point:, vVoocl county, 11 

deposit of this a1:>bestos hits been developed, althong·h 
no it:,;brn;tos wus produced during 1002. 

Many other deposits of amphiholo itsbestos ttre known 
to exiRt in the United States, hnt nnkss they are very 
favomb]y located fol' mining, and ha1re good transpor­
tation facilities, it is practically impossible to work 
thmn on 11 profifable basis. 

Chrysotile asbestos has been found Hparingly a:,;:,;o­
ciated with nmuy of the outcrops of lmsic magnositw 
rocks that extend northeasterly from Alalmma across 
Georgia, South Carolim1, North Un.rolinn, Virginia, 
Maryland, Pennsylvania, tho New Engfand Htn.tos, and 
into Cnnacla. These roeks n,re more or less altered to 
scconclnry serpentine, and in the more norU10n1 seetions 
different area8 are oft.en completely converted t.o thiH 
secondary rock, as those of Pennsylvania, ~faryhtncl, 
Vermont;, and Quebec province in 01nacli1, while in 
North Caroliua, Georgia., q,ncl AliLbanm there are bnt 
yery :few 111·eaH that have been altered to this extent. 
As woukl be exp<~eted, it is only in those a1·eas iu which 
the rocks have been eornpletely changed to serpentine 
that the chrysotile asbestos occurs in commerchll quan­
tity. Although only the very small amount of this 
variety of asbestos obtained from l\tfossachusetts wns 
produced from a mine already in operation, yet l1 grettt 
deal of work was done on deposits o:f this vin·icty in 
Vermont nnd \Vyoming, with a 811laller amount of work 
on deposits in California, :Michigan, !tncl North Carolina. 

The Vermont deposits are located in the north cen­
tral part of the state, in the town of Eden, Lamoille 
county, and in t.he 11djace11(; town of Lowell, Orleans 
county. 

The '\Vyomiug deposits, which t1re located in the 
vicinity of Casper, Nntronn county, have been pretty 
thoroughly developed, lmt thus far operations huve not 
been sufficiently advanced for the ma.rketing· of the 
product. 

'l'he depositH of Californh1 tlmA far developed itre in 

Hiverside county. The other de.posits in this state and 
those in North Carolim1, have been developed little more 
than to prove that the chrysotile asbesto:,; is to be found. 

The basic nrngnesi1111 rocks of the Prwific slope, in 
CfLlifornia, Oreg·on, rrncl ·w11shington, have in nrnny 
instances been entirely converted to secondary serpen­
tine, itncl nre promising field:,; for investigation. It is 
possible that when they are thoroughly prospected they 
will be found to contain deposits of the chrysotile asl.Jes­
tos mLpable of profitable operation. 

'l'Am.1• <J.-Dl'ltriled Rnnwiruy: l!IO;J, 

Ntnnber of minQA or ll111Ll'l'irn-i ......•.......•••••...•••••...... __ ••••..••• ·1 
Num!Jer of opemiors ..... ...... ..... ...... ..... .... . . ... .... .. • .......... 1.j 
Olmrnc:ter of owncrHhip: 

.Firm................................................................. 1 
Incurpomtell compm1y............................................... 3 

Snlnrler1 olllclnls, clcrlrn, cte.: 
'l'otnl munllcr ........................................................ 7 
Total s11l1ules.... • .. .. .. . . .. . .. .. . . • . . .. . .. .. • . . . . . . . . .. . . . . . . . . . . . .. . $2, 628 

Ucnornl omeers-
Nl1n1lier ............................. .............. ....... ..... 2 
S1thtrieH ...................................................... $UOO 

Supel'intundentR, nutnngorH, Ioremen 1 HUl'\'L'YOr:-11 Pte.-
Nnmbcr .............................. :.......... •......... ... 4 
Sahtr!cs • . . .. .. . .. .. . .. • • . . . • .. . . . . . . . .. . . . .. .. . . . . • . . . . . . . . .. $1, llGti 

(1lorlrn-
Nt1n1lier. ............................... ..... .... ......... .... 1 
Snl11rieH. • . .. . • .. . . .. .. . . . . . . . . .. . . . . . . . . . . . . . . . . . • . . . . . . . . . . .. ~C.3 

\Vagu-enr11erH: 
Aggn•gt~ll! n.vernge nurnht!I'. ...... .................. .... ......... .... 23 
Aggrl'gn.te wuge~ ........•......... ~ ........... _...................... $~, :!f>O 

Al.Jon• g-ronncl-
'.Potnl uvcrngc nm:nhm·... .. . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . 2~ 
'l'OtltJ Wlll{CH, ................................................. $7,870 

Enginuc.n'H, Hrmnen 1 nntl other nwcluulic~-
Avernge 111nnlwr ·•·n········ .. ······················ fl 
Wngcs. ...... .... .. ..... .. .. . .... .. .. . . .... ........ ... $2, UiU 

l\IinGl'H or (Jlllll'l'Ylllell-
A vernge nnmhor.... .. . . .. . ... . . . . . . . . . . . . . . .. . . . . . . . rn 
'''ltg'CH................................................ $f)1 :t!8 

All ot-ht1r wnge-earner:;·-

~~1c;f~~~~ ~'.:1'.1.1~.~1:::: :: : : : : : : : : : :: : : : : ::: : : : :: : : : : : : : : : $•ta! 
Bulow gronnd-

'l'otnl n.vurngc nu1nher............ .. . . . . . . . . . . . . .. .. . . . . . . . . . . . 1 
'l'otnl IVlll{CH ................ -··-·-·- - •••••• --- ••• ••• • .. . •• .... $:17ii 

Miners-
.A vernge n111nlwr . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . .. I 
Wng-l'H................................................ $:17ri 

Average utunber of wng1~-earncr:; at HJltH~itll•1l tlnily rutPH of 1111y: 
EnginecrR-

$1.25 to $1.·!U ..................................................... . 
Firenwn-

$1.00 to$1.2·1...................................................... 2 
MiwhiniHts, l>lnckHmlths, ute.-

$1.Ull to $1.2.J. .................................................... . 
$2.Ml to $2.7·L .................................................... . 

:Milltll'H 1~1' fllUll'l'~'lllllll-
$1.()() to $1.2·1. ........................... _.. ... . .. . . . .. ......... ... J:l 
$1.25 to $1.-10............. ... . . . . . . .. . . . . . .. . . . . . . . .. . . . . . . . . . . . ... l 
$1.nll to $1.7'1 ................. _ .......... _______ . _.. ••• •• .. .. .. • ••• :1 

All ollwr wnge-eurtWl'H-
$1.50 to $1.7·L .................................................... . 

Avcritgc 111unher of wnge-enruer:-1 L11n1ilo~·l!tl 11uring- 1•1wl1 HHHltl1: 
~Ien Hi yenr:-1 nncl over-

.Titnuury.......................................................... rn 
I~clJl'll~tl')r. .. . . . . .. . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 
l\Inrch.. ..... ..... ... ........... •... .•... ... .. . . . . . .•• . . . . . . . • . ... 1-1 
April............................................................. J.1 

~::~iu·::: :::::: :::::::: ::: :::: ::: :::: :::: ::: ::::::: :: : : : : :: : : : : : ::: ~ 
.Tnly .......... ....... ........ ........... ................... ... .... fl 
AngnHt ....... ........ ... ..... ...... ... . .... .. ... .............. ... ~7 

~~g;)1;~l~J~I~:::::::::::::::::::::::::::::::::::::::::::::::::::::::: }~~ 
No,·e111hPr........................................................ n:~ 
I.>cnc111 l inr . . . . • . . . . . • • . • . . • • .. • . . • • . . . • . . . . . . . . . . . • • . • • • • . . . . . . • . • . 2fi 

llliHccllnnen11s cxpcnseH, total............................................ $1, 7il8 
Rent of omeeH, taxes. i11snru1we, inil~rPst, nwl oilier HUndri<•s ... $1 1 7fl8 

CoHt of Hnpplics nml na1tcri11lH ................. _ ................... _..... $!-!, 2aa 
I'roclnct: 

(~nnutity, Ahort touH ................................. ............. •H• :!J10fi 
\nine ................................................................ $.W,200 

Power ownrnl: 
'.l.'otltl hol'Rl'JIOWL'l' ................................... ••••••• .......... lllft 

l~ngines­
Rtettm-

Nun1l1er............................................... .. .. ~ 
I-IorRe{H1'VL1r ..••................... ~...................... 10;, 

1 Iuelntles oplmitorH diHtribntml n8 followK: Connectieut, l; Gcorgin, 1; }!Inssn~ 
dmsetts, 1; Virginia, 1. · 
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ASPHAL TUM AND BITUMINOUS ROCK. 

B3; .TosHPH STRUTirnns, Ph. D. 

AHphaltum became known to Census statistim: in 18GO, 
when it was reported from 01lifornfo among mnnrd'nc­
tu ring stn.tistics as "ttsplmltum work.'' At the census 
of 1870 no report was published from Ualifornin, hut 
_Rn establishment in vVest Virginitt was recorded in the 
::>tnth;ties of 1;nining as having producet1 aRplmltnm 
Y1Llued nt $±50,000. At the consu:,; of 1880 Wost, Vir­
g·inin dropped out and Califomia returned AbttisticH 
fo1· two mines, being shown among mining industrie8. 
At t.he EJoyenth Cernms, tho irn1niries for whieh, as to 
mining, covered tho y mtr 188!!, itsplml!;um WfL8 Hhown 
mnong mine ml indnHtl'ies in CalH'orni:t, Kentucky, and 
Utrth. 

At .the ueni:1m1 of 1H02 ArlrnnHft:'i, Iudian Territory, 
nnd Texas wero added to tbeso, making· 5 states and 
1 territory reporting asphaltum. 'rl10 asphnJtmn by­
produet of petroleum refineries, being tlrn result of 
nmuufactnriug prncessos, was included among manu­
factures at the census of moo, with tt number of other 
hy-proclucts, under the caption o:f "lfosicluum" in the 
Rep01·t on Petroleum lfofining. This product is not, 
therefore, included in the RtatisticH for 1902 herewith 
prnsentecl, which conePrn the mining of the va1;ious 
kinds of hyclromrbon rocks having an asphaltic base, 
namoly, bituminous limestone and sandstone, and some 
of the purer forms of bitumen, as elaterite, gilsonite, 
ancl nintaite. 

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

3022H-04--ll2 

TABI,B 1.-Conqiamti1w .mm11w1·11: 1860 to 1002. 

1002 18Hll 1880 lSiO I 1860 
-<·-----··-·-------- ·--··-- . I 

--·-~--·----------,---
Nnmhor nf mincH 01· q11111'l'ies. ~·1 (I) (I) (1) ! 

(I) 
Nmnher of npemtors .....•... 2·1 (1) 2 1 : 
8nlmfo<l offioittlH, clerk", ct<•.: 

Nnml1er ...............••. li2 2 ~·) !') (') 
81tlttrkH .........•...•.... $IK, 2aa $:1, OOll •) "J (") 

Wngc-cn1·ner:-1: 
J\ \'et'nge nmn l)Gr ...••••.• H)(j 181 12. 23 ·1 
\Vl\g"l~H ................... $79, mo $GS,n03 $2, 220 $20, 000 $3,600 . 

Contrnot work ............... $10,0liO $K,:HO 

m 
(ll ~I ) 

Mi8tiellancous cxpenRcR ...... $19, 753 $9, 1110 (I I) ' 
Co8t. ofs11ppli0Ht1ml n111ter!(1ls. $'21, 928 $1B, 88<1 $26, na I $4,090 
Prodtwt:• 

Qrnmtitr, RhOl't ton.~ .....• liG, ~[181 51, 735 '144 ao,ooo · (l) 
Vn,lno .................... $23ti, 728 $171, lill? $4, 4AO 11'150,000 • $10,000 

1 Not reported. 'Not reported sepnmtuly. 
"'l'ho Unltetl Rt11teH Geologicnl Surv"y t'(!ports lOfi,458 Hhort tons, vu]ucrl. Rt 

$71lfi,O·IX, whleh inclmltiH the i·cs!dunl nsphnlt.um j>rodtwt of pctrolcnm retmer1eR. 
ThiH resl<lmnn being lhc pl'Orlnet of mtmnftll'tnr ng pmccSBCS is not reporter! by 
tho CcnRns. 

From 18()0 t.o l.88H the production was quite irregu­
hir. The largo increase in value of product from 
$10,000 in 1800 to $450,000 in 1870 was clue to the db­
covery in w· eRt Virginia of a vein of grahamite, which 
was soon exhausted. A revival of the industry took 
place between 1880 and 1889. The increase in wages 
from 1889 to Hl02 was $16,067, or 25.3 per cent, 1incl the 
increase in value of prochwt was $65,191, or 38 per 
cent. 'rhe .24 mines reported for the industry in 1902 
were controlled by 19 incorporated companies, 3 indi­
vidual proprietors, 1uicl 2 firms. 

The state showing the largest production was Cali­
fornia, with 35,377 tons, or 53.4 per cent of the total, 
and a value of $101,353, or 42.8 per cent of the whole. 

( 1177) 
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Kentucky was second with 22,498 tons, or B± per cent, 
a.ncl $68, 704, or 29 per cent of the value. Indian Terri­
tory was third with 2,566 tons, or 3. n per cent, and 
$11, 754, or 5 per cent of the value. The remainder, 
5, 797 tons, or 8. 7 per cent, and $54, 917, or 23. 2 per 
cent of the value, w.as :for all other states, of 'vhich 
Utah was the fargest producer, both in qrntntity and 
v1Llne. 

Thirteen mines were idlc~3 in CnJifornia, 2 in Indh111 
Territory, 2 each in Missouri, Textts, and U tab, and 
1 each in Kentucky and Tennessee. There were G 
mines for which development work wtis reported but 
no prodnction-3 in California, tind 1 each in Arknnsns, 

Colomdo, and Indian Territory. Thestn.tistic::; for these 
are shown in the :following stntmnent: 

De1•e/opm1!11t ·1ml'k: 1.'10~. 

Nnmber of mines or q1mrries... .................. ... ....... ... . ........... G 
Nnn1 her of oper11torR....................................................... fl 
Snllu•icrl oflleilils, elcrkR, el<-.: 

N11n1l>ur.. ............................................................... n 
Sn.lu.ries ................................................................ Sa,lfiO 

"'uge-cnr1wrs: 
A vorngo t1t1n1bcr.... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . .. ..... 2 
Wngc"··· .............................................................. $1,0HU 

r.useellnneons cxpmu-1cH ................................................... Sl, tl02 
Cost of HllpplieH 1111<l nmtcri11ls . .. .. .. . .. .. . .. .. .. .. . . . .. .. . . . . .. .. .. .. .. .. $i2 

Orfj)ltal i;took f{f l111}0/')JOJYrted oomjJr.tni'.e8.-The capi­
tn.lizn.tion of 17 of the 18 ineorpomtecl comp1111ies, 2 
:failing to report in this particular, it; ~bown in the fol­
lowing t.n.bln: 

'fABI,B 2.-0APITALIZ'.iATION OF INCORPORATED COMPANIES: Hl02. 

Unitml S!t1tcs. Cnlifurniu. In1li11n Trn'­
ritory. Kcnttwky. All otht•r 

!-!lttte!-l,1 

---·---·---·----·---------1------11 ----
Nnmber of Jncorpomtc<l comrmnles ........................................................ .. 
Numher reporting C!1pitu.l stock ....................... -..................................... . 

1\) l1 () ii ~ 
17 ·1 Ii ,, 2 

Capitnl stock issucrl. ....... - - ............................................ - : .................. . 
Cn.pitnl stock (all common): 

$U, 7ti0, 700 $090, 700 $7:.!fi,000 $fl, mw, l)(lO $:1,00ll,0\lO 

Authorlzec1-
Number of shnres ................................................................ . mo, uoo 111,000 2n,r.oo GO,iiOO . :io, ooo 

$10,fl7fi,0(1(1 $7110,000 $1, Oifl,000 $li,l:l\lll,llll1J $11, OIJll, 000 l'nr v11luc ............ -............................................................ . 
Issued-

Nnmbcr of slmrcs ................................................................ . 115, Rfi7 lii,997 H,000. fif> 1 HliO ao,ooo 
$099, 700 snri,ooo $tt, :mo, 1mo $:!, 000, 000 l'arvnlnc ....................................... , ................................ . $!1, 7ti0, 7011 

$13, 000 $7,000 $0, llllO Dividcnc1s p>ti<l .................................................................. . ..... " ..... " .. ·············· 
Bonds: 

Authorizcclv 
Number ............................................................ : ................ .. 1~8 .............. ·············· l~il . ............. 
I'nr vnlue ........................................................................... .. $1111, 000 .............. .............. $11fl, 0110 ·············· 

1 Inelu1lci..; l mnnpnuy in rl'exns, and 1 in Utnh. 

The capital stock of the 5 Kentucky companit1s con­
stituted 54. 7 per cent of the total. The pal' valnc of 
the capitnl stock is~med by the 17 companies reporting 
was !)2.3 per ceut of the tot.al amount twthorized. No 
bonds were issued and the pm· value of those nutbol'ized 
muounted to only $110,000, uU in Kentucky. 
. The product.ion of the active minofl operatcc1 by tho 
HJ incorporated companies, including the ~ com1mnies 
not reporting their enpital, was 5H,448 tons, or SH. 7 por 
cent of the total, and $201,340, or 85 pm· cont of the 
total value. 

Employees ltnd ?.oagei;.-The Wftge-eamers constituted 
75 per cent of the salaried employees n.ncl wage-enrners, 
!mcl their wnges were H2. 3 per cent of the total s11larie~ 
nnd w11ges. Kentucky led, with 41. 7 per cent of the 
wage-earners and 28.4: per cent of the wages, Cnlifornht 
being second, with 20.5 per cent and 25.2 per cent, 
respectively. In nddition to the amount pa.id in wages, 
$10,060 was paid to 00 employees for contract work:. 

As shown in Table 5, November wa£ the month dur­
ing which the fargest number of wage-earners was 
employed in the industry, although employment was 
not very variable during the year. In Indh111 Terri­
tory the largest number is shown :for December. The 
smallest number of wage earners :for !tll the states 
i1ppettrs for June, Of the total number of wage-

mu:ner:o, 58, or 37.2 per cent, reeeivecl :front $1 to 
$1.24 per day, m1c1 27, or 17.B per cent, frurn $2.50 
to $2. 74 per day. Maebinists, blacksmiths, carpen­
ters, 1wcl other mechanieH roceivucl the high('~t, rate-­
from $4 to $±.24. Of the total wag-e-ettmers, :LlG, or 
·74:. 8 per cent, were minors or q rn1rrymen. Fifty, or 
43.1 per eent o:f these, reeeivecl :from $1 to $1.24 per 
cby; 2fi, or 21.ll per cent., from $2.50 to $2. U; nncl H, 
or 1:2.l per eent, from $2.75 to $2.Hll. The 21 "all 
other Wftge-earners" were engaged in misecllnneous 
work itbont the mines ttml qtu11Tios. . 

1S'11pjJlleN, ·11111fr1•!1d.~, w1d ·mlNodlllneouN ea•pf!ll&.w.--'I'he 
cost of supplies and materials, reported as $21,D28, is the 
l11rgcst item of expense other thnn wages and salaries. 
Of the $HJ, 753 expended for miHcellaneous cixpenses, 
$Hl,S!l7, or 85.5 per cent, was paid :for rent of olliees, 
taxes, immmnce, interest, nncl other sunclrim;, n.nd $2,SfiG, 
or 14. 5 per cent, for royt1ltios, nncl rent of mine 11nd 
mining plant . 

.J.lled1cin'ioal JJOwer.-O:E the ~4: opemtors from 1vhom 
reports were received, 8 reported t,he use of power, the 
total of the primary power being 720 horsepower. Of 
this, <160 horsepower, or Hl. ~ per eent~ Wtts st.earn, 1inc1 
60, or 8.3 per cent, gas or gasoline. There was, in 
itcldition, 1 electric motor having 25 horsepower. Ken­
tucky reported 53.8 per cent of the steam power, and 



ASPHAIII1Ul\1 AND BITUMINOUS HOOK. 

Indian Territory ±G. ~ per cent of the f<trntm and all of 
the electric power. 'l'hc totftl gns or grnmlinn power 
wns reported frorn Otlifornht. 

Produetion.-The U11itocl States Geological Survey 
hns published mnnml 8ttitisticH of the production of' 
nsphaltmn since 1882, hut these itre not comp1tr1thle 
·with Cemms statfatics, !'or the reason that after the 
year 1801 they i.nclndc umlthit, or lirea, 1111<1 the asphal­
t.nm by-products of petroleum rnfineries. During 1fl02 
the qunntity of by-product asphnJtnm produced by oil 
refineries in C!Llifornia and TexaH, and sold itnd used 
in tho tmde ns asplmltnm, amonnted to 20,82() short 
tons, vnlned itt $303,2±ll. 1 

Acco1·ding to the reports received for rno2, the 
nvemge price of aHphaltmu was $3. IJ7 por ton. Tho 
rnnge was from $1.50 to $50, the former for loss than 
100 tons mined in Inclim1 Territory, and shippe<l in the 
crude state, and the lattor for lesH t.lmn 1,000 tonH of 
ehiterite rnnstic mined in Utah, :f'. o. b. nt tho mines. 

l\Jost of the imported nHplmltmu come::; from the 
Island of 'l'l'iniducl, Brit.ish vV m~t Tnclit1s. The following 
tnblc, compiled from tables published by tho U nitecl 
States Geologieal SnrvPy, shows tJ1c total imports into 
the United States from tdl countries ;,iince 1880. The 
vrtlncs nre at point of shipnwnt: 

1 Unitecl StateH Geologkttl :;.;nrvt•y, ".i\[inural HeHonrcl'H of the 
ITnitrnl StateH," l!l02. 

'rAm,r.: :3.-l.'r11rfo 1rnplwltm11 imporfrrl fol' i11111wrliate co;rnumption: 
188.'J to .l!IO:l. 

[UnitL~1l St1til'sGeolog-i(~lll Rm·vey, i '~Unoral Rc•smt r1~esof t.hu lTnilc<1 Stn.t<~~." J UO~.J 

I 
(J\l.AN'fl'J'IE~. I 

--------;.:;.,~ll~-.j~:;:,;.1.:;:-- ---i -- -~I 'l'ot1tl YEAH. ENlHNG 
n1ce1mmm :n- -·-- _ ... --··-- ······---··-··· --··-··--I From nll \'lthrn. 

I 

I eonntrieH 
'l'ot1tl Litrnl I.1tlrn (lm1gto11H). 

(longtonH),I (lm1gto11H). (longl"n").i · 

tHHU •••••• -•• -.-•• -•• -.-•• -.: --iiH,ll7~-1- 1:1,m;s .Jfi,.110 -o~.~;;,~ -$rn~. 103 
18\lll ... - •••.• - . . . . • • . ii7, :l24 17 ,.117 :19, U07 7H, 861 223, 368 
1~01 • • . . • . . . . . . . . . . • . 731 027 ~{l, fi] 7 fl~, ii10 10'..!, ~133 299, 850 
lHU~ ... - •.... - . • . • • • • HH, 212 17, ·WH 70, 8Uti 1~0, 205 S:lli, 808 

rn~:i ::::::::::::::::: ~~:~rn -~)~g ~~:~im 1b~:AZii ~r~:~M 
IH!Jf) . . . • . • . . . • . . • . • ... ti91 720 ·l, N·l lH, 070 7U, 507 l 210, ilfiO 
umo ................. i2,G8G 12,0119 ti0,Ci37 UG1Ul2 130i,5H6 
181!7 ...•...• -. -••• - • • 98, 000 19, 2-13 7•.l, ·lll7 llfi, W8 1392, 770 
1Hll8 -·············-·· OG,f1H8 18,JGO ·.18,42H OU,Hfi7 2203,38.'i 
189(1 • • • • • • . • • • . • • • • • • 9fi, 9.11 I 25, Hi·I 70, 777 lOG, •J7.1 "·125, 263 
1!100 · · · · · · · -· · - · · ·• • • ll.Jli, 7:1-1 1· iJ.l, 7% 70, Uil8 UH, 771 4.lfrJ, 732 
1uo1 . . . . . . . • . . . . . . • • • 112, :.!1 n :n, 707 ~o, .f.m laH, 833 o l>1i3, .17a 
1002...... .• . • . •. •.•. i:io, 109 25, mi 11J.J, orio 1.rn .• Hss o 492, o;;s 

1 In ntl<litlon tn tho crude 11'11lu11tnm importetl in 18\lfi, there waH ~onie nrnnu­
f1wtnrl'il Ill' relincil gum 11spl111ltnm, \'ttlnerl itt $Btl,tllH. In lRD(i tho y11Iuu of the 
nmnnfactnre•l n'I>hnltnm impoi·tcrl WllH $77,<HO, 11n1l ln 1897, $25,095. 'l'hc quan­
tity wnH not n•portml. 

!.!fiwlmlcs H,009 long torn:i, 11 drirnl or n<lvnneucl 1
91 v11lnctl nt $17,005. 

::i11wln(les 11,~(H long- ton~, 11 (lriecl or tttlvnnt•ccl, 11 yuJncll nt $H5,305, 
·•Itwlmlt!s f>,1·11 long ton~1 11 <lrit1cl or nd\'HILet~ll," vnlu0<1 nt $.fD,24'..!. 
o Jnelmles G,7fi·l long ton!-l, 11 tlrirnl m· mlvnneml1" vn.lucd nt ~rno,miH. 
n I1wlnrles 7,23U long ton8, 11 <1rie1l or ndvnneecl,n v1i..Incd ttt .$02,5111. 

ExportH of crndc asplrnltnm clming 1902 amounted 
to 2,!130 long tons, vnlncd itt $23,5()±. 

Tho production of nHplrnHum and asphaltic rock in 
tlrn principal producing countrie:-; of the world, from 
UlDO to lDOl, inclusi1re, is givon in Table±. 

T.rnr,g 4.-PRODUOTION OF ASPHALTUM. IN l'RINOil'AL PHODUOING COUNTRIES: l8DO TO lHOl. 

LU11ik1l Stutes OL1ologienl l:4nrvor, 11 .Minernl lksnnrceH of the UJtiterl 8tnteH/' HJU2.] 

ll!fl'fEJ> 8T.A'L'I~S. 'l'ltINIDAll, <lEIDIANY. FllANlJJoi, l'J',\J.Y. Sl'.AlN. 
AllHTJUAw}fl1Nw 

GAltY. 
ltUfiSI.A, YENJ~­

ZUICI.,A. 

-------1-_.·-· ··------: ------11--·-----~-r-·-·-~-• 
>'RAl\, 

11'!Kl •••••• 
1891. ... - .. 
l!-iit'~- - •• -·. 
1i;9a, ...... 
11'9.f. ..• -. 
11'9;;_ •• ·- •• 
lK\lil. •..•• 
18\17. - ... - .. i 

Qnn.n­
lity 

(short 
to1rn). 

·10, Rll 
. lfi, 05·1 
87,080 
47. 77!! 
G0,5i0 
OH, lfi:J 
RO,l\ll:l 
75,lHfi 

li!US ........ I 71i,3:J7 
l,...;,9H •••• ~ •• _! 7!i, 081l 
H.lO(L ••. ~ •• ~: !H,mm 
rnoL ••••••. m, l:H 

Vnluu. 

$rnO,HO 
2·1'2,2lH 
.1.tri,a1r; 
372, ~:l2 
3fi:l, •100 
:J-IH, 21:!1 
577,M:! 
ntM, na2 
fi75, {i.HJ 
rir.:i,uo.1 
41fl, UfiH 
nnu,mm 

Qnnn­
titv 

(Hhrirt 
(fll1"). 

!l-1,R:H 
110, !12!1 
129,.JBH 
lOH,Mfi 
121, lHO 
IO:!, anH 
110, tlli7 
Hli,172 
1.12, 220 
1oa, H7o 
177, 7il1 
l!ll, •18K 

Qn1111-

V1tlll<'. tity \' •ltl" (short 1' •· 
tons). 

--- ,-~---

$2i1·1, om rm, am. $R!l, 001 
2!17, 132 fi-l,lti:l HIJ,-110 
311,:no fiH, 7lll H!l,li8fi 
~8r>, aou 1 fl2, Ofifi Rt,002 
:124,(i(l(i !il,<illl 107,:liiO 
27·1, 200 Grl,OHH JOH, lfi:l 
2Uli, ·If>? m, s:io 107, 90R 
2!!2, il-1-l ll7, V:lil 111,98·1 
f!fi:l,HUO 7f>, filiO 09, OHH 
i·tf>, 2-1~ X:l,ilOi 12:l,Hb·l 
Sfil\7·1'1 \IH,R:l:! lliO,Ollll 
7!1!1, 010 OU, ·1~0 rn~. ;no 

Qrnm­
tity 

(short 
tons), 

-~--. 

108,U:H 
27K, :llli 
2•J(l,8·18 
2·1J,!iH 
25'J,fi(i2 
294, 23-L 
240, 05~ 
207, 127 
202,3!)8 
28r>, ~os 
2ua,mH 
27fi! 2Hl 

Vnlnc. 

$:l3fi, 002 
-102,mn 
a2B 1 Hfi.J 
:m, 110 
:i:m, 29.1 
am;, 100 
HSU, 013 
328,0()2 
:l22,l17 
35li,7lll 
BRB,.12!1 
:m, 9H9 

(lunn­
tit)'. 

(shnrl 
tmts). 

·.IU,72H 
:n,ofi,1 
3K, 107 
28,li:lll 
1i111 Cili:l 
fil, 1!7S 
r1n, ou2 
GU, UH•! 

10n,:n2 
uo,:_mo 

112, 11r1 
lJ.!, 701 

V1thw, 

$2:l2, Bfil 
J:!l,028 
1112, ilOH 
109, 200 
270,8fl1l 
107,fiH·l 
171, f>07 
18:1, 017 
2nti, a.t7 
~~2J11U 
~W2, 2H7 
201 I 7111 

Qunn- Ctllllll· 
tit,- V 11 tity ''1tl11e. (short 11 w. (short ' 

tn11H). tolls). 

$9·1 
mm 

1,0H 
1, 2:1ii 
1, 930 
l, 525 
2, lfill 
:l,1\111 
.J, 1105 
·l,9G·I 
x, na~ 
H, 1:17 

ti111m­
titl' 

(shrirt 
tOllH), 

Vaine. 
Qmm­
tity 

(short 
tons). 

··-·Tz?i 
1 1 wl 
a,01:1 
fl, ID7 

11, 528 
Nil. 

12,0H 
17, 081 
2·1, :l78 

l8l1tiisticH not yet uv11i111hlc. 

The detnilecl statistics of° tho industrv in the Un.itod 
Stutos for 1902 ftre shown in T11hle 5. ·· 

DESCHIPTIVE. 

Asphultum is the nmno applied to different forms of 
hitumen. Its composition varies, ttnd it is known by 
many ot,her nftmos, bestowed on account of some special 
ehamcteristic resulting from its composition or tho 
locality from whence it has been obtained. The most 
common of these names are: Natural mineral pitch, 
Jews' pitch, Trinidad asphalt, Cuban ttsphnlt, Dead sea 

bitmnnn, manjak, umltlm, lirea, ch11papote, elaterite, 
wnrt:dlito, nigrite, gilsonite, grahamite, iwcl ninfaite. 

Asphaltnm has been Rn article of commerce from re­
mote antiquity, the supply lmving been obtained from 
the deposits near the Dead Sea, where the nmterial 
flo11tecl on the surface or was washed ashore by the 
waves, the product being known to the Arabs by the 
@me of I-fojar Mousa, or Moses's stone. 

In Germany asplmltum was known as mtrly as 1626 
under tho name of "harzercle" (pitch earth), which was 
described in 1G92 by Doctor Ami.est ar.i asphn.ltnm. 
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Bituminous limestone is mentioned hy Doctor I~rynis 
in several pnblicntions prior to lT21. Tho deposits at 
Seyssel, Franco, were discoverPd in 1802, and tho 
m;phnltum in tcl'ests of Franc·o aJHl Switr.erln.ncl wore 
united in 1832 hy Count de Sassonay. 
· Phy8/cal and d1•J11ic<tl o/ur.1•11de1•i8thw.-ARpludtum 
rnngc~8 .in form from the li11uicl nmlt.lm to the hard, 
solid gln.nco pitch, \Vhich grndrndly merges into asplml­
tic eoal. Tho specific gmvity of pure asplmltum ranges 
from 1to1.3,ancl tho lrnrdm\ss from 2 to B. Tho solid 
varieties lm ye ii black or dark-brown color and tt peculinr 
clurnwteristic pitchy odor when rubbed. 

Asph11ltnm hronks with it more 01· less splintery frac­
ture 11nd does not; soil tho fingeri;. U b very brittle at 
low tmnp~mtnres, hut npon heing warmed, al though it 
remains suflicicntly lmrcl to he lwolrnn hy 11 sharp hlo-w, 
at the s11nw time it yields to a steady pressure or tread. 
AsphnJtmns differ much in tlH•ir properties, 1t11d idl clo 
not possess the binding power so 11ecess1try for 11 lasting 
piwenrnnt; they sha<lc hy instmsihh1 gradations into 
hrittfo m1phaltic coah;. The melting point of asplrnHmn 
is nsually low. It is very inibnrnmhle, lnu·ns with 11 

yellow, smoky Hamn, 1wd when ptu·o lmwes very little 
if any resi<lne. It is immlnble in watel', slightly solnblti 
in !tlcohol 11ncl fixed 1mc1 essentittl oils, and readily soluble 
for the gre11ter part in ether, oil of turpentine, naphtlm, 
1uicl mtrhon bisnlphicle. \Vit.h henzoh~ it forms a solu­
tion of nn intense hltwk color, used as 11 ntmish. When 
snhjedccl to destructive difitillution, asplmltrnn is ckcom­
po!'ecl into a distillato of oils anrl 1t titrry residuo which 
becomes solid when cold. 

Th(1 chemical composition of aHplmltnm is so complex 
that, dmnontnry analyses throw litt.ln light on the suh­
joet. It still renmius an open question wlrnthor impor­
tant gronp" of clnfinito and chamcteristicr hyd1·oearho11s 
rmn ho :-;epnratud and r<JC()gnii:mcl. 

.lVIany clwmical nrutlyHPs ol' asphalturn from varioni,: 
loealitioH luwo been pnhliHhml from timo to time whil'h, 
hmn'\'er, am of seientific value only. Of these nnalyses 
tlw following a1·e clmm<·t1•risti1•: 

.-llwl11He.~ '!fJJlll't! 1rnplwllw11, 1'.r:l'i1rniN' qf ('((rfhy 11wltl'1' mul ()//11!1' 
mrdwnfoal fo1p11J'iti1'.~. 

Phwn. 

11oweu •rrlnldatl ... Hegnnlt·::::::::: Mcxieo ..... 
JlnS8lng1111 lt. •. Peru ...•... , 
l!OHSingiml t ..... Culut ....... 
lloH"ingnult ..... Cnlmnhhi ... 
KttyHer .......... P1tle~tino ... 

Pl'!H Cl~XT <W-
Tot11l 
per 

l•LmL Cttr· Ox~·- Hy<lro· Nitm· Hul-
hfm, gen. gen. gen. phni·. 

100,00 8f>,8\l o. f1G 11.0li 
1 
........ 2.'lU 

100.011 80.:H 10, 09 9.f>i ........ 
1011.00 88. r.7 1. (if, \l,liK ........ --··-· 
100. 00 Sl. [ill 6.90 9.llO · · ·o::i1· ··----100.00 8H. 31 1. GS 9. 6'l 
1-00.00 RU.00 0.40 9,00 10.UO o.uo 

Means other than chemical analyHis nre gerwrally 
1rnecl to ascertain the conmwreittl \'ttl ne of asphitl tnm. 
The first of these is 11. solubility test of thP sample drfod 
nt 212° F. in various .8olvonts, a:o ciu·lHni l>isulphicle, 
nlcohol, turpentine, ether, petroleum, 111tphtlm, etc. 
Distill11tion is often used antl the losses at rnrions tcm­
pemtures nre recorded. The quantity and qn1ility of 
mechanical impurities (watel', clay, earthy nmtfor) eon­
tained in the sampln are also determined; fomll.r, tlrn 
bm;t test of its 1tpplic1thility for ptw(•ment. pmposes is 
its viscosity itt varions tempomtureH. In somt• cnseH 
the vnlne of itn asplrnltnm for ust~ in pavtmHmt l'Oll­

strnetion is determined hy 1rn 1wt.\lal trbl. 
The suhstant·es elnsRed as hit.mnons nre hydrocarbon 

compounds, the more important or whil'l1, lll'l'llllg't'd in 
the order of their :-;1wcilic · gm\'ities at 70~' F., itre 
divided into six gTonps: 

1. Natuml 1.ms. 
2. Natnrul 11aphU1a. 
8. l'otrolenm, m mttnrnl oil. ' 
'!. Mn!U1a, or soft, sticky liit.nnwn. 
5. Asphaltmn,' or stiff, ;til!ky hitnmun. 
ti. Glaucn pitd1, or tlry, bl'itt.h• hitnullm ( uftl·n <,aJh"l µ;il~onito). 

In addition to Um subst1wcn~ eomprising the above 
list, thore are othm· hittmHmH of d10mieal i11l:t>r<'st only, 
which possess no eommerei1d value. 

In commerce there are four chinf chtHSt\s into which 
asplmltum is divided: (1) '!'he 1mturnl liquid form, ('l\lled 
liquid aHphaltum or nrnltlm; (2) asplrnltum rnixml with 
more or les~ vt~getahle 1111<1 earthy m1Ltter, whil'lt yields, 
by tlw remov11l of the moclmni<·all~r <•.ontninPtl impuri­
ties, thr. product called hard, n~Jiued, .ol' gum 1tsplml­
tum; (8) 1tsplmltmn 1~011 tai,nod in snnd or snnd:-;tont'. called 
bituminous :-;and:-;t.one; (·t) asplHLltum eont1tim\cl in lime­
stone, cnlled hitmuinouH limestont1. 

Jn ncldition to tlw 1mtnml pl'n<lnct.s givun in tlw ahovc 
list llHmtion i>bonlcl ho irnidn of "hy-prodnl't 1tHplml.­
tnm, '' whieh is ohttdnecl in thl\ r<~lining of crurln potl'O­
leum lmdng nn asplmltic husr• to yield connnercial illu­
minating nncl lnhrieitting oilH. Thnre is no strict line 
of demiu•eation l>etwPen oi!H chtsHocl as petrolmm1 <1ils 
1wcl those conside1'Nl as nsplmltnm oik 

The term hitumiuoHH rock is applied to hoth snnd­
stones 1md limesto1rns impregnutrnl with llsplmltnm. 
Bituminous rock is sold mid sh ippllcl without predons 
refining, and is consnmed chinily f01· "1Lreot-. piwements; 
being genemlly mixed with other ingredient:; at the 
place oof m:e. An ineonsideral>k proportion, howcscr, 
is treated i'or its asphaltic content., the prodnet !icing 
sold us refined or g·nm asplmltnm. 

Asphaltic 01· bituminous limestone is n nutnrnl uom­
pouncl of asphnltum imd limestone, at times contitining, 
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in rul<lition, other hitnminmts substancm;, sand, and 
sulphur-hearing compound:;;. The quantity of asplrnl­
tum present varies in different clcposits, :111cl 1we11 in 
different portions of the stmrn deposit, np to 20 pnr cent. 
Tho grain of n.splrnltic linwstonn is extremely fine, nnd 
under the microseopc etteh gTain itppc11rs completely 

. .,, coated with aBplmltnm. It is thi8 property which rnn­
dnrs the natural prodnd of grrntter Y:tlue than an arti­
ficial rnixtm·o of :vlplmlti1m, fow simd, an cl pnl verfaed 
limestone. 

Ann.lyses of rcpl'esenttitive asplml tic limestones, show­
ing· their general composition, nre given hdow. 

..:11111l!I·"'"' of l't'Jll'rn1•ufotil'i: 1rnpl11tlt.ir. li111t'Nit11wN, ,,Jiowinu thl!i1· 11e111•1•c1l 
l'Olll}Hmilim1. 
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~~~~:1~l1~_:_~~~:_Lm1n1~1·_. HIO.Oll. J.l.:l01 li7~~~~:·_:_· ~'.·''~ ··=~K 
1 Irn~lmlt~K t•ln..y mHl iron oxiilP uwl mngtwsitnn t•arhmmtu. 

The format.ion of irntnml n:,;plmltmn is nttrilmtnrl hy 
:'totno geologh;tH to Lim slow clucay aml clocomposition of 
vegetnhle matter whel'el>y the contnined hyd1·ocnrl>o11s 
hn.ve been di:;tilled and Hnbseqmrntly condon:;ud in the 
adjoiniug roclrn, the product thus 1•ollectetl forming 
nsplmltnm rlepositH. Tim for111ntio11 of artificial nsplml­
tum in the rnamrfaetme of gas hy the dLstillation of: 
conl in a retort is 1pwfod as a proof ot' this theory. Tu 
t hi:; in·ocess a considura.ble portion of tarry umtter 
l mHses over and is t~olleeted duriug tlrn distillation which 
yields~ by n seconc1 distillation, rntpbtlm nnd other vola­
tile prodnuts, ]pavi11g· a;; ft resi1lu11 in the retort n tarry 
snhstrmce possessing tho properties of asphalt. 

Othor geologists claim that a;;plrnltum is the result of 
the clecompoHition of certain potroleunrn under the 
influence of hen:t, !WCOmpaniNl by polymeric clmnges 
not fulls understood, whereby tho morn volatile con­
stituents of the oil are expelled, letwing tho rm:ddue in 
the form of solid n.splrnltnm. 

Oeow·1w1ce. -Asplrnltum i:; seldom found native or 
pure, the principal known deposits eontn,ining it in ad­
m ixtnre with other materials, chictly earthy matter, 
sttncl, or sandstone and limestone. It occurs clissemi­
uatecl throughout many cry:;t.alline rocks, and is not re­
stricted to any one geologic fo1•nmtion. It. is not known, 
however, in the Archm1111 age. In many cases it has 
been deprived of volatile matter, which bas caused it to 

ru:;em ble nnthmcito. .It occurs abo in vei1rn thnt have 
been evidently injected into fissures, while in a plm;tic 
condition, txtm1plified hy the minernls ulbertite nnd 
grnharnite. It exist:; us tt .liquid in bitnminou:,; lime­
stone8 ttn(l sandstones, :from which it oozes, constituting 
tho so-called "tnr springs." 

The most important of the liciuicl asphalt deposits are 
found in southern Cttlifornht, of which the Las Conchas 
mine on tho ocean nettr Carpenfaritt has been operated 
snccessfolly. The nmltlm impregnates fL clean Qua.ter­
nary beach :,;nnd of from ~O to 30 feet; in thickrH-lss, 
overlying a liitu111i11ou:; slmlo, from which the liquid 
asphalt exudes. The crncle :;and containing about 20 
per cent of bitumen is refined to n produet of !Hi pm· 
cent bitumen contrmt. The refined 1iqnicl is n:,;ed to 

· soften solid m;phaltum and to coat wood and masonry 
for protection against the penetration of moistme. 

A:;plrnltn111 is found :tlso in beds resnlting from the 
oxic1tttion either of minoml tttr or, prinmrily, petro" 
kmn. This class iiwl ndes the inmicnsc deposits at 
'l'tmumlipns and Molonrnn, Mexico. Tlrnre tll'(' mnuy 
ttnd di\'er:-;iifod occm·1·tmccs of asplmltnm in Europe, 
the chief deposits heing the hitnminon:; 1inrnstones at 
Suys1-ml, Fmnee; !Lt. Val de Trnvm·8, in Neuchatel, 
Hwitimrhmd; in the Dinarie Alps, horclm'ing the east­
ern coaHt of the Aclrintic sea, rrncl at. lfagnsn, Italy. 
In AHiit it ocems at m1rny loetditios in Syria, nronnrl the 
Dead 8ea, the source of t,lw eal"ly snpply of nsphnltum. 

The largest produeing asplrnltnrn depo~it of tho world 
ifl nt Pitch Lake, 011 tho island of Trinidttd, where the 
1111plrnltmn ocenrs in the :for1i1 o:f i11 basin-slrn.ped deposit 
18 feet. thick ttt the edges and 80 feet thick ttt the middle, 
with iut estimated c:ontent of G,000, 000 tons of asphalt um. 
The deposit is supposed to be supported by water, and 
while solid onough to admit of the passu.ge of wagon 
arnl horiio, it hns a :;low movement which tendH to draw 
in the tramway u:>Pd to convey the excavated material· 
to Urn shore of the lidrn, unless properly supported hy 
hmnchl'S of trees. In foct excavation:; of a depth of 20 
foot have become filled in six months. 'l'he asphaltum 
is l>rolrnn from the 11rnHs liy rnetm:; of picks, before day­
light. while the material is l)rittle; it is then loaded on 
ettrR ttrnl conveyed by the tmmway to the shore, from 
whence it is ciLrricd to the pier, 3,500 feet distant, by 
nn aerial wire-rope conveyor !tncl dumped directly into 
the holch; of the vessels. On the voyage it becomes 
aggfomemted into n solid' 1111188, which must be again 
hroken up l1y pick in order to removn it from the 
vessel. The product is roughly refined h,Y heating in 
tanks ttnd :,;tminiug the liquefied material through a 
screen for the sepamtion of roots and othm· vegetable 
nmtter with which it, is contaminated. There is a simi­
lar lake deposit near San Timolis, Venezuela, the prod­
uct being known commercitLlly as Bermudez asphaltum. 
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The principul d0posits of natural n!'lphnltum oecur as 
shown in tho :following statement: 

·r . 
.A.Sl'u.u:rul\r 1'1IXEO WT1'II l A8PHAI.TIC LDlESTONE. 

EAR'fHY 1tIATTI·~ll. 
! .\..:-:\l'IIA1.TJ<: HANll~'fONF.. 
i 

Unite•! StnteH: 
Cnlifornin. 
Colomdo. 
[ucliun rrerrHory. 
Montmui. 
TcxnB. 
Utuh. 

Colom bin. 
Mexic~o. 
Pnl~stine. 
Peru. 
•rrlnidncl. 
Tnrkcv in Asia. 
Vcneziiela. 

P11itecl Stnto~: 
Cnlifornin. 
Ind.inn 'I\irritory. 
Miellig1m. 
Nun' :Moxi<•u. 
'l\~XU!'-l, 
Utnh. 
W11shlngtn11. 

Austria. · 
Ji'l'ltllCP, 
Ger1nnny. 
H1mgnrr. 
ltnly. 
Ru" in. 
srnin. 
SwitzPrlmul. 

'\ llnito•l St!l\os: 
Cti\ifOl'llht. 
t~olonulo. 
Jndhrn Torritmr. 
KPut111~kr. 
Now 1'Ioxicu. 
'l'exnH. 
Ut>Lh. 

Cnlm. 
F'l'tlllf!P. 
(termm1r. 
Rnosht. 
81min. 

At the present time the chief prodncing· localities are 
Trinidad, Dnlnrntia, Syria, Cnlm, and tho Seyssol, and 
Val do Trn,vers deposits of bituminous linwstones; 
local supplie8 of more or less vnJne n.re obtained from 
other localities. 

The following ifl rt review by states of the itsplrnlt 
industry in the United States during 1002: 

.Lfrl.:an8aR.-An asplmltum property nettr Pike City, 
Pike county~ consists of a stmtum of sand from G to 
12 feet thick, containing nirious proport.ionH of serni­
tlnid asphn.ltnm. The product is obtahwcl hy Hinking; 
shallow pits, into which the nmterial oozes from tho 
heel. Borings bn.ve proved thnt the asplrnltmn lied:; 
extend over aq urea of H<Weml tteres. A pit 100 feet 
·in diameter has been dug-, and tt spur has been huilt to 
the milroad a hillf mile distant. A special fmttnre of 
some portions of the bed is the oceurrcm•e ni' limestone 
with the H!mdstone, which yields a product nvrtilahln 
for paving purposes without tho addition of other 
material. 

The utilization of the aRphaltmn deposits in thi:-: :-:.tu.to 
is solely n mat.tor of cost of transportn.tion. Tlw iwer­
age grade pror1nct should easily control the markets of 
Little Rock, Texarkanrl, and Fort Smith, itncl the higher 
gTacle material should compete advantageom;ly with 
other tLRphultum in cities as far distant ns Memphis and 
St. Louis. It is also prot)able that pure asphn,lturn 
could he extracted from the asphn1tic sandstone !Lt a 
profit greater than that obtained by the sale of the 
crude product. 

Analyses o:f srtmples of ttsphaltic rock from this dis­
trict have been reported by Mr. 0. vV. Hayes, 1 as :follows: 

======····-------·· -- -·--· -·-·---··--·------~·-----·--- -··----·----
----;,:~;--Jl-ro1:.---1- B!tw~- -- B~~~;--~~:,~;~ .. 

lmndert cap Rttlld H1tnd rot!k gnmmy ems Rnnd-
rock ( c. ',crit) ('pn," tlt) rock stone 

(percent). Pre · d.c ·(percent). (percent). 
COMPONENTS. 

Petroleno............... lUiS l.73 H.la O.lil 3 .. IG 

Siliett .. • • .. • .. • • • • • • • • • . ll\l. Jr> \12.-JO I 81. 20 7U. GO 49. 42 
Asplrnltene ........................ 

1 

3. 83 2. ·IO 2. 2fi 1.12 

~11Jcinm c11rbo~nt~ ...•. ·---~o. ~~. ·~--:~· .. ·j·. :: . -~~---_· ----~~~~---- ~a._oo 
1 Engineering nnd Mining .Tournal, December 13, 1902. 

Oalifn1•1u'a.-On tho Sisqnoc mnl'h, Santa Barbara 
connty, the principal nsplmltnm property ii; the mesit 
depo:-:it., 1,:300 by 5,000 feet in nrea am1 of a ruported 
minirnrnn depth of 125 :feet, which iB c:-:timatr,cl to conLaiu 
2G,000,000 tons of bitmnincn1s rock, equivalent to 
5,000,000 tons of' nsphnltum. 'l'he rock iH minf'.d, ele­
vn.ted hy 1m eleetric crane, and shipped in steel cnr:-: to ..._. 
the refinery w.orlrn on tho rnotmtnin side, where gTndty 
is utilized to move tho nrntorials. The crnde rock is 
crushed by steel rolls aJl(l heated in rovolving stol\l­
jacketod drnms, and ns it hrn·onw:i :-iofttmed by hont i.t 
is tre11ted with g·asoline until thoroughly saturated. It 
is then passed into a sorieH of agitating drnn1H, which 
sepamte the solution coutnining tho asphalt.nm from the 
tailings; the solution flows hy gmvity to thB stillH, mid 
tho gitsolino is removed and roc<H'ei'nd :for repeated nse. 
The residue in tho still, consi:-:ting of asplmltmn of !ltl 
per emit purity, is coolnd nnd hnnelecl for Hhipmou (",, 

Thn prochwt of tho cornpanin:-: opt'mting the:-:n rni1ws 
is eh iotly it hi tnminonH :-:and:;; tone, largPly utili:;.:Pcl for 
paving purposes on tho l'iwiifo coa:-:t, wlrnro, owing to 
the simpln mr>tl1od of ib< prepamtiou and tho cheap 
water freight mtos, H eolllpetoH ::-:nccossfolly with otlwr 
asphaltnm padng mixtures. Tlwrn hi no production 
of nsplrnltic limestone in G~lifornht worthy of nwntion. 
In addition to thn prodnconi of' nsplrnltnm :from naturnl 
rock in this stnto, a lttrgn nm11hm· of crndn putrolPttlll 
relinorie:-: have been est.ahli:;hed, wh idt fumish 11 eomdd­
erable qnnntity of by-product n:;phalt.um obfaiiwcl fro111 
tho crndo p1:~troli~um oil:,; of California. By-product 
aspbnltum possesses similiu· propnrtiol' to that ohfaiiwd 
from thn roek d~,p<mits, n.n<l rephtce8 it to a eonsidomlilo 
extent in paving and othu1· usu:-:. 

li11lirm 1i'r'l'l'tm·y.-1'hn known a:-:phnltnm deposits in 
t,hi8 territory are almost entirely within tho ro:-:eryntion 
of tlrn Cb.idrnsttw nation. Development work has !won 
started nt Htwin, Dougherty, an cl Tar Springs, nnd at. 
the two formor localities soft asplutltic sand:-: and tt 
bitrnniuous linwBtone have been mined, and ttt the lit:-:t­
rntuwd place a:-:plmltic sandstone is prodnced. Grahmn­
ite is mined near Tar Springs, tho product being Imnled 
to Comanche, 18 milei:; di:-:tant, and then shipped by tbo 
Chicngo, Rock Island and P110ilie H1dlroad. Uon:;ider­
tthle prospecting l>y dri118 has heon iwcompli:,;hocl in the 
vicinity o:f Tar Springs, uncl other deposits of aHplmltie 
sand:-: h1we been :found below the Hlll'raco ([(1p0Hit, HepEt­
mtecl therefrom hy heels of red and hlnc cl!ty and shale. 
The thickness of the asphnltic saml beds rnrios :from 3 
to 20 feet, while the clay 1u1cl the HhnJo fltmt11 rttngo from 
5 to 40 :feet in thicknes:-:. The lower limit of' tho ns­
phaltic sand lrns been found at a depth of 000 feet :from 
the surface. The present 1-mpply of nsplmltum is ob­
tained by open-c:ut working. The Handstone cttpping 
is removed by drilling and blasting-, and the soft as­
phaltic :mnd:,; are broken up by blasting and removed 
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by plows and sern,pers to the refinery, where the sterile 
sand is segregated by mechanical concentration with 
hot wn,ter. Tbe n,splrnltic materinJ riscK to the snrface 
and passes to the reducers, where it is bronght to the 
proper consistmwy by the application of heat nnd snb­
:-:;eqnently strained and barreled for Rhipment. The 
products ntry with the demands of the market, and 
range from a serniliqnid on the one lmll(l to a hard and 
brittle form on the other. Very little of the latter is 
nmde, however, on account of the large tLmonut of tinrn 
11nd fuel required to produet' it. 

lfrnt·ud~y.-The principal bituminous sandstone de­
posits in Kentucky are in Logan, W arrcn, Edmonson, 
Butler, Grayson, and Breckinridge counties, occupying 
nn nrcm of 20 by 50 mil0s in the central part of' tho 
state. The deposits are in fine-grained sand8tone of tho 
Subcnl'honiferous formation, and :from geologicn1 cvi­
donco the nsphaltum represents the residual matter 
from prooxi8ting beds of petroleum. The numerous 
deposits in Grayson and Edmon8on eonnties v1try both 
in richness 11ncl nmgnitudo, the mnge in the thickness 
of tho beds being :from 2 to 20 feet. But few of these 
deposits, however, are of commerchtl value. The richer 
deposits lie botween strnta of "bhtck rode" from l to 
2 foot thick, and the intervening aspbttltnm ledgo v1trios 
in thickness :from B to 15 feet and contains from 5 to Hi 
per cent oJ bituminous umttor; below 4 per cent as­
plmltnm content the material merges into "blaelc rock.'' 

n p to the present time only those deposits lying con­
veniently near railrcmd or rivor lmve heon developed, 
nnd of :·mch only those ha\'C been worked whieh offer 
t.he least difliculty in the w1iy of uncovering. No tun­
neling or drifting lrns yot been attemptell. At Bowling 
Green there is a 200-ton refining plant, equipped with 
corrugatm1 rolls. 'L'he moisture in the nu1terh1l its H 
comes from the crnshors is expelled by means of steam 
j l'ts. 

A 11roporty ± miles northen:;t of Russellville, Log·an 
l'otmty, hnH been developed q uit;e extensively, the quarry 
foee showing a 1'7-foot n:;phnltum ledge. The plant oJ 
this comp1my includes a 250-ton gymtory crusher and 
plain. 14 by 18 inch rolls. Quarries, mill, rmd tipple 
nre connected by lt miles of narrow gltuge track, and 
nt the end of the year the rolling stock equipment con­
Ristcd of 45 cars. At Louisville, the operating com­
pany hns insta11Cl1 a plant for mixing mid preparing 
nsphnJtum for street paving work, ·which hmi a daily 
cnpadty oJ prcpm'ing material to cover nn f.trea of 
18,000 square feet. 

An nsplmltnm company near Garfield, Breckinridge 
county, hns tt LOO-ton plant. The ttsplmltic rock: is 
hroken in two Rets of beaters revolving about hori­
,.mntnl shafts, the first nrnking 600 and the second 
1,200 revolutions per minute. The con,rsely broken 

material from the first beater iH passed to a 2··inch 
screen, the m'ersi11e being retnrned for a Hoconcl treat­
ment. Tho 11u1terial passing through is treated in the 
second bettter, which delivers to a scrl;en. .Material ex­
ceeding one-sixteenth of m1 inch in size is returned to 
tho second boater for m1cither treatment. 

Tew11N.-There has been comparatively no appreciable 
production of asplrnltmu in this state in recent years. 
That reportccl in Hl02 waR liquid asphnltum. 

[!ta/1.--Jn recent yen.rs a snmJl quantity of asphaltic 
limestone has been produced from deposits in the east­
m·n part of the 1:1fate, neiirly the entire output being 
consmuecl iu tho local markets. Tho ehief nspha1tum 
product, however, is gilsonite (1ilso citllcd gmhamite), 
which is mined tLbout ()() miles from Vernal, Uinta 
county. Gilsonite is a very high grnde nrnterial, of 
especial value :for nrnnnfocture into varnishm;, lacquers, 
pidnt;,;, and :-dmihtr products. On account oJ the high 
price it commands, the product mm stand a long 
distance freig·ht rate to chemimil works. 

lhcw.-The pritwip1Ll use for nsphaltum is in the con­
struction of rmvements. In n,ddition, it considerable 
<pmutity is consumed for the manufacture of special 
vnmislws; for waterproofing huildin gs and other objects 
ns tL proteetion ag!Linst clampneHH; J'or cmtting vessels, 
nH a protection ngainst the teredo, or ship-boring worm; 
aH an enamel for iron objects; for rooting purposes 
in the form of asphaltum or tar paper; for electric 
current insulation;, nud as [tn ingredient of cement. 

Asplrnltmn sidewalks were first mied in Paris in 1838, 
and to-chiy thc,)r extend to ·a distance exceeding in the 
tiggrogttte l,200 miles. The introduction of ttsphaltnm 
piwmnents in the principnl cities of the world is gfren 
by ,T. W. How111'cl 1 in the :following chronological order: 
Pnris, 1854; London, 18G9; Budapest, 18'71; Drm;den, 
1872; Hmnbnrg, 1872; Berlin, 1873; followed shortly 
nftorwards by Brnssels, Geneva, Leipzig, Frankfort, 
and others. In the United States a so-called "tar­
poultice pavement," composed oJ coal or gas tar, sand, 
etc., was laid iu scyeml cities dnring the period from 
1870 to 18'73, and in 18'71 to 1873 successful experiments 
were carried out with an artificial asphaltic sandstone 
pavement in New York, N. Y., nnd in Newark, N. J, 
In 1878 a pavement composed of Trinidad n,sphaltum, 
sand, and powdered limestone was successfnlly intro­
cl uced in Washington, D. C., and has since been the 
stt1ndrirc1 pavement of tlmt city. At the present time 
more than it hundred of the principal cities of the 
United States h1we adopted some form of aspbaltum 
pavement. 

In making asplutltum pavement the general procedure 
is to gmde the street to be paved, roll it with it steam 

lThe Mineral Industry, Vol. II, page 51, et seq. 
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roller, an cl then covnr it with a la,rer of' cement e01H•.rete 
5 or ti inches thick; or in case the :-;treet i:::: marnulam­
bmd or pnved with stone blocks, the concrete is nnneces-
1-J1try. In the httt~~l' ctises a thin ln,yp1' of asphalturn con­
crPte from 1to1.G inclrns thick is laid directly upon the 
old sm·faec. The foundation having been thus pro­
parml, the asplrnltnm paving· mixture, mtllecl the" wmtr­
ing sm·face," is then spnmd over it. with heated rakes to 
the do::::ired thiekness, w hi eh 'rarics from 1. 5 to 2. G 
inehes, depending upon tho tm1Hc to pass over it. 

'l'he ortlinary Tl'inidml a:-;plmltnm paving mixt.ure is 
nmcfo hy iulding and tl10roughly mixing with hot refined 
asphalt ahont 15 pm· cent of' its weight of' residuum oil, 
the mixture sorving to cement together the sand m1cl 
powdered limostonn which entnr into the paving mix­
ture. Thn proportions of the ingredients vary ac1:orcl­
ing to their phy::;ictLl nncl dwmieul q nality, a:,; well ns to 
the 1•1imatc in which the pnvcnHmt is to he n:-:oc1, hot 
dimtttes requiring lrn;s cement than cold. A t.ypic1il 
p1wenwnt. is composed of i'rom Hi to ll-' per cont o:l' 
asplrnltit· cemcmt, from j() to 8H per cent of sand, and 
:from f, to 15 per cent of' l irnestonc. 

For u:-;o in making pttV{\lltent:-;, the mined !t8plmltic 
limestone b m·nshccl into pieeos not. exconding 2 inches 
in clinnwtor, nnd then rmhwed to ahont 10-mesh size in 
a hall 01· eentrifog·al pulverbi:er. The forn material is 
lwnt.cd to 27fi'-' F. in heators, :;prend over tho prepnr1\rl 
rnac !lied, and compressed hy heitted r1m1mors, or other­
wise, nntil it is of 11 thielrness of from 2 to 2.i:i inches. 
This J'urm of rmvemnnt is not popular in pltt<'OH suhjcet 
to fogs, mins, and low tmi1pemturcs; for tlrn reason 
that it. becomes pofoihccl und :,;Jippery whim wet, 01· dry 
in cold wcathei·. In Jlaris 1tnd Borlin large :,;npplics o:f' 
1'aud arc lrnpt nmLr the streetR p1w<'d with asplmltic 
limostone -J'or u::::e during fog, slight min, or snow. 

Pnvnruents maclo with Trinidad or other a:->phaltmn 
in whi<·h sn,m1, in proportions np to 80 pnr cont, iR the 
d1ief ii1gTeclhmt, do 11ot become :,;lippory oxeopt when 
covnred with ico; tho :->Rncl makes them gritty and not 
susceptiblo to poli:,;h. 

For the mtuml'acture of blnck vurnish, used chiefly 
for l'O!tting ironwork, pnro asphaltnm is dis1.;olvecl in 
lienzole or lir1ui1l:,; coptaining bonzole. The asphaltnrn 
from Syrin is used :for this purpose. By covering hot 
iron with asphn.ltum varnish the vofatile ingredients of 
the latb~r !tre cll'iven oft', leaving IL residual coating in 
the form of a smooth and polished omtmnl. 

For immlntiug and cementin"g pnrpo:,;e:,; H:>plmltnm 
form:,; tt very importnnt ingTedicnt on aec•onnt of its 
wondert'nlly adhesive quality. 

For wnterproofing fonndatious of brick or :=;tone, 
nsphtlltum is cfo;solved in pctroleHrn and !ttid in the 
form of it ceme:rnt. or morht1·, fonning a VPl'J' dumlile 
waterproof coating. 

For making cement, petroleHm residue is adclt1<l to 
nsphnltnm in ordor to render it plastic, nucl from f> to 
lO per ceut of sharp s1111d is mixed with it, ne1·rmling 
to tlrn pnrpo:->e for whid1 it b to be nsPCl. 

For roofing rmrpo:>es asphnltnm b ll:>!'cl io H H'l'." 

large extent in itclmixtmc with coal tar, piteh, or 
petrolmnn rmiidue; the nrnterhtl being n:-iod to sntnmte 
two or three thickne::::ses of fr.lt, which nro li.nnlly com­
prmi::::ecl into one eomp1wt sheet. Th<~ tar or r<.wfiug' 
folt is held in place by nttils <lrin~n through tin tli:-;ks, 
nncl the whole completely eo\·1~rNl with eonwnt similar 
in composition to thnt used in making the folL; whil<~ 
this is :,;till soft it l'O\'nring· of :-ilmrp :-1a11rl, or S<'l'l'l\Jied 
gmve1, is Hpreacl over the snrfiwn, forming- a t.ig·l1t rnof 
of g·nmt dumhility. 

Asplut1tw111 'l'1;/i11in1;.-There ttrn V!Ll'ion:,; methods u:,;ed 
for the refining of nsplmltnm, dnpending· un tho natnrn 
of thn cnulo 111at!'.ri11! and tho nsp to whieh it i.-< to lH• 
11pplif\cl. In general, with high grade mittn·inL tlrn 
treatment hns for its object tho removal of wntt\l', nlht­
tilo hydrocarbons, and meduwically :-1uspP1Hh1d miil(\ntl 
and veg·otable matter, but. with nsphtdtnnrn to lw nsPd 
in piwoment construction it is PSHPlltial to allow tho 
mineml nmtter to rmnain in th!\ prot1m·t, for the l'Pitson 
that tho usplrnltnm in thi:-1 1·asn is to s11rvp. solt'l,r as a 
binding and wu.terproofi11gumterial. In fact, nsplrnltie 
rock of the proper composition i:-1 not relincc1 before~ 

use, but. merPly 1•rui-;hod, heated; and lnicl i11 phtt'P. 
The i-dmplest. method of' cxtmeting a:-;plrnltum t'rom its 
compounds is by boiling in water, whiuh enusos t.lrn 
lighter usplmltnm to rise to tlw :-;urfoce, from whenc<i 
it eu.n be misily renHffcd. Common sitlt 01· c·akium 
chloride nmy l.m ;;uhstitutecl :l'or watm· in tlw trentnwnt 
of material requiring· a higher tompnmtnro or tt hPaYim· 
su pport.ing liquid. In other misos asphnltmu is Pxtrnetf'cl 
by means of ft ::iolvent, snch its earbon bi:-;nlphiclo or 
mtphtlm, and obtained from tho 1-Jolution hy lw11ting in 
stills, which causes the volatile solvPnt to Jw diRtilled 
for repeated nse and leaves tho li<1nid asplmltnm residuo 
in a prnc1tieally pnre eonclition. 



Nnn.1ber o.f 1nineH or qunrricR ....... . 
Nnn11Jer of oper11tor~ ............... . 
Clumll'ter of owncrHhip: 

Imlivirlunl ..................... . 
Firm ........................... . 
hwnrpor11ted en1nr1ltny ......... . 

~nhniPrl oflkittl~. t~lL·rks, l'tc.: 
• Total 1111mher .................. . 
'l'Olll] ,!\]l\l'Jl!H ................... . 

ttenerul 111li<~er:-;-
Number .. ! •••••••••••••• 
RJtlnrirn.; .....•............ 

~llJH!rlute1ulentH, innungor1-<, 
forenwn, Hnrvuyor~1 ott~.-

Ntnnher ................ . 
8ttlurie~ ...... ........... . 

l• ... orl•num, below gTntnHl-
Numlwr ................ . 
8alnrieH ................. . 

<1ll•rks-
Nmnlrnr ................ . 
Hn.lnrim; . ................• 

'Yngc-enrtH~r:-;: 
.Aggreg11te 1LVL11•ngu nmnhL•r .... . 
..:\1-!'gregato wngeH ............... . 

Ahnv1~ grm1n(l-
'l1otlll n YL'rngt1 11 tnu liL'l' . .. 
'J'Otl\) Wll~l'H ••••••••...•. 

J~ngin(K'l'R, Hl'l'lllCll, 
l\U<l ot!Wl'llll'<'hllll· 
j{IH-

AYCl'llg'l' lllllttlH.H' 
"\Vngt1H ••••••••••• 

:\liners m· qnnrrr­
nwn-

.Averngl' n111nllor 
"'ngrn~ .......... . 

All othur wngc·enrn· 
l'l'.S-2 

AVPl'tlg'C nnmlH•r 
''rHg'lt!-1 • •. • • •. • • • • 

Jlelnw grnnnd-
'l'ntnl t1.vtlrngt~ nmnlll~r .... 
·rotnl wngol1t-! ••••••••••••• 

£iiiuers-
A\'L~l'11ge nnn1l1er 
'Yngus .......... . 

:.\finers' lwlywrs­
Avernl(L' nnmher 
'Vllg(~S ... - ...... . 

A Yt11·11gc niuulJm·of wng"e·et~rncrs ttt 
"Jle1•Hil'1l 1lnil~· r11tL'H nl p11r: 

Eng-ini~l'·rs-
Sl.2ii to Sl.·HI ......•.......... 
s2.oo to $2.2·1. ............... . 
S2.i\U to $2. 7•J ................ . 

J1'ire1nt~tl-
SU!f1 to $1.·10 ................ . 
$L7/i to $1.IJU •••.•••••.••••••• 
$2.00 to $2.~H ................ . 

~l•tt'hi nists, l>ln1•.JrnmithH, (>Ltl']'llm· 
tt•w, nml nth er mc<:h11nk8-

$1.7fi to $1.00 •.....•.••.••.... 
• $2.00 to $2.2cl •................ 

S·!.00 to $4 .2'1 . • . . . . • • . . • • .... 

A8PHALTUl\l AND BI'l'Ul\UNOUS ROCK. 

TAm,g 5.-DETAILED SUMMARY: 1902. 

llnite1l <:nlifor- Ind inn Ken- All 
States. nitt. Tt•rrl- Lueky. other 

tory. Htntcs.1 

-··-- .,---··~-·---------------------- .. -·---
2·1 \l ri ·I A vorngu nl1mber of wug-u-cl\.1'11 er~ n t, 
2<1 \! fl " sp<!<;iliell rlnlly mks 11! ptty-Con. 

:l 
Miners or <1nnrry1nm1-........ ······-· $1.00 to $1.2·1 ................. ........ ········ $1.25 to $1 .. rn ................. 

HI Ii fl $1.iiO to $1.7-1 •••••.•.••....... 
$l.7fi to $1.~0 .......... : ...... 

r,~ B fl 32 12 $2.110 to $2.2·1 ................. 
$-!H, 23:l $ll,2HO $1,.l!O $17,·120 $1H, 12:1 $2,fiO to $2.7·1. ................ 

$2.7fl to $2.U!l ................. 
~a ] ,, 

H Ii l\Ihwr~' hel1rnrs-
$'..!i, itlO $1.HOO $2,400 $H, BOU $rn,2011 $.1.7i1 to $1.!l!I ......•....••.... 

~rimhermcm ttnd tr1wk lnvert-i-
$2.00 to $2.2·1. .•..••• : . •••••.. 

17 I :i 10 :l All other wngl1-eur111JrH-
$lfl, 111H $2,.100 $2,010 $11,a10 $·l,2:l:l $0.75 to $0.!l!I .....••...••••••. 

$1.110 to $1.2·1. .....••.•••••••. 
1 ·······-· ········ ........ l $1.2fi to $1 .. rn ................. 

$1, 2·10 ········· ······· ........ $1,:l·lll $1.iiO to $1.'M ....•....••••.••. 
$1.7fi to $1.!l!l .•..•••...••••••• 

11 J H " AVel'U'fe nnmller nf wnge-earnm'.H ·-······ 
$4rio $1.~RO $1,0HO ........ ~2 1 7!iU e1nr oyrnl clnring l11wh n10nth: 

150 
· ri on lli yn1trx n n<l over-

a~ ~H liR :n ,Jnmmry ..................... 
$i0, !i70 $20,tl:!I $1:l,Wf1 $~:l,fl7·l $2:1, 7HO li"ehrunr~· ................•... 

Mnrl'IL ...................... 
J.10 H:.! ~(j 1m 17 April ....................... 

$!iii, 70\l $20,u:n $11, \122 $22,fiH $12, rn2 ·~IR)' ••••..•••••••••••.••••••• 
,June ......................... 
,TUI)' ......................... 
"\.ngnHt ................. ·~ ••. 

17 Ii 9 ., 
H<1ptemher ... ................. 

$HJ, 7H·I $H,:m.1 $·1,\100 $2, r.r.o October ...................... 
NOYl1lllllN' ............••••••. 
De<~mnlwt' ... ................ 

Hll 27 11 ·18 1fi ContrncL work: 
$·17, Hlill $1.~, Jfi(j $·1,lif>I $1.fi, ·llH $0, OB2 Amnuntpnitl ..............••.••. 

. Numlrnr of emplo)·eeK •.....•.... 
l\IIHCOlltuWOllH mqmll~llH: 

~2 fJ \I s '.l'ol!tl ............................ 
$8, O!irl $1,H7fi $:J,O:H $~,~rin Rlll'td ties mtrl rt•n l of mine 

1!1111 mining plt111L .•••••••• 
10 2 J.I Hl1nt of offlees, taxes. insurM 

$12,Htil $1,2li:l $111f>U8 mwe, inte1·u:-;t, lllHl other 
Bll!Hlrks .......•...•.•••••. 

lf• l l4 Co't nl •nppllcK anrl mutorlnls .•••••. 
$12,070 $-172 $11,rioR l'ro1lnct: 

1 1 ........ ........ qnnnlity, short: tom ............. 
Vttluu ........................... 

$791 $ill! ········ ........ Power owll<!d: 
Tot.1! hnrHP[lOWl11' ••••••.•..•••••• 

E11giUCJH-
Rtmm-

2 ······--· ......... 2 Nnmller ............. 
~ 2 ........ HorRepowor .......... 
2 .......... ........ 2 <las or gnsolinc-

Nntnbcr .............. 
.......... 2 Horsepower . : •..•... 

l ........ ·····-·· mectril; motors-
1 ········ ·-···-·· Numher ................•.... 

lI0!'8l1[lOWUl' ................. 

1 . . .. ..... . .. . .. .. 1 ....... . 
·l 2 2 ········ 
•) . ........ ...... .. ......... i 

Unit NI C111H11r· Ituli•tll Ken-
HhLte"· nia. 'l'orri- tneky, tnry. 

iill fi ·15 
11 

. , ..... 8. 
a 

]] 2 ·1 
2 1 :t ........ 
:; 2 1 ········ ~fl H l ........ 

1-1 ......... ---·-··· ········ 
. ....... 
........ 

2 ········ H ......... ........ 8 a fl 1 ········ .j ·1 ········ I 1 ........ 

HO ~8 ~fi Gl 
l:m 28 ~·1 Ill 
Hfi !!H 27 Gil 
HU 28 20 ()7 
l:l2 28 28 fi;) 
12\1 ~8 2a 52 
H1 a~ ~.J n2 
lfi7 .j.j ~m fi2 
10.f H ao fi4 
mo :12 27 U·I 
202 82 ~u Bfi 
180 a!! fiO fi:.! 

$10,0liO ~1,0W 
lltl Ii 

$111, 7ii:l $1, lHfl $21 21H $11,\l,JH 

$2, Hfil1 $800 $70li 

$10, 807 $:lllfi $1,•117 $11,IJ.18 
$21, U28 $1,:mo $fi,2~)~) $7,:ma 
tm,2a~ 

$23G, 728 
m\a77 

$101,:JO:l 
~,nun 22, ·198 

$11,7iH $1i8,7tH 

720 llll atlfi :mn 

11 7 ·1 
6GO B05 Hlif\ 

] 1 ---····- ······-· 
llO tiO ........ ........ 
1 -······· 

20 2ri ........ 

1 T1wl11tles opc!mtors distrilmlt'<l HK follnwK: Arkttll'tIH, 1: 'l'cx•ts, 1: ITtuh, 2. •Jmiludcs timlll'rmen nml tr•wk ltiycrn. 

~)85 

All 
other 

Htlttcs.• 

I\ 
·-······ 

10 
H 

····-··· 
-···-··· 
........ 
······-· 
··-····· .......... 
·--·-··-

2H 
2(i 
2fi 
2n 
2ti 
2G 
26 
2G 
2ti 
46 
·Iii 
·16 

5'U,m!l 
fi4 

&4, ·107 

$1,'2fi0 

~a, i.17 
$Ii, 0211 

f1 1 7U7 
$'iil,\117 

·-··--·-........ 
........ 
········ 
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BAUXITE. 

Hy .TosJ~l'H D'l'llU'l'HJms, Ph. n. 

\Yhiln tlrn prodnetion of bauxite in the United Stato:; 
(lll IL eo1111norcial sc·itln <l1itcs from the. opening of the 
d('l>O:-;its in the sbttn of G<>orgia during lHRll, the. min­
e ml docs not nppoar to hn.vc bcon prucluccd in snHicient 
q1iantitics to he included in tho l'l'lports o-f the g]cvcnth 
Crmsus. This repOl't, t.lrnrcforc, contains tlrn resulti:.; of 
the tirst census of tho mining of lmnxite in the Unite<1 
Stn tes. Table 1 is a snmmm·y of the 1:itatisties for ln02. 

'Lun,g l ,-'--81111w1w•y: J[/O;J. 

Number o! mines or ()UltrrieH. ••• .... .... ... •• • • •••••• ••• ••••••...• ..... :18 
Nnmher of 11pcmtors .............................................. : .. • . . 7 
f'ui11rled officinls, Plerks, ctn.: 

~!~j~~\~:.: ::::: ::::: :: ::: : :: :: : : : : :: : : : : : : : : : : : : : : : : : : : :: : :: : : : : : :: : : : $Bil, 2:\fi 
"'ngc-t•n1·1w1·:-1: 

\~,~;':;~~~:.·~~1~1-1~-~1::::: :::.·::: :: ::: : : : : : : : : :: : : : : :: : :: : : :: : : :: : : : : : : :: . ~mu. i~~ 
Contrnet work........................................................... $fillll 
:'>Ils"ellunenu8 cx11cnlles. ... . • .. .. .. . .. ... .. .. • .. . .. • .. . • ... . . .• . . • ... ... $1<1, 9:1U 
Co8t of snppl!cH autl 11111terh1ls . .. . . .. . .. . . .. .. .. . .. . . .. .. .. . .. .. .. . .. .. . ~HO, 019 
l'rocltwt: ' 

Q1111.11tit)', longtcms ................................................. W,222 
Vnhrn .................................. : ...................... : ..... $128,201i 

Of tlw BS mine.~ or tp1nrrios for which production was 
report(~d, B were iu Alalmma, lH in .Arlmnsas, and 1fl in 
Georgia. The entire nnmlwr wm; controlled hy 7 oper­
nto1·~, of whom fl were incorpomtnd companirn:; and 2 
indh·idnnl owner:,;. Them were 8± mines opcmtnd by B 
incol'pomted oompttniC:'l, 1 C0111pttny controlling HJ, 
ltndtlrnr 10, n.nd ttnother [i minm:. There were 2 com­
panies and 2 indiddirnl owno1·s operating 1 mine each. 
This cnntralization of Lho ind1rntry mitke:,; it impossible 
to publish the statistics for the diffnrent states without 
disc1osing th~ operations of indivitltud compttnies; thero­
foro} only the totttls for the United States itre lJl'esented. 
One mine in Arlrnmms was reported idle in 1.D02. 

Otjn'tal 13foaJ.: r!f' incm11mYd1'd co111pani1'N. -A consid­
erable portion of the total production of bauxite was 
mined by m1tt1blisl11nents thn.t were engaged in mining 
operations as incidental to the ma1mfacture of al umi­
num. pltiut, n.nd chemical products. The capitalization 
of these companies represents both their mining and 
mnn ufocturing· industries and, therefore, is not included 
in this report. Of the 5 incorporated companies, 3 
reported thftt they were engaged primarily in mining. 
Th~.ir authorized capitalization consh1tecl of 2,500 shares 
of common stock with it par value of $225,000. Of this 
amount, 1,730 sba1·es, valued at $148,000, had been 

issiwc1 at the eJoso of tho )'O!tl' COYerod hy this inVeRtiga­
tiou. No dividends appear to luwe heen paid on this 
:-ito!•k: during- the yeiu" · 

RmployeeN and 'lllll{fl'N.-The variation in the m1mber · 
of wttge-carner:'l Pmployccl dnrillg the diff(;lrent seasons 
of the year :ind the specified daily mtes of pay are 
shown in Tithle ob. Tho hoig·ht of activity in the industry 
appears to have been rmwhed dnring tho month of: l\fay, 
when ttn nvernge of 1GS wage-earners wits reporte<l. 
The smallest; nnmber, 132, was g'iven for tho month of 
December. Tho slight Yariation in the number mn­
ployerl during the entiro year i11clfrates n uniform 
prodnction. 

The ,mining of lmuxito requires no part.icnlnr skill on 
the part Ot Lim miner, !Llltl tho mtos Of pay should I!Ot 

Im compared with those w-,portocl for mine1·i; of other 
minern.];; whm·o skill an cl oxpnrionen arc 11ecess1u·y. Of 
the total number of wage-tmrners, 77, or 51.iJ rrnr cent, 
were classed al'.l miners. Of this number the wages fol' 
G± mng·ed from $1 to $1.2± per day. The rntes for "!tll 
other wage-earners," which inclndPs those engaged in 
as:-iorting, gmding, handling, lrntdiug·, and lmnling the 
ore nnd in mi:-icellaneous work in connection with the 
mining or quarrying of lianxitll, were c011sidemhly 
hig·her than tho rntes reporterl for miners. Of the 53 
reported for this ch1f'>s, ±0 received from $1. 50 to $1. 7± 
per day. The rnte of pay at which the gTeatost nnmher 
of wage-earners was employed is ·from $1 to $1.2± per 
day, G9 having 11001; p1tid nt this mte. One hundred 
and thirty-four, or 89.B per cent of ltll wage-m1rners, 
recchrcd from $1 to $1. H per day. This uniformity in 
the· rates of pay is dne hrgely to the fact tlu1t G9 wage­
earners, en· 4G per cent of the totnl number, were 
reported by 2 opemtors working 011 a lt~rge sen.le. 

The extmction of bauxite iR from open cuts, no tun­
neling being req"t1irecl, ltnd all of the employees, there­
fore, were reported n.s engaged above ground. The 150 
wage-earners give an n.verage of 3. D5 to each mine, bnt 
it is probable that all of the mines were not operated 
during the entire yen.r. In addition to these wage-enrn­
ers, 10 others were reported as employed by contrnctors 
to whom the sum of $500 was paid. 

(989) 



l\UNES AND QUAIUlIES. 

811ppli1.w, 1t1ateJ'/als, and Jn'i:.~c1!llrtncrm8 e.z•po11se8.-The 
cost of supplies and nmterials constitutes an important 
item of expense in eonnection with the opemtion of 
bnnxite mines. The total nmonnt, $40,0lH, reported 
for supplies nncl materials pl'obably includes a consider­
able proportion of the expcmies incident to development 
work and the installation of new plants and machinery; 
it includes also the rimount spent for supplies usod in 
connection with the calcination of the erude bauxite. 
'fhe total mnount, $14,039, reported as miscelliineons 
expenses, includes amounts ptLicl for leg1Ll servfoes and 
other miscellaneous items, some of which are not strictly 
applicable to the opemtion of the mines . 

.J.Yfeolwrdcal JWWU'.-Of the 7 operators from whom 
returns were received, 6 reported power, n.11 of it 
owned, for the operation of their mines. The totiil 
primary power nmountecl to 624 horsepower) of which 
575 horsepower was supplied by 10 steam engines and 

+£) horsepower hy 2 gas or gasoliue engines. Tlrnrc 
Wlll'C also 4 e1nctri<~ moton; with G4 horsepower .. 

I>m1Z1wtion.-The total production for the cnkndar 
ycnr 1D02, as shown l>y Table l, wns 2H,22£ long tons, 
valned at $l28,20G. The United States Geologirml 
Survl}y has pnhlishecl annual stntb;tics coneorning the 
qwmtity twcl value of lmuxite. Tahle 2 shows the totals 
for each year since l88D. Sinee the economic impor­
tmice of bauxite is clue almost exduRivdy to its nse iu 
the nrnnnfacture of the metal tilmninnm, ttlnmimun 
sulplmte, commou alum, nnd iirtificinl enrnry, thi:-i table 

"lrns boen prepared so nR to show the available figures 
for the nmnufoctnre of those snbstirnce::;. Statisti!'s for 
the production of sodium alumina tu and other salts that 
contain aluminum cttn not he secured. 

For all pmctical purposes the ye1Lrly Rnpply of 
hituxite in the United States, including· both domestic 
production and importR leRs nxport:-;1 nrny he taken 

'rAm.E 2.-PHODUOTION, IMPORTS, EXPORTS, AND CONSUMP'rION OF lUUXI'.rE AND THE PIWDUU'l'IUN ANll VALlll~ 
O.F ALUMINUM, 1889 TO rno2, AND OF ALUM AND ALUJ\TTNUM. SULPHA'm, 1880 TO 1\102. 

[Unilcrl SttttcH <leolngkttl Sur1·ey, "Minoml ncsonrecH nf the Unite<l St11tes1" mo~.] 
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• • . • • . • • . . • • • • • . • • 12, 09.t •12, '170 n,mn ... 
Ii, 797 lM,782 ... 
2,119 10,-.177 

• • • • • • • • . . • • • • . • . • 22, ROii 78, 782 
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10, fllf1 ···2;A:\7" ··$~;07,j· 
20, ·1X:l 071 ~If) 1, aoo,tmo 

·I, OOll, 000 
fi,200,000 
ll,fillO,Ollll 
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7, W0,000 
7, :mo, ooo 

.2,(M5 
1,201 4, 238 
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I,7W,OllO 
2, 112,fiOO 
1, \)211, 000 
~' 2a8,000 
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1,000 2,000 2il,af)O 77,fi7f1 
6, 666 28, 708 
8,(l5tl 32, 9117 

18,313 07, 107 
15, 7!.10 M,.no 

~.u:m .1,::;07 
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Nil. 

89, urn HI, 11rn 
30, RIO 119, u.1:1 
:rn, 2rn 1-14, 021 
~r,, lll2 1s2, urn 

a:-; thp, equivalent of yearly consumption. The aggre­
gate Yalue of the almnimun and alum aluminum 
Rnlplmte nmde from banxite during 1H02 mnounted to 
$4,522,761. 

At tho present time mo::;t of tho bauxite in this 
country is used as a source of alumina from which the 
metal aluminum is nrnde. The quantity used in the 
manufacture er!' chemical salts is relatively small. Thus 
the development of the bauxite industr.Y depends to a 
great extent on the manufacture of almninum and on 
the increased use o.f this metnl for purposes of con­
struction requiring lightness and no especial strength. 
Aluminum is also used as a substitute for copper as a 
conductor of electricit.Y. 

The largest production of bauxite is iu France. Next 
to :Fmncc ranks the United State!-:!, and third comes the 
United King·dom, of which Ireland fumishcs the out­
put. Table 3 shows the production of the three nations 
mentioned, for moo and 1901, as reported by the United 
States Geological Surve.Y. 

T.\BJ,g a.- Trurld'.1p1'0tluction1~/' /11rn;1:ili': 111110 11111[ 11101. 

[l111it1"1 KltLt<•s llP11log-i1"11l Knr1·1•r, '' "!1111•rnl ll<'s11m"1's 11f tlw Unit1•1l Ktttll'H," 
1U02.) 
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10118), (n!lH), 
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Tn!JLl.. ........................... I H7,llf1U $18\1,022 'l()tl,lk·l $2!H,oU7 

I 

1;nite<lStnlt!s ......................... .:- ~:i:fir1~-1 R\l,G7!l lH,207 7\1,\IH 

11•1r1~11ee.;.:. - ...... - .......... - - ........• '• fiH, ri:lO 021 fi\JG 70, mm 12·1, Hi1' 
u1te1lh.1ngdom .... _ .. _ ............... : 5,87:\ 11,?fiO 10,8fl7 1·1,filfl 

··------~· ---"----'.'.__ ________ , __ _ 
Th ti total quantity of bauxite produced in the United 

States since tho beginning of opemtions in 188D amonllts 
to 224,flDl tons, or an avemge product.ion of l!l,04U tons 
per yenr. The greatest quantity produced during ono 
:year, 35,280 tons, was reported for 1890. There !ms 
been considerable variation in the avcmgo price per ton 
of lmnxite, the rnnge having been from $2.fiS to $4.38. 
According to the reports received for 1902, the price 
variecl from $~.5(,) to $6.50 per ton. 
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A cletELiled snmnutry showing . the statistics for tho 
production of h::mxitc <luring rno2 is given iu Table 4. 

DESCIUPTIVK 

Refining wtts forl'nerly done almost exelusively in 
Pennsylvania !Wd New York, hut recently new refining 
plants have been nrected at Bauxite, in Saline county, 
Ark., itncl umtr East St. Louis, in St. Clair county, Ill. 
These plants nre equippecl with modem nmchinery, 

Occw•1•ence.-'l'he mineral bauxite wm; Jirst cliscov- ancl httnd labor has been superseded wherever prne­
eretl in the ymn· 1821 near Baux, .Fmnce, hy the well- timtble. 
known ]'rench chemist, Bertbier. He attempted to France produces three varieties of hmlxite: The white 
utilize it in the miinu:foctnre of alum, but, because of of Hemult; the pale of Bunx and other localities of 
the htrge proportion of iron oxide it contained, he was southem France; and the red, which contains a lnrge 
ummccessfnl. L11ter 11 deposit o:f the white ntriety, of proportion of iron oxide, 1mc1 ·which is also :found in 
g-ren,ter purity tlmn that of' Bmix, witH diseoverccl at several plnces in southern France. Of these, the white 
Hera.ult, nJso in France. The minend di<l not, however, variety ii:: the pnrc8t, conbtining from 65 to 74: per 
become of commercial importance until 18ll8 or 18GO, cent, of 11lmnirut, from 0.25 to 3 per cent o:f ferrie oxide, 
when Sainte-Claire Deville, a French seiontist, in the and from 12 to 18 per cent of silica. Thm; it is corn­
eourse of his experiments in j;he umnnfoctnre of 11lnm- pamtively free from iron oxide but contains it relatively 
innm, cliscovcrecl the value of bauxite as an ore o:I' this large amount of silimt. The mrnit impure is the reel 
mctnJ. variety, which confains from 50 to B2 per cent of 

In 1881 ocmured the firi'lt. rocorclecl clbcovery of alnmimt, from 24 to 28 per cent of ferric oxide, which 
bauxite in the United 8tr1tes. The find was mn.clo by impttrts the reel color, 1tncl from l to 7 ,per cent of 
Edward Nichols, nt I-Iermitag·e, Floyd county, Ga. silica. French hauxite is used ehioJly in the mann­
Aftcrwurd8 dcpoi'lit8 Wl\rO found in Polk, Bartow, fawtm·c of tilum nncl ulnmii11t-the white variety, con­
Gordon, nnd Clrnt.tooga counties. In lH!ll R. S. Perry tttining but little iron oxide, :for alum; ttncl the reel 
reported the discovery o:I' the mineml in Calhoun variety conblining but little siliCIL, after pttriticrttion, 
county, Ala., although it, lrnd previously heon found for alumina. Bemulfie of' tho low cost of mining and tho 
in tb1tt sbtte in Cherokee eotmty, whore it had been low oceim freights of recent yeari'l, h1rgc quantities of 
known ns iron-orn blosi'l011l and ns Clinton fol'lsiliferons this mincml have boen brought to the United Sttites 
iron ore. Other deposits were a:l'torwnrds :found in imd c011Kumecl, nminly for the manufacture of alumina 
Clclmrne eomity. In l~!H, too, tbo mineml wtts re- from which mehtllic alnminum 1uis honn made. At the 
portecl by the Arkansas goological i'lllrvcy aH baying- pre8ent time tlrnrc ii-I little, if any, J.french bauxite. used 
been found in Stiline m1tl Puhiski conntit'H o:f thnt for Llw manufaetmo of ttlnminum sulphate. 
::;tatc. Other clepo:,iits have been l\mncl, not.tLbly in In the United King·dom tlrnre 111·e important deposits 
North Ua1·olina, South Otrolinn, and New Mexico, hut nt Strnin, nein· Ballyclnre, nnd at GlenrnYel, both in 
they are too limited in extent., ancf are too far from county Antrim, Irnland. Of' the 1-i.:nropenn deposits, 
transportation facilitimi, or else con tnin too nmny im- these tire next in fo1portance to those o:f France. An 
pnrit.icH to lm of Yahrn cornnrnrcfally. Arrnnged in extenf>live nse of this mineral o:f' county Antrim for the 
tlrn order of their outputs, Georgia, Alalmmn, aml mtmu:foctnr(\ of aluminum has been retarded, becitnse 
.Arkansas fornifih the totnl production oi' the UnHed the high percentage of 8ilirn it contains rrmders it in­
Si:ates. forior for this pnrpo:·m to the lmnxite of Franco. It is, 

The mining of the ore int.his country is of compum- however, of cx!'.ellent <tuality and contttins but little 
tivoly i'ocent incoption, and, quite rmtumlly, it hmi not iron oxide or titnnic oxide. Much of the produet of 
reached tL high sfate of eflicimwy. The mines n1·e il'l'og- tlrn Irish mines is eonsumml in England, where it is 
ulnr holes dug in the hillsides, with decip, open dr~iinage made into 11lmn. 
ditches leading· from thom. Below the snrface the ore , In Germany there nre several deposits of lxmxite of 
is sufficiently soft to be removed with pick and gad, con8iderable extent, hut the quality is inferior to tha.t 
which renderi'l the extraction cttsy uncl lel"lsons tho cost of o:I' the French mineral. In om; locality, however, the 
produetion. For a high grade product, however, the mineral iH quite pure, hut the deposit h; too sma11 in 
uneven qm11ity of the ore make8 necessary 11 HOrting by extent to be commercinJly vn.luahle. 
hand or by screens. Screen sorting is gcnemlly pre- Anstri11, Italy, Asia Minor, French Gnimrn, and New 
ferred to hm1cl i'lOrting when the character o:I' tho ore South ·wales also po8seRi'l deposits of the rninernl} but 
will admit of the use of' the screen. During the sort- as yet none hits been developed to the productive stage. 
ing process, when chty is mixed with the bauxite, a 'fhe following statement ::ihows the mrnlyses of speci­
common log washer is occtt8iomtlly used to sepamtc it. mens :from viirions locnJities. This statement hns been 
The sorted product ii:; then dried in the air or in kilns compiled from 11 litrge number of analyses which have 
or furnaces prior to its shipment to market. In this produced resnlt8 so varied that; the extreme limits of 
process very satisfactory results have recently been each constituent have been presented. The average 
sectll'ed from the use of furnaces of' the revolving quantity of alumina (Al20 3) contained in marketed 
cylindrical type. bauxite is pmctimilly 58 per cent. 
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l CmnpilPtl fron1 "Tlw MiJwrnl Industry," Yol.'4. T to XI, itu•lui-;ivt·. 

O!Lmnical )J1'0]hJl'tte.~.-Thc mincml b11uxite ii,; a hy­
clmted n.lnminnm oxide containing :d:,;o ,·11rious q1m11ti­
tieK of iron oxide (Fe20 3) m1cl silie11 (SK\). 'I'hrcP 
v11rieties arc clistingub;hcd, the monohydratn (Al2C\, 
I-1

2
0),.the dihyclrate (Al20R,2H20), and the trihydmtC' 

(Al20 3,3H20). Apart from impurities the composition 
of these minerals varies from the m0110hydmte (dia8-
porc), which contains 85.12 per cent of Al/\1 nncl l-l.88 
per cent of H.20, to the trihydrnte (g·ihbsite), which 
contains 65.nl per cent of Al2()3 nncl H±.31! pPr ('ent of 
H

2
0. More or le8s of the 11lmuiua in htmxite is re­

placed by iron or nrnngm1ese oxicleH. Silica occm·s in 
the mineral either free or in combination in t~h1y. 
Min01· impurities arc compmmcls of phrniphoric acid, 
sulphur, m1rhon dioxide, lime, and ~mgnesia. Tn compo­
sition the French minernl itppet1rn to cmTespornl to tlw 
monohydrate while th11t of the United States approxi­
mates the trihyclmte. ~l'he composition of hanxitl' can 
be determined only by chemical annlysiH :-;ince it is not 
indicated by the physical propertieH of the mineral. 
According to Francis Laur, 1 the twerago eompo:-;ition is 
from OG to 09 per cent of Al/)3 ; 27 per cnnt of I-120, 
Si02 , nncl F 20 3 ; with from 3 to± per cont. of TiO,? and 
other impnritieH. In general the value of the oro iH 
in direct proportion to the riulrness m1d pnrit~r of the 
i1lumirn1 content. In ore of g·ood r1uality the percent­
age of alumimi is high, while that of iron oxide and 
silictt is low. Bauxite hns a strong i1tlinity for W!tter, 
which makes it neccssiu·y tlmt the orl', lrn dried before 
shipment. For the numnfocture of n,Juminum tlw pres­
ence of iron oxide and titnnie oxide in the ore iH not 
ohjeetionnlile, lmt ·for making alum these insoluhlo ma­
terials should not exceed 7 per cent, ancl the iron oxide 
should be less tlmn 2.75 per cent. The trihydrate, 011 

account of its greittur solubility, i:-: best :-mited fol' the 
nrnnnfacturc of alum, and for this purpose tlrn lianxite 
of the United States is preferable to that of France. 

P!1.y8/1Jal _prr!Jh:?1'tie8.-Birnxite occurs in the earth's 
crust in the form of veins, beds, or amorpl10ns masses, 
not crysfallizecl, and without m1y com;tm1 t org11noleptic 
clmracterhitics. The lmrdness, color, textnne, and den­
sity often change in the same clepmdt. Usually the ore 
occurs in concretionnry or pisolitic masses, although 
it is sometimes a hard, comprwt, homogeneoris fine­
gTained rock. In some cases the structure is oolitic, 
1iud in others it; is earthy, resembling· clay. It nuw 
be hard or soft and compact or porous. 'l'he color 

1 '.l'mnsactionH of the Ameriean Institute of Mining Enghwer~, 
Vol. XXIV (189·1), page 287. .. -

vitrinH from almost, pure w hit.l\ to tt clecp red or 
black, passing· throngh shaLles of errnu11, gray, ydlow, 
and pink. The mincml ii,; i-;omPtinwi-; KpecklPd or mot­
tled, and is more or lrn;s stained hy iron oxich\, 1unngn­
nese minerals, en· organic nmtl'l\l'. The t~olors shadP 
into one another grnchmlly or nln·nptly, iwd seldom, if 
ever, doos n depoHit posHt'S8 a uniform ('Olor. 'l'Jw luml­
ness of avcrttge goml or11 rarips frnm l to il nrnl tlw 
specific gmvit_y from ~.-!:to ~.Gfi. 

·vvhcn expo:,;ed to extreme lwat bnuxitP lrnu0111us so 
hnrd that it i,.:; !tlmost impossible to nmkn nny impt'(1s­
sio11 upon it with 8teel toob. '!'his propmty in l'Ol11H'C­

tfon with it:-; infmdhility mnlrn:,; it a11 exuPlk11t nmtel'inl 
for uruc1l>les 1wd for forrnwn linings, :-;itwu it; reshits 
chemienl 11nd cttlorilfo actions. 'l'lrn ehi11J' l'OHHOll why 
hfwxite is not used more extensivPly ns n lmsic 1\u·rnwl' 
lining is duo to t.lw impnritief< tlmt ttl'l' nsunlly prt'st 1nt 
in the mineral. 

IMPOU'l'AN'I' l'RODUC1TR I>rnIUVl•ll> l!'llOM BAUXI'l'E, 

:Four principal snhstances are prPp11red :l'rom hnnxitP, 
viz, nlmninnm sulphate, id nm, n1·tili.cial emrn·y, 1t1lll 
aluminum hydroxiclc. From the lni-:t-rninwrl ~rnlistmH'l' 
tho urntid nlnmimnn is umnnfactnrt~d. 

.Al11.ulinm11· 1ml11lwte-Al2(S0.1):1,l8H20. ---This iH a 
chernicnl salt technicnlly lrnown as" co1w1mt1.·ntP<l ttlnm. '' 
It i8 prepiued hy docomposii1g· lmuxito with sul phnri<' 
ncicl. .If tho mineml is dissolvP<l dirt>ctly in tlin acid, 
the product will confain n larg'e qrntntity of iron, form­
ing tlrn so-cnllnd '' alumi110-·forric eake, '' whkh is UHPd 
for many pm·poHOH whonJ iron arnl free acid a1·p. not 
oh;jcctionnblo, as in thn precipitation of smv!tg·o nnd of 
wastc1 liquor8 fro1}1 dyoworks. Pnro aluminum Hnl­
plrnte is now g·enor!iny prerntrPt\ liy tho Baynr process, 
which consists in adding powclorocl al nmirrn to tho solu­
tion of sodium nJurninate, containing' l pnrt. of A.1 2(\ 

to 1.8 parts of Na20. The rcnctfou causes a crystnllino 
precipitate of 1tluminu111 hydroxide. The i-:ilil'it nnd tlw 
iron present, remain dissolved in tho solution. 'l'hn 
precipitated aluminum hydroxide i8 :,;eparatccl :from tlw 
solution and is thoroughly washed and htter dissolyed 
in pure, hot, com·eutnitecl sulphuric aeicl until the 
frothing censes. The solution .i8 then trnnsferrccl to 
slrn.llow leiiden pans 1ind allowed to cool; thus the 
i'mre aluminum sulphnfo iH sepiirnted out in the form of 
a solid crystftllinc mnss. Owing to its gretiter purity 
and greater strength, aluminum sulphiite has largely 
rnplacecl alum in the arts. Aluminum snlphnte is 
extensively used as a mordnnt in dyeing; in preparing 
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size for pitper; for making alum and aluminum salts 
(red liquor, etc.); in tawing skins; for precipitating 
sewage or coloring matter in water; and, in geneml, 
for u11 purposes in which alum was formerly used. 

Pntassiwn almn - K 2S01 ,Al2(S04) 3,2±H20. -This 
product is known also as "potash alum'' and "common 
alum.'' 'l'he nutnufacture of nlum from bauxite in­
volves the preparation of a pure solution of 11,luminum 
sulphate to which is added the proper proportion of 
an allmli sulphate in order to form the tipecial alnm 
desired. Thus potassium sulphate is used to form 
potaRsinm alnm nml sodium sulplmfo for sodium alnm. 
All nlnms erystnllize from solutious perfectly, forming· 
\'l'l'Y pure crystals twcn from impure solutions, nnd 
it is hec1nu;e of this property tb1tt the alums 11,re so 
extensivel.v nsed in tho nrts. The chief uses of com­
rnon nltm1 are ttH u mordant in clyeiug; in prnparing· 
size in paper making; in tawing skins; in nmking· pig­
ment lttkes; for clarifying turhicl liquors; for precipi­
tnting sewag·e waters; rwd for hardening plaster of 
J?nris casts uud otlwr :forms. For tlwHe usPs, howenn·, 
us nrnntioned nhove, itlnminnm snlplmto iH gcncmlly 
preforrccl het•ttllse of itH greater strength and solubility. 

A/11111In11111 /1y<lm;1·/d1'---Al~(OH)0 .---Tho manufaeturo 
of n ltunimrn1 hydroxide froni lmnxite hi of grnnt im­
portance, hocause hy n simpfo ealeination it yi1~Jc1s 
nlmnimuu oxide (nluminn), whkh i:,; the chiof crnclc 
matorinl usell fol' the inauufaetnrc of the metal nlu­
miuum. In lll;tking· aluminum hydroxide, hauxito is 
roasted, pnlnirizml, all(l mixed with mlcinod soda ash 
in the proportion of 1 part: of Al/)a to l..1 pnrts of 
Nn~O, or greater if Rilirnt ho present in tho cn·r.. Tho 
mixtnrP is c•nkfood at tL whito lwat. for three or four 
honrH nntil all tmurn; of earbon clioxicle and water lrnvo 
boE'!l cxrlC'llod. Tho crdcinod in·ochwt is then ground 
urnl lixidatNl with hot water; this procrn:;.'lyioldsn solu­
tion of sodium nlmninnto from which thn aluminum 
hychoxi<le is }ll'(H•ipitntod hy pttssing cnrbon dioxido 
gus through it. The impurities, silh~lt and iron oxide, 
l'Pmain di:-isolvod in tho nwthor liquor. 

In order to nvoicl tho costly and tedious ehemicnl 
process of ,obtaining pure lllulllinnm hyclroxicle, 1t~1 
e leetric funmeo method has bnen reoontly pntonted hy 
l\Ir. Chnrlcs M. I-:foll, 1 whereby the impurities in the 
bauxite, nminly iron oxide nnd sili<'a, nrn removed, 
llllll the bauxite is th us purified for tho ltlnminum 
re<luetion proces8. 'l'l~e process of purifying tho htux­
ifo eontd::itR in snlnnitting it to 1t prclimiirnry heating 
for some hours in the presence of carbon and metallic 
u lumiuum in an electric :furnace, during whieh time the 
iron oxide u.ncl the .~1limt become reduced to metallic 
iron and silicon and corn.bine with the aluminum to form . 
a heavy ttlloy, which can be detB.checl ensily from the 
mass of pul'itled bauxite· n:Etor it has cooled. 

Art~fidal m1w1'y,-Within the pitst year or so a ~orn­
pany at Niagnm Falls, N. Y., has consumed a cons1der-

1United States. patents Nos. 677,207, 677,208 (July, 1901), and 
No. 706,553 (August, 1902). 
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able quantity of bauxite for the manufacture of abrasive 
wheels. 

'fABLE 4.-Detailed suriwwi·y: J.'J02. 
Nnmber of mines or rinnrrills ..............................•............. 

· Nnmhcr of opemtors ................................................... . 
C:Jrnmetcr of 011·11crsh!p: 

Inrl!Yirlnnl ......................................................... . 2 
(j Incorpornte<l comtJ11nr ...................... · -• · .. · • · · · • • · · · · · • · · · · · 

Sttlt1,~~~;~{;~;\~~~;~;. ~.1::·. ~~·. ::~:: ...... _ .. _ ............................. _ .. _. ·12 
Total salarieH .•....•.••.... _ .................... H.. .... .... . . ... . . . . . . $:1!:3, 280 

General offieer:.i-
Nu111lJcr .................... ~....................................... f1 
Snlliries. ••• •..•.•..••..•.. .••••• ••.... ............ .••••• ••••• $JO, 0110 

Snpel'intendentH, ln1inugers1 fore1nen, snl'\'l1 ~rori-l, etc.-
Nn111lJer .................................... ..................... :12 
SnliirieH........ ... ..• . . . . . . . . . . . . . . . . . . . . . . .. . ..... .• . . .. . . • . $10, 11:!0 

Ulerks-
Nu1J1l1cr..................................................... ii 
SnltirieH...................................................... $H, GOil 

Wnrye-eurnor.": 
l1otnJ nYemg·t~ ntnnber ttbove grournl. ............................... . JM 
Totnl wnges .. .. .. . • . .. .. .. .. • . .. • • . . . . • .. • . .. .. . • . . .. . .. . . . . .. • • . • .. .. .. • i9f>O, 7tia 

EngineerR, tirutn<m, nnrl othm• uwelmnie~-
A \'Pl'Ugc nuu11Jer ....................................... ...... 17 
Wage"....................................... . . . . . . . . . . . . . . . . ;;10, OflO 

1\IinerH r>r (tmu·ryn1e11-
.A_ yernge 11nu1ht1r •••• ••• •• .•. • ••. •• • • • . ••• • . • ••• . • ....... ....... 7i 
'Ynge.s ..•....••.••••••..•.••.••..•.........••......••..•....• :i:-!ll,2!i\l 

BoyR nndl'l' 111 yunrs-
.A. YHrnge 11u111l1cr ............................................ . 
'Ynge:-; ...............•...•................................... 

All other Wl\A°(i.pnrners-
Ay1.•rnge nnn1hcr . . • . • • • .. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r1:1 
\Vngel-l ••.••••••••.•••.•••••••.•••••.•••••••••.•...•.••••.•••• :f:.!-1,UU·l 

Avernw~ uumhL~r of wngc-etu•1wrs ut HPl'f'iJlc11l tl1tilr rnt(~.'1 of pnr: 
1ttlgilll'l~l'H-

.$J.(I() to $1.~·L ................................................... . 
$1.!!f1 to $1.·IU ..................................................... . 
$1.iiO to $1.7-1. ................................................... . 
$:.!.110 to $~.~-1 ........................................................ . 
$2.iiO to $~.7-1 ..•••...•••.••.••••...••.••••••................••.... 

]i'il'1'11H~llo:- ' 
$1.011 to $1.2·1 .••••••........•..•....••.•......••.•................ 
~l.lill to $1.7-1. ................................................... . 
$'.1.f1D to $'.!.7·1 ..................................................... . 

MtwhiniHtH-, llhu•kl-m1ithH1 c~nrp011tt!r.-1, 1u11l nthPr ml•t·luutit•;i.;-
&2.iiO to $2.7-1. ..•.....•..•...•••...•••••......•.••.............••• 
&:.!.7f1 to .tf'.!.UU ...................................................... . 

~Ii1wrt-1 or 1 L mn'l'yn1en-
$!l.7ii lt> $0.UU ••.•••••.••••••••••••••••••••••••••••.• ·: • ••••.••.••• 
$1.00 to s1.2.J ...•••••••••••••••..•...••••••••.•................... 
~l.~i• to $1.·J\) ••.•••• •• ••·· · · ·•· ····· •••· ···· · ·· · ·• · ·• • • · · ·••• · • · •• 

llll)'~.:~~f]\;1;, ~~j$~i'.1~·~-:-: .............................................. . 
$0.11() (o $0.7.J. •.•••.••••.•••.......••..•.•.•....•.....••.•.••....• 

All other w11,.;u-enr11cri..;-
$l.llO (11 Sl.~-1 .................................................... . 
$-1.2fi tn$1.·JH ........................................................ . 
~l.Gll to $1.7-1 ...•••••..•..•.•.........•••.••••••• , ..•••..•........ 

.A.vurngu nnmhtir of Wllfi'l'·l:'ILl'JWl'H mnp1oyt•tl cluring u1wh 111m1th: 
Mon 10 yenrs mul 0Yer-

Jn11nn1·y ............................................................ . 
lfeln·111tt'.r ••••••••••••..•. · ·••· ·· ··· •••••••••••••••·• ·•••·•·•••••• 
M!t!'<•h .......................................................... . 
Apl'IL. ..•.......................................••..••........•. 

~~~~i~~·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :· 
,]\1])' .•••••.••••••••..••••••.•...••.••••••••••••••••••••••.••.•••. 
A11g11st ......................................................... . 

~l~g,1s;~111~,~·~·:_.: ::::::::::::::::::: ::: .-:: : :: .-: : :: :: :: : : : : :: :: : : : : : : : 
Nc1\'1~1nl1Pl' ••••••••••..•.•••••• , .................................. . 
Ilet•t•mht;t· ...................................................... . 

JlO)'H ll!lclt•l' 11> )'!'lll'S-
,f U lllllll'~' •••••.••••• - ................................... " •••••••••• 

K~~~~i.W'.r:: :: : : :: : : :: : : ::: : : : : : : : : : : : : : : ::: :: ::: : :::: :: :: : ::::: ::: : 
April ........................................................... . 

S~i:i~:::: :: : : :: : ::: : : : :: : : : :: : ·.:: :: : :: ::: : : : : : : : ::::: :: : : ::::: :: : : 
.Tuly ............................................................ . 
AngnHt ......................................................... . 

~)~N~~:~11~,~~·:: ::::: ::.· :: : ::: : : : : : : :: : : :: :: : : : : : :: :: :: ::::: :: : : : : :: : 
Nnvcn1lJur ........................................................... . 
J)OCQllllHJ-r ............................... - ....... • •••••• - .. •• • • • • • • • • •• 

Contr1tet work: 

1 
r. 
1 
1 
l 

B 
JI) 

·JO 

l·lii 
117 
117 
117 
llil 
J.17 
H:I 
H:I 
·1.n 
ltlO 
].J(j 
1:m 

:l 
a 
4 
·I 
·I 
4 
:I 
:I 
2 
I! 

Amonnt p11!!l........................... ............................. ~f>Oll 
Nmnh<•r of emplo)·oes .......................... \" ... . . . .. . . . . . . . . . . 10 

l\fis~~~t~Jl~~J~~~ ~~~~)~~~~~(:~: ........................................... -..... -. . SJ.I, Hai~ 
Hoy11lt!eH tm<l runt of mi no nncl miu!ng plant ........... ··:.... s~. 0!10 
Hent of offieeH, tnXCH, it_rntn·n1we, intt•reHt, 111Hl ollwr ~n1ulru.~H.. Sl!!, s.rn 

Cost of supplies nml mntcrhtl8........... .. . . . .... .. •. . . . . . .. . . .. . . . .. . . . lHtl, om 
P1·od1wt: , <lq rn>.-, 

~::1~~J1.t:·:.1«~1.1~. ~'.)~-~ ::::: ::::::::::::::: :: :: :: : : : : : :::: ::::: ::::::::: $1~i< 20~ 
Jlowor owned: 

Total horsepower .................................................. . 
Eng!ne8-

Stenm-
Nl1111bcr ................................................. . 1\1 
lf01'14DpO\Yer ................................... : .......... 4 ••• 

Gns 111· guxolino-
N11111b~r ...................................................... . 
llorHelJO\VCr .•.•...... · · - ·· ••••••• • • ••• • · • ........ · · · • • • • • • · 

Electric motors-
Number ... . ....•........ ..... ........................ .. ... ...... 4 
Horsepowcr .............................. t...................... IH 

1 Includes opemtors distributed ns follows: Alabnma, 1 (3 mines); Arkttn'll", 
S (19mines); Georg-la, 3 (10 mines). 
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FLINT AND FELDSPAR. 

By S·ronY H. hum. 

The chief couS;nmption of both ·Hint. (or qmwtr.) and 
feldspar is in the pottery indnst.ry, nucl as the mining 
of these !11incmls ii'l in 1-Jtmw. cnsPH 1rnsocinted, the general 
st:tth-tics of tho two irnlm;tril\H arc prm;entcd togethl\r, 
as well us separtttely. 

Tnhlo 1 is n combined inmmrnry of tlm stnth-itici; for 
tho Hint and fclch1p11r inchrntrioH for l!l02. 

'l'AJll,g .l. ,-8W111/1tl1'!f: l!l();J, 

Xnml1<~r of mhws or qrnn'l'ics . . .. . . . . . . . . . .. . . . .. .. . ... . . . . .. . .. .. . . .. . . . .l(l 
:S:1m1h,•r of opemturH..... ... . . . . . . .. . . .. . . . . . . ... . . . . . .. . . . .. . .. . . . . . . . . • ·l:l 
!inlriric<l nllki11!H, clerks, ate'.' 

Number .......... ". ...... ... .. . .. .. . .. .. • .. . .. . . .. .. .. . .. .. . .. .. .. • . . ·1" 
81\lnrles. .. . . . . . . . . . .• . . . . .. . .. . . . . .. . . . . . . .. . . . . . . . . . . .. .. . . .. . . .. . . . $:l4,.l2fi 

\\ ... nge-enrner.~: 
..-\\'l~rnge 11\1n1bur ••.•••....•••. ••••.•.••...• .....••.••••.••••••••.••• :171 
\\'ngcs ............................................................... $104,8\18 

)Ji:-:e-elluneous ex1wnsl1s ................................................ ·. $aa, ()HK 
Cost of fillp[illes nm! rnntcrlttlH ......................................... ·•• $1lH, ll20 
Prod net: 

<ltrnntity, short tons................................................. HI,lio2 
Vnlno ............................................................... $ilU·l,ti:l:l 

Fllnt-
Quimtlty, short tons ...................................... :.. 36,!!lifi 
Vahw ........................................................ Sl·U,20\J 

Foldsp11r-
Qrnuitlty, short tons......................................... .Jri, 287 
Vnhrn ........................................................ $2o0,42·l 

Of the 46 mines, 18 prodncecl Jlint, 23 feldspar, !tnd 
5 both flint nnd feldspar. Of these 5 mines, 4 were in 
).foinc and 1 in Massachusctb:;. Fcldspn,r was the chief 
product of the 4 mine::; in Mnine, whieh also produced 
1,25± short tons of flint, vnlnccl at $2,5D3, as a liy­
proclnct; ancl flint was the chief product o:f the 1 mine in 
:;\fossuchusetts~ with 112 short tons of felcli-lpar, v1tluecl 
nt $1,000, as n by-product. One corporation operated a 
fcldspin and 'flint mine in Maine and a flint mine in 
Pennsylvnnia; 1 corporation operated a :feldspar and 
liint mine in Maine and a flint mine in .Maryland; and 1 
corporn,tion operated feldspar mines in Pennsylvania 
ancl l\ifaryland. 

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

TABLE 2.-Cltpitaliwlimi r!f irn•u111m•aiell 1'11m1wuies: 1!10:.J. 

N111nllm1 of ineorpm·ntell l~om111mieH ............. _ ......•...... _____ ... . 111 
Numl1ur rt.•11orttng rnqdtnJization....................... .. . . . . . . . . . . . . . . . ~ U 
Ci\]1it1tl HtOClk: 

'l'otnl 1rnthorlze1l-
Numlll'I' of ohlll'l'"·.................... .. ... . .. . . .. .. .. . . . . .. . . . .. 11111, mo 
Pnr vnlno ........................................................ $1;;J.J, 000 

'rOtitJ J"H\ll'cl-
N\llllht'l' ()f sh11rcs ........................................ : . . . . . . . ·Hl, 10a 
Pnr vnluu ........................................................ $·1U<l, •HllJ 
D!vlilemls piti<l..................... . .. . • . • • .. . . • . . . . . . . . . . . . .. $H, 800 

Comnuin-
Authorlzecl-

Nnmlwrof slrnreH........ ... . . . . . . . .. . . .. . . . . . . . . . . . 1110, 710 
l't\l' ynhm ............................................ $G2·1, 000 

I'R\IC<l-
Ntunlwr of Hh1treH................. . . . . . . . . . . . . . . . . . . . . ·1fi1 ooa 
!'Ill' vnl\l(\, .... • . ... • .. .. .. .... ... .. . • .. . . .. . . .. . . . .. $•1H:J, ·lUU 
Dlvi<lcn<ls pnirl, ............ ."............ ... . . . . . . .. $H, 800· 

l'rclerrerl-
Authmlzecl-

Numbur of /'ihtirl'H •••.•••.•.......•••..••... .'......... 200' 
1'1u· v11lue ............... ,............................ $10, 000 

faHUe<l-
Nmn\Jm·uf sh11rcs.................................... 200· 
Pill' Vitltw............................................ $10, Ollll· 

Asscs1-1numtH levk1l . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . S ll8 

1 Includes enmp1mies <llstrlhntt11l ns follows: Co111w!'t.lm1t, 2; Mtd11c, :l; Mnry­
lnn(l, 2; Mu:-:snel1t1Hetls, 1; i.1oe1111Hyl vnnin, a. 

'InelucleH eompuniu~ <listrlhHtu<l as follows: Cmuwcticmt, 2; Maine, 2; 
Miiryllmrl, 2; MnssnehuHetls, l; l'ennHylvmilit, 2. 

One of these 11 eompauies, mining feldspar in Penn­
sylvn,nht, wus not engaged chiefly in mining 01· q1rnrry­
ing, and its capitalization was not reported. Also 1 
of the companies miniug feldspiLl'. and 1"1int in .Miiine 
was a large cl11y proclncer in Delaware, and its eapitali­
zation ttppears under the clay shttistics. Both iHnt.nnd 
f'eldBpar were producocl by 2 of the comp1miPs in Mn,ine 
mid 1 in 'l\fassachusetts; G of the companies n1inecl feld­
spar only, and 2 mined Hint only. 

b'LINT. 

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

The flint or quartz product.ion of the United States 
in 1802, that is, the flint rnined or qm1rried as such,. 

((J97) 
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with the exception above noted, amounted to 36,365 
short tons, valued at $144,209. In 1889 the production 
of flint was 11,113 long tons, or 12,448 short tons, 
valued at $49,137. At the census of 1880 the produc­
tion of "quartz and feldspar" was reported as 21, 571 
long tons, valued at $103,878. 

The crystuJline quartz production for the yeitr Hl02 
was 15,104 short tons, valued at $43,085, which, added 
to the flint production, makes a total of 51,±tlD tons, 
valued a.t $187,294, for the combined production of 
flint rtnd crysta11ine quartz for 1902. The pl'oduction 
of qunrtz its rt whole has therefore increased from 
12,448 short tons in 1889, to 51,4GD short tons in 1902, 
or over 300 per cent; 11ncl the value from $40,l~H to 
$187,2D4, or over 280 per cent. The average price 
in 1889 wn.s $3. 95 per short ton; and in 1D02, the average 
price for the entire quartz production, flint nncl crystal­
line quartz combined, ''ms $3. G± per short ton. 

There were 19 active 'flint mines or qun.rrios locrtted-
4 in Connecticut, 6 in lVfarylancl, 4 in Pennsylvanfa, 2: 
in Now York, and 1 ench in Massaclrnsetts, lVIontium, 
ttnd Virginia. These were controlled by 17 operators-
10 indiviclm1ls, 4 firms, and 3 incorporated companies. 

There wore 6 opemtors who reported no Hint mined 
during the year-3 individual operfttors in Connectici1t, 
1 individual operator in Mnryhu1d, 1 individual opera­
tor in Now York, and 1 incorporated company in "\YiH­
Mnsin, which was engn.ged chiefly in the production of 
clny, bnt in former yenrs had produced a small ttmount 
of Hint ns a by-product. 

E111jJloyees and war;e&.-The witge-ertrner.-; con:-:;titntecl 
8l\. 0 per cent of the salaried employees and wage­
mwners, ttnd their wages were 76.8 per eont of the total 
salaries n.nd Wltges. 

The average number of wage-earners ernployerl dur­
ing mich month is shown in 'l\1hlo 5. Tho least number 
was employed during the winter months irnd the lrtrg­
est numher during the summer months, though the 
range mis not larg13, the minimum being !11 in Decem­
ber and the maximum 138 h1 .Tnly. 

The average number of wtige-earners employed at 
specified daily rates of pay is also shown in Tnble 5. 
The mines thnt produced flint or quartz as such, with 
tho exception of the mine in Mont.mm, were lomttecl in 
the Atlantic coast states and the product is chieliy used 
by the pottery industry, which is chiefly confined to the 
states east of the Mississippi. Of the wage-earners 71 
per cent received less than $1.50 per clay, 22 per cent 
$1.50 to $1. 9D per clay, and but 8 per cent $2 and over. 
Of the 65 miners or qmirrymen 58 received from $1 to 
$1.74 per day, and only 7 received $1.75 and O\'er. Of 
the latter, 4, at $3 to $3.24, were in Montana. 

S1qpUes, materials, and miscellaneous ewpenses.-The 
·cost of supplies and materials was r,~ported ns $18,642, 
.and the miscellaneous expenses as $14,291. Of the 

. latter, the sum of $5,813 was paid by 11 mines for roy­
;alties Lind rent of mine and mining plant, these mines 
-being located, 2 in Connecticut, 3 in Maryland, 4 in 
Pennsylvania, and 1 en.ch in New York and Virginia; 

and the sum of $8,4 78 by 17 mines for rent of offices1 

taxes, insurance, interest, and other sundries. 
111eolwn£cal powm•.-Of the 23 mines or quarries, 8 

ern1Hoyec1 power aggregating 74:0 horsepower, of which 
155 horsepower was furnished by 4 steam engines, and 
585 horsepower by 10 water wheels. The waterpower 
was reported for 5 mines 1n Maryland and 1 mine in 
Massachusetts. 

Prodneti:on.-The total production for the year 1!)02 
wns 3(),3()5 short tons, valued at $144:,20!l. Thii:l con­
sisted of 20,2H5 tons of crnclc flint, valued at $35,04G, 
an avcmge of $1. 73 per ton, and 16,070 tons of ground 
flint, valued at $100, Hi3, tw nn~mg-e of $ll. 7!) per ton. 
JVIontamt was the largest producer in qunntity, with 
10,640 short tons of crude flint, rnlued nt $14,2fi0. The 
production of Maryland ttncl Pcnnsyl vauiit was approx­
imately the same, each 26. fl per cent of the total, hut 
JVforylancl producctl 4\J.2 per cent of tht~ ground Hint, 
a.ud J>ennsylvi:mfa 34.5 per cent. The United Rttttos 
Geological Survey lrns published munml sttith;tics show-

, ing the quantity and v11lue of ·Jliut p1'0tlncod since 1SD~, 
and in: the following table there i8 shown the total pro­
duction nnd value for each ycal': 

TM\LE: 3.-l'rodiictfrm of.flint: 1808 '" .lf/O.!. 

YE.l.ll. 

1892 ...... - ---·--· ..... --· -·. ---------·· ---·--· •... -···-
1HU3 .......... ··--·· ............................. ···-··-· 
1891. ...... ·-· ............... ··-· ...................... . 
18!J:i ................................................... . 
18UG ................................................... . 
1897 ............... ·-· ·------ .. ____ ,, .................. . 
l8U8 .................................................. .. 
1800 ........... --· ......... -··-·· ...................... . 
1000 ................................................... . 
lllOl. .................................................. . 
1902 ............................................ : ...... . 

Qmmtit)' 
(short tonx). \'nht<'. 

SHll,tlllll 
li:l, 7U:l 

:nu.~uu 
21,ll:IH 
~-t, ~~m 
~.HI, '2:!.7 
1J'.!,fl70 

lHO, :Hi> 
80.:lrll 

l·lU~ ~\)7 
Hl,~09 

Tho uvcmgc price of tlint per ton is :-;o Yariabh>, m11g­
ing from a minimum of $1.53 in l8!1fi to lt nrnxi11mm of 
$7. 50 in 18£14:, thut no comparison can be made as to 
valnes. Tlw largest production WlLK in 18!1,I:, when it 
readied -±2,5fl0 short tons, and the snmllost was 12,-±58 
short tons in 181.Hi. Since 18lltl, the production show:,; 
a steady increase year by year. The iwerngc price of 
crude flint in HlOO, 1D01, and 1!.l02 was pmctimlly sbt­
tional'y, viirying only from $1. 73 to $1.86 per ton, 
while the average price of gronnd flint incretlsecl from 
$3. 73 per ton in HlOO to $(1. i2 per ton in lBOl, m1cl $G. 7U 
per ton in 1902. 

The value of the imports for consumption of flint uncl 
flint stone:-;, unground, for the iiscitl years ending ;June 
30, 1900, rno1, and 1902, respectively, were $40,475, 
$64:,607, Mel $85,092. The imports were chiefly from 
Fmnce, Denmark, and Belgium, in the order named, 
with more than half the values coming from France, 
and a small amount from Germany . 

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

Occiwrence and ~tse.-Although silimt or quartz is 
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widely distributed in igneous and metamorphic rocks, 
and constitutes the gangue of many metalliferous veins, 
yet it is only the pure non-ore bearing quartz veins that 
arc chiefly drawn upon for the qmirtz pL'oduction of 
the United States. Many quartzites or sandstones 11re 
of sufficient purity to be ground for potters' use. 

The term tiint, as properly used, refers to the crypto­
crystalline variety of silica occurring in nodular masses 
in ealcareous strata, particularly in chalk. This ifl 
found in the U nitccl States in Texas 11nd Arkansas and 
Florida, bnt is not at pre:,;ent utilized. The mineml 
worked throughout the entire Apptilachian region, 
either for pottery or under the mime of " flint," and 
included in thi:-i report, is quartz. The imported Jlint, 
on the other hand, fa in part, if not wholly, the true 
flint from the chalk cliffs. 

Flints ·when calcined and ground to powder enter 
into the composition of many kinds 'of fine pottery tmcl 
were formerly em ployed in the manufactnre of the finer 
nwieties of glnsH, hence termed "flint glass." 

The manufact.nre of gnntlints was formerly itn 

important industry, and the use of Jlints in the "stone 
Hgl' n and the later periods for the manufacture o:f axes, 
kniYes, SfJCarheads, arrowheads, and the like, forms 
one of the most interesting fields of research for the 
antiquary nncl archaeologist. 

The flint product, like feldspar, is used chiefly in tho 
~-ir>ttory and porcelain industry, though some is con­
sunrnd in the manufacture of scouring soaps and wood 
fillers. 

The feldspar product oJ' tho U nitcd States for the 
year rno2 amounted to ·15,287 short tcms, of !1 ,v11luo of 
~250,4~±. In 1880 the proc1uction was ineludetl in 
"quartz itncl feldspar,~' cited nncler "Flint" iu this. 
report. The only statistics pcrbtining to the feldspar 
proclnction rnportecl 11t the Eleventh Cornms, for the your 
188fl, ·with which comparison can 1 >e made itre the quantity 
proclucoc1 and its yalue. Tho production was G,!l70 long 
tons, or 7,80(i short tons, vnlnml at $3!~,370. The 11ver­
ago prices for all material, crude and ground, for the 
cansus years 1881! and 1D02, were $5.04 1111tl $5.53 per 
short ton, respectively. There has been a very consid­
ornhle incren.se in the production during tho Inst decade, 
with slight increase in average value. · 

As shown by Table G, Pennsylvani11 had the largest 
number o:f feldspar mines or quarries, 12 in number, 
nncl produced one-third of the entire feldspar product 
and approximately one-half of the ground feldspar. 

There were 9 idle minm1 in 1902. Of the operators, 
7 were individuals, 4 in Pennsylvania and 1 each in 
Alabama, Connecticut, and New York; 1 was an incor­
porated company in New York, and 1 a firm (limited 
pa1t11orship) in Connecticut. The capital stock of the 
incorporated compimy was 200,000 shares, all common 
f'tock, o:f a par value of $200,000, authorized; of which 
150,000 shares, of a par value of $150,000, had been 
issued. The power of the idle establishments aggre-

gated 42 horsepower, reported by 1 operator in Con­
necticut and l in New York. 

Employees and 'llla(le,q, -The wage-earners constituted 
90.3 per cent of the 8alaried emp!oyees and wage­
earners, and their wages were 84.2 per cent of the total 
stilaries and wage:,;, The uvemge number of wage­
e11rners employed by months is shown in Table 6. The 
maximum numuer, 279, appears in July, and the mini­
mum, 227, in February, with ltn average of 252. Boys 
under 16 years of ng·e were employed in two cases; 1 
mine in Pennsylnmia employed an average of 2 for the 
year, and 1 mine in Maryland au avemge of 1. 

The average number o:f wage-e11mers employed at 
specified daily rates of pay is also shown in Table 6. 
The mines producing feldspar were all located in the 
Atlantic coast states, and, moreover, were all surface 
mines, no underground working being reported; hence 
the wag·es paid were cornpamtively low. Of the wage­
earners, 61 per cent received less than $1.50 per clay; 
32 per cent from $1.50 to $1. 74, and but 7 per cent 
$1. 75 and over. Of the 183 miners or quarrymen, 
who constituted 73 per cent of all wage-earners, 69 per 
cent received not to exceed $1.48 per day and 30 per 
cent from $1.50 to $1. 74; only 3 miners received $1. 75 
or more. 

Supplies, ?natm,!al8, and mi8oella11eous ea.'JJense8.-The 
cost of :,;upplies and nuiterials was $50,278, and the 
miscclhineous expenses, $19,407. Of the latter the snm 
of $10,5M wail ptdd by 14 mines for royalties and rent 
of mine !ind mining plm1t, these mines being locatecl-4 
in Connecticut, 2 in Maine, 2 in Maryland, and 6 in 
Pennsylvania; and $8,823by1D mines :for rent of offices, 
taxes, insurance, interest, and other sundries. 

J1liwlwnical powe1'.-0f the 27 mines or quarries, 13 
employed power nggreg·ating 1,204 horsepower, of 
which 854 hor:-:1cpower was furnished by 15 steam en­
gines and 350 horsepower by 7 w11tcr wheels. The 
waterpower was reported for 2 mine:,; in Conneetieut, 
1 in Maine, and 1 in Pcnnsy lvania. 

J>.i•orb.tct?'.011.-Tlrn totnl production for 1U02 was 
45,287 short tons, valued at $250,424. This consisted 
of 21,870 short tons of crude feldspar, valued at $55,501, 
tin twemgc of $2. 54 per ton, and 23,417 short tons of 
ground or prepared folclspar, valued at $194, 923, an 
twerage of $8. 32 per ton. , 

Of the several producing states Pennsylvania re­
ported the hirg·est amciunt, constituting 33 per cent of 
the total quantity, 29 per cent of the total crude prod­
uct, and 37 per cent of tho total ground product. Con­
necticut was the next in rank, producing 31 per cent of 
the total quantity, 24 per cent of the total crude prod­
uct, and 37 per cent of the total ground product. 
Maine produced 19 per cent of the total product, 21 per 
cent of the total crude product, and 16 per cent of the 
total ground product. 

The United States Geological Survey has published 
annual statistics of the quantity and value of feldspar 
produced since 1892, and they are shown in Table 4. 
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TABLE 4.-ProducUon of feldspar: 1892 to 1902. 

[United States Geologic1tl survey, "Mlnerttl Resources of the United Stntes," 
1\)02.] 

YEAR. 

1892 ................................................... . 
1893 ................................................... . 
1894 ................................................... . 
1895 .................................................. .. 
189(i.. .................................................. . 
18\17 .................................................. .. 
1898 ................................................... . 
1899 .................................................. .. 
1900 ................................................... . 
1001. .................................................. . 
1902 ................................................... . 

Q,nantity V11Jue. 
(short tons). 

s1ri. ooo 
fl8,307 

lfi7, 000 
30, 000 
:JI\, '200 
·13, ]l)() 
32, B9fl 

211, fi.jf) 
180, !l7l 
'2'20, 422 
250, 42·1 

:For the years 1892 to 189!), inclusive, the product.ion 
of the combined product of crude itnd gTotrnd feldspar 
and the nverage price per ton was so 'variable, rnngiug 
from a minimun1 of $2.Jl per short ton for 18fl8 to a 
nmximum of $8.7± per shmt ton in 18DO, that no_corn­
parisons can he made a:do Vldues. In 18H3 tho produc­
tion aggregated ~1\578 short tons, succeeded by a drop 
to 8,523 short tons in 18Hi5. Since 1895 there hn:-; been 
itn increase, year l>y year, of tho total qu11ntities. The 
1wemge price of crude :feldspar per l;on w11s $±. 06 in 
moo, $2.18 in 1901, iwd $2.5± in Hl02. The price of 
ground foldsptU' per ton shows a slight iucrl~ase, ncl vanc­
ing from $7. 5± in HlOOto $8.01in1901 and *8.H2 in Hl02. 

There was some importation of feldspar from C.\tn­
achi, hut not being separately retnrnecl to the Treasury 
Departrnent the statistics can not he given. · 

A detailed sumnutry of tho :->tt1tistic8 for felclspttr is 
given in T11ble 6. 

Ocam'1'CJWe and u8e.-Thc mcrnhcrs of the group of 
feldsp11r, or feldspars, nre anhydrous double silicates, 
consisting of a i>iilicate of alnmina combined with a sili­
cate of potash, soda, or lime, or with two or all of these.. 
In all the members of the group there exists the simple 
rel11tion of oue 11tom of the Resquioxide, alumina, to one 
of the protoxide base or bases, but the proportion of 
silici1 vtiries considerably in the different species. The 
highly silicated species, as orthocla:-;e, albite, 11nd oligo­
clase, occur in granite, tmcbytes, and other so-called 
acid rocks, while the Jess silicated feldspnrs, ns lahra­
dorite, are confined to basalts and other basic rocks. 

Orthoclase iH the most ordinary species, nnd is the 
one most commonly used in this country. It is a pot­
ash feldspar, of which a tYlJical analysis from Bedford, 
N. Y., is: Silica, 64.97; alumina, 20.85; alkalies, 13.72; 
and water, 0.46=100. 

Labradorite is a soda-lime fek1spar, consisting of sil­
ica, 55.75; alumina, 26.50; lime, 11; soda,±; peroxide 
of iron, 1.25; water, 0.50=90. 

The feldspars fuse, whei~ exposed to a high tempera­
ture, to a vitreous enamel pos:-;essing considerable hard­
ness, tt property which ha1; led to their use in g·lazing 
pottery. . The chief consumption of feldspar· is in the 
nmnufacture of pottery and tiles, although it is also 
used in the manufacture of wood fillers, scouring soaps, 
and in glass manufacture. 

TABLE 5.-.Ji'lint, detailed .mmmary: 1902. 

Num her of mlnl'R or quarries ........ . 
Number of npcrntorA ................ . 
Clln.mcter of ownership: 

In<lividuul ..................... .. 
Fir1n ............................ . 
Iucorpnriited com p1my .......... . 

SnJaried f1flicinhi, eh~rkH 1 ete.: 

Unitctl 
8tntes. 

la 
17 

10 
·I 
a 

'l'otlll numlier.. .... .. .. .. .. .. .... 1~ 
Totlll Hrtlmies..................... $H, :mo 

Gcneml 01li<!Cl'R-
Nnmbei• .................. a 
SnlnrieH................... $3, 87f1 

Sl!j\(er!n (Qllfll'n t8, mnnngl'l'H, 
forrnnun 1 Hllrveyors, ete.-

Nnmb(1l' .................. 10 
S1tl11rics................... $U, lOFi 

Clcrks-
Nn1nher .... .............. f1 
S1lhtrieH................... $1, 8fiO 

\Y1tgt~·Cn.11nor.'-': 
Above. ATOllIHl-

'l'ot1tl JL\~Prnge nun1ber . . . .. . . 1 HJ 
'l'otal wnges .................. $,17,·ifl·l 

l~ngi11el~l'H, fl rmne11, nn<l 
tither 1neeJ11111i1~s-

AVl'l'llge ll\lltllll'l' .... • 11 
Wng""................ $ii, 1H7 

~Iilll!l'H or q11nr1•y1nt•n-
A vc•rnge llllrn l>l'l' . • . . . Of! 
WngcH ................ $~7. ll·lK 

.All other Wllg'O-l~Hl'llPl'H-
Averngu nntnbt!r ..... ·ta 
\YngPH .•.•......... - • . $H, tiHl 

A:vurngo ntunlwr of wnge-t~uruci.·s nt 
Hlll.!<dl\(~ll <11tily l'll(l'H of pity: 

Engitlm1rs-
~l.f10 to ~1.7-l. ................ . 
$:.!.00 to S:!.:U ................. . 
s~.rio tD $2.7·L ............... - . 

Fireuwu-
$Uill toSl.7-1 ................. . 

Ulnehin1~ls, l1lnt•Jrnrnitl1H, <11tr11cn­
ter:-:, mul 11thL•r mechn.nk~-

$1.iiO to ~1.7-1 ................. . 
$!!,(10 LO $2.2-1. ................ . 

MiiwrH or q nnrr~·men-

., 
2 
1 

Con· 
lltil~ti­
cn t. 

4 
'1 

,, 
$1, 200 

J 
$UOO 

1 
$800 

l 
$iB7 

8 
&:1, u~a 

l 
$17i> 

llllln-· 
litnit. 

~ti 
5 

1 
2 
2 

H 
$11, OHO 

a 
$:!, H7f1 

l'enn­
syl\·11-
'i1ln. 

~·I ' 
:1 

3 . ... ~ ... 

1 
$1, i>llll 

I 
$1,iillll 

All 
other 
~tlltCH,1 

fi 
fi 

3 
1 
1 

1 
$rl50 

-11 ............... . 
$1,lli10 1 ............... . 

' 

"" I 27 17 
$~!, :lH~ (11, 71:: 

1 

*!U, fl~: 

$~1. o:n I $1. ~-1~ 1 ~nnr, 

2(1 1· 1ti !' 
$H1 aa:.! $ti, Xifi 

$1ll, 01·1 ~:l,ii\IU a~ I \) 
i 

15 
SH.f11H 

1 
~.~.!() 

~ ............... . 
'.! •••.•••• 

.. .............. :::::::: ....... i 
$1.llll to $1.2L ............... .. 
$1.2ii t11 $1.'IU ................ .. 

~a ~a ............... . 
$1.iiO to $1.7-1 ................ .. 

~u . .. . . ... 2 lli 2 

$1.7fi to $1.\llL ...•.. ........... 
1f, H ........ ........ 7 

$2.ll() t 0 $2.2·1. ............... .. 
~ ••••.•••.•••••••.•.••.. ~ 2 

$3.UO to $8.2·1. ............... .. 
All other \Vllg'0·(1m·ncm;-

1 ............... . 
........ ........ ........ ·l 

$O.flO to $ll. 7-1 ................. . 
$1.00 to $1.2·1. ............... - • 
$1.2f1 to $1 A\l ................. . 

al al :::: ::: : : : :: : : :: 
$1.f>O to $1.7-1 ................ .. 

U . .•• . . . . . .• . .•. • H ...••••. 

Avornge nnn11ler nf wngc-Pnrnel'R 
employo<l dnriug- cneh mouth: 

2 ] .... -.... -·.. .. . l 

~Ion lG yeur8 nncl hvpr-
,Ttumnr~'.. .. .... .... .......... !Ill 
li'chrnnry..................... \If, 
11!ttn•h........................ 10:1 

~::~.\:: :: : : : : :: : : :: : : : :: : : : : :: m 
~~1W1i~t::: :::: :: : : ::::: :::::::: rn~ 
Suptl•mber...... .............. l:l·l 
GletohPr.. .... .. .. ... .......... 127 · 
Novemlwr.................... 12\l I 
Dt•t•cm1Jo1·.................... Ul 

1IiRcollmwonH expcnHeH: 
Totrtl; ............................ · $1-1, 2!11 ' 

HoYHlties nncl rent of mine 
1inrl mining pltmt.......... ~5, ln:l 

'Rm1t of ofli<~·e!-l, tnxeH1 irnmr-
nnt!G1 intorest1 and other 
Hllll<lJ'iCH.................... $8, •178 

Cost or HllppllcH ttm1 tnttterln.IH • . • . . . . l!lH, 0·12 
Product: 

Qmmtity, short tons.............. 30, 3Gfi 
Vnluc ............................ $1.J<l, 200 

Cni<lc-
Qnmitity, Hhort tons...... 2ll, 205 
Vtilue .................... $:lfi, o'rn 

Gronnd-
Qunntill", short tmrn.... .. rn, 070 
Vttlno • : .................. ~109, Hi3 

·Power owne<l: 
'fotn.l horAcpower .............. .. 

'Engines-
Stcnm-

Number ............. . 
Hor~cpower ......... . 

Wat~r wheels-
Numller ............. . 
Hor•epowcr ........•. 

7'10 

•1 
155 

10 
585 

.j 
fi 
fl 
\I 

ta 
17 
lfi 
Hi 
11 

\) 
H 
8 

$fi7fi 

$fi~O 

$1M) 
$1, 9C.fi 

1,812 
$11,fi75 

8fi2 
$1, 77fi 

9ti0 
$9,800 

15 

1 
l5 

Gl. 
f,1 
11~ 
()7 
tl7 
117 
GO 
GU 
GU 
G8 
(i\) 

50 

~n,5n 

$3, OH7 

$1l,·185 
$8, fl27 

\), 798 
$!)0,fi!lJ 

1,HIJrl 
$ii, 3110 

7, 911:1 
$51, 21\l 

1 
100 

8 
425 

2:1 
'..!;{ 
2R 
~H 
:Ji) 
}ii) 

B~ 
2H 

§~ ! 
~:l i 
!.!B 1 

$B, 1:17 

$2,07·1 l 
I 

$1, Otl:l 
.tu~-i~n 

U, 7Hli 
$-12, 7~1 

..t,~m~ 
$7, 721 

0,fi-!7 
$:m.oao 

::::::::1 
--------- -·---------·--"----'------'----

SU07 

$182 

S77u 
$:\, G2f) 

J.l,\)70 
sa:i, :m2 
rn,:no 

$:!U 1 !.!50 

I, tlfiO 
srn, 112 

mo 

2 
1110 

l Inclucles opemtorR diHtr!bntcd llR followR: M11ss1iehnRC!tts, 1: l\Iontllllll, 1; 
New York, 2: V!rginht, 1. 

'The ttdrlitiorntl m!ne was operated by one of the opcmtors mining foldRpnr 
1incl flint in l\Ininc. 
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TAm,m G.-FELDSPAR, DETAILED SUMMARY: Hl02. 

······---------·---·-···--·------ -·-·--... --.---·==,~~======== 

Nmnllf!r of mines or qnnrrles ....... . 
Xnmller of operatnrs ............... . 
Clmructcr of ownership: 

Indlvlclunl ..................... . 

United 
8tute8, 

27 I 

Con· 
nectl· 
"lit. 

I Penn­
l>Iniiw.I syly1t· 

. l._mn:___ 

12 
12 

Fh"m ........................... . 
Im~orporn.te(l compl111)'. •••...••. 

15 
a 8 ...... 2 ....... :i' ..... .,;:i' 

Snlnrlml ofticinis, clm·ks, etc.: 
Tntnl number .................. . 
Total snlaries ................... . 

Genernl cllll·OrR-

27 i 8 
$20, oun ! $fl. :Ho 

Nmnlier................. ·l 
81\lftrh~s.................. ~H, :!7fi 

Superinten1lent~, nuinngerH, 
forenum 1 :·m.rv~YOJ'/o\ 1 utl'.-

ti 
$-!, 713 

u 
$H, 712 

" $3, wo 

All 
other 

st1ttes.1 

NmnllQl'... ... . . . . . . . .. . . ~o 1 7 ·l ti a 
SalnriL•s .•••..•...••...... $1'1,~00 ~M,7·1Ii S:l,U:lH $f1 1002 $1,02f> 

Clerks-
Nmnllc.ir ••....•....••.•.. I 

\Ynge-enrner~: ! 

l 
S:1'...!0 

1 
$:10\l 8niltriL•s...... ............ $1,020 I sm1u 

Ahnve gronncl- : 
Totul nvt•rnge nnrnllQr...... .. ~f)~ :. 71 ·Ill l~i) 111 
'.fotnl wngeS .•...•........•.. $107, ·H·l i]saa, ti72 $101 ·1H :ttr101 X70 $11, ·1~2 

. Eni,:hlt.'Cl'H,. til'ellWll, ll!Hl 111 

other nw"hnnil•s-
A;P;:igeuumlJL'l'..... I ~s I.".;" r ~ ·1 '(j 
\\ ngc ~ _..... . .. . • • • . $H, .J.i.l 1, "· 1, .10.1 $1, 1-\il ::;;:l, l:!H 

~IinLtr:-;or•1trnrry111en- 11 1 

Avomgt•numlit'l'..... lX:l I :ix 2i ' Hl-1 1-1 
\VugPf4 ................ $77,fdl l!~ti,HliO $10,Kil $12,HHl ~r1,U~O 

BoyH111ulprlli yPnn··- ! , 
. AYerngeumnber..... :1 1.... .• .. . . . . .... 1 

A111~I{:fi1~1~·~lge~l:1li·;1-er:~::_· e;):.t! '1\· · · · · · ........ ·· S:l
10 s 11 ~ 

.A\"ot'HgP11ttml1t•r..... ·lH 2n ti 1:1 
WH/.[l'S ............... $20,·117 1~12,2\IX $:J,ll72 I SJ,.J,17 

Aviprng-l~ ntunller nf \\'Hg, 1-enr1wrH 1tt I 
~pl't·ili~cl ,]nil)' mtt•H of Jiit)': I 

EugtllL't:rH- i 
$1.2f>to$1AU................. i 11 ........ 

1

1........ 1 ...... .. 
$1.f>ll tnSl.H ................. f> I 2 2 ......... 1 
Sl.7:l to$1.HD................. :.? 2 ........................ . 
$. ~.'.llO to $2.2·1.. .. . .. . •..•. .•. . 2 l '... ..... l 

1 

....... . 

!f2.fi0 lo S2.71.... .. . . •. ... .••• I ........ ; .. . . .... l ....... . 
F.Lre1nPn-

s2.oo to $~,2-1., ,, , •••,, •••, ••. , ••••••••I•••••••• 
)f1whi11ists, hlltPlrnmiths, L'Hf· 'I 

pentcl'-i,nml otlwr11wl1lutnic'H- . 

~::~µ, l~:~l:iiL::::::::::::::: ~ ~ :::::::: ....... ~r:::::: 
~t!.OO to$'2.2·l................. ri 1 1 ....... . 

~finer.H 01· c1nu.rrynien-
Sl.OO to $1.2·1 ................ . . ............ ···--···· 
$1.21> to $U!J ............... .. lli 102 
$1.f>O to $1,7•1. ............... . 37 HI l 
$1.75 to $1.11\J ................ . 
$2.f>O to $~.7.J. ............... . 

lloyR nrnlet• lll yt•ius-
l!0.75 to $0.\J!J ................ . 

.All other wnge-eiirnerH- I 
Sl.00 to $1.2-1. ............... . 

. .... /. ····-··n::::::: 

I 1 
Sl.2t. to $l.·19 ................ ·I 1l i····""' 

1 Inelndes opemtorH L1iHtrllmtml 1<" !11JlowH: ~ftlrvlttntl, 2; N"w York, 1, 

United 
StlLtC8, 

Gon­
neetl­
cut. l\Iuine.I 

Penn~ 
Fnrlvn­
i1ltt. 

All 
other 

Ntn.tes.1 

·-------- ~-··--

Avcrngc number of m1i,:e·c11rnm·s nt 
s1wei Jkrl clt1ily mtt•s of 111ty-<:ont'<l. 

.All other wiige-e1trnL•rs-Cont1d, 
$LOO to $1.7-1 ••••••••••••••••• 
il.7fl to $1.\19 •••••.••••••••••• 
$2.00 to $2.2L ••...........•.. 

-·-··---1- --·-
Avera.go nmnbcw of wnge-e1n•twrl4 

mn!iloycrl rlnring e1wlt month: 

21 
2 
I 

21 ' 
1 ::::::::1 ....... i. :::::::: 

1 ......... ' ....... . 

1 en 10 year8 m1 fl over-
.Tan nnry •.•.• _ •.•..•......... 
Fehrunry •••..••............. 
M1trt'h ...................... . 
April ........•............... 
~Iity ........................ . 
.TUllO •••••••••••••••••.•••••• 
,July ........................ . 
AUl!llHt ..................... . 
Suptmnber ................... . 
Ol'!obCt' .................... . 
Novemher •.•.•.......•....•. 
]lPC~amlwr .................. . 

Boys m11kr 1 ll yt>1tt'H-

71 
70 
72 
68 
liS 
70 
71 
70 
77 
7l 
i2 
72 

2D 
211 
2fi 
·11 

,Jtm11nry ..................... . .............. .. 

~~~;~.!'~11;~ l?:::::::::: : : : : : : : : : : : ~ : : : : : : : : : : : : : : : : : 

f:~F~~~~~~:~:~~~: ~ :~~:~::: ~: tl (:: ::::
1

::: ::~~: 
A. ni:·u't . . . . . .. . . . . . . .. .. . . . .. :l \'1 · · · · · · · · · · · · · · · · 
Scptt11nla•1·........ ...... ..... :l .............. . 

~:;~'.~;~;\'":;:::: ::: : : : ::::::: :: .l I:::::::: : : : : : ::: 
llt"'l'mhm· .......... ·. .. . . . . ... ·I II' ........ 

1 

...... .. 

~fiHt't~l1mwonH oxpL~ni-;e!": I I 
'i'otnl ............................ 

1

' $1\1,.1117 i: $1, fi1'1 $:l, \l.~3 
R11Ynlile' uwl l'"nt of mint• II 

uiul 111lnlui.r pln11t •..•..... $lll, f>KI $:!,HM $812 
Rl'nt nf oflii•eH. tn:~w~, insnr-

suurlrk'................... ~K, H2:l $710 :jt;l, 171 
UJWL', lnlt•rpst, 11111\ othL'l' 'I I 

< :ost nf Hllf>J•li"' mul 1111tleriul,....... $[JJl, ~7H $lll, fi77 $fi, 3HK 
Prnrlur•t: 

Qnnntlty, Rltort tons............. ·Ir•, 237 l:l, U·lll 
1 

H,-1\15 
Vnltw ........................... $2fill,-12·1 $7a, 7M $:lH, 711 

<:rnrl<l-
Cimmtitr, ><h»rl ton•..... 21, H70 ri, 207 ·I, r.r,r, 
Vttluo .. . .. . .. . . . .. . .. • • • $r1r., r.01 $H, 122 11-1212or. 

<trcmnfl-
Qnnnllly, 'hort ton•..... 2a,.117 R, 7·12 H,830 
V1tl1w ................... $lU·l, u23 $5\J, ll·t! ·l$2ti, rio& 

Power ow1w1l: 
'l'ntnl horRPJ111wer. ..... ..... .. ... 1, ~b.t fi77 lflO 

lC111.dnes-
HlL}nrn-

Numhm· ... L ........... . 

Hor:-it1power ....... - •• 
W1ttor whuulH-

Numllor ................. . 
IIorsnpower ............... . 

7 
:mn 

n 
·107 

H 
170 

3 
70 

so 

12B 
rn2 
118 
110 
1211 
117 
1:..!0 
lltl 
rn2 
1~·1 
l~U 
t~.w 

2 

" 2 

$9,0i·I i 
$-i,818 I 
~M,2fil1 

$a~,4~a 

li"i, 121 
$1li\m1u 

li,i\~8 
s1u, u::rn 

8, ?3:1 
$9f>, 770 

·12i 

~5 

327 

7 
H 
20 
20 
20 
19 
1ll 
]l\ 
15 
H 
13 

SI, 786 

SI, 100 

$GRO 
$1, 700 

7, 722 
$22,250 

fl,1110 
$-tl,250 

2, 112 
$ln,OOO 

50 

1 
50 

2 
100 [:::::::: 
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FULLER'S EARTH. 

By 8TOiff B. LADD . 

. Fullm's earth was first discovered in tho United 
Sttttes at Quiuey, Fla., in .18UB, aml th(~ prochwtion is 
now for the first time l'Pportecl at a United States een-
8UH, Table l is n s1m1mttry of the stiitiHtics for the 
year 1D02. 

'Luu.IC l.-8ww11m·11: WO:!. 

~!~ ~:!~~~~: ~~~ !~~l\~~~·~(;l;H· : : : : : : : : : : : : : : : : : : : : • : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
HiLluriefl 111Ul·ittl:..:, t'll1 l'kK, t'lt•.: 

Nnmller..................... ........................................ 1.1 
· ~nltn•!t.•s .............................................................. $10, 010 

\Y HH"l~·l~Hl'llt~n;: 
.o:\ vt~rtlge 11l1111l1L•r............. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 11·1 

( :011~;.~~l.71'·~:,;l:k:::::::: ::::: ::::::::::: :: : : : : : : ::: ::: ::: :: : :::::::: :: ::: : : : $~H1~~ 
1'-tI ist•Pllnneous uxpellHl~f-'.................................................. $21 Of)7 
( ~o~t uf Hllppli<~s JLWl inatt~rhtls •............. _ ............................ $2H, Uliti 
l'ru<lnd: 

q111rntit)', Hhort ton"··· ............................................... 11,·l\I~ 
Y1tltw ............•.•..............................................•..• $\18, Ht 

There worn only ,h ulines iu' operation, 2 onch in 
Ark1tnHUS aml Florida, the latter r;tate producing ll0.4 
iw1· t'(mt of tho total quantity. The production for 
1H02 Wfl8 ll,,kU2 short tons, Yttluml nt $HH, 14±, or m1 

twomge of $8.5± per ton, the minimum being $8 and 
tlrn maximum $1.iUlB. The .J, mines were controlled liy 
1 iudi ddrni1 opomtor mid 3 incorporntecl companh\s, 
There -..verri ~ idle mines in 1!102-1 in Georg-in and 1 in 
Now York. 

Orpltal &tod; t{f hwm'}101•ated COlllJHV1il(:8.-'l'he :follow­
ing table rmisents the ddail:-i of tbe Cltpitttlizut.ion of 
the incorpomted companies: 

T"\JIW 2.-Cr11iit1dizulion 1~( h1c,,·1'}wl"llte<l uo1n1umi1!N: l.'JO::. 
Nun1her of incorpnrnted emnp1rnit~s.. .. . ... . . . . . .. ..... .. ... . .. ... ...... 13 
N111nhe1· 1·epnrtiu~ eu11ilulizntion .............................. _ ... _ .. . . . I! 2 
Capil1tl stul'lt: 

Totitl nnthnrlzecl-
Numhnr of shtU'(ll'........................................... .. .. . iV20U 
l'ur val ne......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • $280, OUO 

Toh\l l<s1ie<l-
Number of shnrcs................................................ 8, 200 
Par vn l ne..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2:10, 0011 

Comm<111-
A11thmizod-

NumlH'rof ~llnre:-i..................... ...... .......... 21200 
l'ar ntlne .....•..•................................••• $1:10, 000 

Issue<l-
Nurnhcr of;;hnres .••........•.......•..........•..• H 2,200 

l'referrJa~ vttlne.... . . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . • . • . . . . . $180, 000 

Anthorlzocl-
Nnmber of Rhttres............ .•. •• • . •• . . . . . . . .. . . ...•. 1, 000 
l'1U' \'tthte ..................................•...•...•. $100,000 

Issue1l-
Numh<!r of sh1tres.................................... 1, 000 
I'm• \'ltl \IC •••••••••••••••••..•••.••.••••••••• , •••••••• $100, 000 

~ -~-------. ----
1 Inulndcs1 eomp1lll\' in Arlrnnsns und 2 In Florldtt. 
2Int·ludes 1 comptm)· ln Arknnsns nncl 1 ln l~lorlda. 

All of the stock anthorizccl-3,200 shnres, haying a 
par rnlno of $230,000-lrns been issued. No diYiclencls 
wnre reported. 

A'111ployee8 and ·1Nt{/es.-Tlrn ayernge number of wag~­
uarners employed dnring each month, and their speei­
liocl daily mtes of pay according to occmpations, are 
shown in Tallie 4. The hirgll increase in tho munl.Jer 
of men employed for tho lnst four months of tlio year 
wits dnc to tho beginning of opcmtions liy it now pro­
clnl'or. Elimirmting t.lio men e111plo3·pc1 liy this nDw 
opomtor, it ttppmn·i,; that tho hnsiest month wits .lann­
nry, while the inclnstry wns at its lowest ebb in ,Jnlv. 

As tho oxc1w1ttion of :fullel";-; mirth reqnirc8 110 sicill, 
tlm mto:; of 1my should not lm eompn,red with those in 
mining indmitries requiring skill and expcrienoo. '..l'lte 
mtos for miners 1ne ouly those ordinarily received hy 
unskilled <lay laborcrH. Of tho 5+ minors employed, 
81.5 plw cont roceived luss thnn $1.25 per day, and the 
Temnining 18. 5 por rnmt from $1. 25 to $1. UH por dny. 
Eight muployeos were ongag-etl in contract work, for 
which $4:,021 was o:xpol)(led. 

Suppli<'s, '1it1d1? 0ials, and mi'.scdlrtn1'011s c.1:pn1Hes.--The 
cont of:mpplies and nrnterial8 wn:; $28,!HHl; the miscel­
ltrncons expon8os 11mom1tocl to $2,057, n11 for rent of 
oflico8, titxPs, iwmrance, interest, allcl other 8tmclries. 

1l[eolum/ortl p~nf'l!l'.---:For the 4 mines ±UO horsepower 
was reported, i,mppliecl by 7 steam engines with it 
mplwity of 4BO horsepower, mHl 2 g·as or gasoliue 
engines with rt mpacity of 30 horsepower. All of the 
gas or gasoline pcnver nncl 80 per cent of tho steam 
power were reportecl from Florida. ' 

PJ'()duction.-Thc pl'Oclnction for the ymn mo~ was 
11,492 short tons, valued at $98,144. The United 8tatos 
Geological Survey hai,; published mrnnal statistics show­
ing tho quantity ttnd value of fuller's earth produced. 
In tho following trlhle theHe, together with the statisties 
of imports or both the crude and munufactured article, 
with the average value per ton, iu·e shown from 18!J8 
to rno2. Quantities are shown in short tcnrn for imr­
poHeS of comparison. 

(1005) 
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TABLE 3.-PRODUCTION AND IMPORTS OF FULLEW~ EARTH: 1898 TO 1902. 

PROnt'CTION. D!PORTS,1 

Totul. Crude. Wrought or m11nufnl'lurcc1. 
YEAR, 

Qn1mtit~· 
(short 
tons), 

Average 
vo.lne 

per ton. 

-·~·- -- ·---~·-------11---....,-----,----- ----·-·---·--
i Avcmgo V1\]\1C, Aver11gc QUJtntity A vcrugc Qmtn tlty 

Vnlnc. \'1tlnc 
. per ton. 

Quantity 
(short Value. V11hw. vuluc (short 

per ton. tons). 
v11luc (short 

per ton. tons). tons). 

$55, t.m I 
1898 ••••••••••...••••.....••.....•..••••••• 14, 800 ~flOli, fiOO $7.17 9, 850 $71,0H $7.59 2,WS Slfi, 021 $6.U7 7,073 $7. 79 
1899 ....................................... 12, 381 79,0H li.·13 11, 5fi8 G9, 6·10 6.03 ·I, 1U2 23, rn.1 5.li3 7,3Gli ·lli,·HH 

I 
ll. ~1 

1900 ......... ···························-· H,tmH {i7, i>:1fa (i,9li 9, lfi4 li.J, 797 7.08 2, 723 1•1, 750 fl,11~ (i,.J:ll 50,().17 7. 78 
1901. ........... ' .......................... H,112 \.lG,88f1 6.8!1 12, 061 RO, 097 6. GU B, 268 17,230 fi. 27 H, 7UB ll3,41>7 7.22 
1902 ....................................... 11, •192 98,H! 8. fi4 11i, 134 102, 1i80. 6. 78 ·1, 23U 21i,l18[J 6.W 10, 895 75 1 U·lfi I ti. \l7 

--------·---·------···------- ----------··~--····--··-· 

1 Qmmt!tics hnvc been c0111•crtcd Into 8hort tons for pmpoHCR of c'<nnpnrl"on. 

For each year except 1902 the domestic production 
slightly exceeded the imports, the percentnge of the 
tota.l consumption -production ttncl imports- which 
was prodnced in the United Stn.tes hcing H1 in 18~!8, 52 
in 1899, 51 in 1900, 54: in rno1, and ±3 in 1802. 

During the period from 18fl7 to 1!)()2 the average.viilue 
of imports per short ton 'mngecl from it minimum of 
$G.03 in 1899 ton maximum of $7.59in1808; the nver­
nge value of fuller's on.rth imported in a crnde state­
unwrong·ht or unmri.nnfactnred-ranged from a mini­
mum of $5.27 in 1901 to it maximum of $fl. D7 in 1898, 
while the average value of the wrought or nmnnfactnrecl 
earth imported ranged from a minimum of $fl.31 in 
1899 to a maximum of $8.37 in 1807. During the period 
from 1867 to ;1883 the 1wemge vtLlue per short; ton of 
imports of fuller's e1trth, based upon the custom house 
returns to the Treasury ,Department, ranged from a 
minimum of $H. 77 in 1870 to a maximum of $11.25 in 
1882, with an average of $10.5D for the entire period. 

Table 4 is a detrtiled sunnnn.ry for the industry in 1902. 

DE8CHIPTIVK 

Fuller's earth derives its nn.mc from having been 
used iu fulling doth and wool and cleansing them of 
gren.se; it was also used by furriers for cleansing furs. 
It is n. rnriety of ehty resembling other chi.ys in appear­
n.nce, bnt commonly lacking plnstfoity. It is fine 
grained, of variable color, of a specific gmvity of from 
1. 8 to 2. 2, and has strong absorbent properties. 

The composition of fuller's earth v1tries consiclembly, 
but this variation may be clue in part to impurities. 
As tl rule there is a high percentage of combined water; 
this is most marked in the case of the :foreign product. 
The following nnnJyses show the composition of sam­
ples, both dome8tic and fol'eign: 

.AnalyRes q/'fuller' ,q earth. 1 

county Reigate! Emel, Ftlirlmrn, Smntor, 
Git. ' Englmu . Oltln. S. Dtik, s. c. 

I Gar!Hclen 
CONSTITUE~T. eountyl 

Flu. 

Dcclltm• . ·.--1-- , 
--------- ·~-·----·-··-------- ---

07. ·111 53. 00 50. 36 58. 72 7•1. 20 
10. OH 10. 00 SS, 88 16, 90 10, 10 

. 2.49 o. 71> 3.31 4.00 1.80 
~. lol o. fiO •1. 06 1. 90 
•l.00 1.25 .......... 2.M 2. 10 

·~~~~>it: :,;· .. 11 _;~ i ~ 

Sil I en.. . .. . • . • . • • . • • 62. 83 
Alnmilm __ ......•. 10. 35 
Fcl'l'ie oxide....... 2,.15 
Limo.............. 2. •13 
~I1lgnesln.......... 3. 12 
So<l1t. .......•• .•. .. o. 20 
Potu'h... . . . • . • • • • • O. 7·1 
Witter............. 7.72 
Uoistme........... ll. 41 

! 

1 United St11tes l1eolo){ii·nl Survey, "~linernl Resources of the United 
Stntcs," rnol, puge." \13.: nnrl U3,1. 

A variety of fuller\; earth occurring in the bland of 
Argentiera, Greece, has been mined since ancient times. 
In Eng·land there is nn ti1·gillnceous deposit lilO foct 
thick, extending :from Dorsetshire to Bath mid Chelten­
ham. :Fuller's enrth is mined especially near lfoig-nte, 
in Surrey, and nt one time wn.s considered of s1wh 
importmwe that its exportation wns prohihitNl under 
severe pf~nalties. 

Tho discon.'.l'Y of fuller's enrLh in Florina in 1803 
eausecl much excitement, and 1t srntrch was nmcfo :for 
other deposits. The deposit at Qniney, Chu\:-;dPn t•ounty, 
in that state, extending through Leon county and into 
Decatur county, Ga., still rnnks first in commercial 
importance. But heels, V!trying- widely in ehnnwt.nr, 
have been found in Hillsboro, J\fa1mtce, nrnl Mnl'ion 
counties, Fltt.; Col nm bin, eonnty, G1i.; Stunh~1· conn ty, 
S. C.; Oneida eonnty, N. Y.; Sali1rn county, Ark.; Gar­
field county, Okfa.; Cn1:1ter c~onnty, S. Dak.; Clrnl'l'y 
eounty, Nebr. ; Frem~mt county, Colo.; Kern county, 
Cal.; and in Utah. The l!'loricln and Georg-ht deposits, 
which are very simihtr, do not resmnl>lo the Eng·lish 
prnclnct. The fuller's ertrth of South Dako(;a, hmYPTlll" 

is almost identfoal with the English rntrth, mH1 mines 
in thnt state will probably in timo becomo importnnt 
proclneers. 

The methods of mining fu11er's earth and prcpnl'ing 
it :for the market !trc very simple. The overlrnrdcn of 
sirncl n.ud worthless plastic Clay is removed, and the wet 
fuller's .earth hi chopped out in lilrin sliet'S with mat­
tocks and dried in the sun. The wot, groenish clny 
loses perhaps hn.l'f of ib; weight, ch1tuges to 11 t•reitmy 
white color, ttncl heconrns very hrittle, ettsily splitting 
into thin layers. Artifiefal driers and nn !tt'l'1tngcmont 
:for grinding the earth to the requisite clcgren of Jinc­
ness have been recently introducell. 

The Florich1 earth, ground to GO mesh or finer, is used 
n.lmost entirely as r1 substitute for bonebltwk in Hltcr­
ing mineml lubricating oils. The common pmctico is 
to run the mtrth into long cylinders, through which the 
crude black mineral oils are allowed to percolate yory 
slowly. The oil which comes ont first is water white 
in color and much thinner than that which follows. 

While the Florida earth is superior to tho English 
vn.riety for the refining of mineral oils, the English 
product is much more desirable for the treatment of 
animal itnd vegetable oils. The process is radically 
different. The oil is heated in large tanks to tt tom-
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perature above the boiling point of water, and from 5 
to 10 per cent of its weight of fuller's earth, ground to 
120 mesh, is added; the mixture is stirred vigorously for 
twenty ininutes and then filtered off through b11g :filters. 

Perhaps the most remarlrnble feiitnre of filtration by 
the use of fuller's eitrth is the fact that-even in the 
mixture of oils present in crude petroleum-the oil 
which fi1·st percolates through the eiirth is the lowest 
in specific gr:wity. Indeed, the sepamtion which eim 
be secured by this process iH compamble with the 
results of fractional distillation. 

TABLE 4.-!Muiled .rnmnmry: 190iJ. 

NnmlH:r of mine" ........................................................ . 
Nnmher of opera.torH .................................................... . 
Cbnr1wter nf owncrRhlp: 

Irnllvidllnl .......................................................... . 
hworpornted !'omp1t11).' .............................................. . 

Bnla.ricd olll<"inls, elerlrn, l'tl'.: 

l 
3 

'fotnl number.................................................... .. . . 14 
'r011Uc~~~~~\e~iiicc;·8:..:.· · · · · · · · · · · · · · · · · · · · · · · · · · .. · · .. · · · .. · · · · · · · · · · · · $10, 000 

Nt11nlH~r. ... .... ............ .... .......... ..... ............... ., 
Snl11rles ....................................................... $il,f100 

Snperinte1ulcnt~, numngl'fH, forenHHl1 Htuveyor!'l, ut<~.-
N\1n11Jer........ .. . . . . .. . . . . . . . . . .. .. . . .. . . . . . . . . . . . . . . .. . . . . . 9 
Snl1trics ....................................................... $fi,0Ull 

Cle1·ks-
Nnmlier ..................................................... . 
S11liil'i<!S ....................................................... $l,f10ll 

WRgc·enrners: 
'futnl nvcrngo nmnber (11bovo grournl) .. ... . .. ....... .... . ... .. . . . . . 11-l 
"fota1l 'vnges ................................................ ~ ......... $SH 1 770 

Engineer~, Hrc111m1, n1u.l other ineehn.nic!H- ¥ 

,,.~~~l~~g.~::t:~~J0G0l~::: ::: : : : : : : : : : :: : : : : ::: : : : : : : : : : ~: :: : ::: : : : : $O, a;\~ 
Mlncrs-

A ·vcrngo 11un1llor.................. .. . . . . . . . . . . . . . . . . . . . . . . . . . . 54 
'\'nges ........................................................ $17,J.IO 

Boys tm<lcr 10 yuous-
.tl veroge nu111hc1•.............................................. 2•1 
\\'ngcs ........................................................ $:l, 725 

All nt.hur wuge-enrners-
A vcmgti nnmbm·............................................. 2'I 
'\'Hg'l'~ ......................................................... -$ti 1 fl75 

Avemge nmnher of wnge-c11r1rnrs nt Hpeeillccl rl11!ly mtcs of pny: 
Eng:int.ie1·s-

Sl .50 to $1. 7·1. .................................................... . 
S2.00 to $2.2·1 .................................................... .. 
$3.00 to ~3.2•1 ..................................................... . 

1 
2 
1 

A\·emfg~~~~er of wnge-ea.rnersnt specified dally rates ofpay-Goutinuea. 

~L~~ 1g trn:::: :: : : : : : :: :: : : : :::: :::: :: :: :: : : : : : : : : · ·: ·: · · -· · · ·· · 
Mnchlnists, blacksmiths, cnrpenters, 1m<l other mechanics..:.········ 
l\l!n~~:~ to $1.74 ...................................... , ............. .. 

fi~~~il.:++ ++. : : 
Boys under 16 yeill's-

$0.75 to $0.99 ............................................ . 
All other wugc-enrners- · · · · · · · · • 

Im~~ IH!::::::::::: :::::: :: :: : :: : ::::: :: :::::::·: :: : : : : : : : : :::: 
Avcr11ge number of wngc.enrners employecl during cnch month:·· ...... 

Men 10 yenrs nrn\ over-

f~T':'. :::::::: < : '. : : 
~~~~~~tII: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~:::; ~: ~ ~:: ~ ~ ~ ~ ~ ~: ~ ~ ~ ~: ~: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~: ~::; ~ 

IloyR under JG YOtll'H-

~~\~~!;:::;,,;: :::::::: :: ::: : ::: : : : : : : : :: : ::: :: : : : : : : :::: :: ::: : :: :: : :: : 
~,~:N'.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Mny ............................................................ .. 
,June .....•...•••.••.......•..................•....••............. 
.Tnlr ................................................. : .......... .. 
August ......................................................... .. 
September ..................................................... .. 
OetolJer ........................................................ .. 

filg~
1

~111~~)g1~::::: ::: : ::::: ::: : : : : : : : :: : : : : ::::: ::: : : : ::: : : : ;: :: :: : : : 
Con tract work: 

2 

8 

15 
29 
2 
5 
3 

15 
5 
·I 

88 
fi3 
00 
Gli 
li6 
55 
48 
no 

130 
158 
14H 
13R 

~::~~~; ~!1~}1;i,i;;,:cic~::::: ::::::::::: :: : :: : : : ::: ::: ::: :::: ::: : :: : ::: : $I, 
02~ 

ttihwcllmH~ouH UXJll~mws (rent of ofl\(~CH, taxes, i11Hur1i..11ce, intere~t, ttnll 
ntht~r sm111rles)...................................... .. . • • • .. . • . • . .. .. $2, 057 

nost of HUpplicH nncl mutcriuls ............................................ $28, U66 
Prmhrnt: 

qnnnllt)", HhOl't (OHR.................................................. 11, ·192 
Vnlno ................................................................. $98, 144 

Power owned: 
Totitl horRepowcr ................................................... .. 

E11gines­
Stc11m-

Number ................................................ .. 
Horsepower ............................................. . 

Ga.s or gnRoline-
Nnmlicr ................................................. . 
Horsepower ............................................. . 

·!GO 

7 
•130 

2 
so 

1 Includes op cm tors us follows: Arknnsns, 2: Florid11, 2, 
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GRAPHITE. 

By .To::m1•11 frrRu·rinmH, Ph. D. 

Statistics for the mmmg of gntphite were iirBt 
reported scpamtcly at the eensus of 1880. Table 1 
shows the eomparatin~ stath;tics of tlrn mining opera­
tions f<-ir 1880, 188H, and Hl02. 

TAm,B 1.-Cmn11m·alil'e Hn11w1m·11: 1880 to J[JI!.:. 

Nnm!Jer of mines ................................ . 
:Nu111l1er ni 011ertttori-:1 • •••••....•.... _ ......•....... 
8nlnl'iNl olllcinlH, ulerkH, et~.: 

Nt1111l)c!r ....................................... . 
i-:nlnrius ...................................... . 

\Yage-e1trner.i;: 
Avt.!rngc uumller ............................ .. 
Wngt•s ...................................... .. 

~lis~<lllaneon~ expenscH ... ....................... . 
Co't of ~Up]lllCH Ullll nmtel'iUlH ......... - . - -...... . 
I'rodnct:" 

Qunntity, short tnns ......................... . 
\1n]11t~ •• ................ , .................•..... 

1 Not rl"'11ortcd. 

100~ 

2X 
rn 
27 

~lH, 02,1 

lG·I 
$70, 721) 

$G, oan 
$fil, K-10 

27, -1BH 
$227, 508 

18HV 

lUI 
$H8,:J~ll 
$ti, 391l 
&7,7a·l 

7,00:l 
$i2, till~ 

. -~·­------
1880 

na 
$~U, GOO 
(I) 
$2ltl00 

'9'10 
$·Ill, ~00 

2 Nc1t rl)port~<l ~epnrf~tol\', 
'Tho llnitecl SltttuK Geoi'ogil'nl Snrver reportH :1,030,82'1 pnmHlH of Ol')'Kllllline, 

vnluell nt $126,1+1, tuHl ·I, 73U Hhort tmrn nf nmorph<rnH. mlned 11t $5;i,iJG·1, thusc 
rt•Jll'l'"enthig tho proclnet mnrlwted, while tlw Cen'lrn figures i·upresent tlw 
proclm•t milwd. 

-f noes tl,,nt i1wlmle tho return for one ln.rgo prn<lncor in Nmv Yol'k, rel•eiverl 
too lntc for t1tbul!1tlon. 

~I'hc states reporting production in 1880 were New 
York, North CnrolimL, tLnd Pennsylvnnin. In 188D there 
is no record of production in North Ctiroliua, hut opel'­
utiom; in Michignn, New York, Pcnnsylrnnia, Rhode 
Island, mid "'Wyoming wcro reported. In Hl02 mining 
operations wm·n Cttrriecl on in 13 st.lttmi-Alnbitnrn, 
Georgin, l\1assachusett1>, Michigtm, .Montarm, Nnw Mex­
ico, Nnw York, North Carolinn, Pennsylvania, Rhode 
Island, South Dnkota, "'Wisconsin, and Wyoming. The 
iwl'iod between 1880 and lSSD clrn~s not show :;:o great !L 
development of the inclu1>t~·y as that betwoen 188H aud 
1fl02, the increase in the valne o:f pt'ocluction being 213. l 
per cent in the later period, n8 compared with ;f,5. U per 
L'f'llt in the earlier one; thi8 aclvance was due largely to 
tho increased denmncl for graphite in the arts. 

There were 1:3 mines-5 in New York, 3 each in 
)forth Carolina and Pennsylvania, and 1 in Ahtbama-­
l'L~ported HS idle during rno2, and 3-1 each in New 
Hampshire, New York, and Pennsylvania-tit which 
developnwnt work wits done. 

Chp£tal of incm•pm·ated co11ipanie8.-Fifteen. of the 
19 active operators ~ere orgimized as incorporated com­
panies. 'l'he details of the capitalization of these 
compm1ies are shown in the following table: 

TABLrn 2.-Capitallzation qf-incor1wt1tlied companies: llJOfiJ. 

Nnmllcr of ineor\1orntc<l ('nmpnnics................. . .. . . .. . . .. . . . .. .. 115 
Cnpitnl 8loelt 11rn bon<ls iHHuccl. ....................................... $2, G32, 800 

Cnpit11l stnek: · 
'.l'otal nnthorizcll-

Numller of shnrcH....... ...... ........... .• .•. ... .• .... .. .. 1,671,fi.10 
'l'nt1~;1\~sii~1,\'..:: ••....................••..... -. -.. -.. - .•........• $2, UH, 000 

Number of Hlrnres ......................................... 1,200,G88 
l'ltl'>'ll)UC ............................................ , •.••• $2, til.J, 800 
IllvlclclHlH pnid. .... . . . . . .. . .. . .. . . . ..• .. . .. . .• . . • •• . . .. .• . $8, 7fi0 

Common-
Anthorizcd-

Number of HhnrcH •.••• '-. •• • . .•• • . . . ... . •• ... • 1,470, HO 
l'nr Ynhrn ...................................... $2, 6M, 000 

IR'lll'd-
Nnmhl'l' nf Hhn1·cH • • • .. • • • • • .. • • • • • • .. • • • • • .. • • 1, 218, 188 
P11rv11hw ...................................... $2, :JM, 800 
llivl1lm1c!H 1nli11....... ............. .... . .. . ... . $8, 750 

l'referrccl-
Anthorizecl-

NumherL>fHh11rcH ............................. 101,500 
Par vnluu ..... ··················-······--·-··· $21ll),OUU 

IHH\ll!ll-
Nnm her of Hlrnrcs • . • .. .. . .. . . • • .. . .. . .. .. . .. .. 81, f>OO 
I'nr yn!uc..... ...... . . . . . . . .. .. ............ ... . $230,000 

Bonds: 
Authol'ize!l-

Numl1er .................................................. . 
Pnr vnluc ................................................. . 

lHHUCd-
Nnmhcr .................................................. . 
Pnr vnlnc ................................................. . 

AHHCHHllll'lltJ1l~~~~;iL1.''.1~'.1. ::: :: : : : : :: : : : :: : : : : : : : : : : : : : : : : : :: :: ::: : : : :: : 

40 
$20, 000 

36 
$18,000 
$1,080 
$1, 000 

1 Inol!Hles compnnil'R cllstrlbntcd 11s follows: Ahtllmnn, 1: G00rgl11, l: Mn>s11-
ehuscttH, I: Mtnllignn, 2; Mont11nn., 1: New :Mexic~o, 1: New York, 3: Pen1u1yl\•ttw 
Uiil, 2; Rhode IH!ILml, l; South Ih1kot11, l; Wis"m1Hin, 1. 

The total par value of stock tti1d bonds i8:;:ucd wits 
$2,6H2,800; of this n,mount D0.5 per cent represents the 
value of common stock, 8. 7 per cent the value of pre­
ferred stock, and tlrn rcnrnining eight-tenths of 1 per 
cent the vitlue of the bonds. 'l'hc dividends paid dur­
ing Hl02 rcpresont three-tenths o-f l per cent of the par 
value of stock i1>sued, and the $1,080 prdcl us interest on 
bomls eonstitutcB 6 per cent of the par value of all 
honcls issned. 

.E111plO!f(!eS all(l wageN.-'I'he iwerage number of wage­
earncrs employed clnring mwh month of 1902, and their 
daily mte~ o:f pay by occupiitiflns, arc shown in 'foble 5. 
The minimum number of w::tgc-mtmcrs shown for any 
month dnring the year was in .Tammry, 137 men and 1 
boy; the rnaximnm number in October, 185 men and 1 
boy. .T ndging by the slight variation in the number 
of employees, the production, a.lthongh below the 1wcr­
age during the winter and spring months, must have 
been fairly steady. 

Of the total number of wage-earners, B4.8 per cent 
were paid at rates less than $1.50 per diem, and 65.2 
per cent at higher rates. Of the total number, engi­
neers formed 4. 8 per cent; machinists, blaclrnmiths, car-

( lOll) 



1012 MINES AND QUARIUES. 

pouters, trnd other medmnil's 11 per cent; and miners, 
tho largest class, 53 per cont. 

States arc so small as t,o be negligihk in thi,; com1oc­
t.ion, for all practical purposes t.hQ total cornnnnption of 
gmphite within the United St.atos may he assumed ns 
or1uindent to the production pins the importation. 
Table 3, compiled from the reports of the Unitc1d 
St.ates Geological Snrvey, gfrcs the marketed prodnc­
tion of natural grn,phite in the United 8tnt.es, together 
with the imports, for the ptwiod 1880 to 11102, with tho 
production of artificial gTaphite sinee 18H7. The sta­
tistics o:f production here shown differ from Cemnrn lig­
ures in that they represont only the nrnrketecl output 
t1nd not the nctnal quantity mined. 

j)[eolwm:oal powm'.--A totnl of 7ml horsepower was 
reported for this inclmitl'y; 740 horsepower was fur­
nii:ihed by 18 stonm engines and 10 horsepower by 1 
Wtitm· wheel, while 10 electric horsepower was rented. 

PnJducUon.-Although the production of graphite 
has lutd n. vmy important bearing· upon the develop­
ment of sovoml of t.110 mctt1llie industries in the United 
8tt1tes, it was not; until 1880 that ttuthcntie statistics of 
production wert\ collected. Since the quantities of 
graphite which h:wc boon exported from the lTnitc~d 

TAHl,l" a.-PRODTJCTION AND IMPOH.TR OF GHAPHI'rE: 1880 TO HJO:Z. 

LUnit{l(l Stat!)H Geologieul Stll'\'L~y, uhiinerttl Hmmnreo:-i 11£ the United St1ttuH 1
11 lUO~.] 

PR<llllJ<:•rroN.' 

AmorphonK. ArWi<:i111. 
Yl<:All. 

IMl1<llt.1'K.~ 

'l'oml 
vnlue. 

'J'olnl 
value. 

·· .... - Mmrnf11<•· 

I 
Un11m1111[11<•t11r1"l. I 

lHHO .................................. . 
lHHl .................................. . 
1882 .................................. . 
188:1 .................................. .. 
188·1 ................................ : .. 
l8Hfl .• ~ •.••• ~ •••• 11 ••••••••••••••••••••• 

11\8{1 : • ................................. 
1887 .................................. . 
1888 .................................. . 
1889 .................................. . 
11190 ................................. . 
11191 .................................. . 
11192 .................................. . 
1!!9:1 .................................. . 
11\IJ.l .................................. . 
1H9f> .................................. . 
1.896 .................................. . 
1897 ................................. .. 
1H9R .................................. . 
lHW ................................. .. 
moo ................................. .. 
mot ................................. .. 
1002 .................................. . 

$.\9, HOU 
30, 000 
3'1,000 
11;,oun 
35, 000 
20,231 
ss,2-n 
34,000 
83, 000 
72,fi!i2 
77, fiOO 

110, 000 
87, 902 
Ga, 232 
G·l, 010 
f12,fi82 
4H,<J60 
75, 879 
HG, 803 

109, 581 
206, 439 
286, 71'1 
292, HOH 

Qnuntl\y 
(plllllH1H), 

Qn1mtit)· 
(short 
tons), 

Q1rnntity 
(pll\lnclH). 

(irnrnlit)· tnn•1l, 
(loll!{ \'1111110, Vltlue. Ynln~. VllhW, 

I 
tonH). 

-:i~-~:-8~-8 -$-~-~:-2~I ::::;:~~::: : .. :.:::::::: :·:~:~::::::: :::::::::i !-$;;~~::!~~ ~:~~~. 
1175, 000 46, IJOO • .. • • .... .. .. .. .. .. • .. • .. .. .. .. .... .. .. .. .... :lHH, 670 7, 74f> 
f>llll, 000 35, 000 ...................... I............ .. .. .. . .. . 288, 2flli 7, 20·1 

m:~~~ ~~:.~~lg :::::::::::: ::::::::::!:::::::::::: :::::::::: l~U~1 ~:~~~ 
100, ooo 33, ooo .. .. .. .. • .. • .. .. .. .. .. .. .. .. .. .. .. .. .. .. • .. . :ma, 9uo o, 200 

(3
3

) 72,002 ............ .......... ............ .......... H78,007 H,Htl\l 
() 77,500 ............ .......... ............ .......... fill·l,7'lti rn,79H 

1, 559, 074 110, 000 • .. .. • • • • • .. • .. .. • .. • • .. .. . .. .. • .. .. .. .. .. • • nflfi, OHll 10, 118 
1,898,305 87,UOJ ............ .......... ............ .......... Oti7,77f> ll,li77 

fN3,I03 G3,2:12 ...................... 1............ .......... 8fifi,B7ll M,•1:l7 
!llR, 000 64, 010 22n, 720 fl, HU 
GH,700 <fi2,GH2 ...... 2;7iJiJ' :::::::::: :::::::::::: :::::::::: 2tl0,0ll0 H,RH 
535, 81\8 «J8, 4GO 700 487, lfi9 lli, 280 

l,ao1.106 465,7so 1,010 .............. iu2,':iH2' "Mo;i.io· 210,11ri2 H,lia11 
2, 360, ooo • 75, 200 890 rnri, !M7 11, ooa 7'13, s20 rn, -rn2 
2, 900, 732 4107, 106 •) 3" l •105, 870 32, 475 1, 990, 0·19 20, 71l:l 
5,fi07,855 4197,579 ~'oil Hllll,7fi0 68,HGO 1,il90,Hl lol,·117 
3,967,012 131\,m,l ROil "$:ii;Hoo· 2,500,000 llll,000 H9fi,Olll 1o1,:12ri 
:J, 93!i, 82•1 126, 144 •1, 739 fi:i, 961 2, 3fiH, 828 110, 700 1, 1118, fiM 18, 201 

$278, 022 
31H,lllil1 
:nm, sari 
:!01,U·lll 
2Hn,:ma 
2(17, 228 
HH, 111 
331,1121 
:ma,nuo 
378,@7 
f>\).l, 7·lll 
5iifi, 080 
H67, 770 
805, 371! 
22ri, 720 
260, 090 
4:11, mu 
270, 9fl2 
7-i:l,820 ......... . 

1, 111!0, O•l\J• ........ .. 
t,:lOO,Hl 

Hllfi,010 
1, 108, llfvl 

--·----·-·------------
'l•'or c11lend1u your~. 
2'.l'hrougll·1887, !or fisci1l yunrn: beginning with 1888, for cnlen<lu l'<HU'H. 

"Quuntlty not reported. 
l Inulutles v1tltw of 1tmorph011H. 

'I'lrnrc were 10 long tom; o:f gomphite vtiluecl at $83±, 
exported from the United States during moo n.s com­
pnred wiLh 5 tons valned tit $365, exported during lHOl. 
Thero were no exports during H102. 

The following table ~hows the world's production of 
graphite hy yeiirs, from 18HH to men: 

'rAm,E 4.-WOHLD'S I'lWDUO'l'ION <W URAPHITE: ]8\Hl TO HlOl. 

[Unltetl St11les lieolc.lglt•11l Sun•oy, "Mineml Hesoun•eH of the Unltl'<l Stntes," 1U02.] 

[Qrnrntit;· In mt,trlti tonR,] 

<'OllNTHY. 

Qwrntlt~., Vnhw. Quuntitr. V11l11e. Qmmtity. Vultw, 

•rot1LI .......... .' ....... Oli, 7H9 $977,•10[1 70, f>116 $1, 787, rnri 1261 752 $9, HUH, 7!JO 

·--- ~.:.:-:::·=-.:.::·~..:::'.:= I.... - -·--- -"••c "--··~ 

Unite<l St1it"·'· ................ 93:l •18,460 1,589 (ifl1 780 l,87H 75, 200 
AuHtl'hl ...................... ~m,<J7'i? .flO, OK! 38,fiO.J ·139, lllll 83,0£i2 ·121, Of1H 
C1it1lllfllt ...................... 12() 9,.Jli;\ mM 16, 240 ... 7ii;iiJ9. 13,ti9H 
C:u)')Oll ...................... 10, ·103 414, 405 19, 275 1, 159, HH5 9, 2•J:l, 203 
< lcrnuin~~ . ................ - . 5;2'1!:~ 72, 108 3,Hfll 06, 12fi ·1,693 97, urn 
I ml ht ....................... · · ··s;11is· .. ... io;io:i· Gl 31() 22 110 
lt11ly ........................ fi,OliO 11, 300 u,m;; 17,.123 

ini::n,;:::::::::::::::::::::: 215 6, 025 204 Hi, ll75 346 10,205 
1120 f>, 287 007 fi,tHm 1,857 18, 237 

Swe<len ...................... H •191 99 3,210 i fiO 1,620 

1 L1iteKt 1w11ll11blo figm·es nsed in m11ki11g up tolltl. 
2 'l'hcHe v11hw• 11re talrnn from the official ye11rhookH of thu Tlnitotl Klngrlnm. 

• 

18\lll 
. _ -· .. ·---~tt-0~- .. --1 l!JOl 

Qtrnutity. 

Hfl, 2H:! 
·~---··----

:i, 77·1 
Bl, 81U 
1, 025 

29, 037 
l\ 19tl 
1, lil8 
9, 900 

fi3 
2,aon 

"'ilaf> 

. I 
Yalu". Qwrntlty. Vnltw. iQ1uin\lt·y·:\ __ ~,'.~h~e~--

i 17'-',·1'"7 I' $ll, 70-l, (1.12 'ill, l!J.l 
\ =o=.oo~~'c' 

1117, lOli 3,U:H 
mm, 2HO aa, mm 

2·1, 17U 1,7-J.l 
21 90·1, UiO 19, lli8 

120, 2fi0 9,2·.tH 
7,fii2 l,8!"18 

on,u.1.1 o,no 
5, 120 \J·l 

~2,H-17 2,001 
1, 67-1 HI 

1 $Ii 701 1 1rn ... Sr>, n;o, Wf> 

lUi 1 i)7t} 1 

·llH, 120 ! 

:lO, \J.10 
~87fi, 190 
iao,riou 

\l,HJ.l 
rm. 120 
9, 118 

20.·tmo 
,3, lHG 

l 
~.:;aa I 

2U, ~l92 I 
2,llllfi 

22, 707 
1,43!> 
2, f)~lO 

10,:n:i 
(") 

7G2 
fiti 

1G7, 7U 
'1,lllK,flll9 

:lK, 7Hll 
•3, ZO:l, 215 

ltiO, 001) 
(•) 
09,211 

(") 
7,fii:i 
1, 900 

..--·"··------·---···- ---'-----·-
"Rll1t!HtlcH not nvnilJ1hlL'. 
• IIwludes t•ru<le • 
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The detailed statistics of the indtrntry for 1902 inc 
shown in Table 5. 

DESCRIPTIVE. 

The name graphite is derived from the Greek 
ypa¢eiv, "to write," and refers to the nse of the min­
end for that purpose. Graphite i::; sometimes called 
u·plumbago" or" black lead," because of its lend-like 
appearance, although it contains no lead. Graphite 
was known to the rtncients. Up to the hitter part of 
the eighteenth century, however, the rmmes plumliago 
and molybdemi seem to have been applied indiscrimi­
nntely to gmphitc and to molybdenite (molybdenum 
sulphide, MoS2), both of which lean it lihtck nrnrk when 
rubbed on paper. Graphite appears to have been first 
distinguislrncl ns early ns 1565, by Conrad Gcissner, but 
thn popular misconception as to the two substances 
prevailed until 177H, when the famous chemist Scheele 
showed them to be entirely llistinct. 

Pllyslcal a11d elwmieal clutP1wteri11tfrs.-Gmphite oc­
curs as a form of carbon, and constitutes the last stagn 
in the mineralization of vegetable matter. In the tirst 
stu.ge of this process the woody tiss@ is converted into 
pent; the peat to 11 lignite; the substance then passel:! 
through the range of hituminorn; coitls to semianthm­
cite, nn thracite, gmphitic anthracite, and 'finn.lly it is 
converted into gritphite, which is prnctically pure mtr­
hon. There is no striet line of demarcation between 
these vnl'ions formR of en.rbon, which merge grndun.lly 
into one another. In structure and purity, speeimens 
from different deposits show a wide divergence. 

The mineml occurs in two forms, tho crystalline and 
the amorphous. Crystalline graphite is rnmally found 
in a compact foliated or granular mass. At timoH the 
crystal:,; are in the form of distinct hexagonal plates. 
The mnorphons variety is, its its name implies, without 
crystal line structure. The term has been used to in­
clude a wide range of natural carbo1rnceons products­
such ns the graphitic anthmcite of Rhode Island, which 
is of a structure between scaly and gm.nular, and se­
lected samples of whkh contain as much as 52 per cent 
of carbon; and the so-called Bamga gmphite of Michi­
gan, '"hi ch in reality is a mtrbonaceous ~cbist. The 
cryshtlline variety consists of finer gmdes, ttncl hence is 
used where softness and a smooth uniformity of struc­
ture are desirable, as for lubricants or in the better 
gmdes of pencils. 

Gmphibe is iron-black or steel-gray in color n.nd has 
a metallic luster; to the touch it is smooth and soap-like. 
Its specific gravity varies from 2.015 to 2.583, the vari­
ation being due to the impurities-such as iron oxide, 
alumina, magnesia, lime, and silica-which are present 
in all natural graphite. U sunlly, there is also from five­
tentbs of 1 per cent to 1.3 per cent of hydrogen-a fact 
which seems to point to an organic origin. Graphite is 

infusible, and resists the corrosive action of many chem­
icals nnd molten metals. These properties render the 
crystalline vitriety, with its flake-like form, of great vitlue 
in the nmnufacture of graphite crucibles for special pur­
poses-for instance, to resist intense heat in 1;he nmnu­
facture of crncible steel; to possess great density tLt 1t 

high hmtt, as in the refining of gold hnd silver; and to 
rei:dst the corrosive action of easily oxidized metals and 
nlloys in a molten condition, as in melting brass, bronze, 
etc. Although crystalline graphite will hurn in oxy­
gen nt ttnd above a tmnpemture of l:J7i'J0 0., j t is a good 
conductor of heat and electricity; this property renders 
it of special value for the mturnfocturo of the commu­
tittor brushes used in electrical machines, for m-:e in 
electroplating·, and :for electrodes in nmny electrolytic 
chcmimtl processes. 

In its chemical relations, graphite occupies a pmiition 
clistinet from that of any other :form o'f carbon. '.rhe 
most striking difference is the effect of treatment with 
fuming nitric acid and potassium chlorate; diamond is 
unaltered, and mnorphous carbon (charcoal) is com­
pletely dissolved, hut graphite is converted into a com­
pound known as gmphitic aeid or graphit.ic oxide 
(C11H{00). 

As it fact of mincrnlogical interest, but one which 
lrns no industrial impoi·tance, it; may he mentioned that 
meteoric masses lmve been found contnining graphite 
which in its properties resembles the graphite formed 
during the cooling of high carbon and pig iron. 

Occm•r1.mce ctnd mining of m'y8tctlllne f/1Ytpldte ln tlie 
lhdteii States.--Crystalline graphite is widely distrib­
uted throughout the United States, but the known 
deposits of sufficient extent itml purity to warrant 
working on a commercial smile are fow in number. 
During the past cleeacle the domestic output of high­
grade crystalline graphit~ has been obtained chiefly 
from the mines near Ticonderoga, Essex county, N. Y. 
'l'hc mines in Chester county, Pa., were reopened in 
1897, after a long period of inactivity, and lmve been 
in continuous operation since that time. In 1899 the 
mines in Cfoy county, Alfi., produced a small amount. 
There lrns been considerable activity, in the exploitation 
of graphite properties in Bartow county, Ga.; near 
Dillon, Beaverhead county, Mont.; tn Merrimack 
county, N. I-I.; in McDowell county, N. C.; at Bloom­
ington, in northern New .Tersey; and in many localities 
in California; but up to the present time the work has 
been confined chiefly to determining the character and 
extent of the deposits, and to ascertaining by experi­
ment the best method of concentrating the ore so as to 
convert it into a s11J1tble product. The limited number 
of graphite mines now producing the crystalline variety 
of the mineral bears witness to the difficulties encoun­
tered in the development of a prospect into a paying 
property. 
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The principal mines in New York are at Ticonderoga, 
Essex county. The graphite is of the foliated variety, 
occurring in minute scales in the cleavage planes of a 
seam of gray quartzite. The ore contains an average 
of 10 per cent of graphite, of which but little more 
thM one~lrnJf is extructed hy the prevailing method of 
working. The graphite-bearing· becl lies hetween strata 
of massive micaceous gneiss, gametiferous gneiss, and 
light-colored quartzite entirely free from graphite. 
The gneiss clips n,bout 20° rmnth. The gmphite heels 
do not conform to this dip, but have a low pitch to tho 
east. There are two mines in the same bed, on differ­
ent sides o:f a fault. The graphite-hearing quartzite is 
from 1 to 5 feet thick in one mine, ancl from 2 to 15 
feet thick in the other. This vein (known aH the 
Hague vein) seems to have been in tt line of weukneH'l 
during the geologic upheavals, for the ore and wnJl 
roclrn near the surface a,re very much pulvtwizcd, so 
that, while the ore mirricH n good percentage of gritph­
ite, the yield is small. It iH probable that the deepen­
ing of the workings will reHult in finding the gmphitl) 
in coarse flakes in the una1tered rocks, unless the 
faulting haB occurred n,long the vein throughout its 
course. The mines !tre opened by adit levels, nnd the 
mined ore is treated for the sepitration of the graphite 
by crushing and washing in a mill near the mines, fol­
lowed l>y n. further refining at the wol'ks of the eotu­
rmny at Ticonderoga. 

There are numerous limestone depm;its in Essex and,,, 
neighboring connties of New York which contain 
grnphite diHseminated throughout the mmis, or in Hmall 
lenses of very i·ich ore. 'VVhile a number o:f these 
deposits are being promoted and developed, the on1y 
ones of 1tpparent prorniHe are on Leo,cl Hill, back of 
Ticonderoga, and on vVarner Hill, between Ticonderoga 
and Crown Point. It is probable. that i:f any more val­
uable mines are opened in this section they will be in 
the graphitic quartzite, tts the lenticuhir bodies in the 
limestone have proved uncertain. 

In Pennsy 1 vaniit the principal graphite mine is 1 
mile east of Chester Springs, Chester county. The 
mineml occurs in two layers of disintegrated mic·a schist, 
one 4 feet and the other 6 feet in thickness. Adit lev­
els have been run in on the hillside, following the layers, 
and the rock is so disintegrated that most of the ore 
can be removed by pick and shovel without recourse to 
blasting. At the mill the ore is crushed in rolls ttnd 
cleaned in a log washer of the type commonly used at 
clny works. After being washed it is again ground, 
refined by pneumatic concentration, and screened into 
different grades. There nre other graphite properties j n 
the state, notably at Byers, several miles below Chester 
Springs, and at Pikeland, both in Chester county, and 
also at Mertztown and Boyertown, Berks r.ounty. 

These properties have been productive at various times, 
but for the most part ttre now inoperative. The exbt­
ence of graphite throughout a large part of the ridge 
extending from Phoenixville to the Bmndywine river 
Heems very probable. Occasimrnlly pocket:'! are founcl 
which yield nuggets ttnd nrnsse:> of ne[trly pure gmph­
ite, sneh as formed the lmsis of the producing mim:s 
in this region, bnt more often the mineml is assoeiatl~cl 
with iron oxicles, quartz, and feldspttr, so that the 
extraction of the graphite involves consiclrrnble 
cliflicnlty. 

Ooncdntrat1'.np arystalli1w r11•ayhi'.te.-The iuercm,;ed 
clenmncl for crystalline gmphito lrns led to a earoful 
study of the coneentmtion of low-grn,dc gmphite dis­
seminated in Hakes. Operative plants luwe chnnged 
and improved their methods, ttnd new concentmting 
processes arc being tested. 

There iwe two common methods of coneontmting 
crystrilline gmphite from its orn-the wet and the dr~-. 
The wet or water methocl lrnH he011 devdopetl to tt 
marked degree of efHciency, and is the one now go11cr-
11lly used. The mode of procedure is to ern::.ih the ore 
wet, and separate emtrsoly by stiitionary lmddles, the 
concenti·afoH being dried and further treated with lmhr­
stones and screens. No mill, however, has adopted 
either method in its entirety, becimsc tho specific gmvi­
tim; of the constituents of tho ore v1Hy so litt.le. ~t'Y­
eml pnemrnttic processe;; have httoly proved n partial 
Fmccess, hut they have been of limited npplimttion, on 
account 01' the impossibility of removing the mnnll 
sca1es or mica whii1h occur in somo ol' the deposits. 

Two new foittures in concentmtion pmctice, in hoth 
of which the older method o:f complete submerfiion he­
neuth the Hnrfaco is replaced by 1lotlltion, 11re worthy 
of note-first, tho use of potrolmnn v11por, which, being 
readily absorbed by grn.phite, permits the ffakmi to he 
more readily separated from tho gttngnc matcrittl hy 
'flotation; and, :,;econ cl, the hrnit.ing of the gTouncl prod­
uct before separation, which nmkcs the flakes of grriph­
ite :::;o lig·ht that they float on the snrfocc of the water, 
whence they tire removed. 

Ooott1'·rence ctnd min/ng of am.or-plums gra:pliite ·in the 
United States.-U nder this hmtd 1u·c included nbo the 
gmphitic anthraeite of Rhode Is1itnd and the so-called 
Barttgtt graphite of Michigan. 'L'he incentive to clovclop 
properties containing· amorphons graphite is much lesH 
thnn in the case o:f the crystiLlline Vtll'iety. On 1teconnt 
o:f the limited use of the former, the value of' the crudo 
.product is only from one-eighth to one-tenth of tlmt of 
the hitter. For the manufacture of gmphite crnciblos 
and for many electrical purposes 110 satisfactory substi­
tute for crysbtlline graphite has been discovered, while 
in the case of amorphous graphite there are many other 
materials of equal suitability for its various uses. 
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The mining of amorphous graphite in the United 
States has been of compamtively recent development. 
During Hl02 the product was obtained chiefly from vVis­
consin, followed by Michigan, Rhode Island, South 
Dakota, vVyoming, and New Mexico, in the order 
rnuned. There are numerous deposits in other states, 
hut none in sufficient quantity or purity to be of com­
mercial value at the pn~sent time. 

In ·w isconsin, the mines near Stevens Point, Portag·e 
county, produce gTaphito which is reported to contain, 
nt times, as much as 7 4: per cent of carbon. It is 
utilized in the mrwnfactme of paint, lubricnnts, and 
greases. 

In Michigan, there arc several thowmnd acres in 
BarngrL uounty, composed of rt carbonaceous schist 
without a sig·n of a Yein of gTaphite. This nmterin,l is 
ground for paint and is improperly called graphite. 

In Rhode Island, the mines nmtr Cranston have been 
opern,ted for many yem·s. The gmphite shows tt struc­
ture between scaly and gmnulnr, and the grade of the 
product lms not until rceently exceeded 55 per cent of 
cctl'lion, the remainder of the ore being silimt nnd iron 
oxide, with a trace of sulphur. The property was 
originally it qurLrry, and in nrnking- the open cut the 
vein has been exposed for n. distance of 70 feet or more. 
A :,;lmft hns been sunk, and most of the ore hi now 
obtained. from pocket::;, although it ii-; found also in 11, 
few fissure veins. 

In South Dakota, there are seveml graphite propertie:,; 
in the vicinity of Custer containing promising vein::; of 
gmphite, one of which is reported to be 4 foot in width 
and o:f high-grade mineml. At Castle Creek, in"Pen­
nington county, 25 miles northwest of Custer, there is 
a vein which is reported to cont!Lin 40 per cent of carbon 
and to he in contact with 11, 10-foot layer of grapbitized 
slate. 

In New Mexico, considemble explorntory work has 
been done at the gmphite properties 8 miles southwest 
of H.nton, Colfax county. 

Occurrence and mininr1 of gm1Jliite in fm'eign 
eountn:e8.-In Ceylon, which is the chief producer of 
high-grade crystalline graphite, the. main deposits 11,re 
in the western and northwestern provinces. The 
graphite, which is srn1ly or fibrous in structure, is found 
in veins of irregular occurrence and extent, which break 
through crystalline rocks of the chamcter of gmnnlitc. 
The minerals associated with gniphite in the material 
which forms the vein ni·e feldspar, rutile, pyrite, biotite, 
and calcite. The country rock is often highly decom­
posed, and then consists mainly of kaolin and similar 
decomposition products. The formation of graphite in 
these deposits has been uttributed by Dr. Ernst \Yein­
schcnk to the decomposition of vapors carrying carbonic 
oxide and cyanogen compounds. 

In one of the Ceylon mines near Caltum the graphite 
occurs in a series of veins in gneiss which has become 
converted, to IL depth of 3G feet, into a mass resembling 
Interite. Theinclications point to the deposition o:f the 
carbon by the decomposition of hydrocarbon vapors, 
forming a true vein. 

'rhe Cey 1011 mining industry, which is entirely in the 
hands of the natives, has been profitable :for many years, 
chiefly on account of the pmity nnd consequent high 
value of the product. The method of mining is ex­
tremely primitive. A shaft is sunk to the level o:f the 
ground water (from 40 to 20Cl :feet), and drifts are cnt 
from the bottom o:f the slmft until the air is so bllcl that 
the lmnps o:f the miners will no longer burn; the ground 
is then stopecl npwarcl, the waste being dropped behind 
nntil the shaft is iillecl. In some cases the veins are 
followed by open cuts n.nd galleries. The underground 
working's ttre roughly timbered, and powder is rnmcl to 
break the rock. The ore is hoisted by windlass mid 
bucket, or p1issed ont by hand. A peculiar :feature o:f 
the industry is the opposition to the installation of 
modem mining machinery nnd methods, on the ground 
that the new conditions might b(~ less srttisfactory than 
the older imd fairly profitable ones. The mined prod­
nct is fnmous for its purity, the analysis of several 
samples showing it carbon content of from 99.283 to 
Dfl. 792 per cent. 

In Austria, graphite occurs in the provinces o:f Bohe­
mia, Btyrin, 1\!Ioravhi, Carinthia, and lower Austria. 
The chief producing mines arc at SchwEirzbach, in 
Bohemia. The deposits, which are lentieular, occur 
in gneiss, in parallel beds, extending over an area 14 
miles long by 1.0 miles wide. 

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

In Styria, which ranks second in importance, there is 
:found a highly metamorphosed system of carboniferous 
shales, clay-slates, limestones, and conglomerates with 
coal semns; the cmtl o:f which has passed into graphite. 
It is very compact, very pure, and often extremely 
hard, in some cases retaining exactly the appearance of 
the coal from which it hns been derived. The graphite 
region extends from Leoben to St. Lorenzen, a dis­
tance of 25 miles. The most important deposits are !Lt 
St. Michael, where five parallel beds, Yarying in thick-
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ne:-i;; from n few inches to several feet, and occurring in 
gmyish-hlnck schist, have been exploited for a length 
of oy1w HOO foot. The preparation for market consists 
in simple screening. The product, which contains 
mrnrly 80 per cent of carbon, is rn;ccl in making graphite 
Cl'lWihlt~s. 

Other gmphite, deposits arc found in lower Austria, 
~1ornvin, nnd Carinthin.; bnt the mineral, which is asso­
dnted with granular limestone in gneiss, irnd is usually 
amorphous and friable, is too impure to warmnt work­
ing conmrnrcinlly. 

The gnq>\lite deposib:i of Gernmny lLl'e confined to the 
C1t8tornmost corner of B1ivnria. In n reg-ion bounded 
on tlrn 8outh hy the Danube and on the lmst by the Aus­
tr.inn ·frontier 1u·c gneisses and gneissosl3 rocks improg­
natNl with smly gmphifo. In Home places'---chieily in 
tht1 immecliato neighborhood of intercalittions of grnn­
ufor limestone, n.ltcrecl hy contact metamorphism-the 
rn iiu'ral occnrfl in lenticnlar masses, rich in carbon. 
Both th(\ graphite-bearing rock and its nertr neighbors 
a.re highly decompoi,;ecl, so that ktiolin and other decom­
position products !Lre found in intinmto association with 
tlw gmphifo deposits. The lenticuhir form of tho cle­
pm;its, their geologil'al relationship with limestone intor­
cn.ltttions, nnd their frequent association with kaolin 1incl 
other cl<!compoHidon products, connect them closely 
with the Bohemian type, from which they arc differ­
entiiited by the less comrmct nnd more crystalline char-
1wter of tho gmphite. The genetic connection between 
tho l\tssan a.ncl Ceylon typei:; is very close. 

At Borrowdale, Engh111d, fine-scale graphite wnB n.t 
one time found in veins in "grcenstone porphyry." 
Tho gangue material was chiefly calc-Hpar, brownspar, 
ttnd quart?., containing nests nncl lumps of very fine 
gr1tphitc~ e::;peciidly suititble for the manufacture of 
peudls. These mines, however, h1we been exhausted. 

The mines nt Batugol, province of Irkutsk, Siherin, 
tihm are prnctically exhausted. The graphite was finely 
fibrous and pnrer than that at Borrowdiile. The veinR 
run through a gmnitie or dio1·itic rock, while in the 
closely adjoining limeHtonc (altered by contact meta­
morphism) n.re great lumps of pure gmphite, suitable 
only for pencils. . 

A-Ptt;jlm'.al !/?'l~pMt<1.-Gl'aphitc min be made artificially 
in S(Weral ways, among which are the following: 

(1) ln the production o:f cast iron from ore containing 
IL large proportion of carbon, by allowing the molten 
mtv,;s to cool slowly. As cast iron can retain in combi-
1rntion tt nnwh larger proportion ~f mirbon when molten 
tlum when solid, the cooling of the mass causes the car­
bon to separate out, forming scales of graphite dissemi­
nnted throughout the iron. It fa to the presence of the 
settle:,; of gmphite that gmy pig iron owes its peculiar 

proporties and its gray color. ·when this form of pig 
iron is dissolved in acJd, the scitles of gh1phite remain 
as an insoluble residue. When cast iron is kept in ti 
molten condition for n long time, ns in th.e nmnnfacture 
of converter steel, scales of gmphite colh~ct on tho Bur­
face of the molten metal, forming so-ettllecl· "kish." 
This source of artificinl gmphite is of no commlwcin.l 
importanco. 

(2) By the reaction or decomposition of various chem­
ical compound:.,; containing carbon, notably the cyanide 
class of salts. Gmphite can not ho proclucnd commer­
c:ially from chemicals on account of tho excossively high 
cost. 

(3) By the treatment of certain rnubonncoonH mate­
rials in the electric-arc fur1mce, which is the process 
now wmd on a very larg·e sc11le. 

Pure gmphite has 1IHLny valtrnble properties, snch as 
high electrical conductivity, great re;;i:-ltaucc to clrnmi­
cal action, and n.bsencc of tlrn property ol' absorbing 
gases, which is possoHHecl more or h~sH hy 1tll for1m1 of 
amorphous cnrbon. N11tuml gmphitcs of the high 
degree of purity required for delicate ehcmiciil nncl 
electricltl processes 1u·c so expensive tlrnt in most CHHCS 
tho cost is prohibitive. The inception of the artifici!tl 
graphite industry is clue to the efforts 11,ncl experiments 
of Mr. Edw1nd G. Aeheson,1 who clnring 18!l'7· 11uLnu­
facturcd more _tlum mo, 000 pom~ls of this product. ln 
rno1 the output in the United Sttitcs re1whecl 2,000,000 
pounds. At first the operntion8 wore contincd to the 
gr1tphitization of c1trbon electro<lc1-1, lmt since 181Hl very 
hirge qunntitie:-:i of artificial graphitn have boon umclo, 
to be utilized for purposes for ~vhich irntuml gmphite 
wns formerly used. In graphitizing elnctroclc:-; the 
ordinary electrode, which if4 eompo:.,;ed of 1i mixture of 
petroleum, coke, pitch, and 11 c1irbide-J'onning mtttcrinl 
(silica or iron oxide), iH 8nbjectcd to the int,cmse heat of 
an electrie-arc fnrnaee. The so-milled '' artifiehil 
graphite'' is produced by subjecting rtnthmcito coal, 
coke, or charcmil, together with a snmll proportion of 
some oxide or snlplmte, to the intensn heat of an olectric­
arc furnace; the impurities are eliminated, the a8h be­
ing rrdncecl in some cm;es to 1ti; low as livo-tonths of .l per 
eent. 

The so-milled tirtiiichtl graphite, which is in the form 
of grain'> or powclerfl, is used chiefly in the nmnufacture 
of rmint, dry batteries, 1tncl eommut1.LtOl' ln'U8hes, . 
although 1t consic1emble qunntity iH used in the mnnn­
facture of lubricants for high-gmcle work, in el8ctro­
plnting, and in certain chemical processes wbiuh rec1uire 
a carbon of exceptiorllLl purity. ExperinwntR have 
been made with this nmterial cts a coating for the gmins 
of high exploHives, to pre\'cnt the generation of the 

_ 1 United States patents Nos. 645284, 645285, 701758, und 711081. 
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stat.ic charge of electricity, the spark from which is 
supposed to ct1usc the spontaneous ignition of the 
powder. 

Graphitizecl electrodes possess spcciid qualities which 
render them valuable in electrolytic processes fol' the 
production of caustic soda and of chlorine 1tnd metals 
in chloride solution, and in electro-metallnrgical pro­
cesses~ such as the production o:f calcium chloride, the 
electric smelting of copper and iron ores, and the mann­
faet.ure of various iron alloys. 

In spite of the development of artificial graphite, 
hmvever, in recent years there has been 11 Ja,rg-e increase 
in the demand for natural graphite, clue to the growth 
of the iron and steel industries; the larg·ely increased 
use of copper and its alloy::;; the development of elec­
trical machinery, which calls for graphitized products; 
nnd the increllsed need for special lubricants to be used 
at compa,ratively high tcmperatnres. 

Uses of grcr:plu:te.-Gmphite is used for making refrac­
tory crucibles, stove polish, foundry facings, paint, 1md 
le1ul pencils; as a lubricant; and in powder ghLzing, 
electrotyping steam packing, etc. 

For the making of crnciblos crystaJline graphite is 
Teq uired; the :fibrous or lnminated vm'iety is used, 
because its superior binding- qtrnlities add to the strength 
of the crndble. The ordinary mixture consists of 50 
per cent of graphite, from 35 to 45 per cent of 1dr-dried 
clrly, and from 5 to 15 per cent of sand. 'l'he graphite 
is ground to a fineness of from. 40-mesh to 100-mesh 
size, according to the spechtl use to which the crndhle 

· is to be put; if coarse it will give a porous crucible, 
while if too fine it will be apt to crack when heated, 
because of its great density. The clay is selected, not 
on account of its refractoriness, but because of its plas­
ticity. The sand is free from ·fluxing impnrities, such 
as iron oxide, lime, magnesia, etc., and is sifted through 
a 40-mcsh screen. 

In combining the constituents, the clay is made into 
a thin paste with water, and the graphite and sand are 
thoroughly mixed in by repeated treatments in an ordi­
nary pug· mill. The mllss is kept moist for several 

weeks, in order to insure.the expnlsion of ltny nir bub­
bles whicl1 nmy hnve been formed in the mixing. This 
sttige of the work is called "tempering." A portion 
of the tempered mixtut·e of the pro.per weight for a 
crndble of the desired size is molded into shape on an 
ordirn1ry potter's wheel. This method i::; superior to ma­
chine molding, becn,use the rotnry motion nnd external 
pressure cnuse the :flakes of grnphite to become arranged 
nearly parallel to the sides of the molded shape, thus 
binding t,he muss together more strohgly. The freshly­
molded crucibles are inclosecl for several hours in a 
clrn;e-:fitting sectional mold of plaster, which t1bsorbs a 
portion of the moistnre; they arc then dried for a week 
or ten dt1ys at 11 tempemture o:f from 70° to 80° F., and 
finally are fired for several d11ys in a common pottery 
kiln. 'l'he use for graphite crncihles of 11 fusible -clay 
of gTeat pll1sticity ini;tead of one of high refractoriness 
is lm::;ecl upon the fact that for the combination o:f two 
substances by fusion mechanical contact is 11hsolntely 
essential, so that, whether the chty he refractory or 
not, the presence of iL1l inert materi11l between the par­
ticles of ch1y and sttnd prevents fusion, Furthermore, 
as soon !ts the crucible is pl!tced in tho kiln the gmphite 
o'n the outer surface is burned riwny by the oxidizing 
gases, permitting contact between the particles of clay 
!tnd sand; these, reacting upon each other, fuse and 
form on the outside of the cmcible a ghtze which pro­
tects from oxidation the graphite flakes beneath the 
surface. 

The quantity of the mineml used for nmking le1Ld 
pencils is comparatively small, but the qunlity must be 
of the best. .For use as tt lubricant a high grade of 
the crystalline l1l'oduct is essential. But material of Rn 
inferior grade is employed in the mllnnfacture of stove 
polish, of foundry facings, and of graphite paint, which 
is used to protect ironwork (as in smokestacks, iron 
roofs, elevated steel structures, ete.). While crystalline 
graphite is used to some extent, its special properties 
are not absolutely required, and hence the amorphous 
Vltriety, both natural and artificial, is largely employed 
for these purposes. 
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Nunlber of mirieH ..................................... . 
Numbe1· nf opemtors ................................. . 
Chnmeter nf owncrHhip: 

Imlivldttttl ....................................... . 
Firm ............................................. . 
Incorpomted com p1tny ..........••••...•...•.••... 

Sttlariell officilils, clerk•, etc.: 
Tot1tl numl1er .................................... . 
TOl!tl Sllhtries ..................................... . 

Geneml ofllccrs-
Nnmber .................................. . 
SnJarieH .......... _ ......................... . 

Snperintendents1 nutnngur~, forcnten, ~nrvliy. 
orH, etc.-

N11n1lu .. :r .... , ................................ . 
S1thtries ................................... . 

Forenien, below grouncl-
·N11n1l>cr ............••.......••..•......... 
S1tl1trics .................................. . 

CJJerks-

~~j~~\J~:: ::::: :::::::::::::::::: ::::~:::.::: 
Wnge-e1trncrs: 

Agg1·eg1Lte avernge nnmbm· ...................... . 
Aggreg1ttc w11ges ........•.......•.•.•..•.......... 

Above grmmrl-
'l'ot1tl nverngc number ................... . 
Totttl wnges ............................. .. 

Engineers, 1irenwn 1 nrnl other mu­
clmnlcs-

Averngc 11nn1her . ................ . 
''rllg'l'!S. : .. ....................... , ... . 

Miuers-
AvemgennmlJel' ................. . 
W11geH ............................ . 

Boys under 16 ye1trs- · 
Average ntunhcr ................. . 
W11ges ............................ . 

All other Wl\ge·earnel's-
Avernge number ................. . 
V\rngcs .. ........................... . 

Below gro11nd-
Tot1tl average number ................... . 
Totnl w11ges .............................. . 

Miners-
Avurnge nun1her ................. . 
Woges ............................ . 

Miners' he! purs-
A ver11ge numbei· ................. . 
Wnges ........................... . 

All other \Vttgt:Hmrnor8-
Avemge number ................. . 
Wages ............................ . 

Avemge numllur of w11ge-ettrners 11t speuil\011 1l1t1ly 
mtesof pay: 
J~ngineers-

$1.50 to $1. 7-J .................................. . 
$2,00 to $2.2·1 .................................. . 
$2.75 to $2.!J9 .................................. . 
$3.00 to $:l.2·l .................................. . 

Firemen-
$1.50 to$1.7·l ...... ; ........................... . 

l\Iach!nlAtA, blaeksmlths, cn.r11enlers, 1tml other 
mechani<Js-

Sl.25 to $1,.19 ................................. .. 
$1.50 to $1. 7'l .................................. . 
82.00 to $2.24 ................................. .. 
$2.50 to $2.7·1 .................................. . 
$2.75 to s:l.lm .................................. . 

!lfinerH-
$0.75 to $0.99 .................................. . 
$1.00 to $1.24 .................................. . 
$1.2fi to $1 .'19 ................................. .. 
$1.fill to $1. 7-1 .................................. . 
$1.75 to $1.99 .................................. . 
$2.00 to $2.24 ................................. .. 
$2.25 to $2.4S1 .................................. . 
$2.50 to $2.N .................................. . 

MINES AND QUARRIES. 

TABLB 5.-DBTAILrm SUM.MARY: rno2. 

All 
other 

United New st1ttes 
States. York. 1uul 

terri­
torie:-1.1 

28 
rn 

10 

27 
$18, 02·! 

•J 
$2, llOO 

ll 
$Ill, 112 

ii 
$·1, <J:l5 

4 
St, 777 

J(l.J 
$7n,no 

Hll 
$·ff>, 2H8 

27 
$1G, o:!8 

83 
$12, OHi! 

1 
$150 

·.IO 
$17, 011 

G3 
$:ll, ·l.Jl 

M 
$27,nn 

G 
$2,Br1ll 

3 
Sl,419 

·l 
l 

.2 
1 

3 
4 
2 
fJ 
•1 

2 
2·1 
6 

87 
3 
5 
9 
1 

:l 
:l 

:l 

7 
$li,tl~7 

:l 
. $:1,fiUO 

2 
$1,Hlf> 

2 
$1,2fi2 

71 
$:lf>,fiH:! 

Hti 
11!,0flll 

12 
$7,fifiK 

2·1 
$11l·Hlfi 

85 
$1G, riao 

mi 
\$1fi,7KO 

2 
$7f10 

1 

.2 
1 
5 
2 

ao 
2 

~n 
lli 

]'..! 

~o 
$12,2\l7 

•l 
$2, noo 

11 
$0~ ori~ 

a 
lf2,G20 

2 
so~.m 

9:1 
$·11,1-lli 

6fl 
$'2G1 ~~m 

rn 
$H,-lHO 

:m 
$12,089 

1 
$If>() 

10 
$fl,flHi 

28 
$14, 911 

21 
$11, 892 

·l 
$1, 000 

3 
$1,-119 

-1 
·······2 

1 

a 
2 
1 

.... ···2 

2 
2,1 
I\ 
7 
B 
:1 
9 
1 

All 
other 

Unitn<l Ni•w Hllltl'S 
8tntcR, Yurk, nnrt. 

A vorugo nurnher or w11go-en.rncrH tit speci1le1l dnilr 
mtoH of p11y-Ccmtinncd. 

MlncrH' hclJ>l'1'H-
$1.00 to $UH ................................. .. 
$1.\lfi tn $1.4!1 .................................. . 

'l'hn lwruum n1ul traek lnyers-
$1.fiO to $1.U .................................. . 

lloyH nnc1cr 1 fi Yl'lll'H-
$0.iill to $0.H ...•.•••............•..•....•..•... 

All other wnglH:mr1wrR-
$0.7f1 to $0.90 .................................. . 
$1.00 [.(} $1.1!..l .................................. . 
$1.2ii to $1.<l!l ................................. .. 
$1.fiO to $1.7-1 .................................. . 
$2.2fi to $2.•IH ................................. .. 

Avorngn tnnnher of wug<.H.lttrnorK mnployell (luring 
e1wh m11nth: 

Men rn yearH ltud over-

Ii 
l 
H 

~-1 
l 

.T1tnllll!')'. ............ .... .. . ..... ... .... ... .. . . 1:17 
FclJrnnr)' ............ ...... .................... l:lH 
llittrel1......................................... 11l2 
April.......................................... 1-19 
!lilt)'........................................... 1117 
.Tmrn... .......... ........ ... .... . .......... .... 171 
.Tnly........................................... lll:l 
AngnHt ........................................ lll!l 
Soptemlwr..................................... lH 
O<llnlwr ....................................... 1sri 
Nnvemlier.................. ................... 17fl ·1 

flc1rn111lll'r. .... . .. . . . . ... . .. .. .. .. . . . ... .. . • . .. 17i1 I 

HO 
(11 
fill 
llH 
70 
71\ 
711 
711 
80 
H 

Tioys 111Hkl' 111 )'Plll'S- j, 
.Titn111u')'... .. ... . .... . ... . . . . .. . . .. . ... . . .. . . .. 1 'I" ..... 
i:~~~.;·,~;:1:~: ::: : : : : : ::: ::: : :: : : : : : : : : : : : : : : : : : : : : 1 !1 • .••... 111·,1·.·.·.·.·.·.·. April ...... , .................................. . 
Mtt)' ........................................... 1 1 ...... . 

.Tnnn........................................... l 
1 

..... .. 

.Tnly........................................... 1 ...... . 
August........................................ 1 

1 

..... .. 

Hl~r1tc1nl.>l~r........................ ......... .... 1 ...... . 

N
c;ctohe1

1
•• ........ .......... .................. ••• 1

1 

1

,

11 

•••. • .•.• • •· •• 

ovmn l<'l'. ................................... . 
Dc(~n1nl1t~r ...................................... 1 1 ••••••• 

Contract wOl'k: I 
Amount p1ticl ............. .'............. ....... .... $000 1, ...... . 

Numllcr of cm11loyeeH.... .. . . .. .. .. . .. . . . .. .. . .. . . 21.$·l· ··~·.ii·'·o·l :MiAcullmumuH expcnHes: 
'l'otal . . • • . . . . .. • .. . . • .. . .. . . . • . . . . . . • • • . • .. • . . . . . . . $!!, 0:10 

Roi•altieH nml ront of mino and mining r•litnt. $020 
Hent of nfllnos, t1txos, insur11noti, lntcrcHt, nncl I 

other mmrlrles.. •.. ............. .••.... .. .... $fi, iil!l $1.0fi·l 
~;~~ll::~,r:i1pplles 1111<1 m1tterlals......................... $51, 8·10 

1

$10, fd3 

'l'otnl q111t11tit)•, short t.nns.............. ........... 27, ·138 I J, 37f> 
~'nl1tl v11hte ........................................ $227, fiOH $77, .1;17 

Cmde-

turri­
tol'itis.1 

a 

77 
77 
8\1 
HJ 
H7 
!);I 
~7 
0:1 
01 

111 
Hit 
101 

1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 

$UOU 
~ 

$·1, urn 
$Hi0 

$·1,·lf>fi 
$:l:!,2\17 

2G,mi:l 
$1W,U71 

Qnant!ty ................................ : . 2·1, 27fi 
Vn.lne • • • .. . . . .. . .. . . . . . • . . . .. .. . .. • • . • . . . . $70, !JOO 

Hcllned-

'iO ''·1 ''''fl 
$200 : $7\); 7iio 

i 
Q111111tlty...... •. . ... . . • .. . . . . • . • . .. . . . . . . . a, rn2 
V11hw ..................................... $1"17, fiOH 

Power: 
'l'otnl horsepmvc'r ................................ . 709 

Owned­
llnglnes­

·stcam-
Numher ......................... .. 
Horsepower ...................... . 

W1ttcr whcelH-
Nnmber .............................. . 
lfnrsupo,ver .......................... . 

Rentt~tl-
Eleetrie, honmpower ........ _ ............ . 

18 
7.19 

1 
10 

111 

1, 32fi ' 1, 8:17 
$77' 2:17 $70, 871 

210 

.[ 
2:m 

1 
]() 

f>29 

J.l 
fil9 

10 

-------·---------------·----'-----"----'-·---.. ----·-----------
1 Tnc•lucles opemtor.s <listrllmtell 118 followA: ,Al11bmn11, 1; Georgi1t, 2: !llnsRllllhllsctts, 1: !lfleh!g1tn, 2: Montan1t, 1 (H mhw•\; Nm1· !lfoxi!">, 1; Nortl1 C11r11ll1111, 2; 

l'en11.•rll•1tniu, 2; Hhode Islnnd, l; So11tl1 llukota, 2; WIHeonsiu, 1 (2 mhies); Wyoming (1 mine; operntor repnrterl in South Ilttkotit). 
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LITHIUM ORE. 

By .Jos1wH HYim PRATT. 

The production of lithium ore has not been reported 
n.t n.ny prior cernms, and there itre, thernforo, no com­
parative statistics ftvttilahlc. Tho mining of lithium 
minem1s for their lithitt contents has been erratic in the 
United StateR, nnd it is only within tho pnst fow yoani 
t.hat these minerals have been mined in nny quantity. 
This is duo to the small demand for lithium carhorntte, 
which is the principal compound of lithium tlmt is Hold. 
The production for 1901 is stated by the U nitl!<l Stutes 
Geological Survey to luwc hmm 1, 750 tons, Vltlnod ltt 
$±3,200. According to tho same iwthority, oL'W tomi 
were mined in moo in San Diego eounty, Cal., and 
pro bnbly between 75 11nd 100 tons were obtnined elfm­
where for ex1)erimental pnrpoRes. 

The following table is a suunnnry of tho industry for 
Hl02: 

TAm,1~ 1.-81immar11: 1902. 

Nllm bcr of mines or qtrnrrle,............................................. B 
Number of opemtors..................... .. .. . .. .. .. .. . . .. .... . . .. .. .. . . . 3 
Snlliriccl olftclnls, clerks, eto.: 

Number.............................................................. 1 
Snl1n!es.. .. .... . .. . . . . . . .. . ... . . . .. . . .. . . . . . . ... . ... . . . ... ............ $600 

\Vagc·C'Z\l'UCI'S: 
Avcrnge number..................................................... u 
Wugcs................................................................ $3k~'ol'til 

l>tisccllnncons expenses.................................................. ~-
CMt of supplies untl m1iterl1tlH . . .. . . .. . .. . . .. . . . ... . . .. .. . . .. ............ $1, 2115 
l'rod1wt: 

l.immt!ty,shorttons .................................................. 1,2,m 
'?aJ11e ....................................................................... $25, 700 

Detailed statistics by stn,tes eitn not be publiRhed 
without diselosing the business of individual cstahlish­
ments, 2 of which were lomtted in C1tliforni11 and 1 in 
South Dakota. Ono mine, in South Dnkota, was idle. 
Of the 3 operators 2 wore indiviLlunls and 1 was a lirrn. 

Employeu1:1 and '1Ntf/e8.-0f the total amount, $±,34±, 
paid in snlaries and wages, $B, 7±±, or 86.2 per cent, WH$ 

paid to the wage-earners. There were 2 w11g-e-onrnors 
on tho avemge to a mine. The yearl,Y avernge number 
of wagc-enmers employed Wfts (-l, tho greatest axorage 
number, as shown by Table 2, heing· 23 :for ,Tnly and 
August, nncl the least, 5 for September. Four of the 
6 miner8, or 66. 7 per cent of the total, received from 
$1.75 to $1.DD per clay. 

P!'odiwtion.-The production of lithium minernls in 
the United Sttttos during 1902 was 1,245 short tons, 
valued n.t $25,750. The world's annual prodnetion of 

lithium carbonate, which is the principal salt used, hns 
been variously estimated nt from IJ0,000 to 150,000 
pounds. Most of this is mitnnfacturecl in Germany, 
and a forge proportion of tho lithium minemls mined 
in tho United StttteB lrnve been shipped to Germany, 
being retnrned in the form of lithium cnrhonate, quoted 
in New York at $1.85 per pound; the minernls are 
wor.th about $20 per ton f. o. h. nt point of ship­
ment. A snrnll nrnount of ore has been treated at some 
of the chemical numufactnri 11g plants in New .Jersey, 
bnt thus for they have been unable to maku it tt proiit­
ahle proposition. A compttny in Now York, which 
controls the larger. proportion oi' the dnpositB of lithium. 
minemls in San Diego county, Cal., expects to erect a 
plant on tho Paeitl.c cmtRt for the nmnufacture of lith­
ium Rnlts from their own ores. 

If the estimate of M,000 pounds o:f lithium SELlts, 
rq)ortocl as the annual commmption in the United States, 
is correct, over one-third o:f this amount iH imported .. 
To prodnce this amount of lithium salts would require 
371 tons of mh\eral contitining at le:tst 8 per cent of 
lithia (Li20); this indic:ttes tho rehttively small amount 
of lithium minerals required to supply the homo con­
smnptiou of lithium salts. 

Oeonr1•enee nnd ·u.ves.-Tlw miucmls which luwe been 
Honrces of lithium sitlts arc lepidolite nml spodumem-, 
which con(;ttin :from 4 t.o 17.() per cent of lithia (Li20). 
Thero is rrnother mineral, n,mblygonite, which hitB re­
cently been found in quantity and will very prob­
ably ho mined as a source of lithium salt,:-;, 'l'be first 
two minemls are silicates of Etluminmn and litlrinm, 
while tho itmhl,Ygonite is a phosplrnte of aluminum and 
lithium with varying- percentttges of the other allmlies. 

. J.;epidolite has been the chief source of lithfa, al­
though theoretically spoclumene contains a comddora­
bly higher percentage of lithia. 'l'wo of the mines in 
11)02 produced lepidolitc 1tnd 1 spodumcne, tho value 
of the lopidolite constituting over 70 per cent of the 
tot11l value of the product shown. 

'l'ho principal occurrences of Iepidolite in the United 
States ttl'O in the vicinity of Pala~ San Diego county, 
Cal. Although it has been known for some years that 
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1022 MINES AND QUAlUUES. 

lepidolite deposits oceurrecl there, it was not until about 
180!) that any special work began, and regular :-;hipmenb:1 
were not nmcle until the following year. Lepidolite lms 
ttbo been l'ouml in some quantity !Lt Hchmn, Auburn, 
Rumford, and Paris, J\lle., but thus fur 110 work hm; been 
done cspeuially for this rninern1 at any of the8e phwcs. 
The mining· !ms been confined to tourmaline, which is 
found a.ssociatecl with it. In some cases the lepiclolite 
has been scpnnttecl i1ncl a few lmrrels shipped. 

Spodumene ]ms been found in quantity Ht Brnuch­
ville, Conn., where it occurs in a pegmatitic dike in 
cry:-;ta1:-;, often of very large size, and in the Black Hills 
of South Ditirnta. The latter locality is the most noted 
one commerci!llly and is prolmbly the only one from 
·which spodnmene lrns been shipped as a som·co ol' lithium 
salt8. In South DnJrnta tho mineral occurs in pegmn­
titic dikes, which were formerly worked for tin. 

The only locality where 11111 blyg onite has been reported 
to occur in sufficient qmwtity to make it a possible com­
mercin.l source of lithium srtlts is near PfLltt, C1Ll., where 
it h!ls been found nssociRtecl with lepidolito. 

Although only a few large cleposit8 of those lithimn 
minerals are known in the United States, it is not at all 
improbable that if the demand for them should increase 
to any considerable extent other depmlits in quantity 
would be found; but, on account ol' the present com­
paratively small clemiu1cl for the minerals, there is now 
practically no incentive for investigation. 

The demand for lithium minerals fa not litrge, for the 

rmisou that t,lrn uses of the :=mJts of lithium arc very 
limited; it is these cmlts tlmt arc used in the arts, and 
not the mettd itself. The principttl use of the salb:l is 
in the prepamtion of miueml wt1tcr8 and c1forveseing 
lithia t!tblef.:.i used for mediciirnl purposes. Another 
use tlmt might he made of lithium enrhonate and of 
lithium nitmte, if the price could be reduced :mllicicntly, 
is in pyroteelmies for reel fire, for which purposes 
:-;trontinm stdts are now used. 

The following table is r1 defailecl sunmmry of tltn 
lithium industry for 1902: 

'l'ABJ,rn 2.-D1!lai/c<l .rnm111111·11: 1!102. 

Nu111!Jm• of mine' or q111irrit·~. ... . .. .. . ... . . .. . .. . . . . . . .. . . .. . . .. .. . . ..... :l 
Numl.wr of opcrntm·s.. ... . • . . .... . . . . . .. .. .. . . .. . . . . . . . . .. . . . . .. . . . . . •••• 1 a 
Ciuimdcr nl nwrn•1""hlp: 

InllivillnuJ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . ... _. ~ 
Firm................................................................. 1 

Sn,htried Ofll<!inh.;, C!]ul'l•.N1 pte. umpe.rintemlent.-;): 
Nnrnbcr.............................................................. I 
Snlmlos .. .. .. . • . .. .. . .. .. . • . .. . .. . .. .. . . . . .. . . . . . . . .. . .. . . . . . . . .. . . . . $1iOO 

\Vage-cn.rner.s (1nincrs or qunrrymen): 
Avernge11un11Jor ...................................................... O 
\\

1ngeH. ................................................................. $:1 1 '7,l·t 
Averngc H\nnher of wngc-etuners at sr)ctliJle<l dully rates of Jlll.Y (minm·:.i 

or qnnrryrnen): 
$1 to $1.2·1 .......................................................... . 
$1.71\ to $1.mJ ......................................................... . 
$:1.2ri to $aAu ......................................................... . 

Avcrnge nn1nl1er or wngc-en.rnnrH empl11re1l 1luri11g etwh. inonth: 
~Ian Hi ~·<.~n.rH nnd ovor-

,June . ..................... :..... ........... ... ..... ........ ... ... . .. . . ~l 
.lniy .............................................................. ~:1 
August........................................................... 2:\ 
Sl!1)tun1ht11'.... ......................... ................... ........... f• 

l\fhwellnnconf.l expi.!!ll!"(~fl: 
'l'ot1tl (rent of ofliec,, tnxl'H, insm1t11ce, intereHI, el<!,)................. &2orl 

CoHt of HnpplleH nml mnlcri1tl.<.... ... .. .. .. . • .. .. .. . . . . .. .. .. . . .. .. • . .. • . . . tl, 2tlf1 
l'rollncl: 

\lttnlltity, slwrl tmrn.. ............. ........ ... .. .. . ........ ........... 1, 2·lf1 
''ltln~ .................................... _ ........................... s~ri, ;r10 

1 Inclmlcs 2 operators in Calilornbt mHl l in South Jl1tkotn. 
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MARL. 

By STOIW B. LADD. 

The statistics of marl presented herewith relate to 
the nmrl vrod ud mined an cl used us tt fertilizer, and arc 
C'Onfined to the greensand deposits found in New ,f ersey, . 
Delaware, Maryland, nncl Virginia. At the Tenth 
Cen8US no statistics in regard to marl werl) published. 
At tho Ekwenth Census the toht'l production of marl 
iu the United St1ites for the .venr rnsn, WllS lBH,522 
short tons, valued nt $G3,l.l5G. The prodnction was 
limited to Hve states, viz, New ,Jer:-;ey, Virginia, North 
Carolina, Aln,lm.nrn, ·and Arlrnnsas. ln fonr of tho 
states the production was vmy smnll, New .forRny alone 
pl'Odtwing !Hl per eent of thn total. 

During the period 188!! to 1002 there was a vory 
cxten:::;in~ dernlopment in tlw mairnfocturc of Porthind 
cement from the nmrls of Michigan, Inclinna, Ohio, nnd 
Nm\· York, in the lake rogion, l'Psnltiug in ii consump­
tion of over n, million enhie yards of the nutto1fal, hut 
u~ thhi was nil mmrnfiwtnrPd into cement it is considered 
in ponneetion 1vith the statisties for cement. 

Tahle 1 is n summtuy ot: the statistics :for the nmrl 
industry us reported for the ,roar l!l02: 

'rABL!l 1.-Sumnwi·y: 1fi02. 

Nnmlwr nf inines 01· r111ii.rrles . . .... . .. . . . . . . . .. .. . .. . . . .. . . ... . .. ... . .... 11 
Number of operntors.. .... . . .. . . . . . . . . .. . . . . .. . . . . .. . . . . ... . . . .. .. .. . .. .. 11 
8alnrlm1 ofl\clnls, elerkR, etc.: 

Nmnbl•r. ······"······.............. ......•.••..• .... ................ 2 
i'nlurics..... .... . .. . . . . . . .. . .• . . . . .. . . . .. .. . .. . .. . . . . . .. .... . . .... ... . ~~. 100 

"'"9g1_1-t~nrners: . 
A\"<mtge numbt!r..................................................... lll 
Wuges ................................................................ $-1,709 

!lfi't!l'll1urnons expenses.................................................. $1, 407 
Co>t nf mrpplles nnrl materinls........................................... $~. 755 
Prmluct: 

Qnnnt.ltr, shtll'I tonR .................................................. 12,439 
Y1tlno ................................................................ $rn,Nl 

Of tho 11 mines or qrnirrins for which prodnctfon was 
reported, 10 were in New ,for:-;ey and 1 wits in Virgfoin. 
The Virgmrn mine was in Prince Goorge county and 
tho New .Jersey mines were distributed as follows: 1 
in Burlington county, l in Gloucester county, and 8 in 
~fonmouth county. Ono hundred and four properties 
reported to the United States Geological SmTey as in 
operation in 1001 were idlo dnriug 1002. All of these 
wero in the state of New .TerRey, and were distributed 
ns follows: Burlington county, 52; Camden county, 1; 
Gloucester connt.y, 2; Monmouth count?, 48; nnd Balmn 
county, 1. As hut 1 producer outside the Rtate of N cw 
.forsey reported in 1902, the stn,tistics are presentl'd fo·r 
tlrn United States as a whole. 

Oi11Ji'.tal stod!J of hwm1101·ated companir.'8.-0f the 11 
pl'oducers, 2 were incorpomtecl companies-1 in New 
Jersey and 1 in Virginia-hut neither was engaged ex-
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elusively in mining. Their tinthorizec1 capittilization 
consisted of 15,380 shares oi' common stock, of n par 
value of $67,800. All of the stock wtis issued but no 
cliviclencls were paid on it. 

.Emjilo!Jer:s and wa{fe8.-But 1 producer reported snl­
ariecl employees; these were 1 superintendent and 1 
cJerk. The snmll number of wage-earners employecl­
rn by the 11 l)l'Odncers-s[10ws that the work WHS clone 
largely by the owners themselves. The work is nll 
above ground, being mere excavation. Only one es­
tablishment reported the employment of power, with 
2 employees clnssecl ttmler '' engincern, Jiromen, and 
other moclmnies." Of the total amount, $G,86H, paid 
for salaries mid wng-es by the 11 producers, the sum 
of $±, 76!1, or GH.J per cent,, wns prdd to the rn wage­
mirnors, nml $2,100, en· :10.G pei· cent, to tho 2 snlaried 
crnployoes. 

·The variation in the nuni'bcr of w1tg-e-enmers employed 
nt different sensons of the yeiir is 8hown by Table 3, 
whit'h gives tho avemge number of men and boys, 
reRpectivoly, employed during ettch month. The small 
number of wage-car1Hll'R rnportccl for each month will 
uot mirrant any deductions. It n:my be said, however, 
that more laborers find employment late in tho autunm 
and mirly in the spring, when tlrn farming operrttions of 
the proprietors nre prnctimilly suspe.ndecl. Tims the 
range in 1902 was from 10 wage-e1trncrs during .January 
and Fobruaryancl during the summer to 17 in November. 

In addition to nsking the average number of employees 
and the total amount paid as wages, the schedule called 
:for thG number of wage-ea.rners employed at the speoi­
Jied d1iily mtcs of pny, and these statistics are ftlso 
shown in Table 3. The excavation of marl requires no 
skill and the mtes of pay should not be comp1ired with 
those paid in other mining industries reqtiiring skill 
and experience. Thirty-eight and four-tenths per cent 
receil'ei;l less than $1 per day; 30.8 per cent, from $1 to 
$1.24; nncl 30.8 per cent, from $1.50 to $1.74:. 

Sup11lle8, inateri'al8, and m-iscellaneou8 e,cpense8. -The 
total amount expended for supplfos and mate.rials was 
$2, 755. Most o.f this is· chargeable against J,2G7 terns 
crf marl dried and ground. The amounts· ebiirgeable 
ngainHt the 8,172 tons of crude marl reported is less 
than 3 cents per ton. The tofal amount reported for 
miscellaneous expenses, $1,407, is also for the most 
part expense chargettble to th<=i tre!tiecl product. It 
was paid for "rent· of offices, taxes, insurance, interest, 
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1026 MINES AND QUARRIES. 

and other sundries," and no expense wn,s reported for 
"royalties and rent of mine ancl mining plant." Of 
the 11 proclucers, 'T reported no expense for supplies 
and materials, and 8, no miscellaneous expenses. 

I'1'oihtation.-The United States Geological Survey 
publishes statistics concerning the quantity. ancl vtdue 
of the marl product of the country produced each 
year, and Table 2 shows the totals for each year since 
1880 and the average priee per ton. 

TABLE 2.-Produclion of marl: 1880 to 1902. 

[United States Geologi~al i:lnn•er, "J\Ilneml Resources of the Unitt>d Stntes," 
1902.] 

l'lO:All. 

1880 .................... ~ ...................... . 
1881 ......................................... .. 
1882 .......................................... . 
1883 .......................................... . 
1884 .......................................... . 
1H8ii ........ ; ................................ .. 
1880 ........................ : ................ .. 
1887 .......................................... . 
1888 ......................................... .. 
1889 .......................................... . 
1890 ......................................... .. 
1891 .......................................... . 
1892 ............ : ............................. . 
1893 .......................................... . 
189,1 .......................................... . 
1895 ......................................... .. 
1896 ....................... · .................. .. 
1897 ......................................... .. 
1898 ......................................... .. 
1899 •••••••••••.•.•..•••••..•...•.••••••••••••• 
1900 .......................................... . 
WOl .......................................... . 
1902 .............. : ........................... . 

1, 000,000 
l,OUU,OLIO 
1,080, 000 

un,ooo 
8751000 
R7fi, 000 
800,()00 
li00,000 
300,000 
IS!l, fi22 
li1~, 620 
135, 000 
12fi, 000 

7fi,OOO 
7fi,0()() 
G0,000 
G0,000 
Oll, 000 
G0,000 
t\O, 000 
Gll, 000 

1 V9,/ll«J 
'12, ·13U. 

$500,000 
fiOO,UOO 
M0,000 
•1811, LIDO 
·1B7, riuo 
·1B7,fl00 
·IOO, UUO 
aoo, uuo 
Jfl0,000 
us. 95tl 
ti9, 8Hll 
li7,f>OO 
U5, 000 
·10,0UO 
·JO, 000 
30,0UO 
30,000 
:lO,OOtl 
ao, ooo 
:io,ooo 
au, ooo 

12·1,8~11 
12, 7'11 

1 IncludeH crude anc1 mtmnfoctmecl pt'OfluctR. 

$0. rio 
o.no 
o. nu 
o. 50 
0.50 
0.50 
O.BO 
0.50 
o.rio 
O.·ltl 
o.£m 
O.flO 
O.fl2 
u:mi 
o.m1 
O.flO 
U.fiO 
O,flll 
O.fiO 
0.50 
0.50 
1.25 
1. 02 

The production for 1902 was 12,439 tons, va1ued at 
$12,741. Crude marl contributed 8,172 short tons, 
and the remaining 4,26'7 tons were treated by drying 
and grinding. The former was valued at $4,805 and 
the fatter at $7 ,87G. This shows a.n iwcrage va1ne of 
$1.02 per ton for both crude and treated nmrL The 
n verngc vn.lue per ton for crude marl miecl as 11 ferti­
lizer without previous treatment was $0.595; the aver­
age fo1· the treated product was $1.845. 

The detailed statistics of the marl inclustry for 1902 
are given in .Tab1e 3. 

DESClUPTIVE. 

Marl in a general sense is a mixture of calcium car­
bonate and clay, occurring natumlly with more or less 
siliceous sand. It is sometimes compact nncl sometime:,; 
pulvernlent, and there is a wide range in the character 
of the material to which the term is ltpplied in different 
localities. The term "greensimd '' is given to marl 

' having a green color, because of the preRence of grains 
of ·green silicate of iron. Most of the Vttrieties of marl 
found in the United States conform to the geneml defi­
nition,. and have calcium carbonate as their principal 
constituent. The cretaceous marls of New .Jersey, as 
a rule, contain lime in smn.11 and variable amounts, and 
also considerable potash and phosphoric acid. The 
fertilizing value is clue chiefly to these last two constitu­
ents. Potash constitutes from 3.5 per cent to 7 per 
cent, and phosphoric acid :from 1.25 per cent to H per 

\ 

cent of the whole. The marls of New .T ersey have long 
been use.cl; in some years \'ery e:;tensivdy. . 

Marl improves both the chemical and phys1et1l con­
' ditions of tho soil, neutmlizing nefrlity, making available 
plant food otherwise insoluble, and promoting nitrifica­
tion. It is \'ery lasting in its effects,. and has been used 
from f\.ncie,nt times for restoring- worn-out and improv­
ing barren ln.ncls. On account of its bulkiness ttnd the 
farge n.monnts required to secure beneficial results, 
mt1rl can be used profitably only in close proximity to 
the clepositi;;. Mr. ,fames C. Booth, in a report of the 
gcologiettl survey of Delaware for 18,U, recommends 
the use of from (iO to 100 busheh; per acre on light soils 
and from 100 to 200 bushels on ch1y :,;oils, and stntes 
that from 200 to 500 birnhcls nrn.y be m:1ecl on soils of 
good qua1it.Y nlmm1ant1y supplied with humus. 'l'be 
addition of 10 per cm:.~ of quicklime to the nmrl 
quiekens its action. · 

TABJ,E 3.-l!elaile<l Rwm1w1·y: 1901. 
Number of mines or qunrrlcs ........ : ................................... . 
Number of 01iemtors .................................................... . 
Cluimctcr of ownership: 

Incllvid111tl ......................................................... .. 
In<>nrr><>riitctl comp1my .............................................. . 

S1ilttr!cd olllcittlH, clerks, cte.: 

11 
11 

9 
2 

Tottil mnnl>cr .............. c.... .... . .. . .. . . . .. . . .. . . . . . . . .. ... .. . .. .. 2 
'.l'ot11l s1LlnricH ......................................................... $2,lUU 

Snpc~rluten<lt.mt$ 1 nuurngers, formuon, Hurvoyor}I, cte.--
Numl>er ........ .... .... ..... .......... ..... .................. l 
StilttricH •.• , ...................................... ,............ $1, HOO 

Clerks-
Nun1ller............ ............................................. 1 
Sllltirles......... . .. . . . . . .. .. .. . . .. . .. . . .. . .. .. . . .. . . . . .. . . . . . . e:mo 

\Vligc .. enrneri-;: 
'1'otl!l 11vurngc 1211ml101·, nbovo grmmtl. ....... ........... •• ••• ... ... •• 18 
'l'ot1tl w1igcs • .. • .. .. .. .. .. . . .. • . . .. . • .. .. .. • • • • .. .. . • . • • • . . .. . • • • . • • • • lM, 71iU 

Enginuers. flrmnen, n.nrl other tncelrnnies-
A ''crngo number ....................................... ·........ 2 
WngeH ............................................. ~...... .... ll7fiO 

MincrHor qu11.rr~·mc11-
Avurnge number............................................. 10 
WngcH ............................... , • .. . .. .. . • . . . .. . .. . . . . . . ll:l, 919 

Boys under rn ycnrs--
1\ vcrngc nu1nbcr ............. ~ .............................. ~. 1 
WngeH.................. ..................................... $100 

A verugc nnmber of wngu·etirnors at s1ieeiJ\e<l dtlily mteH nf pny: 
Engineers, $1.fiO to $l.7'1 ............................................ .. 
Firemen, $1 to $1.24 ................................................. . 
Miners or q111trry111en-

SU.75 tn $0.U9 .................................................... .. 
$1 to $1.2·1. ...................................................... .. 
Sl.fiO tn $1.7·t. .................................................... . 

Roys nn<lur Hi yeurs-
J,eRs than $0.50 .................................................. . 

Avemge umnl>er of wnge-enrners muploye(] <luring eneh month: 
Men 16 yenrs anll over-

~~1l~tz~f.J;:::::::: :::: :::: :: :::: :; :::::: ::: ::::::::: :: : ::: ::::::::: 
Mttrch ........................................................... . 
April ............................................................ . 
Ilfay ............................................................ .. 
Jnnc ............................................................. . 

·Jllly ···············•···•··•···•·•·············•········•·•·•······ Angnst .......................................................... . 
Scptcml>er ....................................................... . 
October ........................................................ .. 
NovomlJer .... ....................................................... . 
Dcecml•er ....................................................... f•··· 

Boys nnl!er ltl ymtrs-

i~?i~\~~~~;: ::::::::: :::: ::: : ::::: :: :::: ::: : : ::::::::: :::::::::::: :: 
Illnrnh ........................................................... . 
April ............................................................ . 
MtLy,, ••.•••••••••••••••••••••••••••••••.•.••..••••••••••••••••••• 
.Ju11e .•..•. ...................................... ~ .................. . 
.Tnly ............................................................. . 
Augtrnt .......................................................... . 
Septemb~r ....................................................... . 
Oetnbt•r .....•...... : ............................................. . 
NovemhL•r ....... : ............................................... . 
December ....................................................... . 

10 
10 
JO 
10 
lo 
10 
ll 
11 
ll 
15 
17 
13 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

l.fisccllmwnuH expenses: 
Rent of office~, taxeH, lnsurmwc, interl!Ht, ttrnl other Rm1clrl(!H ••••••• Sl,407 

Costnf supplies and m11tcri1LlH. ... • .. .... . .. . . .. . • .. .. . .. . . . .. .. . .. . . .. .. . &~. 7f>~ 
Procluct: 

Tottil qu1mtity, >hort tons ............................................ · 12,,139 
Totul vulne ........................................................... $12, 7'11 

Crntlc-

~::i~~i.t:'.::: ::: :::: :: : ::::: :: : :::::: ::: : : ::: : : : : : : :: : :: :: ::: :: s~:i~g 
n r1 ~~\;~~M~;~l'. ~.(~-::-: .... -. -.. -.... ~ .............. -......... -. .. . . . 4. 267 

Value ..................... ~ .................................. $7,876 
Power ownecl: ' 

'.l'otnl horsepower ........................................ · ........... . 
Engines, stcnm-

Number ..................................................... . 
Horsepower ................................................. . 

flO 

1 
-00 
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MICA. 

By ~JosrnPu HYim PRA'rT. 

The mica industry has probn,bly seen as much variti­
tion in value and quantity of product ru:; nny other of 
the nonmetallic mineml industries. 

In 'Tal.ile 1 is given n, comp11rative 8Ullllllllry of the 
statistics from 1870 to rno2. 

TAm,E l.-;-Co111paratir1? mmwrnr11: 1870 111 .1902. 

11)02 1880 1880 Ul70 

Numlmr of minus........................ 'IO 4 22 (1) 
Xmnber of opcmtors. ..• . . • . ....... ..... BH (1) (I) '1 
8alnriccl oO\efolH, ulerlrs, eto.: 

Nnmbur...... .. . . ... . . .••.. ..... .. . . 21 ('al (~) (3) 
8alnries ............................... $13,4-H ( (") (II) 

\Yngt~~enrnerA! 
Averngu number.................... UK 185 "7" 2·1 
Wngeii'.... • • .. • • • • • • • • • • . . • . • • . . • . • . • $-1-l, 0.1:1· 1 $·12, 17ol $Gfi, iioli $fl, ooo 

Mlst<l•llnnconsexpm1ses ................. $12,UM $8,753 (1) (') 
c,)~t or supplie• 1111<1 m11tcrilils. .. ....... $11, UGl $7,•108 $G, 110 $8fl 
\'11\ue or product. •••••.••.•............. $118,8•19 $fi2,,mo $127,825 $7,000 

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

1 Not rc~pmtecl. ~ Estn.bllHlnuent. "Not reported Hermrntely. 

The 49 mines l'opol'tecl in opemtion during 11>02 wore 
located hi the :l'ollowingstateH: North Carolina, 28; Cali­
fornia, 10; South Dakota, 3; :Nfaine, 2; New H1imp­
i:;hire, 2; Vil'ginin, 2; Georgia, 1; and New Mexico, 1. 
Of the 38 opemtors, 2H were in North Ci11'o!inn, 3 in 
South Dnkot.a, 2 each in Maine, Now I-fompHhire, nnd 
Virginin, nncl 1 each in California, Georgin, aucl New 
?\foxico. O.f these op(lrators, l8 were individuals, 11 
wore firms, and 9 were incorpomtlid companies. North 
Cnrolhm Wlls the main producer o"f mien, in tlw United 
Stntes; in 1902 the v1tlue of its production waH 5H. 8 
per cont of the total. 

The total ftmoLrnt of sahiries itncl wag·es paid in 1002 
waH $15,313 more thnn the amount reported for l881l and 
SS,l l3 less tlmn at the census of 1880. The production 
reported in lH02 was 373,2(16 pounds o.f cut or sheet, 1,028 
short tons of scrap or waste, and B72 short tons rough 
as mined. This production of· sheet mimt is nbout live 
times that reported in 1880 and neiirly eight times thnt 
for 1889; but the totnl vlllne, $118,849, of all the mica 
produced in 1902, although much more than that shown 
for 1870, is $8,97(1 less than the value of the production 
reported at the census of 1880. This is clue in pm't to 
the some what higher prices received in 1880, and lllso 
to the V!"l'Y large qunntity of small disks and sheets cut 
in 1002 for electrical purposes. 

The decrease of $75,375 in value between 1880 and 

1889 reflects the decrease in production and fall in price 
en.used by the large amount o:I' mirnt imported from 
India. 'rhe reporting of l()(J ~OIJS o.f 8Cl'ltp or waste in 
188il indicates the beg·inning of the use of mien in the 
nuumfacturc oJ' witll piipers, lubricants, etc. 

The principal changes in the mica inchrntry, .since 
the census of 181)0, lrnye resulted from the 1~tilizntion 
of the scmp mica, which was formerly thrown away 
as valueless, and the cutting of large quantities of Hmnll 
disks, 1 inch in di1unetcr, nnd small sheets 1 by H inches 
and 1 by 2 inches, for electrical purposes, This waste 
lmving become of Ylllne it is possible to work properties 
whlch would otherwise be unprofitn.ble. Nfany new 
uses :for both sheet and scrap mica have. been devised 
during the past few years, so tlmt 1tlthough there lms 
been tt yery hirge :falling off in the mnount of sheet used 
in stoves (which was :formerly the principal use of 
mim) the quantity of iill mlC!t used lrns greatly increa::ied. 

The mines thnt were idle in rno2 number 3H, of which 
14 were in North Caroliim, 5 each in New Hampshire 
and Idaho, 3 in New Mexico, 2 ench in Alabama and 
South Dakota, and .1 each in Georgia, Nevada, Ohio, 
Pennsylv1inia, and Vermont. They were owned by 34: 
opemtors, of whom 21 wei·e individuals, 7 wei·e firms, 
5 were incorporated cornpfLnies, 1ind 1 was a eooperati ve 
association. The authorized capitltl stock of the 5 incor­
porated companies was $1,100,000, of which shllres to 
the vitluo of $229,500 were issued. '.fhe assessment 
levied amounted to $1,600 .. 

Capital stooli: o.f ·incorpomted cmnpanies.-Table 2 
gives the details of the capitalization of the H incorpo­
mtecl companies operating productive mines. 

'l'A1~1,EJ 2.-Capitalization of incoipm•aled companies: 1902. 

-··--·--=-·-=---==~-=-=-=--==---cc=c~··~-

Unite<l North South All other 
StMeR. CELrolinn. Dakot11. st11tes.1 

·----·~·-·· -

Number of incorporated com-
p1mles •........•....•.•••..•• 2 

Number reporting capitttlizn-
2 4 tlon .......................... 8 2 

C1ipital stoek (nil common): 
Total trnthorized-

Number ol sburcH ...••. 5, 302,000 501, 000 8,500,000 1, 801, 000 
P11r value .............. $5,450, 000 $550,000 $8,500,000 $1, 400, 000 

Totnl issued-
Number of Hhares ....•. S, lfiO, 3•18 60, 100 1, 008, 248 1, 192,000 
Parvalne ...•.•..•..... $3,251, 248 $55, 000 $1, 908,248 $1, 291,000 

1 Includes com panics rlistributed as follows: C11\ifornia,l; Georgia, l; Maluc,l: 
New lfompshire, 1. 
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Of the authorizecl mtpital stock, all of which was 
common, 59. 7 per cent had been issued. South Dakota 
reported 64. 2 per cent of the whole amount authorized 
and 58. 6 per cent of the mnount issued. · 

Employees and wr,tges.-The total munber of cm­
l)loyees reported for the mica industry in 1902 was 11D, 
comprising 21 safaried employees and an average dur­
ing the ye.ar of DB wage-earners. They .received in 
salaries and wages $57,487, of which amount $13,444, 
or 23.4 per cent, was paid out in sn1aries and $44,0±3, 
or 7G.6 per cent, was paid out in wages .. 

The month in which the greatest number of wage­
eamers was engaged, as shown in Table 6, was August, 
when the number amounted to 112; the lowest was in 
• January, with 75. The falling off during the winter 
months of January, Febnmry, and Mar oh was in " all 
other states." It is interesting to note tlmt there were 
no wage-earners under 10 years of age employed. 

The average number of wage-earners 11t specified 
daily rates of pay is also given in Table 0. The wages 
received varied from 75 cents to $3.74 per day, the 
most usual rate, however, being from $1 to $1.24. 
There were 62 wag·e-earners whose . wages were less 
than $1. 25 per day, and of these 40 were classified as 
miners. 'l'hese low wages are ·accounted for by the 
fact that most of the mining was carded on in North 
Carolina, where there is a low scale of wages. The 
miners in the western states commar1d higher wages 
as indicated by the fact that the 12 miners who were 
reported to have received from $2. 50 to $2. 74 per day 
were employed in western mhrns. 

Of the 98 wage-e~mers, 81 worked above ground 
and only 17 below ground, indicating that most of the 
mica mining was done in slml,low pits m1d cuts. It wns 
not extensive enough to require mueh undergTotmcl 
work. The number of wage-earners classified as miners 
was 70. Of these 58 worked above ground and 12 belo~w 
ground. One foreman was reported employed below 
ground; therefore, the total numht:\r of underground 
miners was 13, and of underground employees 18. 

Sitpplie8, nwtm·ial8, and mi8cellaneou8 ;?rtpen8es.-The 
total cost of supplimi ancl materials nnd miscellaneom; 
expense;;, reported at the census of 1002 for the mica 
mining industry was $24,875, of which $11,!)61 was 
paid for supplies and nmterials requi1·ecl in mining the 
m1cit; $3,142 for roy ,}ties and rent of mines and mining 
phints; and $D, 772 for rent; of offices, faxes, insurnnce, 
and other sundries. 

~feelwnfral power.-The total horsepower ntilized in 
the mica industry wn,s 201, generated by 8 steam 
engines with 160 horsepower; 1 gasoline engine with 
25 horsepower; nnd 1 electric motor of 16 horsepower. 
Of this amount, only 10 horsepower, genemted by 1 
stmw1 engine, was used in North Carolina. 

Prodnction.-The production of mica in 1902 con-

sisted of 373,26G pounds of cut, sheet, or plate, valued 
at $83,843; of 1,028 short tons of scrap or waste, vnlnecl 
at $13,0Rl; and 372 tons roug·h ttH mined, v1tlned at 
$21,825, making the value of the total production 
$118,849. The 372 tons of mica roug·h 1is mined would 
yield npproximately 150,000 pounds of cut, leiwing 297 
tons of scrap. 

The large increase in the production of sheet mica 
during the pust few years has been accompanied by a 
htrge decrease in the production of scru,p mimt. This 
decrease is accounted :for by the fa,ct that most of the 
scrap mica now produced is that obtained as waste in 
the present mining or cutting of the sheet mica, where 
formerly a very large percentage put on the nmrket 
was obtain.eel from. old clumps from former mining . 
In the following table .is. shown the 1u111rntl production 
of mica in the United States since 188H, these figures 
hnving· been published by the U nitecl States Geological 
Survey: 

TAnr,g 3.-l'todiiction of mica: 18811 tu l!JOJJ. 

(Un!tcil States Gl~ologl<!1il S11rver, "M!noml Hcsourel'Hll[ the United Sl!ites, '' 1902.] 

.. ----
I 

cu·r on Hmmr. 8CUAP OH. WAA'l'J•!, ltOU(JJ LAH ~!INEii. 

"' ···--·"·--·-----··--··-·--·- --· 
'1'01!11 

' Yl~A.It. vnlue. Qunntlty Qu1mt. tty Qtrnut!ty 
(pnnrnls), Vnhte. (short Vnltw. (HhOI' t Vnlue. 

trnrn). tmrn) 

----- -----· --
lRRO .......... $50, 000 '19,:iOO $50, 000 1:i i: l 

11 

1890 .......... 7f>, 000 60,00() 75,000 
1891. ......... 100, 000 7ri,oon 100,000 (') 

(!I 11192 ...••••.•• 100, 000 75, 000 100, 000 (1) 
1893 .......... HS, 1129 fil, 111 288, 92U 156 
189·1. ......... 52,38/l 35 1 D·Jil 2521 aBH lUI \" (' 
1895 .......... f>rl,831 ·:1-1 1 325 21ifi,881 1-18 " (1 
1896 .......... 67, lUl 110, mu 115,Hl 222 $1, 750 t 1897 .......... 95, 226 82, 67{} 80,77'1 7,JO H,·1fi2 n 1898 .. ' .. '' ... 181, 098 129,520 103,53·1 3,9119 27, f1lJ.I 
1899 .......... 121, 11tl5 108,fi?O 70, 587 l,f>05 50, 878 ('l moo .......... 1-17, \lr.O ·li)(i,283 9'2, 7'18 5,·197 rm,202 g) 1901.. ......... 118,578 soo, 0110 I 9H,8f19 2, 171 19, 719 
1902 .......... 118, 819 373, 2llB 88,S•lil 1,028 13, 081 H 

1 Not given. 
2 Incln<ll'R VlthHl of scrnp. 
"Inulnderl with Ynlnn ol cut or ah cot. 

For comparison, Tables 4 ttnd 5, tiiken from the puh­
lishecl reports of the United States Geolog-icnl Snrvey, 
are given to show the value of imports of mkii since 
1880; 'l'ahle 4 gives the value of imports fro111 1880 to 
18HG, and Table 5, tlrn quantity and value from 18H7 to 
1002. 

TA11rn 4.- T'alue of 1.m1wwi.ifrrctw•ed m.foa ·impm·tetl mul c11icretl for 
· corrnnmption in the Unite<l State.~: 1880 lo 18.'W, 

YEAlt mnHNli- V1ilue, YEAJt ENlHNtr- V11lnl', 

--------·-- ---11!-~-------··· ----

.June 30-
1880 ..................... . 
1881 ..................... . 
1882 ..................... . 
1883 ..................... . 
18Rl ..................... . 
1885 .................... .. 

December 31-
1880 .................... .. 
1887 .. ........... : ...... .. 

$12, fi62 
5,889 
ri, 17fl 
9,88·1 

28,28'1 
28, 085 

15(1, 251 
149, 08f1 

nc(~emhor Bl-
1888 .................... .. 
1889 .................... .. 
1890 ............... , ..... . 
1801 ..................... . 
1892 ..................... . 
189:1 .................... .. 
189,t ..................... . 
18Ufi .• ..•.•.•........ ··-·· 
1800 ..................... . 

irucluiling mic11 Wll8tc, 

l$fi7.rH1 
iu1,:m1 

12071 Bif> 
· nri. 2-12 
218, 938 
l·l7, 927 
12l1,1R-I 
17'1,BllG 
mu, os5 



MICA. 1031 

On ,T uly 24, 1897, 11 new classification of imports of 
mica was adopted, showing '' unmannfactured" and 
"cut or trimmed." The imports are given in T~ble 5. 

TABI,E 5.-Jifica impm·led and entered .fo1· <'On.~1w1plio11: 1897 to JFJ02. 

YBAR. 

18117. 

Prior to Ju1y 2-l.. .. 
After July 24: 

Unmmrnfnotured 
Cut or trimmer] .. 

Quantity , 
(pounds). \ 11lne. 

I 

G5r., us $HO, aria I 
Gil, 821 10, 9Xl ' 

)!2li, 771 ·11, Oli8 I 
'1'01n1 ••••••.. 9.i9..no rn2,.102 [ 

1898. 

Unmannfacturccl.. 
Cut or trimmed •..• 

877, 9:l0 115, U30 
78, 51l7 311, lii2 

YNA!t. 

moo. 

qunntltv 
(ponndHi. V11lnc, 

Urnnttm1f1wtnrcrl. 1, 8U2, 000 $290, 872 
(!utor trimmed... 04,391 28,688 

'l'ot1tl . . . . . . . 1, 9'16, 391 319, 5fi0 

1001. 

Unnutn11l1wtnretl. 1, 1>98, 72~ 200, O!l5 
Cnt or lrlmmecl... 78, 8-13 850 ll89 

'1'0!11 I • • • • • • . • \l.16, 497 liiO, 082 1U02. 

1899. 

Unnmm1foctmerl.. 1, 709, 839 2:l3, ·l·lii 
Cntor trimmed .. ·•. H7,2\l8 ·12,fi:l8 

'l'otnl ........ 1, 777, l:l2 27fi, 98'1 

---------·-····----· 

Unnut.nufneturctl. 21 UO, om 
Cnt ortrimmctl... 102,299 

'l'utn.1 . . . . . . . 2, 2fl1, 8ri0 

·119, Htl2 
·16, 070 

.rna,:m2 

As is shown in the 1tbove tithlo, tho importH for mica 
for 1902 1unountccl to 2,251,85() pounds, valnetl at 
$,.1:00,'332, which is an iucrca~m over the import1ttion of: 
1001 of 57J,2nl pounds, valncd at $131,278. The nutin 
point to be noticed, however, iH that this incrcaHe iH 
greater thn.n the tobtl value of the production o:f mica 
in tho United States during Hl02, showing that tho 
increasing demand for micti in this country is being 
supplied largely by foreign countries. . 

'l'ho relatively small production of mica in the U i1ited 
States as compared with the importation can he ac­
counted for partin1ly by the low prices maintained for 
pinto mica, by the uneertainty of the occurrence of 
mica in the veins, and by tho litrgo num bcr of small 
producers each depending upon one small mine. vVlwn 
tho mie1t in the mines of these snmll proclu,ecrs begins 
to give out or becomes poor, they do not lmve tho 
1nom1s to mnry the necessttry itrnotmt of "deitcl'' work. 
'rhe importtttion of miea from Ciiuada and lndiu at a 
low val nation tends ttlso to curtail the production of 
mica in the United Sttites bocttuHe of the influence it 
hns on the prices of the mica prod.need 1tt home. This 
is especially true of the mien. imported from India, 
which citn be mined arnl landed in this country at ii 
price lower than the cost of productim{ itt some ~f the 
mines in the United States. 

The detitilcd stntiHtics of the industry for Hl02 are 
given in Tnble (), 

DESCRIPTIVE. 

Ooow•1•enee and ?tNe. --Mictt, in some :form or other, is 
probttbly familiar to everybody because it is so very 
widely distributed in nature, being a component part ;f 
many of the crystnlline aucl sedimentary rocks. ltH 
commereial valne is dependent upon. its occurrence in 
blocks 01· masses that are ettpable of being i,iplit into 

she.et.s tt square inch or more in size. Deposits of com­
mercial mica occrtr for the most part in pegmntitic dikes 
or veins which arc found in gTanite and homblende and 
mien gneisses or schists. These dikes or veins vary in 
thickness from a few inches to several hundred feet 
and arc often very irregular, having arms or veinlets 
branching off in many directions. In character these 
dikes are similar to granite, tind sometimes th~y are 
cnlled "coarse granite," and if we could conceive of the 
constituents of granite being nmgnifiecl a hundred times 
or more we would have an :tppeamnee similar to a peg­
nmtitic cliko. 

The mica in these pegmatitic dikes will seldom aver-
1tge over 10 per cent of the contents of the dike and 
sometimes will be as low as 1 per cent. Often 11 dike 
will lrnve the !tppeamnce of containing a very high per­
cenfoge of mica on account of a number of blocks being 
dnstcred together in bunches almost touching each 
other, while in another portion of this smne dike the 
mim will he itlmos(; entirely absent for n distance of 
from 5 to .20 foot; thns the general avemge of rnicit in 
the dike will be from 1 to 10 per cent only. O:f the 
rnic1i obtained from these dikes, usually only from 5 to 
25 per cent c:tn be cut into sheet or plate mica. Tho 
avcrngc is probably ahont 10 per cent. Occasionally 
large qrnwtities of mica are mined in which there in JlOt 
over 1 per cent that mm be made into sheet mica. These 
commercial occmTonccs o-f mien are not very abun­
dtmtly distributed throug·hont the United Stutes, al­
though rocks in which mimt is one of the chief: constitu­
onts 1tre very common. At the present time deposits 
o:f' commercial value are known to occur in Alabama ' Arizona, California,· Colorado, Connecticut, GeorgiR, 
Jditho, Maine, :Missouri, Nevada, New Hampshire, New 
Mexico, Ne'v York, North Carolina, Hhode Is111nc1, South 
Cai·oli1m, South Dakota, V crmont, Virginia, and vVyo­
rning; 1mcl in Arkansas there 1t1'e also depm;its which 
mu:y becomo o:f connnercittl importance. In most of 
these Htates th.e deposits were not worked in 1902. In 
some of them the deposits were not available on ttecount 
or their distance from railroads, this being especially 
trne of those in Arizona, Colorado, ~evacla, New Mex­
ico, and W yarning. In others little has been done 
owing to the uncertainty of the price and the demand. 
Many o:f the deposits o:f Maine h!lve only recently been 
opened, ancl therefore have not been extensively deyel­
oped. 

Mien, was first produced i.n the Eastern states along the 
Appalachhtn motmtains, mid twenty years ago mining 
was carriecl on vigorously in Connectieut, New Hamp­
shire, North Carolitm, and: Virginht. In the eastern 
field the principal mining is in North Carolimt, which, 
since the beginning of the mica industry in the United 
States, hns been the chie.f producer o:f the mineral. At 
just what time the first work was clone on the mica de­
posits of North Carolina is uncertitin, and since there 
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is no record of the old mining n.ncl none (Jf the inhabi­
tants of this section hnve n,ny information whatever re­
garding these old workings, they have been iittrilmtecl 
to the Indians. Trees 2 feet and over in diameter have 
been observed growing from these cuts. Sterne imple­
nH~nts htWe been found in SOlllC of the old tunnels, incli­
Cltting the antiquity of these workings. :Most of these 
old mines are located in Mitchell and Ym10ey counties. 

Of the North Central states, South Dakot!t lms been 
and still is" the sttite in which the largest quantity of 
mi'ca is produced; while of the Western st!ttes and ter­
ritories, New Mexico has for a number of ye1u8 been tho 
largest producer, but is now likely to have to gi;ye ·wny 
to California. Thmm California. depositl:i have only been 
opened up within the pa8t fow years, !mt the mining is 
now being carried on qnite extensively. At the present 
time the Nevacln, clep.osits nre too isolated to warmnt 
mining on an extensive scale .. Tho completion, however, 
of the railroad, which is being constructed from Cali­
fornia across Nevadn and Arizona to Utn.h, will nmke 
these deposits -more avttilable for commercin,l purposes. 

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

8/ieet m•plate mica.-Mica is cut into sheets of various 
sizes which are used i!or stoves, lamp chimneys, incan­
descent lights, ancl in electricttl ai:)p1imtus for insuln,tion 
purposes. . While the use of this sheet mi.ca for stoves 
has decreased very rapidly during the p1tst ten yertrR, 
there lrns been a corresponding inorense in its nse for 
electl'ical apparatus. It is 1tlso used in place of gfosH in 
the manufacture of a great many novelties and in many 
respects increases the usefulness of the articles made. 
There was formerly a considerable demand for the 
larger sheets of mica, but these have been replaced to 
some extent at the present time by a mannfactnrocl 
i:lrocluct known as mioanite, which is made from very 
small, perfect piecel:l of mica rmnrangecl and cemented 
together into huger sheets. For some purposes these 
manufactured sheets are as satisfactory as the nntural 
one8 and are, of course, much cheaper. 

The vnluc of sheet or plate mica varies with the size 
of the sheet and is from 2 cents to $3 per pound. 'l'he 
values of. from 2 to 5 cents per pound are for the small 
disks aii.d rectangular sheets that are cut by machinery 
and ttre used extensively in electrical apparatus. The 
larger sheets are. cut by hand and considerable skiU 
is required to cut the largest pa.ttern possible from the 
crnde block of mica. 

Scrap 1nica.-The waste or scrap mica not suitable 
for cutting into sheets of. even the smaUest size has a 
value when ground to fL fl.our, which is used in the 
manufacture of wall papers, lubrim1nts, fireproofing 
material, artificial snow, novelties, etc. Coverings for 

boiler tube8 and Rteam pipes arc also rn1tnnfnctnred 
from particleH of scrap micrt which 1ue not ground hut 
are broken into pieces of approxiniatcly the :;amc gen­
eral dimenHions, one-half by one-fonrth ol' an hwh. 
These are then nrmnged with their longer clinrnn:-1ion 
lltHl fuce parallel to the length of n wire net coil, pres;;ecl 
into the shape of it pipe or tnhe, ag!tinst which tho 
lnyer of scrnp mica is kept tightly in place hy meims 
of heiwy canvas. A number of the stn.tes, t'speeially 
North Crtrolina, offer very fnvoml>le locatio11:,1 for the 
erection of plants to nrnun:f:acture prod twts from sernp 
mien., as there is usually tt Rnpply of 1wailahle wttter­
power near the deposits. 

The commercial vitlne of scrap mirnt before it is 
gronncl is from $8 to $10 per ton, delirnred at the mU­
road, and it is this value that has mn.de it possible to 
work some of the mines that otherwiso would lmve been 
shut down, for in some c11ses t,his WR8tc mien, represents 
from 75 to 95 per cent of the mim mined. After being 
ground, the mien, is worth from $±0 to $do per ton, 
1wcording to its mesh. . 

There are a number of minemls, especially qtrnrtz 
and f:ekhipnr, nssociated with the mim1, which in !"Ollle 
instances should prove of eonsiclemble commercial vn.lue 
11s by-products in· mining the mica, provided wtttnr­
pcrwer for grinding these rninernlH c1111 be socumd near 
the source of supply. Ocemdonally somo ol' the g·om 
minern.ls, as beryl and tourmaline, are found ttHs<wiated 
with the mica, and furnish some very handsonie cut 
stones. Some of the pegnmtitic micidiearing dilrns are 
rich in the vadety of minemls that they contain, while 
other:> have very few beside:; those typkml of tt peg­
mn.titic dike. Between forty-Jh'e and iifty different 
minemls lrnve been fonncl assochttecl with mica at the 
different mines throug·hont the country. 

The srrnill prochtcti.on of mien in tho United Stntlrn 
as compared with the importation is not llno to !t clcli­
ciency in the supply of the mineral in this country. 
It is nmloubtedly true that in the Appalttchittn region, 
especially in the southern itren.,. there are many good 
deposits of mica yet to he discovered which will yield 
as rich retums ns many of those that have itlready beon 
mined. It is also. true that many of the mines tlmt 
were worked so extemlively twenty yearn ago, espe­
cially those in North Carolina, still contain good de­
posit8 of mien which the former owners were prcweuted 
frorn taking ont on ncconnt of the presmice of water, 
which they were tmitble to control with the means that 
they had at lrnnd. Any increase in the dnty on mica 01· 

ttny considern,ble decrease in the importation of mien 
from Jndia and Canadit wonld cause iw increase in the 
price pf micit, and would result undoubtedly in a large 
and iri1111ediate increa:;e in its production in the United 
States. · 



Xmnher of mines .•................•......... 
:'\mnuer of operntnrs ....................... .. 
Chnr1u•1tw nf ow11<:r8hip: 

l!)<livlclunl .............................. . 
1'1rm .................................... . 
flWOl"JlnmlcCl CO!UptUlY ................ .. 

Unitecl 
~·antes. 

·1\l 
BR 

18 
11 

\1 
!'nlarle<l oflleinls, clerlrn, ell'.: 

Totnl number............................ ~l 
Totnl snlurles ............................ $1:!,-!H 

General oflieerH- . 
Nt1n1hcr ... ... ·······--··········· n 
Salltries ... .. . . . . . .... ...... ...... $·!,mill 

SnpQrfutc11dent~, nutnngurA, f<ire-
n1c.~11, surveyors, ct<~.-

~i~t\'.~'::: ::: : : : : :: : :: :: ::: :: : : : : $7, al~ 
Foremen below gronnrl-

1S'"111111Jor •••••••••• •••••••••••••••• 
HnlnrieH ......................... . 

Clerks-

1 
$~50 

Nnn.tbl~r...... .. . .... .. . ..... ..... •> 
8nl1uleH •• . • • . .. . . ... .. . . . . . . . . . .. $1, HBO 

Wnge-enrners: 
Aggrl'gnte 1wernge 1111mher.............. \JR 
Aggn•gnt<) wogcs • • •• .. . . . . . . . • . . . . . . • . . . ~11, 0•13 

Above ground-
'J'olnl 1wernge number........... Hl 
Tolnl wnges ...................... I $:l7,WB 

Engineers, llremen, 111111 
other mec h1mieH-

A vernge n um1Jer ......... 1 12 
Wnges . .. .. . . .. .. .. . . . . . . $(1, G7B 

l\I!ners or q111trrymen-
Avcm.ge nmnbcr......... fi8 
Wngcs ................... $1ii,:n2 

All other w1tge·e1tmerH-
.A. Yerage 11um h01•......... 11 
"~nges . . . . . . . . . . .. . . . . . . . . $5, flaH 

Below i::rmrnd-
'J'otnl 1wt•rnge nnrnhL•r ......... .. 
'l'otol wngcH .................... .. 

~l!Jll'rH-
AYCrflgC lllllllher ........ . 
Wngcs· ................. .. 

~IlnerH' helpers-
Aver1tge nnmlier . ....... ·j 

W1tg~s .................... . 
All othcrwnge-c11rnt>r~-

Avernge nmuliPr ........ . 
''

1
ngeH ...............•.. 

Averng(l number of wngu·c1u·1wrs nt speC•· 
fie~l dull)• rntt'H of pa,·: 

Imgineers-
$1.00 to $1.2·1 .. , ...................... · 
Sl.21i to $1.·l!l ....................... .. 
l!l.liO tu $1, 7·1 ........................ . 

Fln~~~~l~ $B. 2·l ..............• ' •.•••.•.. 

l!0.7fl to$0,90 ........................ . 
NnchinistH, hllwkBmiths, enrpenters,nnd 

otlwr 1ntwhanks-
$U.7fl to$O.\m ......................... . 
$1.25 to$1A9 ................... : ..... . 
$1.50 to$1.7·L ....................... .. 
$2.00 to$'2.24 ......................... .. 
$3.f!O to $3.7·1. ....................... .. 

17 

$0,flW I 
12 

$'4, llllO 

8 
$1, 280 

2 
$fl·10 
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TABLN (J.-DETAILED SUMl\lARY: 1002. 

North 
Cltfllv 
Jinn. 

28 
:w 
11i 
8 
·a 

·l 
$1, ·lll 

:l 
$\ltil 

1 
$150 

......... 

......... 
fill 

$15, Iii() 

:IH 
$11, 72H 

fl 
$1,f>2·l 

2H 
$8 1 <im.? 

Ii 
$1,lil2 

12 
$il, •!:!2 

u 
$2,f192 

" $flll0 

1 
$2HO 

2 

····-···· ......... 

South 
Dukotn. 

\1 
$0, 1)80 

fi 
$·1, 1100 

$-l,201l 

........ 

........ 
2 

$1, :ixo 
22 

$1..H, 2H8 

1\1 
$lfi, 1100 

:i 
$:!,fl.Ill 

12 
$11,llOO 

·I 
$3, :mo 

a 
$'~,SHH 

1 
$1,:lll8 

1 
$720 

1 
$:160 

....... 

.... ~ ... 

...... i. 

·All 
other 
:.;;tnte:-1 
1tml 
tel'ri­

lorfos.1 

lH 
\I 

2 
a 
.j 

H 
$:z,.ma 

1 
$:100 

7 
$:.!, l5B 

··-····· ........ 

~6 
$10,G\lfl 

2·1 
$0,8Ufl 

·I 
$1, tlll9 

lH 
$7,tl2U 

2 
$lllitl 

2 
$700 

2 
$700 

I 
1 ........ 

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

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

. ........ ""'"2' ....... ~ 

Averngo nmnber of wnge-cnr1wrH 1lt HJ1elli­
lie<l dttily mteH of 1111y-Contlmwcl. 

Unite<! 
Ht11teH, 

North 
Cnro­
linn, 

All 
other 

Ront.h ~tutPH 
D11kotn. nnd 

tcrri­
tol'ic:-;.• 

MinerH or qnttrl'ynwn-
$ll.7f1 to$0.IJ\J ......................... . HI i ........ J 
$1.00 to$1.2.J.. ....................... . 
$1.25 to $1.•!9 ......................... . ·1~ I ...... :~-:::::::: 1~ 
$1.iill to$!.7-1 ......................... . 
$2.00 to$2.2L ....................... . 
$2.liO to $2.7.J.. ....................... . ]~I:::::::~: :::::i~: ....... ~ 
!f;l.llO to$3.2.J.. ...................... .. 

Mhwr:-11 lwlper:-:-
l ......... I'. ..... .. 

$0.7fi lo$0.\J\l ......................... . 
$:l.OO lo$:l,2L ....................... . 

All other wnge-enr1H.1rs-
$0.7f1 to $0.09 ........................ .. 

. - I 

: ....... ~_l::::::~:c::::: 
$!.00 lo $1.2•1. ........................ . 
$1.25 to$1.•IU ......................... . 
$2.fill to $2.H ......................... . 

:1 2 ........ 1 1 
1 1......... ........ l 

$il 00 to$S.2L ....................... . 
Averngo nmn lwr of wngLH~m·nerH on1ployud 

<luring eneh rnon lh: 

·1 ......... 41 .. ······ 
I ......... 1 ....... . 

Mml Hi yenrs nnd oYer-

,~~~~W,\~;i~~·:: :: : : : :::::::::: ::: : : : : : : : :: 
AJ1ril ................................ . 
May ................................. . 
.Tune •.....•...•...................... 
.July ................ .: ......... · ...... . 
Aug-ust. ............................ . 

~i~r;;N:~~~~:'.::::::::::::::::::::::::::: 
Now~mlan• . ......................... . 
I>P<ll~lll her ...... ..................... . 

7f1 I 
' 7tl 

78 
101 
08 

l(J(l 
108 

m1 
lOfl 
10.f 
J()fi 

Mhmulln.net)llH exy1(~J1Hei'\: 
'.l'olnl..................................... $12, Ol·l 

HoynllicH nrnl rent 11f mtnu 1111<1 
1 1 I 1 •,',l, 142 mu ngp nn ....................... " 

He.mt oI oflh.1eH1 tn.xcH1 inHurn1wu1 in-
. tel'CHt, nrnl othor HnnclrieH .... . _..... $U, 772 

Cost of HUJtplieH nn<l nmteritllH .. , .. ,......... $11, Olll 
l'rrnhwt: 

'l'ot1il vnhw .............................. $118,H·Hl 
<:nt or Rheet mk1t-

~~::\Wt~1.t_i:'. ~'-~1~'.1_,~::::::::::::::::: *~~: ~~i; 
Hernp or w1t!-lte mic1n-(i1mnt!t.y, Hhort tonH .... .. ... . . . . 1, 028 

V1thw ............................ $1:!, 081 
J\oug-h, nH m!11(111-

l111~in llty, Hhurt. Imm............. B72 
Vnlue............................ $21, o·i.'i 

Power own(~d: 
Total horsepower . u ....... ............... . 

BnginuH-
8tenm-

Number ..................... . 
Hor:-wpowcr .......... ........ . 

<lmi or gn.Rnline-
Number ..................... . 
HorHepowcr ................. . 

Blcetrle motors-
Numllcr ............................. . 
HorHcp11we.r ...••.•.•.......•..••...•• 

185 

H 
lllO 

1 
25 

1 
lli 

I 

•ta 28 •J 
.J.J 28 4 
.J.t 28 0 
•In 28 28 
rio 1U 29 
F>:I 20 mi 
f17 20 :n 
M 20 BH 
fif) lH :m 
.JR l9 HH 
5:l 18 aa 
fH 18 aa 

$21 uri2 $7,.lllll $~, flfi(j 

$2,5112 $MO 

$:ioo $7, •lOG $2,000 
$3, 121 $·1,579 $·1, 2lil 

$71, HH $18, ·150 $2H, 2iU 

803, Rlfi 1;,000 ti:l, •!GO 
$Gfl1 1JIU $1, 200 $17, 22·1 

Mli ·1~8 
'~1. 72\1 $8, :l52 

10 200 lli7 
$1, ODO $17, 250 $B, 07fi 

10 llfi (j(i 

1 3 ·1 
JO llfi UG 

. .. ~ ....... . ........ 
····-·--· ········ 25 

1 
1tl ······--

1 Incln<lcs opemtorH IUstrlbuted ns follows: Cnllfornht, 1 (10 mlncs}; Gcorgin, 1; Mnine, 2; New Hnmpshire, 2; New Mexico, 1; urnl Virgl11!1t, 2. 
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MONAZITE. 

By ,Josxwu HYmn PitATT. 

There is no mention of the monazite industry in imy 
previous census report, for the reason th!tt the pro­
duction of this mineral :for commorefal purposes did 
not rmilly begin until 1893. As early tt8 187D the cxhit­
enco of monnzite in cominercial qtmntities in North 
Cnrolbm was proved hy IV. E. Hidden, but it was not 
until 1887 tlmt the firRt 8hipment mis nmdo. During­
thnt ycu.r 12 tons of monazite sand from the Brindle:. 
town district, in Burke county, N. U., were shipped 
for exped1pentnl purposes, imd in the following two 
ycnrs, 1888 and 188fJ, n, few tons were shipped to r1. 

nortborn company. ThP statistics for Ul02 11rc snm-
1.rnirizcd in the :following· table: 

TAm,1~ 1.-Smmn<ir!f: 1902. 
Nu111l1<~r oI mi11cH~.... .. .. ..... ..... .... .. ... .. .... ... ...................... 2B 
N1unl1er nf 01lero.tors ............................................ ·.......... ~~ 
811l11ried nlliclti!H, clcl'lrn, etc.: 

r:i::~?;.~:: ::: : :: : : : : : : ::::::::::::::::::::::: :: : : : : ::: : : ::::::::::: :: : : $2, 10~ 
'Vnge·enrrtc:rs: 

\\~1i:!~~g.~ '.'. 1:'.1~'.1.~~:::: :::::: :: : : : : : : : : : : : : : : : : : : :: : : : : : : : : : : : : : : : : ::: : : $20, a~~ 
MIHc~·ll1inco11H cxptmHcH.................................................. $~, uxa 
Cost nr snppllcH null mnterinlH............................................ $~~id 
l'rn1hwt: ' 

Qnantity,ponnds ..................................................... Hll2,000 
Vaine ................................................................ $G·I, 100 

One mine in North Caroli mt wits reported idle cl urhig 
1002. The industry is ono of placor mining and is 
i rrognliirly cal'l'ied on in many im;tn.nces, the expcmses 
of smne of the producei·H being aclvnncocl hy the opm-a­
torH of n concentrating plant. It wns deemed iuaclvis­
n,lile to ohtfiin soparnto statistfrs for thesl) three or four 
hundred snmll n.nd ineguhtr minm·s. Over lmH tho 
quantity of monazite produced during lH02 is credited 
to them. This ii:; accounted for in the report of the 
concentrating plant whieh pmelrnsed tho minera.l, the 
mimws selling monazite to such plant being includnrl in 
its return as employees engaged in mining hy tho 
pound, and the total amount paicl for the minoml hoing 
gin~n as their wages. The nmnher of those in·11gnlar 
contract miners was reduced to G5-tho number com­
puted to lmve been working 300 days during tho yrntr­
nnd is included in the sfotistics here proHonted. 

The· nnmber of placer deposit:-; or mines for which 
shitistics were received· at the census o:f 1002 was 23. 
Of the 22 operators working these mines, 20 wore indi­
viduals, 1 was a firm, and 1 an incorpomtod company. 
The incorporated company had 11 total authorized capital 

stock of $500,000, divided into 10,000 shares, o:f which 20 
shares, with a total par v11lue of $1,000, had been i8stied. 

Employees andwage,~.-0£ tho total 11mount, $27,418, 
reported ns paid :for s11laries and wages, $25,318, 
or H2.3 per cont, was paid to the wage-earners and 
$2,100, 01· 7. 7 per cent, to the salaried employees. 
On an n,verage, there were 3.8 wage-earners to a mine. 
'l'bo 1wemge numher o:f wagn-enrnors hy months and 
their clitily mtes of pay by occnp1ttions nre given in 
'l)thle 3. The nmximum, 130, was reached ill August 
11ncl the minimum, 20, in November and December. 
Of the 88 wttgc-earners, 8G were classocl ns miners. O:f 
tlwse, 73 received from $1 to $1.2,.1: per dny, and 13 from 
75 to \l9 cents. 

8nppl fo~, ma.tr•?' i 1tl8, and ?ni'8cella.n emt8 £<mpe1 rne8. -0 n I y 
$25() wore reported to lmve bnen expended :fo1· snpplies 
11ncl nmtcriitb1. Next to the itmount pfticl fo1• wages that 
for miHcelfancous expm1ses, $2,083, is the J11rgc1>t. Of 
this $1,73!l, or 83.13 per cent, wns puicl for royalties and 
rent of mine nnd mining· plnnt. 

)}£,clia'lll11al po11'1'i'.-Of the 22 operators only l re­
ported powor. Thi8 wns a firm in North Cnrolinn., 
which owned 2 Hte111n engines with n total o:f 30 hor:-;e­
power. 

Prorhwt!on.-Tho United States Geological Survey 
has published 11nnual shitistics of the production of 
mo1rnzite, beginning with l8H3. These sb1~isties, to­
gether with the average valne per pound, n.re shown for 
each yon.r in tho following table: 

1~AllLE 2.-l'rocluction qfmonazile: 189S to 1902. · 

[Unltetl Rtt1toHGeologltlnl 8urvcr," Mlneml Hc8onr""sol tho United Stutes," 1002.] 
·--·· ______ :.::.;;:;:::--"----·~--·-----··- -----.. --~---.. "·"' ="··=--=-·-=--··=-=-=·-==-=---=~·· ~· -==---~ 

. . I \Average 
y1~.p\. Qutinlity I Vnlue. v11lue 1wr 

--------ll-(-pr_m_n_d•_)J _______ ~,1:1]~~1. 
18\):1 ............................................ . 
1811·1 ...... , ..................................... . 
l89fl . ..... · .......................... - ........... . 
lHUll ............................................ . 
1897 ............................................ . 
18\JH .......................................... ••• 
lHUU ............................................ . 
lUOO ............................................ . 
lUOl ........................................... .. 
1Ull2 ............................................ . 

------------

1~m.ouo 
fl·IU, 855 

1,073,000 
30,000 
4·1,0UD 

250, 776 
Hi\0,000 
llOR,000 
7•J8, 780 
802,000 

$7, 000 
S!i, 193 

ia1, mo 
1,500 
1, UHO 

1S,5·i2 
20, 000 
48, 805 
5D, 20~ 
04, IGO 

$0.ll:\8 
o. Otill 
O. llH7 
o. or, 
(), Q.lfi 
0.05-l 
0. Of>7 
O.Of>·l 
O.Oill 
0.08 

The total qmmtity produced during- tho ten ymirs Wll8 

5,383,367 pounds, an 1werag-e of 538,337 pounds per 
( 1037) 



1038 MINES AND QUARRIES. 

year. By far the ht.rgest quantity was produced in 1895, 
the next largest in 1900, and the third fargest in 
1902. The average price during the ten years was 7't 
cents per pound. . 

The v11lue o:f monazite has vttried from. 25 ccn ts per 
pound, the price received :for the production o:f 1887, 
to 3 cents per pound received for the less pure sand 
sold by the small producers who were able to eliminate 
only it small percentage o:f the heiwy minerals. At the 
present time the sand mined hy the small producer is 
sold to the concentrators and is paid :for on the basil-; of 
its value after it has been concentrated as thoroughly 
as possible, so thr1t during the past year or two tho 
price reported by these small producers has incre11sec1 
from± cent8 per pound :for crude sa,nd to 8 or 9 cents 
per pound for the refined product. 

The. entire production reportell at the census of 1902 
is credited to NortJ1 Carolina. Since the beginning of 
the industry monazite has been produced chiefly in 
No1;th Carolinri, although at first a. oonsic1er1tb1e qunntity 
was obtained from Spartanburg county, South Carolina. 

The production of mo.nazite in commorcial qwtntitios 
b~camc a well established industry in 18D3, the output 
for that year being 130,000 pounds, ntlued nt $7,GOO; 
during the next two yen,rs the production increased 
very rapidly, until, in 1895, it amounted to 1,57:3,000 
pounds, vitluecl itt $137,150, or 11bont D cents per pound. 
It was at this time that the Br1tzili11n deposits o:l' 
monazite, which occur in large quantity its beach s11nds 
n,long the seashore in the extreme southern part of the 
province of Bahia, began to be worked on a consicler­
a ble scale; the prodnction in the United States was 
affected thereby to such an extent tbitt by the end of 
1896 it had deereased to H0,000 pounds .. In 1898 tl~ere 
m1s again a considerable demand for North Carolina 
rnom1zite, and the production amounted in that year to 
250, 776 pounds, ya,lued at $13,542. Since tlmt time tho 
production of this mineml has increased, and at the 
census of 1902 it was 802, 000 pounds, valued at $6±, mo. 
It sometimes happens that while the quantity of mona.zite 
Ra,nd produced in a particular year is more than that, for 
the ymw following, the value o:f t,be production of the 
latter yet1r is considerably more than that of the former, 
because o:f the higher percentage o:f monazitc obtained 
by a more thorough cleaning of the ::1trncl. 

The monazite industry is stettdily increasing, and 
there is now a considemble clemancl for this mineral, 
not only in this conntl'y but also abroad. During· Hl02 
a German company was organized and llOug·ht up 
monazite hmcls in North Carolina. This company has 
erected the most complete concentrating plant in the 
district. Its production is to he shipped abroad. 

DESCRIPTIVE. 

Ooow·Penoe. -The conuncrcial deposits o:f rnonazite do 
not occur in the original rocks, which are gmnitic mica 
gneisses and hornblende gneisses, and contain only it 
fraction o:f a per cent of this mineral; they are found 
in the pJacers o:l' the present streams nncl rivers, 11ncl in 
the old sand and gravel deposits o:f former Rtreams. 
As these gneisses arc constantly being decomposed and 
disintegmtecl, the monazite is continnn.lly being washed 
down and deposited so that in many cases the top 8oils 
:form workable deposits for monnzite sand. The area 
in which these deposits are loeated is in Bnrke, Cleve­
land, McDowell, Polk, mid Hntherforcl counties, N. C., 
and in the no1;thern pttrtof Spartnnhurg- and York coun­
ties, S. C. They are :found along· the following :,;tremns: 
Silver, South Muddy, 1tncl North Mnclcly creeks, and 
Henry mid .Jacob forks of the On.tliwha river, in 
Burke and McDowell counties; the Second Broad river 
and its tributaries in McDowell and Rutherford coun­
tie8; nnd the Broad river a,ncl it8 trilmtf1ries in Cleve­
htnd and Rutherford counties, N. C., imcl Sp11rtauburg 
and York counties, S. C. All thc:,;o streams have their 
sources in the South monntainR of North Uarolirm. 

Procl~88 r{f elew1in[/.--The value of morntzit.e sand is 
dependent prineiptilly upon the oxide of thorium, and 
to a, less extent on the oxides of eerium, la11tl111num, and 
diclymium. As the thorium oxide or tho1fa contents 
are. clue to the presence of the mineral mmrnzito, the 
nearer to n pure monazite that the sa,ncl can be cleaned, 
the higher the. percenhtge of thoria. .Formerly 11 s11i1d 
contai.ning from G5 to 70 per cent of rnonnzitc wns con· 
sidered of very good <prnlity; now, with improved ma­
chinery itnd new methods a, sand cnn be obt11inCtl that 
is over 95 per cent monnzitc. In washing- tho siinds, 
the lighter nmterial is rm1dily floated off, hut magne­
tite, meimccanite (or ilmenite), rutile, hrookite, garnet, 
zircon, etc., remain with _the momtzitc. The nmgnetic 
minemls, Ruch as magnetite and meimccanitc are then re­
moved. Formerly the other mineml:,; could be only 
partially eliminated, but now, with tho improved clec­
tro-urngnetic sevarntor, the other iron rninemls are 
readily picked out; the final opemtion is the picking 
up of the monnzite grains, leaving tho zircon, corun­
dum, etc. In this way a.n almost pure monazito con­
centrate is obta.ined. 

u:~es.-Tho priuoip11l use of the oxides of thorium, 
ln.nthanum, and didymium is in the nmnn:facturc o:f the 
cylindrical hoods of the ""V\T elsliach and other incttncles­
cent gas lights. Small quantities of the cerium oxafate 
obtained during the process o:f separating the other 
oxides are used in pharmacy. 



MONAZITE. 

Table 3 is a detailed summary of the monazite industry for 1002. 

TAm,B a.-DETAILED sTJM:i\IARY: 1002. 

Number of mines ........................................................ . 
Nun1bcr of opemtors , ................................................... . 
Uh1u11ctcr or ownership: 

ludlvlcluul .•......................................................... 
Firm ................................................... , ............ . 
lacor11ornted eompnny •........................................••.•.. 

Salnried oillcinls, clerks, etc.: 
Tot.nl number (snpGrinton<lent~, 1rnuH1gm·H1 foremen, ~urveyors1 ctr..). 
Total s1tlurles ........................................................ . 

\\'nge-enrners: 
Total averngcnnmbor ............................................... . 
Total w1tges ...•...................................................... 

:Mincrs-
Averngcnnn1bor -····-······································· '''ages ........ ~- .......................... - -................. . 

All other wnge-earuers-
.. Aycrngc n1unbe1· ............................................. . 
"'\Vnges .......••.••..................................•........• 

A vcrnge number of wngc-enrnerH at spt•oitlucl d1tilY mteH of p1tr: 
:Mlners-

20 
1 
1 

3 
$2, 100 

88 
$2fl, il18 

8(l 
$2·1, 728 

Averugc number of wnge-cnrnerH.mnployed during eneh 1nonth: 
Men lG yen rs 1t1Hl ovm-

~Tn111utry ................................. , •••••••••... _ ............ _. 
Fclmmry ..........................................•.............. 
MnrC'.h ··································'························· April ...........•••....•.....................•..•.•...••••••••.••• 
M1ty ............................................................. . 
June ...............•.............................................. 
July ............................................................. . 
Angn8t .......................................................... . 
8C{ltc1nher .... .................... _ ................................ . 
October .......................................................... . 
Novcml1er ....................................................... . 
nccen1bor ........................................................ . 

1Iiscclltmcous oxpcnseH: 
•rot1tl. •...•.••..•..•......•........•.......•••••••••••.•••••••••.•••••• 

ll<,>Y1tltics all(] rout of mine nnd mining plnnL ................... . 
Ht>i1t of ofllccs, t1ixcs, insurnncc, interest., and other sunclries ... . 

Cost of 811Jlplies nnd materials .............................. : ............ . 
Product: . 

1039 

27 
29 

108 
118 
126 
111) 
J'..!7 
130 
119 
lla 
20 
20 

$2, 083 
$1, 781) 

$B44 
$256 

ing ~g ~~:~~:::::: :: : ::::::::::::::::::::::::::: :::::::::: :::: :::: 13 
711 

(.),llltn tit)", ]>OllnC)R ........................................... ' •........ 802, 000 

All other w11g0-e1trners-
S0.7/\ to $0.99 ......••••...•........•....•............•...........•. 
Sl.00 to $1.2.f ...•••.•••........•.........•..••.••.•..•.......•••.•• 

1Opt•1·ntors1111 in North C1trolh11t. 

V1tluo ...•..........•.••...••••...•................................••• $64, IGO 
I>ower owne<l: 

Total hmsepowcr .................................................... . 
Engines-

BO 

Stcnm- • 
Number •.•...••.•............. , .................•........ 2 
Horsepower ............................................. . BO 
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PRECIOUS STONES. 

By GEORGE F. KUNZ. 

In the United States precious stones lmve been gen­
erally found by accident; in prm;pecting for, operating, 
or developing mines of other minerals; or in the work­
ing of gravels conhtining goltl, mmmzite, etc. With 
the exception of the figures relating to the nmnber of 
operators nncl the value of prmhrntion, the statistks 
lm1·ewith presen!;ed arc for properties operated by com­
p1rnies which carry on the seftrch for stones with Rome 
11p1H'oach to regularity. These companies produce sap­
phire, tonr1miline, beryl, chrysoprase, opal, and tur­
quobe. In addition to these, cm'tain qtrnntitiei; of em­
erald, peridot, seveml varieties of qrntrtz, snch as rock 
crystal, smoky, rose, gold, and rutihitcd quartz, 111110-

thyHt, agate and mos,; ng·ate, nnd siliciHed wood; n.lHo 
garnet (p,Yrope n,ncl rhodonite), iwmzon stone, chlorm;­
trolite, lllP.8olite, pyrite, 1111thracite, and m1tlinite, wel'c 
\Jl'Odllced in this country dnring 1H02, hut not Oil U, 

large scale, nor un(ler conditions suitable to sorve as n 
bash; for stntistical trmitmcnt. 

In discussing this subject,, consideration of the pecul­
iar condition under which production is C1Lrriccl on, and 
of the noncommercial uses of tho product, is o-f impor­
tnnee. ·No compiirison of the returns in l!.J02 with those 
of the Eleventh Census i::1 practimble, owing to the dif­
ferent methods by which the::10 reports were made up. 
l\foreover, it is difficult to present any careful imalysil':l 
of the figures, and the results necessarily itre uncertain. 
'l'he drtbt in 'fable 1 are based upon trustworthy infor­
n1ation doriyed from the opemtors. 

The value of the turquoise produced amounted to 
srno,ooo, or 39.6 per cent of the whole, ttnd o:f sapphire, 

$115,000, or 35 per cent. Much of the production of 
precious stones was more or le~8 accidental, picked up 
by prospectors for other minerals, or by excursionists 
nlong the beaches. 'rhis fact will explain the apparent 
inconsistency between the small number o:f mines ltnd 
the Jn,rge number o:f operators reported. It will be 
readily understood that in such cttses no items o:f 
expense nrc properly chargeable. The statistics :fol­
lowing, with the exception noted !lhove, are for those 
companies ltetively engaged in the systematic exploita­
tion of prceions stone deposits. The peculiar condition 
existing, however, should not be lost sight of. 

There were B mines, 1 ench in Californitt, New Mexico, 
and North Carolina, reported id.le during 1902. 

'.1',un,1~ 1.-8'mnmar!J: 1902; 

.Numlier of mincH or qum·rlcH ......... - ...................... , , ... , .. . • . . •16 
Number ol opemtorn. •••••. ........... .... . .. •• . . . . . . . . . . . .• . . . . . . . . . . . . 460 
S1tlt1rlrnl ()fllelnlH, clcrkR, etc.: 

Nun1ller ................................................................. · 22 
SnlnrlcH............ •• • • • . . • • • • • • . • • . . • . . . • • . . . .. • . • . . . . . • . . . . • . . . . . . . $28, 687 

\.Yage-unrnerH: 

\\ri1~~~~~ '.:~'.1:~.0.~:::::::::::::::::::::::::::::::::::::::::::::::::::: $88, 5~~ 
M!Hccl111ncous explmHCR .. • • • • • • • .. • • • • .. .. . • • • • • . . • . • . • • . . • .. • • • • • • . • • . • $7,'lill 
COHt of Hll)lpllt!R 1111<1 rn11tcrittlH •....•..... --..................... "....... $17, 781 
V11Juo of procluct ........................................................ $328, •1flll 

Capital stoolc of inom•pm•ated eom;pctn·ies.-O:f the MIO 
operators reported, 449 are classified as individuals, 1 ns 
n firm, and 10 as incorporated companies. Three of the 
individuals only, bowevel', are miners of precious stones 
in the strict sense o-f the word, Of the 10 incorporated 
complt11ies 1 is located in Arizona, 3 in California, 2 in 
MontaM, 3 in New Mexico, and 1 in North Cttrolina. 
The following tnble Hhows the details of their capitali­
zation: 

TAnL1~ 2.-CAPITALIZATION OF INCORPORATim COMPANIES: 1902. 

United Rtntes. Arlznn!L. CaJllornin, M 011tm11i. 

Number of incorpomtcd comp11nlcs .................................................. . 
Cilpilal ~tock issued (Etll common) ............................ _ ...................... . 

'l'ot11l 1iuthorized: 
Numllc·r of Hhllrns ............................................................ . 
l'ar v1tlne ..... _ ......................... _ ..................................... . 

Total issnvd: 
Nmnher of Hlmres . _ ............................ , ..•...•........•..•........... 
l'nr \'alnc .................... _ ..• _ .. _ ............•..• : . ....................... . 
Divlduncls palc1 ............................................................... . 

10 1 3 2 
$1, M2, 078 $85,000 $600, 078 $·100, 000 

1, 461, 400 100,000 oos, rioo 400, 000 
$2,129,000 $100,000 $1, 152, 000 $·100, 000 

1, 0·12, 97S 8ii,OOO 105, 078 400, 000 
$1,5ll2, 078 $8fl,OOO $600,078 $401), 000 

$20,000 --~ .. -........... ·······--····· $20,000 

New 
Mexico. 

3 
IH5~,ooo 

•150,•IOO 
$152, 000 

450,400 
$452,000 

.... ---... ~ -. 

(1043) 

North 
Citrollmi. 

1 
$25, 000 

2,500 
$25,000 

2,500 
$25,000 

------------
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No bonds or preferred stock appear to have helm 
issued hy these eomp1rnie~. Of the 1,401,4-00 slmros of 
common stock authorized, there were 1,042,()78 shares 
issuecl. 

JiJmployees and 1tJrt(fe8.-0f the $1rn, 70± roportod aR 

pnicl for sahtries and wages, $28, GS'i', or 24. fi per cent, 
was paid to salaried employees, n,n<l $88,017, or 75,4 
per cent, to wag·c-mtrners. In Tithle 4 is given the 
avcmge number of wage-earners employed each month 
dnring the year. One hnndrecl uncl forty-one men wore 
given employment during Jnno, while in l\farch only 
87 were reported. The nvemge nurn her for the ycnr 
was 108. Table 4: shows also the avemge number of 
witge-earners at speciii.ccl daily rn,tes of pay. There 
were 7fl Wt1ge-carnors, or 78.1 per cent of the whole 
number, classed its miners. Of these, 61, or 77.2 per 
cent., received $2 or more per clay, and only 18, or 2:d.t:\ 

per cent, less than thrtt rtmotmt:. Of the total number 
of cmployeeR, 82, or 75. H por cent, received $2 or morn 
per dny, and 2G, or 2-Ll per cent, less than $2. Four 
nuwhinists, 01· other mechanicl-l, we!'e employed, nx were 
nlBo 5 miner:;;' helpers, and 20 ernployees doing mi:-;cel­
fancous work. .All tho miners' helper:-; car1wcl from $8 
to $8.24 per day. 

lY11j!J/l1:eN, '1natm·/a7s, and 111 '°8!'d/ru1e1111.~ e:i')11w.~1w.­
Next to w11ge;,;, tho principal ito111 of oxpcmw wa:,; for 
supplios nnd mu.tcritthi, for which $17, 781 wn:-; OXJH~u(kd. 
Of the $7,481 reported ns miscellimoons oxpcn:-;es, $487 
wits for rent:..; mid royiiltics of mining plants, and 817,(lJ,b 
for office rent, tnxcs, immm11ue, and othel' snncll'ics. 

The yearly production of prodous :-;tones hy kinds 
and v11lnc, ltH reported hy the U nitcd States Geologicitl 
Snrvcy, is given in Tuhle 8. 

TAm,E a.-PRODUCTION OU' r1moIOU8 STONER IN nrn UNI'.I'ED 8TATES: 18\lfl TO rno2. 

[Unlt~id Stntu~ tleologirn1\ survey, "Milwml RORonrceH of the United St11tt!S," 1!102,] 

S'rONll, HIOO 18117 18118 1800 11100 11101 100~ 

------------------------··--- ----·--······- ·------·····- ----··----·--

'1'0!111...................................................... .................. $1l7,8GO $180, 075 ·$Hl0, 020 $1~0, 7i0 $~a:l, 170 $~8!l, O:iO 

Dlmnoncl ........................................................................ . 
Sapphire ....................................................................... .. 
RulJy ............................................................................ . 

~~f.~~t (1iciiialliii;.i1ic; ct;):;::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Ernem\d ........................................................................ . 
Tourrnnlino ..................................................................... . 
l'eridot ...............................•..•....•..•..........•....•.•.......•.•.... 

~::.~lz~· .~'i~K~l~1.: ::: :::::::::::: ::: : ::: : : : : : : : :: : : : : : : : : : : : : : : :: ::: :::::::::::::::: 
HOH<~(\lllll'l• ...................... : .............................................. . 
Amethyst .. , ........•.•.•.••.••...••..............................•.............. 
Pruse .....•.........•••.•..•.•..•••••.•••..•...................••••••.••••........ 
Gold q1111rtz .•...•..••••...•••••••••••.••.•••••.•...•....••.•...•.•••••••..•..•... 
Itntlh1tcd qnnrtz ................................................................ . 
D1m101tforltc In quartz .......................................................... . 
Tonrm111i nuterl q tmrtz .......................................................... . 
Ag11to ........................................................................... . 
~;~;s~)~~~1~c: :::::::::::: :: : : ::: : : : : : : :: :: ::: : : : : ::: : :: : : : :::::::::::::::::::::::: 
Sillmflcd wood (siliciliecl nncl op11llzccl) ......................................... . 

8~~1;c·t-(itiffi1iii,iffcii ::::::: :: : :: : :: : : : : : : : :: : : :: : : :: ::: : :::::::::::::: :: :: : : : : : : : : 
Gnrnet /rhodonite) ............................................................. . 

~:~;:;;g~ M~~~gAtci·:::: :: :: : : :: : :: : : : : : : : : ::: :: ::::::: ::::::::::::::::::::::::::: 
Am11zon stone ................................................................... . 
Olignclnsc ....................................................................... . 
Moonstone ...................................................................... . 
'rl1r<1uoisc .................................................. --··············"·····-- .................... .. 
Utahit<! (compuctv1trlscitc) .................................................... . 
Chlomstrolite .... , .............................................................. . 
l\1csolite (thoms011itc, so eallecl) ................................................ . 
Prchuito ........................................................................ . 

ir.1r1i~~::::::::::::::::::::::::: :: : ::: ::::::::::::::::::::::::: :: : : :::::: :::::::: 
:t>IllltwMte ....................................................................... . 
Rntlk ........................................................................... . 
Anthrncltc (orrmmcnts) ........................................................ . 

~~~~W~.~r~\':~':.s.t~~:~ :: :: : : : : : :: : : : :::: ::: :::::::::::::: :: : : :: : : : : : :: : : : : ::::::::: 
Arrow points .................................................................... . 

A dcb1ilcd smnmary of the stn,tistics for the mining 
of precious stones in the United States during 1902, 
where the opemtions were followed m;i a commereial 
basis :tnd warranted statistical treatment, is given in 
Table 4. 

DESOHIPTIVE. 

Precious stones derive their value chiefly from their 
rarity. Other qualities that influence their value ure 
beauty o:f color, hardness, and the cu price of fashion. 
Under this classification a distinction could be made 
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between pl'~ci.ons ancl semiprecious stones, hnt it is not 
observed in this cliscnsHion. Precious stones include 
the diamond, the sapphire, the rnhy, and tlrn cmernld; 
semiprecious stones incluclo a wide variety of other gem 
minemls. The opal nncl the ponrl are Home times clnssed 
as precious stones, although the latter is not strictly n 
mineral product. In ordinary speech the precious or 
semiprecious stone signifies a gem cut or polished for 
ornamental purposes. In mineralogy the term is used 
to designate ~t class of minerals of rm:fficicnt lmrdness 
to scratch qmirtz, which arc without metallic luster, 
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although generally brilliant and beautiful. In archae­
ology the term is restricted to engraved stones, such 
as intaglios and cameos. A jewel is a gem that has 
been motmted. 

In the report of the Eleventh Census upon "Mineral 
Industries," page 669ff, an account is given of the occur­
ren~e and production of precious stones in ~his country 
durmg the year 1889. The present discussion treats 
only of the discovery and production of precious stones 
in the United States since that time. 

J)imnond.-The cfotmoncl, the hardest of known sub­
stnnces, is pure cn,rbon, which crysta1lizes in the iso-
1netric system, generally in an octahedral form. Its 
specific gmvity is 3.525. It occurs in a great variety 
of colors, ranging through ttll the shades of the spec­
trum, oncurring most frequently as white, yellow, or 
brown, and mrely as red, rose-red, blue, or green. By 
far the greatest nmi1bor of diamonds come from South 
Afr1ca, !mt theyn,n~ found abo in Brazil, India, Borneo, 
and occasionally in North America. 

In the United Sti1tes diamonds lmve been found at 
various points, lmt they have been few in number and ' n10Htly of snmll size. Their ocrnudonal occnrrenee in 
Cnlifornia and east of the ~mnthern Alleglmnies lms been 
kn.own for fifty years. Since moo ti few other8 have 
hcen found in these regiomi, 11nd some in the North­
WCHtcru states, v11rying from one-third of it cttmt to 21 
cnrn.ts in weight. 

The northwestern dimnond8 are very iutcre!"ting as 
lx~ing contained in tlrn deposits of tho glttei!tl drift, 
:-mattered 1tlong !Lll irrPguhtr line of some ()()() miles, 
from 1'7 iscon~in to the vicinity of Cincinnati, Ohio. All 
the mn.terial distribnted hy this ttncient glacial action 
hns hcen brought down from the north, and thertrf:ore 
the source of these Llimnonds fa somewhere in the unex­
plored regions of Carmd1i and not in tlrn United Stutes. 
Geologists recognize two distinct drift deposits in the 
1Vei>tcrn states, called the older or Illinoian drift, and 
the Inter or Wisconsin drift. Some of the diumonds 
found in Indianu and in ·wisconsin are referred to one 
of theBe drifts and some to the other, though most of 
them belong to the htter. The whole number of 
diamonds iwtunlly known from these glncilil deprn:iits 
amounts to about ~5, over lrnlf of which ttre from 'Wis­
conBin and one-thin1 from India1m. 

The localitie:-> of discovery during the periocl 1:1ince 
1800 arc n.s follows: 

Alrr/1rrnw.-Shelby connty, one of 4~ carats. Lee county one of 
3 <'arats. 

1 

Calvo:~'.iia.-;-A nnmbe'. of lo~alities, chiefly in. the central portion 
of the st,tte, m connect10n with the hytlraullc gold washings of 
Amiul<?r, Butte, Eldorado, and Nevada counties.· A eingle dia-
111mH~ 1s reported from Tulare county, and a number of very small 
oneH m the gold sands of streams in Dlil Norte and Trinity counties. 
No large stones have been found in California, and nowhere are 
t11ey abundant enongh to lead to any mining for them. Never­
theless Bome .handsome ones have been casually obtuine(1 in the 
central connti.es above named, chiefly in the an(!ient gold-bearing 
gravels overlaid.by lava flows, and fragments of diamonds crnshecl 
by the stamp mills are not uncommon in the flumes and sluices. 

~o.st.of the stones. found within recent years have come from the 
vicun~y of l°lacerv1lle, Eldorado county. 

Indwn1t.-Brow11 county, five-one of 2 carats others very 
smup. Morgan c<!nnt;Y, three-one of 3~ carats, oth~rs very small: 

f(~nl·1;tcky.-Cabm ~·ork creek, Russell county, one . 
.llft~hi!Jan.-;-Dowagmc, CaHs county, one of lOl· c;arats. 
Ohw.-Milford, Clermont county, one of O carats. 

. TcnrteRsec.-~Coko creek, Tellico river, Monroe county, several 
1eported. 'l!mon Crossroads, Roane county, one of 3 earats. 
Luttrell, Umon county, one of 1}'!· carats 

H'isconsin.-Plnm creek, Rock
1 

Elm t~wnship Pierce county 
s~veral ,vcrysmal~ stones. Oregon, Dane county, ~ne of 3H carats'. 
h.ohlsv11le, Waslnngton county, one of 21 carats. Saukville Ozau­
kee. county, one ?l O~ carats. Eagle, Waukesha county ~ne of 
15,H carats. Burlmgton, Racine county, one of 2r1;r carats: 

Th~ whole subject of the Indiana occurrence is fully 
~l.esc.nbed by the state geologist, Prof. W. S. Blatchley, 1 

rn his iinmml repol't for 1902. The geological features 
of the region nre first treated with special reference to 
the distribution of the drift deposits in central Indiana. 
These have been known since 1850 to contain gold, 
11nd a forge n~nonnt of loettl prospecting and panning 
has l~een currrncl on along the streams for yettrs. The 
gol:l 1s found ttssoci!ited with magnetic iron sand, mcmw­
cmute, nnd other heavy minerals. It is in these aurifor­
ons ~mmls thnt dimnonds have been found at intervnis 
f

1

or some twet~ty-1ive year£, lint especially of late. 
t5ome crf the clrnmonds belong certainly in the second 
or later, drift, like most of those in Wisconsin; other~ 
found HOnth of that line hut within the margin of the 
ol~lor drift belong, perhaps, to the older depositH in­
stnnd of .Jmving l>oen washed out from the ln,ter beds 
and carried H<mth by :->tremns, as formerly snppm;ed. 
Tho terms H earlier" and ''later" n,re now frequently 
replaced hy "Illinoian" nnd "vVisconsin," nnd dmiig­
natn the two gfacial dl'ifts, but these terms may be 
misoonceived its to their geographical signification and 
heneo require explaim(;ion. The eenter of iee move­
rnent in the g'lacinl Cl'I\ w1is determined some ycar1:1 ao·o 
hy Oanadfon geologists as lmving traveled or shift:d 
toward the east from the west. Of the two ice inva­
si01rn that spread over the northern United StnteH, the 
earlier is mlled by some geolog·ists the "Illinoian " as 
l . ' mvmg- covered a farge part of that stitte not reached 
by the later ona; while the name "Wisconsin" is ap­
plied to the later by Prof. T. C. Chiil.mberlin, because 
it extended westward to a portion of that stiite not cov­
ered by the earlier, and :formed there what he terms 
tho Wisconsin boundary, although its source was far 
cnst of the oiirlier drift, rmd it forms the main deposit 
of the Eastern states. 

I)rofessor Blatchley's list comprises eight diamonds 
that he himself has seen, and seven more of which he 
lms credible infomrntion. The earliest publishedmen­
tion of the occurrenoe of diamonds in Indiana wa~ 
m11de by the late Prof. E. T. Cox, state geologist, in 
Ms annual report for 1878, page 116, although the well­
known artist, Mr. Daniel Beard, of New York, owns a 

1 Gold and Diamonds in Indiana, by W. S. Blatehley. Twenty­
seventh Annual Heport of the Department of Geology and Natural 
Resources of Indiana, Indianapolis, HJ02. 
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tine cHmnond o-f about 2 crimts found in Indiana bc­
:f:orc that yeii1·. 1 Pl'ofcs:,;or Cox mLmtion:;; seveml dia­
mornli-;, of which thh; may he one, as fonnd in the drift 
of Bl'own and 1\forgan counties, n.nd rofcrs to them with 
intere:-;t bocttn:-:o of their cvicltmt trn,u:;;portation from a 
far llcntlwrn soul'cl\, Of the eight stones soou by Pro­
fotMor Rlatchloy, four are from the newer and fonr 
from tho oldm· drift, or at least from tho area co\·e1'ecl 
l>y it south n f. tho margin of the newer. The list in 
detail is ns follows: 

1. The Stanley diamond, found in moo, by Ctilvin 
Stanloy, while panning for gold in Morgan county, on 
a ln•anch of Gold creok, 3 miles northwest of Centerton, 
and :3 mile;; west of Brooklyn. It was fonnd in the bed 
of tho stren,m at tho hmm of a cliff of shale. Tho stone 
was an ol'tttlrnclron weighing 4J cn,mts, with it yellow 
tinge and tL smttll blaek spot. It was pnrolmsed fir:;t by 
1.VIr. R. L. Royse, of Mitrtinsville, Ind., and by him 
imlcl to C. E. Nordyke, of Indianapolis, who hacl it cut 
into two stones in Cincinrntti. These have n, peculiar 
greenish yellow tint, and weigh respectively lk 1t11d 

1-r~n· ci1rnts. 
2. The Y onng di.mnoncl, found by n local gold hunter, 

Mr. \V. \V. Young, in 18118, on Lick creek in Brown 
county, 4t miles Hauth of Morgantown. It is an ob­
long dodcmhedron of lH carats, white with a yellow 
cast, and very elear and flawless. It is retained hy the 
finder. 

B. An elongated hexoctahedron, of pink color, but 
only 01rn-eighth of a cantt in weight. It was found, 
like the litst, on Lick creek, hy Mr. ,John Merriman, und 
now belongs to Mr. Nordyke, of Indianapolis. 

4. A yellow hexoctnhedron of throe-sixteenths of a 
carat, found by Mr. Merriman on Lick creek. It is 
now owned by Mr. Royse. 

ti. A light brownish yellow hoxoctahedron of five 
t.hirty-seconds of EL mwat, .fonnd and owned by Mr. 
Hoyse. 

0. A bluish rhombic clodeeahedron, weighing eleven­
sixtecnths of tt carat, found by Mr. Merriman on Gold 
ereck, :Morgan county, now also belonging to Mr. 
Roy:-:e. 

7 and 8. These are pinkish crystals, neit.her of which 
exceeds one-eighth of a cari1t, found in May, 1903, by 
Mr. Hayse. They were taken from the tailings of 
sluice boxes on the farm of Doctor Cook, near Brey, in 
l\1organ county. 

Tho :first, nnd the last three, from Morgan county, llro 
:from tho newer or Wisconsin drift, the others, from 
Brown cotmty, 1ue from tho old.or or Illinoian arell. 

Sappldre8 and Pu1n'e8.-The sllpphire, rnhy, oriental 
topaz, oriental amethyst, and oriental ememld tire names 
given respecth,ely to the transparent blue, red, yellow, 
purple, and green varieties o:f comndum, which is nearly 
pnra rdnmina, A1~03 • Tho colors of these minerals are 

1 'l'his dinmond, from facts that Mr. Beard has given the writer, 
must lrnve been found as early as 182G. 

ascribed to tho p1·esence of minntu qnnntitieH of metallic 
oxi<,les. Their :-:pecific gradty mu gos from 8. H7 to±. 05, 
and their har<lrwss is H. Hu hies an-. found in Burma, 
Ceylon, mid Simn. Sapphire also oecnri-; in tho:-:P t•oun­
tries, as well ns tit the Sirnltt pas:-: in tho Himalaya~, 
and in Australia. 

The grrnit lmrdness of corundmn g'ivos it n Hpeeial 
value for polishing· purposes, aud the amount prodtwecl 
for snch uses dnring- 1()02 has boon trnatod nuder" Abm­
sivo muterinls." Although eornndnm iH l'onnd in tho 
crystalline rocks along the A ppitlrwhian mountains 
from Massachusetts to northern (h>orgia, fow gimrn of 
any spech1l value have been found, exeopt, in tho Cowee 
V!tlloy in North Cnrolina, whoro tr no ruhio::: aro ob­
tu.inod to som.o extent, although mining har,; t•easprl :f'or 
a few years past. 

Other deposits in which these g;onrn are fonnd exiHt 
in Montana. SitpphireH of tho fineRt qmtlit;y ttl'CI now 
mined in Y ogo gnleh, ttncl others o:f mtwh hcmnty ure 
found :it other points in tho Harne stltt.o. 

Until within 11 few yoitrs, those gmnH ha<l hoen found 
ouly occasionally in the Unitml 8tatm;---1wttrly !tll of 
them in North Ottrolin!i-mul worn principally cut from 
small transpn.ront portions of tlrn colored t~ornn<lnms 
that wore otherwise moro or losH opaquo. Corun­
dum is mined in t1mt state cxteuHivoly 111:1 an ahri\Bive 
material, ttncl ruby and sapphire are Hiniply tmnHparent; 
varieties of it. The Monbtll!L gems began to 11ttract 
notice about 18GD, and for some yearl:l tlrny were col­
lected abundantly from the bn,rs of the upper Mi:-;sonri 
east of Helena; these were of varied ttnc1 often hoiiu­
tl:ful tints o:f pink, blue, green, itncl intorvening Hlrnclcs, 
but rarely of the deep colors in favor for jewelry. '.I'ho 
latter, the rich blue sttpphires cqnnl to thol';o of Inclht, 
have since been found at Yogo gulch, in :Fergni:'l t•otmty, 
nncl active work in mining them from tho rol\k huH been 
carried on for several years hy tho Now Mine 8apphire 
Syndicnte und the Durke and Sweeney Uompany. Two 
other important localities in Montami !tl'(\ at Hoek creek, 
in Granite cqunty, n.nd Dry Cottonwood creek, in 
Deerlodge county, worked hy tho American Gorn Syn­
dicate Compmiy. The former of those yields a ·won­
derful variety of colors, often V(1ry beautiful, hut few 
tlmt have the deep shades most valued in tho g·om mn,r­
ket. No locality in the world has shown !-Inch vtiriety 
of tints in sapphires-pink, reddish brown, brown, yel­
low, green, etc., with occasionally tt ruby of tlrn pu1er 
type of Ceylon. Gems of consiclernble valne have heen 
annm1lly mined at Yogo gulch :f:or ~mvoral years p!tHt. 
Fine sapphires of the" cornflower" and 1

' Yolvet ''blue 
of the best oriental stones hn.ve been obtained, weigh­
ing as much as 3 carats, and a few as high as 5 an<l 
even 7 carab:i, after cutting. Besides those used for 
setting, large quantities of small ones :from both these 
loealities have found ready sale for wntch -jewels and 
bearings; indeed, more have been sold for this purpose 
than for gems. 
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Trne rubies have been found, 11ml to some extent 
mined, in tlrn Cowee valley, Macon connty, N. C. Some 
of them have the rich and peeulhtr "pigeon's-blood" 
color of the finmit, rnbies from Burum, lmt the crystals 
arc small or imperfect, and the yield thus far has been 
quite limited. The operations were condueterl l1y tho 
Americn,n Prospecting and Mining Company. 

Em&1·ald. -True ememlds, suitable for cutting and set­
ting, c1u1 lrnnlly lie A:tid to be found in the United States. 
It is true that large and very fine crystals of ememld 
wm·e o htainecl at Stonypoint, Ale,xm1der county, N. C., 
in 1877; but these, although vahmhle and bcmutiful ns 
specimens, were not cleiu· enough to cnt into g·ems. 
:i\Iore recently n locality has been openecl at Crabtree, 
Hnywood county, in the same st.lite, where small and . 
handsome emcrnld crystal:;, both translucent and opaqno, 
occnr thickly in the white feldspar nnd qu11rtz of lt vein 
of pegmatite (coin·se feldspathic granite). This green 
nud white mixture is very pleasing, ttud as the three 
minerals have nearly the ;;ame degTec of hardness, tho 
whole c1in he cut and polished together, mn,king it novel 
nud beautiful ornamental stone. Piece:-i nre cut 1111. 

oaboclum, i. e., rotmdecl, not faceted, showing seetions 
of the emerald crystals in diif erent directions in the 
white urn;;s. This material hai:; been introdneecl into 
ornamental and minor jewel work under tho nnmo of 
14 emern1d matrix," by the Amcdmin Gem Uompttny. 

Be1'yl.-Bcryl is essentially the HtLLirn minernl its 
emerald, though of paler shades iwd much less esteemed. 
li'ine transparent beryls, however, are choice gom 
stones, a.nd several viiricties of them are :found in the 
United States. Among these ure emerald beryls, of 
rich Iig·ht-green shades; aquamarines, faintly tinged 
with green; golden beryls, of a rich yellow; bhrn 
beryls, sometimes almost as beautiful as pale sitpphires; 
und rose beryls, of light-pink color. Some very line 
gems have been cut from crystals of those kinclH, ei:;pc­
clally from Topsham, Me., in the quarries of the Tren­
t<m Flint ancl Spar Uomptiny. Other fine gems come 
from Connecticut, North Carolina, and Colorado. In 
North Carolina, nefLr Sprucepine post office, nmny line 
beryls-some of the richest blue color ever fonucl­
have been mined by the American Gem Company. The 
finest ltnd largest aqunnmrine known hi from Stoneham, 
J\le. Golden beryls of much beauty have been cut from 
material mi11ecl at Merryall, in Litchfielcleounty, Conn. 
Green and blue beryls have been found in North Caro­
Hmi, und aquamarines at Mt. Antero, Colo. ~I'he clh1-
coveries of fine gem material are, ho'ivever, not frequent 
nor in large amount, so that there is no systematic min­
ing or regulflr production. 

Jhpaz.-Topaz is a ffuosilicate of aluminu, u,nd crystal­
lizes in rhom hie prisms with tt hardness of 8. The 
true topaz occurs but sparingly in the U nitecl States, 
althongh 1rnre ancl there it lms been found fine enough 
to yield choice cut gems. Still, as with mu.ny other 
gom minerals, there is no locality that fnrnishes any 

steady supply. ·within recent yours a few white 
topazes have been obtained nt the Stoneham, Me., flnd 
Olrntlmm, N. II., localities; also at Cheyenne mountain, 
Pikes Pe11k, and at Ntithrop, Colo. 'l'hey 11re gener­
ally sherry-colored nt tho former localities, in crystnls 
weighing np to B ounces each; 1it Nathrop in smaller 
hrillinnt erystals. 

Very recently u num her of topaz crystttls have been 
obtained near lfamona, Siin Diego county, Cal. The 
crysbils vary from quite snmll 01108 of great brillfaney 
up to 1 or 2 inches long and half that diameter. Most 
of them are perfoctly colorless, h1it some lmve the pale 
blue or greenish blue of the topazes from Sampulka, 
in the Urnls. The larger crystals are somewlmt dull 
extemally, but almost all 11re clear within and would 
cnt into lu1nd1mnrn gmns. 

()arnet.-'rhe name garnet is used for a we~l-defincd 
group of minerals very closely reh1ted in both chemical 
nnd physimtl properties. They are complex silicates 
of alumina, with v11rying· nmonnts of limo, nmgnesiia, 
iron, nmnganese, and other metallic oxides, which, by 
their presence in different proportions 11ncl combina­
tions, impart various colors to the compound. AU the 
garnets crystallize in the isometdc system. Seveml 
of the vnrieties are richly colored, and when transpar­
ent; are favorite gem stones, though not of the highest 
Vfllue. 

The kinds chintly used in :jewelry are those known as 
precious garnet, or tihmLlldine, Bohemian garnet, or 
pyrope, and mang·iinesc garnet, or spessartite. 'l'he 
two :former present deep crimson shades, and the latter 
is of an orange-red or light red-brown color. These are 
1ill found in the United States, but there is no regular 
production, save to some extent of pyrope, in Arizona 
ancl New Mexico, and of a beautiful light purple-red 
garnet known as rhodonite, an intermediate variety 
between pyropc and ttlmandine, in Macon county, N. 0. 
This latter is among the discoveries of the fast decade, 
having· attracted attention and been more or less mined 
since 1897, and the stones produced have been cut and 
sold as mther novel American gems. The locality is 
in the Cowee Vfllley, where the ruby corundums be­
fore alluded to lmve been found. The garnets occur 
chiefly in the valley of Maso11s branch, a small stream 
flowing from Lisle Knob, a spur of the Cowee moun­
tains. All are found in rather small pieces, but their 
color is ii beautiful light rod, and their luster when cut 
is remarkably brilliant. They were 11t first ttiken for 
almandine, and so reported, but analysis shows that 
their composition lies between that variety and pyrope, 
ancl hence they were given the separate name of rhoclo­
ni.te (from the Greek rlwdon, u, rose). In the years 1900 
itncl 1901 the output of these garnets amounted to $20, 000 
iind $21,000, respectively. It has since fallen otl' some­
what, bnt work is 11ctively carried on, and large pieces 
have been obtained, up to 43 and even 59 carats. 

Pyrope gamets of fine quality are found in several 
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localities in New Mexico and Arizona, and are fre­
quently miscalled Arizona rubies. The principal lo­
cality in New Mexico is on the Navajo Indian reserva­
tion, and the finest large specimen :from there is the 
property of Mr. W. T. Kaufman, of Marquette, Mich. 
It is more than half an inch in diameter, weighs 11 i 
camts, and has a mag·niii.cent red color, equn,l to any 
gnrnet that the writer has seen from any locality. They 
are also found at some places in northern Arizona, and 
one· of the finest, from near Fort Defiance, was figured 
by the writer several years ago. 1 They occur loose in 
the soil, on or net1r the surface, and are g·athered by 
Indians, soldiers, and cowboys, princip11lly from around 
ant hills itnd scorpion holes, where they are brought up 
and thrown out by tho insects. Their source is doubt­
less in periclotite rocks, from which they 11re weathered 
out in the decomposition of the outcrops. In the years 
since 1896 the annual snles have been estimated at from 
$1,000 to $2,000. 

8pessartite (manganese garnet) was found in mag­
nificent specimens twenty years ago in the albitc mine 
at Amelia Court i·fousc, Va., and splendid gems were 
cut from these. But nnfortnnately the mine has been 
c1osed and abandoned for years past, and one of the 
finest localities for American gems hns thns ceased 
yielding. Very recently beautiful crystnJs hiwo been 
found at Ramona, in 81111 Diego county, Ot~l. Some 
are 15 millimeters in dimneter or more, of' n. rich orange­
brown color, and the smnJler cryst!1ls exceedingly clm1r 
and brilliant. This nuiy prove to be a source of choice 
gem nmtcl'ial, nlthough as yet the n,mount of it present 
has not beei1 ascertained. 

Many other varieties of garnet tU'e known to exist in 
various pi1rts of the country, iincl some gems lrnve been 
cut from them at times, but there is no regular pro­
duction. Seveml kinds arc reported in Tulare county, 
Cal., and one of grea,t rarity and beauty tLt Carrville, 
Trinit5r county, in the same s.tn,te. This is the ememld­
green chrome garnet, known as nvarovite, which fur­
nishes beautiful gems when in crystals of any size. 
This was reported in 1900 !ts found in 1:1m1ill crvst11ls, 
lining rnwities in chl'Ome iron, very richly color~cl !1!1cl 

brilliant, but none of tho crystals was more than 3 mil­
limeters in diameter, and no further exploration seems 
to have been made since. 

1liwrmaline.-'l'ourmaline belongs to the rhombohc­
dral system of crystallization, occur.ring in prisms, the 
sides of which are generally striated and channeled. 
The transparent va1·iety is of a hardness of 7.5, its spe­
cific gravity ranges from 3 to 3.25, and in composition 
it is a very complex silicate of alumirrn. Many difiorent 

1 Gems and Precious Stones of North America, 1892, Plate III, 
:fig. A. 

colors are found, ranging 1111 the way from a colorless 
variety through red, green, blue, and brown, to l>lack, 
These differences in color arc chiefly due to the varying 
amounts of manganese and iron present. The gem is 
dichroitic; thus when viewed through the side it may 
be a t1·11nsparcnt green, but either opaque or yellow­
green when viewed endwise of the prism. 

Tommalinc was bnt little known in jewelry ten years 
n,go, although some very beautiful gemH Imel been cut 
from the transparent red, green, and blue crystals ob­
tained at Paris Hill, Me., and Ifaddam N eek, Conn. 
Some mining lrnd been done at these places, 1tnd mnny 
splendid specimens obtained. But within a few ym1rs 
past, wonderful discoveries of gem tourmaline have 
been made in Houthern Oali£ornin,, at Pala nnd Mes11 
Gmnde, in Sttn Diego county, ancl in the San .Jacinto 
mouutn,ins in Riverside county. The crys~als fonnd nt 
these loealities are of great size and beauty, 11nd gems 
have 11een cut from them in almnchtnce. A single eol­
lection of these erystnls has been v1tlned nt $10, llOO. 
The prevailing colors arc pink, salmon, and reel, itll in 
very rich shades, also fine green and blue, thongh less 
frequently in tlwse colors than thmm fonud at Mt. 
Mim and other localitim,; near PnriH, J\fo. Tourmaline 
is peculiar in tlmt it often presentH two or three differ­
ent an cl even con tmsting colors in the same el'J'i>tal, 
which sometimeH shade into each other, but ofton iwe­
sent a sh11rp lino of contact. Advantage has hee11 taken 
of thhi feature, which is marked in the California erys-

. tals, to produoo in jewelry tlrn novelty of' parti-colorml 
gems. Bermtifnl cnt stones may now ho seen tlrnt nrc 
lmlf red and half green, or l'!howing othor similar <'On­

tmsts. lVfony of the larger 1:1tones ttl'(\ 1:mmPwlrnt 'flit wed; 
these' are often cut t<n oahonlwn (roundecl), and nmny 
also as oriental beads. Some preRcnt a rn;ronR texture, 
iwd on cutting· yidd 11 m1t':i;-oyc effoct. J\fauy of the 
1!1rgcr and loHR puro pieces hiwc been cnt into rogn lar 
forms for ecclesiastical iwd other art work. lfomark­
able crystals possessing. tho citt\;-oyn propmtiei; have 
been found at the mine of the Himalny11 Mining Com­
prwy, at Mesa Gmnde, California. 

'l'here are two mines at 1)11la, Cal., own eel. by tho Pala 
Lithil1 Compnuy, one of which yields beillltifnl 1:1pcci­
mens of nither small and op11qne pink tonrnmlinc c1·ys­
talR, in radii1ted groups, in lilac lepidolite (lithia mica), 
none of which, however, is snitttble for gem nrntcl'ial. 
The mine is worked for the lepiclolite, ai':l 11 l':lonrco of 
lithia compounds, and specim011s find 11 ready sale to 
collectors and museums. The other mine, which has 
only recently been di1:1covered, carries l11rg-o and Hplen­
did_ crystals of tonrm11linc of mingled colors, and also 
a new gem named Kunzite, a transparent lilac spodu­
mene. 
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The localities of Mesa Grande and San .Jacinto, which 
have been furnishing beautiful tourmnJine adapted for 
m;e as gems, have been steadily worked for several 
years. Meanwhile, tournrnline is coming to he gener­
~lly known and esteemed in jewelry as it never !ms 
lJCen before. 

The entire output of tourmaline in the country is 
estimn ted 1n the reports of the United Stiites Geological 
Survey 11s amounting to $15,000 in rnol and to $30,000 
in 1902. 

Kunzite (lilao ,~pocfomene).-Refercnce has been made 
above, under tourmaline, to tho clisoovery of this new 
nnd interesting gem stone at Pahi, Cal. This locality 
is renmrlmble for its lithia compounds, mnong which 
are the colored tourmalines and the spodmnene, both 
of which contain lithia in snutll amounts, combined 
with silica, 11lnmina, and other oxides. 

The mineral spodumene is usually obtained in lHxge, 
oprrqne, whitir,.;h crystals, but from time to time 
small specimens, often richly colored and transpttrent, 
arc found. The three characteristic varieties of the 
Jntter 1irc a clear yellow gem spodumenc from Brazil, 1 

the grceu (' hidcleni te" or "lithb emernkl" of North 
Carnlina, t and small lihic specimens sometimes found in 
Connecticut. 8 These Inst are without don ht remnants 
of large crystals, which must hnve been very heiintif:nl. 
Spoclnmcme is particularly subject to alterntfon, and 
whon found hns usually lost all its trimspnmncy and 
beauty of tint. 

L11;.ge and magnHiccnt erystttls of nnnltcrod spodn­
mcne, of rich lilac color, luivc now been cliscovorocl near 
Puln, Sttn Diego county, Cal., in connection with other 
]ithin minernls. 1 This loeiility lms yielded crystals 
measuring 10 by 20 by J centimeters, perfectly clear, ol: 
n rose-lilac tint, varying with the spodmnene diehroism 
from tt very pale color when looked at twross the prism 
to n rich amethystine hue o bservecl longitudinally. 
No such spodumene lms ever been seen before, and the 
discovery is of grent minerttlogical intorebt. 'rhe crys­
ttLls have been etched by weathering like the hiddenite 
rnriety. When cut and mounted pamllel to the hase, 
they furnish gems of great beauty, entirely new in jew­
elry, aud make a notable addition to American gem 
stones. 
. An extended investigation into certain optictil prop­

erties 01: the gem minerals in tho Tiffany-Morgan nnd 
Bement collections in the American Museum o:f N atuml 
History, New York, was conducted jointly by the 
writer and Prof. Charles Baskerville, of the University 
of North Cnrolina, during the autumn of 1903. These 
experiments deyeloped im1rked imd interesting pocul-

1 l'isani, Comptes Rendus, 1877, Vol. 84, page 1509. 
2 J. L. Smith, American Journal of Science, 1881, Vol. 21., page 128. 
8 Penfield, American Journal of Science, 1880, Vol. 20, page 25ll. 
{American J oumal of Science, September, 1903. 

i!trities of the new mineral." Doctor Brrskervillo says 
of it in the American ,Jourrml of Science, July, 1904: 

I ha vu ~nbmitted large crystals to the action of ultraviolet light 
with very pnsitive continnecl phosphorescence. When submitted 
to bombardment of the Roentgen mys of high penetration for 
several minntes, a lluorescem~e is observtid, and on removal to a 
dark ehmnber it exhibits a persistent, white luminosity not 
observed with this class of mineral~, as learned by experiments 
with altered and unalterecl spoclumene from the localities men­
tioned, including cut stones and such handsome crystals of 
hidclenite ns afforded by the collections mentioned. I have been 
able to excite a cryfltltl (2 by 4 by 10 centirneters) by the action of 
the X rays for five minutes sufficiently to cause it to photograph 
itself when subsequently placed c1irectly upon 11 sensitive plate 
(thin white paper being interposed) and allnwed to remain in an 
especially constructed padded black box in a <lark room for a period 
of ten minutes. 'l'he material is penetrated by the mys, as shown 
lJy a cathodegraph. The excitation is not superficial, but persiste 
throughout the muss. 

Doctor Baskerville submitted crystals to the action 
of emnnations of mdhuu bromide, 300,000 activity, 
ospeefally imported from the Soc:iete Centrale des 
Prodnits Chimiques at Paris. After a few minutes' 
exposure tho minornl beg1tn to glo;y, nncl its phospbor­
oscenee wns most pronounoed nfter tho removal or the 
radio-active body. A five-minute exposure to 125 
rnilligranrn of mclium bromide caused 600 grams of 
the gem matcrhtl to beconie luminescent in the dark 
after removal of the radium preptimtions. This re­
nmrlrnhle property wtts not exhibited hy hiddenite or 
nny other specimens of Hpodnmcme exmninocl. Doctor 
B1iskervil10 proposed for it the n!tme of "Knnzite." 

Orib:fiwn#e.-Cttlifomito (vesuvianite) 6 a mineral 
which promiser,.; to be a notable nddition to iihe increas­
ing list of semiprecious or omamental stones found in 
tho United St1itos, has recently liecn discovered in Cali­
fornin. This is not IL new mincml species, properly, 
but a compact n!ttssive variety of vesnvianite (idoc~·ase). 
It was first announced in the report of the U nitecl States 
Geological Survey for 1901,7 by the writer, as hn.ving 
been found by Dr. A. K He:ighwny, on the 8outh Fork 
of Indian creek, 12 miles from Ihppy Camp and 90 miles 

G The following al'ticlcs treat of the new mineral: . 
Scicmce, Vol. XVI, August 28, 1903. On a New L1lac-Oolored 

Spoclunwne from Pala, Cal. By George Frederick Kunz. 
Tile American ,Journal of Science, Vol. XVI, pages 254 to !57, 

September, Hl03 .. A New Lilac-Colored Spoclumene from Pala, 
Cal. By George Frederick Kunz. . 

Scicmce, N. S., Vol. 18, pages 303, 304, September 4, 1903. 
Kunzite· a New Gem. By Charles Baskeryille. 

Bd. n~te American Joumal of Science, Vol. XVI, .Page :il35, 
October, 1903. The Lilac-Colored Spodnmene (Kunz1te) from 
Califomia. . 

Private reprint on Kunzite, October, 1903. Remarks on Aet10n 
of Radium on Knnzite. By Sir William Crookes. . 

Separate reprint from Report, "Mineral Hesources of the Un~ted 
States" United States Geological Survey, 1903, pages 53, 54. Spo­
clume:1e var Kunzite. By George Frederick Kunz. 

oNew York Academy of Sciences, October 19, 1903; New York 
Min. Club, October 20, 1903. 

1 United States Geological Survey, "Mineral Resources of the 
United States," 1901, page 747. 
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from Yreka, ·in Siskiyou county, Cal. Here a hard 
arnl handsome stone, varying in color from olive to 
almost grass-green, nnd t1tki11g a line polish, outcrops 
for sonrn 200 feet tdong· n, hillside nbout 100 feet nhovn 
the creek, nncl larg·e masses have fallen into tho hod of 
the creek. At first it was suppcmccl to be jade (ueph­
rit.o), but upon analysis proved to be ve~mvit111ite. The 
fallen pieces were in some cases as much ns 5 feet square 
and 2 feet thic~k, of excellent quality for polishing, 1tnd 
of varying· shades of light to dark green. The associ­
ated rock is precious serpentine. 

A very similar mineral ·was cli8covered some years 
ago nt one or two places in the Alps, and, like this, was 
at :lhst described as jade, brit on am1lysis proved to he 
massive vesuvianite. The likeness to green jade is 
very mitrked in both these and the California, mineral, 
and the mistake is not smprising. 

The following analysis was mnde through Prof. F. W . 
. Clarke, chief chemist of the United States Geologieal 

Survey, hy Mr. George Steiger, in the spring of 1H03: 

Analys-is of ves1wianit1~fl'om Siskiyou county, Call'joi·nfo. 

SiO, . . . . . . . . . . . • . . . . . . . . 3fi. 85 
.Al,05 •••••••••• - •••• · .... 18.Sfi 
Cao .................... :i3.fil 
Fe20 5 • • • .. • • • • • • .. • • • • • • 1. 67 
FeO •.......... _ . . . . . • . . 0. SH 
MgO ... _... . . . . . . . . . .. . 5. 43 
MnO ................... 0.05 

'l'i02 ·················-· 
P20 5 ••••••••••••••••••• 
H 20- (below 100° O.) .. 
H,O+ (above 100° 0.) •. 

0.10 
0.02 
0.29 
4. 18 

Totttl.. • • . • . . . . • • • • • HO. 84 

The analysis is essentially that of a normal vesuvhtn­
ite, though the percentage of w11ter is unusually high. 
The lime and tho iron !tre below the 11verage, and the 
titanium and phosphorus are exceptional occurrences. 

The mineral is compact, extremely tough, and readily 
takes a high pofoih, quite as beautiful as that of neph­
rite (jade), with which it was 11t iirst confouncled. 'l'he 
hardness is 6.5 and the specific gravity (from two 
determi1mtions) is 3. 286. The luster is vitreous, often 
inclit~ing to resinous, and the streak is white. The 
color is a yellow leek-green, with inclusions of a darker 
green, which are generally more translucent than the 
surrounding mass. 

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

The discovery of what appears to be the same min­
eral bas recently been announced from two other lomtl­
ities in Ualifornirt quite remote from the first. One of 
these was reported by that indefatigable prospector, 
Mr. M. Braverman, of Visalia, as existing in BurroL~gh, 
in Fresno county, a mile and a half from Hawkins 
schoolhouse and 32 miles east of Fresno city. The 
material is pale olive green, translucent, with darker 

spots in a paler mass. It breaks with an umivPn fmc­
ture, slightly splin tory and pitrtly crystalline, and 
hence much resembles the material from Siskiyou 
county. The other locality ii,; apparently not very :far 
from the lnst mentioned. It is sttid to he in 'l'ult1re 
county, near tho town of Selma, which, though iu Fresno 
county, is near the Tulare line. Hore the minoml i:-: of 
richer color, at times res em hling tho tint of apple-green 
chrysopmse, for which it was at first mi::<tnkcn. 

An aun1ysi:-: wns made of tho green minerttl (No. 1) 
below, through the eourtcsy of Prof. F. vY. Clarke, 
chief chemist United 8trttes Geologicn,l Surycy, hy Mr. 
George Steiger. In comparison is sl10wn also the 111mly­
si8 of a remarlmble a~socifitecl minernl (No. 2), which 
proved to he a peculiar rnriety of garnet. 

A 1wl11si.~ qt' two minel'uls .from Cal{furnia. 

;ti~~..:::::::::::::::::::::::::::::::::::::::::::::::.: 
I<uo ................................................ . 
MgO ................. ; ............................. .. 
CitO ................................................. . 

f-~o~::::::: ::: : ::: : : ::::::::: :: ::::: ::::::::::: :::::: 
H 20- (below lll0° U.) .............................. . 
H20-!- (1tl>OVC 100° U.) .............................. . 
'l'i02 ................................................ . 
co, ................................................. . 
F ................................................... . 
MnO ................................................ . 
BttO ................................................. . 
SrO ................................................ .. 
B20u ................................................ . 

No. 1, C1lli· 
fornlle, 
green. 

Bti. f)f1 
18.8() 
o. 7·1 
o. 7'l 
2.B:l 

:lfl, U7 
Nonu. 
Nono. 

0.58 
·~ jl'' Nc;iw7 
O.Ul 
0.13 

Nonu. 
None. 
Nmw. 
Norn.1• 

No. 21 (tnr~ 
nut, white. 

38.fi!J 
22.24 
O.'lfl 
o.~a 
0.6"1 

B0.07 
None. 
None. 

CJ.81 
0.80 

Nmw. 
o.:m 
0.17 
0.10 

None. 
None. 
Nmrn. 

100. 2ll 100. 02 
o.or. o.o7 

--------------------··-----

O/i,lomst?>otite and mesoUte.-In the reg·ion ttbout 
Lake Superior occur two or three peculiar little 
minern,Js th1tt have att!tinecl some vitlne t1s "local" 
gem stones. These, in the order of their importance, 
are chlorastrolite, thomsonito (properly mesolito), and 
lintonite; besides one or two other varieties, rttrer and 
of less account. Tlmm are all nmtrly relnted in com­
position, being silirnites of n.lumi1111 with vnrying 
amounts of lime nncl oxide of iron. 'rhey nre till found 
as rounded nodnlos, not from wear, however, but nat· 
ural, as being the iilling of small ontte rnwitios (origi· 
nr1lly bubble holes) in the tmp rocks of tho region. As 
the rocks decompmm these harder nodules fall out, and 
are rolled on tho litko beaches or by streams, and are 
often supposed to be pebbles, but they are not such in 
reality. They seldom exceed half an inch in diameter, 
hnt when polished they make quite pretty stones, and 
aro in considera~1lc dmrntncl for local jewelry, a1:> rings, 
studs, and the like. 

Uhlorastrolite is found only at Isle Royale, Lake 
Superior, where it abounds in the trap nnd on the 
beaches. It has 11 characteristic color, from bluish to 
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1:>lin green, rmd a peculiar radiated mosaic-like struc­
ture or pattern. Prof. N. II. Winchell, of tho Univcr­
llity of J\1inncsota, has studied these minerab mrefully, 
o.nd shown tlmt the chlornstrolite pa:::;sei,; into tt substance 
idcntil•al with the so-<·tdlccl thomi,;onite, the two forming 
the extremities of a series of doHPly-relatucl n1inemls 
that Jill such cavities in ignPon:::; roeki,; of this chnractcr. 
As tho proportion of iron climinislws thu chlor11strolite 
loses its color and its pretty littlP :;tellate structure, 
becomes pale and oven whitif.;h, and grachmtes into a 
white or pinkish body like tho uiesolite. The host 
ll1esolito comes from Gmncl ]\fa mis, Miu n., and is in 
i:drnilttr nodules, ,ranging from white to reddish and 
browu, in concentric zones or bn,nd:;. This rniueml 
Professor Winchell shows to bo not thomsonite, 1ts sup­
posed, hut the related species, mesolite, and this latter 
name should be substituted in these ett8es for the other, 
whid1 is erroneously applied. Lii1tol1itl' iA a green 
mincml with something of the mcliatccl pi1ttern of 
chlornstrolite, but belongs really to thomsonitc proper. 

The demand for these little somigoms is pretty steady, 
and the value of the output is considcrnhlc. They are 
not mined, but simply gathered t1long the heachm>, etc., 
and tlrn production for sevcml years past iK estinmtcd 
to omonnt to $1,000 annually for thomsonite (i. e., meso­
litc) and :from $3,000 to $5,000 for chlomstrolito. 1 

O_pal.-Prior to 1881.l no precions opal lrnd been found 
in the United States. At about that time, however, 
and duriug the subsequent decade, sevoml occurrences 
of it were discovered, and mining opemtion:s were 
nndertn,ken ttt some points with apparent promise of 
successful yield. But for various reasons no importm1t 
or continuous production has been developed as yet, 
although the igneous rocks of ·w 1tshington, Id!tho, 
Oregon, Cali:foruia, Nevada, and Utah, undoubtedly 
contain much htrndsome opal. 

Tho first important opening wus in 1890, near Mos­
cow, Latah county, Idaho, close to the vVashington 
line. Buildings were erected and a post office called 
Gem City was established. Fino opal w11s pre::ient in 
tlrn trachyte rock, and for a year or two there was con­
sidemble production. In 18Hl the value of tho ,output 
was estimated at $5,000. For some time past, however, 
little has been heard of this formerly promhiing locality. 

Other occurrences were noted ut about the same time. 
One of these was. in Morrow county, Oreg., whore sev­
cml thousand dollars' worth of specimens were said to 
have been obtained in 1892, and manv were exhibited 
nt the Spokane fair. Anotl~er was at Opaline, in Owj'­
bco county, Idaho, and exhibits of these were rnade in 
tho Idaho section of the Mining Building 1it the Colum­
bian li:xposition of 1893. Another oecnrrenco wus 
l'C}Jortecl in 1895, near Salmon city, Lemhi county, 
Iclaho, where beautiful opal was found in bowlders of 

1 pnited States Geological Survey, "Mineral Hesources of the 
Umted States," 1898 to 1902; table of production of precious stones. 

tmchyte, and iimtlly trnced to the ledge whence it had 
come. Many very handsome pieces wel'e obtnined, aud 
tho mineral was present in great variety of color and 
quality, but no definite work seems to have been 
undertaken, 

111 the same year M.r. Don Magnil'c, of Ogden, Utah, 
cleserihed an occurrlmce in Lmnhi county, Idaho, on 
Pttnther creek. This hns heen recently opened, and 
will he reforre<l to fLgnin. 

In 180± bnndecl opal in large sheets, with hyuJite, w1ts 
reported from Bcmvm· vnlley, Utah, near Granite Peak, 
npparently in connection with an ancient geyser, hut 
no work soems to lmve been attempted there. 

ln 18H7 other localities of pl'ecious opal were described 
!Lt Durkee, Oreg., n.ncl at l>umnnnir, Siskiyou county, 
GnJ. Work was undertaken nt the :former place, but 
practically nothing· has been heard oJ it since. 

Heeently, in 11J02, one or more promiHing occurrences 
have been announced in i-:;onthern California, in the 
region o:E the Mojiwe desert. One of those is in San 
Bermmlino connt~', about 25 miles north of Bn.rstow, 
the jnnetion o:f' tho Santn Fo and California Southern 
milr<mds. Hore op11l occurs in veini-:; and pockets in a 
porphyritiu dike t1bont 2 miles in length. Much of it 
is semiopitl, of various colors, some a bmwtiful mnbor­
yellow, ancl with these occur precious and :fire opal. 
The locnJity hi promising, bnt needs to be explored and 
clC1velopecl. In Tulare county, also, ltro found some 
bmtutHnl serniop11ls tlmt might be valuable in ornamentl1l 
11rt work. One of these, from near Yokohl, is trans­
parent yellow 11ncl amber-like; nnothor is from the 
chrysopmse mine near Visalia. It is tmnslucent green, 
and has been mlled chrysoprase op!tl, or chrysopal, by 
the discoverer, Mr. M. Braverman. Tho Idaho locality 
at Panther creek, Lemhi county, before alluded to, has 
been rediscovered twcl described dnring 1902. Opttl of 

. many varieties ttnd colors is ab11ndant here, in a porphy-
ritic dike, tmcecl for a mile and lt half, parallel to the 
creek, and at times as much as 150 feet wide. Mnch of 
it i~ very beautiful, but it is also very brittle, nnd g·oes 
to pieces in extrncting it, so tlmt stones of any size 11re 
difficult to procme. This locality, however, when more 
:fully examined, may yet prove to be valuable. 

'!'here are many minor occunenoes that have been 
noted ttnd niany varieties of semiopal that may here­
after yielcl material of some value in the tuts. Gem 
opt1ls, however, are not yet produced to any extent or 
with 1111y regularity in the U nitod States, although there 
is considemble promise at several points. 

J1u1•quoise.-Turquoise is a hyclrr1tecl phosphate of 
alumina, containing. small quantities of copper, iron, 
or manganese. The mineral varies in color from a 
fine sky blue to many shades of bluish green, and to 
apple green and dark green, which show no blne what­
ever. The hardness of the mineral is 6, and it;s specific 
gravity is 2. 75. 
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Turquoise was almost unknown in the U nitecl States 
when the census of 1890 was taken. A few specimens 
in collections of minerals attested its existence at some 

. points in Arizona ancl Nevadit, and objects worked by 
the Indians of the Southwest were known to be abun­
dant, but there was no production o:E it, and all the 
turquoise used in jewelry Cltme, as it had for centuries 
past, from the mines in Khorassan, in eastern Persia. 
Since then fl remn,rlmhlc change has tal~en place, and 
the Southwestern states and territories ill'e now :fur­
nishing the main supply for the world. Turquoise has 
been discovered flt a number of points in farge quanti­
ties and of tine quality. It is known to exist in Ari­
zona, New Mexico, Nevn,da, flnd southern CnJifornia, 
while some localities m·e reported in Tcxns and south­
ern Colorado. The main production fa in New Mexico, 
in Santn. :B"'e u.ncl Grant conn ties, and at '1'urqnoise moun­
tain in Arizona. The Ualifornitt localities opcnited by 
the Himalaya and the Toltec compflnies n.re northeast 
of Manvel, in San Bernardino eonnty. At almost every 
point where the mineral is found there 11re interesting 
and conspicuous evidences of ancient workings in pre­
Colnmhian times; in nmny cases these were plainly 
both extensive and long continued; stone tools and 
similar objects are flbundant, ttncl nt some point:,; re­
markable rock carvings itre to be seen, especially about; 
thn Cali:Eornia loci1lities. The Toltec 'I'mqnoise Com­
pnny has also operated other mines near l\ifanvel, Cal., 
over thn line in Lincoln county, NevadtL. 

Turquoise is now bein§I,' regularly mined in New Mex­
foo, nt perlmps a dozen places, by tlrn A:;i;nre Tnrqnoise 
Company, the American TnrqnoiKe Compnny, the Gem 
Turquoise Company, and by Mr. A. C. Yonng; and 
in Arizona by six companieR, 11mong them tho Aztec 
Tu .. rqnoiso Company. In 1902 turquoise was discov­
ered in Alabama, on property of the Otero Compitny, 
near Idaho, Chty county, nbont !J5 miles cast ol' Binn­
inglmm, in the region of the Titlladegtt mounfains. 
'I'hi:,; mineral sometimes loses or chnng·cs its color, tLncl 
for this reason seveml of the itbovo-namecl compnpie8 
engTtWe ii trade-nrnrk upon the hack of every :,;tone tlrnt 
they sell as a guflrantee that the company will replace 
it with another stone in cnse of any failure of qrntlity 
1tppen,ring within six months nJter its sale to the rntail 
purchaser. Thus, all stones from the American Tur­
quoise Company are marked with an "A," from the 
Azure Compnny with ii circle, from the Toltec Com­
pany with a "T," etc. This ttssur1111ce to the buyer is 
a mark.eel improvement on the methods of thn l)ersian 
dealeri,;, who were wont to decamp for parts unknown 
during the night, after a sale. Some of the t~ompanies 
cln.irn, indeed, tlmt their stones nevnr chango color, hut 
they furnish a guarantee, notwithstanding. 

In 1900, according to official reports, the output from 
the oldest and largest mine, nt Los Cerril1os, N. Mex. 
{now called Turquesa), had amounted to a totitl of o'rer 
$2,000,000 since 1890. The production from all the 

American mines was estimated at $118,000 in 1901, and 
at $166,500 in 1902. A single stone has been sold :for 
as much as $3,000. 

Utaliite mui vrosopite. -Several handsome and in­
teresting minerals, related to or resembling turquoise, 
have b,een identified in Utah during the lai;t decade. 
Some of these have been largely sold as specimens, 
though as yet they have not been found in sufficient 
quantity to be mined for use in the arts. 'I'hey would, 
however, be beautiful orrnimental or semipreciou1:> 
stone1:>. Two of these minenils are utahito n,ncl proso­
pite. The :former resembles turquoise in eomposition, 
being n, hydrous phosphate of 11lumim1; the ln,tter is 11 

fluoride of alumina and lime. Both ocenr in choice 
shades o:E green, due usually to 11 8lll!tll amount of 
eopper compoundH, and both flre lmrcl enough to t11ke a 
handsome polish. 

Utahite, so niuned by the writer in 18fl5, was discov­
ered in Cednr vnlley, in it spur of the Oqnirrh moun­
tttins, nmir Camp Floyd, Utnh, in the previous year, hy 
Mr. Don .Mitgnirc. It bolongs to the miuoml species. 
variscite, bnt presents 11 new n.nd peculiar form. Vnr­
iscite mmn.lly oucnrs in cryst11ls or incrn:::itations; nttth­
ite forms compact, nocluhir nmsHOR, mng'ing from the 
sizo of n, witlnut to tlrnt of a cocomrnt. 'l'hoso occur in 
sli1ty hiyers in a c1•y:.;talline lirnei,;tom;, and are genornlly 
surr6unclecl with a brown forruginous crnst. In color, 
the interior muss is of various slmcles of bright green, 
generally a very vivid golden green or light ememkl; 
mid the nodnlc.o.i, cut across nncl polished, lrnvn been 
much admired and sought hy collccto1·s. Tho mincml 
is not very abundant at the locality, mid can only be 
removed from the rock with enrc by the hands. Pieces 
con.Ill be easily cut for small objects, and would be ex­
tremely hnnclsouw for such u:-ies, owing to the brillit1nt 
nud delicate eoloring. It ha:; been nsnd to Homo extent 
for ring 8tonns, cmff buttons, seal ringi,;, nnd othnl' pur­
poses ns jewelry ·\Vith considerahle success. 

Prosopite at first was snpposcd to be irlentieal with 
utahite, hut an mrnlyHi::i llll'tcle by Mr. W .• r. Hille­
bnmcl proved it to lie !1 fluoride of almnina, known 
already ns a rare species of mineml from Snxony, Gel'­
numy, ancl from Pilrns Pnak, Colo., where it occurs, 
but without tho rich blue-grnen color o:f tlmt found in 
Utnh. Herc it wns obh1inecl bv Mr .• Tosiah Beck in 
18H5 in the Dugw11y mining di1:>trict, in 'I'ooole county, 
in n, region o:f low and desert hills. The mineral wns 
not fully identitied nntil 18DD, when the nualysis wns 
made and tho result pnhli1:>hecl. 1 The prosoi)ite i::i 11 
beautiful stone, but whether it exists in suflicient 
amount to be of pmctical use has not yot been deter-
1i1inecl. 

Antlmwite.--There i:; a snmll but fairly con:;tant 
sale in the conl region of eastern Pennsvlvanhi o:f arti­
cles of ornament carved :from anthracite conJ, such as 

1 American Journal of Science, January, 189\l, pages 53, 54. 
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inkstands, paper weights, etc. These aro wmally made 
}lnrtly polished and partly rough, 80 ns to Hhow a con­
trast between tbe two dilforent kind8 of black sut'fa~cs. 
Thev are sold almost entirely aR local souvenirs to per­
son~ visiting that part of' tho country. The .•atlc of' such 
nrticlcs has 1 loon estimated for some years pnst at a tobtl 
varying from $1,000 to $2,00o: 

('dtlinite (/UJJrwtmw).-ThiH rnatorial, t•clehratecl in 
Indittn hi:::torY and i111mnl'tali1:ccl l>y Long-follow in 
•• lli111vath11~" 

0

i8 mmtl to i-lonw Pxtcnt for 111nldng onrn­
ments and sonvenirs tlrnt ni·c sold to ,·h,;itors in the 
i·eo·ion of it8 ocmu'l'cnco--PirH\Htonc l'ount"v, in 8outh-

,,, . 11 l . . . 1 western :iVIinnesotn. It rn not rPa y n t chrnte muwm 
specil's, but (~sse11 tfally nn inclumtt•d rnd day. Atnong 
the Indians it, ha8 long hrwn hPlcl alnw;;t c:ncred 11c: the 
mnterinl for making "pipcc: of pmwo. )' Tlw priiwipal 
loC'ttlitv where it is f'cmrnl wac:, iirul :-;till iH, vi:-;itml hy 
Indiiu;,<; from all parts of tho <·ountry to obtain it for 
tlmt imrpo:-:10, nnd i:-; still rcgarclPtl liy thPm as n kirn1 of 
hwiolable spot, where all have the right to <·mno. The 
United States Government lrnc: very proporly Hot apart 
the land on which tho qmirry exists as 1t c:mnll r<~sorva­
tion, to secm·o this free right-. of nccosR to tdl .Indin.ns 
foreyor. It iH jealously guarded hy tho native trihcR, 
nnd it is seldom that htrgo piccc:-; cnn be socurml hy 
white men; hence the snpply is mther limited nnd is 
likoly to remain so. The only largo objoet over nmdl~ 
from thi:,i urntorhtl wns n nmntelpioco, curved by irn In­
dian artist, with designs from Hiawnthn, which wm1 ex­
hibited in tho Minnesota lmilding at tho Pim-American 
l;jxpmdtion of rnol. It lrncl been :-;hown previously at 
tho Uolumbinn Exposition in lHD:-l, and iH now in tho 
courthouse at PipeRtoi1e, Minn., in tho room occupied 
hy the \Vomon's Historical Society, to whieh organizn­
tion it belongs. The Hale of ornmucnts nncl souvenirs 
mado of <-mtlinite is estimated at nbont; $2,0UO mmrntlly, 
for some years past. 

Flumwpa·1• (llli11oi8).-'rho old and celebrated "Shaw­
neetown" region in southem Illinois lms hitely been 
yielding fluorite of remtuknlile hoirnty. In u lot of 
~pecimcns recently sent to the writer for examination 
1verc deiwage pieces of much beauty from scveml of 
these localities, notably the Empire mines and Cfwe­
in-Hock. From the former wero 111rg-c cleavagoH of 
rich reddish purple, nncl of the pcenliar Hea-blne of 
that region; in one case the geneml color wits of the 
latter kind, clouded at points with the formcr--like 
tho tint of 11 illne Alabashlrn topnz with included clouds 
of UrnJin.n nmethyst. Both the purple ttml the sca­
llluo nirieties at times pass into almost colorlesR f1uor. 
Tlmt received from Cave-in-Rock presents an octahedral 
de1wagc, perfectly tmnsptircnt nnd of amber yellow. A 
cnbical crysttil receivecl from Rosiclare wns paln bluish, 
becoming· nearly colorless. 

QUAWl'Z l\IINEHALS. 

Rook Ol'!J8tal. - Iiock crystal is n v1niety of tmnsparont 
colo!'lt\H8 qtmrtz, composed of nrnn·Jy pure 8ilica. vYhile 
it is not mi·o as a minernl, yet it iR c:oldom fon nd in masses 
of lal'gc sizn. \Vhen so :found, however, it i8 valuable 
for nse iu tho ornnmenhtl artc:. Ono or tw'b localities 
in the Alrrn, that have been known and 1vorkod from 
Hcmrnn timet:i, thongh vory di Hien It 1md pnrilons of ncce8s, 
lm\'o fornishrnl mntcrial for nil the objects in Enropetm 
p111ace8 and nwc:mm1s which have been carvocl from this 
8lllit;tmwc. In .fapnn, too, largo crystals were formerly 
ohtitiuec\, from which were urntlo the polished hRlls, so 
mnch pri1:ecl by tho nntinls, nncl afterwards lly foreign­
mc:, who have now almost drninecl the country of them 
hy plll'olrnso. Tlw main Hupply in recent years has 
brHm derived from Mndngn.scar and Brnzil. 

\Vithiu the Inst clecncle very line rock-crystal mas8es 
lmve boon obtidnecl in the United States, especinlly in 
Cnlil'omia. An importnnt cliscovory w11H qrnde in 
l8!H-!l2 by Mr. .fames Blaeldston, near Placorville, 
1%lorn.clo county. Herc, in tL partly decomposed qurirtz 
vein, woro :l'onucl ery8tals ranging from flmall sizes up to 
nrnssM of 80 or llO pounds in weig·ht. Somo are clrnw 
nucl lfowleHH, while others have the peculiar and beauti­
ful nmrki ug known ns "included phantoms." This fca­
tnre lm8 boon c1rnsed by successive deposits, and is shown 
by the ttpprnimnce of_ seveml crystals of identicnl form, 
one within itnothe1:, oaeh being outlined by n thin con.t­
ing of: :-;onw other mineral, which clelicntely colors the 
otherwise~ transparent qnnrt1:. These coatings in the 
Cnli fornin crysta.l.1:1 are of rich gTecn ch lo rite. Similnr 
chlorito plmntoms in dear quartz have sinee been found 
1dso in Han Bernardino eounty, in the monnt11ins of 
that rnimo. 

The most remarlmhle discovery of quartz in Califor­
nia, however, was made in 18!l'7, in Calaverns county, 
1tt the old G-recn Mountain mine, in Chile gnlch, near 
lVIokclnmno Hill. Here, in one of the n.ncient river 
chttmwh; filled with auriferons gmvol and covered by 
an oyerflow o:f l!LYH-it formation cbamcteristic 0£ that 
region of: tho st1tte-wns found a qnnntity of enormm~s 
qmil'tz crystnls, embedded in the old gravel. It is 
clnimed that 12 torn-i were tnken ont in the years 1897 
and :1808. One giant crystn.1, surrounded hy an attached 
clmter ol' smaller ones, weighed over a ton. A num­
ber of! the 1inest specimens were Hent to New York, m1cl 
splendid balls wore cut from them by machinery espe­
cinlly constructed for the purpose. Two of these balls 
were 11 little over 7 inche~ ncross, but they are not 
1ibsolutely flawless. A third, 5t inches in diameter, 
withont a· blemish, was valued at $3,000. The latter, 
nncl one of the other two, are in the Tiffany-Morgan 
collection at the American Museum of Natural Hjstm;y 
in N cw York; the other is in the Museum of the J arclm 
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des Plantes at Paris 1 with the collection of American 
gem minerals that was preparcd for the Pnn-Amel'icnn 
Exposition of 1901. 

So far lLS the gravel deposit WtLS explored, the crystals 
appeared. to be strewn through it, and it would. seem 
to contain a farge amount of valuable material, although 
no work lrns been done there since 1SU8. Other local­
ities in California where crystals weighing several 
pounds have been fonnd are Drum valley, Three­
rivers, and Yokohl, in the neighborhood of Visalia, in 
Tulare county. 

In Oregon, large tmnsparent masses have lieen found 
near Br.Ly City, but no particulars of thefr occurrence 
are given. 

Some fine rock crystn.l occurs in North Carolina, in 
Chestnut Hill township, Ashe count;y, on it spur of 
Phoenix mountain, netLr :Long Shoal creek. Here, at 
two or three spots not far 1ipart, were :found pieces up 
to 50 pounds in weight, al1d two i'ery largo crystals, of 
188 and 285 pounds, respectively. A crystftl ball, 5 
inches in climnetcr, and a number of art objects, all of 
American workmitnship, made from thiR material, were 
shown at the Columbian Exposition nt Chicttgo in 1893. 
Another find in North Carolina was rcportccl in 1896, 
from Elkin, in Snrry county, by Mr. R M. Chatham, 
who described crystals up to 40 pounds in weight. 
Some hLrge crystals are also known to lmve lieen found 
in Sonth Carolina, and it is probable that much rock 
cryst,al adapted for m;e in the arts, exists in the moun­
tain regions of the South. 

Colomdo has :furnished some fine materhtl, especin.lly 
tlrn.t from Mt. Antero, Ulmffee county. A polished 
ball, 6 inches in climneter, from the summit of this 
mountain was exhibited at tlrn Columbian Exposition. 

A find of considerable qmintity was reported in l8!l(J, 
at Cheyenne pass, vVyoming, about 18 miles west of 
Cheyenne city, but no development at that point ap­
pears to have been undertaken. 

The quartz crysttLls of Hot Springs, Ark., h11ve been 
known for many years and furni8h a const1mt source 
of business to tho formers of the surrounding country, 
who collect them and bring them in by the witgon load 
to sell to local cleiilcrs !tncl to tourists. Thm;c crystltls 
are not Jn,rge enough to yield iirt material, but they are 
beautiful as specimens, either as single crystals or more 
frequently in groups. It is estimated that in the year 
1896 no less thm115,000 pounds wore gathered in Mont­
gomery, Saline, an cl Garland counties and sold in tho 
city of Hot. Springs for $5,000. 

Oolo1'ed 1.1arietie8. ·-Among the colored vn.rieties, 
besides amethyst, of crystitlliue quartz imitable for nse 
!LS precious ot• semiprecious stones, two n.re impo1fant­
smoky qmwtz n.nd rose qmLrtz. Both are :found at 
various points in tho United States and have been 
mined more or loss during the past ten years, although 
there is no htrge or continuons supply. 

1Smoky rzuart.z.-The most noted pface in which smoky 
quartz occurs is at and near Pikes Peak, Colo., where 
it is abnndant in fine crystals, iu !1 coitrse gmnite, as­
sociated with tho henntiful crystals of green feldspar 
(anuizon stone), for which that locality is fomons. It is 
found also at Mt. Antero1 in Oolomclo, where tho smoky 
quartz obtained in 18Hl yielded one of the finest faceted 
stones ln the world, measuring' Ht inches in fongtb. It 
was cut and exhibited 1tt the. Columbian Exposition. 
Much of the material from Pikes Pe1ik is sent abr.oad 
for cutting, and returned to be sold at. Denver antl 
Colorallo Springs, Colo., at Hot Springs, Ark., and 
other interior resorts, ltS jewelry to tourists. Thn 
annual sales amount to nbont $10,000, throe-fonrths of 
which is for cut stones and one-fourth for spncimens. 

La,rge crystttls, np to ± and 5 inches in diameter, luwe· 
boon collected nt Brandy creek, in Lemhi county, Iclnho. 
They h11ve been found, too, at Three Milo Gulch, near 
Helena, Mont., and It gigiuitfo crystnJ, He1Lrly ~ foet long 
and weighing D3t pounds, was found in moo, Oil Clenr 
creek, .Tefferson county, Mont., by Mr. E. P. Chisolm. 
Crystttls hi:we also been reported at point:; in South 
Dakotn.. A considern.blo qmtn tity occur1:1 in connection 
with the colored tourmalines in soutlrnrn Californi1t, 
both at the Snn .Jacinto mine in lUvorsitlc county and 
those at Mesa Grande in S1tn Diego conut;y. 

In tho East very :fine. smoky qtmrtz hns been found in 
Maine and in North Carolhm, as well a8 nt some other 
points. The specimens from Maille nro partienlnrly 
be11ntifnl. CrystalR of 40 pourHl8 in weight wm·e re­
ported in 18\Hi, by Mr. R. M. Clrntluun, from a locality 
near IWdn, in Surry county, N. 0., !tilll it wuH already well 
known in the neigh boring conntie8 O'I Alexn.nder, Burke, 
and Iredell. In Connectient, at New Milford, Rome 200 
pounds of smoky qnartz, worth over $100, was ti1ke11 
ont in 18DS. But the most vnlnable yield has hl\on in 
Oxford connt,y, Me., where as mnch as 8 tom; of erys­
tals were reported by Mr. '.l'. F. Ln,rn b, of Portland, ns 
mined in 1807, on Mt. Apatite. Much lrn8 hom.1 tn.ken 
out Hince, including one perfect erystnl 12 ponncb> in 
weig·ht, and a polished bitll 3 inehes in clhunotor has lieen 
cut from material ohtn.ined here. 

Ro&e qw11•t,;".--Tbe dnlicato pink variety of quartz 
known as ro;,;c qnartz !ms long berm oht!tined nt scvnral 
points in New England, espeeiully at Allmny, Stow, imcl 
Pnrii.;, in Maine; nt Southbury, in Oonnectieut; al;;o at 
Beclfo1·cl, in vVestchester eonnty, N. Y. '.l'hongh a 
beauti-ful nu1.terial, it lrnd beon little u;;ecl in tho tLrtR or 
as a gem until qnite recently, when it was tried with 
some o;uccess. In general, and p1irt.icuhnly in tho ea:>e 
of the specimens from the loculitie:; in l\fainc, tho tint 
V!11fos groatly from au almost colork;;H variety, ;,;;ome­
times opalescent, to pnle pink, sitlmon, and deep ro8c. 
V\'"hen cut into double caooohon8, or lmlh;, it sometimes 
o;hows the asteria effect, like a star Hnpphire. Very Line, 
rich-eolored pieces, plLrtly opalescent 1111d in size np to 
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4 or 5 inches in diameter, have been obtained iit Hound 
mountain, nciir Albany, Me., and n, lmll of 2t ineheH 
ncross, with other cut objects from this locality, wore 
shown at the Columbian Exposition. 

Rose qlmrtz occm·H ttlso at Acworth, N. H., in the 
ePlebrated beryl locality, and n, large block of this matc­
l'inl, some :five feet sqrnire by half tlmt thickness, has 
been set up as a monument ill Fntnklin, N. H., to the Into 
YV11lter Aiken, of that pliice. The nmss is somewhnt 
fh;surcd, however, itnd rose quartz is liable to fade in 
the sunlight, so that neither in texture nor in eolor hi it 
adapted for monuments or other use ont of doors. 

In 1894 the occurrence of rose quartz in Irode11 and 
Cabarrus counties, N. C., was announuod hy Pro:f. T. I{. 
Brunner. In 1885, 50 tons of it were mined atThemsa, 
in .Tefferson connt.y, N. Y., and its presence wits noted 
in Colorado by Mr. R H. Saltiel, iit tho headwnters of 
Um·rfLnt creek, in Park · county. In the siime year 
l\Iessrs. M. Bmvcrman 1111d ·w. H. Smith described 
scycr1tl plnccs whore it occurred in the neighborhood 
of V hmlfo., in Tnln.ro con nty, Cit!., especially on the 
Yokohl river, whm·c abont $150 worth was then fakon 
out. It exists in some qmwtity, and of excellent color, 
rit Y okohl nnd Thrceri nm;, in the siimo county, 1tnd 
prohithly at othor points in tlrnt section. 

By far the mmit extensive occurrence, however, iH in 
the Black Hills of South Dakota. Specimens woro Ji.r:,;t 
brought in liy Prof. vV. P .• Tennuy on his exploring ex­
pedition in 187H, nnd a fo1e clisp1!1y of it wns made in 
the South Dakotn, building at the Colnmhian Exposition 
of 1803. The exact locality is noi1r .l?rench ereek, G 
miles ea.st o:f Custer, in the county of that name. Hero 
it exists in great qilantity 1u1tl of tine qrn1lity, outcrop­
ping a.long IL ledge for 500 foot in n Yein yarying in 
thirknm;s from a few feet np to GO. The color, aH nHual, 
rnnges through many Hl11tdes, from faint; pink or even 
white, to the tint of a ripe wutcrmclon, mid in pluces 
alters completely within IL few inches. Contrary to the 
gen01·1il opinion, there is no evidence o:f ih; fading by 
cxposnre to light, for outside portions, and even rollocl 
howldcrs, show in some cases ,a line deep colol'ing. 
Thus fiir the mining hits boon carried on mainly by bm1cl, 
much in the nature of qm1rrying. About three-fourths 
of the stone removed is rejected as lacking color; the 
rest is sorted and sold according to size and color, chiefly 
to dealers nnd collectors, at prices ranging from 5 to 25 
cents n pound. One mnss weighing over lL ton wus re­
('Cntly sold to be cut into table tops, 30 liy 30 inelrns in 
size, which were sent to Paris to fill an order. The 
production roported to the United States Geological 
Snr,·ey amounted to 4 tons in Hl02. 
.Amet,hy8t.~Arnethyst is it variety o:f qum'tz of a 

deep purple or bluish violet color, sh!lding almost to 
pink. Like 01;dinary qmirtz, it is composed of silica, 
and tho coloring is due to the presence of oxides o:f 
numgimese and iron. Its lmrdness is about 7, and its 
specific gravity is slightly above 2.65. 

Fine gem nmterial has been found in the United 
States, though nowhere is it mined with any regularity. 
The localities from which the :finest specimens come 
are in Maine, Pennsylvania, North Carolhut, southern 
Virg'ini;i, and northei1stern Georgia, and severn,l discov­
eries have been made recently in the West. The main 
developments within the htst ten years are the :following: 

Deer Hill and Stow, in Maine, were noted localities 
some time ngo, but have not yielded much lately. At 
Denmark, however, in the same state, Mr. G. R. Howe 
obtitined many fine crystals in 18H4, and lrnd a number 
of gems cut tlmt were very richly colored-equal to 1t11y 
from the Uml mountains. 

Another old locitlity was Upper Providence town­
ship, in Defoware county, Pa. Herc, in 18H4, a large 
amount of amethyst was obtained that yielded gems of 
the :finest quality, one of which was of 33 eitmts; and 
1inother, :-;till larger, is in the Lea collection in the 
Nittional Museum at ViTashington. 

Virginit1 has only recently come into notice rts 11 pos­
sible source of 11methyst production. In 1896 its ocuur­
ronce, in beautiful cryst!ils, W!LS m1'nouncocl at two points 
in Goochland county, liy Mr. G. L. Ohusc, and nlso near 
Lovingston, Nelson county, by Mr. Benjamin Dillon. 
In l!l02 a promit:ing locality was discoyered and opened 
in Amherst county, neiir Lowesville. 

North 01nolimt has for yet1rs yielded more or less 
muethyst at various points in Burke, Catawba, Iredell, 
Lincoln, Wake, and other counties. In 1901 mining 
was hngun in Macon county, on Tesn.nty creek, where 
11 large vein tmverAing a decomposed granite had been 
exposed by a hndslide. Se,reral thousand dollarl:l' 
worth of nmteriiLl was tu.ken ont, as rich and fine in 
qmLlity t~s any ever found in the United States. 

Amethyst of excellent qnality has been ocettsionally 
found in Anderson county, S. 0., in Hall ancl Rn, bun 
counties, Ga., uncl at Amethyst mountain, in Gillespie 
county, Texas. · 

The westem sonrces of production are chiefly in 
Montann. In 1805 IL crystal weig,hing· 12 pounds was 
found at· Granite, an cl in 1900 rcnmrlmble rliseoveries 
were made in J effcr$Oll cou11ty, some 22 miles south­
east of Butte, hy Mr. A. P. Pohndod. Here amethyst 
occur:,; in fine crystals, curiously mingled with quartz 
both colOrloss and smoky. Crystal:,; of hhwk tourma­
line i;o penetmte the qnnrtz ns to render it opaque. 
The amethyst itself is free from these inclusions, though 
sometimes it forms pttrts enm of the snme crystnJs. 

In Colomdo, amethyst is reported from Cripple Creek 
and from localities in Pal'k and Mineral counties, hut 
nO i-;pecial clatn lrnve been given !lS to these OCCUl'l'Cnccs. 

Good materhLl has been brought from two or three 
point'> in Alaska, but there. has been no development 
as yet. . · 

Qwwtz pebbles.-Natural rolled pebbles of quartz, 
of Vttrions colors, u1·e often beantifnl, sufficiently so 
at times to be applied to some uses in the arts or 
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for cheap jewelry. At irnLny points along the Atlan­
tic coast, visitors to the 8easicle resorts g-athor peb­
bles of tittrnctfrc aspect, especially those of colorh1ss 
tmnsp11rent qmirtz, rmcl sometimes have them cnt its 
souvenirs. These arc the ilo-callecl Cr1pe ~fay dia­
monds, and there is <1nite an indn8try at nmny resorts 
in gi1thcring pebbles to cut for g·enm, ::;eals, nte. A 
good clenl of fraud is also pmctfoecl upon viKitors, 
all manner of ormtmcnts being sold ns material 
fonncl in the vicinity. At N armgansett Pier, R I., 
::iome local dealers and lapidaries have bcon known to 
sell foreign-cut quartz, cttirng·orm stone, topnz, crocicl­
olite, Ceylonese moonstone, 11ncl evon ghtsB aB stonos 
from the beach. In some cases pebbles funnel by vh,;i­
ton; and entrusted to hipidarim; for cntti ng- have been 
replnoetl by cut stones imported from Bohemia, Olden­
burg, iincl the ,Tnra, where cutting iH done on snch !L 
lttrge scale and at such low wages Urnt the stones can ]Jc 
brought here at one-tenth of the cost of cutting, tlrn 
material itself, in the cnse of qmirtz, having bnt small 
value. The imnual proceeds from the sale of cut stones, 
and the money expended in cutting them at these itnd 
other resorts throughout the country, may amount to 
$20,000 or more it year, rrncl the sale of specimens to a 
like sum. 

Another ingenious fraud has been practiced at Hot 
Springs, Ark., where clear, rolled pebbles of colorless 
qnn,rtz, found on the lx1nks of the Ounchittt river, are 
in special demand, being more valued :for cutting .than 
the crystals of the vicinity, because of a mistaken iden 
that they will cnt into clenrer gems. Fine pebbles of 
this kincl are smirce, and so they have been rtrtificially 
imitated by putting a number o.f crystitls into u box, 
which i~ kept revolving by w1iterpo1ver. In a few 
<htys mutual ltttrition has rollt~d and roughened the 
crystals into beautiful pebblel-:l-SO l>eautifnl, indeed, 
that an expert can distinguish them from the real ones 
l)y their more perfect whiteness of snr:face. 

Along the coast of California and Oregon there 1tre 
vnrious localities where many very attractive pebbles 
of chalcedony, agate, etc., arc found. The principal 
beaches are at Crescent City, at the northern extremity 
of California; Pescaclero, some 28 miles west of Sm1 
Jose; and Redondo, a few miles south of Los Angeles. 
These pebbles rtre very abundm1t and in great variety, 
and are much sought by visitors .. Many are put up 
and sold in bottles of water, to preserve their bright 
colors and markings and their translucency; and n111ny 
are chilled and strung to make chains and simih1r :fancy 
ornaments. Some of tho:;e at Pescaclero are little hol­
low geodes of chalcedony, occasiomtlly an inch long, 
inclosing· a liquid with a moving bubble. These little 
natural-sealed fl.asks !tre found also on the beach at 
Tampa, Florida. 

There are likewise many inland localities-several in 
California, especially on the shore of Lake Tahoe; also 

in Colorado, and the bertches of Lt1lrn Snpcrior-long 
fmnons for t;lwir ag-a to poh blos, chlor1rnLroli tPs, etc. 

Ono special nso of quartz pehhb.; in or1mnrnntal art 
work shoukl lie hero alluded to. Ou Pltm1 Island, in 
Long- lslnnd sound, there itro cprnnULiel'l ol' pebbks of 
colored qrnwtz-anrnthysLine,. smoky, yellow, Ptc. -
hrcrngbt down h~' glaciitl action from tlrn crystalline 
rocks of Conneetfont and rolled ttml ronnc!Pd 011 the 
island l>mtch. These have heen nHed i11 a very effcC"tivo 
manner, in the stime way as romHlecl piec<'s of eolort~cl 
ghtss, by loading them for Rcrec11s, shndPs, ofo., to i:;how 
their tints by trrrnsrnit;ted light. This itpplbition was 
introclnced 11bout 18D7, by Mr. Louis 0. Titfony, of New 
York. 1 

..Ar;ate and cli.aleedony.-Thcse miuemls are _forms of 
qnnrtz (silirnt), lint (litl:'er from thoKe prt>vionsly noted 
in lieing nouerystalline, or at. least the crystalline :;trnc­
turB, if present at all, is only clisccrnible by the miero­
::icope. They u,re also never t1·1m81mront, but ntry from 
tmnslncent to nearly opttque. With the exception of 
colorless clmlcedony or white carnelian, they aro vn.ri­
ously 1111cl often riehly colored hy metallic oxides, prin­
cipally those of iron ancl manganese, ttrnl :furnish a 
munher of semiprecions stoneH that lmve long· been 
favorites in jewelry m1c1 art work. 

1 

There are many localities in the United St!1tes whore 
lmnclsome agates 11,rnl chalcedonies occur, ancl some of 
these may hereafter be cornmereittlly developed. But 
with the exception of the little locitl trmlo in agate and 
chalcedony pebblos, ttlreacly ment.ioncd as mirried on nt 
certltin of the beach resorts on tho Pacific ccmst (1-1ee 
quartz pebbles, above), iwcl likewiBe to some extent 
with the agitte pebbles of Lake Superior, there is httrdly 
any continuous production or 8!tlo. At 0110 poh1t., how­
ever, a deposit of 1tgate occurs that, is unequaled in the 
world, and deserves speciitl mention. Tliis is the nga­
tizecl forest, or Chalcedony Park, of Arizona, whore an 
area of many square milrni it,; strewn with logR and 
trunks of an !tncient growth of trees, now completely 
altered to siliea, and stained with tho richeRt and most 
v11ried hues by the oxides 11,hove named. Silicified 
wood is by no meims uneornmon, lmt it rnrcly presents 
such bcimty of coloring as here, where follon itnd brolrnn 
trunks many feet in length an cl l'ftnging np to as much as 
4 feet in diameter, with the woody strnctnrc perfectly 
visible, are convertec1 into ag11tc~ ttnd eh11lceclony of 
every mingled shade of reel, brown, and purple. "When 
polished this makes one of the moRt beautiful and inter­
esting ornmnental ::;tones in the world, and has attrneted 
grmtt admiration itbroad as well as in this country. 
Splendid exhibits of it in the :form of fable tops, !'.lock 
bases, pedestals for stntuary, and many kinds of minor 
articles, hf1YO been made at the Columbian and Pan­
American Expositions and at the Paris Exposition of 

1 United States Cleological Survey, "Mineral Resources of the 
United States,'' 1887, page 14. 
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1900. These lmvc been shown by the Drake Company, 
of Sioux Falls, S. Dale, who obtained a largr, nrnonnt of 
the matel'i:tl, ai1cl erected mn.chincry 1111d polisbingworlrn 
at that plneo, openitetl hy waterpower, and succeeded 
in producing· beautiful results. Previously there had 
lieen no polishing· works in th i;; country that could deal 
with liirge pieces of 11 material as lrnrcl as qtrnrtz. 

The locitlity j:,; in Apache eounty, Ariz., a few miles 
south of the Southern Pacific Railroad from Adnmana 
station, not far from tho town of Holbrook. It con­
sisb; of tlHee open valleys or eroded areas among· tl wil­
derness of mesas and bntte:,;. 'l'he logs, more or less 
shattered into pieces mid fmgments or cyliuclrieal cross 
sect.ions, lie nloug these valleyH by thm1s1mds, having 
lwen \Y!lHhed out of the mthl•r soft sandstone that for­
nwrly covcrccl'the whole region, and which still remains 
in t.l;o intervening hills and .lmt.tos. At some points th(\ 
log:,; may be seen in place in the sandstone, especially at 
the ce1ehratod " clrnlccdony bridgc, '' wher<~ n largo 
tmnk ::;pans a gully worn in the side of n snmll hill. 
GcologiC'n1ly thesn heels bclong to tlw 'l'rhi:,;sie fomm­
tion, equiYalent to tho brown and red saudstorn.i8 of 
New ,T crscy and tho Connecticut valley. Bnt tho trO('S 

arow at a somewhat earlier time, arid WOl'(~ overthrown e . . 
nnd hnricd in tho HtLndstonn when thnt. was laid down hy 
nn im·nsion of the Triassic sPn. The::m poiub; lrnvn hr1<m 
fully determined by Prof. Lost.er ]'. vVnrd, of' tho 
United States Geological Snrvoy, in two vi:,;its to t.he 
region in 180fl and 1001. 

This hem1tifol m1Ltcrial exists in very largo <Itutnti­
tfos, hut i-;inec access has heen umde more enRy from 
the rnil rond, tonriHts, rnndalR, and speculators lrn vn 
lll~en coming in and there has lwen danger of 80rionsly 
dc:,;poiling one of the most renrnrkalile mitnml cnriosi­
tfoH in the country. Some yeitrH ago the legil:;l!ttnrc of 
Arizona petifamod CongresH to set apart tho Clmlcccl­
ony Jliirk ns it reservation, and this course ·was strongly 
re~·ommcndetl by Prof. Lester F. vY1irc1, n'ftor his recent 
visits. Of eourso, under Govemmcnt control, lt :judi­
cious nncl rensonable i·cmwval of material for nse in tho 
nrts is now permitted; 1wc1 under snch supervision a 
pemmnent supply for legitimate purpose:,; will he 
nsfinrecl, hut spoliation and Hpecul!ttion will be properly 
prevented. 

The yield reported in tho last five years hns risen 
steadily; it wtts $2,000 in 18D8, $3,000 in 18DO, $G,OOO 
in moo, nnd $7 ,ooo in 1001 ttnd ah;o in 1002. 

(}/11•ysopmNe.-Another semiprncious stone which has 
been developed in the United Stiitos within the pnst 
decade is chrysoprase, tL chalcedony of a light green 
colo1\ c!lnsed by the presence of oxide of nickel. This 
stone lms been highly valned for centuries, but iH of 
rare occm·rence, and most of that used in jewelry and in 
the ttrts has been obtained from Silesia. Its existence 
in North Amorim lrnd been recognized at some point:; 
before, but the only promising locality was at Hiddles, 

30223-04--07 

Douglas county, Oreg. Mr. George \V. Smith, it sur­
veyor, obtained specimens in Tnhtro county, Cal., ns 
far hack as 1878. These he snbmittod to experts, who 
pronounced them to be true chrysoprase. 'I'he first 
who positively identified them as such, by nctual deter­
mimition o:f tho nickel oxide, was 1\fr. M. Braverman, 
of Visttlia, Tulnre county, who ifl well known for his 
euthuAiasm in locating nnd collecting California min­
entls. From t.lmt time specimens were gnthcred and 
sent qnitc widely to umsemnf:l nud mthinets; but not for 
some years was its cornmercial valne apprecintecl. 
'\Vhcn that hecmne known, systematic development was 
attempted, the neighborhood was pro:;pected, and other 
occnrnmces discovered, so thnt now there are not fewer 
than tivo locn.litios in Tuh1re counj;y where chrysoprnse 
is known to occnr. The first of these to be diseoverecl 
wns the one at Venice Hill, 12 miles northeast of 
Vi:,;iilia; tho others nre on Stokes mountain, on the 
Tnlc river, on Deer creek, and r1t Lindsay, 16 miles 
south of Visaliit. Mr. Bravemmn has been nct.ive in 
tho search :for these localities, and has presented to the 
Cnlifornia State Mining Burctin a very fine specimen 
from the last-named place. 'l'he veins which it forms 
are of no grrn1t thickness, and mnch of the material is 
Hawed 1111d cmclrnd, or too pnle to be valunble. 8till 
a larg·e <J1Htntity o:f fine chrysoprase. lms been obtained 
nnd (\ut, from thcso seveml localities, especially the faflt 
two and tho first. The total production for several 
yoiu1:1 dill not much exceed $100 mrnually, bnt since a new 
eornpnny took up systenmtie work two years ago the 
yield rose to $1,500 in 1901, and $15,000 in 1902. 
Mo:;t of. tlw nrntorinl is cnt into squares, ovals, etc., for 
ringA and studs, and into small pieces of various shapes 
for in laying afl mosaic. 

Within the past year a promising locality has been 
diseoverccl in North Cttrolilm, at Morganhill, in Bun­
combe county, some :LG miles from Asheville. Here it 
occurs in sevnml pamllel snams or veins quite near to 
ench other; the color is pttle nt the surface, but becomes 
clcc'pcr below. No extensive work has yet been clone 
hero, although some very rich green material has been 
cut and placed on the rrmrlrnt, and the outlook is favor­
able. 

1llo.~8 a(7ate.---'l'he name "moss agate" is applied to 
a variety of translucent chalcedony, usually nearly col­
orlm.;s, tluit is penetrated by minute bmnching or 
"dendritic" (tree-like) crystitllizations of oxide of 
nmnganese or of iron, the former black, the latter 
brown or reddish. It has long been a favorite semi­
precious stone in Europe and the East, but large pieces 
are rare. Small ronndecl nodules of it are abundant at 
various places in the West, pai·ticuln.rly in 'Vyoming. 
In 181)3 large masses were found near Hartville, Wyo., 
occurring in n vein 8 or 10 inches thick in limestone. 
Slabs of 2 or 3 feet in length could he taken ont, accord-



' 

1058 MINES AND QUARRIES. 

ing to Mr. H. ·A. Crane, of I-fai'tviHe, who described 
its occurrence, and table tops made of it were shown in 
the 'Wyoming section of the 'V\' orld's Columbian Expo­
sition at Chicago. The translucent white slnlis, with 
moss-like markings in bhwk, are very ben.ut.Hul. 

Two other localities in which fine moss agittc has been 
found ar<~ reported in vVyoming, one ±7 miles and the 
other 75 miles northwest of Cheyenne. No important 
developments, however, appear to hnve been made at 
these points. 
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········ $1:17 
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1 Includes operntc.rs dlRt!ilmtccl ns follows: Arknnsas, iiO; Arizona, •H\ (l .mine); Colomtlo, ~f>; Idaho, 1; ?.!nine, 13; Mlnnesot11, 110; Nwn111\, H (1 mine); Now 
Hampshire, 10; North Cnrolm11, 18 (1 mine); Ponnsylv1mi11, 55; South Cnrolma, 5; South D11kotn, 3: Vfrginia, a; Wyoming, s. 
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TALC AND SOAPSTONE. 

By .los1°1PII 1-lYDB I>uA'l''.l'. 

Tnlc nnd soapstone have nssumerl 11 very important 
plncn among the minor minomls, and in reHpect to the 
ntlne of the production aro near the head. This is 
due not, so much to tho variety of uses to which they 
tu·c put n:-; to the very l'l'lllltl'lrnhle growth in tho ntiliim­
tion of falc in the nuurnfoeturt'. of paper, for llettrly 
lwo-thircl:..; of tho ntluo of tho production in l!l02 wa:-i 
u:-;c<l for this purpose. Stati:..;t.ies !'01· talc'. and Htmpstono 
inclncfo tt snmll product.ion ol' sorpentinP nml tho pro­
duction oi' pyruphyllite, hoth of whieh are mined nncl 
used for tho SltlllO rmrposeH HS those for which t1tlc 
is nmployecl. 

In tl'(mti ng tho stat.is tics of' the talc ttnd Hon1mto110 
mining- .indnsfry it iH nnm1:..;sary to iuulllllo also tho 
:>tntisti<·s of the nmn ufoctnl'ing prncnHHeH whid1 ttre 
l'o11dnctocl nt the millPH under tlrn Httllle ummig·oment, as 
tho finttnchtl 11ncl othcl' details lll'O immpttmblo. This 
method lms hnon cu::;tollHU'.)' siucl\ thn t•.en:..;us of: 1:-lf\O, 
which was the fir.st censns to give stati . .,tic.-; for this 
indmitry. 

'l'An1.1a l.-.:'11111paratinl' s1111111utr!f:.181/0 fu 1110:!. 

l!J02 

-·-----~~---- ---··--

Xmnher of lllilWH or Cjlllll'-
t'iC'S 20 (2) ll (') ('). (i Numhl·r 'iii ;;1;ui·;,1;~rH::::::::: 20 (2) (2) "u 

,i..=aJnricd nil it~ nJ!-<, elorlrn, uk.: 
N•1111lie1·~··-···· .. ·••······ 70 (·I) ('l (:l ('I) 
HnlnriuH ...................... $Ila, n:i (f•) ('' ('I) 

\Y:ngc-cnrnerH: 
A vt•rage rnunbcr .....•... 771 02HO 178 H 27 
\Vage~ .................... $2711, OHl! fi$Jlfi,li21 $ii7,fd5 $ilX,·1H $10, 82.J 

Misct'llnncons e.XlH~n~cs .••.•. $80, l~!!l (2) (2) (') (') 
l;ost nf Hnppli<•• ttnd mnterl-

uls ••... _ ····---········--·· $.l!m,tm2 $i!fi,•J[,.[ $18, 201 $\IX1 :~~r) $10,·12f> 
Pr\lll\tct: 1 

Q11n11 l! ty, Hhmt tons •.... 
Vulue •.•. _ .........•••.•. 

\l7, r.na 
$1, 138, ltl7 

ao,-tn1 
$17fi, 878 

12,flrll 
$121, HU;J 

(~) 
$1H\l, llr> 

(2) 
$27,1100 

I CJm;~ificntion wnH "HonpHtono Hlu\'l'H, llru111o..l~CH, Hinks, ntHl 1·istcruH.'' 
•Not fllj){)rte<l. 
"Estnlll slrnwnt~. 
t Not repllrtt1<1 Hepn!'lltoly. 
• S<tln rleH l11C1l111lt•1l in wugeH. 
fl Fon•nu•n indrnlt~cl in wuge-en.r1wrK. 
'Tlll' Unite cl stnll>H <"eologit,.tl Survey rt'JH>rts \17,Uf>.J short !onH, vitlnrnl 1tt 

SI,HO,f1U7, whil!h inl'.lllfll'H il\11 short tons of HOllJlHtonc, v11lne<l nt$2,3·JO, nRe<l ttH 
!I lll!Jll!m] pigment ltlHl HO rer1orte<1 lly IJrn CCIIHllH. 

The indn15t1·y, ltH will he seen by the table, hwrtmsed 
from a product in 1860 yalued at $27,600 to one in 
Hl02 vnJned at $1,1:38,157. From 11:!70 to 1880 there 
wus a falling off in val no of $67, 720, although there 
wei•e 5 more mines or esfablishments in operntion nnd 
104: more employees engaged in the work. 'rhis proh­
ul1ly can Lo acconntncl :for by the fact thnt n nnmbor of 
new propertie::; were being opened trnd developed, and 

this clovelopme11t required a large increase in the mun­
her of employees without resulting in production for 
the emTent yeal'. 

Only the st11tistics for N cw York and North Cttrolina 
can lie given sep:tmtdy, us there were not more than 2 
proclneer8 in any of the other st11tc:4. There were 20 
mines in operation in the United State::; clming 1902, of' 
which !i worn in North Cttrolinri; ,bin New York; 2 each 
in IVforylalld, Ponnsylvanfa, itncl Virginia; nm! 1 eaoh 
in (}tlil'orniit, Gcurght, lVIni;saclrnsetts, iind Now ,Jersey, 
'l'hirtom1 mines WBre reported idle-1 mwh in Ualifomitt, 
l\farylaml, 1VJ1tss11c:lmsetts, North Caroli mt, and Ohio; 2 
mwh in New Hnmpshin\ mHl Vil'giniit; and± in Georgitt. 

C11pltrtl 8tod~ 1d' i-11cm'JHi1'1ttorl eo111prmle8.-0f the 20 
mines rnportod, L3 wore opomtell hy itworpomted com­
panies, -.b liy inc1ivitlrntl:,;, 1md H liy !inns. The details 
of tho cttpitttl stock mid :fnnclecl clobt authorized itncl 
ie;stwtl by the 13 incorpomtocl eompanies 11ro shown in 
tho J'ollowing- fable: 

TABW 2.-Capitalizati<m uf frwm'}JOl'<tinl r:mnpm1.foN: 1.90!?. 

- I 
United I New 
Kt1tleH. i York. 

NOl'th nt~{br 
Cnrollnn. stutcs.1 

Ntunbor ol lrn!orpomtml eompnnles.... 1:1 'I fl 4 
U1qiit11l Htuok 11rnl homlH iHHlte<l ........ $7, 11\17, U25 $U, llU, 500 $768,·12fl $8111, 000 

U11pll1tl Hloek: 
'l'olal 1111lhoriztHl-

N11mhe1·olHlutruH.......... U8,R77 ri!,BOO 13,377 2·1,200 
Pnrvallrn~··---·---·--··-·-$7,75tt,.J:l5 $G,1ao,uoo $H1R,420 $710,000 

'l'otnl iHHUlHl-

nondg: 

N11mlwl' of 8hnres. •. . .. ... ... !Jl, 802 /lfi, 725 11 1 877 24, 200 
I'm· vnlu(~ •. __ • _ ... __ .•.. __ .. $7, orio, u~m $5, fi72, f)(JO $708, 42;} $710, ooo 
Divldun<lH 1111!<1. ....... .. • •• $Ul, :ioo ; $117, :mo $2·1, ooo 

Co111n1011- i 
Authorized- I 

Nnmhcr of 
HIHLl'CH .. ,..... 78, 577 .Jl, 000 13, 377 24, 200 

1'1tr vtthrn ... _ .. $5, 12s,.12r, l$4, 100, ooo $9180125 $710, ooo 
Iss1w1l-

N n rn b er nf 1 
Hlu1res........ 711, 1177 II ·JO, 900 11, 877 24, 200 

l'nr vnluc ...••• ~ri. fil\H, 42fi .l$·1, m10, ooo $7Cl8, 425 $710, 000 
lllvl<lomlsp11i<1. $32,0llO I il~.uoo .......... $2·1,000 

Prelerrerl- II 
Anthorize<l- I 

Nnm lier of . 
1 Hhnres •.•.. _.. ~ll,BOO ~o,aoo .......•.•........ 

I'm vnlue ...... $2, OHO, 000 1$2, 030, UOO ....... ,. ........ . 
Issne<l-

N nm her of 
:-ihnre~-······· H,H2fi J.1,825 ........ H ·······-

Pnrv11h10 ....... $1,·18~,500 $1,482,f>OO . -···· ........... . 
Divi<lem1sJ>aic1. $.'>9, 300 lfiiU,SOll ••••••••••••..•••• 

Anthorizc<l- noo . •..••. ... 1, ooo Nnmher ..... : .•...... -..... 
Pnr vn.lne ...... 40 ••••••••••• 

lH8llO(l-
Num1Jer .................... . 
Pn1·vn1ne ...•..•.•.•.•...... 
IntcreHt 1>11irl ......•........ 

1, 900 
$730, 000 

1,817 
$M7. ll00 
$121 fiUU 

$630, ODO •••••••••• $100, 000 

817 ·········- 1,000 
$fl·l7, 000 .•..•••••. $10(), ODO 

$ll,660 ·--·····-· $6,000 

1 Itrnltirles oper11lnrH <listrlbute<l l\S follows: Calilornitt, 1; Pcmrn~'lvnn!n, 1; 
Virginia, 2. 
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1062 MINES AND QUARRIES. 

Five of the incorporated companies were in North 
Carolina, 4 in New York, 2 ju Virginia, and 1 each in 
California and Pennsylvanin. The capital f:ltock and 
funded· debt of tho 4 New York companies constituted 
70. 5 per cent of the total The piir value of the 
capitnl stock issued was HO. H per cent of the total pn.r 
Yalne n,nthorized. 'l'ho bonded indcl>tedumis was 8.4 
per cent of the capital stock and fnrnled del>t. The 
dividomls paid amounted to 1.3 por cent of the total 
stock issued and 5.1 per cent of the totftl stock on which 
they were declared. Sixty-five per cent of the tobtl 
amount pa.id in dividends wns declared on preferred 
stock and 3ti per cent on common. Of the total did­
.dendH 73. 7 per cent was prdrl on the stock of Lim New 
York mines and 26.3 per cont on that of the mines in 
Virg'inia. 

Employeeg and 'Wetge8.-ln considering the question 
of cmp1oyees and wages, it i8 to be observed that the 
talc twcl soapstone industry is a composite one of min­
ing and manufacturing. Thero nrc two principal kinds 
of manufacture: (1) The grinding of talc into Jlour, 
after which it is packec1 in hags preparatory to ship­
ment, and (2) the sawing and finishing of soapstone into 
slnbs, nmnielpioces, laundry tubs, etc. Thus it can 
readily be seen that more employees arc rcqnircrl, in 
proportion to the tonnage of the mineml mined, in nn 
establishment where the higher g·racles rYf nurnufo.ctured 
articles are made th11i1 in a plant where the mined talc 
is merely ground. This will explain the large nmnhcl' 
of mnployeos in proportion to tho tonnage in "all other 
states," because in these the soapstone mincrl is largely 
COiffortocl into mnnn:foctured arLiclo~, this being espe­
cially true of V irgfoia. 

The numlJCr of saluriecl employees was 75, or 8. D per 
cent of the aggregate u.vcrage number of all employees, 
which was s,rn, and they received in salaries $113, 713, or 
18. 6 per ecnt oE the total salaries auc1 wtiges, which 
1amou11Lod to $342, 'IHG. The number of wage-earners 
,wns 771, who received $27D,083 in wages, wliich. were 
91.1 and 81.4: per cent, respcctivel:r, of the total num­
ber of employees aud total wrtges. There were on an 
average 38. 5 wage-caruors to a ·mine. Of tho states, 
the stn,tistics of which are shown in detail, ·New York 
had 21.1 per cent of the wage-earners, and they re­
ceived 30 per cent of the wages paid. North Caro­
liim had 8 per cent, and they received 7.7 per cent of 
the wages.· 

Of the 771 wage-earners, only 98, or 12. 7 per cont, 
worked helow ground, t.he remaining 073, or 87.3 per 
cent, being employed 11bove ground. Some of these, 
however, were employed in cleaning and preparing tho 
talc and soapstone for market, while all the nnder­
gronncl wage-earners were directly employed in min­
ing the trtlc. Besides the number of wage-en,rners 
mentioned ubove, there were D foremen included among 
~he snJal'ied employees, who worked below ground. 

Of the 771 wuge-earn01·s, 411, or 53. 3 per cent, are 
classified ns "miners or quarrymen and stonecutters:" 

of these 73, 01· 17. 7 per cent, were employed in New 
York; 57, or 13.9 per cont, in North Carolina; and 281, 
or GS.± per cont, in "all other states.'' Jn New York, 
69 miners wore omployocl unde!'gron])(l aml only 4 were 
reported as working nlio\'C gronud. In North C:trolina, 
8 minors were reported as working n11c1PrgTonrHl, nnd 
in "all other :-;tatcs" only H WPl'P :-;o 1'!\portP1l. 

The cfaily rates crf pay of the \\"Hg'P·l\Ul'll('l'I', as giYCJl 

in Table 5, varied from 5ll cont:-; to $:-1...J.!I per tlay. 
Nearly·one-half of the total 1rnmh!~l' of nil !'lassr's of 
w11ge-Par1rnrs, or J(i.8 per ct'nt, reenin'ct from )ill to 
$1.:34 per clay; 13~, or 17.1 iwr C(\nt, wero paid from 
$1. 25 to $1.±!l per day. The highest mtc cJf pay was 
re<•eived hy tlw:::e olnssiliud us" all otlrnr mtg0-carne.rs," 
16 of whom worn rmirl :from $B.:l5 to ~i1.4!l per day, 
these !ming omployrnl in tlw 11mnufodnre of tho more 
intrieato arl;ielos nmclo from soapstmie. 

Of the ct.11 miners 01· quarrynwn, '.H!l, or liO.<l per 
cont, received on1y from $1 to *'l. ~+ pnr !lay, this being 
duo lnrg!~ ly to the fact that most of thPs<' worknwn 
were employed in the sontlwm mines~ wher!I tho rnte 
of wngos was nmuh lower thnn it mts for the snmo class 
of labor cit.her in the North or EaRt. 

The twnrnge mm1ber of wago-oarnors nmploy(\< 1 d n r­
ing eiwh month is also shown in T:dile 5. Tho lmsil'st 
months for the indnstry wore AngT1st, whon 1111 anrng·o 
of 826 employees were nt work, mHl 8(\ph'mhnr, wlmn 
tho avemg'!~ ro::iclrnd 8±1. . Tho 11Hmth with tlw :::rnallPst 
rwornge was Novemhor, with 705. In N!'w York tlw 
greatest itvemgo nmnhnr mnployncl was :tn.-.:, t.lint 1nun­
ber working· in .Tmnmry and llnomnho1·. In North 
Carolina the groatm;f; iwemgo was 8fl, t\lllplo>'ud in .Tuly, 
August, nnd Soptomhm'. 

S11:J.>j1li,~s, m1d1'1•!1t!N, m11l miNodlll 111·mm l'.Jjlr'//Nrw. -'l'lw 
mnount, $12ti,DiJ2, rnportnd as pnitl for 1->ttpplins Ull(l 
nrnterinls was tho priiwipal it<•m of PXlJP!ll'(', nuxt lo 
wages. Of Urn nrnou11t, $80,rno, rqiol'IN1 fol' n;is<·ol­
lnnoons oxponsos, $ill,::Hi+., or :-rn. :t pt•r t'!\llt, was !'X­

pendocl for roynltics and rent of: rniun and mining plant, 
and $-18, 77~, or liO. ll per <•.en t, for rnntuf crtli(•Ps, taxes, 
i11s11mnco, intmost, iwcl other sundriPs. 

Jl[eofim1.ie1tf. JH>wm>,-()f the 20 opnmt.01·:-;, Hi l't\portecl 
pl'inmry power nggrcgati ng 3, !1±5 horsopowm·. 0£ 
this, 2,700 horsepower, or ()HA per emit, wns snppliP<l 
by water wlrnols; 1,23:\ or ill.fl pm· cent, h:r stmun 
engines; and JO, or thr!~c-tenths of l pm· <~1·.11t, l>y gw.; 
en· gasoline cnginos. Thero wnro rnportnd iu n<lrlition 
3 oloctric motors luwing It rntpacity o I' 22:"i horsepower. 
Of the 2,700 horsepower fnmished hy water wlwols, 
l,G5i'l, or (Jl.l per emit, was nsocl in New York; mm, or 
23.3 per cent, in North Cnrolinn; and ,kW, or lfi. ll p<'l' 
cent, in "all other shttes. n Of the l,2H5 horsepowN 
generated by steam, 530, or ±2. n per cent, wns om ployed 
in New York; 70, or 5.7 per cent, in North Carolina; 
and 63:\ or. 51.± per eent, in "n.ll other states." The 
10 horsepower genemted by gai; 01· gm;olino enginmi was 
used in Oalifomia. Tho electric motors were reported 
from Virginia. 
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Proditction.-The total proclnction of talc ttnd soap­
stone in 1002 was H7, 56:-l short torn.;, rnlm•cl at $1, UlS,Hl7, 
of which the Htato of New York, \Vi th± estahlhihmcut:-;, 
produced 71,100 tons, or 72.H per !'ent, an<l North Car­
oliim 5,~HS tonH, 01· G.± per cent, leaYing :H,225 tons, 
or 21. 7 per cont, for the 7 other state:-;. 111 tho rnlun of 
the prorluutiou N<lw York is Cr<\ditP<l with G-l-.:1 per cent. 
of the total valne, North Carolina with 7.x por ceut., 
nnd tho 7 oth01· stttte:-;, c;ollPetively, with :.lS. l per mrnt. 
In ordur to :-;how the growth of till' talc and soap:-;tonn 
indu:;try in tlrn U nitccl StatPs siucu I ~r:o, thPrn i:-; giyon 
in Tnhlo ;J tho production of thPsn mim•rttb ns reportncl 
hr the U nitPd Statl•s 0Polngical Bn rvPy :-;im·p that yPnr: 

'l'ABLB B.-l'rod11r·tirm <(/' frtfr rmd .~Ort]'Hfl!/lf': 1880 in[!!(};!. 

l LTnitecl 8ttttt.~K L:t~ologh~nl ktll'\"PY, 11 l\Iiuurnl HPHonr1~<~H of tht> TTnitl'rl 81Htl'~. "] 
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8incl' lt\Htl the avomgo pricn per ton ha;,; nmged from 
SD.12 in UWS to $1fi,07 in l8SH. fo UJO~ Lim prices l'<\­

pmtocl ns reeeived for t.he tall- aml Hnap:-;tmw prmh1ds 
nuied from $2.25 for mnterinl sol<l in tlw rot1g·h ns 
tpmrried, to $81Jl2ri rccnivncl for mmntfn<·t.nr('(l nrt.ioles. 
This wide v11riat.io11 in prieo ];,; rnn1lily e:q1hd1rncl hy tho 
ym·.ious nsPs to which talc imd soapst.one nre pnt, and to 
tl1u amount of work that is l'<'tpd.1·oc1 in prnpariug tho 
nm11nf1wtnrecl articles fot• ninrknt. 

Thu imports or tn,lo, 1HSO to rnn2, ineln:-;ivo, princi­
pall,Y front':ffrance and Italy, ns pnhlishecl l1y the Unit.eel 
States Geologieal Survey, aro shown in tho -following: 
tnhlc: 

'.l'ABI,E 4.-lhli~ i1111wrtetl ·intu the United f':,'/r1f1',4: .1880 lo l!10:J, 

[I TuitNl 8t1it1!H GBolog-l1'ttl 8urvc)", "~lincml Ilt'HDlll'<'l'H ol <ho llnitL~<l Stt1teH."] 

YJUll, 

ll;SIJ,. ··- •.••.•.•• 
lSSL ..•...•••••.. 
1~82 ...• -· .. ··--·· 
ts.~:l. ... _ .•.. ·-··· 
ISS-1 ••••••••• ·-··· 

l:ti~::::::::: ::::: 
·1~8i .... ·-·· ··•··· 
l.'l!iS .•.• _ ••••••••• 
Ill.KU •••• _ ....... .. 
l~UU ••••••••• • •••• 
li;Ul. .••...•. • · ·•• 

Q1111ntlty 
(Hlwrt 
lons). 

V1thll!. YI~All, 

$22, HU7 18\l~ •••••••.•••.• 
7, a:n IH!IB ••••••••••••• 

2f>, IH l .1H91. ........... . 
11,ll07 18Ufi •••.• _ ....••. 
·ll, Hlii 1890 •.••••.•.••.. 
2-1, :lfill 1897 ••••••.•..•.. 
2·1 iil·l lH\lK ••••••.•••••• 
•rn: 2r10 rnuu .•........... 
22,.J.In moo ............ . 
80, 99B 1001. •••••....... 
1,uno rno2 ............ . 
1, 121 

1 Not reporte<l. 

Cl,1m11lltr 
(slwrt Vnltw. 
tonH), 

. ... !---------
fi:ll 

1,:lnu 
li2~ 

a, 1110 
l, Ulill 

7911 
7til 
2ii·l 
79 

2,:!R!i 
2,8f)U 

The lktailecl stn,tistic:-; of the industry for Hl02 1tre 
given in Table ii. 

DESCIUPTIVE. 

The name talo has hnen used Yery co111monly, 11nd yet 
01T1meonsly, for a number of rniucmls which are simi­
lar to it in physical propertie1:1, hut <listinct, minernlog'ic­
nlly. C01m11oreially, the nnmo talc i:-; nsnaHy appliNl 
to the Jiln·m1s and l'oli11tecl rnrioties, whit:h are tlw 
pn rer forms, and the 11tt1110 son p:-;t.one coufiuecl to tho 
mas:-;ivP rnrietiel'I. l\Jinoralog'icnlly, tho rnmw talc re­
fers not on!~· to tlw foliatml nncl ·tllirous varietim:, lint 
al;,;o to t.huso which arn compact;, and soapstone or stea­
tito is simply tL variety of tbi:-; mineml. Talc may lio 
cousitlerell a;,; occurring in the Ynrietios, foliated and 
nmH:-;i\'e, \\'ith tl Lhil'<l 1li,·isio11 k110\\'11 as Hlir011s talc, 
which is n:-;un.lly enllocl p:-;omlom01·pho11s, as it has g(\11-

nral ly resulte<l t'l·om the nlt.orntion of the mineral errnta­
tilP. '!'he foliatnd t.alu i:-; Orn most \·ahmhlP, lioiug pure 
n111l \'ery fren from gl'it, :-;u that it; i:-; suitable for use in 
t.lw mm1ui'aetm·<\ o'l' tafomn powdm.·1:1, et<-. Occasiorndly 
t;]ii:-; vitrieLy i:-; ;,;o c01upnt-.t that it, ciw he nsocl in tho 
rnnnufnctnro of tltilors' puncils, when it conmuuHl:-i the 
higlwst pric·o pititl fol' any tale. Cnrtnin vmfrtie:-; of 
tlw llULHsivo t:d<· arn al;,;o pure (\llt111gh to he ground into 
a llonr talc, lmt the greatc•r portion is UH<'d in the man­
ufact.m·o of smtpstonn artidr>s. 

'I'lrn propol'tfoK ol' tttlc (oxdu:-iivl~ of soapstone) that 
rnnko it suitablo for tltn purposes for which it is uHed 
aro itK oxtrrnw softw~:-;s, its pnrity or freedom :from 
grit., it:-; :-;ta.bility, nml its smooth, slippury surface. 
~iiwo Urn miiwrals Herpoatino rtncl pyrophy llito closely 
nppt·oxiumto nut1ty of tho::;e properties, they nro nsed 
to smne oxton!; fol' tho snrno pmposel'I. This is t.nrn 
espucinlly of tho latter, which can be usocl for many of 
tho ptllT>Os<~s for which Jlour talc is employed. 

Onom·1•1'/11.'t!.---T11lc is fouml vory commonly through­
out many of thn stai:l!s, 1t1Hl ill small qrnmtitic:-; it is very 
wicldy <liHtrilmtml. The stentite varioty ocmu·s more 
fro<tll<mtly in eommo1·ein1 rprnntitios, lint it cnn be 
worked profitably only when it. is locu.tcd most favomhly 
with rngiml to tmnsporbttion facilities nnd in proxim­
ity to n mnrket for the mnnnl'actnrecl art,icle:-;. In n 
number of stntrn; this vnl'iety is quarried mid used for 
chh1111l\.)'1' 11ml Jircplnces by the inhabitants 01' the district 
in which it occnrs, hut it is impossible to tell exactly 
how m1wh is n:-;ecl in thif>. w1iy. It. has been roughly 
estinrntod tlmt in the motmtains of North Carolina from 
2o to 50 ::;hort. ton:-; per };oar nro :-;o used. 

Large doposits of :folilltei.l talc lrnve thus far been 
i'onnd only in North Cilrolhm and Now York, and in 
both ca:-;os they 1u·o nssociatccl with limestone. Small 
mnormts of this.variety o:f tn,lc are found associated with 
tho lmsic nrng-nosian rocks extending· from Alabama to 
Cmrncht, but in no ense has it lJeon :found in commnrcial 
qwmtity. \\rhere, however, the pyroxenifo ·rnriet~ o:f 
thosn l>nsic nrngncsian rodrn has been converted mto 
thn seconcfary rock composed nJmost entirely of the 
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steatite variety of ta.le, it makes n deposit of commer­
cilll value if fovornJi1y located, aH mentioned tthO\'e. 

Talc has been mined in Californin, Georg·ia, l\fary­
la11d, l\ifassachnsetts, New Hmnpshire, New ;r er:-;ey, New 
Yol'k, North Carolirnt, Pennsylvania, Vermont, aml 
Virginia. In 1D02 it was mined in all these states 
except New Hampshire 1111cl Vermont. The California 
"tn,lc product" that was put on the mt1rket in 11102 was 
not talc, bnt a variety of serpentine obtained from 
Santn, Uat1dinn Island, J,os Angelt~s conut,r. lfocently, 
however, a deposit of talc was discovered in 'l'nbre 
county, near Linclsa?, about 2~· milns east of the mil­
road, where it occlll'l'l in lenses of from II to 8 feet in 
width and 100 or more feet in length. Sineo 110 g·oocl 
talc doposits :n·e being worke<l on tlrn I)aciiir: coast, this 
cleposit is worthy of invostigntion as to its cnrnniercial 
possibilities. 

Tho depm;it:,; of Georgia and North Ct1roliim m·c 
somewhat Himilnr in their occLUTllllCl', and are prolmhly 
parts of the st1me 1 ielt, ltlthough the Gomg-ht talc is 
more comp!wt 1t11cl not so ti.no in quality. In G·corgi11 
the principal mining has herm clone in Murray county. 
At least one-hnlf of the bile miiwcl in this f:d:atc i:-; put 
on the market in the form of gTomHl tuh· .. 

'l'be l1opoRits of North Cnrolirm are :l'onnd in Swain 
and Uhorolrno counties, nnd that port.ion of tho hdt in 
Swnin connty furnishes thn most rnltmllle talc that is 
proclnced in the U nitm1 Stt1tes, m1cl in nmny respects is 
a unique occnn·enec of this mineral. The quality of 
this tide is such ns it; uHocl in thn manufacture of tailors' 
pencil;i, etc., itncl for whiuh them is a larg1n· clenrnnd 
tlrnn can he met. All the rest of the North Carolina 
tn.lc i:-; gronnd to tlonr, and most oi' it is nse<l in the 
m:mufactnre of toilet. powden;, In Moort\ county oecur 
the pyropbyllite (soapstone) deposits, whinh h:we berm 
mined q ni te extensively' the riroclnct ]ming nsecl :for 
various pnrposes. None of it is a:,; good quality tts the 
genuine talc, nor docs it conmmnd its high :1 price. For 
fonnclry purposes, however, as far ai; can he judged, it 
ought to be as satisfactory as the other. 

The M1tsRachnsetts talc deposits ani not vm·y numer­
ous, tind the only one worked in 1002 w:ts ncnr Dalton, 
Berkshire county. The tn1c i:,; of tho foliated vn.l'iety, 
and all that was mined was ground .to Hom· fatlc. 

The deposits of talc in lVfary land aml Virgi11i!1 arc of 
the steatite variety, and nearly all mined in those stitte;; 
is nsed for mannfoctured articlm;. A very ;;nmll amount 
has been ground ton tlour ttdc. A :fibrons talc lms been 
obtained. in some quantity in the vieinity of \Viehlo, 
Fnirfax county, Virginia. 

Soapstone deposits oecnr on both sides of the Dela­
w~ire riYer, being :found in vVarren county, N .• J., and 
in Northampton {'Ounty, Pa., in the vicinity of Easton. 
The general width of thiH smtpstono belt jg from 500 to 
600 foet, and the mineral is ohtt1i11ecl usually by quar­
rying. Pmctimlly nll o:f the Pennsylv11nii1 and New 
J ersoy talc 01· soapstone is put on the market in tho 

form of a gronncl product., most of which is nsed in the 
11111nnfacture of pttpee. 

St. Lt1wrcnce county, N. ¥., is the Hccne of tho 
farg·p: .. ;t, talc industries in this c·nnntry. The tale is of 
the fihrons ntrioLy, and is mmd almost ontimly in tho 
nmm1fact.ure of paper. There i11·e about. twc~lve mines 
in this t.alc region, itnd they fll'\\ loeitted iiear 'I'aleville, 
St. Lawrence county, and Litt.lpyork, Cortland l'omity. 
Since the eon:solidation of 11 nnmher of the snmller 
properties the mining and nmmrfaeturo of ground tale 
has hcr~n cnrriod on more :-iystnnrntically and on a larger 
:scale, thus inurcmsing the production of tale in this stfito 
rmd decreasing tho co:st. 

About 8 mile:-; suuthenst of tho dllage of lfodrnster, 
Vt., nro old b1lc: mine:-; whil'h WlH'(\ work<'cl mtlwr ox­
tcm:sivl'ly during l8Uf\-()(). TlwHn are now being :rn­
oponocl and doYPlopm1, and tlrn mntm.·ial will be put. on 
tho nmrlrnt n:-i g1·ouncl tnle. 

Tlwrc wore no new clnpositi; tlmt prrnlucl\Cl t:tl1• clnring 
1U02, 1dthoug·h some work w11s clnno in investigating 
clopoHits, mmit of tho dnpnsit'l in\·nstigatud, howevnr, 
proved to he of lit.tie or no coumwn·ial \'ahw, lining :for 
tho most part of t.lrn Rtontitn rnriP!y. 

Metltorl8 r!t' ·ml11lnr1. 111 rt111(ftwt111·!11r1, 1111rl ohm11'11r1. --· 
Tho mining· of talc is either (1) by nwitns of' opm1 nnts 
nnd pits, (2) lJ,Y 11 systmn of :-;[rnfti;. or t.un1wls and 
drifts, 01· (H) Ol'.cn:-;ionnlly lJy it comhinn.tio11 of both <~nts 
nnd slmfts. Tho mining of the HO!tpst.01w (shmtite) is 
larg·dy hy tho lircit mothocl. Mining hy :-drnfts, tn111wls, 
1m1l lhifts is conJinocl to t.lrn folintncl and Hln·ons ya.riu­
ties of talc. In Now York the mothocl of mining· h; 
practi('ally the same nt all of tlw mi11Ps, Im·.liiwcl 1-dmfb:1 
1ire su11k, following tho dip oi' tho count1·y l'()('k, which 
is lirst g·nnis:s, HtHl t.hun nrnssivo white dolcnnit.o, us the 
beds of tak aro approachl~<l. 'l'lwso rol·lrn starnl vory 
well, so that. tim ho ring fa iw1nired only <>l'ensiormlly, 
'iVhon tlrn Hlrn:ft:-i rrnwh the beds of tale, 1lril'ts m·n run 
along the strike of thn deposit, On iwcoimt of the com­
paetm>:-;s of thiH talc, lilnsting· il'l nsnally JHWP:-;snry in ro­
mo\'ing· it. As tlm bile comes from tlw lllinu it Yt11·ie:-; 
in siz<' from partide:s no lnrgur tlmn cln:-\t to mnHHPI' two 
fout or mm·o in length, tmd it is eo11ve3rocl in band cars 
to the n1ilb, where it. is pnh·erizecl. Tho larger 11111ssns 
lll'l' broken with ;ilc<lges al1(1 then pasi;ecl tlu·oug·h Bblrn 
r'rtlShers and eonvoyed hy 11 belt to n pai1· of Hlightly 
corrngatocl 1:1fool rolb, whieh rerlnco tho talc to Hmnll 
pieces, one-fourth in eh or les:o; in long-th. From thC\ rolls 
tho crnshod tale is c11rried by lm m1dlcs:s h<' lt t:onwyo1· to 
bins on tho top floor;; of the mills, and Uwn it. iH con­
yeyed automaticidly into Griffin mill;; on thl\ Jloor lwlow. 
A draft of itir is forced through the mill, and as the 
fak lJecomes fairly fine i.t is blown through nn opening 
til1(l falls to the Hoar below. It is roturned to the 
second floor and conveyed into largo hopper shaped bin 
carH, from which it is dropped into Alsing cylinders, 
in which is tt qrnmtity of wn.terwom 1pmrtz pebbfoH, 
2t inches or less in dimneter. As t.hc cylindor rovolvo11 



the constant pounding nnd ruhhing of these q nartz peb­
bles on the talc completely pulverize it. From this 
cylinder the tale passes through a grating, thus becom­
ing Hcparntcd from the quartz pohl>los, and is conveyed 
nutomntically into a hag tilling machine, where it is 
bugged nnd weighed, ready for shipment. 

Talc mining h1 North Caroli1rn does not present nny 
sorinns dift1ct1Ities, ns the deposits do not cxtnnd to itny 
g-re:tt depth. The presence of water in tho mines in 
the lowlamh; oocnHionally cnnsos considernbh~ expense 
and loss of time. Most of tlw minPs thus lomtecl luwe 
l>cen worked l>y menns ol open pits, which dm·ii!g u 
pcl'iod of heavy rain have to he al>arn1onccl 011 ael'onnt 
of being ilooclcd. Although some of tho depmiits, 
espcein.lly those 011 tlrn hill1:1idei:;, t•1111 he worked advan­
tngeously by menns of: open pit1:1; the uutjority of them 
arc worked to the bost advantage whnn shafts or tnn­
ucls and drifts iu·c ns!~d. Little l>htsting- is necmisary 
nt imy of the mim11:1, ns the talc cnn u1:11mlly Im removed 
readily by pick ru1tl g·ad. AH the rough hloclrn of 
tafo 1u·e taken from thn mine they aro lmwl eohhccl H 
1wt•os1:1ar.r and sorted into thrnt\ grncleH. Tho fargnr 
pfocci; 1u·o clmtnctl hy rubbing- thmn with st!wl l>rnshc1:1, 
awl tho Hnmllcr ones l>y a fottndor's sc·.ouring· nuwhin!'. 
They nre then dried by lH•ing spread OV<'l' a floor of 
:">tenm pipns, which are lrnpt at a ternporatm·e of ~n~° F. 
\Y hen tlwso pieces are <lry thny Hl'<'· 1'.l'llShed arnl gTmuHl 
hy nie1tnH of c•rn.sher1:1, rolls, and pulYeriznrs, 1111d the 
fon•ign nmtorial rcmovm1 l>y screening. It is then 
further g-ronnd in lmhrstone mills, similm· to thoso 
wrnd in grinding wheat, and imsi-wcl through bolting 
cloth, whfrh 111ake8 the fhrnl prodnct ncmrly uniform in 
gmin. Thb ground product iH lmndlnd vory much 
lilrn flour, ancl iu filling· the bugs with tlw flour tafo, an 
ordinary flour paclrnr is often USP.cl. 

Jn l\htry la11cl, N cw ,for~my, Pm111sy 1 vtmfa, and Vir-
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gini!L, where it is principally the steatite variety of trilc 
that is produced, the mining opern.tiom; are earried 
on itlmost entirely in very, large open cuts nnd pits. 
'rim preparation o:I' the ground talc .:from the New 
.TerSl\Y nncl Pennsylvania mines or quarries is a process 
similar to that deserihed above. In Virginia, where 
the soapstone is used almost exclusively for manufac­
tured articles, the tonnage mined is of conrse very 
much larger than the weight of the articles manufoc­
tnred HIH1 pnt 011 tho market. 

u~1w.-'l'alo is employed in the arts in two distinct 
forms, ns powder, or flour talc, an cl tis pieces sawed 
into various ;;izes and shapes. 'l'h1i flour talc is now 
used ns n lm8e for Jiroproo:f paints, lubricants, nncl 
nmny of the cheapm imaps, for dectric insulators, for 
boiler and Ktonm pipe coverings, for foundry facings, 
for tlrn drei;;;ing of skim; nnd in the numufacture of 
<lyrnuuito, of tho various toilet powders and of pnpor. 
Formerly cm'tltin vnril\ties of clay wero usod as a tilling 
in the manufootnre of paper, lmt with tho <liscovery of 
largo <foposits of talc, especially of the lilirou.s variety, 
in New York, talc lm;; brgdy replaced them, its fibrous 
mHl plialiln elmmcter giving ndditionnl strn11gU1 as well 
tt1' W!Jight. Tho introduction of tale in the mttnufac" 
turo of toilet powdnr::; put on tho market umlor the 
rnmw of ti1lcnm powderH giwo n new nso for the more 
vnlnahlo title. 

The :sottpstone, 01· st.uatito varieties 01' talc, ttre u;;ecl 
for tho most part in t;lrn uutnnflwtnro o:I' hearthstones, 
Linings of fomaccs, for cupoht nud converter linings 
in nmuy Htool works, for hLbomtory tables and ovens, 
for laundry tubs ttnd slttte poncils, nncl, to ft limited 
ext('l)t, in lmikling. H is also used quite extensively 
in the 11rnnnfaeturn of soapstone griddles, foot 
warmorH, hoot, driers, itncl for nmny other 1irticles of 
everyday use. 
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TABI,E 5.-DE'l'AILEll SUl\Il\IAHY: 11)02. 

I 
United ·11· >;cw 
St11le,, ] Ymk. 

. _N_1_11_11_h_t'_r_o_f_1_n_il_W_'s_m_· -,i_11_n_r-ri_e_s-.---.. -.-.-. -•• 1-------~;~1 
.Nurnhcr of OlH.~rntor:-1 .•...•.••••..••••• 1 :.!U , 
Cllnruetei: of owner~hip: ~ ! 

lnl1iv1tl1ml...... .. .. .. ............ ·1 ,

1

.. ... .. . .. 1 
Firm ............................. .l :1] ................... . 

· IncorJ11Jl'1tteclcimn11anr . •..•....•. ) t:) I ·1 ;, 
.S11lt~riL~d olllein1H, clerk:.<, ell•,: 1 __ I ,

111 
•
1 

• ~otnl ~1um.~1?~·-······-·············J ., ...... ':) 'j ~ t .~· :-:::- I .. 
rotnl~illlllll8 .......•..•.......... , ~h.l,'1.l ~.HJ,h,d \,,,71{) 

Nnmhl~r ................ h •• J 1~ •) a 
a~~ncrn111flil·,:r;.;;- i 

1 

Hnlnries ..... ___ ... _ ....... I S~:1, ~70 $:.!, ~r10 ~:.!, fi:.!O 
8uperi11te1Hlt•11l~ 1 i1mung. er.-;, I 

foreu1c.m 1 Hnn·u,·or)o\, ut<·.-
Nnmlier . _ .. : .. -·--. --- . - .. 1 :1~ 
Sttlurle" ................... I ~~s.o:l\I 

Formnen below grmnu1- : 

~1~1::~.v~;·_:: ::-:: :::::: :~ ::: :1 
Clerks- I 

Nnu11Jl'r .•••..••.••...... 
Snlurius ... -·······n· .... 

\Vnge-earnei·,.,: 
Aggrc-gntn avt~ruge 11urnl1L~1· •••.•• 
Aggrcgnte wnges ••• .: ......... H. 

Al.Jove grnuncl-
'rotitl avN'HA'P numht!l' ... 
rrot!Ll Wllg'C"l •••••••••. 

E11gineers, tirt1mon, 
111111 11ther int•-
<·hnnil·s-

Averngo nun1hcr .. 
"'""'"' .......... .. 

~linPrs or qunrrrmen 
and 1'it111wl'ntter:-1-. 

'Iii 
$S,llllll i 

711 !I 
S~i\I; 0~:1 Ii 

n;:1 II 
s~:i~,0111 1 

'.2W2 
$Hl"i,ll·l7 

.AV{~rngQ numhL•r.. :::Jl 
"'agt.'s............. $10ti, :an 

All other wage-rnun-

17 
$1~. ltiO 

7 
~I, 111 

St, 100 

lti:l 
~sa, ~;so 

ii 
:B·lt\, ~iH 

1:1 
S7, son 

·1 
$11 ill() 

7 
s1.m10 

&1.20ll 

.il) 

$Ui 1 lHll 

10 
JO 

ill 
ll 

~1H,i1llO 

11 
$11,~:--iU 

1~ 
s:-1, 1t10 

~ti·l 
~H-1, i~I) 

('l'S-
AvPrngc nmnher .. 
\YHA"l~H •••••.••••••• 

Below grournl-

1\0 1111 I i' 

::::: :~; :, ,.t ; ~,,i I Tot11I 1n·crugt~ nmnher .... 

1 
Total wage~ .............. . 

irhwrH- I 
A,·1:r11ge nlnnliur .• 1 \Yng-cs ............ . 

C.IlnerH' helpers­
Avnrug-u uumher .. 
\VngL1!L ........... . 

All ntlwr w11gc-cnrn­
t•r:-;-
Averng{~ numbel' .. 
\VngCH-...••.••.•••• 

Axernge nnn1lwr of '\\'Ul{u·en1·ncr.-; at 
~JIP{•lfi.e1l tlnily rates of pn.y: 

E11gln(~L1rs-
$1.0tl to $1.2-L .................. j 
$1.2'1 t11$1.10 .................. ·I 
SI.fill to SL 7·1. .................. : 
~I.Iii to $1.!l\I ................... i 
$~.OD to $2.2·!. ................. . 
~2.~(I to $'.!..JU .................. . 

I•~iremen-
Sl.00 t11 $1.:!-J. .................. I 
$1.:.m to Sl..lll .................. . 
$1.fJOtn $1.7·1. •••••.••••••...••. i 

I 

UH 
$·11, 0:17 

17 
~R,Mll 

m.1 
$:.!X, rnt? 

17 
SB, ;'tt)t) 

.~ 
$:!, 70() ''\I 

$Xllll I 
: ~ : : : : : : : : I : : : : : : : : : 

\l 
·l 

1 ................. .. 
:l l 
I .................. . 

Avenlp~ ntunl1Pr of wng-e-ennwr . ...; at 
spccilietl daily rnle.~ 11t' pn~·-Cont'd . 

~ltH~ hill bl~, }J)H C k~llli t I i!-i, {'ll l'l'l'lln 
h•r:-;1 n111lotlil't'lll1.'(1lmnit•:..:-

$ll.7fi to ~ll.\HL ......... ······-··I 
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MAGNESITE. 

By .JosEl'n tlTitU'.l'IIEns, Ph. D. 

Thr, output of magnesite in the United 8tutcs is oh­
tnincd solely from California. The minPrttl oet•.nrs in 
other states, but tho deposits nro 11ot of sullicieut Pxtmit 
or lmrity to render their exploit:Ltion IL commercial pos­
sibility. Tho depositR of this minnrnl m'.('l\1' in sewral 
loculitios in California, lint a mino loe1Lt<1d in 'l'ulnr(\ 
county wns tho only 0110 in act iv(\ <>pPrntion clnring 
li.l02. It is impm;sihlc, tlierdo1·c, without !lh.ido:-;ii1g 
indidchrnl opcmtfons, to pnhlish tlw (~omplt>t\1 statbtics 
for this ln·nnch of the mining· indm;try, nnd tlwy n1·0 
induclcd h1 tlie gronp of "all otlwr rninm-ah;" in the 
gcncml tnblos. Of the mitgnesite mi1ws whid1 woro 
idle during 1!10:4, :4 nro located in AlamPcht L'otmty, 2 in 
N npa connty, nncl 1 each in 8an ta Clara, Hononrn, and 
Stunisluns eonnties, a total of 7. Tho mineml has 1iJ:-;o 
boon found in San Bonrnrdiuo county. 

Pmd1wtfo11.-Dnring :11102 the proclnction of nmgne­
site in Cn.lifomitt n.monntecl to a,osn short tom; of ermlc 
ore. 0£ this product 2,2BG Rhort~ tons wen~ calcined, 
the result being 1,050 short terns of the ealdnecl prochwt, 
Ynlucd at $15, 780. The renmining H!iO short tom1 of 
crndo ore were vn.lned at $3,8!in. 'l'he vitlno of the 
entire product wns tlrnreforo $1!l, ()31). 

The quantity and value of orude mllgnesitc mu.rlrnted 
in the U nitod States during tho yetrn.J lK!ll to Ul02, in­
clusi,Te, including the value of tho caleinotl proclnct, is 
given in the following tahlo :from tho report of the 
United States Geological Snrvey: 

'l'Am,g 1.-Pl'oduction '(( 11w171ieRil1•: 18fll lo WO:!. 

[Unltc'1St11tesGeologlcitl Survey, "Mlueml RusonrcL•sof Lhu lluilc,lStnlt>"," 1\1112.] 

YEAR. 

1891. .................................................. . 
1><92 ................................................... . 
l&!l:l ................................................... . 
1891 ................................................... . 
1Si:lr1 .................................................. .. 
1800 ................................................... . 
189i ................................................... . 
1898 ......... - .......................... ········ ···•·••· 
1899 .................................................. .. 
1900 ................................................... . 
1901. ..................................... ······ ....... . 
1902 ................................................... . 

Qturntitr 
(Hhol't lOllH). 

4HU 
1,00·l 

7Q.1 
1,·UO 
2, 220 
1, f>OO 
1, l·l:l 
1, 202 
l,280 
2 l}r")I) 

1a:17~ 
3,·Hili 

$t,:\\lo 
10,0.JU 
7, tJ.10 

lll,2·lll 
17, Ollll 
ll,Ollll 
lH 1 ti71 
1\), 07'1 
18, ·l~ll 
19, B:l:l 
1rn,or)7 
21,ao~ 

'l'lrn cc.msus 1igureH for 1002, as given in the text, are 
f'or tlrn qunntity mined that year, while those of tho 
Survey incl mlc H80 tmrn, vithmcl at $1, 723, mined 
previorn;ly hut sohl in rno2. 

Tlw product.ion of Cl'lH1e nrngnosito is practically 
urnlor t.he !:ontrol of mw Ii.rm in California, which ships 
much or the output to two mmrnfoetnn~rs of carbon 
dioxkln gm; for nsn in the production of the gns hy cal­
dnation. Thn caldrrnd product, ossentinlly irntgnesium 
oxido, or mng·nesht, iR returned to the shippc~r and is 
suhsnquently ntili:wd hy paper mills in C1ilifornia and 
Oregon. 'l'ho <lenuuHl for l'ttleincd n111g·rn~sHt) for this 
purpose in the \Yest is limited, am1 only ii 1:airnll por­
tion of tlw !rndlnhle supply is utifomd-rt tmde condi­
tion which b rollectocl by the different unit vnluo of the 
<·.akinrnl product from ynar to year when eonsicforecl in 
conrniction with the qmmtitics produced. Thns in 1000 
th<1 supply of mdcinocl magnosito amounted to 1,013 
short tons, and the iwomgo vidue per ton wrts $15. 70; 
in mm the output, -J, 720 short tons, far exceeded the 
dem1md, and the 1wer1i.go\ralue decreased to $5. 57 per 
ton; in rno2 the qtmntity produced, 1,050 short tons, 
was itgain ju:-1t :-1nfficient to s11tisl'y tbn normal consump­
tion, and the avomgo value per ton rose to $15. 08. 

OrmN1111121tion.-lt is impmcticitble to furnish 1wcumte 
statiKtics of the commmption of magnm1ite 1\ncl of mn.gne­
sito products in the Unitocl States, owing to tho fact thn.t 
in the oH\cial reports no dbtinetion is made between the 
imporhi of crude and o:f calcined magnosi to; :furthermore, 
tlw statistics of: the qrnwtity n.nd value of imported m11g­
nm;itn hricks ILl'C not ~mpnmtely l'<!portecl. During rno2 
the in1portR of crude nncl mdeined mn.gnesite (which were 
chiefly from Greece an cl Anstriit) amounted to 4!), 786 
:-1hort' tons, valued n.t $873,!l28, ns compinccl with 33,461 
short tons in men. 'l'h01·c was n.lso ft very large impor­
tation of magnesite bricks, bnt no statistics of their 
quantity or value are n.vailabk.. By adding the. figures 
-for import::; to the iignl'l\s for tho mn.rketecl production, 
as given by the Geological Survey, an estilllate may, 
however, be mn<lc of the consumption exclusive of the 
qnantity cont11inecl in brick form; on this basis the 
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quantity of crude and calcined magnesite commmed 
in the United States during 1002 was 53,252 short tons, 
!ls compared with 40,633 short tons in lDOl mid 31,07G 
short tons in 1900. These statir:;tics show the increas-

. ing importance of magnesite in the industrial arts in 
the United States; they 11h10 show that only a vory 
snrnll frnction of the supply is of domm;tic origin. 

The ind·118t1·yin tlw United 8tate8. -Magnesite is found 
in many localities in the United States-in C!1lifornia 
and in Massachusetts; rtt Bn,re Hill, near BfLltimore, lVIcl.; 
near Rye and at Stonypoint, N. Y.; nm1r Hoboken, 
N .• T.; in Yn.ncey and Ci1barm8 counties, N. C.; in Ches­
ter and L11ncaster counties, l)a.; ii~ Arizona and h1 
Texa.s. •But the deposits have heen worked with com­
nrnrcial success only in the :first-nmned state. 'I'he 
deposits in Cali:fornit1 are quite widespread, occnrring 
in tho :following counties: Alnmccln,, Colusa, Fresno, 
Kem, Mrtriposlt, Monterey, Niipa, Placer, Snn Luis 
Obispo, Santa Clam, Stm1isl11us, Tulare, and Tuolumne. 
The only proclucing property during the year wa~r in 
Tulare county, nenr Porhm;villc, whore tho mineral 
occurs in 11 series of vertical and ifat veins, in some 
cnses 10 feet in width, and has wall rocks of ::mrpentino 
nncl granite. Some of these vdns outcrop boldly, ttncl 
n, few of them have been traced on the sndace for sev­
eral thousltnd feet. A lnrg·o qrn1ntity of mineral has 
boon cliselosocl by opeu cuts 1tnc1 11 tunnel. .A 10-ton 
kiln, nsing 01·;1dc:, petroleum !ts :fuel, servos to c:ttlcino 
the product,. which is then Rhipped to paper mills, 
rtncl IL second kiln will be erected as soon ns the 
demand w11r1·ants it. The cttlcining trcntmont, whid1 
is l'Hl'l'ied on at a tempemture of 2,500° :F., occnpios 
from three to three and one-lmlf hours; tho carbon 
dioxide g-ns expelled is nllowed to escapn into tho 
air. Jn the cnJcinntion of nmg·nesite, 48 to i\2 per 
cent of its weight is lost by the expulsion of the 
rnirbon dioxide. The cost of tho rnilcinl\d prmluct 
at tho kiln is from $12 to $14 per ton. The clenmncl 
for niagnesite has increased 1·apidly east of the .Rocky 
mountains, but owing to the high cost of tmnsporta­
tion from the Paeific coast, most of the mineral used 
hi itpported, mainly from Greece. An importm1t proh­
le111 of the industry in Crilifomi!i iH to roduce the cost 
of cttlcination to a point which will allmit of the ship­
mei1t of 'the ctilcinecl product to Pittsburg, where it 
might be used for the manufaeturc of magnesite brick 
a~d other refractory products, an industry in which at 
vresent nrng-rrnsite imported from the isl!tnd of Euboca, 
~n Greece, and from Styria, in Austria,, is used. An­
·~ther important feature is the development of the iron 
and steel industry on the 1~acific coast, which will give 
,a strong impetus to the mining of mn,gnesite and. its 
manufacture into b.ricks fLncl concrete for use ns lL lmsic 
~ining of :furnitces· or converters, for treating phos­
phoric pig hon· to. make basic open-hearth or basic 
Bessemer steel. 

The indust1·y ln foreign c1mnt1·ie8.-Tbe greater por­
tion of the world's production of magnesite at the 
present time comes from the deposits in Austria and 
Grecco. Durillg 1H01 tho exports of cnkined nmgnc­
site from Austria nmounted to 40,23{) metric tons, 
vnluod n.t $321,800. The clepo::iits in Austria have 
attained their gTcittest clcvelopmcn t near Vietsch. 
The :form1ition is of the Silurian age nncl consists 
of nrgillaceons slmlcs, quartzite, dolomitt~, and g·noiss. 
Tho mngnesito occnrs in hods conformable with the 
stmtit 1111cl is nsmilly Kenrned with calcite, dolomite, 
and C] mtrtz, with occasionally segTPgatious of dolo­
mite crystals; it is necessary, therefore, to col> and 
pick the 1nineml. The sorted ore, which mmnlly 
contains from 00 to DG per cent of 11mgnoshun car­
bonate., if; calcined tit a white heat in kilns· lined 
with nmgnesite bricks nt those sections whore the 
temperature is tho higho;;t, in order to prevent the 
introduction of impurities into the nrntPrial. The 
snmll 11mounts of silicit nncl ferric oxide t•ont.iiinccl in 
the orn are suflidont only to sinter it. Tlw kilns m·o 
coutinuous in twtion n.nd yield 80 tcms of cr1lcined ore 
daily. This product i;,; 1;ortecl moclmnictdly :for tho 
removal or tho lino dust, as wnll as qtrnrtr. and othor 
impuritio:o;, that may not luwe l>t'<lll sepamt<~<l in tho 
prelimimtry cobbing prot',OHs. Tho HortPtl c•1ilciiwcl 
nrntorial is then <~rn:>hnd, formocl into brfoks in Ht.ud 
molds l>y hydmnlie pressme of about ·~,fl()() pomHls pm· 
s<]lUtrO inch, arnl :linally burnocl in kilns at a high tPm­
P(\rnturo, thu:,; prodneing· the Holicl nrnl compact mngno­
sifo brick as it. tLppciir,,; in tho tmclo. 

In (hnoce the magnesite mines aro nmr Manturli nud 
Lirnni in thn northem pnrt of. the island of guhom, 
The minoml is in erypto-ery:o;talline form nnrl om·nrs hi 
l11rgo veins in serpentine; piclrnd smnplos <'<mtain as 
high lLS nH per cont of llHLg'llllSiUlll m11·ho1mto, hut 
tho avomge composition approxinmtes \llJ pPl' cent 
F01·murly tho :;oi'tetl ore was ctdcincd in kilns fired 
by wood, hut this proceKs lrns been cheaprnwd by 
the introdtwtion of modern Hha:ft cakiners using a 
local lignite for :fnol. Ordinarily the completely cal­
cined orn falls to powder whon moved and c1LnHns the 
lower ftncl cooler portion of the orclhmry kiln to 
bocmne choked with lino nuiterhd, thereby proventing· 
the tLCeeHs or air which is necessttry for the combustion 
of the :fuel. 'I'he modern fnnrnce is constrncted eApc­
cially to ovorcome this defect. 'I'he 1111tg-nesite from 
Euboea is exceptionally pnre ttncl on twconnt of the 
absence of impurities, it sinters only at a very high 
temper~ture. Ai; this magnesite is HO highly refrnc­
tory, it is nocesslLl'J' in the manufacture of bricks to 
add a suiti1ble binding 11it1terial. At the .brickworks 
at Mantudi, a small proportion of serpentine htlclclecl 
to the mixture which is molded ai1d lmrnecl · i1Ul::tem­
perature of 1,400° c; in !1 regenerative fornace of the 
Siemens type, yielding a very hard ttncl dense brick. 
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Deposits of nrn.gnesitc have been found at Sutton and 
Bolton, Ontario, Cana<b; near Frankenstein, Gernrnny; 
in the Departmell t of Ufa, son them Urals, Rwisin; in 
India; !Lncl at several localities in Hungary. A fow of 
these deposits lmve been worked, bnt the output from 
tlll1111 11t the present time is very 1-mrnll, when compared 
with the totttl production of the world. 

Owul'rt.mce mid clw1•aotel'l
0

8tle8.-l\iiug11ei,;ite, nmgne­
shun eitrhonate (MgC03); corresponclH chmnieally to 
cnlcite, cnJcium carbonate (CaC03). In the pure state, 
it confains 47.ll por cent of magneHinm oxide, 1111d 

52A per cent of carbon dioxid!\. vYlrnn impure, mag­
nesium silicnte iH preoient iiud at, timrni iron oxide. 
Pure magnesite occnrH in tmnspiirent, rhomhohedml 
crysh1ls; in the massiYe form it i1:1 compact nnd gmnn­
ltll', ro~ombling nnglazed porcelain in appeamnce. In 
color it is genemlly whitl\ hnt often of tt yellowish, 
gmyish, or even browniHh tinge. 'l'hc bl'Ownish t•olor 
is impri.rtcd to the mineml by tlw impurity, iron oxide, 
which if prooient to the oxtcnt of 1:1eveml pni· cont fornrn 
tho vitrioty "ln·pumwritn, '' or "brown Hpttr," n1:1 it ioi 
sometimes called. In hnrdnoi,;s 11rngnc1:1itn vnriL1s from 
3.i:i to 4.n, nJHl thongh brittle, it is <'XCl'P<lingly cliJ!it-nlt 
to drill. Its :-;pccilie gnwi ty vario1:1 from il t.o H.12. 

Tho fornmtion of nrng·noi,;ite, which i1:1 n1:1nally itsHo­
ciiitetl with :mrpentine, · iH nttri1mtod to tho nntion oi' 
t·nrbmmtl~d wttfors npon ornptin~ magnl'Hinrn roclrn, 
:md1 u:-i olivine ( chrysolit<\); w hm1 this ttl'tion lrns berm 
<·o.rrit>cl nL'ILl'Ol' to completion, the Hnrpn11ti11e 1tli,;o iH 
dPcompoHed; yiulding aH final produetH mngnPHitt~ ttrnl 
qrniriz. \Vhile mag1rnsitn g<memlly oecnrH lLHHociatecl 
with :>erpcntine, it i1:1 found abo with otlwr m1tgmlHim1 
minerals, as talc, hrncite, clolomit<\ etc. It iH HOJJW­
timc:-i fonnd in g-ypimm, and whL'll the veins are il'l't\g­
ulnrl,Y mixed with tlw gypHnm tho maH1:1 fm'lll8 the 
nui<'ty o:f marhlo known HH "Ylll'cl nnti<pw." 

lf.w~s.-In the crncle comlition 11mgnosite is nsed 
1urgcly :for nmking cnrhon dioxide gnH, either hy the 
applicn.tion of bent alone or by troatmont with tml­
phnl'ic ac·i<l. The ciirhon dioxkle so produced is util­
ized lnrgcly either in the g'tlseous or liqueiiocl ::-1tate to 

"charge'' or cn,rbonatc minern1 waters and other be,'­
ernges, nml its n1:1e in mechnniml refrigern.tion in warm 
eountrie1i n,ncl on 1ihiphoarcl i1i incrcn:,;ing·. \Vhen crude 
mag1rn:-;ite is decomposed hy sulphuric acid, rrrngnesium 
snlplrnte iH obtained ns n hy-prodnct, which, being 
dissolved in water, iiltered, tmcl crystallized, yiolcls 
Epsom snlts (Mg-80 1, 7H20). During Hl02 it is esti­
mated that at least 17,500,000 poundi:; of this snit were 
prodncocl in t.lrn United States. .At lenHt 00 per cent 
of the domestic ontpnt o:I' I~psom snlts produced during 
1D02 was commmecl in tho nmnnfoctnrc of dyes, l1ttm­
clry s<mps, nud paintoi, and in tanning lcnther; the 
romiriuing 10 per cont wits n8otl in the propnration of 
nrnclil'innl s!llt8, Eitrly in l!lOB a com biirntiou was 
effected of the various concerns engaged in making 
I~psom salts in tho United States. Crudo magnesite is 
mmd to n minor cxtont in the mmrnfactnro of the nmg­
ueHitt allm of ·phammcy. 'L'hiH prepiimtiun is a mixture 
of umg-nm;imn earllonn!~e nnd hydrnte. 

Thu eonsumption of nmgne1:1it.o in its mtlcinod state 
(which corrosponcl:,; to 11mgnosin, lVIgO) hns incrensed 
very largoly shwo l8H!l, owing to its usci,; in the form 
of briekH or concrde 1is a refractory lining for open­
hearth fm·uttces and Bessemer convorter1:1 in tJte 8teel 
induHtry, and for spechLl imrt1:1 of :ftn'l1!Wlls nsecl in the 
smelting of copper and le11cl ores; HH tt lining for rotary 
kiln:,; nso<l intlw mmrnfactme of l·\1!'thtml cunmut; nH n 
nom:onclncting covering :for lioilerH, steam pipes, etc., 
to prnvl'.nt loKH of heat; 1111cl rnorP rec:ontly in electric 
furnace c:om1truut.ion ns ii refmctory nrntorhil. It ii; 
llHOCl nlHO in tho lllH!lllfoc!:nl'C of lHtpOI' stol'k ll}' the snJ­
phitll pi·oee:-;:;, tho woocl pulp hdug digested under 
1n·e:-ism·o in 1·:tldmn-mngnesinm acid sulphitn1 wlwroliy 
tlrn lignin which forms the coloring· n1atter of the wood, 
iis W(~ll m: other inertrnting material of tho Jiher, i1:1 con­
vcrtod into solulile product:;, whieh 1ire subsequently 
removed by wt1shing'. Tho general adoption of the 
bnHic proceHs o:f nmkiug .~ten] ha:; ab10 largely increrised 
the nHe of: nmgne1:1ito for fnrmtce linings, especially in 
the form of bricks. 
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MINERAL INDUSTRIES OF PORTO RICO. 

By WILLIAM F. WILLOUGHBY. 

'fhe investigation of the minerttl industries of Porto 
Hico for the year ending December 31, rno2, report of 
which is given in the pagel:l that follow, representing, 
us it did, tho first at.tempt to present a comprehensive 
exhibit of the ch1rn1cter and importance of the minqml 
resources of the isln,nd iind of their exploifation, had to 
contend with the difficulties usually iitton<liwt upon 
initial stath;tical or censmi work, in ttny field. These 
difficulties consisted not so much in seeming dttta con­
eerning· mineral deposits iu1d their working, after their 
existence wits known, as in securing infommtfon con­
~erning 1-1uch existence and working itself. In the 
present case this difficulty was especially 1umte owing 
to the h, ck of oflicial dnfa 1md the fact that in no mse 
weru nnning operntions being concluoted ttl:l n, regular 
indn;,:;triuJ enterprise. Such work a:; was dono during 
the yeitr was ttlmost wholly of a prospecting and expuri­
mental clmmcter. Even briclrnrnking and ;;tone quar-
1·ying \V(~l'c c1irried on in an intermittent lll!Ltrnor, 
hriclrn being nrnde tis denrnnd arose for them and qnnr­
ries heing worked here and there by contractors in need 
of nrnteria1 for roadmaking. ,, 

In view of these conditiom:i it was deemed that the 
most important work that could be clone by the investi­
gation would consist of presenting (1) .'luch historimtl 
data as could be obtafoed regarding the search for, and 
discovery of, minorn1s in the past, and efforts tluit had 
lJeun umdc for their utilization; (2) a statement of tho 
Ill ws in force regarding the locn,tion itnd oxploittttion of: 
mining cfaims; (3) it list of all minorn,l deposits of which 
information could be sucured by making tho most thor­
ough invostig·ation possible; m1cl (4) itn account, with 
sneh statistical data as could be obtained, of work iwtu­
ally done during the year in the utilization or manipu­
littion of snch mineral resources. 

In those efforts it is believed that, thanks to the co­
operation of the different insular and loco,l officittls, it 

lruge meiisure of success has been iitbtincd. The 
thoroughness of the cm1vass may he seen from t.Jrn fol­
lowing statement of the means employed in securing 
information. In addition to the personal rosearch(~S of 
tho author and his assh;tants, information W£Ls song-ht 
and socnred from each· of the sixty collectors and 

deputy collectors of taxes attached to the Treasury 
Department of the ishtncl, whose duties are such 11s to 
nrnke them personally 11cqrntinted with every important 
taxpttyer or industrhtl enterprise' in their reHpoctive 
districts, from tho twen~y-odd intornal rovonue agents 
whose duties take them to every piwt of the isl11rnl, no 
matter how dilllcnlt of ncces8, and fimtlly from all tho 
contractors and sttperintendnntR cng1tgwl in the con­
stmction or maintmrnnce of the highwiiys. 'l'ho com­
missioner of the distriet of Porto Rioo n.ncl the chief of 
the Bnreiin o'f Mines under his jurisdiction likewise 
reridered ov.ery possible assistmwe in tho WlLJ of fur­
nishing diLhL tnken from oflicinl records and in directing 
ull of thnir employees to fnrnii:'h any infm·nmtion in 
their power. 

Mining, as genemlly understood in the United States, 
htt8 not up to tho present time been !t stable industry in 
Porto Rico. Certain minomls were known to exist liy 
Ponco do Leon ttrnl.his followers in the early p!trt of 
the sixteenth century, but nc> syl:ltematic or scientific: 
mothod1::1 were then, or have huen since, employed in 
their extraction. The nhsence o:f 11ny relics pertaining 
to the period antedating the discovery of the island by 
the Sptiniards would tend to show that metals were 
not used in the nmnufactnre o:f warlike implements or 
domcstiu utensils, neither has there heen unearthed any 
metal !t(lormnen ts, such as anklets, arm rings, or similar 
decomtions with which.primitive tribes conversitnt with 
the nse of metals were wont to aclom their women :folk. 
~L'he complete absence also o:f slmfts, tunnels, and other 
ovidcmces of ore mining, such as nre being constuntly 
uncovered in other Spanish-Anrnrimn oountriei:i, would 
further toncl to confirm the opinion tlrnt neither the 
Boringuuflos nor their Spanish conquerors pmcticed 
mining except in a desultory manner, rind the lack of 
historical mention of such industry likewise strengthens 
thiH belief:. Fmy Inigo Abad, in his ''History of Porto 
Hico" (1788), makes reference to mLrly remittances of 
gold to the Spt111ish peninsulu, hnt ltll the gold extracted 
was undoubtedly obtained from river washings by en­
forced native ln,bor. In his dcsuription of thr;i effects of 
the grei.tt hurricnno of 1530 the smne hbtorian sn.ys: 
"Se volviai1 los ojos a las minus, las veian todas sumer· 
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gidas por las crecientes de los rios" (They turned their 
eyes to the mines, but found them itll ;iubmerged by 
the overflow of the rivers). 

Official or other reliable data relative to the g·eolog­
ical formation of the ishwd is also pmctically nmrnxist­
ent. Somo attempt to compile a report on tho subject 
was nmde liy Angel Vasconi, a. Spanish engineer, and 
the result of his labcn·s was laid heforo the <lirect;ors of 
the Exposition of Mineralogy held at Madrid in 1883. 
The m0110gTaph comprising the report is not extant in 
Porto Rico, lmt a portion of the rongh draft was :found 
among the archives of the insular Bureau of Miirns by 
its present chief and was largely drawn upon by the 
Governor of Porto Rico in his second annual report to 
the President of the United States. The inforrrnttion 
therein contained is considered worthy of reproduction 
as presenting in succinct and precise form what little is 
known of the minernl bearing :l'ornrntions which go to 
make up the soil and subsoil of this new possession of 
the United States. 

[Extmet from the second nnnu11l report of t11e Governor of Porto Rico to the 
President of the United Stittcs.] 

Go1d placers were worked for some years by the Spaniards in 
the first century of the conquest, and, according to official statistics, 
2, 700 pounrls of golcl were sent to Spain from the year 1508 to the 
year 1536. It is believed that that figure only represents the part 
belonging to the Crown of Spain-that is to say, the fifth of the 
total production during that i1eriocl of time. 

The Sierra de Luquillo, the more abrupt and the highest of all the 
mountains in Porto Rieo, belongs to the 1x"iain cordillera, or chain, 
which cuts the island from east to west, with a prolongation. to the 
"\Vind ward Islands, by the east, and to the little island of Desecheo, 
situated opposite to l.Wayaguez and Aiiasco, by the west. That 
mountaiu, or sierra, is in the northeastel'll iiart of the island, and 
owing to its situation and the elevation of its hills-the highest 

. being El Yunque, 1,200 meters [3,937 feet] above sea level-is the 
first vessels can distinguish in coming to Porto Rico. From El 
Yum1ue and the hills named CuchillaFirme, Meseta, PeiiaParada, 
ancl others, various rivers flow in >Yhich gold has been found. The 
Mameyes, one of the rici1er in gold, has as ~ributaries the rivulets 
known as Filipina, Cajones, Guaraguao, La l\fina, La Mitquina, 
Tabonuco, and Anon. In this last named, the Anon, some thirty­
eight years ago, ~i rich concern did some work in the washing of sands 
or auriferomr alluvia, obtaining from one to two pounds of fine 
gold per day. The rocks more abundantly found in the watershed 
of Mameyes River are eurite and porphyry, crossed with veins of 
quart:?i ancl iron pyrites. The alluvial lands occupy a good exten­
sion of the rniddle and lower parts of these watersheds, and are 
composed of clay, sand, and bowlders, forming deposits of analo­
gous nature. Their depth is variable. In the valley of the Anon 
there are some cuts, from six to eight meters (20 to 26 feet) deep, 
made in such alluvial deposits with the view of exploiting the 
aurifermis strata. 

It is known that the watershed of the rivers Ooroziil, Negros, 
Congos, Cibueo, Mavilla, and Munat! contain auriferons sands. 
The idea which occurs to· one examining the vicinity of Corozal 
is that that. ya!ley was emptied, through a process of erosion, by 
the diluvial waters, which produced in the calcareous soil cuts more 
than 130 meters [427 feet] deep, through 'rhich ran a stream. It 
is believed that the waters of that stream deposited the quatemary 
alluvia. The calcareous soil, said to be of the Tertiary formation, 
occupies the right shore of the river and .extends itself by the 
north toward the sea. · On the left shore, and in the bed of the 

river, the limestone has diRnpponrP<l, giving plaoP to potent Htrata 
of sandstone, on which the nnriforn11H q nntprmu·y all n da la~·. The 
alluvial deposits are more potl\Ut tlw ln11·pr till'~' an., nrn I gn!tl b; 
found very near the surface in the higlwr awl hill~· ptlrtH, 'dii!t.1, 
on thL1 contrary, in the great 1lupnHitH nf tlw lu\\'Pr partH of tlw 
valley the nuriferous stratlt arn t'OVL\J'l•d hy Htl'rilt> Jll<lH~l'H. Near 
the somoo of tho CongoR Hi\'lir, in tl1t• hl,t] 11f it, awl :!ii 1·Pnti­
mcters (fl.8 inches) cleop, HOtne piOOllR of quart?. httVl' lll'l'll fnnllll 
containing from 8 to 10 gmms [l:!:l tn 1ii·1 gminH] nf Jllll'U goltl. In 
the juriH<liction of Corrnml some wushiug mtu·hi11Pry ll'ltH l'Htal1-
lishetl, and the result was from $2.17 tu :;»l.:lO fur 1.:aeh ton of Hnml. 

Thero nro also, according to oflidal in[urmatim1, H11llll' gnl1 l 
placers in Mayagncz, San Gemrnn, Yan1,o, allll Cuaurn. Thu gol1l 
is found in grains or nuggetR of $2 m :jl:l yalt11.>, 1trnl,,mrL•ly, unggl!IR 
of even higher value. In the Fajarclu Uiver it pi1•1'0 ll'llH fnnnd 
which weighed 4 onnceR, and in the CongoH mwthor pil•t•o of l 
pound "·as also found; but tho higgm;t pim:o of pnrn 1mlirn g11ltl 
was diHeoverecl in the lands belonging to Mr. Bnn, in tlw jmiH1li11-
tion of Oorozal. That.piece was sol<l tn l\Ir. Bon hy th1 1 llrnler fur 
$200 in money and some other v1tlnnlik• thing.,. In the hP1l of 
the Filipiua rivulet there worn nbtltined fruw Oll kilngra111H [182 
poundH] of sand six-tenths of a gram [O grninK] uf pmo gnltl, whil•lt 
makes 10 grams [154 grains] for l tun of ~arnl. Tho <111ll'l'[H'iSeH 
rnentioned wern abandoned, nml tho only work on tho uiines was 
done liy the "lavnclores," waslmwn. '!'hoy llHLl nn in8tr11111l•nt 
ealled "guvetu," ·ma1le of wood, slmpo1l lilrn n plait., or ·!O <'L•nti­
meters [HJ inches] in diameter an1l 12 c•entinll'tl'l'H [Ii iudll'H] <leop. 
Iu the watersheds of Mameyes Hinn· un1l in nil tho rivm·H 1•rosHing 
the jmisdiction of Corozal numberR ni J.ICUHants t1ml'11e l'L'lm tmgng1~rl 
in the work of washing auriferons sarnl, frum whidt Uwy nhtnin 
gold in amount sufficient to pay for tlrnir Hnpport. 

Since the American occupation, work nu tho mi111·~ hns hilcl 
renewe<l lifo, and the m·anbor of aJ.1J.1limtiunH for 111ining e11111·e><· 
sions filed .in the Bureau of Agrim1ltnru a1ul l\IineH haH incrua~ocl. 
Up to July concessions have bm•n grnnto1l for '!Oi hl•1·tlm•H (2tJ.1 
acres) of land. 

The minerals of copper obtained Ul'l~: J•'orriflil'OllH motl<•y enJ.lpor, 
native copper, green and bl no cnrbunntoH, yellow <:OJ.l)ll'r mt! phitlo, 
often accompanied wilh iron pyrit<•H aml iron oxi<h!H. SpaniHh 

. explorers of the island paid little or no attention to eo]l}'lll'. It hi 
generally found along the main chain of mnuntaiu1:1 <livi<ling tho 
island frpm east to west, from the neighboring il'lnwl of YiP<JtH:~, 
and then following through lUo Blanco, Unralio, Coro:ml, Cialc~, 
Jaynya, Maricao, and some other phtcoH whh-h bolong to tho Hnuth­
ern chain of mountains, sueh as Lm1 l'ie1lra~, II nnuteao, l'mic<'; 
Pi!Ialejo, and also in tho vicinity of tho roatl from t'ngnnH lo Ann 
,Juan, the richest place being the barrio of mo Blnnl'n, in thl! 
municipality of Nngnabo. '.l'he first works for tlw oxploilntinn nf 
copper began in 1869. In the mine rn1rne1l ''La Almnclnncht'' Hm1rn 
small exc1wations were made, and the super!ldiil lm'lionntP WllH 
gathered, and many tons of rich mineral werti thuH ohtninrnl. Like 
results were reached in the miue1:1 namecl Santti Anrnloitt, Lu Cas­
tellana, and Santa Teresa, all loeated in tho barrio of Hio l3l!tncu. 
In the last-named mine copplll' in<licaticmA were notecl frnm the 
surface to a depth of 25 meters [82 feet], first nA gruen carbonatp 
wit.h 28 per cent of copper, then as ferriforonH motlPy copper,, ltlHl, 
in some parts, yellow sulphide, very pnre, Jn 18/0, JO tOllH of 
copper sulphide were olitained from the mine Sautlt Ten~~n, 1t11t l 
60 tons of carbonate of copper from the Santa Amalia. Owing to 
the difficulties and high prices of tmnsportation, work cea~l1tl. 

The existence of silver in tho island has been oJfofally recog­
nized. On July 19, 1538, the "ofieiales reales" wroto tu the .King of 
Spain.that'' veins of lead containing some silver have btwn found,'' 
and on March 29 of the following year they wrote, "WHh respeut 
to the silver mines here discoveretl we arranged that tlrnt mineml 
beJnsecl here, but there is no person who knows how to do it. In 
some j)laces veins of that metal have been found, but nothing has 
been done, waiting the arrival of some one who knows how to fuse 
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11.nd work it." In 1lto II istory of Porto Hieo, liy Fray liiigo Abati, 
with nok~H liy Dou :To86 .Tuliau AeoHta, tho Hb1temout iH urn1le that 
in the Serrania <le AfiaH1·u tlteru wm-1 a milw mntnining silver; arnl, 
in ti report prnparml in 187!! by the t·hid l'llgilwor oC the bmtmu of 
mineH, reiere1wu iH made to 1•ert1tin Hamples of ~ilver found in tho 
barrio UamoH, nf tho mtmi1•ipality of Ts11beltt. In ot1wr ofli1fal 
documents tho t•xistmwo of Hilvor in the northwesturn part of the 
hihm<l is aillrnwd. Coneessin11H hare li11eu mtule nf silrm mines in 
Naguabo, Corozal, Hin Ormulll, Fajardo, Lajas, an1l Las l'ie1lras. 

In the ~nb~oil of tlw mu:itum part of the island tlu;re iH felclHi111thie 
rock. ThiH seetinn is <•onfiued on the nortlt by the Siorm de 
Lnqnillo, 11rnl ou tlw sont.h by tlw Pnndnm, pamllol mngcH of hillH, 
nn<l clistnn t mw frnlll the other from 25 to ao kilometers ( rn to HJ 
milm;). It. iH Ht.atl•tl tlutt tlto Hnrfiu·e ](}(h\H occupy 11 liuge.area, the 
depth not hiwing l>rn!n th\tor111izw1l tlH y(\t, Irnn is fo~nul, accord­
ing to teRts ma<lu, nt tlw r!Lle of Bl pm· cent of tile mineral. Iron 
of oxcelleut qnality has lim•n fonn<l in tho barrios l\'lamt1_)'eH un<l 
.foynya, mtmkipalit.y nf Ut:rnulo, 11.rnl in Luqnillu, Pilidrus, Nagtmbo, 
n lllllHCllO, Gnrabn, PatillaH, Sau Lorurnm, and Arroyo. Tlrn C!Oll­
C!'f:HJOJtH of iron minl'H are llnnwronR. Some effortJ.i are being made 
now with the Yiow of orgnuizing tmturpriRPS for tho l\xploiti1tion of 
iron int.he eaHtum part of tlw iHlnrnl. 

'l'lrnro an\ in tho iHlmul, 1w<~ur1llng to ollidal infomrntinn, Homo 
deiio;,;its of lead minoralR. GmHl Km11pleH uf galmrn luwo hmm fournl 
in Arroyo, i\foyugtmz, a111l Narnnjil:o, Thorn imi two eonuessinmi 
gmntrn l in tlw rnnui1•ipality of Chmyama, one being for tho '~xploita­
tiou uf lt>atl arnl t.lw otlwr for ai·gpntif1•rouH gnloua. l\'linumls (!On­
t.niuiug Home 1m10u11t nf pmoxi1lo ul mimgnlll'HO 1uwo helm gntlwre<l 
in tht.\ Yi<'iuity uf Cor11z1tl. Nutivo liiRmuth has been <liHeovore<l in 
.l'onc~e. S1uupleH of phltinnrn, tiu, nml mercury have been obtained 
in tho jmi~•lictinn of Coroznl. 

All other oflicial rt1ports touch lmt lightly on the 
mineral reH0111·ces of the island mul do not convoy any 
information not Pmbodied in the foregoing oxtmct. 
l\fr. l~obort 'l'. Hill, of the United 8tntos Geological 
tlm·vp.y, i11 his nccnrate and interesting work entitled 
"Cnlm and Porto Rico," devotes but ten lines to the 
s11bject, saying: 

A little pln<'Ol' gol<l iH fonrnl in tho rivers of the Sierra Luquillo 
arnl Gnrozal, n111l uu•rt:in·y in tho Hio Grawk Uol1l w1L~ formerly 
mined by tho <mrly 8paniHh H1Jt.tlms mul is still taken ont in small 
qmmtitieH hy the rn1tiniH. Molyli<lena, magnetic pyrite, man­
gnuifo, liutonite, ehryHocolla, epi<lote, urnl gumet nro t.lHJ minor 
minernls found. Speenlar imn iH repnrtrnl in Hcvm·al pl!tueH, notably 
in tlw rivur Cnyul. Mngnotie iron is nlso rnport<~1l. from Gural.Jo 
mul OittleH. CryHtals of 11uartl'- are fonwl in the Hio Prieto, agate 
of good quality at C11j11 du i\iuert1iH, !trnl malachite at Rio Blanco. 

l\fINlNG LAWS. 

N otwithstm1ding tho almcmco of nnything approaching 
an org·tmized mining indnHtry iu Porto Rico there is, 
ncvertJrnless, a complote system df ht'ws nud regnln,tions 
gmrerning the right. to oxploit both preciom:; ttnd base 
metnls in tho islm1d. 

This iH imbst.autially contained in the lttw of .July 6, 
lSfHI; 1i11tl tlrn miuistnrial order of Deccmbor 29, 1868, 
muwtccl 01·.igiually :for application hi tho Spanish pen­
iwmlit only, bnt snbseqnontly extended to Porto Rico 
by tho law of May B, 1805. Mrmy of the provisions of 
these statntes havo by reason of tho clrnnge of sover­
e'ignty become inapplimtblc, and it is understood that 
n now mining hiw is boiug clmt'tcd and will be presented 
nt tho next session of the insular legislature. In so far 

as possible, however, the principles and procedure of 
tho existing laws are being observed, 1111d deficiencies 
ari:;;ing from changed political conditions treated by 
analogy. 

Minerals subject to mining claims nre divided by the 
law iuto three chtssei:;, as follows: 

Class I: Minomls of an earthy nature, minerals of a 
siliceous 11ature, shttos, minerals of a sandy nature, 
granites, basalts, limestones, gypsums, sands, marls, 
clayey earths, construction materials in quarry forn111-
tion. 

Class II: Placers, metallic sands or alluvia, bogs, 
emery, ochorH rind almagras, scoria and mineral tailings, 
peats, pyritic earths, aluminons earths, magnesium 
earths, salt deposits, limo phosph1ttes, harytes, fluor­
spars, stmitites, ravolins, clays. 

Class UT: Mcfallic veins, anthracites, pit coals, lig­
nites, asphalts, bitumens, petroleum and mineral oils, 
graphites, saline substances, including nlkaline mid ter­
raceons salts, either solid or in solution, copperas, sul­
phur, precious stones, iron ores. 

In order to obtnin legal title to a mining claim th(l 
claimant must' submit it petition to the Commissioner of 
the Interior of Porto Rico setting forth the area of the 
desired cl1tim, the class of mineral to be worked, imd 
the name of the owner of the property wherein the 
claim is situntod. He must also furnish n survey of 
the claim and, within ton days from dnte of filing 
his petition, must deposit the sum of $36 if the claim 
does not; exceed in nrea 12 pertenencins (30 acres), and 
$1.20 for each ndditional pertenencia. No claim can he 
iilecl for less thn,n 4 pertenencias, but there is no limit 
to the number of pertenencias that may be included in 
one chtim. Each pertenencia must, however, be con­
tiguous along the whole of one of its sides to 80me 
other pertenencia of the snme claim, and must consist 
of a reguhtr squnre, each side measuring 100 meters 
(328 feet). The aforesaid deposit is to cover the ex­
pense of an ofilchtl survey made later by the Govern­
ment. Tho first conditions being complied with, the 
petition is advertised for sixty days to enable protests . 
to he filed, which protests are 1mbmitted to the claimant 
for reply within twenty days. The complete brief is 
then passed upon by the Commissioner of the Interior 
of Porto Itico, and his decision, if favorable to the 
claimant, is followed by the appointment of a surveyor 
to hiy out the chtim m1d the payment of a further fee by 
the claimant, amounting to GO cents per pertenencia (2t 
acres), to cover expenses of title. A title signed by the 
Governor is then issued, tmcl is valid forever, subject to 
an annual rental (canon de minas) of $2.40 per pertenen­
cia for precious metals, or 96 cents per pertenencitt for 
base metals. This title does not; carry a.ny obligation 
to work the mine, a,nd lapses only on failure to pay the 

, anmml rental. 
Pending legislation relative to the disposition of pub-

lic lands (terrenos baldios), no mining claims are being 
allowed on public property. 
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PREOIOUS METALS. 

There are at present twenty mining claims registered on the books of the Burean of Minos, none of which, 
however, j8 in operation. 

Req£stered 11u:ni?i(f claims of 1n·eeiou.~ metals. 

========c:=========.================ii"'==-==="===:c=·-·---~---··--

!.OCA'r!ON OI' M!NJi, 

NAl\IE OF OWNF.lt. Nnnw of 1niue. Cht"H nf mi1wntl H>thl 
to exist. 

1 
In hen- ··1 

J)ppnrtnwnt. Municipnl distriet. Warr. hll'es. In 1wreH., 

Srm Luie .................... H>tynmon ......... Coroz111. .......... Negros .......... ·: --1-8 --~~-ii Gol11. Hcmy D. So.yrc .............. . 
Jlo ....................... . O'R 11 I <l l'ndilln .. .. .. • .. .. 2ii 112 Ool<l nml ntlwr. 

HnyiJ' .. :·:.·,,·::.·.«_:::·.:::::::~ :::::~1~! :::::::::::: :::::11:~ :::::::::::: PaloR13lnneo!4 .... ~·l an no. Do ....................... . 
Josef ZervrtH .................. _ Angustn ..................... Ponce ............ Gn1tym1ill!I ....... l'>tRto............. ~-I fi\l no. 

L>t Pn,lmn................... Ilaynmou ...... -.. 'l'Olt Alt11.......... l'nhnnr•~jo.... .... 12 :m no. Wm. H. Crawford ............ . 
Hcnr~· D. S11yre _ .. _ ......... .. H1whcl .......................... do ............ Coroznl ........... Cuehlllns......... il2 7\l lln. 

no ...................... .. Lc1rn ............................ clo ................. do ............ Ncgros............ 12 :m Do. 
Hmn')" ........................... do ......... --- ..... dn ............ C:uehllhts......... :!ii 8tl Do. Do ....................... . 

Do ...................... .. The World,. __ , ___ ,, __ ,,, __ ..... rlo ................. 110 ............ PnloHJlhllH10H.... 1·18 :lliil ))o. 
llo ....................... . 
Do ..... ; ................ .. 

Hnyler ......................... .rlo ................. do ............ Cuchillns...... ... 11 ~ BO Do. 
Dunham ........................ do ................. dn ................. do............ _ 110 Do. 

Do ....................... . Mute ............................ clo ................. clo ............ Neg-ros............ 12 ao Jlo. 
M. Lo.ncoste>" ................. . !'1Lhll!Ll"CjO ....................... do ................. do ............ Pnlnrnrejo ........ 2·1 riu no. 

}'Jorino .......................... do .......... _. _ .... clo.. ...... ... . Pnlos llhmcos . ... 2ii ll2 Do. D. McLc1111 ................... . 
Do ....................... . Edwin ........................... <10 ................. do ............ lloHJlocas........ 12 Bil no. 

Henry D. Snyrc .............. _ Ethel ............................ !lo ................. clo .......... ~ ...... do............ 17 ·12 Do. 
C. Hcrnsteln ....... _ ......... .. Catinestorlil!! ............... Hnmitean ......... LU<l.Ulllo .......... 1£1t\\l(}»CH......... 12 HO Aurlfrro<w~u.ntl, 

ErncHtito. .. _ ......... : .. - ... - -... 1ln ............ N1igrntbn ........ - llio Jllnnno....... 100 '..!·17 Rilv<>r n1Hl nlclwl. Al'g'\ICSO & l\liner ..... - .•••... 
D. MeLcan ................... . Vmiderhilt .. .. . . .. .. .. .. .. . Il!L)'!!Il!Oll......... Corozo.l........... DOH IlOCllH • .. • .. .. 12 ii{) Silvor 1rnd other. 
Hogan & PiUl'CG ............... . Roilmclc!Cobrc ................. do ................. do ................. clo............ 12 :m d Jln. 

All of these claims have been filed since the Americm1 
occupation of the ishmcl,and some little oxplomtion work 
has been clone in the case of a few of the claims situnt;ed 
in the Corozal district. The owners of each of the 
above-enumerated claims have been interrogated by 
letter as to whether their respectiYe claims were in oper­
ation, but except from the owners of two of those claims 
(Augusta and La Palma) no. response has been elicited. 
'rhe owners of the other mines am not to be fonnd at 
present in the island. It may, therefore, truthfully 
be said that ore mining of precious metals is entirely 
prospective and confined to the :filing and registration . 
of the above-mentioned chtims, none of which is being 
exploited. 

PLACEH GOLD MINING, 

Such gold mining· as is actually engaged in at present 
in Porto IUco is entirely of the placer type, unimpor­
tant in scope and confined to the Corozfll distriot of tho 
island. There are some t\venty or mol'e miners of the 
peon class engaged steadily in the work of extracting 
gold from the sands of the river by means of an oscil~ 
lating· movement of the hands applied to a wooden disk 
in which the sands are washed. From the best informa­
tion obhtinable, the value of the gold thus secured daily 
will aggregate, approximately, $25. It is understood that 
Mr. Henry D. Sayre, who is the concessionaire of eleven 
mining claims in the Corozal district, intends shortly to 
operate on an extensive sen.le. Mr. Sayre is an expe­
rienced miner, who has invested a considerable sum of 

money in exploration, surveys, and nssayH in Pol'to 
Hico, and is said to be very favornhly impre1-1sed with 
the mineral wealth of tho Cormml tlistrict. Ho has 
recently applied to tho oxccutivo t!Otmcil of Pol'to Hico 
for a franchise ttuthorizi11g him to clivmt the wnters of 
the Mn.billo river from their natural course with IL view 
to obtaining the deposits of gold in the rivl'l' lied. 
Whether any attempt at ore mining will bo m1ulo by 
M1'. Sri,yre is not at present known, but it is unclerstoocl 
th1it ho cfaims to have discovered the original yeirn-i from 
which tho deposits in the river bed are deriycd. Al­
though there js evidence of placer mining hn,ving been 
practiced in other pn.rts of tho isla11d its well as in tho 
Corozril district, particuln.rly in tho vicinity of San 
Gel'umn, no mining for gold is nt prcson t carried on 
outside of the Corozal region. This failure to opemte 
elsewhere in the ishind is doubtless due to the belief 
that the gold deposits in other sections havo become so 
nearly exhausted as to preclude their extraction in 
quantities profitable even for the peon class. 

BASlil METALS. 

The foregoing description of the situation relative 
to precious mehLls applies almost in its entirety to 
the baser metals. The following mining claims luwc 
been filed and are registered in the office o.f the Com­
missioner of the Interior of Porto Rico, bnt no single 
one of the mines appearing in the list is actually being 
operated. 



PORTO RICO. 

Regi8tm•ed minin(J ola,ims of base metal8. 

LOCA'l'lON OF MINI~. 

NA~m OF OWNE!t. Numc of mine. 
Dcpurtment. l\hmicipal diHtriet. Wnrd. 

AREA OI<' MINI~-

In 11ec­
t1ircs. In acres. 
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Cluils of :minerul suid 
to exist. ' 

-------------- __ , ___________ , ------~·- --------------1--------11---- ----11·--------
Arturo H.Nohlc. ·-- .. -----·--
,John \V.Cnnncr .............. . 
Peil ro S1in tiRtelH111 . __ ....... __ 

Do.·-- ......... _--·------· no ________ , .............. . 
Angel l\fotloy ............... .. 
Hmu-rD.Stl)'l'C ... ------·------
:Miguel l'orrnt1t ___ .. __ .. _ ....• 
Alejundro Fcmtt1Hlez_ .... _ .. . 
~fan mil Ug1tlde ..... _ .. __ ... __ 
ArgucRo & .Miner. __ .......... . 

~~~~W\'c~. ·. -. -. -. ·. ·. -. ·. ·.:::: ·. ·.:: ·. ·. -. Ponce ...... -- . . .. Alljnntns......... Gni!arto ....... __ . Mayaguez ........ 81m Gcrm1uL ..... Hoconuco B1ijo ... 
Sole<ltttl ___ .......... -. .. . .. ll11ynmon. _....... Corozttl........... P1telilla .... _ .... .. 
Elcmtttn<l Jengenili ......... Mayngucz ........ Lttjns ............. Lajns Arrlbn .... .. 
~[J~'c'?c1r\c-.8:·.·.·.·.·-·.·.·.-.::·.·.·.:·.·.· ...... do ................. do ................. <lo ........... . Arecilio ........... Utmtdo ............ Tityuy11 --------·--
Anacoudn. No. 2. ~........... Mu.~:ugucz ... _.... Snn Gernian...... Cnin Alto ........ . 
.Mnrin .J osofhm.............. 11onon . . . .. . . . . . . . . Ponce . . . . . . . . . . . . ~J;ibe.s ............ . 
l'erncvemneia _ •... - . ---- - . . Hum1w1tn. _....... Nng111tho _ ..... --- Rio Jllnnco ____ • _. 
Esper1mz11 .................. -··-.do·-··-·----- ...... <lo ............ __ ... do-·-·------ .. 
811.ntii Amu.Ji11 _ ... ------ ......... do-·-·· ..... _ ..... .<lo •.• ____ .......... clo _ ......... __ 

Pedro Santisteban . _. _____ .. __ S11ntn Agt1ed11 _. _ .. - .. ·-- -- . M11yuguez _ .. _ •••. .L11jns ... - •... _ ---- L1tj1tN Arrll.m .. _ .•. 

i\Ilgnel l'lnnell11s .............. E8trel11L ..................... Gnaymna ....... ,. G1myama ......... Cmmen ......... . 
Arturo Aponto ·--- - . ______ .... HtmitlL ------- .. -·· ............... do ............ __ ... do----···---·- ..... rto ------ .... .. 
l'c(]ro S1tntisteJJ11n ..... _. ____ . Esper11nz11 .. _ .. _ .· .. __ .. _. __ . ·-- .• do ..... ___ ·--_ JnueoH .......... __ Lti Cei!J11 ...• _ ... .. 

Do-······-··-············· ElniHti ...................... IInmncmo ......... PicdTnH ......... H Colorc.~H .......... . 
Do ......................... CnrrHlHmnn .................... Gnu,vn.mn ........ ~ .Tmwos ................. tlo ........... . 
Do--·-------- ......... ·--. Pttloni_n ....... __ ........... :1 Hnniamo. ___ ·-·-- l'ic<trns ........... Hoqnerou .. ----· .. 
Do ••. -------- - - ....... -·-· sm1 M1gne1 ............ ----·[·---·rt') ....... ·---- ..... tlo ·----------- cn1ores ...... ____ _ 
Do.·--··----- -- ----·- ----· Smt Anton.--· ......... ·---· ..... <lo ............ Hmnucuo ......... Col101·eH ......... . 
Do -··- ------- ............. He1foi1a ..................... , ...•. du--·----·---- Plcdms ........... ColoreH ·-··-----·· 
Do •• --------- - .. ----- ..... Lms1t .. ___ ................. .'

1 

.... ·.do ................ .<1o ·------ ·-·- ...... do ...... ·-----
Do----·----·······-·--··-· Buun.StrneHn ................ G1111;·11m11 ......... Gumbo ........... Mmuey .......... . no -. -- -- -... -. -...... _. _. _ Provulencht ... __ ...... __ ---1 Hun.ttieno. ___ ... _. I'11tillus ..... _ ··--. M11rlt11rn ........ .. 

Jose Sm1iistebn.n. - - ___ .. __ . _ .. Sim Fmlro _ •. _ ....... _ ........... do ... _ •• __ . ___ l'ic1lr11s ........... Boqnoron ... ___ -·· 
Do ........... -·-------·--- S1111 Hrunon ................. 

1 

..... 110 ................ .tlo ................. fl() ............ 

1 

J)o .. --- ..... - ............. Sim Jose ............ -----·-- ..... do ................. do ........... _ ..... <ln ·--·-- ..... . 
no·-·-··--·------- .. ·--·-· AH\11HJi511.1 ................... GllllYllllllt ••••••.•• Gnm.bo ........... J11g-nt1L .......... . 
Do ............ -··---_----- Valcntlrnt --·--··-- ··------· Hmnncno ......... Ple<lms ........... Colores ....... ----
Do-----· ..... - ._ .......... s_·11nto '.l'!>lllHH •• ---· ......... 

1 

..... tlo ........... , ••..• do ................. <la ............ 1 Tom11~R.Nlrlo ..•.. _________ •. Fort)llH.1 .......... ---·---··· Gn11y11m11 ......... A1-royo ........... Ancnncs .......... 

1 

Carlos McCormicli: .... ......... Idttlut ......................... .. c'io ............ ..... do............ li11nrcl ............ . 
Hnillm·mo J\lcCormiek .••. _ ... El B1·mwl1 ····---- -·-··--·--1 ·-· .. !lo··----- .......... do ....... --·- ...... rlo --·--- .... .. 
Cnyutnnn Hnngel - ------- ..... J,n Vktm'ilt ................. 

1 

l'rnwo. ·---------· Ponce_ ...... ----- l'ort11gneH _ .. _ ... . 
l'eilro K1mti>teb1m ........ __ .. S11bh111 •••• _ ...... _ ••••• --· _. H11nrnmw ........ _ lh1m1tell\l. ........ Onllores .... -· - ---·[ 
l\I. l'ormt11 Dorlit ••.. _ .. ___ .... Cell!lll· ...... -------··-- ......... <lo·----·-·--_. ir11jm1lo. --------· C:hnpnc11Uos .... .. 
Argneso& ~!inm·-----·-·-··--- M1tr111 -----···----·--·-··--·11-·---do ............ Hnmncno ..... ---- Mnrnu11t0 ....... .. 
:r. Colll1tn V11klcs •• ,, ·-·--- __ .. C1tstmlirll.tfl .. --··--··------·Ii Gn11vnm11 ....... __ Arroyo •. ----···-- Anconcs .. ------·-
C1u-lnH l\kCnrmick - ..... _ ... __ Segnrldud ... ____ ...... --· _ .. _ ... ltn ___ ...... _ ....... <lo ...... --· - .. Ln.m·c!. .......... _ 
'l'omm1 H. Nido ••.. __ .......... M. er1mrllt.11s ................. 

1

! ..... do ................. do ...... ." ......... .clo ------·-··--
Cnrlns :l.l(\C:ormiuk ...... ------ Pulmlr1t. ____ --····----·---· ..•.. do ....... _____ ..... do ................. clo .......... .. 

n11d~i:u:1;i uri1~rtci:: :: : : : :: : : : ~~~g:;~·i:~_::: ::: : : :: :: : ::: : : 1· i;1i1i~g:::: :: : : :: :: . r"01i~~ :::::::::::: . ·F1iil'.~0.:::: ::::: :: : 
I'crlrn S11ntistebftn ......... _.. Caridad .... _____ . _ ....... _. Gm1y11m11 ..... _. _ _ llurabo - • ____ .... - 1huuo~".-. _ •. __ . _. -

H1tmonL11tinwr ............... Pilitr ··---··--·-···-----·--- B11y11mon ......... CorozaL .......... l'ltlmarcjo ...... .. 

12 
18 

6 
15 
15 
12 
40 
26 
12 
12 

100 
15 

12 
12 
DO 
25 
20 
<to 
21 
12 
21 
13 
71 
50 
39 
<J7 
28 
30 
15 
12 
2<1 
77 
31 

(j 
:10 
'.2'1 
8 

18 
5·l 
93 
fi2 
53 
2<1 
M 
21 
14 
12 

80 
'H 
lf> 
87 
37 
30 
99 
ii2 
30 
ao 

2·17 
87 

30 
30 

237 
{j2 
,19 
99 
G2 
30 
52 
32 

175 
12'1 

on 
nn 
uu 
74 
37 
30 
59 

190· 
77 
15 
89 
m 
20 
4'1 

133 
230 
1f>3 
131 

59 
133 
52 
35 
30 

Copper. 
Do. 
Do. 

Copper a!ld other. 
Do. 

Copper and iron. 
Copper and other. 

Do. 
Copper c11rbonate. 

Do, 
Copper snlplrnte. 
Copper sulphate and 

cnrbon11te. 
Lend. 
U11len11. 
Iron. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
D<>. 
Do. 
Do. 
Do. 
Do. 

Iron 11ncl other. 
Do. 
Do. 

Oxlcle of iron. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Scsq uioxide oOron. 
Pirolusltn. 

l'<•llro tT1m<ll1t. .......... ____ .. Natlyicl11cl. _. _ ....... _. _. _ .. 

11 

II11mnc1w .... _ ____ P11tillns ......... - - Hc111. ... ____ . ___ •. 

Dn ••• - .... - .. - - . --- - - ..... r,n. ire. --- -·· .... ----- ..... -· 1· --.. do ... --· .... -· .Tl!llCOS. - ··-------- Ceib1t '"1rtc ... -·. 

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

A letter of inquiry was sent to each of the owners of 
the above claims. The replies received may be classi­
fied ns follows: 

1\Tot operated.-Pilm·, Natividad, Aurora, Fortuna, l\forceclitas, 
Sole1.ln1l, Eugenia, Capron, Sant.a Agueda, Elois~, Esperanza, Car­
ranznna, San Miguel, San Anton, Begoiia, Luisa, Buen Suceso, 
P1·ovidencia, Sabina, Cm·idad, J_,a Fe, San Iiainon, San Jose, Asun­
cion, Valentinn, San Pedro, Pnlonia, Sunto Tomus, lVIercedes. 

Operations suspended.-Estrella, Hosita. 
Ope1'Cil:ionsconjinecl to eJ;plo1·ationandassay.-Marii1.T osefina, Celina. 
1Vot reported.-Con:ega, Freddie, Anaconda No. 2, Perseveraneiu, 

Santa Amalht, Idalia, El Bronce, La Victoria, Maria, Casua1iclad, 
Seguridad, Palmira, Margarita. 

It is understOod that some of the iron ore deposits 
are of an exceptionally rich character, fully equal in 
percentage of mineral to the famous Daiquiri mines 
near Santiago de Cuba. These deposits are situated 
inland some five or six miles from the eastern seacoast 
town of Nagunbo, and can not be operated with profit 
until means of transportfition is furnished to tide water. 

SALT. 

The production of salt in Porto Rico is confined ex­
clusively to the southern eoas!;. The process of solar 
evaporation is the only one employed, and that in its 
most primitive :form. '.l'he consumption of this article, 
e::itimated :from the best data obtainable, is about 300,000 
qnintals (15,000 tons) per yeiir. All salt required for 
home consumption, as well as a large amount in excess 
for export purposes, cotilcl readily be l)roducecl in the 
islnncl, but owing to insufficient capital (as alleged by 
persons engaged in the industry), want of skill in oper­
ating, or inclemency of the elements, and notwithstand­
ing the fact that a protective duty of 12 cents per 
hundredweight has been imposed on foreign salt intro­
duced into Porto Hico, thousands of tons of this com­
modity are annually imported from Cura9ao. The 
Cm·a91.w salt meets with ready sale here at prices rang­
ing from 20 to 50 cents per quintal, whereas it is 
claimed that with proper management salt can he pro-
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du?ecl in Porto Rico at a maximum cost of 10 cents per \ The production of sa.lt in 1002 was almost nil. A 
qumtal. CH.ilvass gave the followmg results: 

Productfon of salt: 1902. 
='===--===============:==c=ccc=·-·--·---=--=-=-=-=-=·~=-===;===c=---·--== 

LOCA'l'ION OJ' WOI\KS. 

NA.•IE 01' OPJmATOR. Address of operator. ---------,--------11 S111t pro­
duced. P1tck11gc. Vtiltw of Net value l)roee!-lR 

Depnrtment. Munlcipnl ulstrict. 
packngl~. of 1:mlt. mnplo~·t~d. 

------------!------·---- -··--------- --- - ---· ·-----·----11-----~ --·- -

Ju1m P1tdil111...................... Calio Ilojo .. .. .. .. .. .. Ponce .. .. . .. .. .. .. . • • Y1111co .. .. .. .. .. .. .. .. 1 ri, 000 · Snek...... • $0. O:I 
Anccto C1tb11llcro .. .. .. .. .. .. .. . .. S11linus .. • .. .. .. .. .. .. <lt11tY1Llll1L............. SiillnnH • .. .. .. .. .. . . . . 12, 000 ..... do ............. . 
,J111Ln Migmil Toro .. ,.............. C11bo Hojo............ M11yi1g11cz .. . .. .. .. . • . C11bo Hojn............ •GoO ..... 1!0 ............ .. 
U.I,opez&Co ..................... S1mGcrnum ............... do ................ L11j11s .................................. do.... .oa 

$1, 250 
RUO 
fi.10 

--------·-----~---·-----·~---~-

1 nundreclweight. •B1rnhcls. 

Snlm'. 
lln. 
Do. 
Do. 

In view of the abnormally small production of salt 
in Porto Hico in 1002, shown in the !tbove statement, 
it is of interest to reproduce here the reasons advanced 
therefor by some of the operators: 

wn,:,; known, in a general wity, that bricks wore nmde in 
the isfond, also tlrn.t no modern machinery w11s utilized 
in their manufactm;o. 

The reason of the production of the extremely small qimntity 
of 650 bushels iH the heavy rainfl which fell during the year 1902. 
In other years six, eight, or ten times the amount wns produced. 

'£he insignificant dntit!s pakl by foreign salts give rise tu the 
anomalous condition in l'orto Rico of importations from Cum~·iio 
arn l otlwr places of a larger tm1mmt of Halt thnn is nrnnufactured 
in the island. · 

During the year 1902 110 salt was prodnced from the depoHit 
(Fortuna), the hurricane of rnml having completely destroyed its 
utility to its former owners, and the whole of ~aid year ( J002) 
being <m1ployecl lly its present lessees in getting it. into shape again. 

Saitl deposits (Carmen and Monserrate) lrnve in former yearA 
produced· 25,000 to 30,000 quintals. The small production in Hl02 
wns owing to the early rains along this coast.. · · 

'£he salt industry of Porto H.ico docs not produce the fifth oi 
what it should, owing to Urn lack of capital on the part of the 
operntors. With nn initial expenditure of $5,000 the deposit I 
own should produce 100,000 quintals of salt. 

That the industry was not extensive or importnnt 
was quite evident from the n.bseuce of brick edifices 
and the !Llmost univcrsitl use of lumber in tho com;trnc­
tion of dwelling houses, except in the cities of Sn.u ,Juan, 
Ponce, and Mayagucz. This first. iw1niry, tlrnrefore, 
could not be other than crude and incomplete, liy rmt­
HOn of the followh1g facts: (1) No prnviou1> statiHticH 
existed showing· estitblishments engngcd in the imlus­
try; (2) briclmrnking was not engaged in continuously 
by any one estalilishmcnt, ovens being bakocl, fro111 
time to time, ns the necessity dmnandecl; (3) hwk of 
precise information on the piirt of the opemtors thnm­
selves as to nmnbcr of bricln,; made, thoir aettrnl cm;t, 
avemg·e selling price, etc. For the foregoing reasons it 
is n.pparcnt that miiny persons who eugagn in the mn1m­
factur~ of brick n.s occasion therefor arises could not 
be reached at all. In the brief period nt tho disposftl 

CLAY PRODUCTS. of the writer it was not possible to asecrtttin the loca-
No attempt has heretofore been made in Porto Rico tion of more than 35 operators. .Of these, 30 wero snc­

to canvass this industry, consequently there were no cessfully interrogtitecl, with the results shown in the 
initial data available to aid in the present study. It following table: 

Olay prod_ucts: JDO!e. 

I.O,CA'rION OF OFl~ICin ANH l•~ACTOitY. COMMON l!RWJL KILNH, 

NA.lm OP OWNER, !------------------~--- ~----,~--·-----··--~11----

Department. lv!uniclpttl district. Nnmlrnr. Value. Kind UHt!<l. 
l'rOQ088 uHm1 In I 

11111klng. 

-----------1---------1---------11----·-----··------~--1.-

Luis A. Bonnet .................. Vlequcs .................... Vleques ... : .............. .. 
Gnvino Gu,rcms ............... .... :Mn.ynguez . .................. Sltll Germu.n . ................. . 
J:l.farlnno Gonmlcz ............... I!11y1tmo11 ................... C11rollnn ................... . 
Francisco P11rrn . . . . . . . . . . . . . . . . . 11once . . . . . . . . . . . . . . . . . . . . . . Snuto. Isn.bol. .. _ ........... . 
Feclorieo Guzntttn ......... _ ..... - . . .Mnynguoz . . . . . . . . . . .. . . . . . . . Sttn Gcrnrn.n . .. _ ........... . 
Snu tos Ji'l"fUWCS(~hi............... 11onee . .. . . . . . . . . . . . . . . . . . . . Conmo .................... . 
Jesus Diuz ........................... .<lo ...................... Y1wco .................... .. 
llttciendn Floric111 .................... do .................... _ ...... do .................... .. 
hid~oS11njmjo .................. M11yngucz .................. ~foyuguez ................ .. 
Mnrll\no Itenovule8.............. I'onei. . .. .. . . . .. .... . .. . .. .. Jmtntt Dlttz ....... _ ........ . 
Vilell11Hcrmnnos .......... , .... Ag111ullll11 .................. Lures ..................... .. 
Jose Irlzm·rl ..................... Pon mi ...................... Ponce ..................... . 
N. Ar11bi1L ............................ do ........................... do .................... .. 
Tcrmm. J3ai'<leguoz .... · ........... Hnnrn.cn.o ... ................ Yul>1teor1 .................. . 
Suen, C. Vclu~qucz .... ............ !.)once ...................... Jun.rnt Dim~ ................ . 
Sevcriitno H11rnil'ez .............. Mnyngucz : ................. Cttbo Hojo ................. . 
Gumcrsindo Llnch ................... do ........................... do .... , ................ . 
~Iannel G. 1Iuiioz ............... Gmty1tm11 ................... C11yey .................... .. 
M. Munitiz ........................... do ........................... do .................... .. 
Soc. Agrkola 11 'llnru1 11 .· ....•..•. ..... clo ...................... Ht.mvtunn. ........ ........... . 
AlfrecloCristJ: ................... ~Ittynguez .................. M11y11gnl•z ................ .. 
IlLtlbino Rmlngucz .. .. . • . .. .. . .. Agu1ulilht .. .. .. • .. •• • . .. • .. Agmlfllt ................... . 
Fco. Antm:iglorgl. ............... I'onull ...................... Yauco .................... .. 
!II_11ri11n11 Stel'l'll .................. Ag1111dlll11 .................. Ag111tdill11 ................. . 
Vrnd11 de B11ttlc................. M1tyngncz.................. Mayagnez ................ .. 
l".A.Vcnclrell ................... Ponuo ...................... Snnt11IHttl1cl. .............. . 
Pedel'ico Gritell. .............. c.. ~Ittynguez .......... _....... lv!!tl'Hfl'llCZ .............. _ .. . 
J. C11loc11 ........................ Il11ynm011 ................... IUo l'iedms ............... .. 
Jmm Perez ........................... do ........................... rlo ..................... . 
Cll. Azucarern del EHie .......... Hunrncno ................... Ynbncmt .................. . 

mo, ooo 
GO, 000 

mu, ooo 
150, 0011 

50, 000 
20, 700 

JOO, 000 
15ll, 000 
240, 000 
100, 000 

50, 000 
200, 000 
800, 000 

3G, 000 
120, 000 
50, 000 
17, 000 
80, 000 
80, 000 

250, 000 
180, 000 

20, 000 
150, 000 

06, 350 
40, 700 
50, 000 

100, 000 
150, 0()0 
135,000 
1151 505 

$1,500 Ilnnrl J11bor....... Brlek oven ...... . 
BOO ..... do ................. !lo ........... . 
2ii0 ..... do ................. do ........... . 
750 ..... <lo ................. 110 ........... . 
HOO ..... do ............... :.<lo .......... .. 
1-H ..... do ................. do ........... . 
1\00 ..... do ................. do .......... .. 
7GO ..... do ................. !lo .......... .. 

1, (\HO ..... do .. .. . .. • .. . . • .... do .......... .. 
no ..... dn ................. <lo ........... . 
400 ..... do ................. do ........... . 

l,200 ..... <ln ................. do ........... . 
fl,200 ..... do ... ; ............. cln .......... .. 

82·1 ..... <lo ................. do ........... . 
no ..... <lo ................. do ........... . 
BiiO ..... do ................. 110 ........... . 
130 ..... do ................. <lo ........... . 
MO ..... llo ................ .rln ........... . 
480 ..... 1lo ................. 110 ........... . 

2,000 ..... do ................. <l<J ........... . 
1, 200 ..... do ................. <lo ........... . 

140 ..... do ................. tlo ........... . 
750 .... .<lo ............. c ... rlo ........... . 
520 ..... clo ................. <lo ........... . 
:J40 ...... do ................. clo ........... . 
300 ..... do ................. <lo ........... . 
700 ..... do .............. ~ .. do ...... ~ .... . 

l,2fi0 ...... rlo ............ ..... (lo ........... . 
1,080 ..... do ................ .<lo ........... . 
1, !5f> ..... do ................. do ........... . 

Number 
llH!'(], 

l 
2 
1 
l 
1 
1 
2 
3 
2 
2 
1 
1 
~ 
1 
1 
2 
1 
1 
1 
2 
4 
1 
B 
1 
1 
l 
2 
1 
1 
1 

'l'ot1il .................................. : .......................... : .................... 
1
1 a,837,2.1ii I 2ri,suo .................... .................... 45 
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Tho :foregoing bible shows that in 45 kilns 3,837,2M 
common bricks, valued at $25,89H, wore produced in 
HW~, or an iwerngll price of $G.7f> per Lhons1t11d. It is 
not helieved, howonir, that this actually represents the 
total mnnber of hricks irnrnnfnctnred in one year in 
J.>orto Hico; probably throe times the above rmmber 
1vonl<l more nearly approach n correct estimate. The 
process Pmployc(l is absolutely nnd literally tho hand 
process, and conHists in mixing the clay with water 
in a wnodon trough nntH the roquisito cmrnistency is 
olJtained. The nmss h; then molded into hrieks hy hand, 
the opnmtor mnploying n \1moclon mold for tfoit pur­
pose. Tlrn erndo hriclrn arc nfterwm:ds placed in a brick 
oven mid lmlrnd, whon thoy 1Lro ready for mtirket. 
Brieks nuulo in this nuwnnr arc not nearly so dumble 
!ts t.ho;m mnnnfnctnw~d in tho United States by means 
of approvod modem machinery. Cli1y roofing tiles were 
extensively mtLnnftwtnred in Porto Rico at one time, 
bU!i HillC(I the i11trochwtion or ehettp iron roofing have 
011tirely dist1ppe1irecl from use. 

Ltl\11GSTONE. 

\\'it.Ji thn excnption of the fringe of fh1t fonds lying 
hot.w<1p.11 Ow coast line nnd the mountainous formations 
in the intnrior, tho i:-;land of Porto IUco is practically 
ono rni-;t limeflttmP (lcposit. Owing to its abundance 
nncl 11c1•nssihility, tLntl to the fact that its conversion 
i11tn thn 1n·op(~~,' form for use in building am1 kin­
d t·l'cl lllll'pOSP~ l'Pqniros 110 llLl'g'O outh1y Or capital, the 
iud11stri11s lmvi11g to do "with lime rock, while quite 
rnmw1·ous, aro too scattered and unimportant to n.dmit 
of tho compilation o:f Rtntistics on any elaborate scale. 
IL is liy reaRon of tho foregoing considerations, also, 
that limestcmo and its product:-; command no 8table price 
in l?orto Hico. Owing to the propinquity of certttin 
<1mirrios to points a!; which the material is needed, own­
ers of Rnch qnanios ctin at times :find ti market for lim­
it(l(.1 quantities of the stone (Lt prices ranging from 3 to 
10 cents per cnhic moter. In such cases, however, the 
nctnal work of the extraction of the stone and Hs snbse­
qucmt clolivery to tho place whero required is generally· 
nttondPd to hy the purchaser of the stone rather than by 
tho own or or the quarry' nnd on ftccount of the insig­
nHimmt value of the nmtorin:l no attempt is made to 
keep mi accnrate record of the quantity used. By far 
tlrn most importm1t it.om of expense in connection with 
tho nHe of tho stone iR tlmt of transporbition. The 
following table of quarries adjacent to the principal 
public higlrn'ttys alren.dy constructed or in conrsP of con­
strnetion in Porto Rico, many of which are themselves 
coustructecl of and upon limestone fornrntions, will 
serve to illustrate the bonnlii:fnlness of the supply or 
limo rock in the island. A list is given of the quarries 
that have been opened up and from which limestone has 

been actually extracted. These qmtrries aro grouped 
according to the highway near which they !Ll'C located, 
and their exact location is shown in the first column, 
which gives the nnmber of kilometers uncl meters with 
the equivt1lent in miles and ytirds they are distant from 
the town :first mentioned after name of the rrn1d at the 
head of the respective groupings: 

Road from San .Tiian to Ponce. 

J,OCATION, 

Kind of stone. Owner. 

----1--·-·--rl---------1----------
7. 700 

20. 300 
25, 200 
25. 200 
M.900 
05,800 
Gl.100 
GI. ,JOO 
67. 000 
73. 200 
78. 200 
g,l. 000 
81\, 100 
87. 700 
90. 900 
0.J. 200 
99. [100 

100. 300 
104.100 
lOii, 300 
106, GOO 
107. 500 
108. 200 
111. \JOO 
111.100 
11'!.300 
120.100 

125. •JOO 
12G. UOO 
120.100 
128, 100 
129.200 

0.900 
7.900 

11. GOO 
11. 900 
13. 300 
1'1. 000 
15.100 
15.100 
15.100 
10. 500 
17. 200 
20. 200 
23. 300 
23. 700 
2•1.200 

G, 700 
7.200 
9. 700 

11.500 
13. 200 
14. 500 
H.700 
16. 000 
17. 450 
19. 500 
22. 800 
25, 400 
2ri. 500 
28.100 
28, 100 
82.100 
3'1.500 

4-1, B81 
12-1, 080 
15-1, 159 
15-1, Iri9 
3'1-lUO 

~ti:~~6 
38-2G8 
•11-1, 112 
45-852 
•18-1, 0,10 
52-:14a 
52-1,IHfl 
M-H70 
;iG-S.HJ 
fiH-938 
Cil-1,•lfi-l 
fl2-mm 
04-1, 20fi 
llr>-757 
(i(i-11!) 
G0-1, ,lO:J 
G7-10!l 
HU-oar. 
G9-{10 
71~10 

-7·1-J, 10:1 

77-1,tllU 
78-1, 171 
78-(12-1 

i5:.fo~52 

White limestone-. ....... I'. Ubar1·1•. 
lllue limestone . . . . . . . . . . . Pnblic 'vurks. 
C11le1ucrms . . . . . . . . . . . . . . . Do. 

..... rlo.................... I'. Larros11. 

..... do.................... L. Rmlrigncz. 

..... do ................... , N. Nunez. 

....• do .................... J. Fcrnmulez. 

..... tlo.................... F. Fur111t11dcz. 
Limestone................ liernclio Mendoza. 

..... do . . . . . .. . . . . . . . . . .. . . l'nblio works. 

..... <lo . . . . . . . . . . .. . . . . . . . . Otwino Rmlrlgtwz. 

. .... do.................... Public wmk8. 

..... <lo .................... -. •rationd11. 

..... <lo.................... Public works. 

...•. do ............... ; . . .. Donn l'ttz, 

..... do ............... , · .. ,. Domingo Emmmolli. 

..... <lo . . . . .. . . . . . . . . . . . . . . Tco11oro Snntingo. 

..... clo .................... Julio J\[. Lnrraurl. 

..... rlo . . . . . . . . . . . . .. . . . . . . Jorge Velez. 

..... <lo • . . . . . . . . . . . . . . . . . .. Pedro Qnovcdo. 

..... do • . . . . . . • . . . . . .. . . . . . C. Cnmtlnl. 
••••• clo ..•••••••••••.•••••• Do. 
..... do . . . .. . . ... . . . . . . . . . . Hem!gio J\Itttoo. 
Bluo limestone ........... Jose Eshrl. 
..... <1o ..................... Tuli1111 l'l11z11. 
.... • do . . . .. . . . . . . . . . . . . . . . Sncmmrr.R Gn,llo.rt. 
White 1md yellow limt'· Mn,nuel Crlsti11n. 

8tonc . 
. . . . • do . . .. . . . . . . . . . . . . . . . . Sucesorcs Sermllcs. 
•...• do . . . • . . • . . . . . . . . . • . .. M1muol Leon Pami. 
Blue limestone ......•.... Joaquin Arce. 

..... clo .................... Jose s. V11lcles. 
White mu! yellow lime- .lose Usom. 

stone. 

Road from Catanq to Vega Alla. 

'1-506 
'1-1, 600 
7-8GG 
7-60<1 
8-461\ 
9_,155 
0-674 
9-07'1 
0-67'! 

10~145 

~tM10 

H-841 
14-1, 270 
15-65 

White limestone.......... P. L11v1tmlero. 
..... do . . . . . . . . . . . . .. . . . . . . A. S1mtos. 
....• do • . . • . . . . . . . .. .. . . . . . A. Aeevcdo. 
..... do ...•..... ···•··.···•· S. Olivo. 
..... do ................... . 
..... do . . . . . . . . . . . .. . . . . . . I. Sanchez. 
..... do .... ·................ ,T. Perez. 
..... do .................... N. Rm1mn. 
..... do.................... L. La Cruz. 
•••.• do • . . . . • . • . • . .. • . • . • .. s. Mn1·tincz. 
••••• clo .................... I. S1tncllez. 
..... <lo.................... A, Eellevcstc. 
..... do . . . . . . . . . . . . . . . . . . . . Mr, Miner. 
..... do . . . . . . . . . . . . .. . . . . . . Mr. Lothrop. 
..... do . .. .. . . . . . . . . . . . . . . . :Mr. Stcyens. 

Road frorn Grtgiicis to Ilurnacau. 

•1-287 
4-831 
6-48 
7-257 
8-356 
9-17 
0-23li 
9-1, G58 

10-1, 484 
12-205 
1'1-294 
1.5-1, 378 
15-1, '187 
17-810 
17-810 
20-23:1 
21-770 

I' -~-i::i~i~'.:~:~'.l.~.:: :: : : : : : : ..... do ................... . 
White limestone ........ . 
..... do ....•.....•......... 
••.•. clo •••••...•..•••...••. 
..••• clo •..••••...••••.•..•• 
••.•• clo ••••••••.••.•••••••• 
..... do ................... . 
..... <lo···················· 
Blue limcRtone .......... . 

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

..... clo •••••••••••.••.••.•• 

.•.•• do .....•..•.••.•.•.... 

..... do ................... . 
D11rlt limestone .......... . 

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

M.Purtclt1. 
Ji\ Echevarrja, 
T. Her111mdez . 
It.Jimenez. 
M.ll!endcz . 
SncesoreR Farnia. 
Succsorcs llodrlgnez . 
C. Serrano . 
Sucesores Rodriguez . 
.Julio Gny, 
S.Hlvcm. 
F.Lopez. 

Do . 
Luis Celis. 
Ii\ Arroyo . 
S. llocafort, 
D.Cnrmona . 

;r,,' 

!'•I 
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Road from Rio Picd1•as io Fajardo. 

LOCATION. 

In kilome­
ters 1mcl 
meters. 

2. 2\lo 
2. 700 
8.800 
5.000 
5. 500 
8.400 

11. ltlO 
15.100 
lll. 200 
16, uoo 
18. 300 

In milc8 
and ynrds, 

1-6·JG 
1-1, 193 
2-(lS!i 
:l-188 
8-735 
5-38(1 
0-1, fl79 
9-G74 

10--117 
10-55± 
11-653 

Kind of stone. Owner. 

Blne limestone ... --····-· J.Gonzalez. 
White limestone . . . . . . . . . Manuel Falu. 
..... <lo············-~··-··· E.G{m1ez. 
.••.• clo ····--······-·-····· E.Van Rhyn. 
• • • • . do . . • • • • • . • . . • • • • • . . • • .Tos6 Ubarrr, 
Blue limestone........... l\f, P6rez. 

. . . . • do . • . . • • . . . . . • . . . . . . . . S. de Ezqniaga. 

. . . . . do . . . . • . . . . . . . • . . . . . . . Fmneiseo .Jimenez. 

. • • • • do .•.•. _ •. . . • .. . . . . . . . BaHillo Pineiro. 

..... dn . . . . . • . . . . . . . . . . . . . . R.H. Delgado. 
Yellow limestone . . . . . . . . l'nctorilt Ccntml. 

I,OCATION. 

In ldlomc­
tcrR 1md 
meters. 

1.420 
J.000 
5.000 
s.uoo 

12. 000 
1'1.800 
23. 500 
28. 800 

In miles 
ancl yards. 

04,553 
2-85'1: 
a-rns 
4-1,709 
7-803 
9-345 

14-1,0GO 
17-1, 576 

Road from Oayey to Ar1·oyo. 

Kind of stone. 

Limestone ............... . 
White limestone ........ . 

.•... do ................... . 

..... do ................... . 
•.•.• do ...••....••....•••.. 
Limestone ............... . 

..... do ................... . 
: .... do ................... . 

Joaquin l'ernlrndez. 
Public works . 

Do . 
Do . 
Do. 

C.Cmet . 
F. Ortiz . 
Gunyama municipality • 

------'------'----·---------'------------ Road from Ponce to Adjuntas. 
Road .f1·01n Reyes Oatolico.~ B1·idye .to Cm·ozal. 

-----
2.300 I 1-755-l~~~~te limestone .. ·······I I.Sanchez. 

Road from Jifonati to Ciale.1. 

0-1, 531 While limestone •........ F. Caln!. 
f>-983 ••••• clo .................... V.COl'tcs. 

1. 500 
2.800 
3, 200 
3. 200 
3.300 

Lime•tone •............... 
..... do ................... . 
.••.. do ....•..•..••••...•.. 
..... do ................... . 
. .... do ................... . 

Jose Irizarry . 
Julio N. Chardon . 

Do . 
Tomas Armstrong. 
Sucesores Churdon. 

1 .. 100 
8, 900 

10.110 
11. 500 

3. 700 I 5, OOG 
8 .. 000 

G-<l\16 .•••• <lo •..• _............... F. Cnso. 
7-257 ..... do . . . . • • . . . . . . . . . . . . . . l'em!\ndez & Co. 

lllo1·oviN Bi·nnc/l. 

2-526 I WI.1ito limestone •....... · 11'. l'nxoncil. 
3-195 •••.• <lo •..• _.. •• • • • • • • • • • • • E. Cncho. 
4-1,709 ..... <10 .................... J,Cordcro. 

Comei'io Road. 

1.100 I 0-1, 20~ I White limestone ... __ ··-··i ·T. lt; C1trmon11, 
2.800 1-1,302 ..... do ...••............... 111.I onton. 

-'----~--'--~-------~------~---

The statementR in regard to limestone preceding· the 
above table apply with equal force to lime in its com­
mercial formR. Practically every farmer in the interior 
of the island can, and doei,;, produce lime in greater or 
less qmmtities, nccording to his needs, of which no 
accpunt is kept. A canvass of such persons as could be 
ascertained to be engaged in the sale of lime in any of 
its forms gave the results appearing in the following 
table: 

NAME OF OWNE!t, 

r~oCATION OF QUARitY, 

Department. 
llinnicipal 

district. 

P.rorlttetion of limestone: 190~. 

LIMESTONE QUARRIED. CRUSHED STONE FOR 
ROADMAKINQ, 

For building pmposes. Stone burned into lime, Quantity-

(iuantity-

In In 
cubic cubic 

meters. yards. 

Value. 

Qiumtity-

In In 
cubic cubic 

meters. yards. 

In In 
Value:. cubic cubic 

meters. yards. 

Vulue. 

Total 
value. 

Condition of trade in 
1901 compared with 
1902. 

---------1------1------11---.--- _______ .,_ --- --------- --------- ---1---------
TomasArmstrong ....... Ponce ........ Ponce ........................................................ . 
Victor l\fortino ............... do ....•........ do........ 30 89 $90 115 151 $347 

$60 $60 About the same. 
,137 In 1901 better than in 

80 105 

1902. 
Francisco Fiol ............... do ....... : ..... do........ . . . . . . . . •........•...•...•.... _ •............. 
NarcisoManescau .•.......... do ..........•.. do........ 33. ·· 43 16 ••••••..••••...•.•.••••. 

. lose B. Ortiz .................. do .........•.• .rlo ....... . 
'frujillo & M. Mercado ...•.... do ...........•. do ...•.... 

00 05 15 .... ~···· .................. . 
.. ...... .•• . .••. • ••. .... 400 523 150 

95 
16 In 1901llourishing; in 

1902, nil . 
15 

150 In 1901 bette1• than in 

950 1, 243 95 

Esteban de Leon .. • ........... do ............. do ....... . 
Jos~ F, Valls_ ................. do ............. do ....... . 
Clavell Hermanns .....•. : .... do ............. do .•..•... 
Ram6n Ortiz Quintana ....... do ............. do ....... . 
Jaime Bas Garcia ............. do ..........•.. <lo ....... . 
Esteban Ortiz ...•............. do' ............. do ....... . 
Carlos Gilot .................. tlo ............. do ....................................................... . 
Monserrate R11mos ..... , l\Iaynguez . . . . C1tbo Rojo ....................•.•............... _. _ .......... . 
Jose Villa •................ _ ... do •...•.....•.. do ....... . 
Jose Ortiz ..................... Uo ............. do ....... . 
Sebastian Bausil......... Bayamon..... Bayamon .... . 
Juan B. Cesarco ...•....... ·--<lo ........ ·----do ....... . 
Vilclla U. Herm1mos ..... Aguadilla .... La.res ........ . 

Emilio Torres ................ do ........ , . _ .. do ....... . 
E. B, P~rcz . . . . . . . . . . . . . . . llfo yitguez . . . . Lus Mar las .. . 
F. Philippi, ................... clo .....•....... do ....... . 
Marcos Or!Jz. . . . . . . . . . . . . Ponce . . . • . . . . Juana Diaz .. . 
Cristino Siur6 ................ do ............. do ....... . 
c. Dej11rdins . . . . . . . . . . . . . Mayagucz • . . . llfaricrta ..... . 
NioanorSantmm ............. do···-···· ...•• do ....... . 
Jose B. Dumont •......... Guayama .•... Cayer ....... . 
Vicente Vazquez Mar- ..... iio •.• ; ......... do ....... . 

tinez. 

........ ... . ...• .•.. .... 50 a5 25 

.• .. . . . . . . . . . . . . • . . . • . . • 200 262 GOO 
········ ........ ..•...•. 70 92 210 
.. . . . . . . . .. . . . . . . •• . . . . . 20 26 OD 

50 65 25 ....................... . 

1902. 
21i 

GOO Mucl1 better in 1901. 
210 1901 the same us 1902. 
60 Much better in 1902. 
25 

2,177 
2,~~~ Not operated. 

16 Not operated in 1901. 
4 

25 1901 the same as 1902. 
26 Better in 1902. 
50 Quarriecl only 65 cnbio 

yards in 1901. 
65 Not operated in 1901. 

180 Do. 
JOO 1901 the same its 1902. 
240 Do. 
225 
10 1901 the same us 1902, 

..... 75· 1901 the same us 1902. 
Do. 

:::::::: :::::::: :::::::: ..... 05· ··-··s5· ..... 20· 
········ ... ..... ........ 100 131 50 

50 65 26 ....................... . 
..•• .. .. ..••.... .... .... 77 101 180 
........ ···•···· ·•·•···· 25 33 100 

60 78 2·10 
60 . 78 180 
20 26 10 
~~ ~8 .... ·75· 
14 18 

80 105 40 

i For flagging. 
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Frorluction of limestone: 1.9093-Continued. 

;::==================================~==================~·-=======================-=-~~ 

NAME OF OWNER. 

WCATION OF QUAltRY, 

Dep11rtmcnt. Mnnicip11l 
district. 

J,IMEHTONg QUARRIBD. 

For lmilcling pnrpoHeH. Stone lrnrnccl into lime. 

Qrnmtity-

In In 
cnhic cnhle 

iuetc~r:;. ynr<l8, 

V11lnc, 

Qnunt!Ly-

In In 
cnb!c cnhic 

n1oterH. yards. 

V01lnc. 

CltUSlllm S1'0Nl~ Jo'Cll\ 
UOAlll\JAKINCi, 

(lnuntity-

In In 
eubio cuhie 

meters. yomls. 

Vnlue. 

'rotnl 
vnlne. 

CoIHlition of tmrle In 
1\101 comp11rcd witl1 
1\102. 

--- ------ ---· -- --··-· ---------- -----------

~~i~1il~,~gm~k:::: ::: . ~-'~':a:~'.)_1'.:: :: : ~.~~'.,St~~:~·~~::: : : : : :::: : : :: : :: : : : : : :::: · · ·· ·2.i· · .... :ii" · · · ·$58. 100 

Ehulio M1tl'Cjl1GZ .............. clo ............. clo ....................................................... . 
SohrinoH cle Ezqningn. ........ dn .•.•..••.•••• clo .•...... I........ . ... . ••. . ....•.• 2ii :m 100 
.1111111 Morono AvllcH ..... Mayngucz .... AilnHeo ....... ! ........ ..... ••. ........ tiO 78 ....... . 
J. R1th11ter llivom........ G1111y1111111..... H11lhrns •••..• ·I .. .. . . . . . . . . . . . . . . . .. . . . Boo •li!H r.oo 
Raf11cl !llnz.............. Poneo . . . . . . . . Y1mco........ . . . . . . . . . . . . . . . . . . . . . . .. tlO 78 :lO 
Scgnndo Cnsti116 .. • • • • . • M1iynguez . . .. ~Iayngncz .. .. 
0<1on Romontc .......... G1111y1tm11 ..... Cng\11\R ...... . 
Jorge Bird Arltrn......... Humncmo..... rr11j1mlo ..... . 

··-·2:i\l 0 ····:;i:i° """":jf,8" 
::::i~f,: ::::~f,f,: :::~ii~: ..... ~~- '""i~f .... ~~8' 1:::::::: :::::::: :::::::: 

,lose R. l'crnfrnclcz ....... Gtmy1mrn ••••. C11gm1R ••..••• ••.•...• ...•.•.. ..•.••.• RO 10:; 111 J ....................... . 

Pttblu Ub111·ri .. . • • .. • • • • • Iln.y1unon..... Snn .Tu1111..... 100 181 liill . • • . .. . • • . . .. • • . . . .. .. • . 1, ~OU 1, fi70 1, fiOO 
I•'1·mw!Rrn> Jhncncz ........... do . • . . .. . • Cnrnlhut ...... ' .. .. . .. . . . . . .. .. .. . . . • .. 72 U.J Oil ...................... .. 
Hn.nt-ingo Colon .......... Jloneo ........ Pmwc ........ 1........ ........ ........ 200 202 '150 ....................... . 
Bonifacio Oqncrnlo ...... H11y1unon ••... Jl11y11mo11..... ........ ........ ........ 150 1\ltl •lfi ....................... . 
1rernando S11lg11do ............ tlo ............. do........ .. .. . . .. . .. . .. .. .. . .. . .. J.10 lH3 42 ...................... .. 
Hmu6n Mlllm1 ......... Ar.,<•ihn ••.... C11rnuy ....... ..•.•.•. ...•.... ........ MOO Hll2 70 ...................... .. 

im!~H~~~;:,\1~ic:slinc'1;)·::: ~~~~!:;~fi<;1i::::: K?gi;le,i;.;1~::: · · .. · :io· · · .. · 2ii · · · · · ·-io · 1~~ i~~ u~~ .... :~~ ..... :~~ ...... :~. 
I~<11111rrlo Vnl<livicHo..... Potu•e . . . . . . . . !'once • • • . . • • . . . . . . . . . . . . . . . .. . . . . • . . . 100 l:n :m ....................... . 

rioo 
:io 

Ufi8 
20 

filU 

lli 
1l mm 

\Ill 
ir.o 

-15 
42 
70 
Bli 

\IHll 
:Ill 

St•gtmdo 'J'. Fmdem .. ". Mtt)'llglWZ .. " L11j11H """." " ... " ....... " "...... B •I "" "" • "." .............. "" 

J~it~i~~·s1~~'.·:1.::::::::::: -~''.'.1~:;;~ :::::::: .~'.1~'.i\~,1•8~'.1:'.·::: 1 ::::::::1:::::::: :::::::: .i[l ri~ 86 ········ ........ ........ HJ 
JlnJdomcroVcm •.•...... Arl•l'iho ...... Utrnulo ............... 1........ ........ 20 20 •10 :::::::: :::::::: :::::::: ·10" 
1red['rl<•n.Tn11r1Jc ....•......... <lo •....... Are,•iho .............. 1........ ........ ........ ........ ........ Ill HO lllil lllil 
Jose Uhnrr

1
·
1
! .............. Btt)'Hmon ..... !Un P

1
lc,lpts ........... 1········ ........ 20 21i l 100 lBI 7 ,_,Htl 

Jr>~u nuste (! ••••••••••••• M11y11gnez .... Cotho lnJo .... ........ ........ ........ 20 211 20 ...................... .. 

'rotn.l .............. ................ ............ fiiO·lB 7,00:\ ~0,0'..!5 3,7'1·1 '1,89() 0, 11i,1 1012.trl lB,SlH :111,2a7 22,fiR(i 

N11tojiemltitl. 
lUOl ( lU "'lllll' !\H 1002. 

!lo. 

1Ull1 hotter thorn mo~. 
lUlll thu H!lllll1 llH lUO~. 
Denuuul, Vl'l'Y Hnmll: 

tru<le in rn1.12 nhrmt 
tlrn H!UllC UH rnoJ. 

lUOI the HHllll\ HH mo~. 

Hcltl•l' !11 1(102. 
mm tlw Hamt1 ns 1002. 

!lo. 
no. 
nu. 
Do. 

!lull in 10112. 

1\101 hotter tlum 1U02. 
Not "/'el'lllecl in rnol. 
:IUtJl t, l(J ~llll\Cl llH 1!102. 
Not opN'll llitl in lUlll. 
](}()!tho HIUne llS 100~. 

Gmmic1tCcntmln ........ Poneo ........ Yrmco ....•••. 5,noo 17,lUl ii,iiOO iiOO. ~-----r~~ 1.1,r.uo _ f>_'.H~~ ~o~-- _1_0,_iio~ 

.... ····--·-------·----""--· .. ----·-·· --···------"-----'-------
l For milroncl hnllnst. 
~ Ind11<1l'H 1fi <mhiCl meterH (20 cnhlo ym<ls), vnlucd 1tt $-lfi, nscrl f01• flngging. 
o InclrnleH 4,500 enbie nwtcrs (fl,~Rli <'tthio rnrrls), vnluml 11t $1,500, 11RlH1 for rnilrunrl lmllnst. 

Whenever the demand is snch as to make tho produc­
tion of fm oven of lime sufficiently lucrative tho farmer 
will prepare one imd take it to the nearest market.. The 
production of ·lime in Porto Rico, therefore, is impor­
tant rather by reason of the large number of persons 
engaged therein on it smn.11 Reale thnn on account of 
commercial importance. A certain mnount of lime 
is used by the sugar :factorieR to clarify sirnp. In 
response to interrogatories as to quantity m1cl cost of 
the lime thus used at the more important factories in 

the course o:f n year, the ownnrs stated that, where the 
lime was not to be had on their own premiseR it was 
usually ohtltined from some neighboring deposit. gmtis. 

The limestone :fornrntimrn nmy he divided into two 
classes, white and yellow. There aro also deposits, 
few in nnmbcr, of a blne limestone, Hornewlrnt resem­
bling- gmnite fornmtion, mid of mnch harder composi­
tfon than either the white or yellow varieties mentioned 
above. 

PHOSPHA'.l'E ROCK. 

'rhe;·e are ro;n· phosphitte roc .. k !nining. claims re~is- I of Porto ~ico, none of which is being operated at 
te1·ed m the otlice of the Comm1ss10ner o:f the Inter10r present, viz: 

Regi8te11ed 11dninr1 ola£m8 of plwspliate ?'oclc. 

J.OC.A.TION 01r MINE. AlUilA OP MINE-

Nmnc of mine, 
---·---·--·------·------------! ------ Ch1ss oi mineral. N.Um ()Jo' OWNim. 

Dcpttrtment. l\lunicipnl _district. Wurrl. 

Alircclo Col111do ............... Fortunn.. .• .. . . .. .. .. Mr1ynguez ............ Cabo Rojo ............ Monte Gr1m<lc ....... . 
Miguel Arztrng11............... Lit ConJ111nza......... Areciho . . . . . . . . . . . . . Mm111ti............ .. . Lua lloqnlllas ........ . 
Jonqnln do Al1trcon ........... TmlmJo . ... ... ••• .... Ag111ulilla ............ Isabela •.........••..• Aren11les Jlajos .....•. 
J.SanchezV11ldes ............. Jo11ch nn.ndSanJose. Poll,:::e ................ Ponce ....................................... . 

In bee- In 
tllrcs. acres. 

6 
6 

i2 
12 

15 Phosphate rock. 
15 Do. 
30 Do. 
SO Dt>. 
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There are other deposits of phosphate.rock not registerrd, n,s shown in the following table, one of which it 
is claimed produced 50 tons during the year 1902: 

Unregistered mininrJ clairns <~f JJlwsplwte r•och:. 

LOCATION OF MINE. 

N.A.Ml~ OF OWNER. Address of owner, 

Depi1rtment. Mnnici111tl district. Wtml. 

TOTAI~ AMOUNT IN 
'l'llNS. 

Pro<luce<l. Sole!. 

Value of 
HU]QS, 

----------·1--------- --------1-------1---- -------- ·------·-- -···-··· .,-· 

Cor1mo...................... Ponce ............... . 
Ponce ........................... do ............... . 
Coamo ........................... do ............... . 
Bttrcclonota ................ Areeibo ..... :· ........ . 
I>once ...................... Ponce ..............•. 
Isa bela . . • • • • • • • .. . . . . • • • • • • Agnudilla ............ . 

Coamo ................ l't1lm1trcjo............ fiO :m $105 
Ponce • • • • • • • • • . .. • • • . Cttjn <le ll!nertos, ................................... .. 
Conmo ................ S1mlldcfonso ...•..•• .......... : . .................. .. 

Ponce • .. • • .. . • • • .. • • • l<foclmclo . .. .. . • .. . .. . .............................. . 
Is1tbel11 ............. _ _ Armmles Bajos .. . . • . . . ............................. .. 

Domingo Emanuelli _ ........ . 
M. l'onata Doria ....•......... 
mnrnta AponLc •• _ ........... _. 
Miguel Arz1111g11 ............. .. 
Jos(• Siinche>< ValdeH .•.•..••.. 
Felipe Alfuro ............... .. 

Marntti ............... I Lns Bnquillns ........................ -............. .. 

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

The insular government is the owner of the largest 
known deposit of phosphate rock, which is situated in the 
island of Cajlt de Muertos. This deposit was formerly 
operated on an extensive scale and the product shipped 
to Germany. It is idle at the present time, however, 
pending- 11ction by the executive council of Porto IUco 
upon a franchh;e to work the deposit, for which appli­

. cntion has been made. In statistics previously compiled 
on this subject, deposits of bat guano have been con-
fused with phosphate rock in consequence of such guano 
being- found upon rocks or in caves of a phosphatic 
character. 

GRANITE. 

It is not believed that any real granite is to be found 
in Porto Rico. Two residents of the central section of 

the island claiming to have discoverrnl g'rtinite on their 
premises gave the information tlmt only 18 onbic motors 
(24: cnbic yards) had been sold in tho l'ough for curbing 
purposes tmd 81 cubic meters (lOH cnhie yards) m·nslrncl 
for roaclnrnking purposes. It is prolmhlo, however, 
that the stone in question i:-:i of clioritie fommtiou 1i11d 

· not granite, as they ttllegc. 

MINERAL Sl'ltINGS. 

There are four widely known mineral springs in 
Porto Hico, the waters of which coutaiu modicinal 
properties of no mean vnJue. They iiro: 

111.inenil 8p1'ings in Porto Rlco. 

========================================::::::::::::::::::::::::::::==================J=,O=CA=1='H=lN:::::>;tll=,=Sl='R=IN=0=.========1c="=-='=~==~===== 

Residence of Dato of report. Name of spring. !l---------------···-·1 . NA~[E OF OWNER, 
owner. Department. Mnnicipttl Wtml. 

dlHiJ'ict, 

--------------1--------···--·l------11-----
8uoe~i6n Uscm ........................... Cofimo ........ June •1, 1U03 Conmo, Marla.... PonCQ ........ Conmo ........ Still Ilclofo11Ho. l1He1l 011ly llH lt11ih8, 
Virella. u. Hcrmanos •. - .... -- --.. - - -.. . . . Arroyo ............ do -... - . . CFA11,r,·rm(',Icl•nc!oD.<.Jl·o· r_ C.'" •. ·.'1' • c_1_1·11·1(c;(iil '.}].'.'.· .· .· .• •. Arroyo . • . . • .. Alg1trrolm • • .. J)o, 
GulllormoOrruch ........................ Cuguas ............ do....... .1 Cngnns ...••.• H11irrn1........ Jlo, 
SuccH!6n Ortiz ............................ Ponce ........ ~foy 22,1903 Qnlntana ......... l l'once .....••. Ponce ........ l'ortugneH .... Jlo. 

The first-named spring is famous locally as a health 
resort, there being a well-appointed hotel furnishing. 
accommodations for 110 guests. The waters are supplied 
to visitors in the form of hot and cold baths and for 
drinking purpo·ses, but have never been bottled, nor 
has any attempt been made to put them on the market. 
The springs run. from a soft red sandstone, at an alti­
tude of 196. 85 feet above sea level, with !t temperature, 
at point of exit, of 4:3° C. An analysis by Quintanilla 
in 1891 gave: 

Gases in solution, per liter of water at 0° 0. temperature and 760 
millimeters pressure: 

Nitrcgen .. __ . _ ..... _. __ .. __ .... _ .......••.• 
Oxygen ............ __ ._ ....... _._ ...... --·· 
Hydrogen sulphide ...•.... -· ... __ .... ___ .. _ 

Cubic cen- Cubic 
t!mcters. inches. 
13.740 0.84 

1. 701 0. 11 
1. 907 0. 12 

l!'ixed elements, per liter: llriiin~. !lmin~. 
Free carbonfo acid .......• _ .. _ .. __ ....... O. 01 :mil 0. 20000 
Sulphate of lime ... __ ........ ___ ... _ ..... O. 71lllO:l "12. :iaoml 
Sulphate of soda .............. _. _ ....... O. 525:ll H. lO(l58 
Chloride of potash .. _ ...........• __ .. . . . . O. oon:n o. 004 78 
Chloride of sodium ... _ ................ _. 0. 220/'i·I 3. ·10:lH7 
Silicntc of soda._ ............. _ ...... _ ... 0. 08127 1. 25-11(1 
Carbonate of HOcla •• - - •.• '. - - .•• - ••• - • • • • (), o:mo:i o. 54058 
Fen·bus carbonate •.•.. _ ... _. . .. . • • • • • . . . 0. 011 H 0. l 7Hll 

Trace~ of tannic, nitric, and borie neids ancl bmnline arnl ]i{,hin. 

The Florencio springR are not operated for the benefit 
of the public. There is tt pri\rate bath house mmcl hy 
the family of the proprietor and l>y othor pt>rsous liy 
special permh;sion. 'l'lrn waters lmvc ll<'Vt~r brnm bot­
tled nor put on tho marlrnt. The propriotor statc~s thnt 
local physicians prescribe tho watnrs for skin diseases 
and stomach trembles, but tlmt a sciontiiie mrnlysis hns 
never been made. 
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The Qnintmrn springs, nertr the town of Ponce, are 
also qnite. cxt.Pnsinily known locally as possessing excel­
lent medieinnl drtnes. Tile water;; are mlminbtered in 
t.lrn form of lmtl;t->, hut wit,hin recent months, owing to 
the had stnto of the road lending- to the lmths ancl the 
tthnrnlonrnl condition of the nstnhlish1mmt, itself, the 
springs ha\'(\ ceased to he a public resort. An nimlysis 
mnde in Ann ,J nan in 18H4, classifies tho water as color­
less, mlorlet->s, trnusparout, Ralty, and somewlrnt hitter 
in tmit,e; no nmtt.or in suspension; density, 1.00IJ7. 

. . Cnhiti <Jl!ll· Cuhio 
Gases Ill Hol11t10n: ti meter". hwheH. 

Ozone ...... __ ••. , •.•..........•......•.•.. o~ OHll o. 0012 
Oxygl'n.... . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . . • 0. 0100 0. OOOll 
Carhoniu acid •. _ .............•............. 

Fixrnl nll'nwntH, per liter: 
Chlori<k of S(J(linm .•••••••••..........•...• 
Chlori<lo of mag1wsia •...............•...... 
Snlphatu of soda ........................... . 
Snlplrnte of potltHh ••....•.....•.......•.•.. 
Snlplmte of lime ... _ ..•..................... 
CarbnnahJ of lime ••••. · ..•.............•.•.. 
Forrmrn earbonute •.•.... _ ......•...•..••••• 
Silieii .......... _ . - ........................ . 
Organil~ matter ..............•............. _ 

Traces of 1111mgmi0Ho and hromino. 

0. 0021l 
Grnn1s. 
O.lllll 
0. 015 
0.12B 
0.021 
0.081 
o. 122 
0.012 
0.082 
0.050 

0.0002 
li-rn.in!-!. 
8. 001) 
0.2:!1 
1. 8\l8 
0. B2·1 
1. 250 
1. 88:3 
o. rnri 
o. ,H)~. 
0. 772 

The Arroyo 8prings are not operated by the proprio­
tor8, who sb1t.l1 that no trustworthy ttnnlysis of tho 
waterR lrns ttR yot boon made. 

Accompttnying this roport is tt mrtp showing !tpproxi­
nrntcly tho location of mining eltiims, srilt deposits, and 
miueml t-:prings in Porto Rico. Owing to the fact tlmt 
no sciontitic trh1ngulation or survey of the island has 
evor boon nmclo, it has been impossible to indicate on 
the nmp with ox1tctness tho geogl'!Lphim~ position of 
these clttims. It is believed, however, that the general 
pmpos() of showing the approximate lom1tion of the 
mining deposits oJ' Porto lUco is sulliciently well served. 
The rea:,;on g·iven above with respect to the want of 
exttetnesi-; in the loctttion of mining cl11ims a pp lies to 
the b<mndiiries R()pamting mnnicip11lities as well. 

]!:very effort was nrncle to obtn,in data showing the 
numbei: o:f per:mns employed clnring the year in tho 
exploitation ot: tlrn mineral rcsonrm1s oJ' the isl11nd. :For 
obvious re11Rons sneh an effort could not meet with any 
gre1tt degree of success. As has been sbited, in no case 
were mines or qmtrries operated during the year as a 
continuous industrial enterprise. Evon in respect to 

snch work aH hricknmking, limo lmrning, or, quarry­
ing, op1~mtions wnre of an intPrrnittont; ohamdur. A:~ 

rogarcls qrnuTying, tho rock was 11:-nmlly tnlrnn out hy 
the contractors ongagwl l.lpon road eon;;truetion or 
rnpair in connoction with their other work. No amount 
o:I' rmmtircli, therefore, wonld lmvn rmrmittod n definito 
statmnnnt nH.lwr of tho tol:ttl ontpnt or oi' the nmuber 
of pm·:mns mnploynd. The he::;t that can he clone is to 
nrnlrn a rough estiumte, ba;;c1cl npon tlw gmwml infornm­
tion seemed, in obtnining· thn datn for tho report: ol: the 
prolmbln 1wt1mgo muuber of pnrsons that nmy he said 
to have gttined it livelihood in some rntpacity in eonnec­
tion wit,h the exploitation o:I' tho mineml resources of 
tho isl an cl. 

In respoct to the extriwtfon oi' prcdons motnls, 11 fair 
estinrntn wonlcl put the avomgo number o:I' men oon­
stm1tly mnployocl clnring tho year in oxploitntion work 
for golcl mines itnd tho faying out, of chtims ttncl similar 
work at twenty-live. Thirty aclclitimml nwn were proh­
tthly mnployed in placer mining, ehiotly in the Corozitl 
clistriet.. Exploittition and iiolcl work in connection 
with coppor mines prol)ILbly did not engage more tlmn 
ton men. About one hunclrod and fifty men may ho 
said to have hoo!1 consbintly omployocl in tlrn operation 
of stilt mines. Brieknrnking prolmbly gi.tvo omploy­
mont to tin cquivafont o:I' two hnndrod men wmking all 
tho yc11r. Estinmting :from tho amount of limestone 
oxtmetcd for tho purpose o-f ron,clnmking tind repairs 
and for lmrning, tin oxcceclingly wmg·h npproximn,tion 
would place tho mnount of labor exponded in limestone 
qwirrying opomtions nt fi\Te hnndrod mon. As only 
50 tons of phosphate rock were mined during 1D02, 
prob11bly not more than two OJ.' three men had constant 
omploymont during tho yeitr. 

That Pol'to Hico possesses mineral resources that 
will be of great value to tho island in future years there • 
can be no doubt. .In their ntilbmtion the stage as yot 
has only been reaohecl whore efforts are being made to 
determine more exactly their chamcter and extent. 
Authorizntion for water rights and concessions oJ' 
rnrious cluiracters are being constantly sought of the 
insular government, and it is certain that when another 
investigation along the lines of tho present one is miicle 
tho phase of industrial exploitation in respect to a num­
ber of minerals will have been definitely entered upon. 
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