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CONTRIBUTIONS TO E CONOMIC GEOLOGY, 1915. 

PART I. METALS AND NO METALS EXCEPT FUELS. 

F. L. RANSOME and Horr . GALE, G ologists in charge. 

INTRODUCTION. 

Thi volum is the thirteenth of a series that in lude Bulletins 213, 
225, 260, 2 5, 315, 340, 3 0, 430, 470, 530, 540, and 5 0, " Contribu­
tions to economic geology" for 1902, 1903, 1904, 1905, 1906 (Pt. I ), 
1907 (Pt. I ), 1908 (Pt. I ), 1909 (Pt. I ), 1910 (P t. I ), 1911 (Pt. I) , 1912 
(Pt. I ), and 1913 (Pt. I ), re~pectively . These bulletin ar pr pared 
primarily to insme prompt publication of the economic results of 
investigations made by the nitcd tates Geological urvcy. B gin­
ning with the present volume tho year included in the title will be the 
year of publication' instead of the year in whi h th field work reported 
was don . This volume i th refore dat d 1915, and there will be 
no volume entitled ~ 'Contributions to economic g oloo-y, 1914." 

As th ubtitle indicates, tho paper in luded ar of two clas e -(1) 
hort pap r giving comparatively d tail d de cription of occmrences 

that have economic interest but ar not of uffici nt importance to 
wnrrant a more x nd d do ription; (2) preliminary reports on 
eeonomic inv tigation tho rc ults of which are to be publi hed later 
in more d tail d form. The o pap r arc u h only a have a direct 
conomic b arino-, all topic of pm ly s i ntific int r t being ex-

dud d. Each paper has b n i u d an advance hapter as soon 
as it was r ady. 

Bri f abstracts of the publi ation of th y ar are given in the 
annual report of the Directo r. The complete li t of m y publica­
tions afford , by means of finding li t of ubjccts and of authors, 
further aid in as ertaining the extent of th urvey's work in eco­
nomic geology. 

ince 1905 the annual economic bulletin has been printed in two 
parts, the second part compri ing paper on mineral fuels. The e 

1 Owing to unexportcd drlays in printing some of tho maps it has been impossible to publish all the 
chapters of this bulletin in 1915. 

VI£ 



VITI I TROD CTION. 

volumes for 1906, 1907, 190 , 1909, 1910, 1911, 1912, and 1913 are 
Bulletins 316, 341, 3 1, 431, 471, 531, 541, and 5 1. Bulletin 621 
forms Part II of the " Contributions" for 1915. 

The reports on work in Alaska have b n printed in a parate 
series since 1904, the volume so far is ucd being Bulletins 259, 2 4, 
314, 345, 379, 442, 4 0, 520, 542, 592, and 622. 



A GOLD-PLATINUM-PALLADIUM LODE IN SOUTHERN 
NEVADA. 

By .AnoLPII KKOPF. 

I NTRO DUCTION. 

The discovery of platinum-benring gold ore at he Bo ' mmc, m 
southern _r vada, was brought to the attention of the Geologi al 
Survey by lr. F . A. Hale, jr., in eptember, 1914. Some nmples 
of the oro were ubmittcd nt the same time. The e were a aycd 
and found to be extraordinarily rich in gold, platinum, and pallndium. 
A brief announcement of the eli covery, ba eel on the returns of tho e 
a say and on information courteou ly supplied by Mr. Hale, app<'nred 
on October 3, 1014, in an advan e chapter of iineml Re ources 1 

for 1913 . Early in October an examination of the deposit wa made 
by the Wl·iter, the rc ults of which fl.re her gn•en. 

L O ATIO N . 

The Boss nunc is si tuat eel in theY llow P ine mini no- d.i trict, Clark 
County, Nev., nonr the extreme southern part of tho tnto. Th 
main settlement of the eli tri tis Good prino-s, d.i tant miles from 
Jenn, a station on the an Pedro, Los Ano- 1 e alt Lake Rail road. 
Good pring. lies on tb ea t sid of a de crt mno-c known as pring 
Mountflin , but Lh mine i situated on tho west lop , 12 miles from 

ood ._ pring , by a road which cro c the range through a low pass . 
A few mile from Lhc mine i th n,bandoncd ttloment known as 

andy (Ripley post office), at whi 'h was situated the cyanide plant of 
th Key tone mine. From a well at thi place water of good quali ty 
i obtained for dome tic u e at th Boss mine and neio-hborino- pros­
p L. . An ample supply i n.id Lo b availabl for milling purpo cs. 

m S TORY . 

Tho depo it on the Bo claim wa 
ha ing been located for copper, tb 
indicated by chry ocolla and other 

discovered some 30 ycm ago, 
pr ence of which is plainly 

oxidized copper mineral . In 

1 Day, D.'!'., Tho production orplalinum ond a]jjod molals in 1913: U.S. Geol. Sunoy Mineral Hesources, 
1913, pL I, pp. 44 -450, 1914. A more detailed account was published by Mr. Hale (Platinum oro in sou them 
Novada: Eng. aud Min. Jou r., vol. 9 , pp. 641-642, 1914). 

1 
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the nineties the property was bond d and a 1 aching plant was 
built at Good SprinO". to treat the o ' idiz d copper ores, but, the 
process provinO" a fa.ilur , the propert re ortod to its original owners. 
Not until recently ha . th gold and platinum content of the ore been 
re o<mized. Th owners, Me rs . Yount & White, eli covered the 
high gold content by a.mpling and a ayinO', and th Bo Gold 
Mining Co. wa organiz d in Mar h, 1914. 

The failmo to recognize previously the aurifor us haractor of the 
ore need explanation. It seem to have been due in part to the 
fact that, although th or can be hown by as ay or chemical means 
to carry con iderabl gold, the pre one of the gold, a the writer 
has verified p r onally, is not vident on panning. Moreover, some 
extraordinarily rich material (th plumbojaro ito, described on p . 8, 
a aying a high a · 6,000 to th ton in gold) yield when panned a 
black re idue which might ea ily be thr·own away as worthlo black 
sand. This unpromi in0'-looking black r idue when strongly comed 
by rubbing it in the pan with a pi c of iron rolls out into yellow 
flak and quills, and i identity a gold become manifest. The 
eli covery of th platinum ontent of the or is du to the acumen 
of Mr. H . K. Riddall, ch mi t for the Yellow Pine Mining Co. In 
running as ay of th Boss ore he noticed that tho gold buttons, 
instead of being mooth, had rough, cauliilowor-liko surface . He 
suspected that the button might contain platinum, and this suspi­
cion was strengthened by the fact that olu tion obtained on parting, 
instead of being colorle as is the rul when the gold i alloyed with 
silver only,· bowed yellow and brown tints, indicatinO' the pre ence 
of platinum and palladium. By y L mn.tic L l the m tal were 
then pro eel to be pre ent. This r ult was soon v rified by a number 
of other as ayers, although one uppo. dly reliabl a saying fum in 
Los Angeles reported that the ore contained no platinum. Two sam­
ples ent to the Geological urve:y- b:y- Mr. I ale were ubmitted for 
as ay to Ledoux: & Co. , of ew York, who report don eptomber 9, 
1914, a follows : 

Assays of ore from Boss mine. 

1_1 - 2 

Ounces. 
Platinum. . . . .. . . .. .. . . . .. . .. . . . . . . . . . . . . . .. . .. . . . . . . . . .. . . . . . . . . . . . . .. . . . . . .. . . . .. . 7. 38 
Gold . .................. . ........... .. .................... ..... .... ........ . .. ....... ll. 55 
Palladium .. .... . . . . .............. ...... . ... ... .. .... ... . ... . ... .. ----.- .... -- .. ---- .- ....... . 

Ounces. 
99.0 

111.00 
16.00 

NoTE.- Conccnlmtion by pann ing shows that the metals nrc in the free s la te.t. being apparently alloys of 
gold and platinum metals. Uwing to uneven dis tribution , assay ing is very dimcult and tho above r ults 
can only l)e considered as approximately correct. A s.<;ay for palladium was omitted on o. 1, but U1e 
sample contains 1 or 2 ounces of this metal. A little iridium is pr ent in o. 2. 

Prior to the discov ry of the platinif rou character of the ore 
some small shipments of high-grade copper oro and of high-grade 
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gold or had been. ent to the molter at alt Lake ity, but after the 
platinum content was recogniz d production wa su pendcd, pending 
arrangement for the advantag ous disposal of the platinum and 
allied metal . 

In 0 tobcr negotiations were under way for the treatment of 
certain lots of high-grade ore by the Pacific Platinum Works, of Los 
Angeles, whereby thi firm agreed to pay 46 an ounce for the com­
bined platinum and palladium content, after deducting a treatment 
chru:ge of 300 a ton. · 

Late i.ri th year th mine was sold by Lhe Bo s Gold :MininO' Co. 
to W. C. Price and as ociate. for 150,000, accordjng to 0. J. Fi k, 
former manager of the company. 

Th great interest that attach s to so unu ual and remarkabl an 
occurrence of platinum and palladium in a gold-bearing lode hardly 
need comment. As i hown on page 13- 17, in tho review of the 
known distribution of platinum in vein , the Bo vein is one of the 
few primary deposits in which metal of the platinum group occur 
in more than trace and, with one po ible exception (the New 
R ambler mine in Wyoming), i the only primary deposit of econowc 
importance in which these metals ar the on tituents of predominant 
value. 

GENERAL GEOLOGY OF THE DISTRICT. ' 

SEDIMENTARY AND IGNEOUS ROCKS. 

The prevailinO' rocks of the li tricL ar tratif) d dolomite of mid­
dle Carbonif rous aO'e. ( ee Pl. I.) Th y are con iderably thotwh 
not acut ly folded and are brok n by faul ts . Thi formation i eco­

J 
nomicall th mo t important as emblage of ro ks in the district, 
a all of the or depo its occm· in it or in th dikes cutting it. 

Lime tones of Penn ylvanian ag and r d sand tone and shales 
of probable Me azoic age are also pre ent in the di tri t, but they 
are of no . pecial concern here, a they lie at a considerable eli tance 
from the area in whi h the Bo mine is ituated. . 

In trusiv ign ou rocks are not common in this eli trict; in fa t, 
the areas upied by them ru.· so mall as to be bru.·ely perceptible 
on. th geologic map. Th y coo. i t of sills and hort dike of quartz 
monzonite porphp:y and granite porphyry, as a. rule con id mbly 
alter d. Tho ag of intru ion ha not been e tablish d, but is 
thoughL Lobe itt lra t a re nt a po t-Jura i . 

orne horizontal she ts of biotit and ito cap tho ummit of Table 
Mountain, south\ e t of Good pring . Thi i the only noteworthy 
occmTcnco of oxtru ive rocks in th district. 

1 A more extended discussion of tho geology is gi\·nn by J. M. Bill: Tho Yellow l'ino mining district, 
Clark COUltty, ev.: . S. Oool. Sur vey Bull. 540, pp. 228--2-10, 19.14. ' 
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METALLIFEROUS FEATURES. 

The principal metallilcrou dcpo its of tho distri ct are bodies of 
lead-zinc oro inclo eel in dolomite or limestone. The prevailing 
minerals are smithsonite and c ru ite; galena oc UT to some extent, 
but zinc blende, pro umably the parent of Lho oxidiz d zinc ores, is 
pre ent in only one min . Tho gone is of tho primary minerals of 
these dopo it is a yet unknown. 

Gold deposi were form rly of omo impor tanc in thi · eli trict, 
the K y tone mine, the mo t produ tiv , b ing cr dited with an out­
put of 1,000,000. At this mine th gold is eli cminatcd through 
quartz monzonite porphyry, wbi ·h ha b en highly al r cl by the 
de olopment of sericite and idcritc. In gen ra1 th deposits are 
clo ely a sociated with tho porphyry dike · nncl may stand in genetic 
relation to thoro . Certainly tho chem ical alL ration. proclu eel in the 
porphyry dikes indicate that tho oro-formin g oluti n were a cending 
thermnJ waters . 

Som copp r depo itl have also been dcv lop d. They con ist 
predominantly of oxicliz cl copper mineral forming irregular replace­
ment boclie . Tetraheclrite, ' hi h h<l b n recognized in the gold 
or of tho La ina mine, and ·hal o it are th only copp r-b aring 
sulphldes found in the distri t. 

Finally, brief mention hould be made of th so-called vanadium 
depo its. On the Bill y laim, for example, a dolomite breccia 
cemented by a copp r-bearing lead va.nadat , probably cuprodoscloi­
zite, form a tabular depo it 1 to 24 inch thi k, which has been 
expo eel by an incline to ad pth of 12 f et. 

The Yellow Pine di trict is the mo t proclu tive zinc and lead dis­
trict in Nevada. In 1913 it yielded 29,060 tons of ore, containing 
$1,26 in gold, 192,339 ounces of il or, 2 3,592 pounds of opper , 
6,204,065 pounds of 1 ad, and 14,369 ,709 pounds of zinc, valued in 
all at $1,239,0 1. 1 

THE BO · MI E . 

GENERAL GEOLOGIC FEATURES. 

The country rock at the Bo mine onsi ts of dolomite in b ds 
ranging from a few inches to several feet thick. Th bed compri a 
dark-gray or black ariety, fetid with hydrogen ulphide on fr h 
fractme, and a more prevalent pale-buff variety. They not un om­
monly carry crinoid fragments and ar of late Missi ippian or arly 
P ennsylvanian age-that is, middle Carboniferous. 

The rocks strike east and dip gently to the north. The tructur 
is that of a broad anticlinfll arch, who e crown has been mor 
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fractmed and broken by faul . In tho immediate vicinity of the 
mine the rocks are practically horizontal. 

A small mass of granite porphyry or dike of no groat linear per­
sistence occUTS 600 feet north of the mine. This rock is character­
ized by numerous large conodod phenocry ts of quartz and kaolinized 
feld pars embedded in a fine-grained groundma s. It accordingly 
res robles the mall mas s of intru ive granite porphyry and quartz 
monzonite porphyry cattered throughout tho district. The por­
phyry i highly altered and ha been con id rably prospected for gold, 
but has proved of too low grade to be profitable, canying at best only 
a few dollar in gold to the ton . 

The ore bodie so far developed may be briefly characterized as 
oxidized copper shoots and gold-platinum-palladium hoot . The 
copper ores consi t largely of chry ocolla and colloidal complexe of 
chry ocolla and limonite; th e ore are reported to carry only minor 
amounts of the precious metal::; . The gold-platinum-palladium 
shoot con i t of fu1e-grainod ili cou ore carrying a mall quantity 
of a bi muth-bcaring variety of plumbojarosite (a hydrous ulphate 
of iron and lead). There i no fixed ratio between the content of 
gold and th platinum metals, nor between the content of platinum 
and palladium. Thi variabilit eems to be a result of the prevail­
ing oxidized condition of the ore. Th palladium, according to 
reliable figmes furni bed to th vv:ri ter , is probably in exce s of the 
platinum. 

The copper shoots and tho pro iou -metal boo can be mined 
separately, it is said. The eo-rogation of th m tal into separate 
shoo that make thi feasibl will a medly be found less and less 
complete as dep th is attained on the d posit. 

The ore bodies of tb Bo s mine occupy a nearly vertical zone of 
fracturing in the horizontal trata of dolomite. At the smface this 
zone i 30 feet wi l , bu t the pr ciou -m tal hoo are corrfin d to th 
12 f et r tina- on the footwall. The l no- h of th min raliz d zone 
expo ed on th surfac is about 100 fe t but th re bodies do not 
extend ontinuously o r thi. di tance. At the I ortal of the upper 
tunn l th footwall strike . 5° E . and th hanging wall trik N. 
25° E . Tb principal r hoot, so far as th pro nt ' orkings clis-
lo , f rm an irregular pip pit bing at a lo' angl to the northeast. 

Th d lomite within th z n of fracturin o- bas :r cry tallizod to a 
oa ' hit par, and this dolomite par mak up he ro k inclo ing 

the oro hoo . 
DEVELOPMENT. 

The principal d v lopm nt on ists of thr tunnel driven along 
the zon of min raliznti n . ( ee fig. 1.) Tb y are koo' n a the 
upp ,r, middl , and lower tunn ls. The middle tunnel is nbout 
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30 feet; b low the upper, 
and the lower i about; 
!ihe same di fiance below 
th middle tu nn l. The 
riche t or is expo ed in 
the "ore winze," which 
was unk from the upper 
tULmel and i on11ected 
with tho middle tunnel. 
E timate. f Lhe total 
amount of or exposed 
in th mine range from 
I ,000 to 2,000 ton , but 
at th tim of vi it an 
accurat timate wa 

S n t p ibl 
§ 
8 d '' clopm nt tunnel 

<> .c 

•n ... 

tart d om ears 
aO"O eral hunch· d f et 
below th upper group 
of tunnel , but no work 
ha been pro cuted on 
it re ently. 

~ MINERALOGIC FEA-
~ TURES. 

Th e n!iial features 
of !ihe d po it are well 
hown m tho irregular 
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here to the tunnel below, but the ore shoot is reported not to have 
persisted to the lower lev l. About 6 foot farther in toward the 
mou th of the tunnel, lying under a rna s of earthy red hematite, is 
another streak of gray sandy mat rial, containing n. middle band, 
three-fourths of an inch wide, of n. soft greenish-yellow powder. This 
greenish-yellow mineral, identified as a new variety of the rare sp -
cios plumbojarosito, is xtraordinarily rich in gold and platinum 
metals; in fact, the e idence indicates that the eli. tribution of the 
precious metals, especifLlly of those of the platinum group, is depend­
ent on the pre en e of this mineral. 

A sample of the gray. andy material essentially free from admixed 
phunbojarosite, taken by the writer from a point near the winze 
mentioned above, was submitted to the Bureau of the Mint and 
assay cl by F. P. Dewey, who reports as follows: Gold, 0.44 ounce to 
the ton; platinum metals rema.i11ing in oluble on boiling the silver 
lead in trong sulphuric acid, 0.01 ounce to the ton . If palladium was 
present it was not determined. 

The gray sandy mat rial proves to consist largely of perfectly 
formed crystals of quartz, averaging 0.1 millimeter in diameter; 
doubly terminated crystal are common. orne of thi quartz sand, 
after r peated evaporation with hydrofluoric a icl, left a small residue 
consisting of minute cr tal of adamantine, almost m tallic luster. 
These crystal compri eel octahedrons and square tabular forms, 
ft\era.ging a few hundr dths of a millimeter in size. Their cry tal 
habit, together with the fact that they gave a strong titanium 
reaction after fu ion with pota irun bisulphate, sugge ted that they 
were octahedrite (anatase), and their identity as octah clrite was 011-
clu ively establi heel by Dr. H. E . Merwin by the determination of 
th ir opti al propertic . Dr. 1crwin report as follows: 

The grains are mostly ina! rystal , slightly tabular normal to an optic axis 
(uniaxial, negative). The refracti' e ind x w was found to be 2.51+0 .01 for lithium 
light. Measur d on six crystal , w-ei 0.0-0+0.003. The Yalue for w i the same 
as all observers haYe found for anatase (ranging behveen 2.515 and 2.521) and w-e is 
the same as later inv tigat01 hav found for this mineral (0.066-0.073). 

A f w pri m ancllm - haped twin of rutil o em with th octa­
hedrite. The octahedrit and rutile ar subordinate con tituents, 
but they are th only gangue miner als in th d posit other than 
quartz. 

A pa.rti ularly rich hoot of ore ha b en developed by a winze 
sunk from a point 11 ar the end of the upper tunnel. I n this shoot 
ar mall mas e of wha.t i lo ally known greeni h talc.1 Some 
of these wer mined separately and two hipm 11ts aagregating about 
1 ton were sent to the m lt rat Murray, tah. On a control ample 
of this ore Ledoux & o. report a follows: Gold, 111 ounces to the 
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ton; plaLinum, 99.0 ounces to tho ton; palladium, 16 ounces to the 
ton; iridium, trac . 

The 'groeni h talc, ' dotonninod chemically and microscopically, 
proves to be a b i mu th-boaring vari ty of Lho rare mineral plumbo­
jaro ito. It is a gr cnish-y llow mineral of smooth, unctuous feel, 
which und r tho highest power of tho microscope is seen to con ist 
of perfect hexagonal tablets averaging 0.0 1 millimoLar in diameter. 
It carrie considerable mechanically admix l gold and platinum 
metals. An analy is of the pure t oo c ~.inablo material was made 
in tho laboratory of the nitod taLes Geological Sur ey by R. C. 
Well , with ih following results: 

Analysis of bismuthic 1>lumbojarositefrom the Boss mine. 

Fe:Pa. . . . . . . . . . . . . . 32. 24 
Al 20 3 • . .. . •••• • • •.• . 14 
803 .... .... ....... 24.0 
PbO ....... ... . . . . . 16.75 
H 20 - . . . . . . . . . . . .. .02 
H20 + .. . . . ........ 8. 55 
CuO... .. . .... . .... 1. 97 
Bi20 3... ..... ..... . 6. 34 

CaO . . . . . . . . . . . . . . . 0. 06 Ti0 2 • • • • • • • • • • • • • • 0. 37 
MgO . . . . . . . . . . . . . . . 14 Au ......... . . ..... . 79 
K 20 . . . . . . . . . . . . . . . . 22 Pt . . . . . . . . . . . . . . . . . 05 

a,O . . . . . . . . . . . . . . . 52 Pd . . . . . . . . . . . . . . . . . 22 
0 " . . . . . . . . . . . . . . . . 43 Ir .. .... . .. .. ... .. Trace. 

. 09 Ag . . . . . . . . . . . . . . . Trace. 

99. 8 

Reduced to ounc a ton, the analy i bows gold Lo he present to 
the extent of 234 ounces, platinum 15 ounce , and palladium 64 
ounce . a) of imilar material arc reported to show as high as 
575 ounces of gold, 230 ounces of platinum, and 30 ounce of palla­
dium. Th silica and titania shown by th analy is represent an 
admixtw·e of quartz and ocLahcdrite.' 

Tho gold and platinum metals can be partly separated from the 
plumbojarosite by panning, but long before a cleans paration can be 
effected fino gold and e p cially platinum pass into Lhe tailing , 
in spite of the utmo t precaution . The gold i extraordinarily rough 
and spongy; delicate pla y form are common, and som i inter­
grown with quartz and plumbojaro it or is molded around minute 
quartz cry tals. It i more or le s blacki h, and aggrogaL of the 
finer particle look like so much black sand. Tr atment with 
hydrochloric acid and annealing, how ver, bring out the normal 
yellow color of gold. Some of the larger parti les after being treated 
thus were analyzed by R. C. Well , a~ follows: 

Analysis of gold from the Boss mine. 
Gold.... .. .. .... . ... ...... . .. . . . ..... . ..... . .. . .. .... .. . .. .. 97.8 
Silver.. . ..... . .. . . . . . .. ... .. ........ . ...... .. ... ... . ......... 2. 2 
Platinum metals ..... . ........... .. ....... . ....... . .. . .. . . ... Tra e. 

100.0 

1 Further study of tho material ana ly1.ed shows that it contains 20 per cent of brovcrite, CuO.l'hO. 
F Oa.2S0,.4Jl,O. (See Knopf, Adolph, l ' lumbojaros ito and other basic lead-lrrrio sulphates from tho 
Yellow Pino dis trict, Nov.: Washington A cad. Sci. Jour., vol. 5, pp. 49i-.;oo, 1915.) 
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Qualitative tests on other gold parLicles always showed the ab ence 
of platinum metals, and the inference of L doux & Co. that the metals 
are pre ent "apparently as alloys of gold and platinum metal " is 
therefore not borne out. The platinum and palladium occur in 
extremely small particles, which even at high magnification under a 
binocular micro cope are indistingui hable from the dull blackish 
particles of gold ; in all material examined by the writer chemical 
tests were necessary to establish the pre once of the platinum and 
alli ed metals. By cleaning the precious metals in molten sodium 
carbonate, particl s of gray metal (platinum and palladium, or an 
alloy of the e) become di tinguishable from yellow gold. The po -
sibility wa. entertained that perry li te might be pre ent in the residue 
of the pan11ings from th plumbojarosite or elsewhere in the ores of 
the Boss mine, but no trace of this mineral, which, according to its dis­
coverer, is characterized by a wonderfully brilliant lu ter, was found . 

The pockets of plumbojarosite occur in a porous, fine-grained 
siliceous gangue, which i a replacement of the dolomite country 
rock. The pore and cavitie evidently resulted from the 1 aching of 
sulphides form erly present; they arc now partly filled w-ith malachite 
in small botryoidal group , or more commonly with powdery plumbo­
jaro ite. A thin section cut from a specimen selected for assay 
shows quartz, commonly euhedral, and plumbojaro ito scattered 
throughout the material, perhaps to the extent of 10 per cent. Thi 
sp cimen wa ubmitted to the llurcau of the fint for assay, and 
F. P. Dewey reports as follows : 

Gold, 4.12 ounce to the ton; platinum metals remaining insoluble on boiling the 
silver bead in strong sulphtuic acid , 3.35 ounces to the ton . I made no determination 
of palladium, but th e sulphuric-acid solution was strongly colored, indicating that 
much palladium had gone into solution . 

Thi determination of the plaLinum metals (mainly platinum with 
some iridium) i th refore a minimum for thi parti ular ample. 
Th or , do pite its extr me ricbn , how no free gold or platinum 
meta . The writer was unable to pan any preciou metal from 
this or , or to separat any with h avy olution, but on evaporation 
with hydJ·ofluoric acid an extr moly fine black residue r mained, 
contaiuing gold, platinum, palladium, and octahedJ·ite. 

A compo ite of 22 amples taken in the winze connecting the upper 
and middle tunnel and on the intermediate 1 vel yi ld d the following 
retmn, in oun es to the ton: Gold, 3.46; silver, 6.4 ; platinum, 0.70 ; 
palladium, 3.3 .1 It i probable that th re are several hundred 
tons of ore of this grade, which, with platinum and palladium at $45 
an ounce, has a value of $256 a ton. 

1 Data furnished to t.be writer by a mlning engineer who examined the mine under an option that was 
not exorcised. 

10427°-Bul.l. 620-16--2 
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Th only ulphide-bearing or expo d in th rom at th time of 
visit wa in the sublevel b low th upp r tunnel. Her , in particularly 
tight ground, abou t 3 fe t of copper or ri h in chalc cit had been 
opened. An average sample of this or , a r -p01·ted by the manage­
ment, bowed copp r 15.1 per cent and platinum metal 0.40 ounce, 
gold 0.13 ounce, and silver 1.2 ounces to the ton. 

The chalcocite, which is of the tecl. kind and bows conchoidal 
fractme, occms as mall bleb and fin 1 dis em.ina ted particl 
emb deled in a clo e-grained sili eou gangue. It is pru-Lly al tered 
to brochantite, th ba ic sulphate of copp r, which forms mall 
glas y emerald-gre n prism implanted on the ulphide fr m which 
it wa derived . Examination of thi ore und r th mi ro cope 
show that it is an aggregate of quartz, cbal ocit , and bro hantite, 
with octahedrite present as a rare ace ory mineral; the bro hantite 
occm in paTtial replacement of the quartz and i om what more 
abundant than would be e timated fr m in pection by the unaid d 
eye. An oxidized bi mutb compound, who id nt.ity wa not 
establi bed, i as ociated with s me of the chal ocite. 

GENESIS OF THE ORE. 

The Bos depo it represent in the main an irr o-ul ru· iliceou 
replacement of dolomite along a seri of vertical fra ture . On 
account of the prevalent oxidation and the incon iderablc depth to 
wh i h th workings have penetrated, primary sulphid have not 
yet been reached. The chalcocite, tb only sulphide so far found, 
mo t probably originated a a precipitate from downward-moving 
solutions who e copper was derived from primary ulphid · formerly 
exposed to oxidation near the sw·face. 

The d po it yields a yet no pecially strong evid nee concerning 
the genetic condition that prevailed at the time it ori"'inat. d. 
Some clue i perhap afforded by the pr ence of the titanium oxi le 
minerals, octahedrite and rutile. Both of tb e are rather un am­
mon in metalliferou d po i . Of the two rutile i them r ommon. 
It i , for example, omewhat abundant in certain of the aurif r u 
depo its of the Juneau o-old b It, which are v ins that originated at 
high temperatme; in fact, ac ording to W. H. Emmon / rutil i 
r tricted to higb-temperatme vein . Octahedrite occw in t.he 
tourmaline-bearing copper vein of Las Conde , Chile· 2 in tin vein 
of axony as ociated with apatite, fluorite, and chlori t ; and in 
:fis me :filling in the Alps/ but th e veins are not no ably metallif­
erous. The Alpine veins are thought to have formed at temp ra-

I A genoticclassiflcation or minerals: Econ. Geology, vol. 3, p. 625, 100: . 
• Lindgren, Waldemar, Mineral d posits, p. 655, 1913_ 
• Koenigs berger, Johann, Tmnsrormations and cbemjcal reactions in their applicatiort to temperature 

measurement or geologic processes: Econ. Geology, vol. 7, p. 697, 1912. 
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tmes between 250° and 400°. In view of the affiliation generally 
shown by the octahedrite and rutile with deposits of high-temperat ure 
origin, the suggestion i advanced that the primary ore of the Bo s 
depo it was formed under conditions of moderately high temperatme. 

The facts at hand can not of themsel es be held to prove that the 
ore deposition was genetically connected with the intru ion of any 
par t icular dike or igneous mass now vi ible at the sUI·face. It is 
probable, nevertheless, that the mineralization followed as a sequel 
to the intru ion of the magma from whi h the granite porpb ry 
dikes were derived, for these are the only intrusives that penetrate 
the rock of the district. 

The depo it, as already described, is highly oxidized and contain 
abundant oxidized copper compound and plumbojaro ite. These 
minerals indicate that the primary sulphides will be found to carry 
copper, iron, lead, bi muth, and precious metals. The extraordinary 
richness in gold, platinum, and palladium of ore containing notable 
quantities of plumbojaro ite raises an important problem. It is of 
com e not impossible that the plumbojaro ite may have originated 
es entially in plA.Ce by simple oxidation of ulphides that were 
extremely rich in precious metals. A partial analogy for thi sup­
position is fumished by the development of the brochantite in the 
halcocite-bearing ore; the brochantite appears to have formed in 

place from the chalcocite without any important migration of copper. 
For the origin of the plumboja.ro ite, however the following explana­
tion appear to fit the known facts more clo ely. B. . Butler,t 
who has recently hown that in the oxidized ores of Utah plumbojar­
o ite i rather common, although heretofore unrecognized, believ 
that in the o currences . tudied by him the plumbojaro ite wa 
·produced by the action of ferri c solutions on galena; the lead ha 
r mained c · ntinlly in pla e but the iron may have come from 
om eli ·Lane . lL is h r fore ucrge: ted that in the Bos ore body 

d ending olu tion ri h in ferric sulpbaLe attacked primary gtuena, 
fonrunO' the plumb j11ro it , a.ud that ihi r action au. eel the con­
comitant precipitation of tb gold, platinum, and palladium . Accord­
ing Lo hi ·planation an oilicient olvent for the preciou metals 
wa active and in tbi conn tion the fact tabli h d by R. C. V\ ell , 
dUiing the ch mical inv igation of the plumbojaro ite, that the 
pt· ciou metal are rather olub1e in hydrochloric acid in the pr ence 
of plumbojaro ite i highly ugge Liv . 

n th wbol , then, it i lik ly, in vi w of the probabl mode of 
origin of the plumbojaro ite and of th vid nc of leaching indicated 
by Lh porou nnture of th iliceou or , that a rta.in amount of 
rcdi ·Lribu tion of gold, platinum, and palladium ha taken place by 

1 ccurrcnco or complex und 1 ittlo-kn0\1'0 sulphatcs and sulpharsenatcs as or 
Geology, vol. 8, pp. 315-316, 1913. 
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the action of descending surlace solutions. It would follow, then, 
that in depth, below the zone of oxidation, the pockets of extremely 
high-grade ore, such as are now being extracted, will be found to 
give way to ore of moderate grade. 

AZURITE MINING C O. 'S CLAIMS . 

The claim of the Azurite :Mining Co. adjoin tho e of the Boss 
group, and some work is in progr here. The Ro ella prospect, 
situated several bunch· d feet north of the Bo s mine, i in a coarsely 
crystalhne white dolomi te; the metalliferous deposits con ist of small 
irregulaJ.· bodies of oxidized lead-zinc ore. Of interest is the occur­
rence of pure lump of the raJ:e mineral plumbojaro ite, consisting 
of minute hexagonal tablet , ba ing a ma.ximum refractive index of 
1.83, and reacting for lead, ferric iron, water, and sulphate. Curi­
ously enough th plumbojarosite is not a bismuth-bearing variety, 
as at the adjoining Bo s mine. In places a 1 orous siliceous gangue 
is found , but thi has not been shown to be platiniferous. 

On the Azurite claim a body of oxidized copper ore inclosed in 
coarsely cry talline dolomite has be n opened. The gangue is sili­
ceous and, in addition to carrying th oxidized copper minerals, 
locally contains chalcocite. 

ORO AMIGO MINE. 

At the time of the writer' visit to theY llow Pine district, metals 
of the platinum c-roup were known to occm only at the Boss mine. 
Since then they have been found in the ore of the Oro Amigo mine, 
the property of the Oro Amigo Platino Mining Co., which is situated 
between 1 and 2 miles northeast of the Boss mine. Mr. H. K. Rid­
dall, to whom the writer i ind bted for sp cimens of the ore, reports 
as follows: 

Assay of ore from Oro Amigo mine. 

[Ounces to the ton .] 

P la ti-
Oold. num 

metals. 

----------------------------------------------
~~~t: ~~: k ::~~ ~ ::C~e8·.·:.·.·.· :: : :::::::: ::: :::::::::::::::::::::::::::::: :::::: 0.11 

. 51 
0.10 

mnll. 

Sample No. 1, as examined by the writer, con i ts essentially of 
limonite; it carries no bismuth nor achnixed plumbojarosite and is 
therefore quite unhke the ore of the Boss mine. Thi may indicate 
that the di tribution of the platinum metals is more widespread in 
the Yellow Pine district than is now known and that it is not restricted 
to the peculiar mineral association shown by the Boss depo it. Sample 
No.2 is a iliceous rock, holding numerous small angular fragments of 
chert, and is coated and permeated with limonite. 
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GEOLOGIC OCCURRENCE OF PLATINUM. 

REVIEW OF KNOWN LODE OCCURRENCES. 

To afford a basis for comparison of the platiniferous deposit at the 
Bo s mine with other occmrences of platinum in lode , a short sum­
mary is given in the following pages, describing, so far as they are 
known, the geologic featmes of some of the more important occm­
rences of platinum in lode depo its. 

The bulk of the world's supply of platinum, as is well known, is 
obtained not from lode but from placer , tho e in the ral Mountains 
of Russia alone fmrushing 95 per cent of the entire annual production. 
Minor quantities are derived from Colombia, Califorrua, and ew 
South Wales. In the ral Mountains the platinum-bearing gravels 
have resulted from the erosion of a broad bel t of basic plutoruc rocks 
trending pa.rallel to the axis of the range. 1 The platinum, traced to 
its bedrock somco, is found as an original constituent of duillte, or 
rarely of pyroxenite, and as such bas crystallized from a molten state, 
roo t commonly in association with bromite. The metal cccmring 
thus, however, i too disper eel to be economically valuable. Certain 
segregations of chromic iron in tho dum te contain considerable 
amoun ts of platinum, but even these are o small and irregularly 
distribu ted that they do not admit of profitable exploitation. The 
output of platinum in the ru1 region i therefore derived olely from · 
the placers. These are now worked mainly by dredge , and this 
industry i regarded as likely to show an expan ion in the futme. 2 

The platinif rous gravel of other districts, such us tho e of Colom­
bia, have essentially the same geologic relations u those of the ral 
Mountains. The platinum obtained as a by-product of tb gold­
dredging industry of California is hown by Lindgren 3 to bed rived 
from the ero ion of th erpentin , peridotit , and gabbro rna es 
oc urring in tb amiferous region. 

Although platinum o m in m tallif rou lodes at a numb r of 
places in several parts of the world, no lod depo it i worked olely 
for its platinum content. In fact, the platinum in tho e dopo its 
from ·which it is obtained forms but an in ignificant fraction of the 
total metallic content, either in quantity or in value, and is recov­
ered as a minor by-produ t. There are, however, a few platiniferous 
lode depo. it.'3 which, und er more favornble ommercial onditions, may 
pos ibly b como productive and in which the platin.um i the metal 
of predominant value. 

1 Dupnrc, Louis, T,o pin tine L los giLes plnlinlfcros de l'Oural: Arch. sci. phys. nat., vol. 31,1911 ; reviewed 
by E . S. Dnsli.n in Eoon . Ooolo ry, vol. 7, pp. 202-203, 1912. 

•nutcbins, J. r ., Dredging in the Russian E mpire: Eng. and Min. Jour., vol. 9, p. 7, 1914. 
1 Lindgren, Waldemar, 'l'be 'l'erliary gravels or t.ho Sierra Nevada of ali!ornln: U.S. Goo!. Survey Prof. 

Paper 73, p. 74, 1911. 
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Platinum and palladium occur in the opper-nick l or of the ud­
bury r gion, Canada, and mall quantitie of the em tala are recov­
ered annually from the electrolytic mud formed dw·ing the r linin()' 
of th nickel. In 1902 no le ~ than 2,375 ounces of platinum and 
4,411 ounces of palladium were r ov red , but tb production has 
since decrea d ver considerably, and no figm·c · ar available for the 
y ars after 1904.1 The platinum occurs in the ore of th udbury 
region a the arsenide, sp rrylite, the only lmown natural compound 
of them taL Thi mineral \va , in fact, fu t di cov r din the go. an 
of the Vermilion mine. Although palladium i pr cnt in larger 
amoun than platinum, no palladium com1 ound hn yet b n recog­
nized.2 Sperrylite form mall cube and o tahcdron of brilliant 
tin-white color andre i ts wenthcring compl tely· h n e it b comes 
concentrat d in th gos an of the oxidized ulphid rna 3 In the 
unoxidi.zed ore it is a o iated mai.nl 'ith hal opyri.tc, from which 
it can be i olated by tr atmcnt with acid. The udbury d po its, 
con i ting of pyrrhotite, p ntlandite, and chal opyrit , r ulted from 
the separation of th e min ral from a body of m ltcn rock before 
cooling wa ompl to; the a o iat d platinum and palladium are 
therefore of dir ,ct magmati origin. 

Spcrrylitc has al o been r cogn iwd in the or of tb Rambler min , 
Wyoming.·1 Th d po it consi ts of ovcllit , chalcopyrite, chalco­
cite, and pyrite inclo edina highly decomposed di.01·it . The perry­
lite is particular! as ociat d with the ovellite in oxtrem 1 minute 
crystals, the large t isolat d by Well and Penfield 5 m a m·ing only 
0.12 millim ter in diamet r. Con id rabl palladium i a oci.at d 
with the platinum. A p ci.al invo ti.gation was made by T. T . R ad 6 

to determine the condition in which tbi palladium occurs in the ore. 
He conclud d that it is either in the t trahedrit , whi h he howcd 
is a con tituent of the Rambler ore, or may be pre ent as omo defi­
nite palladium mineral oluble in nitric acid or cau tic oda. o 
evid nee was obtained that th palladium i present a an a nide 
analogou to perrylite. In recent years an exp rimentaJ mill has 
been built at the Rambler mine and the recovery of the preciou 
metal attempted .7 In 1911 an ini tial production of about 60 oun es 

'Coleman, A. P., The njckel industry; with special reference to tho Sudbury region, Ontario, pp. 100-110, 
1913. 

•Idem, p. 29. 
a Idem, pp. 44-55. 
• Kemp, J. F., Platinum in the Rambler ntine, Wyonting: U. S. Goo!. Survey Mineral Resouroos, 1002, 

pp. 244-250, 1904. Emmons, S. F., P latinum in copper ores in Wyoming: U. S. Goo!. Survey Bull. 213, 
pp. 94--97, 1903. 

'Am. Jour. Sci., 4th ser., vol. 13, p. 95, 1002. 
'Platinum and palladium in certam coppar ores: Eng. and Min. Jour., vol. 79, pp. ~986, 1905. 
7 Concentration or p latinJrorous copper oro at the Rambler mine, Wyoming: Met. and hem. Eng., vol. 

9, pp. 75-7 , 1911. 'l'Ws article describes the methods or investigation and treatment, the eXJ)nrimental 
mill, giving its llow shoot and assays of tho clifierent table products and the assay methods employed. 
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was made,' but in 1912 the plant wa shut down. ""n a ay of a 
general sample on the stope level of the Rambler mine is r eported to 
how 1.3 ounces of preciou metals (mainly platinum and palladium) 

to the ton and 6 per cent of copper.2 On account of the profound 
metamorphi m of the Rambler deposit, du to oxidation and ulphide 
omichment, the gene i of the depo it ha not been . ati fa torily 
e tabli heel. 

The platinum-bearing peridotite dikes near Bunkerville, Clark 
County, v., 25 mile east of {oapa and 100 mil northeast of the 
Bo s mine, are de: cribed by Howland Bancroft. 3 The clik , as de­
termined on fairly fresh material from the Great Ea tern prospect, 
consi t chiefly of augite, olivine, biotite, and enstatite and ontain 
pyrrhotite, probably nickeliferou , chalcopyrite, and magnetite. The 
sulphides arc apparen ly of pyrogenic origin. shipment of 91 ,600 
pound from the Key W t dike how d a content of 2.3 per cent of 
copper, 1.79 p r ent of nickel, and 0.13 ounce of platinum metal to 
the ton. A a result of careful experimentation Dick on 4 concluded 
that the platinum does not exist as perrylite in this ore; it occurs 
apparently in a form oluble in nitri acid, cau tic oda, or hydro­
fluoric acid . 

A pla iniferous depo it of contact-metamorphic origin in umatra 
i briefly de crib d hy L . Huncleshagen.5 The· deposit on ists of 
wollastonite, garnet, and borcite and is regarded as having re ult d 
from the metamorphism of a lim tone len by granite. . lightly 
le ompo eel wolla tonite containing no copper proved to be richest 

in platinum, carrying 0.17 Otm e to the ton, be ides 0.11 ounce of 
gold. 

A remarkable depo it of pallaclium-0' ld occurs at Candonga, in 
Minas Gera , Brazil. u Gold and palladium-gold (an alloy of gold 
containing about p r cent f palladium ) ar found in a rock con­
s· ting of an int rgrowth of p rox n , actinolite, hondroclite, calcite, 
ma(J'netite, and ilmenite. Thi lim ·- ili ate ro k wa b yond question 
derived from a lime ton len in itabirite, a a result of the contact 
metamorphi m produc d by the intru ion of granitic and p gmatitic 

o co mine, nJ o in Minas Gerae , produced 390,337 
arrying approxi!Dately 4 perc nt of palladium. This 

'Horton, F. W. , Platinum: Mineral Industry, 1911, p. 597, 1912. 
• ?>let. and bam. Eng., vol. 9, p. 76, 19U. 
•Piatinwn in southeastam 'evada: U.S. Oool. Survey Bull. 430, pp. 192-199, 1910. 
'Dickson, C. W. , 'rho distribution or the platinum metals in oU1er sources than placers: Canad ian Mln. 

Inst. Jour., vol. , pp. 206-207, 1905. 
• Inst. Min. and Mot. Trans., vol. 13, pp. 550-552, 1905. 
'llussak, Eug n, obor das Vorkommcu von Palladium uud PlaUn in Brasilien: K . Akad. Wiss. Wian 

Sitzungsber., vol. 113, pt. 1. pp. 394-425, 1904. 'L' ho main features of this report are su=arizod by its 
author ln 7.o.itrohr. prakt. Geologie, 1906, pp. 284-293. 
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deposit, like that of Candonga, i regarded by Russak' as having 
originated as a result of the metamorphism exert d by granitic intru­
sions on a limestone layer in the itabirite series. 

The Ruwe gold lode, in the Belgian Kongo, con i ts of a bed of 
andstone in a erie of andstones and quartzit . It carrie gold, 

platinum, palladium, and silver, said to av rage 17 to the ton. Gold 
and platinum are present in the metallic state, and with them are 
as ociated a number of lead and copper vanadates, togeth r with 
pyromorphite and malachite. The origin of this d po it ha not yet 
been established.2 

The occurrence of platinum in quartz vein i r corded from anum­
ber of localities, but none of th se appear to be of commercial im­
portance. The platiniforous character o£ .certain pyritic gold-quartz 
vein which traverse cry talline schi ts n ar the Rio Bru cus, in the 
State oJ P ernambuco, Brazil, has been demon trated by Williamson.3 

In ew Zealand some mall quartz veins cutting mica schi t and 
phyllite have b en found to be platin.iferou~ by J. M. Bell; 4 the b st, 
however, carries only 0.17 ouuce of platinum to the ton. The 
associated sulphides arc pyrite and chalcopyrite, and silver is pr nt 
in the ratio of 7 parts of silver to 1 of platinum. The veins occur 
near altered magne ian plutonic rock and are believed to have 
originat.ed as are ult of the intrusion of the e rock . 

As early as 1 06 Vauquelin hade tabli hod the presence of platinum 
in the ore of a silv-er mine at Guadalcanal, Spain.5 The mineral 
analyzecl was tetrahedrite, or om mineral clo ly resembling it, 
and wa found to contain copper, lead, antimony, iron, sulphm, ilver, 
and some arsenic. The platinum content proved to be irreaular, 
ranging from a trace to as much as 10 per cent. The veins are 
inclo ed in mica schist and have a gangue of calcite, bari te, and quartz. 

Other examples of lodes in which platinum has been detected 
might be cited, but those already mentioned serve to illustrate the 
salient features of occurrences of platinum in veins. A. Eilers 6 

has recently placed on record a table which gives the amount of 
platinum, palladium, and other elements contained in the blister 
copper from a number of the larg r smel teries. Although these two 
metals are present in extremely minute proportions they are recover d 
during refining in the electrolytic muds, where they accumulate as 
valuable by-products. The palladium is generally more abundant 

1 Bussak, Eugen, Ueber das Vorkommen von Palladium und Platin in Brss!llen: K. Akad. Wlss. 
Wlcn Sitzungsber., vol. 113, pt. 1, p. 391, 1904. 

t Ball, S. H., and Shaler, M .. K., Econ. Geology, vol. 9, pp. 633-635, 1914. 
• Bussak, Engen, Zoitschr. prakt. Geologie, 1906, p. 291. 
• Now Zealand Oool. Survey Bull. 1, new sor., pp. 50, 96, 1906. 
• Komp, J. F ., 'fho geological relations and distribution or p latinum and nssocialod melnls: U. S. Oeol. 

Survey Bull. 193, pp. 81-82, 1002. 
• Occurrence of some of the rarer metals in bUster coppar: Am . Inst. Mln. E ng. Bull. 7 , pp. 999-1000, 

1913. 
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than the platinum. The bli ter copper from the Steptoe smeltery, 
which treats the porphyry ore of Ely, Jcv., contains 0.01 oun ce of 
platinum and 0.044 ounce of palladium to the ton. 

Of further interest in connection with the geology of platinum are 
the observations of Russak 1 on the solution, migration, and redeposi­
tion of this metal by waters of surface origin. H e believes that 
certain botryoidal, stalactitic nuggets of platinum were deposited 
from solutions that resulted from the oxidation of platiniferous sul­
phides or of sperrylite. The suggestion concerning the derivation of 
the metallic platinum from the O::\-idation of platiniferous sulphides 
is probably well founded, but that concerning the sperryli te seems 
not to be supported by the prevalence of this mineral in the gossan 
of the Vermilion mine in the Sudbury district. 

CONCLUSIONS AND COMPARISON OF THE BOSS DEPOSIT WITH 
PREVIOUSLY KNOWN DEPOSITS. 

The bedrock occurrenc s of platinum show that this element is 
concentrated mainly by magmatic proces c., but these processes 
seem rarely or never to have gone far nough to produce depo its of 
economic value. As a rule, platinum is restricted to magnesian 
plutonic rocks, mainly dunites and allied varieties. It is present, 
however, as a minor con tituent of some magmatic copper or copper­
nickel or , of which tho e of the Sudbury region arc the most promi­
nent examples; further, it occurs, as the table giv n by Eilers shows, in 
practically all types of copper ore , although in extremely minute 
quantities. This fact emphasize the conclusion, first drawn by 
K mp 2 after ummarizing the information concerning the known 
distribution of platinum, that platinum "doc appear so~etimes 
in v in with other metal , pecially with copper. It would follow 
that platinum migrate in olution." I t is not improbable, there­
for , that opp r-bearing depo its rna occasionally be found in which 
plo.tinum forms o.n economically importo.nt con tituent. 

Th a so iation of platinum with sili ous igneou rocks i not 
wholly unknown. At opp r Mountain, Briti h Columbia,3 platillum 
occurs as p n·ylite in n, pegmatite dike which carrie bornite; probably 
a a pyroo- nic con titucnt. Tbe p gmatit cuts o-abbro, however, 
in tead of granite, thus diff ring from normal pegmatites. In 

wnatra a platiniferou depo it of contact-metamorphic origin has 
be n r cogniz d; it i thought to be g netically a ociated with 
granitic intru ions, but thi relation has not been d i ivcly tab­
li hod. In Brazil palladium-benring gold d po it , al o of contact-

1 K. Aknd. Wiss. Wlon SiLzungsbor., vol. 113, pL. 1, pp. 452,458, 1004; soo ospocially pl. 2, figs. 2 and 3. 
• Kemp, J. F ., U. S. Goo!. Survoy Uul l. 103, p. 34, 1002. 
• nLhorinot, Julos, opper Mountain, l3ritish Columbia: Eng. and Min. Jour., vol. 79, pp. 125-127, 1005. 



18 0 TRIBUTION TO E 0"'" MI GJWLO Y, 19151 PART I. 

m tamorphic origin, are related to the inLru. ion of gran ite and 
pegmatite. 

In hort, th n, primary d po it onLaining platinum in not worthy 
quantitie arc mainly of igncou ori o-i n, b ut ome of hydrothermal 
origin have b en eli co creel and fll' mainly pper-1 nring depo it . 
It i pcrbap roo t rea onahl to xpcct that platinum should occm, as 
a r ule, in high-tcmperatlU'e copper in - an expo tation partl born 
out by the umatran occulT n but thi uppo ition m to be 
opposed b the fa t that platinum in certain otb r rccogniz do crn·­
r nee i a ociated with tetrabcclrite, a min ral not haracteri tic . of 
high-temp ratur zone . 

From the foreo-oing d.i cu ion it i appnr nt that the gold-plati­
num-palladium dcpo it at th Boss mine is not lo ly imilar to 
nny ot.her depo it carrying m tal of the platinum group h r tofore 
d cribed. Its cupriferou hara tcr links it, however, with mo t of 
the other known platinum-bearing lod d po. its. The ocCUlT nee 
of abundant gold together with palladium, on tho oth r band, is 
sugge tive of the Brazilian depo its, fl is also its probable g netic 
connection with iliceous igncou. ro ks. 



NITRATE DEPOSITS IN SOUTHERN IDAHO AND EASTERN 
OREGON. 

By G. R. MAN FIELD. 

INTRO DUCTION . 

The nitrate deposit near Homedale, Idaho, appear to have been 
fiT t di cover din the spring of 1914 by D . J. Sullivan, of Homedale, 
who, according to hi own account, recognized their occul'rence in the 
cil.nyon of Jump Creek about 10 miles sou th of Hom dale in proxim­
ity to an old metallif rous prospect ju t below the falls of that cr ek. 
Only a small quantity of the material was found, " enough to fill two 
flour acks," but a trip of brown paper dipped in a olution of the 
substance and tben dried ann burned indicated by its sputtering 
scintillation the pre ence of a nitrate. 

About the ame time the. oung sons of Georg D. Huntley, who e 
ranch lie in the canyon of ucker Creek about 10 miles we t of the 
Jump Creek lo ality, ' "' re playincr in a mall cave at the base of a 
cliff in the canyon about half a mile below their home. Having 
tarted a fire in th cave, they were u.rpri d to find that some of 

the white material a t the back of the cav and in the revices of the 
ro l to k fire and burned vigor u ly . Thi_~ incident, together w.ith 
the eli ovcry b a amping party of a whited po it at ev ral local­
iti on ucker r k wa r ported to Mr. ullivan., who visit d the 
pla and again re ogniz d the pre en ' of a nitra e in the dcpo i . 
1eanwhil a prospector nam d Lacky who had pas d through ucker 
n.nyon had collected a sa.mpl of the white material and had hown 

it to per on in Ontari Oreg. , among, whom chanced to b Hemy 
Wil on, a California mining ngin er, who r cognized the pre ence of 
a nitrate in the ample. 

Mr. Sullivan and his as ociates staked out claims, and .shortly 
afterward intere ted p 1 on from Ontn.rio made extended examina­
tion of the district and rapidly staked out a large area, so that con­
siderable local ~ citcm nt en ·ued. At the time of the writer' visit 
( ovember, 1914), however, no assessment work had been done ex­
cept by Mr. ullivan and hi associates. 

The writer wish to xpre his appreciation of the kindness ex­
tended to him by Mr. ullivan, who conducted him to the several 

19 
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localities where the interesting d posits of th eli trict could be best 
seen, and tender d him the hospitality of both camp and home. 
Thanks are clue also to Messrs. F. E. and W. Tracy for cour tesies in 
camp. 

Mr. J . F. Hunt r, jr ., of th Geological urvey, has b en kind enough 
to examine and discu s with the writer everal thin tions of rocks 
from this region. The analy e of the ample w re made in the 
laboratories of the G ological Surv y by :Mr . R. K. Bail y . 

H O MEDALE DEPO IT. 

GENERAL F E ATURES. 

The Hom dale nitrate deposit is located in and near th canyon 
of Sucker Creek, Or g., about 16 mile in a direct line outhw t of 
Homedale, Idaho (fig. 2), but the eli tanc by the u ufLl road i::. nearly 
26 miles. With two exception th location: of claims and pro p cts 
on the map arc appro 'Unato, becau it proved to b impracticable 
to tie these locations to ostabli hed lan l corn r . The location of 
Huntley's ranch is taken from a legal do cription of the property 
placed in the writer's hands b Mr. ullivau after the compl tion of 
the examination. The location of the American placer claim was 
fully et forth in the lo ation notice at the eli cov ry stake and pros­
pect. The other location notices ob erv d did not contain p cific 
r eference to established land lines. The u kcr L"Cok pro poets are 
located with reference to Huntley' ranch and the Jump Cr ek pros­
p cts with respect to the topography shown on tbe map of the ilver 
City quadrangle published by tho Geological urvoy. itrato was 
originally dis overed in thi r gion in tho canyon {Jump Ore k ab ut 
10 mile south of Homedale, immediately below the fall in that 
canyon. The depo it in the Jump Or ek locality, howcv r, app ars 
to have b on exhausted with the first pro pecting. In both locali­
ties the mode of occUlT nee of the nitrate is th sam . 

The rhyolite in which the canyons arc cut form · v rtical or over­
hanging cliffs. Along the bases of the cliffs there arc local recesses or 
tiny cav . ( eo Pl. II.) Much of the rhyolite i clo e textured and 
mas ive, bu t there are zones where the rock is more open textured 
and hows pronounced banding and spherulitic structure together 
with some brecciation. As ociatccl with th e zone ar certain 
b ands, more ma sive than the others, that contain scattered vesicl s, 
2 to 6 inches in diameter, many of which are in part or wholly iJll d 
with opal, agate, or chalcedony. These ve icl give a blotchy 
appearance to the rock forming the cliffs. At th s place also the 
rocks have a more or le s shelly tructure, so that fractures p netrate 
the rock in many directions and angular pieces 3 to 6 inches or more 
long and 1 to 3 inches thick are readily dislodged. (See Pls. II, III.) 
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A . CONTORTED FLOW STRUCTURE IN T HE RHYOLITE ON THE WEST WALL OF SUCKER 
CANYON, OREG. 

B. CONTORTED FLOW STRUCTURE IN THE RHYOLITE ON THE EAST WALL OF SUCKER 
CANYON, OREG. 
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ABBIE CLAIM. 

A.t the Abbie laim, on Huntley's ranch, this shelly zone is nearly 
50 fc t wide. The vesicles are par tly :filled with a green mineral, 
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F'I .uRE 2.-0eneral map of the nitrate fi eld near Homedale, Idaho, wit.b index map showing U1e locaWon o! 
Ule H omedale and Soldjer deposits. 

which is al o di seminated to some ext nt through the rhyolite. In 
thin section, under th microscope, the rhyolite appears to be normal 
in composition1 showing phenocrysts of quar tz and feldsp ar having 
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maximum diameter;:; of about 4 millimeters in a fmc cryptocry talline 
groundma of quartz and ortho la with a fow po J of iron ore 
and a little chlorite. The gr en min ral i not cliff rentiatcd by it 
refra tive index from th uJTounding rock and appears to bo chal­
cedony. Tho lor is apparently little more than tain, though fine 
particl of chlorite may b pre nt. · 

In tho crack and crevic . of tho rock arc voinlets of white, fin ly 
rystallino material which burns ·with a parkling ilame when a 

lighted match i applied to it and caus s th o1 wing tip of tho match 
to bum brightly at white h at. Th vcinl ar in gon<'ral about 
one-eighth to three-eighth of an inch hi k. Wh n tho frn.ctured 
rock is picked away fre. h s am or cinl t: of the white d po it are 
expos d, but these, liJ o tho other, arc only a fraction of an in ·h 
thi k, and much of th lcpo~ i t i so loo ely aggr<'gatcd that i t 1UD1-

bles anJ. fn.ll to tho soil bdow wh n th holly r ck is eli tw·bNL 
Samples of thi material app ar on analy i · in th laboratorie of 
the Geological Survey to consist c cntin.lly of pota ·.ium nitrate and 
sodium nitrate. (See p. 26.) As o iatccl wi h the nitrate in th 
same or adjacent cr vices is a omowhat harder and mor firmly 
aggregat d whit mineral in fairly com o fibrous r prismatic form. 
On anal i thi material appear to consist nti.ally of the . ul­
phatc of odium ~mel magn .ium. Th zon in whi h th c cr vice 
depo its occur i not hm·ply defined but ha a width of 3 or 4 foot. 
No eli tinct vein of th material i to b s n. 

The nitrate tend also to accwnulat in th border zone b tw n 
th soil and tho ba e of tho clilJs and can bo OA.'})O d ·by craping 
away tho oil. It wa report d that at tho time of the eli covery 
this material at th oil line wa · pl nt.iful enough to be shov 1 d 
into buck ts . Thi · exec s ms to hav been r mov d, and only 
whitened soil and a ant whited po it are now found in thi po ·ition. 
At this -laim an op ning about 10 feet long, pen trating the cliff fac 
about 4 foot and extending along the nitrate-bearing zone for about 

feet, had b en mad at the tim of the wTiter' vi it. 

DOROTHY CLAIM. 

At th• Dorothy claim, ituat d about half a mile north of Hunt­
ley' ranch, at the ba e of the cliff on the a t sid of ucker Creek, a 
pit about feet long, 7 feet d ep, and 3 f t wide ha been opened. 
The fac of the recess or cave ha al o been picked down a few inch 
or p rhaps a foot. Thi i tho locality at which the Huntley children 
discovered the inflammable natmc of tho depo it. Tho materiA.! at 
this claim i similar in nature and modo of oc mrcnce to that of tho 
Abbie claim. The width of the zone in which the v inl t occur is 
indeterminate but do not s em to exceed 3 fc t . The vcinl ts 
themselves range from one-. ixth to three-eighths of an inch in thick-
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nes and occur in crevices between the rhyolite blocks. The . odium 
and maanc ium sulphate in their coarse :fibrous form occur in the 
same veinlcts with the nitrate, which i here odium nitrate, and in 
adjacent vei.nl ts. The mat rial at the soil line, which wa reported 
to hav b en fairly abundant, ha been largely removed, o that, as 
in the Abbie claim, onl a whitened soil and a scant white d p it 
w re to be seen in that po ition at tho time of the writer's exami­
nation. 

About 300 f t north of th Dorothy claim on th w t wall of the 
canyon there is a white incru tation of mall extent on th face of tho 
cliff. Thi material ha a sharp, puckery ta tc, rc cmbling that of 
alum. A qualitativ to t ho it to consi t cs cntially of the ul-
phates of alumina and magne ia. omc pota sium i indicated in the 
analy is, but although a li ttlc of the pota,' h alum may b pr0scnt the 
composition of the sub. tancc i near r that of pickeringite, the formula 
of which i Mg O •. Al2 ( 0 4) 3 .22H20. 

OTHER PROSPECTS. 

S veral pro pect and numerou u:npro pected claim li alona 
Sucker r ek a w ll a ea t and we t of the creek north of Hunt­
ley's ran h. The mode of occurrence and character of the depo it 
on thes claim · were similar to tho e above described. Sample were 
collected from only on , th Roo e olt claim, about n miles below 
Huntl y' rnn ch. Here only a small beginning - t pro p cLing had 
been mad e, and the evi ~ ences of nitrat deposits wer not a abun­
dant as at the Abbie and Dorothy claim . Both the loo ely aggre-
gat d nitrn.Le and th mor frrmly 11gg1·eaat cl fibrou mine1nl r 
1 r ent, howe er and nmpk of each were collected for analy. i . 
'J;ho ample. w ro taken from th lin of contac of the oil with ho 
ba e of th cliff, b scraping away the oil. The nitrated po it on 
qualitntive anal. i pro e to b om what l pure than tho e 
already de ribcd, con -i ting f ome p ta ium nitrate with adm ix­
ture of mngn ium and odium ulphate . Tho accompan. ing 
:fibrou min ral, which how d n reaction with th match flame, 
contains mugn ium ulphat , sodium chlorid (common alt), and 
odium nitrntc. 

At the . Amo 1 cality thor was in pla c a pronounced r cl incru -
tation "on the ro k that had a puncrent tA tc. A sample of thi ub­
stance > as oil cted and, . ubmittccl to qualit.ativ analysi. . The 
solubl portion was found to on i t e · entiall of odium chlorid 
and pota ium nitrate, ' ith om cnlcium nitrat and sodium ul­
phute. The in oluble porti n of th ating was f und to con i t 
e: . entially f ir n oxid (Fc20 3) w.ith mall amount of th carbo­
nates of cal ium and magn ium. 
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Pcrhap half a mile below the Roo o elt claim cracks in Lho face 
of tho cliff contain common salt in omewhat greater abundance 
than at he localiti prcviou ly noted. Tbi spot has be n discov­
ered by cattle and hoi es that range in the vicinity of the anyon, 
as bown by th accumulation of manure at that place. 

About 3} miles below Huntley's ranch, at tho foot of the anyon 
wall , on the east . ide of the canyon, ther is a small sprino-. The 
temp raturc of the prino- appeal to b nly slio-htly if at all above 
normal. The waters that uppl the aprin o- an l so p from neigh­
boring crack are suffici ntly charg d with olublo alt · Lo produce 
by e n,poration a thin incru tation upon the adjacent r k and 
also on bowlders in tho bed of uckcr Creek for a hort distance 
above and 1 clow Lhc spring. Tho water, Lhough lightly aline, 
is not unplca ant to Lho La to and in moderate amotm at loa t 
appears to produc no w1plcasant effects after drinking. A mall 
ample of the contained sal t wa obtained by scraping away with 

a knife some of tho incrustation in the immodiat viciniLy of Lhe 
spring. Thi · powd ry ·white sub tanco fluxed readily in the maLch 
flame, but gave no ugge tion of the pre enc of a ni trate. On quali­
tative aualy i it prov d to consi t e entially of sodittm ulphate 
with orne magno ium ulphate. 

Tho conditions in th canyon of Jump Cr ok, 10 mil · 
Sucker Creek, arc imilar in th m ain to tho o along uckor reck. 
The walls of the canyon are formed of weath r eel and pinnacled 
rhyoli t wi th cavernou recess at tho ba es of the cliff . Large 
bowlders and irr gular mas o of rock, which have fallon from the 
suiTouncling cliff , obstru t the canyon and add t it wildne ·s and 
pi ture que app aranc . Zon of holly rhy lite wiLh coar s at­
ter cel ve ides occur her , as on ucker Cr ek. Th cav rns show a 
whi te incru tation, and many of the crevice hav a white filling 
which melts but doe not burn or sputt r in the match flame. A 
sample of this salt gathered from a 2-inch zone along the oil line 
at the ba e of a little cavern in a large loose piece of rhyoli te about 
a quarter of a mile below the fall proved on analysis to con ist 
essentially of m agne ·ittm and odium sulphates with some sodium 
chloride. 

Jus t below the falls there is a ferruginou zone 2 to 3 feet wide 
along which and to the north of which the rock i much fractured. 
A short opening has b een made in this ferruginous zone, and on the 
W el t, where the rock i more olid, an old tunnel has been driven in 
that direction some 60 feet. Just above this ferruginou prospect 
and in the fractured rock there is a li ttle r ece s that has been deep­
ened by picking. This is the place in which Mr. Sullivan made the 
first nitra te discovery in the district. The nitrate material seems 
to have been entirely exhausted, but the crevices contain a white, 
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coar ely fibrou or pri matic cry talline alt in veinlets on -eighth 
to three-£ ur th of an inch wide, with a trong pucker~ ta. te, re em­
bling that of alum. A qualitative test, however, fails o show the 
pre enc of any significant amount of potassium, while aluminwn, 
magnc ium, and sodium are pre ent in abundance. The ubstance 
is cs entially a combination of the sulphates of the three last-named 
clement . 

ANALYSES. 

In order to get g neral information about the character of the 
amplcs from the Hom dale district, a erie of qualitative tests 

was first made. On the ·vidence afforded by these te ts a el ction 
was made of two ample of the nitrate which were regarded as rep­
resentative of the group, and the e were subjected to quantitative 
analysi . The r ults of ome of the qualitative analyses have been 
mentioned above, but all the e analy e are given on page 26 in 
tabular form for comparison and convenience of reference. 

10427°-Bull. 620-16--3 



F ield No. of 
specimen. Locali ty. Cl. 

Qualitative a1Uilyses of samples f rom the Homedale district, Oregon and Idaho. 

Sv,. COo. NO,. K. Na. Ca. AI. Mg. Essential composit ion. Remarks. 

---1 l--l--l--- 1--l- --1--1--l--l--l 1--------
OREGON. 

B. C. !.. ... ·1 Spring 3! m.ilc.s below I None ... ·1 Much .. ·1 S m a II I Nono . . l None ... . I Much . 
Huntley's ranch. amount. 

S. C. 3 . .. . .. Dorothy claim ... . ...... . do ..... . .. do .. . . .. .. do . . . . . Good 

Very li t-
tle. 

No~:~cO:.j· .. do. , V s~If. 
Fair. ... ·1 Na,SOi with some I Salt incrustation aoound 

M So,. spring. 
Much .. . NaJo, and Na2SO, . .. Discovery Cave on Sucker 

Creek. 
8. c. 4 ..... . 
8. c. 5 ..... . 

J\.bb ieclaim .. ........ -1~ .do . ... . 
About300fcetnorthof ... do ... . 

Dorothy cla im, on 
west wall of canyon . 

8. C. 6 ...... I Roosevelt claim . . ..... I S m a II 

test. 
Somc . . . . l None . . . ·I· .. do ... 
Much ...... do ..... None . . 

Much .. . .. . do ............ . , ....... . 
Some ....... do.. . . . . . . . . . . . Much. 

~·race . . ·I IC..'\03 and Ka,SO, .... 
Much . . . Sulphates of alumi­

num and magne­
sium. 

Some .... !. . . do ..... l Much .I S m a II I. .. do ... l Some.: .. ! ........ I. .. do .. . . . KaNO!l Mg(N03)t, 

S.C. 7 ... ...... . . do...... . .......... Much... S m a II ... do ........ do... Xooo .... . .. do.. . Koue . . . . .. . ... . . Some ... . amount., I I I amount. 

S.C. 7a ... J. ... do .... . .... . .. ... .. l ... do ..... ~rr:g~~'~: ... do ...... . . do . . . Somc . . .. l .. . do . . . l Fai.r ... J ....... I Small .. . 

and va(N03),. 
MgSO,, NaCI, and 

l\aN08• 
NaCI, KNOa, some 

Ca(N0 8 ),, a nd 
Na,so,. 

S. C. Sa ..• . I American placerclaim.l None . . .. 1 Much ... 1 ... do . ... . 1 None .. l None ... -1-.. do ... l S m a II ~ - ...... ·1 V e r y I Xa,so, with some 
amow1t. small. MgSO,. 

Somo ... . I. .. do . .. I. . . do ...... . ... ... Largo MgSO,, Na,SO,, and 
a mount. some NaCI. 

S.C. Sb .. .. I. ... . do .. .... .... ..... . . Sma ll l···do ..... l···do . ...... . do .. . 
amount. 

IDAHO. 

S.C. 9 .... .. I Clayton.ia claim No. 1. Somo . . .. l ... do .... . J··-do .... . , ... do ... , ... do ..... , .. . do ... J ... do . .. .. J· ···· ···I·· .do . .. .. , M§.so,, Na2SO,, and 

s. C. 9a .... l ..... do .... . ..... .. . .... l. . . do ... .. ... do ........ do .... ... . do . . . Kone . .. .. ,.do ...... do .. .. ....... .. Much . .. Mis95~·and l\a,SO, . .. . 

S.C. 9b .. .. l. ... . do . . ............ . . . l. .. do .. . .. l .. . do .. .. . l. .. do .... . l. .. do ... l. ......... I. .. do ... l. ..... .... 1. ..... .. l. .. do .. .. . 

S. C.!O .... . 

s. c. 11.. .. . 

Jump Creek nitrate 
prospect. 

Jump Creek about one­
four th mile north of 
nitrate prospect. 

l\one . .. . , . .. do .... . , . . . do . .... , .. . do ... , N~~c~~ 1· .. do ... l None ... ·1 Much · J· .. do .. .. . 

G o o d .. . do .... .. .. do ... . .. .. do ... 'J'raceor .. . do . ..... do .... ............ do .... . 
test. none. 

XaCI, MgSO,, llncl 
Na,so,. 

AI~SO,)a, MgSO,, and 
Na,so,. 

MgSO, and Ka.SO, . .. 

Incrustation supposed to be 
alum, but more closely 
~:~lUcci to pickeringite 
MgSO,. AI,(SO,)a.22H,O. 

Detter-grade material from 
prospect. 

Fibrous mineral accompany­
ing better nitrate. 

Red incrustation, soluble 
part. Insolu ble red mate­
rial essentially Fe,Oa with 
possibly CaC03 and MgC03• 

Wh;te cmorescent material 
ncar surface. 

eo~3e f~~fs~~~~\~e~~c!i~J 
impregnated with clay. 

Coarse crystalline deposit, 10 
inches more or less. 

4 inches of yellow sand below 
S. C.9. 

Gray sand below S. C. 9a, 18 
inches. 

Coarsely fibrous mineral in 
YeinletS n tO f i.nch Wide . 

Incrustation on walls o! tiny 
cave in large loose rock. 
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Complete quantitative analy cs w ro made of t·wo of the samples 
No . S. C. 3 and S. C. 4, and a d termination of the nitric acid in 
sample . C. 6 was made. Tho resul of th e analyses are giv n in 
the follow in()' table: 

Analyses of sam]Jles of nitrates from ucker Creek, sees. 20 anrl 29 , T. 24 S., R. 46 E., 
Willamette meridian, Oreg. 

[R. K . Bailey, analyst.] 

s. c. 3 s. . 4 . . 6 
(Dorothy cla im). (Abbioclaim) . ( Hoo ' ,·cltchlim). 

Cl. ... .. . ........ ................. ....... . . 
so ... ..... ..... ................ .. .......... . 
rrco .... .. .. ................ .. .... ......... . 
co ................ ........ ................. . 
BOa .... ..... .. .. .... .. ........... . .. ...... . 

o ............... ...... .. ................. . 
:ta ... .......... ... . .....•.... . .•.. ···• ••· · · 

K ................. . .. . ........ . ........... . 

~:::::::::::::::::::::::::::: ::: ::::: ::::: 

Soluble portion (per c nt of dry sample) ... . 

0.09 
19. 39 
rono. 

Non. 
None. 
47.25 
31.13 

. 39 

. H 
I. 61 

100.00 
90.50 

0.18 .............. .. .. .. 
4.62 ................... . 

None . ..... . ........ .... .. 
Nono .................... . 

Tone . ....... ... .... . .... . 
59.91 73.75 
13. 74 .. ................ .. 
19.75 ............ .. . .. .. . 

.03 ...... ............. . 
I. 77 ................. .. . 

100.00 ................. .. . 
08.06 .................. .. 

On tho assumption that Lh 0 3 in ample . 3 is practi ally all 
combined with tho a, it i comput d that the olublc portion of the 
dry sample on tains 64.7 per cent a 0 3 (sodium nitrate), equivalent 
to 58.5 per -nt odium nitrate in tho ntiro ample. 

On the as umption that all tho 0 3 in ample . C. 4 i combined 
with the K or N a, although a mall amount may be combined with 
the Ca, it i computed hat the soluble portion of the dry sample 
contain 50 per ·ent KN03 (potassium nitrate) and 40.6 pei: ent 
N a 0 3 (.od ium nitrate), or 00.6 p r nt total nitrates, qui val nt to 

. p r cent of tho entire ampl . 
In ampl . 6 t.h other on titu nts b ides th 0 3 were not 

deiermincd, but from th ombining w igh of th lcments con-
ern d and the qualitative analysi gi n on pag 26 it is as umed 

that tho nitrate are in th form of odium nitrate ' ith probably 
magn ium r calcium nitru,te and li tt,l if any p tas ium nitrate. 
'l'b total n.iLrat. probably xc d 90 per cont. 

ample . 4 and . 6 compare favorably with the b t 
grade of nitrato r ported from variou w stern ourcc . Th y rep­
resent, how ver, ·le t d mn,t.crial fr m their re pectivc 1 calitie . 
'ample S. . 3 i · more nearly r pres n ati e of th character of the 

cl po it a n whol , be au o it ontain a high r percentage of the 
sulphate which are pro ent in ach of the localitie xam.incd. In 
any attempt t work the dcpo it on a ommer ial cale it would be 
difficult if not impraeti abl to eparate the nitrat s from tne...ett.~,.,.__ 

phat that oc ur in the arne and adjacent v inl ts, o 1 

probable that an avera()'c lot of the material from the Home-
dale eli trict would not run higher than the 5 .8 p -~~ent sodium 
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ni rate of the ch·y sample . 3 and it might oven run lowor. This 
fio-ure howe or i hi a-her than that for the better grade· of altp ter 

b ' ' b 
mined in Chile. ( ee p. 40.) 

S OLDIER DEPOSIT. 

MODE OF OCCURRENCE . 

A number of sample of nitrate sal ts with a companying pi co of 
cow1try rock from a locali y do rib d a 9 mile a t of oldi r , 
Idaho, and 9 mil north of the railroad, ha e ro ently be n cnt to 
the Geological urvey by 1.r. John F inch. oldi r i in Bla.ine 
County, in T. 1 ., R. 14 E. Boise merid ian. ( ee fig. 2, index map.) 

The country rock i a rhyolite, which in thin e tion under the 
micro cope appeal's much lik tho rhyolite at Homedal , except that 
it is somewhat more glas y and badl weathered. Th rhyoli te sp ci­
men show the arne tend ncy to ph rulitic t xture and belly struc­
ture that i po ses ed by the Homedale rock. The niti·at salt ccm 
in depr ion or sma.ll cavitie in the rhyolite, and al o impr goate 
the oil in rtain place , probably at th base of liff , as at Home­
dale. o examination of this locali ty ha y t been made by the 
Geoloo-ical m vey, but a study of the sample uggest that the mode 
of occrnTen e of the nitrate near Soldier is similar to that near Hom -
dale. According to Mr. Finch there i a considerable quantity of the 
materia.! readily acce sible. 

ANALYSES. 

Th sample from oldier had broken loo e in the 
and had mingled to a c rtain xtent. Four lot wer 
v r , for qualitative analysis, and the r 

in the following table: 

ctod 1 how­
are g1ven 

Qualitative analyses of specimens of niter from a locality near olcier, Idaho. 

No. Cl. SO,. C01. NO, . K. Na. Ca. Mg. E ntlal compo Ilion. 
----------------·1----- 1-------
1. .. •.rrace. None. 'one . Much. J.fuoh. Fair .. Somo. VcrylitUe ..... KNOa, some 'aNOa, 

and Ca(N03),. 

2 ...... do ... Some .... do .. .. .. do ...... do ..... . do .... .. do .. . . ... . do . ...... . KN~03~jh a(~Po'!)~ 
3 ... None . Nono .. . . do .... .. do ...... do . .. Some . . . . . . . . . . . . . . . . . . . . .. . . . KN03. 

4 ... Trnce .... do ...... do .. .... do ... .. . do ... Fair . . Some. Small amount Same as Nos. 1 and 2. 

1. Finer material, inclosed in paper sack, more or less djstinct from tile other samples. 
2. Finer material, that carne loose in large sack containing all tho samples. 
3. Filling dug out of cavity on side of large piece of rook. 
4. Nitrate from a pocket on side of a large rook specimen. 

The oldier depo it , o far a repro en ted by the sample examin d, 
appear to be largely free from chlorides and sulphate , and to co n i t 
mainly of potas ium nitrate, "vith les amounts of odium and calcium 
nitrates. It was not deemed advisable to make expensive quantita-
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tive determinations of the material submi tted because of the condi­
tion of the samples and the lack of definite knowledge regarding th il: 
field relations. 

EXTENT AND V O LUME O F T HE N ITRATES . 

The Jump Creek deposit lies abou t 10 mile east of the Sucker Creek 
locality. According to Mr. Sullivan, indication of nitrate deposits 
occur between th e two places, and have been found by others as 
far as 150 mile to the we t of Sucker Creek, bu t the showing at 
Sucker Creek is better than that farther west. oldier, I daho, is 
about 120 miles east of the Sucker Creek locality. The occmrences 
of the nitrates above mentioned are all associated with rhyolites. 

itrato deposit in rhyolites occur at several places in Nevada and 
tfih. 1 The rhyoli tes seem to be widely di tributed and to carry 

niter in many places, though niter is by no means confined to rhyo­
litic rocks. The Homedale district is th erefore probably only a part 
of a much larger niter-bearing area, in which locally, a. at Sucker 
Creek, the niter occurs in notable amounts. 

The mod of occmrence of the nitrate in the Homedale di trict 
is do cribed on pages 20-25 . .The little veinlet that contain the 
nitrate form only a mall part of the whole mass in tho zone where 
the ni.trate occur- probably not more than 1 per c nt- and the 
same veinlets carry other ubstances than nitrate , as i shown by 
the analy es. When the rock fragments are picked down from the 
cliff face at any of the prospects de cribed, fresh veinlet are expo~ed, 
similar in character, number, and thickne to tho e previou ly 
found. How far into the rock thi condition contil1ue it is impo -
ible to ay from pro ont data, a none of the pro pect have pen -

tratcd more than 3 or 4 feet from tho cliff face. Tho pre ent evi­
d nco do not preclude the po ibility of :finding an increase in the 
ize and number of the nitrate-bearing v inle , or porhap even 

large veil1 , when the rock i opened further. There seems, how­
'Ver, little lik lihood of any marked increase in richne "' within the 
mterior of tho rock rna 's. On the contrar , it app ars mor probable 
that Lh e riche t parts of the deposit ar ho o already exposed in the 
faces and along the bases of the cliffs and that the material will be 
found to grow graduall lean r and perhap to di appoa.r· altogether 
as tho rock i penetrated. Whatever may have been the. mode of 
origm of the material, it probably owes its present position to the 
action of per olating waters on the on hand and to evaporation on 
tho other. On that supposition the concentration of tho depo it 
would natmally be greate~ t at or near the mface, where e ape­
ration take place. However, no positive tatement can be made 
until more work has been done in opening the veinlet-bearing zones, 
both laterally and verti ally. 

1 Gale, f l. S., itrate depos its; U.S. Geol. Surv ey Bull. 52:1, pp. lo-25, 19l2. 
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OTl-illR AJJ.rS OF THE HOMEDALE DISTRICT. 

DISTRIBUTION AND GEOLOGIC RELATIONS. 

Ins . 11 and 12, T. 23 ., R. 46 E. of the Willamette meridian, 
Oregon ( e .fig. 2), east of uckor reek, there i a group of low 
rounded hill , ome of which are bar of v o-etation and are cov rod 
with dried clay comminuted into tiny angular fragm nts that arc 
easily scraped aside by th foot. From 4 to 6 inches below Lh ur­
faco ther i a white alt that is effior c nt and clriod in the upper 3 
or 4 inche but damp and coar ly crystalline b lo.w and 2. foot or 
mor thick. Thi material i ·omewhat impregnated by clo, and i 
exposed in a group of pro poet pi which have been opened to a 
depth of 2 to 3 f ot. The material oxpos d benco,th the nJt be l i a 
fin m ivo drab clay. \. placer clajm of 120 a re , call ,d th 
Amori an placer, has been located n th so depo i Ls by tho American 
Fertilizer o. ample of tho o.ffioros en L . nlt and of th unmodifi ed 
sal t w ro ollectcd for anal . i . 

On Jmnp Creek, w t of th( M Cloud ranch, thor i. n. s ric of 
tlu·oe low, rom1ded barren h'lloll ju ' t outside of Lho canyon. Tho~e 
knolls hn.vo been tak n up aline. d posi by D. J. ulli van and 
ot.hers und or tho namo Clnytonia claim . Cla tonia clninl o. 1 
wn~ vi itod by Lho wriLcr in compan with Mr. ullivan. I ts loca­
tion 'lvi th reference to sLabli heel land su rvc s wns noL known at tho 
time of th vi. it, it had not Lhen b on. urvcy d. It approximat 
locati n 1 hown in figur 2. Tho alin clopo it here j imilar in 
chnracter and mode of occmTonco to tho \. merican placer, do. ·ribod 
above. At tho C'laytonia o. 1 thor i ~ a prosp t about f ot long, 
5 foot wide, and 4 foot loop at which Lh' following section was 
mea m· d: 

eclion at Claylonia No. 1 claim, Jump Creek, Idaho. 
Ft. in. 

lay, drab, hroken, gypsiferous .. .. . ................. . .... . . . 5 
Salt deposit, damp, sugary, coarsely crystalline, whito and e (]lo. 

re.centin uppor 2 or 3 inche ............ .. ........... .. .. 10± 
and , yellow, fine, saline, gyp ·rerous . ... . .. . ..... . ......... . 4 

Sand, gray, fine, powdery, with ferruginous tr aks ncar ba , 
"'YP if erou ........ . .... . .. . ....... . ...................... . 1 G 

Gypsum eam ............................ . ..... _ . . ...... . . . 2 
la)', gray, compact, gypsiierous to bottom of cut ... . ........ . 1 G 

4 9 

ample of th sal t and the two andy zones ben ath were tak n 
for analy i . According to Mr. Sullivan, the e depo its continue 
more or lc s intermittently outside the hills and up ucker Creek as 
far as Huntley's ranch. 



""ITRATE f>EPOSITS ! IDAHO A'ND OREGO . 31 

As mapped by Drake,' the above-mentioned depo its fall in the 
group of later lake bed - the Idaho formation, of Pliocene age- that 
occupies the nake River valley n.nd regions ast of the Owyhee 
R ange up to elevations of 3,000 feet. The Idaho formation is de­
scribed in general terms a.c;; less indurated than the Payette formation 
(earli er lake beds), and as con isting of very oft, brilliantly white 
sandstone , changing in places to compact gyp iferous clay . In a 
few place gravel and fluvi atile sand are al o pre ent. The f llowing 
section is given for a point in a bluff not far from the Claytonia claims : 

Section of blu.fl Smiles west of Snake Ri11er, north of Sq1ww reek, Idaho. 

Feet. 
At top , sand and gr·avel , p robably P lei to cue, re t.ing on th e lakp 

beds........ ... .......... . ........ . ........ . ................ 14 
Exceedioo-ly well and evenly stratified light-o-ray to huff lay, in 

thin beds and inter! edded with many lhio streaks of gypsum 
and gypsif rou . and.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190 

At the \..mcr.ican placer tho salin dcpo. its. cern to follow th con­
tour of the hill. Jo b ddin<Y other than the line bctw n the alt 
d po it and the underlying clay was ob or c lin the prosp cts exam­
ined. Th impro ion gainccl her was that th depo it ' as of sec­
ondary character, form ed by capillar. activit of impregnated 
wat r and vaporation. At the Clayton ia No. 1 claim bedded sands 
and lay w ro ob erved b neath the saline dcpo it . Though the 
surface appearanc and th character of tho two depo its arc much 
alike, the bedding relation , o far as ob erved sugge t that the 
Claytonia deposit may be primary having been ori<Yinally depo ited 
with the other sedim nt . A more extended examination of the 
regwn J nc decl hcfor a flnal d cision as to the primary or econdary 
natur f th depo it can h mack. 

ANALYSES. 

Quali ativ analy c of th five ample collected from the two 
local.itic wcr made, and are giv n on page 26 und r th . nu.mbei 
S. . a, b, 9, 9a, and 9b. Th depo its appear to onsi t entially 
of odium and magnesium ulphate , with more or 1 sodium 
chloride- in other word , of a mLxture of Glauber'· and Ep om salts 
·with common alt. The fact that practically all th. deposit effio­
re cos to a ' hit powder on expo ure to the drying action of the air 
indicate that little if any of the material i in the form of the min ral 
blced itc, a hychou sulphate of sodium and magn ium, for this 
mineral doe not alter on exposure to the air like the crystals of 
hydrous . odium ulphate. It was not de med ad i able at thi time 
to incur the cxpen e of quantitative determinations f 'the amples. 
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TILIZATION OF THE NITRATE 

It ha been poin ed out in conne tion with tho IIom dale d po it 
that the veinle which contain th nit r and as ociat d alL form a 
very mali p rcentago of the rock rna in the nit r-bearing zone . 
If it were practicable to leach the rock and remove the oluble nits 
without handling the rock itself, omething might b don mm r­
cially with the niter. From the on titution of th c01m try' rock, 
how v r , it eem that li ttle could be done without moving a r ela­
tively large amount of the rock. Th co t of the e op ration and the 
n ce sary equipment, tog ther with the uncertainty r garding th~ 
continuation of the depo it within tho roc1 ma s, would em to 
allow li ttle.hope of su ce ful commercial development. 

The Homedale and oldier d po its may be tak n a types of 
material from localitie in many parts of Lhe coun try, r anging all the 
way from Or gon to T xas, from which pecimen have lat ly been 
r ecci ed by the Geological urvey. The niter com" on the surface 
and in era l · , forming in plac rich v in in on iderable quantity, 
but at no place yet examined has thi uporficial material . corned to 
lead to depo its ex ten~ i ve nough to ha e commercial value. Tnv -
tigations should b con tinued in the hope that a com mer ialiy alunbl 
deposit may be found. At the pre ent time, how vor , the outlook is 
not very promi ing. 

TILIZATION OF THE , ULPHATE . 

An account of certain deposit of sodium sulphate and the market 
condition affecting them ha r c ntly been giv n by Gale.1 Ther 
is at pre ent no considerable market for . odium sulphnte, or what i. 
known in rad e as ' al t ake," which i the produ t of the first st p 
in the Le Blanc proce for the mnnufacture of sodium carbonate 
from sodium chloride. In thi proc alt cake i produced by the 
decompo ition of sodium chloride with . ulphuric acid, hydrochloric 
acid being a valuable by-product. At pre en t, howev r , the Le 
Blanc proces ha b en almost entiTely displaced by the ammonia 
pro ·es for the manufacture of soda, at lea t in tho nited Late . 
Glauber 's alt 2 

( a2 0 4.10H20 ) i · manufactur d for a f w purpo e, 
chiefly for medicinal use an d for freez ing mixture . A considerable 
quantity i obtained from the r esidu al of the ta sfurt sal ts. In 
the manufacture of practically all qu alitie of glas , except l ad gla s, 
alt cake i ~ uperior to soda a h b cau e it i cheaper per unit of 

alkali and be au e, owing to the higher temperature at which the glass 
furnace work when using alt cake, a higher percentage of silica can 

'Gale, H. S., Sodium sulphate in llle Carrizo P lain, San Luis Obispo County , Cal. : U.S. Ocol. Survey 
Bull. 5·10, pp. 42 33, 1914. 

' 'l'horpe, E ., Dictionary of applied chemistry, vol. .5, pp. 21, 27, 1, 1913. 
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be used, thus again cheapening the cost and al o producincr a harder 
and more durable gla . odium ulphate is aJ o u ed in the manu­
facture of ultramarin , which in tmn has a ;vide u e in a variety of 
manufactme becau e of its brilliancy as a body color and its high 
coloring power. Sodium sulphate is al o u eel in the general proc­
es es of dyeing and coloring. Quotations on odium ulphate in 
cmrent trade journals rang from 55 to 65 cent per 100 pounds for 
glassmaker's salt cake and 60 to 75 cents per 100 pow1ds for Glauber's 
salt in barrels. This is equivalent to 11 to $1 5 a hort ton. 

Magnesium sulphate is the purgative principle of many bitter pring 
water and, as Epsom salts, has a con iderable u e in medicine. It is 
also u eel in warp sizing and weighting in cotton mill . The mag­
nesium sulphate of commerce is derived chiefly from the kie m·ite 
(Mg 0 4 +H20) of Stassfurt. It is also manufactured to orne extent 
in tho nited State from magn ite and dolomite. Thoro i at 
pre ent no large market for magnesium sulphate. Quotation on 
Epsom alts in current trade journals range from 1 to 1 ~ cent a 
pound in bags or barrels. This is equivalent to 20 to . 30 a short 
ton. 

In view of th present moderate or slight demand for the sulphates 
of sodium and m~gne ium and the f~tct that thi demand is larg ly 
met in by-product derived from tho manufactmo of oda and potash 
salts, there seems li ttle lik lihood of the development on a commer­
cial scale of mi..x:ed deposits such as tho e near Homedale unl ss they 
houlcl prove to be pro ont in much greater abunclan c than now 

seem probable. There i probably not enough sodium chloride in 
the deposits to warrant th ir development as a ource of common 
salt,. 

GEOGRAPHY AND GEOLOGY OF THE HOMEDALE 
REGION. 

PREVIOUS WORK. 

Land surveys of the entire district eli cussed in this reporthave 
be n made, and plat of the several town hip are on file in the 
G nernl Lwd OfFtce, Wa hington, D. C. A large part of this work 
is r lativ ly recent, the dates of the mvoy ranging from 187 to 
1914. 

Much of the ar a has been included in topographic surveys by the 
Geological ur y and three maps, covering tho ampa and Silver 
City quadrangl , Idaho, and the Mitchell Butte quadrangle, Oreg., 
have been is ued. The junction point of the thTee quadrangles li sin 
latitude 43° 30' ., longitude 117° W., about 9 miles . 25° W . of 
Homeclal . 
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The utire distri t has been di cu eel by Ru ell 1 in earlier reports 
of the Geological urve , but the ·e were reconnai san repoTts that 
cov reel a broad area, o that th y furni sh few detail bearing di.rec ly 
on he nitrate eli trict. The particular object of Rus ll' work was 
the investigation of ground-water condition , bu t i t t l1Tow con icler­
able light on the general g ology of th region a a whole. 
Par~ of the eli trict and orne ad ja ent region hav been made 

the subject of more detail d aeologic ·urv y . The ampa and Sil­
ver ity folio of he G ologic Atla 2 i sued by the urvey contain 
many detail relating to the g ology of the a tern part of tb ar a, 
and much of this information i clir tly applicable to tho unma.pp cl 
we tern par t. Oil and gas inve tigation h ave al o been undertaken 
by the urv y 111 rogwn adjacent to tho nitrate distri t. 3 

GE OGRAPHY. 

LOCATIO NDA 

Homedal lie in tho nor thwe torn part of Owyhee Coun ty, Idaho, 
on Snake River ncar tho tate line. A branch railmad conn t it 
with I ys a, Oreg. , a junction point, 20 mil s to th north, on the 
Oregon bort Line Railroad. tna conn ction aro maintained 
with ald ell , Idaho, al o on the Or gon hort Line RRilroacl, about 
12 miles in a dire t line r. 75° E. from H omedal . Al though more 
or le mining has b n lone in the bill bordering the nake Ri er 

alley in this r egion, the intere t of th valley town., in ludi1w Hom -
dale, i chieHy agricul tural, and water i a>ailallc through s v ral 
irrigation proj cts. Home lale li es in tb Gem irrigation li. tr ict. At 
tho time of the writer's v isit tb town ompri ·eel abou t 2 0 oters, 
including both exe . 

Georae D. Huntley ranch, near which the nitrate lepo it of 
ucker re k were fit::st found, i in the E. E. } ec. 29 and the 

NE. " .r E . , sec. 32, T. 24 ., R. 46 E . Willamette m ridian , in 
Malh ur County, Oreg. Huntl y ranch ha recently b een . old to 
D. J. ullivitn. Thi. part of the eli trict i not included in th qu acl­
raogl named above but li 4 or 5 mile w t of the ilver ity 
quadrangle. 

A preliminary railroad urvey along Sucker Creek to the southwe t 
and ou th from Homedale has already b een made. In th event of 
the completion of thi railroad the agricul ural, grazing, an l mineral 
land of the district will be r eadily acces ibl from the main line to 
the north. 

'Russell, I. C., · . S. Ccol. Survey Bull. 199,217, 252; Watcr·Supply Paper 7 . 
'Lind •reo, Waldemar, and Drake, N. F ., U. S. Ceol. Su rvey Ceol. ALias, Nampa folio (No. 103); Silver 

City folio (1 o. 104), 1904. 
> Washbume, . W ., Oas and oil prospects near Vale, Oreg., and PayeLte, Idnho: U . S. Oeol. Survey 

Bull. 431, pp. 26-57, 1911. 
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TOPOGRAPHY. 

The hills south of nn.ke River in thi li trict ar the lower foot­
hills of th north end of the Owyhee Range. The country hero is 
essentially a ubmatm oly dis ected high plain that slope g ntly 
northward and is underlain by lava with associated tuffs and lake 
beds. Flat-topped strips of bills with intervening alleys extend 
generally north or northeast. Wher the valleys are cut in tuff or 
lake beds they broaden, but wber they encounter mas ive he ts of 
lava th y form sharp-£ atmed canyon with precipi tous or even ov r­
hanging walls 250 to 300 feet high. The highe t land in the part 
of the district examined docs not much exceed 4,700 feet, and the 
lowest elevation, where nake River loaves the djstrict, is a li ttle los 
thn,n 2,200 feet, o that the maximum relief i ab ut 2,500 feet. 
Some of the deeper can on not included in th di trict have walls 
that ri e tecply from 1,000 to 1, 00 f et in h ight. 

In the immediate vicini ty of nnke River and for 8 m iles or more 
to the ou th the coun try is nearly fl at. I t has an elevation of 2,300 
to 2,400 f t and ri. os aen tly to 2,500 feet at tho ba o of tho hills. 

ear the riv r the m-fac oil i sand but a mile or two bitck from 
the river t he surfac is c vcr d with a fine-textured , compact whitish 
soil that in th road~· i ut into a fin e, impalpn.bl dust 2 to 6 inches 
deep. Wb n w t thi lu t i transformed in t a t icky mud that 
cake wheels and impede 

DRAINAGE. 

All tho drainage of this district i tributary to nake Riv r, which 
flows thro ugh the nor bern part. Tho volume of he nakc varie 
with th ea on, b ina higbc-t in JuJl O and low t. omctirn in th 
wint r or arly in the ·pring. The flo\ probabl range from ab ut 

,000 . c ond-f ot at tho low . tago to about 40,000 ond-feet at the 
high tag . The rivo 1· at Homedale .flow bctwc -n bluffs abou 30 
f thigh at a grade of about 5 f 'ct to the mile. Th river l1 ore is 
probably still erod ing it channel, for lo' -lying islan I in the vicinity 
of Homc:dalc ar elcl m flo d d. 

In th eli tri t und er discu sion only two minor str am. n ed be 
mentioned. Thes ar u ker and Jump creek . uckcr Creek ri es 
well bacl· in th range toward il or City and flow 40 mile or 
moro b for join ing the nak . It i a p rmanent str am of mall 
volum . Jump reck i much hortor, and its wu.t I generally ink 
in th plain b fore roachillg nake River . 

Ll 'fATE . 

This I art of the nak River valley li in the arid belt, and its 
climat and v ge n.tion arc clo ely allied with tho e of the Great 
Basin . Tho Pacific met oroloaic influ nee are strongly fel t, o that 
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the climate is comparatively mild. The precipitation is som what 
greater than in the Gr at Basin. In the ' alleys th t.cm p raturc 
may xcced 100° F . for a f w day in ummor ; in wi.ntor it r ar 1ly 
inks to 0° F., though an occasional old wa~ may fore tbe t<'mper­

ature con::;iderably below zero for a . hort t im . t Boi t.ho m an 
annual emperaturc is 50° to 53 ° F . Th wind arc genNally from 
~he outhwest, but are eldom very trong. They often arry much 
dus. 

It is claimed by the re ident of Homedale that th y hnv th 
lea t rai.nfall in the tate. The normal a1mual rainfall at ampa i 
reported to be 10.06 inche . Mo t of this fall bctw n eptcmber 1 
and June 1 and is fairly well di tributed tlu-ough the c mon h . In 
ordinary win te1 but li ttle now fall in the alleys, and this d es 
not long remain on tho ground. In tho hills south of Lbo eli riot 
the rai.nfall is somewhat greater, and now may ling r in protected 
places far into the summer. Springs in the hills ar num rous. 

VEGETATIO AND INDUSTRillS . 

The vegetation i scanty and i mainly a.gebru h. Th soil is 
said to be highly procluctiv when irrigat d and to be ad, pt<' l for 
the growth of fruit , veg tables, and grain. Tho hill · upport many 
sheep that in the winLer arc fed in tho valley. I t i stat d Lh:tL some 
50,000 sheep ar winter d in the valley in th i ·inity of Home lale. 

GEOLOGY.' 

IG EO ROCK 

The rocks of the outhern part f the eli trict ar mas ivc rh yoli tes 
LhaL form part of Lhe great body of rhyolite which . urround the cen­
tral part of the Owyhe Mountain . The rhyoli te was outpour din 
vi cou mas es over uneven urfaces, so that it thickn s varie , but 
in the region covered by this report it is about 1,500 feet thick. 
When fre~h the rhyoli te i characteriz cl by rough plateaus bordered 
by abrupt and rocky bluffs, and the face of many of the cliffs pre­
sent a rough columnar tructur . In th canyon cUt·iou spire and 
pinnacle are produced by differential weathering. Where the rhyo­
li te i softened by alteration it forms loping riclge . 

The app arance of the rhyolite is imilar to that s en in roo t of 
the areas of that rock found in the West. The rock in g neral i 
compa t, hard, and very re i tant to weathering. It color i gray­
i h, greeni h, yellowish, or brownish in different shade , varying 
greatly and abruptly . Practically all the varieti s belong to the 
structural group comprising felsophyric rhyoli te. Th se rocks are 
rich in silica and alkalie3 . 

'See U.S. Oeol. Survey Oeol. AUas, Nrunpa folio (No. 103) and Silver City folio ( o. J(}J ), 19().1. 
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The writer l1a examined e eral slide of the rhyolit from u ker 
Creek in th vicinjty of he nitrate deposits, in luding a green variet.y 
that fu t app ars in tho canyon about 3 mile north of Huntley's 
rancl1. The l.ido aU showed the rock to be rhyolite of the u ual 
type. The rhyolite in ucker Creek i mark d at several localities 
by a stronO'ly d v lop d flow tructuro that i teeply inclinod or 
nearly vertical, with brecciation and the development of folds. ( ee 
Pls. II, III. ) 

FTom thei1· relation to the lake bed. which are in part deriv d 
from them and overlie them the rhyolites are beli ved to b of 
Eocono age. 

Oth r igneous rocks, both earli er and later, occm· in the region to 
the outh and uth a t of trus district, but th y have little bearing 
on tho subj ect of this report. 

EDIMENTARY ROOKS. 

The seclimentary rock::~ of tho district are Ter tiary lake beds and 
QuaLernary troam dopo i . The lake beds form gently loping pla­
teaus of almost horizontally bedded ruments which by various fea­
tmes how that they wer for ·he roo t part d po ited in a larO'e body 
of fre h water. The per i tently fine-grained character of the seru­
m nts, the absence of cro~ -bedrung, uch as would indicate strong 
cmrents, and th common occmrence of g p ifm·ou ands are regarded 
as evidence of lacustrine origin. Fluviatile depo its were naturally 
formed in many places contemporaneously with the recession of the 
lak , but these ar of l extent. In . orne places later thin basalt 
flow are intercalated in the uppermost lake b d . The eruments are 
predom.inantly and materials, mor or 1 s con olidat d, but also 
wiLh ubordinalo 11mounts of clay and volcaruc tuff . Gritty sand­
ston , O'Onerall. mica oou , are ommon. Conglomerat o em al o 
but nr rar ly ar . Th y on. i t hiefly of !!I'anite p bbl , but at 
som plac rh li tic and ba altic pebble~ are found. ilicifi d w od 
and opaJiz d' ood are common. In many plac the lake beds ar of 
a dazzling' hiLe ol r, but yhe lays in orne localities are decidedly 
y llow and in othor~ browni h. r gr eru h br , n. The browni h 
clay are usually li D"n.itic, and the gr eni~h-brown lay a.nd sands 
app m· to b in part b oJtic tuff . 

J ar the point wh r the stage road fr m aldwell to Jordan Valley 
eros s uck r Creek, near the ate lin , at an el vation of 4, 00 feet, 
an exten ive :O.ora was found in horizontal lake b ds and proved to be 
identi al with that of the P ay tte formation near Boi e. The flora is 
r f rrcd by Knowlton to the upper Eocen . Occasionally mammalian 
remains are al o found in the lake beds. A later group of lake beds 
io. the nake Ri er valley, which show rufferent petrogr aphic charac­
ters and a later fauna, are referred to the Idaho formation, of Pliocene 
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ag . The c beds ar not, how ver, c~ ily differ n ia.Lod in appenranre 
from the older b ds. 

The lake b ds are mor or 1 a dis ectcu b Ruck 'l' ~reek and thor 
streams, but the inter tream urfa have not be n gencrnlly low r d. 

Quaternary depo ·i · aJ.·e pr ent in the form of local tream fans 
that spr ad over the lake beds from both sides of the range in a thin 
sheet of angular gravel and in earlier and later terrae gravels alone> 
the Snake Ri er valley, extending back toward the hills. Th e dc­
po its merg into on another and are in many pla not di tinctly 
separabl . · R c nt allu ium forms a narrow· trip along the pr ent 
valley bottom of the nake. 

STR TtmE. 

The rhyolites and lake bed, dip away gently from th grn.nitic oro 
of tho Owyh e Range, so that on the west ·i lc of Lhc range, where the 
nitrate field lies, the dip are g nerally w tward and the strike me­
what west of north. In some localiti the beds arc horizontal or 
only lightly inclined. The tructure of the di tortod bed of lava 
alona Sucker Creek near Huntley's ranch i, regarded a a featur of 
tho original outpouring of the viscou lava rather than a r "'ult of 
sub equent deformation. ( ee Pl. II.) 

There appears to be ome evidence of faulting al ng Sucker Creek, 
howev r . About 3! miles north of Huntl y's ranch brown lake b ds 
on the ea t side of the canyon lie oppo ite purplish rh olito on the 
w t side and purpli h-gr·ay rhyolite on the east ide liea oppo ite 
green rhyolite on the west side, while small ma e of gr·cen r k till 
cling to the vertical or overhanging wall on the oast side. Tho !Treen 
rhyolite i in part tuffaceous and bear evidence of some hydrothermal 
action. 

GEOLOGI HI TORY. 

According o Lindgren and Drake 1 an on.rl 'I' rtiary epoch of 
erosion was followed by outburst· of rhyolite and ba a1t and the 
deposition of the lake bed composing tho Payette formation, which 
near the margins of the b in had· a probable th.ickne s of about ~,000 
feet. Tho Payette formation is probably of Eocene age. The depo­
sition of the P ayette beds was followed by an apparently short and 
active epoch of erosion during which the rivers cut clown through the 
lake b ds to the same depth that they have to-clay. Cau es not yet 
known checked this ero ion and produced a lake of mailer dimensions 
and shallower depth than the P ayette lake. In this the beds of the 
Idaho formation with their Pliocene fauna were deposited. 

' U.S. Geol. Survey GeoL Atlas, Silver City folio ( o, 104) . 1901. 
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The dmining of thi~ lake is considered to ha e clo.'od tho Tortiury 
period. Since th n the region has be n dry land, and slow frequently 
che ·ked erosion has cut into the lake bed· ao,d d po itod the ma~erial 
in extensive areas of Quaternary sand and gravel. 

NITRATE DEPOSITS IN GENERAL. 

The ubj ct of nitrate ·with special r feronce to deposits in th 
Unit d tate. has been reviewed by H. . Gale. 1 itrato alts ur 
widely distributed in . e eral forms. They are fou11d in ull fertil 
soils in mali amount~ , and it ha recently b en argued that they 
occur in sedimentary rocks from which certain oils have been 
deri d. 2 The nitrate salt. thu distributed are not considered 
reco crable for commercial use except under orne unu ual condi­
tion. They arc also found in more concentrated form in arid climates 
as in the well-lmown extensive d po it in Chil , the so-called tt niter 
spots " of Colorado and tah, and oth r cattcrcd dcpo i i11 arid 
portion of the We t. The general solubility of ni trat alts i so 
great that they do not accumulate in moist climate except in pro­
tected places uch a cave and benea th overhanging liff . Th 
nitrate~ are u unlly white crystalline sal ts with a pronounced ta te, 
the character of which varies with the base with which tho nitric acid 
is combined. 

S ODIUM AND POTASSIUM NITRATE 

COMPOSITION AND GENERAL PROPERTIES. 

Tho nitrate ino t common in occmrence as well as mo t important 
in omm r o ur tho o f odium and potn ium. 

dium nitrate, ometime called soda niter, cubic nit r , or bile 
saltpct r , hns th amc r tallino form and lcavag a al it that 
i , it is rhombohcdrnl. Tho angl s of tho rhombohedra are n arly 
right angl , ' hen ·tho nam cubic n iter. Tho pur alt f rms olor­
le , tran 'parent cry tal of the c mpo ition aN03 in ·whi h nitrogen 
pen oxic! con:titute 63.5 per ont and da 36.5 per nt. odium 
nitrat dcflacrrftte on bar oal and hcnc wilJ flur when bJ·own up n 
burning coals though le violently than pota ium nitrate. Tho 
sodium combi nod in it impart· a troncr yellow color to tho flame. 

od ium nitrat i doliquc"cent and very oluble in water. I t solu­
bility incrca e · with in r a e of temperature, 100 par of water dis­
olvu1g about 70 part at 0° C., about 0 part at 15°, and 125 part 

at 6 °. 
1 Oule, R. ., ' itrate deposits: . S. Oeol. Survey Bull. 523, 1912. 
• Stewart, R ., and Petersen, W., Tho nitric nitrogen content or tbe country rock : tah Agr. Coil. Exj)('r. 

Sta. Bull. 134, 1914. 
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Pota i1.m1 nitrn.to al o all d niter or n1tpotor, in ·ry Lallin form 
i orthorhombic. i. compo' iti n i KN03 in which nitroa n 
pento).'id onstitute 53,5 p r cent and pot h 46.5 p r cont. P tas-
ium nitrat occm ~ naturally as thin whit granular cru ts or ma,· s 

or in minut - ne dle-form cr ' tal , and a thin coating on arLh, 
wall ·, and ro k . Tho pur nlt i tran parent and cr stallino and 
has a coolincr rath r harp alin ta te. It deflagrate trongly" h n 
thrown on b~ming oal . Th potu iUlll combined in it i:mpnr a 
strong violet color to the flame. In impur material thi · olor is 
often mn k d by th yellow of odium, but th viol t olor of pota -
sium may be r cogniz d if th flame is vic' ed tru·ough blu crlu , 
which hu out the yellow color. The alt di ol r adily in water 
and is not altered by expo mo. 

A piece of hot charcoal or the glowing tip of a burnt match will 
glow at white hca.t in contact with odium or pota ium nitrat , and 
the nitrate will t nd tofus and burn with a pu ttcring flam . Al o 
a pi ce of paper moi ten din a olution of one of the e nitrat and 
then dried -will burn with a sputtering flame. 

CHILEAN DEPOSITS. 

The nitmte depo it in tho de orts of Atacama and Tarapa a, 
Chile, occur in bed having a ma."<imum thickn of about 6 f t. 
They u ually occur n ar the urface but in plac lie b n ath an ovcr­
bmden of 30 f et. The nitrate are n ver pure but are mix d with 
sodium chloride and oth r sal and impregnated ·with insoluble 
earthy matt r . The crude mixtuT rna contain as much a 60 or 
70 per c nt of odium nitrate, but 50 per c nt mat rial i on id r d 
high grade. Mat rial containing 1 than 10 per cnt i too poor to 
be mined at a profit now.' Much ha been written about tho hi.lean 
depo its, but fmther refer nco to them can not be mad h re. A 
partial bibliography of them j, in lud d in Bull tin 523. 

USES OF SODIUM AND POTASSIUM NITRATES . 

Sodium nitrat i u~cd for many of the purpo e for which the 
pota ium alt is employed, but its hygroscopic natur make it 
una ai.lable for the manufacture of gunpowder or firework . For 
making nitric acid, for supplying that acid in ulphuric-acid manu­
facture, and for u e as a fertilizer it has entirely replaced pota iUlll 
nitrate. It i al o the principal source of the pota ium alt, which 
is obtained from it by double decomposition 'v-ith the pota ium 
chloride of StM fmt. 

Potas ium nitrate (niter or altpeter) is u d chiefly in the manu­
facture of gunpowder or other explosive but also in fir works, in 

1 Ross, W. H., The origin of nitrate deposits: Pop. ci. Monthly, August, 1914, pp. 134-145. 
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lucifer match ·, for curing meat~ for the manufactUTe of certain kind 
of glas , for filL-..;: in metallmg.ic a ::;ay , for dyeing, and in medicine. 

According to Pennock 1 535, 20 tons of sodium nitrate wa 
imported into the nit d States in 1910 from Chile. Tills material 
was utilized in various industri , as follows: 

onsttmption of nitrate of soda from Chile in 1910 . 

Per cen t. Tons.a 

----------------------------------------------1----------
41 219, 
13 69 657 
12 64 :29 
10 53,582 
9 48, 224 
6 32,149 
4 21,433 
5 26.791 

~:ft~~:~: ::::::: : : ::: ::::::::::::::::::::: :::: ::: ::::::::::::::::::::::::::::::::: 
D yestu.tis . .... . . .... .. .. .. . .• . ........ . ...... .. ............. . ... . ...•...... . .. . ...... 

a~~~i~ao~ i_o_a_ l~::::::: ::::::::::::: : :::::::::: : ::: : : ::::::: :::: :: : :::::: : ::: : ::::: 
uJp huric acid .. .................. . ...........•.......... ... .. ... . . . ........... . •... 

Glass . .... . .. ... ..... . .... .. ... . ....... . .. .... . .. ....... ....... .. .. . . .. ... .... .. .. .. . 
Unaccounted lor ... .. .. . ... . .............. . . . . . . . . . . . . . . . . . . . . . . . . .. ............ . . 

100 535, 0 

a om puLed from porcenLagos gh,en by Pennock. 

PRICES OF NITRATES. 

Th toLal import, of n.iLrate by the United tate in 1913 and 1914, 
Loa Lher with the re1 orted value, are given in the following table: 

Im ports of nitrates , 1918- J4.a 

-
1913 1914 

-------
Qua nti ty. Va lu e. Value Quan tity. Value. Va lue 

per ton.b per ton .b 

itra to or soda ......... long tons •. 625, 62 $21,630, ll S34 . 56 543, 715 Sl5, 228,671 S2 .OJ 
itrate olpotash (crude). pounds .. 9, 76,910 262,575 59. 49 2,229, ' 6 74,743 

a Monthl y Sum mary of For ign Commerce of l.he ni ted Ststos, December, 1914. 
b ompu tod from totals given . 

73. 9'2 

ta tisti ,2 th re h b n f r th t few 
both in th quan ity and in the price of 

During th y a.r 191 , h wever, there was a 
r du ion in he importation of both odium and 

dium nitrat has fall n in price, but pot -
hown a mark d increase. Doubtl th · e 

du to th d.i tUTbance in 
gr at Eur p an war. 

O RI IN OF THE H O MEDALE I T R.A.TE . 

r vi w of tho hypoth 
w:i th an a cowl 
Bulletin 523 . 

1 Pennock, J.D., Jour. Ind . a nd Enu. C'hom. , ,·ol. 4, p . 173, 1912. 
• U. . Oool. Survey Uinornl Rosourc lor 1913, pt. 2, p. lOb, 1914. 

l04 ::!7°-Bull. 620-lG~t 
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occmT nc of nitrate nnd th many xplanations of Lil cir origin 
i giv nina r cnt pnpor by Ro s.1 

The mo t prevalent vi w of th origin of nit r r quiT th pre once 
of organic matter in omo form and th · action of micro-organi m '. 
In th de cription of ave depo its given in Bull tin 523 it i::; hown 
for some d po its and as umed for othe1 that bacterial a tivity upon 
organic matter in the form of animal excreta has caus d Lh d olop­
ment of the nitrates. 

The Homedale depo it and probably th oldier dopo it aL·o belong 
to the general group la d ca c d po i t . There i , however, 
little direct vidence of the fo tmor pre en e of animal :xcrota at the 
Homedale depo it. Thor may indeed be in on picuous amount of 
such material present in cracks or openin!!S of th rock abo e and 
moTe or les remote from the depo it. Ba terial action would dov lop 
nitrate from uch material, and percolating watm pen tra.ting tho 
more shelly and fis ur d zone would ca.rry th olubl alt to 
favorable place· forth ir cone ntration by evaporati n. u h pla ·e 
wo uld b the fa ·e of cliffs prot ct d from rain or m ltiog now, tho 
wall of hallow ca c , and CT ic loa ling to t it o plac . In a 
similar mann r orO"anic matt r di eminat d through th oil abo e 
the cliff might, LhrouO"h bacterial a tion, furni h ni.trn,tos whi ·h could 
b removed and cone ntrated as abov outlin d. It i pr bablc that 
organic matter in one or both the form mentioned ha b n tho chi f 
sotuce of the nitrate dopo its n ar Hom dal and at oldi r. Thoro 
are, how ver, other po sible ourcc · that d er e om di · u ion. 

The occurronc f nitrate in a ·ociation '' "th ign ou r ck at 
numerous plac in the We t ha 1 d many o b eJ.: CJ to the ugge ti n 
that th nitrogen of the e depo it may have had a vol ani · ow· e. 
This idea wa forcibly impre ed on th writ r b tho ight of th 
di tmbed structure· in tho rhyolite and th . pborulitic, v icular, and 
shelly zones in the rock in the imm diate vicinity of th dopo i ncar 
Homedale (Pls. II, III). The ugge tion' tronO"ly onvcyo that 
the rhyolite at thi pla ma have been near the it of a former ent 
or point of ruption and that volcanic manation may have play d 
some part in the upply of th nitrogen now forming th nitrate . 

The pre ence of ammonimn chloride in the fumarol of a numb r 
of volcano , notably V uviu , has long been known. itrogcn i 
also recognized among the g es that cape in volcanic eruption . 
Con iderable di cu ion, whi ·h ha been well summarized by Clark,Z 
has taken place with reO"ard to the ource of thi nitrogen. Th idea 
that the nitrogen originate from organic matter, uch as veg. tation, 
with which the lava come ~to contact, or from the nitrogen of tho 

• Ross, W. H. , The origic of nitrate deposits: Pop. Sc i. MonthJy, August, 1914, pp. 134-145. 
• Clarke, F. W., The data of geochemistry, 2d cd.: U. 8. Geol. Survey .Bull. 491, pp. 24 et seq., 1911. 
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air does not eem well sustained. Although Lacro:L-x 1 notes tho pro­
du ction of ammonium chloride by one of the lava flows in overing 
cul tivated or inhabited groun d during the eruption of Vesuviu in 
April, 1906, many occurrences of ammonium chloride are such as to 
preclude the presence of organic matter. Although pecial instances 
like that cited by Lacro:L-x may occur, the nitrogen of tho lava at 
volcanic eruptions is regarded as clearly an original constituent and 
not of organic origin. It has be n argu d that nitrides within the 
earth may be the ource of the nitrogen. nder the as umption that 
the nitrogen of the Homedale and other similar regions might have 
had a volcanic source, i t might be upposed that ammonium chloride 
formerly present in the rock had by bacterial or other agencies been 
changed into nitrate· and localized by per olating waters and evapo­
ration . At least two factors more or le s unfavorable to thi view may 
be cited. (1) The analyse of thenitrate sample from Homedale and 
Soldier show no trace of the pre ence of boron, which miaht perhaps 
be expect cl und r the volcanic ru umption, as the volcanic origin of 
many borate depo ' its so ms fairly well established; (2) several 
change of climate have undoubtoclly occurred since the outp uriog 
of tho rhyolite and it eems probable that during the moister climatic 
epochs much of the ammonium chloride and its derived salts would 
have been removed by leaching, although in this case much would 
d pend on the manner of the original distribution of the ammonium 
chloride. 

Another fact, which, so far as the writer is aware, has not been 
con idore<l in this conno tion, should be mentioned. It has long 
been lmo·wn that nearly if not qui te all rocks, on h ating to reclnos , 
give off large quantities of gas. Thi fact ' as noted by Prie tly as 
early as 17 1. It was at f1rt thought that the gas s were occluded 
in the rocks, but it has r cently been shown that igneou action may 
gen rate th m from the solid min rals them el es.2 R. T. Chamb r­
li n 3 it many analy of g e d rived by heating powder d r~ k 
in a vacuum. 1:o t of the common rock typ were included in 
hi xperiment , and pra ti all all th e olv d gases w re hown to 
contain nitroa n. 

With r gard to th o gas the attention of inv tigat01 thu far 
ha cent r d hi fly on their origin. The pre ent evid n e points 
trongly to nitride as the ource of at l a t a pa!·t of the nitrog n . 

Inasmuch nitr g n i evolv d from many kind of rocks, a i 
shown by htlmborlin s analy os it would eem that n itride yet 

1 Lacroix , A., L'crupiion dn Vesnve en avrill906; J Jm• partie, Les fumeroUes et les prod nits de !'erup­
tion : R v. gen. sci., \'OL J7, pp. 9?..3-936, ' o'·· 15,1906. 

'Clarke, F. W ., op. cit., pp . 261-265. 
3 'l'ho gases in rocks: Carnegie lost. Wasbingion Pub. 106, 1908. 
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um cognized may be widel di tributed through hero ks that make 
up the outor cru t of the earth. Th ga os thus far examined have 
all be n obtained n.t relatively high tomperatur - 360° t 50° 
In the pre ence of water vapor or hydroo-en ammonia o-a i develop d 
from a nitride. It would b interesting to di c ver if p sible wh thor 
similar o-ase are evolved from rocks in tho slow proc s of w ath-

ring and ubacrial denudation and whether the condition and the 
inf:Luence of bacteria 1rught produce nitrates which wo uld b ·c111Ti d 
in solution and concentrated at fa orable place by evaporation. 



GOLD DEPOSITS NEAR QUARTZSITE, ARIZONA. 

Ry EowARD L. JoNES, Jr. 

IN'l'RODUCTIO N . 

This report is ba ed on information obtained by the writer in ApriL 
and fay, 1914, while he W<~S cla sifyino- the lands in the Colorado 
Ri, er Indian Re ervation. The area consid red includes the south­
ern part of the resern1tion and th e region extending eastward fTom 
the reservation to the Plomosa Mountains. The geology and ore 
deposit within the resetTation were mor particularly studied, the 
time allotted to th e examination being too short to permit detailed 
work in the area farther east. For information concerning placers 
out ·ide the r eservation the writer is indebted to Mr. E. L . Du­
fourcq who conducted the testing of placer ground near Quartz­
site. Mr. W. V\ . Me oy, of San Bernardino, kindly furni heel the 
early history of the La Paz district, and Mr. Edward Begg of 
Qnartzsite, gave much u ·eful information r garding the La Paz 
placers. In 1909 How land Bancroft 1 made a geologic reconnai a nee 
of northern Yuma ounty and much of the country around Quartz-
ite and farther w st to the resen ation line. In his r eport he men­

tion the L a P az di stri ct and briefly de cribes placer in the Plomosa 
Motmbtins and prospects on gold-bearing quartz veins in the vicinity 
of Quartz ite. 

Th map that accompanies the pre · nt r port (Pl. I ) i ompiled 
from th e re ord of th General Land Office. The area within the 
resen ·at ion b a b en subdi' id d into section · the land east of the 
r .-e rvntion i un urv yed. The mountainou area in th r erva­
tion ar indi ated on thi map by patterns bowing the geologic 
ro k formation. ; th e motmtain in the un urvey d area are repre-
cnte l :11 proximately b hachures. 

GEO GRAPHY. 

The topoo-raphy of outhwe tern rizona is characterized by small 
detach d generally northward-trenchno· mountain rnno-es eparated 
b broad aggraded de rt plain . Quartzsite lie in the broad ba in 

I Bunc t·ort, n owland, Recoonal snnc of 
.\r·Jv.. : U. R. O~ot. , urvcy Butt. 451, 1911. 

Yuma ounty, 
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of T y on Wash at the north rn end of La. Po ·a plain, in outhwestern 
Arizona betwe n the Plomo ·a :Monntains on th ast and th e Dome 
Rock Mountains on the we t, at an levation of about 50 feet. The 
distance bet,veen the Plomo a and Dome Rock mountains at th nar­
rowe t part of the plain is probably not less than 6 miles. Quartz­
site :i s in the we t-central 1 art of Yuma County and is be t rea h d 
by a daily automobile stage line, 25 mile Jon()', from 13ou ·e, Ariz. , a 
tation on the rizona & California branch of the tchison , To­
peka c · Santa Fe Railway. A road leadinO' we b ard from Oua.rtz;­
site traver es the southern end of the r ervation nhd ne lead ing 
.so uth' ard tra ,- r. e the broa l tretch of de ·ert to Y nma. 

:Mo t of the mountnin~ in thi r o· ion attain elevntions not ex cl ­
in o· 2 000 feet abo\' th e urronncling deert. F errar P ertk 2,900 f<•et 
hiO'h , i the highest elenttion near Quartzsite. The two small out­
lying r id ·es north of Tyson Wa h rise not more than 800 fe t above 

. the surrounding bench Jan el , but the average reli ef i le.-s than 500 
feet. Gra el and wa h covered bench lands lope g ntly ,..,. stwal'(] 
from the Dome Ro k 1ountains n arl. to olorado Riv r, wher 
nsually there i an abrupt de cent of 100 f et to th e ri \'er bottom 
lands. 

Many shallow arroyo or wa h drain to olorado Ri ,·er , but 
none of th em carries ul'fa ce waters. Of th se, T yson II ash and 
\.rroyo L:1- Paz are the mot prominent. Tyson vVa h ''ith a lcnotl 

of 50 mile , heads south and we t of Quartz ite in ·e,·eral branch s 
,..,.hich unite and drain nortlnrard to the north end of the Dome Rock 
Mountains where the channel tum harply we tward and lebouches 
on th e Colorado Ri,·er bottom land . Ty on IVa h arri an under­
g round water flow at Qun.rtz ite, where mall tracts n re irriga ted 
from hallow well operated by windmills or mnll rra . oline p ump . 
.Arroyo La Paz heads in th Dome Rock Mountain and for mot of 
its course fol'll-is the outher.n boundary of th olo1·a lo River Indian 
R senation. The water supply in th e Yicinity of the placer cam1 s 
is Yery scanty. \Vater of a rather inferior quality is furn:i bed by 

· Gonzales 'Yell , nea r the re. er\'ation line, and a small or uncertain 
supply is obtained from '; tanks" or holes eroded in the bedrock of 
arroyo . Of these, Goodman tank i. the best !mown and most acces­
sible, but e>en thi water mu t be pip d from depths of e,·eral feet 
f rom the sands thnt fill the excant tion. The placer in the Plomosa 
Mountains were supplied '"ith water through pipe lines leadi ng from 
the wells near Quartzsite. 

The climate of the region is extremely arid. The mean annual 
precipitation at Parker/ near the north end of th e reservation, is 

' Bancroft , Howla nd , Reconnals. a nee of the ore d posits in nor thern Yuma ounty, 
!\rlz.: T. S. Geol. Survey Bull. 451, p. 1~, l!lll . 
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only 4.27 inches, Rnd the mean aru1u al temperatnre for a p riod of 
12 years i · 70.9° Fahrenheit. The summer i inten ely hot, and work 
in the open is then almo t impossible, but the winter i delightful. 
The veo-etation o£ the r gion is canty and includes no trees suitable 
for use a mining timber. The bottom lands o£ olorado Ri,·er 
support o-ood growth of willow and me quite and a f w cotton woods; 
in t.he larger Rrroyos there are parser o-rowths of thorny shrubs, 
includino- iron·wood, o otillo palo Yerd , and me quite; and on the 
], n ·h land and hill lope · there ar eY ral Yarietie of cactu and 
small hrubs. 

GEOLO Y. 

hamct 1' of the ro 1-.: .- In this investigation detailed geologic 
work W<lS done onl in the part of th Dome Rock fountain that is 
included in the reservation, but the o-eneral g ology o£ the Plomosa 
Mountain and the southern part o£ the Dome Rock Mountai11 is 
described by Bancroft.1 I gn ou and sedimentary rocks in complex 
a sociation compo e the e mountain , and th ey range from pre-

ambrian chi t and gnei to T rtiary or Quaternary Yolcanic 
rock . The pla.cer area specifically examin d in the Dom Rock 
f01mtain nnd in that part o£ the Plomosa fountain here referred 

to are compo ed of intrusive igneous rocks ome of which are of 
chi to e tl'Uctur and other of holocry talline granitic texture. 

The ages of these rock could not b determined from the o-eologic 
e,·idence near by, althouo-h the hist is beli 1ed to be of pre- ambria.n 
ao-e and th g ran ite mu h youno-er and probably o£ Me ·ozoic aae. 

Th riclg s north of Ty on W<l h arc ompo eel of intermixed 
sch istose ·edirn ntary and i()'neou · rock ·, into which are intruded 
narrow dikes o£ ba i rocks, dikes and ineo-nlur mn. e of p ama ti.te 
and aplite, and a.n area of o-ranite similar to that in the L a Paz dis­
trict. The metamorpho ed eclim ntary and ign ous rocks are. not 
differ ntiated on the map (Pl. IY). The ro k f dim ntary origin 
rano- fr m fine-o-rained ih·ery-white ericit chi t tocoarse-arained 
bi tite . chi 'vith interb del d thin marble b ds. :n·anite anei , 
amphib lit chi t quartz-er idote chi t , and o-ranite compri e the 
l;n·o-er io-n ou rna in the rido- . La a flo'' · of Tertiary and 
Ouatemary ao- o cu r throuo-hout th ea tern part o£ tb Plomo a 
Mountains n hort di tunce ea t of the ar a here con ider d. 

Qua?·tz-epidote chist.- \_ gr ni h-o-ray to bla k chi to. e I oq hy­
ritic rock oc upie tb laro-er part o£ th Dome Rock Mountains 
within the r en a.tion and probably much of th mountainou area 
ea. t of the r n-ation . It forms r lativel maller areas o£ the 
ricl g north of Ty on Wa h. the coun-
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try rock in the vi inity of the N w York-Plomo a pine I ' f 
Quartz it . The rock i compo , 1 of quartz ortho Ia e, and 
reid pars, orne of calci compo ition more or le in los d in an 
ugareaate of epidote eri ite, chlorite, h rnbl nd , and nl cite. 
Loca lly maanetite is an important on titu nt. Th ro k c -hiLit 
va rying dearee of chi tosity, but larae expo ure how w ll -mark d 
plane which trend from en t-we t to northwest- outhea t and dip at 
an average of 30° to th north an 1 north a t. The qun1tz- pid t 
s hi. t i believed to haYe been J erived from an intru. i ve icrneou rock, 
probably a quartz monzonite or quartz li orite porphyry. Thi. rock 
i of economi · importnnce, for it contn in th aold-b }l!'ing qmll'tz 
Yeins in th La Paz di tri t feom which th placer lcpo:it. nre 
deriv d. 

Omnite.- orth of Goodman tank n light- olored g rnniti ro k 
occupies a onsiclerabl area in the main Dome Rock -1 untuin and 
occur in small r rna se in th ri lae north of Ty on \ a h . The 
rock i ommonly of a meclium-oTain d holocry ta ll ine texture, but 
in pia es is coar ly aranular, approa ching a peamatitc. The crys­
tal · of qnartz and f ld par ar ommonly int r rown. Oetho lu 
oligocla e, and albit compri the f ldspar . FerromaO'ne. ian min­
erals are nrriable con tituent of the granite; in ome loca litie th y 
are I racti cally ab ent or con ist of parsely di tributed biotite and 
chlorite; in other localitie hornblende, biotite ml hlorite are fai rl 
abundant. The granite :intrudes th e quartz diorite and other schi to 
rock of the reaion and, a hown by the ab ence of dynam ic m ta­
morphism i of much later age. Th a ran it an i Eft' r f r m the 
gra nite in composition by th arrangement of abundant biotite cr. s­
tal in fl w line . mphibolite and some of th bioti te chi t prob­
ably are deriYed from diaba and diorite. 

Quate?'1W1'Y depo it .- Between th Plomo a and th Dome ]~ k 
monntains lie the gravel and wash covered de rt of Quatern ary 
depo it . Flanking the m untai.nou · ar a· within th re rvation 
'vith th ir eastern limit und terminecl are the bench land om­
po ed of un onsolidated an] , clay , and gravels depo ited by olo­
rado Ri,er in Quaternary time durina period of agaradation. Thi 
t ench-land formation i correlated with th hem hu vis graYel 
a de cribed by Lee/ ·who not d it at many places along lorado 
Ri ,·er . R apid ero ion of the mountainou. area under cl ert ondi ­
tion has produced thick wa h depo its in the aul hes and alluvial 
fans that extend for ·hort distances from th base of the mountain 
slopes over the ben h-lands formation. This materia 1 i unassort cl 
and con i ts of anaular rock fragments and sand. In the re en7ation 

'L . '"· T ., Geologic I'econoalssa oce of a part of westcm AI·Izona: 
Bull . 3132, I'D· 4 ~-47, 190 . 
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thi · wash is uncon olidated but placer operator r ' port that on th e 
ea tern slope of the Dome Ro k Mountain a cemented \Ya h i oYer­
lain by incoherent material, and Bancroft report that the pla er 
workings in the Plomosa Mountain are in a conglomerate of the 
.:>lder rock fragments cemented by lime arbonate. 

The bottom lands lying in the flood plain of olorado River are 
depo its of river silt. During floods the plain i rapidly built np 
by fresh. ilt deposited from the heavily charg d ri1·er water. 

PLACER MINES. 

llist01y-Placer mining in th.i part of \.rizona clo ely follow d 
the di co rery of the L a Paz diggings. Part of the early hi tory of 
these \YOrking · in addition to that gi1·en by 1r. W. W . l\Ic oy, 
wa. obtain d from the report of J. Ross Bro,me in ' Mineral 
re oui·ces of the States and Territorie >Ye t of the Rocky 1ountains, 
published in 1 6 . In January, 1 62, apt. Pauline \Ye<tYer wa 
trapping along Colorado River, and at times would stray off into 
the mountains on prospectina trips for gold. The Indi <U1 , with 
whom he wa on friendly term , gaxe him some nugget and after 
\ ¥ aver had organized a party from Yuma, conduct d him to the 
source of the gold. The party picked up · ,000 in mwget IYithin 
a short time, but had to return to Yuma, 150 miles di tant, for pro-
Yi ions. A ru h from southern California and rizona point 
immediately tarted for the e placer and within a short time 
hundred of miner were pro p cting the c untry arotmd the 
oriainalloca tion. 

The to\Tll of La Paz wa e tablished at the ba e of the b nch 
land near the ri ,·er, the houses being constructed of adob bricks. 
La Paz oon b came the supply point of the urrounding r gion, 
and maintained it population of about 1,500 w1til 1 6·1: when, \vith 
the apparent exhaustion of the placers and the di covery of new 
dicraing · brrr number left the di trict. From thi · time th popula­
tion . t adily deer a ed. until with the reation of th e addition to 
the 'olorado RiPr Indi:1n Re en-ation in 1 73 1 74:, nnd 1 76 whi h 
included mn h of th placer ground and areatly re tri ted minina 
La Pa z wns pra ti u lly deserted ,tnd th it of the on e Houri hing 
town i now marked only by di integrating adobe buillina. 

The old pla er workings are in the gul h and on the western 
hill lop .· £ the Dome Ro k 1ountain from 6 to mil from 
La Paz. Wat r at the diggina had eith r to b haul ed from La Paz 
or a mall uppl obtain d from the Goodman ank. fr. M Coy 
tate that water packed from La Paz to the placer brought '5 n. 

gallon cl11rina th rn h period. 'I he gold wa r c 1·e recl. entirely by 
drv wa hing in gold pans or wooden bowl call d "batea . Pi k 
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and hoYe.l w re u ed to break up and handle the go ld-bearing 
mat rial these implements b ing upplemented by Mexi an min r 
by a teel bar 2 feet long. With su h crude method , it i apparent 
that only the coar· er gold could be aved and only ground extremely 
rich would be payable. N verthele s, it is stimated 1 that. 1 000,000 
wa recovered in the first year, and as much more in a h following 
year until 1 6 . Sin e that time the production probably ha · been 
comparatiYely mall. The O'O]d particles or nugCYet · ranCYed in value 
from 5 cent to 10 although $20 and .'40 pie ·e w l'fl not un ommon., 
and the larO'e t piece, or ' chi pa, taken out, found by J unn F rrar, 
was valued at $1,160. The production per man per day f requ ntly 
exce ded • 100. With th introduction of the' dry- a her ' ma hine, 
a few year after th di trict wa di ov red oTeater qnantiti of 
material coull be handled and a larCYe a-ving of tb gold eff ·t d, 
although b that time the ri h r O'J'Ound had lnrgel b •en worked 
over. 

!hoy-washer machine .-The machin s u ed in "dry wa hi nO' " are 
of eYeral typ • but probably the mo t efficient is that of the b 1-
lows type. In capabl hands 6 cubi yard of material an be 
handled by a machine of the largest type by one man in ei()'ht hours, 
and the capacity of tho e of the muller types, more ommonly u ed, 
is 2 yard a day. The machine consi ts of a wooden rram \YOrk, to 
which is attached a coarse screen, hopper, crank and g ar , riff! 
board, and bellows. The mat rial is pa eel through a creen hav­
ing a quarter-in h mesh into a hopper havinO' a capacity of 1 cubic 
foot, and then pa e on to the inclined riffle board, 10 by 20 inch s, 
which also i a creen urface with wood n riffle at right angl s to 
its length. The pul ation of the bellow. k eps th mat rial in 
motion. Underneath the riffle board is a mu. lin cloth, tr t bed over 
the air chamber. The power for operatinO' the bellows i a crank 
on geared wheel , and as the material pa se over the riflle board 
the heavier particles are intercepted by the riffle and drop through 
th scr en on to th loth whil the wa t material pa o r the 
end of the board or i blown away by the air bla t. The O'Old i 
obtained by panninO' the concentrates. It i apparent that the gold­
bearing wa h must run well above 50 cents per cubic ard in ord r 
that the operator may make miner's waCYes. poradi placer mining 
has been done with this macb.ine by the min r. at Qnartz. ite, bnt 
because of the variability of the gold content of the wash and the 
limitations of the machine no lar·CYe area. ha' been thoroughly or 
continuou ly worked. 

Areas of gold-bearing wash.-ln the La Paz district the principal 
gnlche ·or arroyos in which the gold-bearinO' wash occurs or to' hi b 

1 B•·owne, .T. R., Mineral resources of the States and Ten·ltorl s west of the Rocky 
i\tountains, 1 6 . 
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the ri hest gulche ar tributary are Goodman Arroyo and Arroyo 
La Paz, an arroyo at the southern boundary of there ervation. Fer­
rar Gulch, tributary to \.rroyo La Paz, contained the riche t and 
most productive placer of the di trict. Evidences of former work 
are seen in the old excavations and piles of bowlders and angular 
rock fragments in expo ures of b dro k where the wash wa hal­
low, and in the deeper d posits by old shafts from which small drifts 
were driven in the hope of finding rich pocket . The thiclmes of 
the gold-bearing ''"a h is variable, ranaing from a few f et on the 
mountain slope to an unlmown m asure in La Paz rroyo and in the 
g11l h traver ed by th Quartz. ite-Ehrenberg road. haft. hav be n 
sunk in the wa. h to depths of 30 feet without reaching b drock and 
it i reported that in place · the wa h is at lea t 60 feet d ep. By far 
the greater part of the auriferous material is unworked e I ecially 
that in the lower courses of the arroyos, where the wash i deep. 
Ferrar Gulch for moc:t of its course has been practically worl ed out. 
No estimate could be made of the probable aold content of the wash 
in th La Paz di tri t becau ·c of lack of detail d data and of un­
certainty ac: to the lin1its of the ''' a h, but in one area the depo it, 
said to contain values of 50 to 75 cents per yard and much of it 30 
feet or more deep o cupi at lea t 6-1:0 acr s, and con id rabl ar as 
extend into the smaller au] hes. 

'haracte1' of gold-bearing wa h.~Tbe g ld-bearing material con-
it of sand and clay inclosina anau]ar rock fragment of greatly 

Yariable ize. Tests indicate that about 20 per cent of the wa h will 
pa throuah a quarter-in h creen, and th larg t bm lders wei()'h 
se,·eral hundred pounds. The material near the surface is unas orted 
and is uncon olida.ted, being readily worked with pick and hov l. 
That at depth of 15 o1· 20 feet is consolidated,butthecementing sub­
stanc rea Ely di integrates on exposur to air. Depo its of wa h 
below the depth of t t pit may prove to be imila.r to the outwa h 
on the east slope of the Dome Rock Mountains and in the Plomo a 
placers, where th material i firmly cemented with ca lcium carbon­
at and r quir cru hin()' in order to free the aold. In G odma.n 
\ra h b low the Goodman tank a depo it of calcar ou tufa sev-
ral f t thi k wa · not d. Th O"round tand ufficientl ". ll to per­

mit th inkina of shaft without th u e of timber. The wash is 
r adily work d in dry-' a her ma hin , the only r quirement being 
that th around mu t b dry. Tb g ld i said to be di tributed 
thr01whout th wa h thouO"h in th early working th rich t yield 
was obtained near bedro k. Th ize of the aold now recover d from 
th dep it of the La Paz di tri t probabl a eraae only a few 
c nt but a already tated, the gold r overed :from the early work-
. nm h coar. J' . The aold i rouah and nngular and pa tti le 
of iron ling to orne of th nugg t . Magn tite i always found in 
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the on ·entrates, and bowld r of 11 agnetite th l~trgc. t weighing 
several pound , are freqn ntly found on the urface. 

P1'e ent and contemplated opemtions in the La Paz di t1'ict.­
Occasional dry wa bing is done by miners within the La Paz dis­
trict, and yearly a ·essments are mn:intained by partie who hop to 
gain title to placer tract when the re tri tion on mining within th 
re ervation are remov d. The most exten iv preliminary work ha 
been don bv a alifornia. company which, in ad lition to mnkincr 
t st , ha lev led the top of a mall hill for a r el'Vo ir ite. Thi · 
site, which tands at an le' ation of 0 feet i about GOO f t aboro 
the Colorado River bottom land . Water for the rcsenoir could be 

·obtained from wells near La Pa7., whi h in an air line i b11t 4} 
miles distant. It is aid that the ompany intend to h: drauli the 
gold-bearinO' wash from the smaller O'nlch and hill ides into the 
larger arroyo where a dr dg will be in talled ~tncl th e ntir de­
posit systematically worked. 

Place7'S on the east slope of Dome Rock lllountain .- Th r are 
everal placer tra ts on th ast ide of the Dome Ro k Mountains 

in the larD" branch of Tyson \Yash w t of Quartz it and in low­
lying ground traver ed by gulches tributary to it. 0 f th e the 
Middle Camp, Orofino, and La bolla placers are outlined r uo·hly 
on the accompanying map. Th e placers have been worked int J'­

mittently on a mall cale since the L a Paz placers were di cover d 
and everal attempt have b en made to handle the ground on a larO'e 
cal , but thu far these effort ha' proved tm uccessful. t the 

time th reO' ion was vi ited the Orofino tract, own d by the atalina 
Gold Minin()' o., wa the only one on whi h work wa beinO' don , 
and thi ·work consi ted of testing the grotmd, partly to determine 
it gold content and partly to d termine the advisa.hility of workinO' 
the wash '"ith dry concentrating ma hin of larO' ca.pacity. The 
following information was obtaine l on the O'round the data a to the 
gold content and like matters being supplied by Mr. E. L . Dnfourcq, 
the engineer in charge. The placer ground own d by thi company 
compri e 6±0 acres of land in >~·hich t t bole w r unk e,· ry 
few hundred feet. The hole ranO'ed in depth from a f w fe t to 30 
feet. The material taken from a h excavation was run throuO'h a 
small concentrator to determine its gold content and th r ults 
showed that th e gold content ranO' s from a few cent to o,· r , 1 per 
cubic yard, the aYeraO'e being 3 cents. The colors run from less than 
1 cent to 24 cents each and the gold i fine, beinO' worth about 19 
an otmce. The gold-bearing material differs from that of the La Paz 
placers in that it consists of uncon olidated rock debris and an 
underlying cemented gravel. The loo e material ranO'eS in depth 
from a few feet to 12 feet, and the cement is of variable depth­
at lea t 1 feet in places. The gold i . aiel to be distributed through 
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both th tmcon olidat d and the cement d material. The machine 
used in making the te t · was a Stebbin demonstration dry cone n­
Lrator. This ma ·hine consists of a metal frame on which is a 
p rforated steel table with riffles parallel to its length. Underneath 
the table is a fan which upplies an air blast that is conveyed in a 
t.ube to the table and pas es out through the perforations. The dry 
wa h is screened throu<Yh a quarter-inch mesh at the head of the 
table and as the materia l passes onto the table the lighter particles 
are blown away or worked over the lower side and the concentrates 
are collected at the end. The power is a small gasoline engine, 
which operates the fan and giYes to the table a vibratory motion 
imilar to that of a Wilfley table. Its capacity is about 1 cubic yard 

an hom·. 
The Middle ' ami and La holla placer t ract were not vi ited but 

their ituation is similar to that of th Orofino tract in the arroyos 
tributary to Ty on Wa h. t the 1:iddle Camp placer it is reported 
that a dry ·oncentrating machine having bucket-dredge excavator 
and capacity of 1,000 yards per 10-hour day was in tailed but proved 
a failuxe b cau e of the moisture contained in the wa ·h at depths of 
a few Il' t. In any dry concentratin<Y proce in order to attain 
maximum capacity and to make high aYing of gold content it i. 
c ential that the material be ab olutely dry and eYen in this arid 
r <Yion some of the material hold ufficient moistur to g reatly ham­
p r the handling of lar<Ye quantitie of it. The bedrock of the La 

holla placer tract i · r ported to be chi t deriYed from sedimentary 
ro k. This s hi t is said to contain many small auriferous quartz 
veins, and the aold-bearing material i a hard ilic ous cement that 
must be crushed before the <Yold can be reco,·ered. 

No SlllTey was made of the placer ground on the ea t side of th 
Dome Ro k £otmtain . but the depo it are extensiYe enough to merit 
serious attention. It i b lieved that the depo its can be worked be t 
by hydra u lie methods, by means of to rage resen-oirs on one of the 
many mall hill that overlook the p lac r ground. The water would 
hn,·e t be] umped from olorado RiY r with a lift of about 1,000 
f t. Th ()' ld-bearin<Y debr.i of th maller gulches and m untain 
lop ould th n be wa h d int the Jar<Yer arroyo , where th ntire 

d po it ould be worked by clr d<Ye or by luicing, althOtwh the lope 
of rrronncl i rath r low top rmit ea y dispo al of the wa te rock. 

Depo it. in the Plomo a Mountain .-Plac r depo it on the south­
"' t rn slope of th Dom Rock Mountains, 5 mile outheast of 

uartz ite, hav been worked intermittently on a mall s ale for many 
The placer w re xamincd in 1909 by Howland Bancroft, 
followin<Y data are taken from his report.1 

1 Op. cit., pp. 7 
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Of the companies that own placer tra ts in this area, the New 
York-Plomo a Co.-
bas installed large machinery, laid a 7-mile water-pipe line without any expan­

ion joint --, and ba got all ready to work the placers. F r some reas n only 
one run bad be n made prior to May, 1909, tbe re ults of whi ch were not 
available. ,. • • 

Ther ha · been in tailed on tbe property tbe f !l owing machin ry : 'l.'h r e 100-
hor epower boil ers, one 300-horsepower orli ·s engine, two William mills, two 
Huntington mill , a nd Yarious acce orie . The pipe li ne whi ch f urni. b tb 
water u don tbe property i approx imately 7 miles long and is about 5 inch s 
in diameter, tbe dlf!' renee in elevation between the two termina ls of l.he line 
being npproximately 400 f eet. 

The ground ha been prosp cted by n. great many sm<\11 tunnel. with fr qucnt 
opening to the urface and an OCCa ional la ruer adit tunnel run n!On" tile bed­
rock. The vicin ity had p rel"iou ly been p ro p cted by "d ry wa her.," nnd con­
sequently tbe undergronnd work resemble· a n >lwork of sm.< II burrowing., som 
of ' 'hich a man can scarcely drag him ·elf through. • • • 

In certain old drainage channels which led aw11y f rom til soutbwe. tern pa rt 
of tlle Plomosa Moun tain i found a n auriferou::; couglom rale of granite chL ·t, 
and qua rtz fnt"lllents cemented by lim ca rbounte. In tbickne. · Lhi::; ·onglom­
e rate or '·cement rock" Yaries from a few inches ton '"'r at mnuy f ct. • • • 
It was evidently tbe intention of tbe comrany to work lbc ·emented mal ri a l 
in mills. 

A recent communicatiun from Mr. 13egg tates that th ·e I b eer 
are again receiving attention and that a dry concentrating plant, 
costing 60,000, is to be installed. ru merou tests hav be n made 

·and a large area of ground has been blo ked ut \ hi hi said to run 
50 cents per cubic yard. Water in uilicient quantity for the needs 
of the camp ,\ras obtained in a well at a depth of 300 feet. 

GOLD QUARTZ VEINS. 

The auriferous quartz vein in the Yi. ·inity of the La Paz digging 
were probably discovered at the same time a th pla ·ers, for in 
places they form conspicuous outcrops '"ith abundant float. The de­
composition of these veins has produced the placer gold for th larO"­
est areas of gold-bearing wash are found along the more per i tent 
quartz veins on which mining has been done. These veins are gen­
erally distributed throu()"h them tamorpho ed pre-Cambl'ian iO"neous 
and sedimentary rocks although they are more numerou in the 
country rock of the L a Paz placers than · in the sedimentary schists. 
The veins are of two types-tho e thaL lie in the planes of schi to ity 
and those that cut across them. In the La Paz di trict the v ins of 
the first type are comparatively larO"e and persistent trending from 
ea t-we t to northwest-southeast, and tho e of the second typ on. i. t 
o£ numerous north- outh trending ga h veins. On the we t ridge 
north of Tyson. Wash two large quartz veins of ea~t-west trend cut 
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across the ·ch.isto ity of the inclosing rock~;;, and other smaller Ye.ins 
trend in Yariou direction . The larger veins of ea t-' est trend ha'e 
been mined or pro pected, but those o-f the ga h vein type, although 
reported to be o-old-bearing, are too sm.all for exploitation. The 
failure to develop the e veins more fully is due to their remote itu­
ation and the inability of the owner to acquire title under the min­
era l laws, for all the prospects here described except one are within 
the reservation. 

MINES .AND PROSPECTS . 

Gooclman mine.-The Goodman mine i on the Goodman Yein, 
which trends from nortlnYest-southea. t to ea t-w st and can be 
traced for 3 mile ·, its eastern limits of outcrop being the wash-filled 
arroyo traversed by the Quartzsite-Ehrenberg road, and the 
faulted portion of its westward extension beiJ1g traceable to the 
bord ring bench lands about a mile south of the Goodman t ank. 
The vein nrie greatly in width, rnngino- from a mere seam to a 
Yein 40 feet wide and aYerao-ing in width probably 10 feet. It 
occupie a shear or fault zon in the quartz-epidote scbi t . It dips 
gen rally to th e north at ano-le ranging from 30° almo t to 90° . 
The development consist · of eYeral inclined shaJts sunk on the Yein 
and conn cting tunnels. One incline is 120 feet deep with connect­
in o- tunnel 140 :feet lono- and 120 feet of drifts; another tunnel is 240 
feet long. The Yein material is a ma sive iron- tain d quartz con­
taining small ca Yiti es r e ulting from the weathering of pyrite, " ·hich 
i distributed through the vein but i usually more abundant along 
the wall and for a short eli tan e in the inclo ing wall rocks than 
el ·ewhere. The gold is contained in the pyrite and can at many 
pla e be seen in the oxidized ores. About "40,000 was ·obtained 
from the Goodman mine prior to 1900, and ince that time Mr. V\. E. 

cott, of Quartz ite has mined ore to the value of 9 000, the average 
tenor of which was '65 per ton. The ore wa hauled 15 miles to 
Quartzsite and there treated in a small ama.lgamation mill. The 
min i not . worked at pre ent although yearly asse ments are 
maintained. 

Golden IloJJe claims.- The olden Hope claims are on the Good­
man Y in near th a t re rva tion line. The worlcino- consi t of two 
haft ach about 30 fe t deep and two tunnels, 30 and 70 f et long, 

re pectively whi b cut th vein at hallow d pth . In a r cent om­
muni ation {r. Bego-s tated that a lar()"e hoot of millino- ore 
runnino- 30 per ton in o-old hnd be n opened in the e working and 
that tb company ownino- the property was contemplating the erec­
tion of a mill to treat the or . 

Th '' e t nd of th Goodman v in i over cl bv laim lo at d 
by 1r. Beggs, who tated that he obtained an assay of $200 per ton 
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in g ld on or taken from a ·ma ll di. co' ery hol unk on the vein. 
The Yein at the'" tend i of itT gular ·hape· in place it is 40 f t 
wide but in a hort 1i tan e pinche to a mere seam or i · cut out by 
faults. The in lo ing wall rocks are crumpled and folded quartz­
epidote schists. 

111 ariquita 7Jro pect.- Thi prop rty was not examined by the 
'Hit r but i d ribed a follows by Bancroft: 1 

'l'he ?\Iariquita p rospect i located about 6 miles we t of Qunrtz ite, the rond 
leading to it branch ing from th · Ehrenberg . tnge line ome 4 mil es out of 
Quartz it . It is situated 2 mil es north of the stag road, nt an elentti n of 
1,100 feet on the sou thea. tern si<l f a sad lie which o cur· midway in tile 
Dome Rock i.\Ioun la ins. 

Medium to fin " r:tined quartz-mica schi 't , appa r ully iu t rud d by much 
younger fj ue to medium "'r:tinetl •ra ni tes or quar tz mon:.~onites, ar the r ck in 
tile immed iate \'i ·inity. 'l'lle schi. t .'trike northwest-.·o uthea t nud clip 20° 
?\E., and they co nta in b ·ide · the quartz and mi en , much epidote nncl chlorit , 
IYith a Ia rg p r ·entage of orthoclase felcl pa r and some unalte red bul COil­

to tted biotite crystal . 
A fHir ly large Yein of quartz, ca rrying :t liLli e copper and gold, whi ·h lla s 

been roughly pro pe ·te 1, i. the sour e of the ore ex tracted from thi property. 
'l'he 1·ein strikes . 20° E. and dip 20° ?\E. , aud li s in n lip or fault b twren 
1 arall I bi t . t rata. In wid tb the 1·eiu varies from a few inche to ·el'(mtl 
f eet, is fairly per ·i 'tent iu I ngtll, and a pparently is I ut icul :u. As the worl;­
ings on tbe proper ty are old and not 1·ery extensive, little accu rat data n tb 
ize of tll ore bocly were obtained. 

Dan lVelsh prospect.- The Dan Wel h pro pect i on the summit 
of a ridge near the outh boundary of sec. 32 T. 6 N., R. 21 vV. Lit­
tle work ha · been done on it, and it was deserted at the time of th 
\rriter's vi it. The development con i ts of a ·haft 12 feet d ep 
and everal open cuts and short tunnels, which explore a quartz vein 
''1ho e aYerage width i 2 feet. The vein trend east-we t dips from 
60° N. to vertical, and ca n be traced 1 000 feet , pinching to a mere s am 
on the west side of the ridge 400 feet from the haft and disapp ar­
ing beneath outwa h d po it on the ea t ide of the rida . The in­
clo ing wall rocks are a sandy rpica s hist of s dimentary origin 
and aranite gn i ·s and amphib lite schist o£ igneous origin, all of 
pr -Cambrian age. The schi -ts tr nd about north-south and dip 
20° E., and the fracture filled by the quartz vein cuts squarely aero. s 
the schi tose tru ture. The Yein matt r i a mas ive vitreou , iron­
stained quartz containing plentiful di eminatecl pyrite ubes from 
an eiahth to a quarter of an inch square or cry tal aagregate an 
inch or more in diameter. The oxidized portion of the vein , which 
extends to the bottom of the shaft, contains cavities from whi h 
pyrite has been weathered. The iron oxides contain here and there 
specks of gold and alona the fracture planes in the quartz there are 

'Op. cit., pp. 1- 2. 
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dendritic flakes uggesting econdary deposition. The oTe is ap­
parently of high grade; its exact ten or is not lmown. \. sta k of 
50 sacks of ore was found in the gulch leading down from the pros­
pect on the we t slope of the ridge, and another pile of 20 ack , 
'vith several tons of un acked ore, was found at the shaft. It as 
r epo rted that the owner of thi pro pe t packed the ore to olo­
rado RiYer, 6 miles di tant, and there treated the ore in an arra tre 
" ·ith mercury to recoYer the rrold, but they ,,·ere not allowed to 
continue perations. 

lJJammoth p1·o pect.- The Mammoth pro pe t is in se . 12, T . 5 
., R.. 21 W., near the ba e of an ea -&ward-trending ridge. n old 

incline, now inacce sible, but probably everal hundred feet deep is 
stmk on a faulted quartz v in of variable width, which trend about 
N. 70° E., and is traceable to the w t for 1,000 feet, mainly by 
abundant float. At the shaft the Yein i. 10 feet wide. Jo work ha 
been done here in recent year , but in 1914 the p rospect was reloca ted 
and is now known a. the pache o. 2. The country r ck is a clark 
chi tose porphyry containing I rominent fe lcl pa r in I d by bio­

tite, chlorite, and epidote. The Yein m ~tLter i a mas ·iye white quartz 
slightly stained with iron and copper alt , with sparsely eli ·cmi­
nated pyrite. The or i aid to be valuable only for its gold con­
tent, but it tenor is not known. 

10427°-Bull. 620-16---5 





SOME CINNABAR DEPOSITS IN WESTERN NEVADA. 

By ADOLPH K OP]o'. 

DEPOSIT EAS'l' OF MINA. 

LOCATION AND HISTORY OF DISCOVERY. 

A belt of cinna.ba r deposits is ituated in the heart of he Pilot 
Mountain., in an air line mil south of east of fina E meralda 
County, Jev. The a.verage elevation aboYe ca leYel here is 7,300 
fc t, or about 2,700 feet abo,-e.M:ina , the local suppl y point, " ·hich is 

· on · the outhcrn Pacific ·ystem. Th der o its are a ccssible from 
Iina. by a good wao-on road of ea y grade about 12 mile · long. The 

area. in " ·hi ch th ':l qu icksiher depo it occur upport sufllci >n t fore -t 
g rowth to furni h wood for local u e a fu el and contains a. number 
of ·prings that are capable of furni ·hing an ample dome ti upply 
of ·water. The topographic feature of the district and it ap­
proache are shown on ih sea le of 1 : 250,000 or approximately 4 
mil e to th e in ·h , on the nited tates Geological urvey s map of 
the Tonopah quadranrrle. 

The di co ,· ry th:<t dre" · attention to the ciJmaba r of Pilot M un­
iains was made in J Lme, 1913. On the day of the discovery Thomas 
P epper and Charles Keough had been trackinD' t iYO tray teers when 
nea r nightfall the trail led OYer an old prospect in " ·hich a face of 
] imestone traYer ed by mall Yeinlets of red mineral wa xpo ed. 
The red mineral was recoQJliz d by K eough as cinnabar. ft r find­
ing the -teers and taking them to fin a the two di OYerers retu rned 
to Cinnabar Iountain a th hill on \Yhich they hHd mncle th find 
ha ' . ince b en nam d: wh r th y I ent 10 da s in ar ful ear h and 
locat d 1T laim.·. n June 1 they '" nt ba k to 1ina and made 
known their find ca n ing an .int n excitement and that afternoon 
1 lmo t Yery itizen of the town l ft for th sit of the di co,·ery by 
automobile and hy th r l ss exped itiou conYeyance . A larrre num­
b r of claim w r takcd by the fir t com rs and many more \Yere 
aft rward tnk d by claimant from Tonor aJ1. nfortunately the 
amount of exploratory and d velopment v.·ork ha not b en propor­
tional to thi ·early enthn iasm. 

The di co1· ry wa wid ly hcralde 1 n the rcdi o,·ery of th "lo t 
H awthorne quick ilver mine,' named for Judge Hawthorne, in whose 
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honor it is aid Hawthome, the eat of 1ineral mmty is named. 
Accordino- to lo al r port Judg Hawthorne di · overed in the even­
tie a rich quicksilv r depo it, " ·hich i b lieved to ha ,·e been situ­
ated at the ite of th recent di co ,~eri s. In returnin()' from th 
mountains, o it is aid Hawthorne lo t hi bearino-s and although he 
attempted annuall. to the end of his life to find th "qui k ilver 
mine ' he remained nnsuc e. fu l. This tradition e ms hi()'hl y im­
probable. The original di coverer-who he was i unlmo,vn- had 
done some very sub t:mtia l explorn tory work on th pro p t. In his 
efforts to proY his find he had bla ted ont a con iderabl mn . of 
soli d lim stone and n furth r token of hi activity stick of po' der, 
fu e, and pick lay nbandoned at the prospect. That this energ tic 
pro pector lo t hi way and \Ya unable to find the p ro. p tnt "·hich 
he had labor dis not ea il y cr dib l . It i. mor likely that h aban­
doned the pro pect a iu hi jud()'ment not suffici ntl y valuabl . 

The n wcomer haxe found con icl rably ri her .d p si than th 
un lmown pi n r did, and haYe hown that the innabar xtehcls 
along a con i ]erable belt. 

GENERAL GEOLOGIC FEATURES. 

innabar ha been found at a numb r of place alon()' a b lt that is 
about 2 mil Jon()' and tr nels northea tward . Th main area om­
pri . e the hill known a· Cinnabar fountain. Lim tone mak 11p 

· the bulk of thi hill, althouO'h s me dolomi i O'raywa ke omp . eel 
of an()'nlar and roun led q11a rtr. grain an] of angular chert particle 
embedded in a cement of dolomite, i. inter tratified with them. Th 
strike range from north to northeast and the dip from 40° to 70° 
:YW. The limestone arry crinoid fraO"ment and oth r ob ure 
fo . ils and are probably of Paleozoi age. orth of inna.bar 
Mountain gray,Yacke, slate and ch rt form the country ro k. ro 
igneou rocks in either dike or flow , have been found n ar the min­
eral clepo it . Tertiary laYa appear on the north flank of the 
mountain , but they are 4 or 5 mil from th ci nna arb lt . 

The cinnabar depo it on innabar Mountain occur in fracture 
zones in limestone. The lim tone i travers d by thin Yeinlet of 
white par and the cinnabar is intergrown with th calcite or dulo­
mite of the winlets or occur as a replacement of the adjoinin()' wall 
rock. The intimate penetration of the cinnabar into the bo ly of th 
limestone is locally a notable feature. tibnito is as ociated \Yit,h the 
cinnabar at one locality only· pyrite and marcasite, charncteri tic 
a ociates of quick ilver ores the world o•er , do not occur in the 
district. 

The g ologic features of the quicksilver deposits north of innabar 
'fountain are somewhat different. At the Cinnabar King pro p ct 
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the ore con ists of cinnabar in a gangue of barite and the deposit is 
inclo eel in a country rock of brecciat d chert. Farther north, at the 
Red Devil pro pect, the country rock is graywacke and the cinna.bar 
is eli seminated through a siliceous gangue. 

Although hio·hly encourao-ing shov•ings of cinnabar ore haYe been 
uncovered at a number of place in the eli trict, the amount of pros­
pecting so far <.lone is insufficient to proYe that the linear extent of 
any depo it, let alone it per i tence in depth, is great enough to 
indicate it commercial importance. The geologic features of the 
deposits appear to be favorable to persistence of the ore in depth of 
the grade nnd character of that at the outcrop, f or the minerali;1;ation 
is ob,·iously of a kind in 'vhich the deposition of the cinnabar wa not 
dependent on immediate proximity to the surface, as it i , for exam­
ple, in quicksih-er d posits that are formed at the Yents of hot springs. 

The prospects at which the most exploratory work ha been under­
taken will now be described. 

FEATURE S OF THE PROSP ECTS. 

Lo. t teers g?'OUJJ.-The Lo t teer group consi. ts of 11 claims 
owned by Thoma Pepper and Charle K eough. The mo. t develop­
meut work . o far accompli heel in the eli trict has been done on the 
claims of thi group. At the lowest workings a tunnel about r feet 
long has been dri,en, but its cour e is such that it fail to under ut 
the ore exposed at the surface. 

\. zone everal hundred yard long, extending from the mouth of 
the tunnel on th e north to the open cut made on the summit of the 
mountain by the pioneer prospector, ca rries cinnabar at int rval . 
The geologic features are e entia.lly imila r at the different ex­
po ·ure. . The country rock i a fine-grained dark limestone, which is 
cut by veinlets of white spar and i poradically impregnat d ,·vith 
cry ta.llized cinnabar. Locally the cinnabar without any a ociated 
gangue mineral replaces the lime tone, and . uch oc urrenc con ti­
tnte a \ery high oTade o:f ore. \.t oue lo ·alit some bun h of tib­
nit haYe be n found, but Is where cinnabar i the only nlphide 
mineral in the depo its. At the diff r nt occurrenc s o£ ciJ1nabar 
alono· the zone there i viden e that fra turing of the lim tone wa 
of importance in the O'ene i of the ore. For example at the haft, 
which js about 6 f t deep, two fairly well defined wall , 52 inches 
apart, an be seen. They trend r. 40° W. , and the foot' all) which 
is the better defined of th e bYo, dip 70° \V. 

The innabar ·hown in th ·open nt on the Lost teer claim ro. 1 
oc 11r in a different fra ctnre s tern from th one ju t de cribed. 
Tb depo it on thi claim lie on th east sid of th ummit of C'in­
nal.Jar Mountain. T he l ime tone country rock trike north and dips 
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-1:0° "\\ . An xcellently d fined wall striking north 45 ° \~. an l 
dipping 70° E., form the footwall of th d po it. The lim -
tone Jyin o- upon thi wall i r ct i ·tilated with parry veinl ets -E c~tl­

cite ca rry ino- cinnabnr whi h oc ur locally in con ·id emble mn . s s 
char act ri zed by ·p lcncl ent clen.Yan·e fa . The . yst m of cinnabar­
bearino- calc ite Yeinl t.· xtcn l at lea t G feet from the footwall. 

0 

Rar ' lv treak. of ore mak out int o the foot'''all zon e. 
Il.eg and B a1•rel prospect.- ~n open cut at. thi pro ·p ct sho~" a 

w 11 -clefined wall tri king ~. 30° E. and d ippinO' 70° " . Th coun­
try r ock- a fin -O'n1ined cla rk dolomite-under this wall is netted 
" ·ith white , . inl et of dolomite aYerao-inO' a fou rth of an in ch in 
thiclme . oarsely ry t.alli ze l cinnabar occur in the veinl ts to 
om extent , but mainly a a r eplacem nt of th adjoining country 

rock. 
Oinnaba1· Il.ing [J?'O pect.- Th innabar KiJw p r o pect is a hort 

di tan e north of inna bar fountain. Th expl orati on work so f a r 
done ·on is t. of a mnll pit, \Yhich affo rd but inadequate informati on 
as to the nature and exten t of the occurrence of th ore. Thi ex­
po e th e fa c of f1 bo ly of ore, about 4 feet thi ck dipping :wo 
as far a cnn be determined by the small ]e ,· l opm nt The ore 
con i ts of ba rite carryinO' di eminatecl innabar and averag s 1 er ­
hap. 4 perc nt of qui ck ilY r. Th g neral country r ock, un lik thnt 
of innabar Mountain is a hig hl y f ra.ctn r d h rt. 

R eel De1•il p1·ospec:t.- Thi . pro pe t O\Yn db) 
Grutt, and A . Drew i about lt mil es north of 
A . hallow op n cut eli ·lo c a 1 ody of good o-rad 
apparently dippincr at a low ano·] to th ". t . 
ocherous cinn abar in a. fin -o-rainecl sili ceon o·anO'tt . The countr·y 
ro k is a coa r.·e graywacke made up largely of flat angular fragm nts 
of bla k . late. 

DEPOSIT EAST OF BEATTY. 

SITUATION AND DISCOVERY. 

A number of quick ilver deposit are situated 6 miles east of 
B eatty Nye ounty ~ ev. the junction o£ the Tonopah & Tide­
water and the L a Y gas & T onopah railroad . The qui k ih r ­
bearing area lie in the Il lu orine mining di trict. The prospects full 
into two group one n the ea t lope of Bare M ountain and th other 
on the northern end of Yucca Mountain , 3 mil n orthea t. L ocally 
the part of the Bare M ou11ta in g roup of hills on " ·hich the qu ick i l ver 
pw ·pect oc 11l' i lmo,Yn n Meiklejohn fountain. The a rea is 
readil y a ce ible by roa] of easy g r ade. The topoO'raphi c f eatures 
of the area nr hown on a scale of 1:~50,000 on th nited tate 
Geolon·ieal Su rvey 's map of the Furnace Creek quadrangle. 
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t the time of the principal a ti Y it) at Rhyolite in th yen rs im­
mediately followino- 1005, pro ·pector prcad ont into th • n ighbor­
ing territory. The cast flank of I3arc Monntnin \\·a the . cene of con­
s iderable activity in the ·ea rch for o-old nnd on the n·ochon claim 
hio-h-oTade o-oll ore, said to carry teJlurid e , wa s f ound . This ore 
occurs in a mall inegular Yein of fin -oTained quartz howino· no 
meta lliferou con titucnts, but the lowest ns ay are r eported to ha ,.e 
run n hio-h as · 4 a ton in gold. This created mnchcxcitemcnt at the 
time, and the camp that sprang up her was nnm d ' T ellnri<.le. 

nick ih·er ore was eli ·coYered in place on the ca . t flank of Bare 
Mountain by J. B. Ki rnan and A. A. Turner in J 90 , alLh ono·h indi­
cation of cinnabar had been found some\Yh at earlier. \.ttention 
ha ,·ing thus been drawn to the oc unen e of qui ·k ihcr , it '"a oon 
shown to ha,·e a onsiclerably wider distribution. In 19L a· 10-ton 

cott furna ce " ·a bnilt in G lcl Gul h by the T ell11ri<.lc on oli<.lated 
Qnick i l ,·er Iinino- orporation. It i on th e n orth en t slop , of 
' Finan ·i er Hill ,' as it is lo ally )mown, one of the lo\\· hill s at the 
north •m end of Ync a fountain , where Ll is r ange merges into the 
hill of the Bare Mquntain g roup. .A tunnel om 1,100 feet lono-, 
tatting near th furna ce, \Ya s driYen un ler thi. hill, which , it is aiel, 

was thought to contain ,1'22,000,000 \Y Orth of ore, but no o re wa s found. 
The ompany then lea eel a nnm ber of I r perties on fciklcj ohn 
f ountain and operated them hauling the ore by t am to the fur­

nn ce, a distan ce of 4 miles. In ~\ngust, 191<.1:, the company became 
in,·oh d in financial difficultie.) its rroperty was ntta chcc1, an l all 
work was snspended . At oth r r laces in th di t rict <l . mall amount 
of pro. peeting wa s in proo-rcss during 1914. 

GENERAL GEOLOGIC FEATURES.' 

The o- neral countr·y rock of the quick iher -bearing nr a on the 
ea t slope of Bare Mountain is a fine-rrrained. g rny dolo11ite. It j 

rath er l11U jye]y bedded anu ha nndero-one 011 icJ ernbJ di . turb:tn , 
so that jt stratifi ntion i not readily di ·cernible. but outh of 'I ellur­
id • amp th e bed dip 20° . The age of th e rocks a determin cl 
from fo il s mbcddecl in a block of lolomite kindly ent to th Geo­
lorrica l .._ lilT y by fr. A. \ . Turner i ,_ ilnrinn. Dr. E<.h·in Kirk 
r eport· that th fos ils include th ·pecie named b )my: 

'J'hecia m:tjor. 
Cocn it ;: ,·ertici llatn. 
Fn \ ' 0 it s ·rista t u . . 

ie. ). 

1 The broad ,. r atm~s of the geo logy nnd their relation to tho~e of th e ~urrouncling t~ r ­

l'ilory ha v£> !wen <li s(·u s~~C" tl hy .'. II. Ball in .\ )':;(\O IOgic r~ ·o Dnni s '"nn c,\ io southwc·t rn 
Nevuth\ nud casl cm nllt'ornln: . S. ·~o l. Sun'CY Bull. 30 , 1007. 
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Dr. Kitk add 
Thi ·oll ection i of cousid ruble intere t, a. it fixes rather defi nitely the 

ag of tit wide pre<td ilmian f:llWil of th We t rn State . The b ds c t'­
relate approxiUlately wilh the Fu -·elroa n lime ·too of the El Pa. o r gion nncl 
the Laketowu dolomite of tnh. On the el"iden ·e of th fo · ils in the pre ent 
lot it i safe to p lace the fauna near the top of the :\'iltgarau. 

\.t the b<l ·e of Bare Mountain a narrow belt of quartzite appear 
between the dolomite and the upper edge of the pi elmont alluvial 
slope. 

The rocks are cut by a. number of porphyry dikes. Laro·e pheno­
cry ts of quartz are prominent con tituents of the ro k of these 
dikes. In fa t, after the dike rock has become ca r ely recoo-nizable 
from decomposition as it commonly does, only the quartz crystal 
are eli tinguishable and. en-e to reveal the identity of the altered 
rock. Feld par and biotite al o app a.r among th phenocryst ·. Ex­
amination tmder the micro cope of :ome of th better presen red mat -
rial from the olumbia dike-which, hO\YeYer, has been alter d by 
the c1eYelopment of pyrite, dolomite, and ch lorite- ugo·est that it 
is a quartz diorite porphyry. The likes are possibly re lated in ori gin 
to the igneous ma ses represented by the peo-matites that are common 
in the northern part of the range. 1 

The qnick iher-bearing n rea north of Meiklejohn 1onntain is 
und d ain by a gently dipping succes ion of rhyolite flows and tuffs. 
They are part of the rhyolite s rie expo ed in the BullfroO" eli trict, 

· Yrhere they attain a thickness of more than 6,000 feet. 2 They are 
thought by Ball to be of early Miocene a ere. 

The quick ·ilrer depo it inclos d in the dolomite con ist of masses 
of opal or of cryptocry talline silica can·yinO' cinnabar; those in­
closed in the rhyolites on ·i t of masses of opal and alunite carrying 
cinnabar. The deposit · contain no other metallic .sulphide such as 
pyrite, marcasite or tibnite, \Yhich are generally a sociated with 
quick iher ores. The gano·ue commonly contains large bodies, in 
places n much as 10 feet thick consi ting of a oft white sub­
stance which, as shown by an analysis made by R.. K. Bailey in the 
hboratory of th e Geological ur~·ey, is a nearly pure hydrated silica, 
namely, . ilica 90.46 per cent; \Yater (loss on ignition), 5.38 per cent. 
This ·ubstance i accordingly a pul ,-erulent variety of opal. \.J­
though opal of the hard, rna i ,.e kind is the predominant o-angue 
mineral of the deposits, 1ariou forms of cryptocrystalline silica, 
comprising chalcedony and exceedingly fine g rained quartz also 
occur. Locally all three of these forms of silica are intimately as o­
ciated in the same deposit. The only departure from the prevailing 

• l3aJI, .. H., op . cit., pp. Fi:i--156. 
• Itnn som , D'. h. F1mmons, \\" . ll. , and Garrey, G. li ., Geology and ore depos its of lhe 

Uullrrog district, Nevada: t; .. Geol. urvey Bull. 40T, p. ::ll, 1010. 
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simple mineralogy of the di tri t i that hown by the dei o it cut in 
the Banner tunnel. This consi of a chimney, a few f et in <lin­
meter, of hattered dolomite c m n d by ·oar ely cr talline ca lcite 
and barite and carrying a mall amotmt of cinnabar . 

The quick iher ore occur in irrco·ula r erratic hoots in the 
·iliceous ma e . In the dolomite the bodie of opal and rypto­
crystallin silica are commonly m:tll and are rratical ly di tributed; 
in the rhyolite, howeYer, the opali zed belts extend f r a thou :tnd 
feet or more and attain width of n much as _oo fc t. In the 
opalized rhyolite the quartz pheno ry t only ha ,-e remained. inta t ; 
the sanidin ph nocryst · hase been tran ·form d largely into al unite, 
the hydrous . ulpbate of aluminum and potu ium and the re t of 
th e rock has been conYerted into opal, or into puh-cr11l ent hydratecl 
ili a, with whi ch is a · ociated a notable ~monnt of al11nite. Tlw 

opaliz <l condition of the rhyolites i · ren<lily recognizable b.v the 
unaided eye, but the pre cnce of the al ll1 i te IJ comes ma ni fe t only 
under th micros ope. The opti al determin ation of the alunit was 
verifieu ·hemically b} its sulphate reaction. In spite of the pro­
found alteration of the rhyolite, it retains " ·ith remarkabl di tinct­
ne:s the normal appearance of :tn ign ou r ock. 

This oc urrence of alunite with cinnaba r is of scientifi · intere t 
for this mineral ha not heretofore been r ecorded. in a sociation with 
qui ·ksih·er ore . It has, how ,-er been de cribe<l a occurrina in 
con iderable quantity in the ulphnr deposit re ulting from the 
solfntaric ~Iteration of rhyolite tuft' at Rabbi t Hole pring ·, Nev., 
and the e deposit contain tra e of cinnabar.1 t Goldfield , whi h 
is 65 miles northwe t of the quicksiher depo its ncar Beatty alunite 
is an abundant con tituent of the gold ore . A qui ksi lver de1 o it 
o cu rs at Goldfield; but, ino-nlady enou ah, thi d po it belicY d 
by Ran ome2 to be a rc ult of the ame mineralization that produced 
the gold lode , or one closely preced ino- or following it doe not 
contain alunite, the mineral :o characteri tic of the eli trict. 

The cinnabar in the depo it ea t of Beatty i not pre en t in qnan­
titi e proportional to the amount of opahzation and alunization how­
e,·er but oc ur · poradically throtwhout the b Its of nlter cl rhyo­
lite. ).._ mor thorou h 1r p cting of th e belt than lta yet been 
nttcmr ted app ar u<l ,-i able. 

FEATURES OF THE PROSPECTS. 

1 .\dnm , 0 . I., The Rabbit TTolc sulphm· mine , near TTum bold t fl ou c, Nevada: U. S. 
GeoL urvey Bu lL 225, pp. 499-.500, 1904. 

2 J:ansomc, J.'. L ., O t•o l o;::~- nncl ore cJ posits of Golclfl eld, Nevada: U. S. GeoL Survey 
T'rof. raper GG, pp. 113, 1 i I, 1900. 
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tain. The principal devol I m nt work i a tunnel ZOO feet long, v.hi h 
inter cts the cinnabar depo it at a lepth of 100 feet. From the 
portal of the tunnel a <rraYit tram xtencl · to th ba e f the moun­
tain, GOO feet b low. A D retort, with a cnr acity of 00 pound. in 
12 hour , ha b en in tnll d on the property and omc f·la ·ks of 
quick ilYer ha ,·e been 1 rodncecl. The ore body ha s be n worked 
mainly, how vcr, nnder le<lSe to the Telluride onsolidated Quick­
sih·er Corporation which haul cl the ore to th ir fumace on Golcl 
Gnl h. · 

1he country r ck in lo ing the ore body i a hard, fine-o·raincd 
arena cou dolom ite. At the out r op .the cinnaba r -bearing d po it 
has a length of about 125 f t · in the tunn L below about 70 feet. 
Opal is the I rincipal O'<mo·u min ral. A <Yr nt 111:1 · of opal, gen ­
erally milk-white in co l<1r and more r Je · porous and a" rn ou · in 
tructure, i expo ·ed in the tunnel. In thi opa l there are large 

po ·kets fill d ·with oft, '"'hite h drated ili a an analy: i · o{ whi ch i · 
giYen on page G-1:. orne of th se ma s of ilica are G to 10 feet 
thi k. Chalcedony form· an in ignificant proporti n of the opa l 
rna . Locally the opal containino· innabar i of o-em qunlitv , :m 1 
some of this material ha been poli he l and placed on tbe market. 

The innabar i either incl sed in the opal as ma j,·e mineral or 
i o very finely eli s mi.natecl throu()'h th opa l a · to o·i,·e it n blood­
red color. ome of the hi<Yh-o·ra l cinnabar ore, a d termincclund r 
the micro 01 e ll'O\'C to b a r pla ement f arena ou. dolomite. 
Some of the repla cec.lro k in fact ontains suni ient l tribll qu:uth 
to be a dolomiti c sa nd stone. The qnnrtr. g rain , many of which nrc 
perfectly roun l d, h a ,· remnined intnct, bllt th d lomite ment in 
whi ch the:v \\·ere embedded ha s been replaced by hn 1 <lony, opal 
and cinnnbnr. Only rarely ha a little quartz been clepo ited in 
optical continuit} with the detrital quartz grains. 

Early Bird 7J?'O pect.- Th Early Bird I r o pect, whi ·his owne 1 by 
th e Telluride Con oli dated Qllicksih· r Iining orporation, i on 
the north fiank of :Meiklejoh n Mountain, n ar its ba e. A laro·e reef 
of cryptocry tnlline ili ca project prominently nbo,·e he inclo ing 
lime tone · it is e,·eral hunch· d feet lon<Y an l at it ma xi mum i over 
100 feet wid . It cont-ained u hort, narrow sh ot of hio-h-grncl cin­
nabar ore, which ha been largely r emoved throngh an aclit cutting 
the reef at a shallow cl pth. 

llfammoth group .- The clnim. of the Mammoth g roup ( os. 1 
2 and 3), owned by the T elluride Con ·olidate l Qui k ih·er Mining 
Corporation, extend along a belt of opttlizcd nnd alnnitiz d rhyolite 
tren din<Y N. 30° W. t it south end this belt i.s v ral hun clt·ed 
:feet wide. The main "ork ha s been clone on Mammoth o. 2, where 
a tunnel 50 feet long wa driven into a porons. cnvernou s ili ·eons 
mas , e,·idently rf?presenting a place of mor inten e alteration of the 
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rhyolite. A number of open cuts and. slH1llow ·hnfts hn ,.e been ex­
caYated at other point., but no exten. i,·e bodie of qui ck iher ore 
haYe so far been found . 

Mammoth No . 5 clahn.- The Iammoth o. 5, owned by J. F . 
Grant and n. ociates, i · !:>ituated on another belt of ili cified rhyolite, 
whi ·h lie omewhat we t of thE> Mr1mmoth group of the T llu r ide 
C n olidate 1 Co. It i.· .-aid to be t ra· enble for more than 1 000 fe t, 
but has been prospected only by a fe,v hall ow open cut . Th ore 
mas ·es on ist of a oft \\·hite mnteria l- hydrou. silica mixed with 
opa l and al nn ite-carryino- finely eli eminated innabar. This is 
tra ,·e1· ·ed b~r irregular ,·eins and ma. ses of \Yhite OJ al an 1 chal­
c clony. The ore material at the main prospect trench i the product 
oi' the tran ·formation of porphyritic ob idian by sili eous innabar­
bearing. olutions. 

In pla ·e a lon?· the belt of silicified rhyolite outcrop. of chalceclon 
and opal a mu h as 50 feet ,-vide appear. Alth ough the be t ore so 
far found. oc urs in the oft, pnh·erulent material , some cinnabar is 
locally inclo e<l in the hard ·ili ceou re fs . 

RELATIO N OF rrHE CIN ABAR DEPOSITS rro 'l'IIOSE OF 
THE Q ICKSILVER BEIT O F WE 'l'EH NEVADA. 

Th existence of n qui k ih·er-bearing belt in western )leYacla in 
Humboldt, E mernlda, nnd Nyc counties, ha · long been recognized . 

. The i1 formation concerning the cinnabar d po it of this b It hr1s 
r e ·cntly been as.-cmbled by M ·Caskey.1 who contribute. t 1 o a de­
scri ption f the ore boclies at lone, in Nyc ( ounty, th locnlity from 
which the principal production ha. o far been dcri,·e l. Tl! dcpo its 
en. t of Beatty de cribed in the pre ent report extend the quick ilv r 
belt con. iclernbly futher south. ' 

The general tendency of thos who ha ' 'e de cribed the d po its of 
th i b It has been to r egtll'd them a· gcn ticn ll y conn ted. with the 
Tertiary nncl Quaternary Yolcanism of the proYince. The phenomena 
ob ervable at 8teamboat pring support this conjecture. Th hot 
water · i · ·uing from thcs pring · deposit a silic ous inter which 
contain innnbar and amorphous red antimony sulphide, together 
with les r quantities of other l1l tnlli ulphide . A orcling to 
l3 ·k r 2 the lcpo it hn ,, formed. lo to the edge of a ba alt flow 
and probaLly r<' . ult from th Yolcani c action of which the lant 
el'llption was one manife t<ltion. IIe believes that the water i u ing 
from the sp rinrrs come.- from the ierra 1 e,·aclu · that it de. · nd 
to rrrcat lepth where it be om heated by contuct wi h ubterranerm 

of hot basalt, :mel a cend along the fi sure· by which the laYa 

I )(C 'nskt'Y. II. n., Quicl<silvN: . , , Geoi. • lii'\'Cy ~lln~ral Hesou r r "· 1911, pt. 1, 
pp. 906-909, 1912. 

" l!cr l«·•·. (:. 1•'., , o l o~:.v nr th<' quicksilver deposits or the l 'acific slope: . S. Geol. 
Survey l\Ion. l3, pp. 3:3 - :{o0, J , • 
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reach d the urfac . Concerning t,he o-enesi of th oth r qui k il ver 
depo it of the we tern Nemda belt op inion haYe been l · p reci ·ely 
formulated although, as already mentioned, the e d 1 o its al. o ar 
rega rd d a of 'vol nnic orio-in, bnt probably thi · term is now u eel 
in a sense dift'erent from that v;rhich Becker had in mind. 

It i cliffi ult, howe1·er to ·how that ome of the depo ·its are re­
lated to the Tertiary Yolcani. m of the proYince. R,lt1some/ in fa t 
i in lined to regard the quick iher depo ·it of the Humboldt R.ano-e 
a of early Cretaceou · ao-e. The same difficulty inh re in any 
nttempt to connect the cinnabar clepo its ea t of Mina with T rtiary 
ruptiYe actiYity. On the oth r hand it is int re ting to not that a 

qui k ilnr depo it clearly of T'rtiary ao-e occurs in the ;-ol an i 
ro ks nt Goldfield whi h i midway between Mina and Beatt_y.2 

The depo it· near Beatty ar rather obvion ly a ociated with the 
Tertiary volcani m of that reo·ion. Thi a so iation rai e an impor­
tant problem, for in the Bullfrog di trict, a few mile w st of B ntty, 
the _o·old ~epo its accordino- to lhnsome 3 are gen ti cnlly connecte l 
with thi ame general outbur t of volcani m, though it was not fonnd 
po ible to link the ore d posit ion with any particular one f th 
many mao-mn that olidifi d a the laYa now expo. din the district. 
Among the mo t noteworthy facts . hown b the . tudy of the di trict 
i · the r0markably feeble chemical alt ration of th wall rock of th 
ore bodies · and it wns therefor concluded that th vein-forming 
olution were di lute, cool, and und r no heavy pre sure. ~ ow th 

notable feature of the qnicksilv r depo its in the rh) olite ea t of 
Beatty i the inten e alteration of the rock - their complete ilicifi­
cation and alun1tizution in belt hundrc 1 of yards lono· and as much 
as 200 feet wide. Thi profound alteration points to the onclu ion 
that the quick ·ih·er-bearinll" solution were under phy ical and 
chemical condition quite different from tho e that preYailed during 
the deposition of the auriferous ores. From thee considerations and 
from others ari ing f rom a review of th literature of th nbject it 
appears that th genetic relation of the innabar d po it to th many 
gold cleposi.ts :cattercd Lhr ugh the we t rn -evnda qu icksilver belt 
con titute an interesting problem fo r future re ea1·ch. 

1 Ran orne, F. r.., ot s on som~ mini ng cll s t•·lct · in ilumboldt 
Survey Bull. 414, pp. 46, 71, 1909. 

"Hansome, F. L., Geology and or deposits of Goldfield, Nev. : . . Geol. urvey Prof. 
Pap~r G6, p. 113, 1009. 

• Ransome, 1~. L:, Oeolo"y and ore dPposlts of the Bu llft·og dis tt·ict, Nevada: U. S. Geol. 
"uney Bull. 407, p. 103, 1910. 



IRON ORE IN CASS, MARION, MORRIS, AND CHEROKEE 
COUNTIES, TEXAS. 

By EHNE 1' F . BtrRCHAHD. 

INTRODUCTIO N . 

In response to many requc ts rece.i ved by the Geoloai al urvey 
during the la t three or four years for publi hed data concerning 
the iron-ore depo its of northeastern Texas, it wa · directed that a 
reconnai ance of this area be mad in the fi. cal ·ear 191-l:-1-. \.c­
cordingly the \'Hiter spent four week in northeastern T exas in the 
autumn of 1914, a most opportune tim , for the re ults of exten i,·e 
prospecting were then open for in 1 ection. The followina notes 
on the ore field and its de,·clopmcnt are p resent d in the hope that, 
together with the literature li ted at the end of the paper th y may 
furni h th es. entia] fact concerning seYeral of the mo t fasorably 
ituated of the promi ing depo its. The r eports by Dumble, K n­

ncdy P nro e, and other of the early T xa ur"l"ey (1 90-1 92 ) 
contain a, ma s of data concerning outcropping · of ore in 20 or more 
countie , but a they arc not illu trated by d tailed connty maps the 
nJue of mu ch f the text i · con iderably le sen d. 1oreo' r, these 
early in vc ti aa tion · \Yere made before y tematic pro pectino- of the 
concretionary ores had been carried on and little was Jrno,Yn as to 
their Ycrtical xtent and th unoxidized iron carbonate. The lami­
nated ore bed of herokee ounty \Yas better lmown, becau c it had 
been opened by minino- in soY ral place . 

Two brief xamination of th iron 0re in thi · fi eld had already 
been male by th nited tatcs ologi al un y. The fir t wa a 
r connai an · of the tratio-raphy and th iron-ore depo its by 
La\\Tenc C. J ohn on 1 in 1 6--1 , anl th ccond wa a rapid 
reconna i anc of the north a tern part of the ore di tr.ict b E. 
E k 12 in 191-J.. J ohn on' r port d e. not con. id r the cc nomic 
featu r · of the iron-bear ino- d po it . Of hi own work E ckel says : 

1 ·roiJo on, L. ., The Iron regions of northern Lout iana nod eastern Tcxa : 50tiJ ong., 
1st s ~s ., llous :t<;x. 1 o . J 95, 1 

0 Teckel, Ill. '. , Iron ores of northeas tern 'J' xus: . . Gcol. . Ul'I'<'Y Bull. 260, pp. 
34 -354, 1905. 
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: Two ends w r in Yiew-a bri f r port on the pr ent ond ition and 
future pro pect · of the iron industry and an exn,mination of the 
di tri t with a view to sele ting areas for more detai l d work." The 
report wa brief it de ·cribed cond.ition · at c mparatively few locali­
tie , and its conclu ion with regard to future prosr ts of the iron 
indu try mi()'ht no' be r egarded a conse.n ati' e in the light of the 
results of r cent pro pe tin rr. 

The pr ·cnt pap r i e sentially a prelimjnary report, but it is 
hoped that a more · rnpr hen i ve study of the or depo its may be 
taken up in th near f ut ure. The urvey will therefore a p[ re ·iatc 
there ipt from intcrc tel ·itizen of any additional data thn,t may 
be obtain cl by p rosp 'Ling in t hi · fi eld .. 

The \Ta rle of the ni,· r ity of Texas Burea n of Economic Geology 
and T ech noloo-y on tb e iron ore of north ea tem T ' X as in 1910- to 
191-:l:, under the dir tion of \\ illiam B . Philli1 , ha ·ompri d the 
publication of a general map of the iron-ore fields, the su mmarizin()' 
of ore analy es and oth r data of th early Tcxa urvey publi sh d 
mainl y in parer devoted to the iron trade th examination of cer­
tain of the important ore depo its, and tudies of m thod for the 
concentration of the ores. 

The writ r is under oblirration to Dr. Phillip for val11abl c data 
placed at hi eli. po al. Oth rs to " ·hom spe ial a lmowl ed()'m nts 
are due are Prof. '\..lexandcr D u , n, of th UniYer ity of T xa ·; 
Col. L. P . F eather ton , of LongYiew, T x., pre idcnt of th Ea t 
T xas Brown Ore Development Co.; and H. A. 0 Neal vice pre i­
lent, E . E. Vauo-ban aeneral manager , and J. J. kinner, hcmi t, 
of the T exas Iron Association , \. tlantn , T x. 

L O CATIO N AND E ... TENT O F O RE FIELD . 

The iron-or di trict of northea tern T exa lie· b tw en parallels 
31 o 30' and 33° 30' N. and meridian 9-:1: 0 and D6° '\V. and measures 
l'Otwhly about 135 miles from north to south and 110 mil es from en t 
to west. ( ee fig. 3.) Depo ·its characteriz d as brown iron ore haYe 
been noted by th Texn . Geol rrical Ul'YCY in th £ llowinO' 21 
counti within thi · area: Ander on, Camp a s, herok e, GrcaO', 
Jlarri on, H encler on Hopkins, Hou ton, Marion, MorTi Nacog­
doche , P anola , Ru 1 abine, an ugu tine, helb_- , mith, p-
hur \ an Zandt, and Wood. The eli tribution of th~ e ores, with 

the exception of certain d po ·its in Camp, Hopkins, and p hur 
countie , is hown in a general way on Plate IV of the econcl An­
nual Report of the T exas GeoloO'ical urvey, published in 1 90. A 
la ter map sho\\'ing the same ore clepo its with minor additions and 
including a1 o the li()'n.ite outcrops and mines, bh t furnace , and 
producing oil fi lds, was publi hed in 1912 by William B. Phillip 
director of the niYersity of Texas Bureau of Economic Geology 
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and Te ·hnology. onth and outlmest of thi · area j olnted lepo it · 
of brown ore haYe been noted jn eYeral ounties, one of on ider­
able ext nt jn Gonzales ounty having been r cently yj sjted by 
Dr. Phillips.l 

LciJ 
Eii=:...a=::.e.,oi:::======2~5="""""'"""'"""e50::0======::::,7.5 MILES 

1916 

LEGEND 

G D B 
Cook Mountain formation 

and Mount Selman formation 
(CA"flvf...Ui[lff'OWJ gloi<CO~ilio m<~rla 

ond qrutt.aftda with iron oru) 

01'&-bearing tract 
(Number rd'tr• to 

li.tbdow) 

Blast furnace Approldmate boundary 
or iron ore district 

I Bowie Hill 
2 Waters 
3 Bivins 
4 Sunatt 

LIST OF ORE-BEARING TRACTS 

5 Pruitt 
6 Harris 
7 Jerniean 
8 On 

9 La;ater 
10 Gilbert 
11 No"vood 
12 Veal's 

13 Slato mine 
14 State mine 
15 Star and Crescent 
16 Tassie Belle 

lo'lGUaE 3.- 0ulllnc mnp or the north~astNn 'l'<'xns Iron-ore di strict. Geology by Alex· 
nndct· Deuss<'n, wlt.b nddltlous by E. 1" . Ilut·chnrd. 

1 rersounl communlcatton, December, 1014. 
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T opoO'raphi map of th DainO"erfield , Linden and tlant!'t 1:3-
minnt quadrangle all jn the north rn part of th iron-ore field, 
ha,·e been i ued by the nited tate Geo locr ical urvey. Th N w 
B ston and Tcxarlmna. 15-minut quadrancrle , in the next tier north, 
haY al o been mapped but th y li beyond the ar a of the ore field. 
The maps are printed on a cale of 1: 62500 or about 1 mil to 1 
inch, with 20-foot contour interYals. Th price of each map i 10 
cents. 

T HE IRON ORE. 

TOPOGRAPHIC RELATIONS. 

The urface of northea t rn T xas is a platean, 450 to 600 feet 
abo,· ea l Ycl , that has been moderately di s ct cl by ero ion to 
depths of 200 to 400 fc t . :Mnch of th urfnce is gently rolli ng 
with . hallow treum Yalleys, but th e hicrhe t portions of the form r 
plateau al'C nO\Y flat-topped ridO"eS with teep lope inci eel by harp 
ravine . The e flat-topp d rido-es are generally n·arrow and rooke i 
nncl have many spurs or branche . In pla e , h w·ey r, th widen 
out into le,·el areas a mile or more in width. Th se hicrh leYel ar a. 
are particularly " ·ell cleYelopcd in Cherokee County. They have per-
i ted bcca use of the greater r c istance to ero ion off reel by certain 

beds of hard sandstone and limonite with whi h they are capped. 

GEOLOGIC RELATIONS. 

I n the iron-ore li strict of northeastern Texas th e surface ro k 
formation. onsi t chi ny of and clay g ra•el and silt nu· in O' 
g reatly in thei r decrree of induration but predominantly soft or little 
con. oli lated. The mo t recent deposits-tho e that form the bar 
nood plains, and terraces of treums-are of Quaternary aO"e, bnt 
the (Tr at rna es of sand and clay with " ·hi h the iron-ore deposits 
nre a ociated are of ea rly T ertiary age (Eo ene) . 

The two Eocene formations which contain the principal clepo its 
vf brown ore are termed th e Mount elman formation and the ook 
Mounbtin :formation. Thee formations con titute the lo"-er bYo­
th i rcls of the 1a iborne gronp. They o,· rlie the \ il cox formation, 
\Yhich j a l. o wide pr ad in the area and to the south the: rmclerl ie 
the Yegna formation, the topmo. t formation of the Claiborn group. 
The mot rerent ontline of the tratigraphy of ca tern T exa is that 
o-i ,·en by Deu .· n 1 \rho e paper is illu trated by a geologic map 
that g roup together the Mount elman and Cook Mountain for­
mations, but in more detailed mappino- it may be po ·sible to dif­
ferentiate the bvo formation . lt has been determined that of the 

1 Deusseo, A lcxuocler, Geolog-y noel unclergrouncl waters of the outbeastcrn part of the 
'l'cxas Coastal l'lalo : U. S. Geol. Survey Water-Supply l'aper 335, pp, 26- 3, 1914. 
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deposits discussed in this paper those of the north rn countie , Cass, 
Morri , ![arion, and pshur, are comprised in the Mount elman 
:formation , and those near Ru k, - Cherokee onnty, in the Cook 
Mount ain :formation. The occnrrenc of the northern deposi ts in 
the lo\\er rocks is due to the fact that the trata haYe a sli ght dip in 
a south-southeasterly direction, so that the surfa ce beYels the edges 
of the rocks, exposing the older :formations progre i \'ely north \Ia rd 
and nort]nl'e t"·ard. 

A succinct de cription of the ru rface formations in thi s iron-ore 
district can best be given by adapting th ose portions of Deu sen s 
outline of the Cenozoic deposits of the T exa Coastal Plain 1 which 
relate to the area. 

Ont lin e of geo log-ic tonn c~tion in n orth eastern 1'e$CIS llrou;n-or e dist rict . 

System. Series. Croup and forma- Thick- ! Lithology. Lion. ness. 

Feet . 
F lm· iatilo deposits, consisting of brown red, or black 

Quaternary Il ccent. 0-50 sandy clay or s ilt of Lhe low overOow lcrmccs of tho 
streams: also present fl ood-plain materials, includ-
ing sand and gravel bars. 

Erosion in-
tcr,•a l. 

I 
Palustrine and marine depos its, consisting of lenticu-

Cook Moun- Jar masses or yellow sand ru1cl <· lay ; in (> lace.~, 

c. ta in for- 400 lenses of green calcareous, glauconi ti , fossihJerous 
::l tuation . marL Beds of limonite and I ignite. Some of the 
e clays carry fossili ferous calcareous concretions. 

'"' Forma lion as a whole is decidedly ferruginous. 
" 

Tertiary. Eo ene. ~ Palustrine and marino degosi ts,consisling of red , fer-·;;; 
5 Moun t Sel- ruginous indurated an probabl1 altered green 

man for- 350 
mat.ion. :;;,dd b~s0~~~;;:,~~r:t1~1r~s 1;['?t';;,~~i [r.'i t~l~~1o~~~ 

!ion as a whole is conspicuously ferruginou . 

Wilcox formation. Palu trine, marin , and li ttoral depo its. Does not 
carry ferruginous deposits of imporuu:rce. 

The Wilcox formati on '"hich i. th olde. t one xpoc:ed in the 
brown-ore eli t rict, occnpie porti ons of And rson , H enderson, Van 
Zanclt, mith, Treo-g, " ood: H op kins, Titus, Camp p hur , Chero­
kee Ru k Mari on, Hnrr i on, P anola, helbv, acogdoche , an 
Augn tine, and a line counties. It do not carry :ferruginou depos­
it of economic importance. 

Th Mount , elm ::m formation is expos d in part of An lerson , 
H nder on Cherokee: Rn k Grecrg H arrison Marion Morris, and 
Ca conn ties. The Cook Mountain formati on i xposecl in Houstpn, 
. nJerson, Cherokee, Nacogdoches. San Augu tin , and abine cotm­
ties. As indicated in the outline above, the Mount Selman and 

' Deussen, Alexa nder , op. cit., pp. 27- 29. 

10427°-Bull. 620-16-6 
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Cook Aountain formations nre lithologically similar, alth ugh the 
Cook Mounta in may carr mor day. The depo its of brown ore 
referred proYi ion ally to the · two formations differ in certain 
important r pe t , a will be shown in this paper. 

All the d posit of i ron ore, in ludinrr both limonite and iron ca r­
Lonate , o feu as bsened b.v the writ ' r , are a. ociated with rrlnu ­
coniti c sand. \ Vh re the and .is more sparingly glauconitic the 
depo it are leaner in iron and in bed · that nrc c mposcd only of 
silica san l no ferru rr inous depo its that ould b term c1 iron ore a re 
foun 1. Iron p:vrite hn been ob:en ·ed in th unoxidiz; d zone, but in 
r elati,·cly minute quanti ties, and to i.t can not be n crilP l o im­
portnnt a pn rt in the rrenesi of the ore as i evidently played by 
gla11 onite. The proximate ·o11r e of the iron i. beli eved to be the 
ferruginou ·ancls and clays that inclo: the ore , but it i. probable 
that the ore them:ch·e · n.·. umed their present form nftc r th lni­
borne edim nts were depo ited and had become a lnnd ar a. All the 
ore mnt rial may have pa :eel through the carbonate stag b fore be­
coming oxi lized, but there i eYiden c that :ome of th limonite 
deposit nca r th ·urface arc migratinrr downward throuO"h elution 
and redepo ition. 

CHARACTER. 

llf ine1Ytlogy.- The ore con i ts chi cOy of limonite, or hyd rate 1 
sesqu ioxidc of iron (2F e20 3 .3H 20 ), but it in lndc other h d rate l 
oxid of iron and i popnlnrly termed brown ore. Th re are, ho\\ ­
ever, many depo it of limonite which are found to g rnde into iron 
carbonnte (FeC03 ) of Yarying degre s of purity b low the oxidized 
or wentherecl zone. The bro,rn ore and the carbonate ore both n­
tain more or le silica and alumina and other impurities, a indica ted 
in the chemical analyse . ( pp. G , DO, D-!, 96, D7.) 

P01vm of depo it .- Both th bi·own ore and the i ron carbonat 
occur in nodular and rreodnl for~1 egrega tecl in rr lau oniti c and and 
clay in thin lense and inerrular ledge , and also as more or le honey­
combed thin hect and layer , fine f rarrment · rusts, mall isolated 
nodul es and )rTegulur ma cs of almost endlc · variety. n on eli­
dated material, re idual from the breakinrr clown of uch ma e , is 
found in many place at the udace. The bro"·n ore oc ur al o, 
particulnrl y in central herokee Countv, in a r ather per i. tent lam i­
nated bed, 11 to 4 feet thick, nea r the top of the highe t table-land. 
Another common form of fernwinous clepo it is the conrrlomerate 
that crop. out on the ides of many strea m vall eys and is even in 
process of formation in certain tream beds to-clay. Thi · conglom­
erate occur a local lense composed of pebbles of sandstone, which 
is more or le ferrurrinous it elf pebbles of limonite, and locally a 
few white quartz pebbles and angular fragments of silicified wood, 
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the whole be ing cemente 1 tog ther by limonite. Bowld r of this 
ron<rlomerate reach th.i ckne es of more than 2 fe tin place but it 
can not b considered as an iron ore. 

The principal fo r m.· of the iron -ore deposits rna . thus be sum­
marized as (J) re idunl un consoli httccl deposits of limonite ; (~) 
1wdular, g oclal and ·oncretionar. ma of limonite and iron car­
bonate; (3) laminate l bed· of li moni te. 

D ISTRIBUTION OF D EPOSITS. 

Fernt<rinons depo it. uch a.· nre cle ribecl abo,·e nre charncteristi · 
of th e Mount Selman and Cook Mountain formation · wh ere,·er th y 
are exp ·eel in the 21 co unties of northea tem Texa heretofore 
enum erated, but in on ly 6 or 7 of the e counti s haYe th cler o it, 
appear cl of suffi cient promi e to warrant pro ·pecting ot· de,·elop­
mcnt. Foremost among the countie · thnt conta in promisino· <.l epo its 
of bro"·n ore nrc 'a Moni , 1a rion and ' herokce, which are eli ·­
CII sed in thi paper. Other connti e that may be con iclered a · hav­
ing dcpo its of po .ible fnture r alue ar - pshu 1·, Harrison, \.nder­
. on . and IIend r on. All the e counties wer ,.i ited by the writer 
during the recent r connai . an e, and particu lar inquiry wa made 
rccranling po siul e areas in other ounties uch a are indicated by 
the Texa · ' tate map , but in Yi ew of th information ob ainecl and 
the hort time a \·ailable it wa not considered important to ext 'n 1 the 
r connaissancc farther at that time. There are, doubtle .· , 'vithin 
certain rem aining countie. , not Yi ·ited by th '"ritcr man depo its 
of bro,Yn ore which mi<rht be worthy of deYelopment if th y were 
situated a lja cnt to n. railrou l but which do not warrant th e con-
tru ction of a. ·in<rle mile of sp ur tra ·k an l from ,,.hich it \rill not 

pay at pre cnt to haul ore by '"ag ns. 

DEPOSITS IN CASS COUNTY. 

BOW 11': HILL. 

omc of th mot important ler o it of brown ore in Texa are 
within as ' ounty, but her as el ·ewh r the depo its are wid ly 
·epa rated. ertain f the. e depo it are 'Yithin the Atlanta 15-
minut quadran <rle, mapp ll by the nitcd tat Geo]o<ri al Survey. 
One of the b st lmown f the e depo it is on Bo,vie Hill , abont 7 
mile dn no:th of Atlanta and 2 mile we t of the Texa & Pacific 
Railway (fi<r. 3 o. 1) . Bowi Hill i · a flat-top] e l woo led r id<re, 
1J mil long, th e high t part of which i about ~00 feet nbo,· the 
bayon in th . urronnclincr country, or 460 f et above a level. The 
hil l ha re i ted erosion more ucce fullv than nei<rhborincr areas on 
ac ount of a cap of ferruginous beds abo·,,e the 400-foot level. 
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The bro,,n ore on BoYrie Hill is found in th top 15 to 35 feet ut 
th hio-he t land on the hill. A o-eneralized ction f rom many te~t 
pit and prospe t trenches i a follow : 

Ocncralizecl scct·ion at orc-bPMiug bed on 1J ouYi llill. 

Residual fragments of lim uit in top soil, in tlla es prnc- F t. 

ticnlly ·o lill ore :;! ra ,·eL_ ··------ ---' -------------- ------- 1-3 
L lge of nodu la r limonite. more or le:· · so licJ ___ ____________ 1-1! 
Scales and thin bands of li tnonite, w ill! 11 few t hi cker Inyers 

or l dge inter laminat€'t1 with gl :wconiti sandy l:t~· r s. 
The limonite in tbi cond iti on r:~nges from pi · · of tb 
tbickne · · of ·ma ll ch ip· up t m:t ·se · H feet thick nncl is 
. cntt red lhrou h ye!Iowi ·h to reel s:ttJ ll :lnd It 

nt, by ,. lume, o.r 
the dirt. Thi kne ··of li monitic !'n ncl nnd ('l:ty __________ 12-15 

Iron ca rbonnte in nodula r ma ·-· s from tb oinm ter of Hn 
acorn ur toG in bes, ot· in thin itT "'ttlnr len s, embellcled 
or int rstrntifie l in glauconitic sano nncl <>r ni sh-bln ·k 
·l ay ca lled "buckfat" clay. The ir n ca rbon<lte is in gen­

eral partly nit reel to li ~1on ite or to r ldLh hycl rnte l 
oxide. of iron, which form a sca le or cru t of Yar~·ing th ick­
ne · a rouull tile ·a rbonat nucl us and alon"' ·ra k · whi ch 
inter eel the mn · e ·. Thickn . · of expos d po r tions of 
the un oxicUzed bed ·---------------- ----- --------------- 1-5 

\.. ection of the upper portion of the ore-bearing ground mea ures 
.in detail as follows: 

Section of Cltt at eo t encl of trosll cr tr sll c, B otcic 11 ilf. 

1. Soil , r oots, ancl limon ite cH!bris----- - -- ----------·-
2. Limonite in layers 1 inch to 4 inche · thl t;:_ __ __ __ _ 

3. Redd i h-yellow :1ncl, iu part <>!a u onitic _________ _ 
4. L imonite ledge with wa Yy atHl crumpl ed la yer. __ 
5. Yellowi. h- red glnuconiti · ·and wi th ocher u. 

nodule nod fl a l,es _____________________ ___ __ _ 

6. Limonite ledge with wa ,-y a nd crumpled layer 
inter. tratified wi th a little yellow! b clay nnd 
glnucooitic . nnd. (~o . 4 nnd 6 come tog ther, 
1\o. 5 fo t·ming a wedge bet,Teen) --------------

7. Reddish clny a nd y llow and, mostly a Ja uconitl , 
wi th ocherous nodules and len es _____________ _ 

. Limonite in '-inch to 2-in b ba nd , interstratified 

Ft. ln. 

1- G 
-12 

!t--15 
G- J5 

~-11 

1-5 

1 1- 3 

with gla uconitic saud and running into ocher___ 2-3 
V. Yellow "lnuconitic sand, witb small ocherou.· 

lense ---- ---- - - ---------- ------------------- lO 
10. Limonite treak running into ocher ------- ------- t-1 
11. Yellow glauconitic san;]__ _____________ ___ _______ 3 
12. Ocherous clay___ ___ ________________ ____________ 1 

13. Yellow glauconitic and------------------- - ----- 4 
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Ft. in. 

14. LiruouH ledge, with ·li o-b tly wa,·y laruinre ontain-
ing thin ·eams of oclle;· and glauconitic sand ______ 1 !J 

15. Yellow snnd, not o-tauconiti c_______ _________________ 1 
16. Limonite ledge, ba .·e coucealecL _____________________ 1 

Oth r members be ides No.5 of thi · section are more or le wedge 
shaped as expo eel and the great variability in thi ckne and extent 
of all the brown -ore members is easily demonstrn ted by the u ·e of 
a pick, and i sho,Yn in the following two ection , displayed 35 feet 
a part in the ·a me trench : 

ecUon at face ot trench outh ot 'WCLgon t·oacl, B owie Hill. 

!Pt. lo. 

Soil and brown-ore debri ------ ------ ---- - - --- ------- 2 4 
R ddi ~b nud _______________________________________ _ 

Limon i tc ------------------------- ______ ---------- __ _ G- JJ 
Red li~il s: t nd ____ ____________________________________ _ ]..! 

Li LU Oil it ------ -------------------------------------- - ! l 

n dcli sli "'l:tu ·o ~ti ti c . and wi th light clay strea k::; _____ _ _ 20-2-J 

Li mon.i te --- ---------- ----- --- - ----------------- __ __ _ 2- U 
Redel ish gl:lU ·onitic sand ,,·itb four thin c ru ·ts. of 

I i mou it - - ---- ------- - - - ---------- --------- - ______ _ 1 
R dd.ish o-la u onitic s:md wi th light c lay s trcnk ·- ____ _ •l 

·> 

Li 111 ni te ------------------ - ------------------------ -1 
·white and yellow clay and glauconitic . :tnd ______ __ ___ _ 3 
L imonite ______ --------------------- ___ ------------- 3 
'Yhi te clay nnd yellow gla ucon itic and _______________ _ 1 0 
Li mou i te ------------ --- ------------------------- ___ _ 4-6 
Heddi. ·h-yellow glauconitic saud _________ ________ ___ __ _ 3 
Hedd i ·b cia~- . becomin g reenislJ black at bn --------- 6- T 
Iron en rbonate, oncretiona ry layer_ _______ __ ________ _ 6 
Ba ·c concealeu by water. 

Sccl'ion at side ot t rench onth of wagon t·oad, Bow-ie Hill. 

Ft. lo. 
oil ancl limonite debris______________________________ 2 1 

Limonite lnyer , broken and inter.tratified with o-J;nJcon-
itic sn ud and clny_ ___ _____________________________ 7 

R d<lisb clay and glauconitic sand ontaiu.iug limon ite 
fragment· ----- - -------- --------------------------- 1 6 

Limonite lreaks and ern -t in g lauconitic sand and 
c la y (about 2;:; per ent lim nite ) __________________ _ 2 6 

Y llow glauconitic aud witb \Yhite clny tr nk -------- 1 4 
Limonite. in wavy and bon ycombed htyer_ __ ___ ______ _ 6 
Wbi le to rcddi b IHY--------------------- ----------- 7 
Limonitc, in i rregu Ia r ·eam ________ __________________ _ 1- 2 
" ' bite t r lhli b clay witb limonite fragm nts ______ _ _ 5-

Limonite ------------ --- -----~------------- -------- 11 
Yellow g in uconitic &lud __ __________ _________________ _ 7 

OchProns . "t nci -------------------------~------------- 1 
Yellow glauc nJtic sand ____________________ _________ _ 3 
L! moni te a nd ocherous sand ______ ______ ____ _____ , ___ _ 2--3 
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Ft. ln. 

Yellow <>la uconi t ic ~u :d nnu och t·ou.· notlul c.-__________ l 0 

Li moui te __ ------------------------------------------ t-1~ 
White clny ------------------------------------------ 1 
Yellow ghtu oni t ic sand with w!Jit cl:t y str a ks :llld n 

li ttle I iruon i te______________________________________ 7 

Base con aled by wa ter. 

The old ulr hur Fork iron f~rn ace was built near Bowi Hill , w t of 
pringclal , in 1 G4, and 01 erat d until ~pril , 1 G5. 
There a.re oth r small knob :tnd narrO\Y riu cr within a radiu ~ 

of 2 miles of Bowie Hill on which small residu · of ferruginou · 
material arc pre nt, but rrobably not in large enough ar 'as to b 
work d ind pend ently. 

NO RTJIW K 'L' OF ATL.\~'J'A . 

T\TO deposit of brown or \Yer noted no rthwe t of ~\.Llantn one 
about 2 mil and the ond about G mile · f rom th e tmn1 anu nbo nt 
1 mile ·outbea t of Anti chool (fiu. 3, ~ o. 2) . • In th fir t-namcd 
area. th r e arc good udac howing · of Or ' , but litt l pro ·pectincr ha 
b en done. In th oth r ar a \Yhi ·h i knmvn a th e \\ ater tra ·t 
the udace abO\' the 400-foot cont ur npp a.1·: to be co,·cr d by a 
concentrated deposit of loo e r . idual brown ore, in pla es 1 foot to 
2 feet thi ck , ranuinu from fine crra,· 1 to 6-inch lumps mixed with 
some dirt. H rea number of pro ·pcct pit 6 to 35 f tin depth ha\' 
eli clo: d a. promi ing though small nrea of ore. Th distance to the 
T exas & Pa cift Railway at Qu en ity i · 5 mil€ in an air line. 

NEAR BIVINS. 

The next andla t fairly brae ar n of brown ore within the tlantn 
quadmngle li e 51 to 71 mile southwest f Atlanta and 1 to 3 mil· 
north\re t of the T exa & Pacific Railway at Bivin (fig. 3 o. 3). 
The ore-bearing area occupies the upper 1 urt of a branchinu woo ie i 
ridge and lie · uenerally aboYe th<l 360-foot lm·el. , orne min ina of 
concr tionary limonite near the urface wa · carried on in form r 
years to suppl y th e bla · t furna ce at .J ffer on, T x. Only lump ore 
was taken, and the dump contain much ore that miaht pay to "-a h . 
Thi area has been prospected by numerou:-; hallow te t pit , mot of 
which show aood or in a Jeclg G to in·~h s tlu ck near th e sudac 
and some of which show two or three mol'e ledges below, be ides thin ­
ner earns and crusts. Mo t of th pits here are not mor than 
:feet d ep and a re too hallow to demon tt·atc the presence of ore at 
levels comparable with ertain other tracts of or lnnd in aS£i 
County, but it is reported that thi s area is to be prospected deeper 
with the K eystone drill. 

The limonite near Bi vins :i s associated with oxidized glauconiti c 
sand, but this. and appears to be leaner in glauconiti c ool ite and to 
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include a larger proportion of sili ca sand than that of certain areas 
that haYe been demonstrated to contain rich ore. Two deep pros­
pect pits showed at the bottom iron carbonate in concretionary and 
lenticular forms. 

NORTIT OF LINDEN. 

In the Linden quadrnngle, which adjoins the Atlanta quadrangle 
on the west, there are everal areas of brown ore, one of the laruest 
of which occupies the wooded table-land in the vicinity of Cen tral 
Grove chool, 4 to 5-t miles north of Linden (fig. 3, No. 4) . This 
area known locally as the Surratt tract , is cut by the head> aters 
of Bowman reek along the lateral slopes of ·which limonite crops 
out in heaYy ledo-~, g nerally 1 :foot or more thick and there is also 
mu ch debri.- cattered over the lopes. Th general altitu le of the 

Glauconitic 
sand 

Glauconitic I ron 
sandy clay ca rbonate 

FwunF. 4.- SI' ·tloo showing as. oclations of lt·on ore In trench f•·om edge or hill on , urratt 
tract, LIOI'th or l.lndt·n, \aRS County, Tex. 

top ledo- i · about 410 :feet, and b low thi for 35 fe tor more frag­
ment and layer of limonite a quarter of an in h to 3 or 4 inches 
thi ck nr foun l . catter d throuuhont the and and lay. T\YO pros­
pect tl'(m ches on both the a t and we t ides of Bowman reek how 
clearly the relations of the limonite, O"lauconitic and, and clay and 
th fairly harp line of demar ation beb>e nth ox i~ized zone con­
tainino- limonite an l 3 ello,vi h to r deli h o-lauconitic and , anl the 
nnoxidized zon containin(Y iron arbonate and oT en rrlauconitic 
:and and gr ni ·h clay, or 'bu kfat. This unweathered zone doe 
not anywhere extend to th fa e of th hill bnt i. rotwhly parallel to 
the urfacc, at 15 to 30 feet from it, exc pt below o-round-water lev 1. 
The area. has been pro p ted al by many test pits nnd orne drill 
hoi . . On th pine-for ted upland whi h i ur:facecl by light-col­
ored and there is little or no UO"O"estion of limonit below, y t good 
&hawing ar obta.ined in mo t of the pro pect. e fiO". 4.) 
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The fo11owing s ction of tb trench on the ea t side of Bowman 
reek, n ar the e ·perimental concentrating plant, i t 1picnl of the 

bed in this \7icinity, except that the top or ledge is not well repre­
sented. 

eclion ot pnJ::ipcct trcuch on B ou:man r eel; ·H mil es north ot Linden. 

~·op oil :1nd s:~ nu, wi th luUJ]1 · of inclurntctl glnuconitic 

.a nd ----------------------------------------------
1\'"odule of I i mon i tc _________________________________ _ 

and and cl:lY--------------------------------------
Li mon i tc -------------------------------------------
R ddisb cla y and glnu onitic ·tmL __ ___________ ____ _ _ 

Or -b 11 r i ng m aterial, con ·i ·ting of glauconitic . and with 
a little r eel clay. ont:t ins 20 or more thiu seams of 
l imoni te,~ to;} incll thick. 'Ihe.-e ·ea lll s lie p racti ally 
flat. orne of til em n re .-nndy, n nd mn ny nre co a tetl 
w ith layer· f .glauconitic sand, part of whi ch may be 
eparatcd l!y wa llin". Some of llle glau oni t ic ·nnl 

ll't. 

~ 

i. incl ur:l te 1 in thin sen ms____ _____________ _________ 4 
Ginn ouitic .-and and whi te to y llow clay__ ___________ 1 

Limonite ---------- - _______ -------------------------
i lauconilic ·>lllcl nncl whit e to y J1 w clay ____________ _ 

Limonite - -------------------------------------- - - _ 
Gl:tn ·oniti c sand and white toy llow clay ___ _________ _ 

Limoni l e ------------------------------------------­
(;Iau ·ouiti c .-n nd with fragm nl· of limonitE'-----------

Li mott i te ------------ _ ------ - ----------------------­
Glauconitic Sll nd --------------------------- - --------
Limon i t 

•) 

Gla uconi lie ·and ---- ---------------------- - - - -------- 1 
Limonite mixed with ·nnd------- - --------------------
0 Ia ucoui t ic .-and wi lll 1 to 20 treak of ocherous 

I imon i tc----------------------- --------------------
Iron ca rbonat altered to limonite on top. Th ca r-

bonn te ore contain flakes of lignite ____ ___________ _ 

(A shaft ha been dug below the leYel of the trench 
nt thi point and is r ported to show yellow to 
greeni h glauconitic and and iron ca rbonate clown 
for a deplli of 36 f eet. ) 

Reddi b-y llow glauconitic s:wd with R Jittl r eel clay 
and much limonite in brol,en ea ms, fragment . and 
i solated nodul . Tbi material bas been e limated 
a capable of yi lding 25 to 30 per cent by Yolnme 

tu. 
3 
3 
2 

2-4 
10 

JO 
0 
3 

2 
3 

:1 

G 
3 
3 
2; 
3 
7 

4 

5 

of I imonite----------------------------------------- 10 6 
(Here the ection begin 50 f eet nearer the l ope of the 

bill , in oxidized material ngain.) 
Greeni b-wbite cl fly with a few streaks of glauconitic 

sand and a little limonite. The l owe. t seam of limo­
uite is 1 to 3 inche thick and appear s to be the base 

of the ore-bearinu materia'--------------.----------- 4 4 
White to yellowish fine sand containing a little ·l ay__ __ G 0 
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There are several areas of bro"·n ore in the Linden quadrnno-le 
that may be noted in passing along the ridge roads betiYeen Linden 
and Central Grove chool and between Linden and \.tlanta , and 
there is some ore-bearing land in the immediate vicinity of Linden, 
but all these are relatively unimportant owing to their slight extent. · 
In the southwest corner of the quadrangle between Flat Creek and 
Concord chool, a series of knobs extending north"·est for a di -
tance of about 2 miles reach an altitude of more than 400 feet and 
are r ported to cal'ry Yaluable deposits of brown or . 

0 TJIEA . 'l' OF Ll::\01':);. 

In the part of ass ounty sonth of the Linden and tlanta quad­
rano-le '"hich has not yet been topoo-raphically mapped, there are 
several ore-bearing areas. One area that is being actively pro pe ted 
by trenches pits. and d l'ill hole lie.· abont 5 mile ou then t of 
Linden and i lmown locally as the Pruitt tra t (fig. 3, o. 5). 
In this tract the best showing of ore appear to be around the e ige 
of the upland " ·her gullie · have expo eel it, although om o:f the 
pit haY hown o-ood ore-bearinrr material below the otton fi eld that 
occupy the hi o·he t level . Below these fi eld the ore is ·overed by 6 
to 10 feet of Jio·ht-gray and mixed "-ith a little clay. The following 

• ection is typ ical of the be t howing of ore-bearino- materi;ll in thi 
Yicinit. 

i"ecliou ·i n Jli'O ·pee l tr nch 5! miles o ulh ca~< l nf J,iuden. 

Soil, . and . and limoni te d~bri s ___________ ___________ _ 

LimonH . in t bin plat 8-----------------------------
Reddi b-yellow (oxidized) glnuconi t i sand ________ __ _ 

Ft. ln. 

2 6 
6-

3 0 
Liruoni t ---------------------------------- -------- JO 

la.r anl redcli ·1.1-yell w glnucon iti ·an(l ______________ . 3 

Lim nit!' ----- -------------------------------------- 1! 
GrayL h-whit clay__ __ ______________________________ 3 
Reddi h-yello1v gla u onilic aucL--------------- · ----- 9 
Ll mon I tc ------- - ----------------------------------- 4-6 
n ldi. h-ycll w glauconi t ic snnd______________________ 6 

Limonite ------------------------------------------- ! 
R dd i b-yellow gla uconlti and ______________________ 2! 
Lim uite nnd oxidizecl glau nitic >:and _______________ 7 

Ore ni ·b-black (vnoxi Ll ized ) ·1 !1,1'. or "buckfn t "------ 11 
Gr eni. h (unoxidized) )rla uconitic .·and______________ 4 
Iron cn rbonnte, norlular 1 dg ------------- ---- _______ 4 

"Bucl<f;~t" r la:r------------------------------------- 4 
Iron en rbonnt , nodules ________ --------------------- 3 
"Buckfat" clay, base not exro ed . 

Thi tr nch is cut nbout 120 feet into the north hill id f::tcing a 
mall creek. Th nltitude of the ba e of the tren h i about 290 
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feet. On the opposite side of the creek a similar trench ha · b on 
dug, showing pos ibly a slio·htly high r proportion of limonite 
and an equally sharp demarcation between the oxidized zone, con­
taining limonite in reddish-y llo'v o-lauconitic sand ani'l clay, and 
the unoxidized zone, containino· iron carbonate asso iated with green 
glauconitic sand and o-reeni h-black (" buckfat " ) clay. 

The section o-iven in detail above shows about 3 feet (3 inches of 
ore in a total of about 12 feet 6 inches of sediments. Thi~ corre­
sponds to about 28 per cent of ore by volume, and perhaps 40 per 
cent by weight. 

From to 9 miles southea t of Linden and 1, to 2 miles north­
west of the Texas & Pacific Rail way, an extensive limonite-bearing 
area has been prospected by two or more iron-ore ompuni that 
have holdings there. The ore i found on the high eli vide and table­
lands. As shown by the tren hes, some pla.ces are nearly barren, 
but in others there is a ri h r con ntration of iron ore than ha: 
been seen by the writer el wher in northeastern Texa . This 
area contains the properties locally known as the Harri and 
.Jernigan tr<~cts (fig. 3, .r o . (3 and 7). 

The following e tion, hown in a shallow trench about L 5 feet 
long where brown ore was formerly mined for u e in the !Jla t 
fu rn~ce at J eff rson illu trate one phase of the occurrence of ore 
in this vicinity : 

Sec/lion vn old mine tn3nch , ! m iles outheast of L-inden. 

Soil and re iclual limonite, mostly in kidn y -sba p d con- Ft. ln. 

cr ti ous -------------------------- --------------- 2 2 
Redd i. ·b c ro ·s-bedded glauconi t ic sand ________________ () 

Limonite in cru t · and on re ti on. ------------------- 3 
R eddi s h g lau onitic sa nd with s tr·ea k. f \vhite lny 

a nd n few concretion · of limon ite__________________ 10 

Limoni te --------------------------- --------------- 1- 2 
Reddish glauconitic sancl ancl \Ybi t cl Y------------- 7 
Limonite _______ :_ _____________ ___ __ ___ ------------- 2--3 

R edcli .·b gla uconi t ic sa ncl and \Ybi te clay_____________ 5 

Limonite - ---------- ------------------------------- 1 ~ 
Ye ll ow ocbe rous s ili ca sa nd. b:l e (·oncea lecl ______ _____ 4 

The concretionary ore at the top is rich and is r ported to have 
been in great demand when the blast furnace was in operation. 

An unusually large prol"pect trench has been excavated in this 
tract a hort distance southeast of the old mine trench. This large 
trench is (3 to 7 feet wide, about 14 feet deep and 130 feet long and 
connects with a narrower trench at right an<Yles, which extends for 
50 to GO feet , to the brow of the hill and affords drainage for the 
large trench- In addition to the material taken from the trench a 
block of th top ore-bearing gronnd about 50 feet square has be n 
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remo•ed from one ide of the trench, and the ore from the whole 
excavation has been torecl in a large pile in a neighboring field. 
The following section indicates the character of the ore eli played in 
the large tren ·h. The top 7 fe tis e pecially ri ch in ore . 

• ection in larue trench 9 m ile southea;; t ot Lincl en. 

oil ricb in ore clCbri s _________ ______ __ __ _________ ___ _ 

Led"'e of limonite wi th a f ew e:1ms of sand _ __ ___ ____ _ _ 

Gl:ltl conitic sand and clay------ ------- ----------- - ---
Limonite in part concr tionary _____ ____________ __ ___ _ 

Li~>ht-yellowish to r edd ish glnuc niti c ::meL ___ _______ _ 

Limon it , in part concr et ionn ry ------------- --- ------ ­
Reddi b gln uconitic nnd and white lny, with a few 

sma ll nodule of limonit ; lh snnd i s pnrtly indnrn tecl 

by f errug iuou. · .. t r cn k . ------------------------------
Limonite -------------- ------------------------------
"bi te and r eddi sh gla uconitic . nn<L __________________ _ 
Limonite 1 n.·, 3 f e t l ong in ."t nd ln yer_ ______________ _ 
Lim nit , with . e:llllS of indurnt d sa nd _____ _________ _ 

Blui . h -J:: r een clay y sand ------- - -.-------------------­
Rn . e cone a l ed; iron cnrbon:ate r eported below. 

li't. 

1 
4 

1 

l 

ln. 

0 
10 

7-10 
3-

3 
4--7 

!) 

2-3 
11 
4 

10 
3 

The e tion ontlin d above thus how. 
feet of sed iment . A photo()'raph of thi 
publi hed.1 

about feet of ore m 13 
prosr ect trench has been 

In ontra t with the rich se t i n j n t gi,·cn i th e followino- section , 
shO\Yn at the fa ce of a cut about 200 yard ea t of the larO'e trench: 

eel ion in 7Jrospect t r ench !J 111 il c . . outheast of l And en. 

li't. ln . 
Sa nd, ligh t colored, mo tly si li ca _________ --- - - - ------ 1 6 
Limonite ------------------------------ ----------- J4- 1 
H ed<li. b "Iau ooiti c . nncl , with white cl oy trenk and 

fh·e ~'<t rcak. of limonite. :l t ! inch tbi k___ _______ __ 1 6 
T. lmoni tc, wi lh str n 1; of ,, ncl__ __________ __ _________ 4--5 
H lcli h gl:t nCOtlifi sand, cro. · ·-beddE'd. ont11 ining white 

. tr nk fl - --- --------------------------------------- 1 11 
T_l in1011i tc -------------------------------------- ----- 7 
I IIOIYi.·h s:mu ____________ __________________________ 5 

Limon itc ________ ------------- _ ______ _ ___ __ ____ _ __ __ 2 

Y ll owi Hb :1llll , CrOSS-IJCddNL-------------- ---------- 10 

Lintonit ------------------------------------------- 4 
H lrl ish J::l:nl on i t i .·antl, <·ross-hedclctl nfaini n 'wllilc 

lny st r a k - ----- - ----------------- -------------- 3 7 
Limonite - --------------- ------------ - -------------- 3 
H cddi. ·h glnu oniti snntl, r o>: · b cl l ed, c n tn ining whi t 

clay str H k . --------- - -- - ------------- - ------------ 3 6 

1 Linton, Robe1·t, 'l'cxas l!·ou-O J' deposi ts : E ng. nnd l\J in . .Toul'., D c. 20, J013, p. 1153. 
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\.ccording tp th i ection th rc are a bon t :3 feet inc he of limonite 
within 16 feet 3 inches of ediment . 

In thi area one pro p ct t r nch ha been cut ntir ly through a 
small hill and affo rd· n, vi w of the iron-b rHing e liments for a di -
tance of about 350 feet and to a dep h of 10 to 20 feet. The rich t 
or -b ru·ing materia l in th i trench appear to be ju. tab ut the mid­
dl e of th hill. T he following two e ·tion · w re mea ured in this 
tren h: 

• eot.ion in so uthea ·t po rtion ot t 1· nch mtt t hr o11gh hill 9 m il es so uth east ot 
Linde-n. 

1. Soi I :1 nd 1 i moni te <l<'b ris ____________ _____ _________ _ 

2. Limon ite ----------------------------------------
3. and aud limonite altern:~ti ng in thin eam -------
4. H dcl ish-ycllow "1>1\l oni t i · .·and , er s-b deled, con-

taining white clal stt·ea l> -----------------------
5. Limonile ------- --------------------------------
6. :mel, .· imilar to 1\o. 4-----------------------------
7. Limoni Lc -------------- _ -------------------------

. Sand, .·imilar to 1\o. 4· _____ :_ _____________________ _ 

9. Iny ------------------------- --·----------------
10. Limon it -------------------- ___ -----------------
11.. S>1 ntl , imilar to 1\o. -L----------------~------- - --
1 -· L imonite ------------------- __ ---------- ---:-- __ 
13. S:tncl. ~imiln r to N . 4----------------------------
14. Limoni tc ----------------------------------------
15 .• a ncl , similnr to r·o. 4----------------------------

JG. Lin1onit ----------------------------------------
17. aucl, ·imilar to 1 -0. 4----------------------------
1 . 'ancl, simila r to o. 4, con tnini ng two nm · of 

li monite, eacll nbout 2 Iuelle t hick ______________ _ 

Ft. 

1 

1 

JO 

l n. 
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Section nea r micld le of t r n.clt cu t through hill.') mi.l s so tt llt ea .~ t of L ind n. 

Ft. in . 
Soil and limonite dNJri s__________ ________ _____________ 1 • 26 
Limonite, in hea,·y l dge with leu e and "pots • of ·and 

and cloy________________________________________ __ __ 6 3 
Ye llow glauconiti sand , loca lly indurated, conta ining a 

few ·eam of limonite__ _______ ______________________ 3 4 

T he south>Yestern portion of thi area, lmown lo ally in part as 
Jerni tYan Hill ha also been tested extensively by pro ·pe-t pit from 
9 to H feet deep. orne ore wa found in nea rly all the pit that 
were note~ . orne of the top ore is too sandy to be of comm rcial 
n tlu , but there is much good concretionary and nodular or . There 
is generally a heavy led<Ye of limonite near the urface, irrespective 
of a difference in elevation of 25 to 30 feet , a fa t which sugg ts a 
down"·a rd concentration. not onl y of the 1·e. idual ore accompanyina 
the degradation of th hill but al o of iron hydroxide, thus continu-
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ing to build up ledges of ore a foot or b-ro b neath the surface. 
F orest fire haYe partly dehydrated much of the surface ore, altering 
it olor to a dark red. An ore earn , inches thick ha s been found at 
a d pth of 45 feet b low the hjo-hest part of the ridrre. 

The last portion of thi . area to be Yi site l lie north of J ernio-an 
Hill and is known a Nigo-er Hill. The test pit here raiwe generally 
from 6 to 10 feet in depth but a few are 1 feet deep .• \. "-ell being 
duo- for water encountered only frao-ments of ore but cut throuo-h 
some pyritiferou g reen and tone nnd cl ark cla y nt a depth of 40 
feet. The ore shov,·n by the hallow pit con i t largely of rather 
ri ch ' kidney' concretion , but orne portions are andy. Ferrugi­
nous conglom rate containing quart~ san l , rounded quartz pebbles, 
and ang ulnr fragments of silicifi d ·wood \Ya noted on th surfac . 

NEAR L .\ , ATEH. 

In the outb"-estern part of Ca s ount:v, on the north side of the 
Mi ouri, Kansa c · Texns Railway bet\Yeen Axin cr r and La ater 
station , i an area of brown ore that \Ya form rly worke lin seYeral 
plac s to upply ore to the furna ce at J effer on. The r ailway cut at 
AYing r show· limonite in a thin ledge n ar the top , associ ated "-ith 
r eddish glauconiti and· at the ba e i exposed blui h , unoxidiz cl 
lay containing a few nodule of iron car bonate. Near Orr S\Yitch 

at the sou th e lge of the ounty, a le lo-e of limonite has been mined 
on the ides of the .-alley f a small creek about a quarter of a mile 
north en t of the rail way (fig. 3 R o. ) . The l do-e i generally 1 
foot 4 inches to 2 feet thick, but attains in one place an exceptional 
thicknes of 6 feet 6 inches in three reefs, separated by t"-o len e of 
glauconitic and ·4 inch to 1 foot 4 inche thick. ~ t thi plac the 
ledrre crop out at the urfac but where the ledge i thinner there 
nrc crcncrall y ~ to 3 f t of oil and loo e ore dcbri above it. Tbi 
leclcre of limonite may be true d do,>n the hill nearly to reek leYel. 
Th or i in round d nodular rna e . coale incr :o a to :form a led a-e. 

orne of th or i and. and contain layer. and coa tino- of crlau­
conitic and but mo t of th l dge i limonite of good quality. It 
ha been mi_n d by pi k and ho.-el alonrr the outcrop in bYo or thre 
pla e for <1 f w hundr d feet a h. ·what i apparently the equiY­
al nt of thi le ]o- ha ben min d at the top f th hill about a 
quarter of a mile outhea t of the reek and about the ame di tance 
from th r ailway. I ere n hallow trench xtends arolmd the crest 
of the hill and expose ore g n rall y from 1 foot to 1 foot 6 inche 
in thiclrne . 

Two small iron fnrna c s were operated in early days in outh­
western a s ounty. T h T a h furna ce "·a er cted within a few 
miles of Avinger several year prior to 1 -g, and i believed to have 
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been the fir t furnace to ntili zc the brown iron ore of ea tern Tcxa 
The other furnace, k.no\vn a the Hughe ·, was built about 1 Gl an l 
wa operated during the Ci il War. It was l i miles southeast of 
HuO'he prino·s. 

AN .\LY }] . . 

Many chemi cal nnaly. e of the brown iron ore in a. s onnty 
ha1·c been pnbli.-hcu by th Geolo(l' i al urvey of T exas and by t cli ­
nical magazin . \.nal y e of the carbonate ore a rc not so r ea lily 
available probably beca u c only recently ha .· thi s type of ore ben 
rea h l in pro pecting. The anal y · s by th T exn ' tn·v y w r ' 
e1·idently mad e on O'OOd a,. ra ge pro p ct amples rnth r than on 
picked ample of or . Occa ionall) a sampl e was foun<l in whi ch 
the ili ca proYe] to be ·o hi D"h and the iron o low that the materinl 
coul<l not be cia · ed a an ore a corclinD" to present -tandards. In 
makinD" u e of thee data such analyses ha ,·e not be n in lu cled. 

The following analy es indicate the con po ition of certain types 
of the deposits : 

il.nalysc ot Cas County ·iron ore·. 

2 5 

--------------1---------------
Silica (SiO,).... .... . .. ................. . ...... .. .... 10. OG 20. 25 37. 6 2. 50 

tl~~:;~~~~~~t~:~:~~:::::-::::::::::::::::::::~::: ····3

.\lf ·--
1

~:- }~r ~ ~ ~~~:::~~ · - --~:-~r 
Loss on ignition (mostly to m hi ned water) . .......... 0. 62 12.25 . .. . .... ..... ....... { 
Carbon d ioxide (CO,) ................. ................................ ... ..... ............. .. 

W~ill'~m ~~~7~ "(-i'i o;>·:.·.·.·:.: : ::::: :::::: ::: :::: :: :::: ::: ::: ::: ::::::: :::::::::: .... :.:~ .. 
Metallic iron (Fe) .. . . ...... .. ......... ,.. ... ... . .... 4J.C I 37.~ 1 3~ .26 ~ 8. 10 

a Water driven ofT below 100° ('. b Water driven ofT abo\'o 100° C. 

1.10 
1. 02 
. 16 
. 05 
.05 

• . 15 
b 1.05 
36.54 

. 10 

. 04 
~ 6. 44 

L Average or 22 annlvs or nodular and c·onrrclionary limonite. Kennedy , WilHam, r.ep rt on tho 
iron-<>re d istrict or cast 1J'oxas: 'l'cxas Oeol. Survey econd Ann. Hept., pp. 79- 7, I '91. 

2. A \·crngoof 5tu_ml)•so.." o fl o miJml d lhnoni t . l dern. 
3. Average or analy or ferruginous conglomerate. Idem. 
~ - Analysis or ~early pure1 c_leaned carbona to ore. L!nton, Robert, Texas iron-<>ro deposits: Eng. and 

Mtn . .Tou r. , Dec. _Q, 1013, p. 1156. 
5. Analysis or average sample cleaned rn rbonate oro from vicinjty or Linden. Analyst, H. C. Wells, 
ni ted tates Geological Survey, March 1;, 1915. 

DEPOSITS IN MARION COUNTY. 

NF.A R LA .\TE n. 

few deposits of brown ore were examined in th e north·western 
portion of farion ounty. outhwe t of the Mi ouri Kan as & 
T exa. · Railway ore ha been mined at everal place 1 t o 2 miles 
we t of Lasater (fig. 3, No. 9). Pro pect trenches and old working 
in thi area how ore from 1 foot 2 inche up to nearly 5 feet thick 
but the latter thickness is exceptional and is due to the formation of 
nn unusually thick pocket of ore. Old . took pi l e~ of ore show a 
fair to good grade of limonite, some of which is ocherous and ome of 
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which is incrn ted with rrlauconiti c an 1. In addition to the ore 
·hipped to J cffer on, T ex. ·hipments of lump ore arc r eported to 
have been made to Birmino·ham, Ala., about 190 or 1909. Little or 
nothin · c m to be known a to whether th ere i ore in small frag­
m nts below the top ledge a the deepe t cut are not more than 5 to 
6 feet below the stu·face. 

0 TJJWl~ST OF A \"L~OER. 

The tract of ore land mo t rc 'ntl y developed in Marion County, 
kno,, n a the Gilb rt tract is situated in the extreme northwe' t 
comer of th e co unty about G} mil es south,Yest of vinger nnd 7 
miles northca t of Ore City (fiu. 3, No. 10) . It i tapped by the 
P ort Bolivar Iron Ore Railway a. line extcndina north from Lonu­
>iew T ex., a di. tan ce of about 30 mil e . Thi · road ''~"a s built to 
transport ore from thi · field to Lonu,·icw and th n.ce oYe r the T exas 
& JU!f R ai lway (-·U chi ·on To)peka & , anta Fe y tcm) to P ort 
l3olivar on Galve ton Bay. It i · planned e1·entna ll y to extend the 
P ort Bolivar Iron Ore Railw ay north11·:u·d to conn t with the T exas 
& P aci fic Railway, probably between AvinO'er and Hughe · Sprinus. 
The m· i expo ed al nO" the brow of a high , flat-toppe l ~~-ooded 

ridge known as 75-Acre I-Ii ll. The base of the main ore lelg lies 
abont 0 feet aboYe the railway pur and , accord in•Y to company 
mnp , is at an altitnle of nbout 370 fe t. In open cuts made in 1Dl3 
the ore i · . hown to be concreti onary lim nitc, gcne rnlly of hi rrh 
grade. In the cu t which extend about 500 feet . 30° \V. f rom n. 
point nenr th e tippl e the be. t ore form a leclgc to 15 inch s thick 
2 to 4 fe t below the urfa e, anrl is oYerlain by nn ]y leclgc of ore 
an l ore debri s in the oil. The ledge i concretionary in trn ture 
rmd some of the ore debris con i t of concretions. \ bout :1 quarter 
of a mi l n r h"·e t of the fir t cut another ut hn · b en mnu c al ong 
the brow of tit ridl!c and around th e head of n h llow. Thi cut is 
abou t 00 feet long and 3 to 6 f' t lcep and el i ·l o c a l ·clue of re 
thnt is in pln es'" ry thick In ne pine o feet of excellent ore wa 
mea. nr 'd om po cd f two on ret ionar_v l clac and extending down 
f rom th e g r·a; "' r oot . At another place a con retionary rna ~ of ore 
m asn rc ·1: f t in thi lme . At oth r place th e g oJ ore i only 
abou t 1 foot thi ck: with andy or an d lay abo it. 

id from th mine cut 7- -.A re Hill s em to haY been fairly 
w l1 t te l by pit and other marginnl and urfn ce ut . \ on tour 
map n a ale of 200 feet to 1 in h >~· ith 10-foot contour inten ·al , 
ha been mn.de, a11d by it u e it ha been detcrmin d that there i on 
thi hill p rhap 30 a re of ore-b ar ing land be icl ~5 a re carry­
ing flo;J t or . fost of th e t t pits n r . hn ll ow and how a moderate 
quantity of or , a-cnerally n t more than 10 to 15 perc nt by Yolume. 
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Many ferm<Yinou bowller are ·catter d about the surfa , but th e e 
are mo tly too andy to be con id re l good ore. The on tour and ur­
fn ce of th e hill resemble that of B owi Hill , n s County in many 
respect , pa rticul arly in the out tretching pur andre ntrnnt r avin s 
on it border . On the ·oL; thea t margin of th hill <t ma hin hop 
tipple, and crn her p latfo rm haYe bE'en r ccted, and nn ore hnte. or 
flum e extend down to the railwny pur 5 f e t belo'''· The chute 
c,·irlently \Ta not employ l to caJT.) Ol'e howeY r clnrinO' th e r e nt 
min in <T a th product f rom the mine trenches was hauled clown by 
wa gon and d umped on a p latfo rm abo\·e the railwa . H 'r th ore 
wa shoYe]ed in t three chnte · wbi cli di cha r O'e on g ri z.zlie , wh ere it 
wa. brok n by sledge nnd feel throuah hnte into th car·. 

TITO teamer ca rgoe , each on i tina of ,·era] th ou and ton of 
high-O'ra le bro1Yn ore, \TOr hipped from thi prot rty to the fur ­
n ace of the \Jan 'Vood Iron & te 1 o., near Phila cl lr h in Pn ., in 
the umm r of 1913. 

\..n iron f:o r (re or furna ce \Yn operated mnny y ars ago at th ba e 
of 7 - -Acre Hill. The only cvidenc of it form er a ti1·itie are a f ew 
remnant of gla y slag. 

ANALY, E . 

The follo,ving serie of analyses, whi h coYer n wide r anrre of 
sampl e , show th excell ent <Yrade of ores foun d in northw stern 
Marion ounty : 

d naly. es of Marion onn l y i r on or e . 

I 

___ __ z ___ :l_l __ 4 - --5-- • 

Silica ( iO,) .. ... . . . . .... ........... . .......... . . .... 9. O.'i 4. 460 6. 13S 
Alumina ~\.I,Oa).. . . . .. . . . .. . . . . . . . .. . . .. .. . . . . . . . • . 3. 92 2. 377 2. 728 

~'i,?.;~c~n<,~~?/.:::::::::::::::::::::::::::::::::::: :::::_:~~ : :::: :_:; ~: :::::_:<~6: 
~£;g~~~:<~~~>:: ::::::::::: :::::::::::::::::::::::: · .. i o: ~;~ ..... _:_ ~~- ..... :~~-
i\let,a llici ron<Fe) .... ..................... .... .... . 53.00 5i. 450 56.030 1 

9. ~0 9. 74 
I. 40 4. i 
.07 

Tr_~ · ·-·· ··_·is 
.007 
.I 1.22 

II. iO 
53. 51.21 

1. A\'erageof 10 annlyses of nodu lar and concreLiona'>· limonite. Kennedy, William, Report on tho iron­
ore district or east 'l'exas: 'l'QXaS Geol. urvey econrl Ann. Rept. , pp. 10?~1 06 , 1 1. 

21 3. Analy es by .\. S. McC'reaU> & Son or two cargo samples or ore !rom Gilbert tract, discharged at 
Philadelphia, 1913. Dry basis. 

4. Analyses by R . N .'birkman or sample a,·eraged from 30 'amp! from 0 ilb~r L tract,. 
5. Avern~e of ix analysEl:'! t;>Y Ch~lesCatleLt or composite samples of ore from Oil bert tract. Dry basis. 
Analyst's m columns 2 too, mclus1ve, w replaced at thedJSposal or t.he . urvey by Col. L. P . Fcatb erstone, 

p resident or the E ast 'l'exas Brown Ore Development o. 

DEPOSITS IN M ORRIS COUNTY. 

NORTHWEST OF DAI N GERFIELD. 

The iron-ore map published by the Univer ity of Texas Bureau of 
E conomic Geology and Technology shows a large iron-bearin<Y area 
west and northwest of Daingerfield. So far a could be ascertained 
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by a, rapid reconnai ance and inquiries the howinO' of ore in this 
area are limited to streak of very red soil associated with a thin 
mantle of residual limonite gravel. This li monite gra,·ei ranges 
from the size of hot up to the ize of walnut and is high in iron. 
Pieces of the limonite graYel that are comparatively fre h appear 
to be fraO'm ents of the crusts of geodes. On the ere t of the ridge 
northwe t of Daingerfield , which reaches an altitude of more th~n 
600 fe t, the rock is mo tly fernwinous silica andstone, containing 
here and there a streak fairly rich in iron, but on the whole too low 
in iron ever to be reO'arded as an ore. Bowlders of O'lauconitic and-
tone, slightly fer ruginou in tt·eak , are al o found paringly on the 

ere t of the ridge. 

' 0 THEA "1' Jo' DAl 'GEIU'lELIJ . 

Near th e -Iorri -Ca · county line, within 1,_ mil es north and south 
of th Mi ouri, Kansas & Texas Railway. limonite lediYeS crop out at 
about the 500-foot leYel around the rim of the upland. On the or­
"' od and other nei O'hboring place (fig. 3, No. 11) some surface 
mining was done 12 or 13 year ngo to upply the bla t furna e at 
J effer on. evera l shallo" · te t pit. dng in 1910 how limonite in 
ledge from inche to 4 feet 4 inch thick, th e maximum repre nt­
ing an unu ·ually thick ma . In a water '"ell on the place of John 
\ '\ allace bowlders of iron carbonate containing glauconitic and 
were struck in greeni h clay at a depth of about 20 feet, and at a 
corresponding altitude (510 feet) a le lge of limonite crops out on 
the north lope of the hill a, fe\Y hundred ya rd di taut. There is 
mu ch ore O'raYel over the urface in this Yicinity, and many bowlders 
of con Tetionary ore of excellent quality. Some bowlder mea ure 1 
foot 6 inche in diameter. 

The ii ouri Kan as & 'I exa Rnilway cut nt Veal switch 2t 
miles northw t of lluO'he · 'p ring.· ·ho"· the following .·ection: 1 

i'lediou ill milruurf cu t 11/ I eo/8 swi tch. 

Ft. iu . 
Soil ___ _ '1-
\ ell ow ,.:a 11<1 n ud "antl>:tou , ___ _ 
Jrou ur _______ ------- 1 0 
l'CII O\\' SHII!I __ -- - -- - . -- ---------------- --- ------ (j 

lrou u re __ ___ ___ ___ ---- ---- -------- -- ----- ___ 6 

;o;aud ------------------- - -- ---------- ------- ----- - 4 
Irou ur __ --- - ---- --- . -------------------------- 8 

a ncl ____ ---- _ -------. _______ ------- - _ ___ _ _ _____ __ ___ 3-5 

Iron ore------------- ------------------- ----- ---- --- 1-2 
Gruy to ('bo olate-cotorml c lay·--------------- - ------ 10 

' Eckel , E. C., The Iron or s of northenstcrn T exns: U. 
1905. 

10427°-Dull. 620-16-7 
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Nodules of iron carbonate occur at the ore horiwns neare t to the 
dark-colored clay. In a ' "ell adja.cent to Hervey' otton gin nt V •a.ls 
witch rna ·e of ir n arbonate '"ere found at n cl pth of about 40 

feet . Limonite eam · \rere al o found at intermediate depths, and in 
places film and ern t of a green fibron nuneral occur in ·avities in 
the limonite. Thi mineral ha been determined b.) " . T. hall r of 
the nited tate Geol gi cal Sun·ey, to be a hydrou iron rho phate, 
near dufrenite in com1 o ·i tion. 

'outh of the main Daingerfield-Hughe pring wagon road a 
mile or more from Yea! witch (fiO'. 3 1 o. L), ther i mu h rich 
Jimonit ·catte red about the udace in bo"·lder,v ·on r tion , an 1 
numerous ·hallow pro -pe ·t trenches have disclo ·eel the presence of a 
l eclO'e of limonite a few inch e · to 6 fe t thi ck underlying an area of 
many acres. 'ome pit howe,·er, ha,·c been put iown in bnnen 
lJ' rOilnd. 

AN.\LY.'ES. 

~\ , ·crage · o{ erie of ix and four ana ly e ·of mixtur of nodu lar 
:111d con T tionary brown ore from the principa l depo it in 1orris 
County are O'i,·en below in ·olumn 1 and 2, respe ·tiYely: 

A uuly · c:~ u f J1111rri:~ Uu uu/ y irou or ci<.a 

.'i lira( i •) .. .... . .... ...... . ......... . .... .. .... .. . .... . .. . ... .... .. ..... .. .. .. 

.\lu mintl ( AI,Oa) .... .. . .. .. ... ...... .. ... ........ ...... ............. .. .. . .... . . 

~t~I~W~~~(~).<P>:::: : ::: :.: :::: : ::::::::::::::::: :: :: ::: :::::: ::::: :: :: ::: :: :::::: 
Loss oo ignit ion (mo,tly rorn bined water) ............ . .. ... ..... . .. ........ . ... . 
M lall ic iron ( Fe) . .. .. ..... .. .......... .. .. .... . . .. .......... .. . .. ... ... .. .. . .. 

a K nnedy, William. op. c iL., pp. 117- 1; 9. 

DEPOSITS IN CHEROKEE COUNTY. 

\ ' I '1::\'JTY (H' I! 'K. 

!US 
3. lti 

. t:l5 

. 016 
10. Ol 
5 1.56 

t1 . ~l 

5. 29 
• 114 

'fr l<'e . 
IO. Ii l 
5i}.25 

The mo t nlluable dcpo its of brown iron ore in Cherokee CotU1ty 
a re ituated n ar the top of the p lateau south of Jack on ville tho e 
in the Yi cinit:v of Rn k probably being th e mo t exten ive and bet 
lmo"-n. According to D eu sen 1 they are to be r egarded as belonO'­
inp: to the Cook Mountain formation the upper of the two iron ­
bearing cli,·i: ion of th e Claiborne group. Th d po it · in th 
Yi cini ty of Ru k that '"ere examined by the write r are of a ty pe 
en tirely d istin t from tho e of Ca s, Marion and Morris countie , 
whi h a re r garded a of Mount elman aO'e. Instead of con isting 
of irregnlar. ramifying and fragmentary masses of more or less 

1 Deu sen, Alexander, op. cit., pp. 62-63. 
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nodular ore distributed through 15 to 30 feet of bed , as in n 
otmty, the Ru k deposit con ists cs ·entia lly of one sol id and fairly 

continuou bed of limonite 1Yith almo t no re idual concentration f 
ore aboYe and but little ore in earns and nodules below. The 
limonite b d near Ru ·k form a cap near the top of the flat-topped 
plateau, at an altitude of about 600 feet, and i o,·erlain by uncon­
solidated gray and ranging from 1 foot or 2 feet to 25 or 30 feet in 
thi cknc . o,·er areas compri si ng \'eral quare mile. there are 
undulation in the altitude of the b d reaching a maximum of per­
haps 30 feet but in the absence of an adequate topoO'raphie map or 
of pr ·i e 1 ,·e) the altitude ca n· not be accurate! determined for 
any (ri ,·en place. 

Tho ore bed range from 7 or inche · to 3 and e,·en +feet in thi ck-
ne but the more ·ommon thickne ::;e · ar bet"· en 1 foot 3 inches 
and ~ feet G inches. At 
the tor of the or bel, 
ho"· Y r, is a " and 
cap,' or layer of more 
or le fenuainou hard 
sand tone, from half all 

inch to 4 inche thick. 
This an l cap may be 
plit freely from the 

ore in minina. The ore 
bed i immediately un­
derlain bv ~• few in hes 
of liaht-color e l clay, 
below "-hi h arc layer 
of and an l oft and-

~~'!7:~~~ ':"'t::?.~"i!"<~Bi-1 Sand~tone 
Lamina ted l imom te 

11

Curly''limonite 

White clay 

Glauconitic sand 
~~~·C:-~?;t.i,~'§::'-:·i'§"~~~;;::=,;~,f-,?t:~:;~~i;:~'"~ Sandy clay 

l<'JG llE 5.- Sectiou or I cclcl ed Ilmenite neu r Rusk, bcro-
kcc 'ouo ty , T~ x. cale, 1 Inch equals 5 f eet. 

stone, ·om of which i g ln.u onitic. The 11pper urfa ce of the and 
cap i · not mooth but i eros ed by hallow furrows extending 

. G5°-70° '\\' . The " ·idth of thee furro"' i; 2! to 3~ feet, and the 
height of tlw r 'il abo,- the bottom of the furrows i aenerally 2 
to 3 inch . The and ap i thicke t on the ere ts of the furrows, 
bnt the furrowed urfa e i. hllracteri t.i of th limonite a l ·o when 
stripped of i s and cap althouo-h the furrowina i not o marked. 
U the ba e of the ore bed botryoidal and rootlike protuberances 

of limorut extend cl wn into the unclerlyino- cla) , ·o that the ba ·al 
urfa 'e i \'ery irreaular and pr ent a trong contra t to the upper 

surfa . ( ee fi 0'_ 5.) 
Th or it ·elf po · s es certain cha ra.cteri tics of teA.i.ure and color 

that mak it ea ily eli tingoui hable fr m the ore. of the more north­
erly countie ·. The olor, for in tance, is light brovm or buff, everal 
shades lighter than that of the ore of Cas ounty, except where the 



92 CONTRIB TIO ·~ TO E ONOMI GEOLOGY, 1915, PAR'!' I. 

I attcr is och rou . The u pp r 2 to 4 inches of or genern lly ha fine 
open lamina:.\ par~tll 1 to the b d, lined with o-lo y bla k coatings, 
with here and ther a pot colored bn ght red. The ore below the 
laminated layer presents a urly tructur when fr shly brok n, in 
contra t o the more eYen ly concr tionary t pe of ore in Ca.ss and 
l\Iarion co unti . The ore with curly structure cra ck· and crumbles 
on weathering and thn is known as "buff crumbly or ." Occa-
iona lly a caYity containing and or andy clay i · found in the ore. 
The Ru k ore is consi lered to carry a r latively hio-h I ere ntage 

of a lumina ani there may be a relation between the pre n e of thi 
ingredient and the light color of the or . The ore from the top of 
the bed ontaining black-lined laminati on · i · ·a iel by furna e men 
'rho hHe had experienc in it · u ·e to contain a higher percentage of 
phosphoru than the re t of the ore in the bed. 

The ore bed i expo · d at a great many place · arotmd the rim of 
the ta ble-land, which form an irregula1· ere ·centi c area extending 
about 31 miles north we t and 41 mile· outheast of the town of Ru. k. 
Thi · n rea i border d on th south nncl w t by the Loui ian a &, r­
kansas Railroad the Texas & e" Orlean Railroad extends Horth­
'rard aero s it from Ru k, and the Texa tate Railroad touches its 
border j nst north of Rn ·I . ~\mong the bet expo ·ures are tho e 
wh re the ore ha been mined a for in tance, at the seYeral tate 
mines, 3} miles north wet, 11· mile north and :...i miles northeast of 
Ru k; at the ta r and recent m.ine ·, 1 ~ miles a t of Ru k· and at 
the mines 2!! miles ·outheast of Rusk, worked in connection with the 
T a ie Belle furnace. 

1he late t and mo 't exten i\·e of the State mines are on the east­
" ·e. t pur of th e p lat an, beginning about 2t miles nortlw,'e t of 
Rusk (fig. 3, No. 13) . These workings, which have been inactive 
·in ·e 1909 consi t of open cut and extend we tward for more than 

1 mile, .intenupted by places where the cover of sand is too thick for 
stri] ping and by a r a \·ine where the ore bed has been remo\· cl by 
€'ro ion. \..n unusually good opportunity wa afforded to the writer 
in O\·ember, 1914, to examine the ore bed at one place " ·here it had 
I een stripped over an area of about 1~ acres. The regular furrowed 
.-urfa e of the ore bed i. particularly well eli played in this stri pped 
area and \\'hen viewed from th e top of a hi<Yh bank of ·~md the sur­
face resembles an abandoned plo"·ed fi eld in which the f urrows are 
still faintly visible. The ore bed ranges in thickne s from 15 to 36 
inches and probably aYerages at least 2 feet. djoining the tract 
where the stripped ore bed is still in place piles of lump ore about 
4 feet hi<Yh have been stacked up over an area of about an acre. 

In the cu t on the Jack ·on ville wagon road a few thin streaks of 
brown ore are shown within 15 feet below the ore bed, but they are 
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of no value and would not warrant mining nny of the mnterinl below 
the ore bed. 

A smaller abandoned open cut wa noted on th e rim of the plnteau 
on the west side of the T exas & New Orlean Railrond, nbout 1 
mile north of the State penitenti ary, nt Rnsk. The thi clme s of the 
ore ranaes from 7 to 1G inche. wh re exposed and the thickne s of 
th e tripping has reached (i or 7 :fe t at th e maximum. Th e co,·er 
which is fin e g ray and thi kens gra d ually to the north we t and 
probnbly rea ches 30 :feet nt th e hi ghe t level of the platenn. The 
ore bed how a thi cknes of 2 feet in a railroad cut near by and n 
few feet below it ar a few thin treaks of limonite, po sibly aggre­
gating 5 or 6 in he within 10 feet of sand and oft and tone, partly 
glauconitic. The ore was 'vorked here by the tate. 

Anoth r locnlity \Yher mining wa done by th tate i 2 to 2~-
miles northeast of Rnsk, around the we t r im of a north,Yard-extend ­
ing lob of the plateau (fig. 3 No. 14). The open cut extend 
around the edae of th e hill for a mile or more, and th e . t ri pping 
wa ca rried to a maximum of 10 feet , but average much le . The 
ore bed ranges in thickn ess ft 'Om 12 to 30 incl cs. In place it con­
tain a streak of nnd a i. hown in th e follon·ina . ection: 

ection f? m1les north east ot Rusk. 
F' t. l n . 

and, fine gmined, gr ay , w ith soi l nnd gnls,· at top _______ 7 0 
Sa nd!';t one, bil rd , with ·Lreak s of l imoni te ________________ 1 5 

Limoni te. comnncL----------· -------------------------- 0 
ancl. yellow , .·of t_ _____________________________________ 5 

Limoni te, compact -------------------------- - -- -------- 1 3 
'lay, whi te : bilse not ex ] os cl . 

In this section the'· sn nd cnp'' probn bly i · merg d into th e leda of 
limonitic and tone above the ore. t other place the typical layer of 
sand t one, about 2 inchc thi ck i. at the top of th ore. Nenr the 
north end f th w·orkin o- the an d abo,-e the or contain 3 to 4- fee t 
of f airl y hard CO!lcretion ary and tone, which r end red the work of 
stripping more d iffi ult. Ore was ca rried from thi place to the tate 
bln t furnn ce by a tenm tramroad. The h t operations nre r ported 
to ha ,. be n an·ied on in 1906. 

A good exposure of th e ore bed was noted on the we t margin of 
th platen u 1!f mile ea t of Rn k at the '''orking of th tar and 

re ent furna ce ( fia. 3, No. 15) , where the la top rations are said 
to ha v be n carried on in 1907. The or mea ured 32 to 3 inches in 
thiclrnes nt thi place. 1[ore ore i till a ,-nilable here, a. the cover 
ha not be n tripp d off to a gr at n thiclme a at th e tate 
mines. Ore was tramm d down to the bla t furna ce, a eli tance of 
abvut 1i mile ·. 
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The old mines of the Ta sie Belle furnace (fig. 3, No. 16) are 1 
to 2 miles farther outh along th we t nuuo-in of the p lat ~w , within 
a short haul of the furnace. The workinrr have lain idle for a b ut 
20 years. In one cut half a mile northea t of the furna c the ore b d 
i 27 to 29 inches thick and i covered by 3 to 4 feet of and n t the 
margin of th . tripping. A pil f lum p ore lt to 3 feet hi o-h, 50 
feet wide and about 300 feet long ha b en l ft here. 

A TALY E .. 

Average of seven analyses of laminated brown ore from the bed 
worked to npply the , ta te bla t fumace , and of ix analy es of lami­
nated ores from other part of Cherokee otmty are gi v n below in 
columns 1 and 2 re pectively. 

Ano lysP.~ o( li erokee C'ou nl11 iron ores.0 

• ilica (SiO,) .... .... . ...... . . . ..... . . . .•.....••... . ....... . .................. . ... 
Alumina (Al,O,) .. ... •. . . . ..• • .. .. .. .... ..•.. . .. . .•.. . . . •.... ..•. .... •• ....• •... 

~~l~£~7J~1~?:::::::::::::::::::::::::: ::::::: :::: :::::::::::::::::: :: ::::::: 
llfetallic iron CF ) ........ . .... .. . .. . .... .... ...... .... . .. ...... ... .. .. ......... . 

b 19.0 

.lil> 

.020 
12.25 
~ 5.68 

14. 08 
10. 

.062 

. 440 

.85 
39.49 

a Walker. J. H. , lleporls on the iron-<>re dislrirt or ea.<i Texa.<: 'l'exa.~ Goo!. Survey econd Ann. Hept., 
p . 291, I 91. 

b ln.<oluble. 

COM POSITION OF THE ORES. 

In any discussion of the ompo ition of the brO\Yn ore of north ­
ca tern T exns it mu t be borne in mini that the tl re ty pe of re, 
nodular, lnminutcd and onglomerate. how certain e ntial liffer­
cn es in their a,·erage comr osition , and therefore an attempt to cal­
culate an a' erage composition for all the ores of the area ~onlcl o-iye 
r sults of li ttle or no value to the furna ce man. The low percentao-e 
of metallic iron and the hio-h percentage of sili ca in the cono-]omerate 
ore without regard to quantity or ace ssibility, rule ore of thi type 
out of con. ideration a. a ourc of ore supply. If th nodular ore 
and the la minated ore chan d to occnr in workabl e quantities in 
th e same loca liti e . or in localitie o close together that both types 
of ore could be readily as. em bled an l used in a mixed ondition in 
the bla t furna ce, it might be of interest to average a number of 
ana lyse of the e two type of ore together. HoweYer , a the work­
nble depo it f ore in the counties north of abine River are prac­
tically all of th e nodular or concreti onary type an l tho e outh of 
the Sabine are of th e laminated typ , their geographic paration 
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render it improbable that they will eYer be mixed to any grea t ex­
tent in the blast furnace, either locall) or at astern iron center . 
It is reported that the Texas Iron Co., which leased but did not 
operate the tate furnace at Rusk planned to utilize a mixture con­
si ting of three parts of Ca s County nodular ore and one part of 
Cherokee County laminated ore. In such mixture the influence thn.t 
each type of ore may haYe on the mixture can be controlled. 

A summary of analy es of Texas iron ores 1 ha b en publi. h d 
recently, from which are taken the follo1rin0' gen ral data, with 
special data concerning the ores of Cass, Marion, Morris; and hero­
kee counties: 

In ord r to mak sa ti sfactory r epli es t o the numer us inquirie wilh r e pect 
to the qu11lily of the ast Texa s iron or , w h:we underta ken to ex amine and 
cln ·.·ify 207 analyses. 1\J:tuy of them were tal• n from th repor t of 'Vill inm 
K enn tly on " Tlle i ron-o re di t ri ct of east '.l'exas" ( T exn Geol. Rnn·ey 
Second Ann. R ept. , 1 0) . wh ich is ou r chief source of information with respect 
t o tllese ores up to Lhe time o f i t. publication. Thi: report h:l long been out 
of print an l copi e. of it a re scnrce. In addition, w e hn 1·e bad a e: .·,;to mnny 
more r en t nnaly ·e.-. e:pecia lly of or s from ns a n l .:\Jari ou counties. wher 
exten.-il·e de,·eJopment work during the last t iYO .rears, p:H licnlnrly llwl of 
the T xa Iron & Coal Co .. has con t ri buted · much to ou r kn wlerll'e of the ·e 
or es and of t he greatly ula rged ar a wi thin whi ch exc llent mat 1·inl i,; to b 

f ound. • * * 
In studying these analy e · it w a · rl ecidecl to dil"itle them in t four gr oup -

for exnrupl e. from 40 .to 45. 45 to 50. 50 to f!fi. aurl 55 to GO per cent of iron . 
All ore. containing !e. th an 4{) p r c nt of iron a re d i. r eg:t rcl ed. '.l'be ti me 
mny com e wh en su h low-gr ade ma terin I m:1y be used . through 1 r o ·e. s of 
crnsbin~; . jigging, tc., but we need not con ·ern onr:<eh· . wi tll tb L now. We 
eli tingui ·IJ , then, four clas es of the. e ore. : 

~Ied ium, containing from 40 to 4Fi per cent o f iron. 
Gooct . contnining f rom 45 to 50 per cent of iron. 
\ 'ery 'Ootl. ·on tn ining fr Ill 50 to 55 per ent of iron. 
Extra, con tnining from 55 to 60 p r cent f iron. 

It i. probably the cnse thnt m t o f the . o-called hr ''' n ore. (a nd . wi th the 
xc ption of !'lOme nrbonn t o r , n II of the east Texas iron or e>; a re of this 
bar acter) u cl in tbis ountry :lrry about 45 per cent of iron. It i an 

ex c·ept i on to I he ~ n ral rule when . ucb ore~ ca rry as mncb ns iiO per cent 
of iron . : ;tv<' wh n they nr c:tl ined. nnd thil" prn cti e i;: not common. Ru b 
ore. go clir ct from t·he wn~ber~ to the :t ·!\house. n Y ry ~run! ! p roportion 
b ing nl ioecl or otb erwi <' impro,·ecl . 

o.·s mii!IJI . 41 onal!l-'< f' .'<. 

P r r crnt. 
;vr ed i u m ___ ------------ ____ -------- __ ------------------- _ _ _ 2!l. 8 

Oood ____ -- ------- ------------- - --------------------·------ 23. 4 
Very good------------------------------------------------- 23.4 
Rxtrn .--- - ------------------- ----------------------------- 23.4 

'l?hilllps, W. B., !ron and s teel making In Texas, 1l : !ron Age, .Tn u. 11, 1912, pp. 
l 4l-143. 
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rl ver age co utpos ilion. 

Medium. Good. Von• 
~ ocl. Ex ira . 

A\Teroge, 
nil 

anA lyses. 

~r~:~~~7~:~~-;~ :. : :: :::: : ::::::::::::::::::::::::::: 
§~~~~c;:~r~!'.~~ ::::::: :::::::::::: :: ::::::: ::: ::::::: 

42. 43 
I .26 
II. ~13 

. 108 

.09S 

4 . Z3 
11. 
7. 5 

. 147 

.1 :l3 

fi2 . 33 
5. 19 
5. 21 

.107 

. 124 

!H.58 
~- 94 
5. 21 

. 052 

.0(1.5 

4 . 64 
10.64 
7.65 
. 100 
.104 

On ;:;nmple, not inclur1ec1 in tbi;:; cl n;:;>< ific11tion. conLainetl iron. U0.4-l; . ilica, 

3.50: ph o. phoru f<. o.on : sulphur. 0.220. 

Per cent. 

~Ier1innL-- -------- --------------- ------------------------- 4. 6 
Good----------------------- - ----------------------------- 15.4 

\'ery j!OOfL------------------------------------------------ !l.3 
Ex tn1 ____ __________ _____ __ _____________ __ ____ ----------- __ 70. 7 

A 1' (' /'0 {J(' ('(//Jt ]lll-~ifiO II. 

Merl ium. l Good. g~';;'l Extra . I Av:ITge, 
· analyses. 

-----------------1·------------- --
Mrtnllic iron [Fe] . . ............... . . . .. . .. ....... ... . 
Silica [Si02] . ...... . ... .. - ••• • • - ••••••••• ••• • • •• •• • . . 
Aluminn [AI,0 3] . . . .. .. ............. .. ...... - •••• ••• 

~~y;g~~!s! ~~_~. ::::::::::: ::: ::: :: ::: :::::::::: :::: : 

43. l o 
19.55 
i. 41 

Trace. 
. 030 

46.69 

1:1. 10 I .40 
. 093 
.~80 

53.80 
4. 90 
8.33 

. 070 

. 156 

57. 43 
3. 27 
2.69 
• 4 
.100 

54 .91 
5. 18 
4. 30 
.Oi3 
. 067 

In t"·o of the good ores the silica IYns 26.43 per cent. In one th nlnmina wa s 
19.06 per cent aud maxi':JlUm sulphur w ns 0.735. In one ·a mple of the ,·er y 
good or e the alumina wa 16.50 per cent ; lhe maximum ulphnr w a. 0.304. 'l'b 
mnximum pbo. pboru iu one &llllple or the extrn or e wa · 0.22 and the maximum 
. nl phur wa 0.22. 1' hi county has not only tll highest avera<>e of ex t rn or e, but 
the higbe t general a1·erage in metnlli c iron- l'iz. M.91 per cent. 

M orr ix Oouni1J, 10 ana/y. es. 
Per c~nt . 

' er.\' :roocl ------- - - ---- - ----- - -- --------- --------------- - -- riO 
Extra ___ ------------------- _____ ______ __ __ - ------------ -- 50 

A 1·e rag (' CO ili]JOS'i/ iO II. 

Very good. Extra. Average, all 
analyses . 

~k~!?K~;~ ::::::::::::::::::::::::::::::: ::: ::::::: :: :::::::: 
PL~I~~~~~] [:]. : :::::::::: : ::: ::::::::::::::::::::: : :::::::::::: :: : 

52. 2 
7. 76 
•1. 99 
. 132 
. 007 

56.85 
5. 55 
~- 39 
. 113 
. 011 

.54. 83 
6. '!5 
4. 19 
. 125 
. 009 
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In tlw Yet"Y "OOd ores the mnximum . ili ca 11· f1. 13.10. mnximum alumina 6.84. 
and tbc maximum pbo ·pborn 0. 209. on idering that no nna ly e with I ss 
than 51 per cent of iron a r e quoted from thi.· county. i t w ould appear th at the 
be t avernge of or e i fr·om i\Jorri. ount~• . nlthougb l\farion ou nty bas the 
highest 11er ceutage of ore with mor e than 55 per· ·ent of iron. 

Cli erul.'ee C(J IIIIIy , 10 OIIIII!JSP.~. 

P er· CPut. 

i\f ('{] i \l!TI -- - --------- -- - ------------------ - --- - - ---------- -- 40 
Goo(L _____ ____ ___ _______________ ·-- -------- - - -- ____ ___ ___ _ 60 

A rerage rmn1wsi tion. 

Metallic irou [Fe] ... . . .... .. . .... . ..... . •... ... . . . . •. .. ... . ... • . .... 
Silica [SiOt] ... . . ..... . ...... .. . . ..• .. ... · ... .• ... · · · · · · · · · · · · · · · · - · 
Alumina [AltO,! ... .. . .. . . . .. . ...... . .. ...... .. . ..... . . .. .... . .. · .. 

~~Y;~~:~r~t~~! .·.·.·.: ::::::: :::: :: ::::::::: :: ::::::::: :::: ::: :: :: :: :: 

Medium. 

42.34 
22.62 
11.47 

. 156 

. 227 

Good. 

46. I 
17.19 
10. 35 

. 1·10 

. 029 

Avemge, nll 
analyses. 

44.64 
19,01 
10.94 

. 146 

. 117 

Jn lhe m ed ium or·es the mnximum ~>iii :1 \Y:J S 25.13, the maximum a lnmina 
23.41. the mnximum 1 bo phoru . 0 .31:'}, nnd the m'lximum , ulphur 0.607. I n t be 
good or e,.; a lumina w a d t r mined i n only one , amp! . · The maximum sili ca was 
20.3C a nd the maximum pbOSI horus 0.284. * * • 

Of the ore r present'-'<1 by tbes ana ly e about one-fourth are of medium 
grade, about one-fourth ar e good. nea r· ly one-fi fth >He '" ry goocl, 11 nd nearl y 
one-third a r of extra qual ity and carry f rom 55 to 60 per cent of iron. It bas 
been already stat<'c1 tllat til l' total ar ea inYoh ·ed in these 14 countie is 10.640 
squar e mil .·. 'l'hi mu~<t no t hE:' laken to me~1n lhat a ll of thi ' territory i.· 
or e b a ring. Tbi i s certa inly not the ca ·e. Ju. t bow much of thi area 
will I e produ th·e of w orkable ore- of th e m edium good, Y r y good. and 
extr a grades is uot no\v known. Thi s i s r all y th e Yital que~t i on , and 
110t what will bP t·h e 11 1·era gP composition of lbe or e>:. There i s n Yil t 
d i li ren ·e. iu so fur a concern. sh ipments of tb e ·e or e or Yen their u e lo­
c::a lly, b tw en mat r ial a rryin;.: belwe n 40 anrl ,15 per cent of iron and mate­
r iul fi iTying between 50 au l 55 per c nt. This rlif'l' r nee i.· acutel y ace ntu­
at d wh u w on icier the or ,· of ext r·a qunli t ,v. ca r1 ying from 55 to 60 per 
ent of iron. 1f thP st111em nt that n :t r i,\' one-third of the ore ar e of extr a 

quality I.Je t ru t> (anc1 we beli Y it to be so, wi t hin a r ea soua i.Jle degree of a cu­
rnc::y) , w bn ,. i u them ll1 Ye r~· be l brown or , in th ountry. \\"ben one 
consid r. · the n y r c1 ucibili ty f t b ~e or and tl.Je cbeapne wi th wh ich t.bey 
·an be mined and hnnjJed i t may not be extra,·agant t o ay that th y rank 
wi t h th bes or · of any kind. brown. bema t i te. or m11gneti t . Wba t they 
l ack in metallic iron w ould be more than onu terbala nced by r du ed co t in 
melting. 
It may. h w e,·er·, be nr)?(erl t1111t lll ext nt of th d pof;its, of what oever 

gr ade. bas not yet been defini tely e tablish d. Thi · , ~me r emark holds good 
for many otb r brown-ore deposit , om of whi ch ba ,.e yielded a v r y large 
amount of or e. Hut ~\"!til th i ~ i s lrne i t do s nol aff ct the. ituatiou in T e....:a s. 
'l'bat brown-o re deposi t. el sewhere. which haYe not been th r ongbly pro. pected 
i n ad ,·ance o f t he sho1· I. ba1·e yi eld d und· a re till yielding l arge tonnages i. 



98 ONTRIBUTIONS TO ECO OMI GEOLOGY, 1915, PAR.T I. 

no proof that the depo!':i t. wil l n l~o yi<'ltl Ia r~e tonnage,:. In re ·pect of brown 
ore i t i pa rt icula rly t1·ue that ' the proof of th pudding is in the eating." 
Profe ·or Pick-and-S!Jo ,·e l i. th e only competent instructo r in thi s scbool. 

DEVELOPMEN'l' OF THE ORE DEPO IT . 

EARLY OPERATIONS. 

The depo its of iron ore noted in the pre edino- pnges, a well n 
many oth0r in north ea tern T exa ·, " ·ere known and \YOrked from 
time to time on a relatively ,·ery mnll ca le to supply or for everal 
small f01·o-e and furnace bcfor an] durirw th ivil "' ar. a 
result of the rapid industrinl deYelopment that follo" e i th \Yrtr 
the. ·e small furna ce ·oon became inad qunte to ompete '"ith larger 
plants fn rth er n t and they fell into disu e. The or needed to 
supply them wa obtained from th e most fa ':orably expo ·ed leda , 
and no thorough pro l ecting ha been und crtnken 1mtil recent 
yen r . Indeed, e\·en the ore n decl to 11 ppl y th e mod rate- izecl 
bla t furna ce at .r ffer on ''"n obtain cl onl y from hallow nrfa ce 
pit, very little mechan ical equipment beino- n ed ither for minina 
or concentrnting th . ore. \ brief ou tline of pre ent methods for 
the cle,·elopment of the depo. its is of inter tin thi conn ction, for 
unles · th y an be worked on a mu ·h hu·o-er ca le than heretofore 
they are not likely to p rove eomrner·cially val un ble. 

PROSPECTING FOR ORE . 

ystemntic prospe ting of a larg tract of land bearing iron ore 
of the re idual and nodulnr type, su h a occur in a and the 
adjoinino- counti e ·, i by no mean a imple and inexpen ive opera­
tion. A preliminary study of the tra tis fir. t mnde, incluclin<Y ex­
nmination of all the outcrop and natnrnl ctions of the iron­
bearin()' s climent and te t by mea n of hallow pits and tJ·enche 
in order to dct rmine if po . ible ''"hether the expense of further 
investigation i warranted. If th e indications are favorable deeper 
pro pe ting may be done by mean of test pits, open trenche and 
drill holes. 

The information to be deriYed from the pro pecting, supplemented 
by concentration te t nnd ch mi cal analy e, consi ts prineipnlly 
in determining the thiclme s of th e ·over, the total thi ckness of the 
ore-bearing ground, the ection which will show approximately the 
Yolume ratio of ore to barren material, the weight ratio of ore to 
barren material , nnd the character of the ore it elf. 

The te t pits are circular in -ros section , about 3 feet in diameter, 
and u mu ch a · 35 feet in depth. They .require two men-one for 
di<Yging, the other for hoistin()' the excavated material to the urface 
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by means of a windlass. Lump ore from a pit is usually piled at one 
side, and the sand and mixed fine ore and dirt are dumped on the 
other side. All t_?e material from the pit is carefully preserved and 
forms a ba is for the estimation of ratio of ore to dirt. The test 
pits are o-enerally placed systematically a certain munber of yard 
a,part along lines which gridiron the tract except, of cour e, where 
surface features such as raYines, trees, or bowlders may interfere. 
Records of the sections exposed by the pits are carefully kept. 
valuable supplement to the test pit is the drill hole. Holes are now 
being drilled in Ca ounty ore fields by means of a Key tone drill­
ing outfit. The drill is operated and moved from place to plac by 
means of a traction engine. In the soft or partly consolidat d edi­
ment in which the ores are found the machine drills about 90 feet 
a day, so that two or three holes can be sunk in a day if not too far 
apart. uch drilling i much more rapid and is less expen iYe than 
the sinking of test pits by hand. The dri ll ings are saved on a 
screen, and the ratio of ore to dirt i determined later. The drill 
hole doe not, of our e, yield a Yi ible ction, and in that re pect i · 
of less value than the pit or trench. By drilling holes close to a few 
te t pits who e section. are on record the relati ve nlue of the infor ­
mation afforded by the t wo types of openings soon becomes apparent, 
and the engi neer .in charge of pro pecting l arn to " ·hat extent he 
may depend on each type. The appli cation of drillino- to p ro pecting 
of thi sort is a omparatively ne''" featu re, and its po. ibiliti ha ve 
probably not yet been fully rea lized . Drilling would seem to be a 
good method of preliminary pro ·pe ti 11 o- and drill ina in onne tion 
with sinking of te t pi t greatly red nce the nnmber of ne e ary pits 
and materially lessen the expense. 

Pro p cting by means of tr nche , p:nticularly if the tr nches are 
lat·ge and d ep, i ver. expen iY , for the work i practically all done 
by hand. If a trench is d riv n into a hill there is an advantage in 
that the excavated material may be'' h eled ont on a le• 1 fl oor or 
p rhaps down o-rade, in tead of having to be hoi ted out. pro p t 
trench afl'ords a much better idea of the chara ter of th e ore-bearing 
ground and of the r elation of the ore dep it to the inclo ing edi­
ment and i. p robably not exc ed d in thi re pect even by the face 
of an open-cut mine, for the face of the tren h i cnt down vertical 
and lc:m. For the sake of economy p cially wher the ore depo it 
i largely a r esid ual depo. it j u t below the nrfa ce and where down­
ward concentration of th limonite has re nlted in th e deposition of 
layer and ma ses of re at a fairly even di tance belo'" and approxi­
mately parallel with the surface, a trench may be duo- in teps and 
thu. the extrem depth at the inner end, most of which might have 
to be dllo- in barren around may be avoided. If properties which 
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contain important deposits of ore, of proved value, are to be dis­
played for sale or for financin()' , nothing is better than plenty of pro -
pect trenche . Illustra tions of certain trenches showing rich ore have 
been publi hed by Linton.1 

In connection '"'ith the pro pect.ing work outlined above there 
shonld be cnrricd on n thoro11gh ystem of recording the result pref­
erably one which shall shmr them in as graphic a way as po sib1e. 
Thi.· i ·effected by running caref11lle,·els OYer the property, making a 
large- cale topographic map with .)-foot contour interval , and p lot­
tin()' ench test pit or drill hole ac nrately n thi map. ro s- ection 
sheets are also made, on which rdl the test opening are hown to ca1e 
in their relative altitudes, togethenvith the materials pa sed throno-h, 
distingui h d by means of appropriat pattern . Later, when concen­
tration tests and ore analys s hnYe b en made, these dat<l an be 
added to the cross-section heet , which, together with the topo­
graphic map, will th en contain all thee ential data concernin()' each 
tested point on the prop rty and enable a reasonably clo e estimate 
to be male as to the reserYes and grade of available ore. 

Such systematic prospecting and recording of results is, of course, 
very expensi,·e and can not be undertaken unle s the preliminary 
prospecting and natural indications are highly favorable, nor unless 
the property is large enough to warrant the expense, or everal small 
properties may be pro pected together. The engineering and me-
hanical corp necessa ry for uch work must have a certain amount 

of pecial training and knowledge of the field , in order to pro.duce 
the best results. 

In prosp cting laminated, bedded ore, such as occurs in Cherokee 
County the problem is simpler than in prospecting the oncretion­
ury ores of the counties farther north. It is neces ary to lmo'"'' the 
thicknes of the cover aboYe the ore, the thickness of the ore bed, 
its qualit}r and the altitude at which it lie·. \.s the bed outcrop at 
a nearly uniform leYel around t~e plateau lands, generally on steep 
slope , it i · most conveniently pro pected by pick and sho-.;·el on the 
outcrop. Drills might be used on the level upland, but in places 
where he coYer exceeds 10 feet mining could hardly be carried on 
under resent conditions · therefore ystematic prospecting of such 
areas ~ould be of little use. 

RESULTS OF EXPLORATION. 

The view taken by Phillips with r ega rd to exploration of the ore 
fields up to the ·lo e of 1911 is shown in the following quotation,2 

• Linton, Robert, 'l'exns iron-ore depo its: Eng. and Min. Jour. , Dec. 20, 1913, pp. 
11M- 1154. 

• Phillips, W. B., Iron and st ~ I making in Texas. I I : Iron Age, Jan. 11, 1912, pp, 
142- 143. 
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and it may be added that pro pectino- during the JR t three year· 
has been e,·en more encouraging, i ndicatino- large resen ·e of 1ron 
ore. Tru tworthy estimates of tonnao·e for the area can not be made, 
howeYer, unle : thev are ba ed on d finite pro pect data for Yery 
depo it and unless eYery indi Yidual ore property i arefully pros­
pected it had be t not be included in any e timate. 

The work tbnt ha been prosecuted lluring the last. two ~-ears :lllll wll il'li is 
still in progre s bas shown. among other Important th ings. tb<lt the extent 
of tbe Yery good and extra ore is much larger than any ne lwcl rea«on to 
;mticipate. Ground whicb did not appear to be ore bearin' at all in a com­
mercial en e bn been found to ca rry ,·er~- con:siderable depo.·it.· of or with 
mor than 50 1 er cent of iron . and under ·uch conditions that it ca n be minetl 
and loaded for le.· tha n $1 a ton. The greater P<1It of these or s <Ire not lied 
in tenacious clay. This is n poiut much in their faYor, a · it will diminish iu 
a marked degree the co t of p repa ring them for .·bipmcnt. Th rctorll of about 
2.600 tons, not mined \\'i tll any special care. neither wa bed nor sere uet1. 
show. a content of metallic iron abo,·e 57 per cent. n·itb pbosp horus ranging 
from 0.10 to 0.20 per cent. 

The ci:J,\' with which th se ore a re so clo ·ely as ·ociated nrc ·andy, fria blc, 
of loo:se texture, and ea ily renw,·ect o,·er 11. creen or in au ord ilwr~· log w;~ sber. 
This means a minimum amount of water and a maximum amount of or ]JCI' 

cubic yard of raw lirt. The three gen rnl dus ~e::;-,· iz. laminatell. ·ou ·re-
tionan·, and conglon1erate or lllny be a· e1 te<l in a broad w;J~- - allbougll tb .-
three cia s may be present in the sa me loca lity. So f:tr us the analyses now 
antilable are concernell, tiJe conc retionary ore .. nre of decilPdly u ttcr quality 
than the laminttted ore·. and th se in t urn are b tter th:Jn tll ·ouglomernte 
ores. But few of the ·onglomerate ores now appear to be wortlJ workin•Y. 

The O\·erbunlen in tile best district i ·· light aud it i · probable tbat :1 • te:1m 
llo,·eJ would O'[Jenl te to I e. · ad nm tage than plows. Cl'!lllers. and pi k 11 nd 

shoYeL W nre inclin cl to thin!{ tbat a .-tenm :boYel will not pro,·e to be the 
mo. t economi ·al m tbod of han Hing the greater part of the material i:l llluny 
of the ore di ·trict,.:. lt will doubt Ies: find its u e here and there. but by no 
mea n.· to tb' xtcnt uow to 1Jc : en in .\l nbnma. G orgia. Tcnue:s:see. and 
Virginia. 

MINING ORE. 

Minino- OJ rati 11 in the northem counties ha,·e been confined for 
th mo t part to the ri r he t outcrop of concretionary ore, and im­
ple hand m thod of mininO' ha,·e pr n1il d. The lal'O'e t- cale strip­
ping ha b n done with whe l · raper . \\ ater is oo ·arce to ren­
der hyd rauli ·king po sible. Cheap methods of handlino- the trip­
pin(r and th ore nre ne 1 cl and now, a are ult of extensive pros­
p -ting in County there em to be a fair p ibility that 
steam shonl · may b u ed to advantaO'e over larg tract . Thi · 
m tho 1 of mining mn t , however b upplemented by concentration 
of the or -bea ring material, and it is upon the su cess of this part of 
the work that the po ib.ility of large-scale mining operations in Cass 
and the adjoining cotmties eems most to depend. 
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Mining of the bedded ore near Ru k, h rok e ounty at present 
not being worked, wa carried on a follows: The cover, which is 
mainly loose and, was remo,·ed by means of wheel s raper and 
dumped into raYines or piled in barik on g round from which the 
ore had been mined. \.r a f e,·era l a Tes w re thu stripped at one 
time. The thi ·len of the co ,·er. tripped rarely ex eed d 7 or 
feet, but a maximnm of 10 feet \\·as noted. Aft r the loo e cover wa 
stripped off, the ·and ·ap, or c<tle of ferruginou hard and.ton , 
half an inch to :1: inche thick, wa plit loo ·e from the top of th ore 
and piled up' "·h re it would not int rfere with the working . Then 
the or' \\·as bla te lloo e from the bed and the lumps were pried up 
and broken to maller sizes with sledges and pi ks and pi led ready 
for shipment. The ore \\·as loaded into carts by means of forks, an l 
consequently IIlliCh good ore in fine :izes wa left on the groun l. The 
ore of 'curly ., tru ·tun~ lying in the bed b low the laminat d top 
portion tends to crumble on weatherinO' and is commonly refer!'ed 
to a the buff, crumbly" ore. Probably much ore wa thu lo t by 
being allo"· d to weather too lon()' before it wa ·arri d to the furna ·e. 
The u ·e of forks appear at fir t thought to be a " ·a teful method , but. 
when it i con idered that thi ore contain a hi()'h percentage of 
alumina, the importance of getti.n<T it up free of any un lerlyinO' ·lay, 
e,·en at the a -rifice of some fine ore i readily apparent. The tate 
mines were operate 1 by convict labor and wh n in operati n were 
conne ted with the blat f11rnace by railroa ls and tramroa l . Th 
method of mining at the other mines near Rusk was imilar to that at 
the tate mines, but on a much mailer scale. 

CONCENTRATION OF ORE. 

The profitable exploitation of the nodular, concr tionary and 
r >sid 11al ores in ass and adjoining co untie probably depend more 
on the succe sful concentr ation of the e ores than on any other factors 
connected '"ith their development. Heretofore handpickinO' of the 
lump ore from the surface has been about the only method of main­
taininO' a hiO'h-grade product, but this method is wasteful and alto­
gether too slow and expensive to be continued. ~hat i needed i a 
m tho 1 or a ombination of method of ore concentration that will 
make it po si ble to work on a large scale the maximum thiclme of 
ore-bearing ground, and deliver ore concentrates of high grade at a 
cost commensurate '"ith the value of the ore reco,·ered. 

Experiment nre under way in Ca s County which invoh1e washing 
the mine-run ore in revolving . cr·eens picking the oversizes on a pick­
in<T belt, and cru hi.ng and jigging the residue when eparate l from 
the loose sand and clay. In commercial operation the ore will first 
be run through log \Vashers. The final tep consists in calcining the 
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ore to dtive off the combined water from the limonite and the carbotJ 
dioxide from the carbonate ore. The washing and jigCYing expel'i­
ment which haYe been carried on in a mall but well-equipped plant 
hare been deign d mainly to a certain the ratio of ore to dirt.l' · 
moved from the te t holes, and although they were not made on n 
commercial scale they seem to demon trate that the ore can be fairly 
well cleaned by th i method, the percentage of ili ca being materially 
re luced and the percentage of iron proportionately increa ed. 

urfa ce water i · none too abundant in thi r eo-ion at certain sea­
sons of the year, and the maintenance of teady and adequate supplie · 
of \Yater for large- cale operations may pro,·e one of the mot eri ous 
problems to be ol ,·eel. There arc many mall creek in the reo-io11 
''"hich might be utilized to supply re enoi rs, an 1 th e water after 
ha ,·ing been used once can be ·on ·en-ed for further u e by mean of 
ettl ing ba ·ins. D eep well · arc a! ·o expected to play a part in fur ­

nishing water for ore wa ·hing. 
For calcining ore northeastem T exa is \rell supplied with fu l. 

There is an abundauc of \YOOcl at pre ent, lignite occur· in many 
p laces, and the Caddo oil and gas field is near by and already 
supplies natural CYa to ·e,·eral town in Ca County. 

In 191-:1: an i1we tigation " ·as unclertakeu by William B. Phillip to 
a certain •rhether the Goltnt beneficiation pro ·e s is appli able to 
the brown iron ore· of northea tern T exas. By the G.oltra proces · 
the u e of water i clisp nsed with, the ore is cleaned b mean · of a 
current of hot air and properly located screens, and the fine are 
separated magnetically. Phillip 1 de cribe the proce s as follows: 

'l'l.le material f rom the bank of ore. coutai11iug ore, ":'Hlld . ·lny. ear th. ·l.lerl. 
··tud rock, etc .. i s fPd into a steel cyliiHler partly lined witb (ire brick. Tlli 
tyl iud r i s J:.!;J fC'ct lou' nne\ 10 fpet in dinlliCL r. [ lIs i ut•l inect Llln·P·quarlct·s 
of an inclJ to the foot and 111nke.· one complete r p,·olu ti ou per minute. The 
tnt,. I of the u1aterial down uucl thron~h thi cyl iuder is nt the rat of nl out 2 
feet per minute, so t!Jat i t rC'nthe ·t he lower nd iu from ,1;:; to GO minute · after 
f eding . 

. \l tbc l ower cud oC the cylinder a blast oC ignited pu!Yerizell coa l i · blown iu. 
b,,. ; I ll .\ !'ro Jlllht•ri;-.pr. thP fiuC'Jles:< of the toni being from 0 to JOO me~h . At 
the upper end of lhe cylinder a large fan i s in talled, with a capacity of 35 000 
t·uhi ·feet of air per minute. and this draws tbe beat ed air through tb cylind r 
and di,;char~es it. with the fin clust. in to a dust cntcber. During the dr.vin"' 
n( th m at r ial llw tPmpcratu n• t>f the lower part of the c~· lindcr i. · k ept at 
aboutaoo• 1•' .. the t mperature at t il ·upp r end being nbout 200• F., or even l e . 

Tll materiul is thu s dried Yer .v slow ly nncl complet ly, ;lJld during the drying 
th fine <:hty .. and, parth. C' l C., nre sw ept out of the cy linder by the ClllT n t of 
h n tetl ai r. From this first cyl inct r the thor ougbly dry m;tterial i s .ent to a 
gyratory cru ller. set for 2 to 2! incb es. From the L' ll her the mn terial goes 

1 Fhllllps, 
1148-1150. 
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fourths inch, tllld tb e seco nd Treen. witb round openin gs, bei ug oue-IHilf incil . 
Tile outer creen bas ·flr· luch slotted open ings. 

The materi a l OYer i -inth ·creeu is hand pi cked on a picker bel t a nd goes witb 
ull of tile stull~, exc pt ucll as pa es th n- inch outer screen, into .·torage b~n s. 

'l'ile material tilrOU" h the n-in b Outer SCreen gOeS into II reje t bin. 
Th material from tli re ,·ol\·ing ·creen. all s izes abo,·e one-. ixteentb inch, is 

·om·e. eel to 11 to ra <>e bin which discbn.rge. into a s coud cylind r 125 f et long 
nnrl 9 feet in diameter, partly lined with fi re bri clc '.rhi cylinder has Ule same 
slope a· the first cylinder and the same reYolution · pe r !Ylinute. It i heat din 
the s;·lme manner a· tile first cylinder , but the temperature i s much ili gber , ·o 
that the mater ial reucbe the lower end at a brigilt-red heat-about 1,000• F. 
The be<~ted a ir i. lrawn through thi cylinder in tb ·a rne ma nner a th rough 
the fir · t c_rli ncler. and t he fine dust. t · .. i di cha rged into a clu ·t chamber. 

F rom the lower end of th i secon<l c.l'lincler. IYhicb may be term ed th al ciu r, 
a s di ·tingu ished from the clryN, th e r eel-bot ore i. s re ned o1·et· a re1·oll'ing 
:::c reen wi th !- inch puncbed round bol s. '£he ' ' oYers ' f r om thi ·creen a re 
tooled a nd ba nd picked o1·er a picker belt and go dire -t to the loa lin g bin.· 
nbo ,·e the ra ilroad t rack ·. The red-hot mater ial through tbe !-inch screen jut 
mention d goe to wha t is known as the reducer . Thi i a ·lo ely ea letl ··te 1 
cylinde r, in wbicb the ore is <>!) ra yed ~Yith crucle petroleum and rendered 
highly magneti c. From thi s r ecluccr the ma o-netiz d fine ore goes to c: reens 
where it is cia s ift d to one-fourtb and one- ·ixtceu th inch , these .· parate ·izes 
hei ng sen t to Ball-1'\or tou ma" n t ic sepa rator . 

This. in brief, i the Goltra p roce ·. lt i · an air-\YH ·bing proce ~. in tead of 
a wa ter-washino- proce ·, and employ· rua"netizution and magnetic ·eparation 
of the fine materinl , in ·teacl of jig ing it. 

\. Goltra plant has been built at'" aukon Iowa, in an attempt to 
render marketable the brown ore occurring near that place. In 
order to test the T exa ore Phillips shipped 14 carloa.ds of Texas 
brown ore, aggregating about 33 tons in ,..,-eiuht, to Wankon and 
put it throngh this concentratlnu proce . The following analyse · 
show the aYerage compo ition of th ore at n1rious tage : 

.:l.reroge compo ·itiun of 'J'c.cw; lirou; n or· cour;entrnt ed ul 1Vanl•o11 , l uu; a. liJJ 
Go/Ira pruces8. 

Metallic iron [Fe] . .... . .... -.......... . .. . . .. . ................... ...... .. . 

~1~=~~t1.;~·! :·:.::: ::::::::::::::::::::::::::::::::::::::::::::::::::::: 
Pbosphoru [1>] ... . .•...•••.. . ...•......... • .• . . •. ......••••..•..•....... 
Free water .. ........ . ..... •. .. .. • ... . ... . . . ..........•........ .. .•....... . 
Combined water .. .. . ... . .................... ... ....... . . ... . ........ . ... . 

32. 74 
26.77 
6. 65 

. 041 

.075 
11. 3~ 

. 70 

I . Average of samples of raw ore fro m each of J.1 cars wheu unloaded at Waukon. 
1. Average co mposition of ore after drying. 
3. Co mposition of ore after calcining (excluding magnetic couccntrates). 

Of these analyses Phillips says : 

2 3 

42.36 55.23 
26.80 14.80 
9. 9 10. 43 

. 003 Tr3(·~ . 

.OS.'i .098 

The meaning of these figures is illata compa rativel y worthless materiol, the 
raw ore, is cbanged into uu excell ent product, well adapted for blast-furnace 
use. 
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Tl.le mere ' tatemeut of tile cou1po.· iti on of the <"alcin d ore doe. not cou ,·ey 
the full :euse of ils merit.·. It· physica l qualities, e ·pecially the porosity so 
e.· entia! for ea ·y reclu ·tion in the fuma e, are of equal if not greater im­
portanc . It would seem to be practica lly impo::;. ible to take a raw brown ore 
of siwilar bara ·ter and make from it a better produ·t than this al ·ined ore. 
In quantity it ·ompri ·e · 2:...22 per ceut of the dried ore :llltl 3 .76 per ·eut of 
tbe ma te rial from the ·al iuer, wbich is to be cia sed as ore. 

Embodying th re~ult · of tbe d et>1 il d analyses [both phy leal aud chemical ·J 
of each . epanlliou in one general statement, we lw,·e: 

1 ry ore to be accounted for, 267.32 tons. 

Ore recoverccl. 

f~ 
Size,~ inch and over, not magnetic . ......... . ....... . ........ . 

b Magnetic heads, p artly oversize .. ...... . . . .............. .. .. . . .. 
c Magnetic heads, H inch ..... ... .. .. . ............... . ... .. .. ... . 

~ 
) Magnetic tails ....... .... .. ....... . .. ................. . ... . .... .. 

e) nfinished material, ! inch and under . ...................... .. 
(f ) Clean-up at separator . .. .. .. . .. .. . ..... . ............. . ... . ..... . 
(g) Leakage at reducer feed .. .. . ...... . ........ .. ............ .. .... . 

Percent of 
Per cent of materia• to Per cent of 
dq ore. be classed iron. 

::'2 .2'2 
4. 39 
. 52 

4.04 
26. 7 
3. 42 
2. 73 

as ere. 

38.76 
7. 55 
.90 

7.00 
35. 7 
5. 9 
4. 03 

100. 00 

55.23 
55.23 
63.33 
34.05 
52. 36 
50. 00 
51.58 

\Vha t ha: been dou . therefore, i: to lal;e :t r:t w ore ·outaiuiug 32.1-! per ·ent 
of iron aud bring 46 JX! i' cent of it up to G~ per ·ent of iron. Taking the free 
and combined water n · material wbi ·h ba to b removed and which repre­
• ent · 110 po ·sibiliti e of oncentration. being a detriment to the ore. \H' haYe 
tuken a nta (eriul wllil'b in th g round ca rrie 32.74 per cent of iron and lla,·e 
brought the iron up t 52 per cent. At the ·nme time th physical naturo> of U1o~ 
ore bas be n gr eat ly impro,·ed. Tb I " in weight during th operation, ex­
tend ing from the ore ' b:nlk " to the loading bin at the plaut. i ·· G4 per c nt, 
of whi cll _o Jl r cent i free aud combined water. Tbi lea ,·e 34 per ent. or 
115.13 ton of umtm·ial, n portion of which may be suitable for furthe r con­
·~ •·n tra tl on. 

Looking nt tlli .· m>ltt r f rom th . tandpoln t of clean ore. it is Yery SRti. fac· 
tory. 'l'he free and co mbiu d wnt rare c mpletely remo,·ed, the clay is nlnJo t 
compl t ly remoYed. and the phy ical condition of the fini bed ore lea ,·es noth­
ing to be cl ·I red. 

'l'h grrate~t surr ss is reach d in prepa t'ing calcined ot·e o,·er one-half inch 
in ize. Thi product carries over 55 per c ut of iron. aud its phy ical condi­
tion is idea I. 

Where tbe 1 roces · is w ak at pre · nt i;; iu the treatment of the ca lcined ore 
through a 1- inch 'Crecn , tllb material beiug sent to the " reducer " for mag­
netization and th u to rua~netic : parator . 

While ·om of th magno~ ti c ll nd s ·nrry 63 per ceut of iron . yet the inter­
mediate proclncl and w e ta il carry too little ir_ou as chargeable against the 
cost of con ntr•l ion. 

The fiui;.;h ed product obtained by thi · proce is e.xcelleutly adapted for u e 
in th hlft -t furna ce. 'l'be free an<l combined wate r are rupl etely. and tl1e cla~· . 

sand. etc., almost completely, remoYed. The ulpbnr. ex ept in the case of ome 
magneti r cou('entrntes, is eliminated. The pbyRical nature of the ore i •reatly 
Improved , particularly iu r pect to its porosity and ea y reducibility in tlle 
blu l .fumuce. 

10427°- Dull. 620-16 
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'.rlle los in fn?e and combiue!l water in the ore te te(l wa .· 20 per cent. From 
the ore receiYed at \Vnukon we remov d 67. · tons of wat er, or 10.279 gallon .. 
llood br wn ore of 47 per r·ent iron :1~ nt to the furn11ces in Alabama will 
carry 14 per cent of water (free and combined) per ton of or . and this water 
go , into the furnflce and mu t be e1·aporat d by the heat within the fun1ace, 
wliich otherwi · · would be u:;;ed in ~m ltiu"' the :;tock. 

UTILIZA'I'IO N OF THE ORE. 

GENERAL CONDITIONS. 

The brown ore of northea tern Texas have been utilized to a 
minor extent for the manufacture of iron in small lo al forge or 
furna ces in almo t e\'ery county in which a good-sized depo it of 
ore occur . ome of the c furnace ha \·e already b en mentioned. 
This form of industrial a tivity existed mainly between 1 56 and 
1 70. Betwe n 1 70 and 1909 iron wa manufactured from time to 
tim e in fh·e or more mall charcoal blast fuma ces, notes on wh i h 
ar rri Yen below. ince the la t of the e furnace went ont f 
hla t e\·eral plans ha \·e been made to establi h i ron and teel work 
on the Gulf oast, as well as at points between the ore field and the 
Oklahoma colci.ng-coal field. \. movement is now under way to 
e tabli h an iron and steel industry at T exas City, Tex. Th recent 
conditions of the iron and steel markets and the gen ral fin an ial 
ituation ha\·e not, ho\Y Y r , been faYorable for the furtherance of 
uch enterpri es and in the meantime some attention has been given 

to tl hipment of iron ore to bla t furnaces in Alabama a.nd on the 
Atlantic seaboard. 

Phillip ,1 " ·ho ha gi \·en mu ·h thought to the utilization of the 
Texa brown or ha tated his belief that the ore should be utilized 
in the northeastern I art o£ th tate rather than an attempt be made 
to build iron and teel \vorks on the Gulf coast. With r ference to 
the practical iron and steel plant he ays: 

Iron nod steel works of the . ize to make profitable use of by-product O\'eo. 
ore not now needed in Texas or th outhwe t. In tend, it eems to us that a 
bla t-fnrnace plant producing z-o to 300 ton of pig iron a clay, with a . tee! 
plant whose product "'' uld enter in to the lighter flui ·bed forms. i. · much more 
to the point. The initial in,'e. tmeut would be much le. s an<l th character 
of the product could be k pt in clo. er touch with actual demands. '£he logica l 
location for . u h a plant would be in ea.t or northeast Texa ·. in clo e prox­
imity to the ore fi elds and wilhin reach of tile coldng coa l of Oklahoma and 
Arkan."l S. Ro far a known there is no good coking con i in Texa s and the 
nea rer au iron furnace is to regul::!r suppli . of coke the bet te r. okiug con i 
or coke will lln,·e to be brought from some other State. • • "' The mo t 
fn1·orable outlook in Texa ·and the 'outhwe.t !or the manufacture of iron and 
coteel is in th direct ion of 11 bla. t furna ·e with auxiliary steei plant. not 
operated .·o much with reference to the demand for the heavier forms, uch 
ns structu ral shapes. plates. or rn ils. as to tbe demand for cotton ties. wire 

' l'billips , \\'. B., I roo and s tee l making io T xa s : To·on Age, Jan . 4, 1912, pp. 14-16. 
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fencing, wire nail.·, 1 rforated w tal. pipe. and ligbt steel <:Hsting . TbaL sucb 
an eulerpri e woulcl succeed her€', uncl r proper Ulanugement is, we thin!,, 
well within til bouncl. of probability. 

TEXAS BL AST FURNACE S. ' 

One of the early blast furnace to utilize the local ores was the 
Loo E llen furnace at Kelleyville, Marion 'ow1ty, 5 miles north of 
Jefferson, which \-vas put into blast in 1 70. The tack was ori<Yinally 
square, but was rebuilt in round form in 1 74. The height, originally 
34 feet, became 45 feet · the bosh diameter was 9 feet, and the capacity 
of the furnace was 10 ton of m tal a day. The product was at first 
hot-blast chaTcoal oft foundry iron, and later a hard iron e pecially 
suitable for chilled ca tings, such a car wheels, was made. Lime­
stone for flux was obtained near Dallas. 

lar<Yer and more modern charcoal blast furnace was put into 
bla t 1arch 15, 1 91, on the north edge of the town of Jefferson and 
for everal years this furnace was supplied with ore from d posit 
in Cass, 1arion, and Morris counties adjacent to the railroads. Its 
annual capacity wa nted at 13,500 tons. The plant has been inac­
tive for 10 or 12 years. 

There are three small blast furnaces in the vicinity of Rusk, Chero­
f<ee ounty, that were buil t to utilize the brown ore of the plat au, 
but all ar now idle. The oldest furnace and the one whi h ha had 
the roo t u eful history i the property of the tate of T xas. It 
was originally called the Old Alcalde, and was first put into blast 
in F bruary, 1 4 with a stack 55 feet high and a bo h diameter of 
9i feet. It was designed for an output of 25 tons a day, or 7 000 ton 
a year. It tand about three-quarter of a mile northeast of the 
center of Ru k ju t out id o£ th wall of the tat penitentiary 
and ha trackag onnections with the Texa ~.'l!.r. Ne' Orleans Railroad 
and the T xa tate Railroad. The blast furnace and the a ociated 
ore mine w re operated by convi t labor, and con iderable of the 
pig iron produc d wa remelted and ca t into iron pip at an adjoin­
ing pip foundry , al o owned and operated by the tat . The fur­
nac was originaUy built to us harcoal but later it wa rebui lt and 
ran on coke. The furnac ha been out of bla t since December 1909, 
but in 1913 it wa r lin d and put in goo i shape by the Texa Iron 
A ociation v;·hi h had lea ed the furnac and planned to re ,·i ,·e 
op t·ation . Owing to unfavorabl bu ine condition and other 
rea ons the lease was pernutt d to lapse. 2 

1 Dumble, E. 'r .. R port. on the Iron-ore dl trlct of ea t Texas: Texas Ceol. urvey, 
"'econd Ann. He pt. (for 1 90), p. 15, l 91. 

alk r . .T. B.. Idem, pp. 293-294. 
Phillips, W. 13 ., Th lt·on resourc ,; of Texas: Western Pennsyh•ania Proc., vol. 18, 

No. 2, p. 77, 1902. 
• e Mlo. and En •. Wot· lcl , June 27 , .1914 , p. 1210. 
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The Tassie Belle fumace, 2 miles outheust of Rusk, was p ut 
into bla t in November, 1 90. This fumace tands on the a t side 
of the t. Louis outhwestem Railway and during its few yea rs of 
[!Cti vity was surrounded by a flouri shing town lmown as ew B ir­
mingham. It was operated a a charcoal ful'lla e and two of the old 
charcoal k iln till stand. The capa ity " ·a rated at 13 :'500 ton a 
year. The furnace i now in a very dilapidated condition, the top 
house and elevator way ha 1·e fallen down the machinery has been 
allo,•ed to rn t and to be dismantled, and the ground is covered by 
second-growth pine. 

The last furnace to be built in Cherokee ounty was the tar and 
re ent, which wa put into bla tin Nov mber, 1 91. It sta nd on 

the soutl1 side of the t. Loui outhwestern Railway about three­
quarter of a mile ea t of Ru k. Thi furnace is aiel to haYe b ,en 
operated as lat e a 1907. The equipment i in better shape than that 
of the Tassie Belle, and 31 brick cha rcoal kilns remain standing. The 
eapaci ty 'vas r ated at 1 ,000 ton of pig iron a yea r. 

SHIPMENTS OF ORE TO OTHER STATES . 

. \.bout 1907- approximately 2,200 tons of brown ore (mostly f rom 
Marion and counties) wa shipp cl to the Birmingham di t rict ; 
\Ja., a di tanc by rail of about 500 miles. The ore " ·as mo tly 

in ·elected lump , and i ts average content of metallic iron wa aboYe 
57 per cent, with phosphoru ranO'ing from 0.10 to 0.20 p r cen t. It 
was reported to be well adapted for the production of basic open­
hearth steel. The freight rate was '2.20 a ton. 1 

In 1910 a ample lot of 568 tons of brown ore was shipped to Phi la­
delphia by way of Texas City, on Galveston Bay. The rail haul was 
about 300 miles. The ore was similar in quality to that sent to 
Birmingham. rate of 2.30 a ton to Philadelphia is reported to 
ha•e been quoted to one of the companies.2 

T1>o steamer cargoe of hiD"h-D"rade brown ore wer shipped from 
northwestern Marion County to Philadelphia, by way of the Port 
Boli ar Iron Ore Railway and the Atchi on Topeka & anta Fe 
Raihvay to the Gulf, in the Stlmmer of 1913. The analy e of this 
ore are given on page It is reported by the shipper that the 
ore gave excellent satisfaction in the Alan Wood Iron & teel Co.'s 
furnaces, where it wa u ed. 

Concerning the su pply of the highest grade of ore Philli ps a say : 
Wbile it may not be po ·sible to ecu re large und regular shipment· of 57 per 

cent ore from east Texa . yet we belie,·e tbere a re very la rge upplies of 50 per 

t Phillips, W. B., Iron and stee l making in Texas, J: I ron Age, .Jan . 4, 1912, p. 14. 
" Linton, Robert, 'J'exa · h·oo -ore deposits: Eng. and Min. Jou r. , Dec. 20, 1913, pp. 

1154-115(). 
3 Phillip~ . IV. B., op. cit., p. 15, 
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<"ent ore which ca n be lllined and loaded for 5 cent to $1 per t on. Such ore 
could be laid clown in the stockyard of a furn ace at J effer.·on for $1.25 a ton 
and at ~.rexarkana f or $1.50 a ton. The ore cost of a ton of pig ir n ·hould nol 
exceed $3 a t eithe r of lhese localities. 
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QUICKSILVER DEPOSITS OF THE MAZATZAL RANGE, 
ARIZONA. 

By F. L. RANSOME . 

FIELD WORK. 

The examination on which the fo llowing note arc b ased wa made 
in Octob r and ovember, 1914, and occupi d in all iLbout 10 day.' . 
Particular acknowledgment is due to :Mr. E. H. Bowman and ·Mr. 
William Reynolds, of Phoeni.x, for information iLnd pc1 onal guid ance 
and for onsiderate ho pitality of a quality rar oven among tho c 
friends of the g ologist, the western prospectors. A part of the 
xamination wa made in company with 1r. W. Spencer Hutchinson, 

mining engineer , of Bo ton, who came a few day after my arrival, to 
investigate for hi clients the possibility of minino- the depo i . 
To him and to his as ociate, Mr. J. V. N. Dorr, of w York, I am 
indebted for a manus ript copy of their report, wi th permi ion to 
make uch u e of the data it contain , particularly of th a a s, a 
should be deemed appropriate. 

ITUA.TION A.ND M ODES O F A.CCE ·s . 
The Mazatzal Range is a prominent well-defined mountain ridge in 

central Arizona (see fig. 6), with a trend a li ttle we t of nor th and a 
length of about 40 mile . It lies b twe n Verde River on th we t 
and Tonto Cr ck on the east, both tr am flowing outhward in to 

alt River. AL th north nd of Lhc range i North Peak, whi h h as 
ru1 altitude of about 7,600 f et. Near the ouLh nd, the mountain 
lmown t Four Peaks, a not d landmarl throughout n. larg area in 

11 tral Arizona, attain an ele ation of 7,645 f et. From NorLh 
Peitk Lo alt River th - crest of the range ha b en made t.he boundn.ry 
line betwem Gila Cotmty 11 t.he t as t and MariC'opa Count on Lhc 
wet. 

The Mazatzal R~mge i one of many n ountain ridg of approx i­
mo.t ly r ctilinear plan, all n arly parallel in tr nd, that charactcriz 
the belt of rugg d country bordering the Arizona Plateau H.l ng it 
southwe t side. North Peak is 15 miles outh of and in full vi w of 
Lh great Mogollon escarpment, which in thi part of Arizona mark 
imposingly the edge of that plateau. The entire range 1s m th 
Tonto N ati.onal Forest. 

111 
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The quicksilver depo its about to b do cribod oc ur in a strip of 
country n.bout 6 miles long that extend · northoa tward n.cro tho 
1azatzal Range in tho icinity of Pin Butt , 11 mile • south of 
Iorth Peale Motmt Onl, one of the proininont and woll-lmown 

peaks of the range, is a li ttle l than 6 miles south of the quicksilv-er 
bel t. 

\.11 the claims arc in tho unflowcr mining d.i trict and mo t of 
them li in the nort.hw st corn<'l· f the Roo e dt quadrn.ngk , of 
which n topogmphic map n the calc of 1 :125,000 (approximately 2 

10 20 MIU :S 
Ui~~~----~----~ 

0 10 

J.'JGURF. G.-Outline sketch map of the Mazatzal Range and surrounding region in cenlrai Arizona. 

miles to the inch) h :t: been i · uod by the Geological mvey. ome 
of them, however, extend in to th Verde quadrangle, of which the 
b t map obtainabl · is a v ry un ati factory reconnai . ance . heet 
published in 1 5 on the cal of 1 :250,000 (nearly 4 mile to the inch). 

unflower camp, near which most of the dev lopment work on 
the west slope of the range ha been done, i at an elevation of about 
4,350 feet, on the west fork of Sycamore Or k, a tributary of the 
Verde which enters that stream opposite old Fort McDowell. The 
camp is about 70 miles from Phoenix by road and trail. The road 
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traver es th flat d ert conntry nor th of Salt River and crosses tl:ie 
outhern end of th McDowell Mountains to Fort McDowell. H ere 

the Verde is ford d and the road continues up Lhe generally dry 
bed of Sycamore Cr ek. At the fork of th creek, abou t 4 miles 
north of the Sunflower ranch, Lhe road ends and the remaining 3 
miles of t.he journ y must be travel ed by tmil. The road is rough 
at the be t, and at the time of visit, in October, 1914, much f it 
wns impas. able for h avy wagons. Freighting from Pho nix or 
M a to the Sunflower camp was r port d to ost from 40 to 50 
a ton . 

Bowman's camp, about a mile northwest of Snnflower camp and 
about 800 feet higher , i r nched by a steep rough trail. Martin ' 
camp, on the east fork of ycamore Creek, i about 2 inile north­
east of Sunflower camp, in a straight line. I t i roo tea il r ached 
by trail from tho forks of Sycamore Cr ek. About half a mile north­
we t of Martin camp is Bowman & Reynolds's Maricopa camp. 

The claims in Gila County, on th ea t slope of the rang , are 
roo t r adily acce ible from Tonto Cr ek, along which an auto­
mobile stag line rnns with daily ervice between Roo evelt and 
Payson . Connection are Jnad at Roosevelt for Globe a.nd Phoenix. 
From Hardt's ranch, ftbout 5 miles sou th of Deer Creek, a trail 
go s we t over a local divide to Gold Cre k and up that ere k to 
R eynolds camp, near its head. The eli tance from Phoenix to 
Roo evelt i abou t 75 mil s; from Roo ev lt to Hardt' ranch 37 
miles, and from the ranch to R eynolds's camp 5 mile . 

Mo t of the prospects on the ast ide of the rang are on slopes 
that drain into Gold Creek, a s tr am that flow ea tward and j ins 
Tonto Cre 1 about half a mile above th mouth of Gun Cre k. orne 
claims, however, nearly due east of Pine Butte, are on the side of a 
ridge that drain to an Cr ek, a tributary of late Cr k which in 
tum flows into the Tonto about 2! mil outh of Gun Creek. 

Th quick ilver b It is all in rough, mountainous country ranging 
in 1 vation from 4,000 to 6,000 feet. The lope are ste p and the 
tream flow in narrow ra ines. Water i not plentiful, but enough 

could probably be obtain d from prings and by pumping from the 
larger stream bottom to suffice for metallurgical opern. tions on a 
small seal . Pine and cypres e are fairly abundant on orne of the 
ridge , nnd oaks, y amore , and oth r deciduou. tre flourish along 
th watercourse . Firewood dcliv red at the fUTnace of the Sun­
flower Cinnabar Mining Co. costs 4 a cord. 

HI TORY. 

Cinnabar was eli covered in the unfl.ower district in October, 1911, 
by E. H. Bowman, of Phoenix, while prospecting for gold . He lo­
cated the Native, Packover, Titanic, Jasper, Go By, and lone claims. 
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These wer purcha cd for . 10,000 by th unflow r innabar Mining 
Co., organiz din February, 1913, and capitaliz d ttt 1,000,000. Th 
company acquired nine other claims in addition to those purcha cd 
from Bowman. In cptember , 1913, a 10-retort furna c wa. com­
pleted by the comp-any. At the time of visit 2 fl as1 of qui k il er 
had been hipped and about 3 fl l· were in hand. 

Other claim were located oon after Bowman' eli covery, 'but the 
Gila ounty depo i ' ere not found until the pring of 1914. 

GENERAL GEOLOGY. 

The geology of the 1:azatzal R ang i not y t lmown in detail. At 
the outh end of th range the Pal ozoic era i repre ented by the 
same formations (· ee fig . 7) that occur in the Glob' and Ray quad­
rangles, 1 and a typical ection of tho. e rocks from th pr - am brian 
granite to the Carboni£ rou lime ton is well displayed in th can on 
of alt River near the Roo evelt dam. Four P ak i compo. d in 
part of a medium-grained gnei sic quartz-mica diorite, pre umably 
pre-Cambrian. Between Foul' P eaks and Mount Ord the rang , a 
seen from the valley , appears to con::;i t principally of pre- am brian 
granitic rocks. The pr vailiJ1g rock along ycamore Cre k on the 
west ide of the range is a rather coar porphyritic granite imilar 
to granite knov.TJ1 to b of pre-Cambrian ag in other localitic in 
Arizona. 

A::; may be een in the st ep ide of many flat-topp d butt and 
ridges, thi granite is overlain by coarse granitic detritu , b d of tuff, 
and a capping of lava, generally basalt. ome dark dikes, pr urn­
ably basalt, cut through the arko and tuff. All th s ro k are 
probably of Tertiary age. 

On the north slope of Mount Ord the granite is u c ed d by a h lt 
of schisto e and slaty rocks which cro es the ran,ge obliquely with a 
northeast- outhwe t trend. A exposed in the 1:azatzal Ranae thi 
belt has n. width roughly estimated at 5 mile . To the northca t, 
where it cro s Ton to Basin and xt nels past th nor th end of the 
Si rra Ancha, the area of chis to e rock is probably at lea.<st 15 mile 
wide. 

The de crip tions of A. B. Reagan 2 and hi rough reconnai ance 
map are not altogether clear on thi point, but the belt of schi to e 
rock , irr gularly overlapped in place by younger formations, appeal 
to extend eastward across the upper parts of Cherry, Canyon, and 
Cibicu creeks, beyond which it probably pas es under the horizontal 
bed of the Arizona Plateau. Toward the southwest the schists ar 
exposed for only a mile or two beyond ycamore Creek, pas ing in that 

1 Ransome, F. L., The Paleozoic section or the Ray quadrangle, Ariz.: Washington Acad. Sci. Jour., 
vol. 5, pp. 380-388, 1915. 

• OeoiOl:Y o! Lhe ForL Apache reeion In Arizona: Am. Oeologist,\·ol. 32, pp. 26.S-3081 1003. 



Q,U T JC TL "\ r:R I MAZA 'l'ZA L RA ?WE ARIZ. 

Gila conglomerate EARLY 
QUATERNARY ? 

UNCONFORMITY -----f-=----- ---1 

Andesite tuff and breccia 

Tornado limestone, 
1,000 +feet 

Martin limestone, 325 feet 

Troy quartzite, 400 feet 

TERTIARY? 

CRETACEOUS? 

CARBON IFEROUS 

DEVONIAN 

Pinal schist and' granitic roc~s PRE-CAMBRIAN 
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direction benea h Tertiary laviiS. The ouLh ast boundar of the 
chi t belt ro cs ycamore Or ek u ar whor the stream fork , about 

4 milo. north of the unflower ranch. Th line wing. aero the 
northern lope of Mount Ord, betw n the granitic ummit of that 
peak and late Creek, eros es Tonto Creek near the moutl:t of Gun 
Creek and pa e through Delshay BMin, near the n rth nd of the 
'ien·a Ancha. The northwe::st boundary cro e th Mazn.tzal Range 

ju t outh of the rugged quartzite mt es of Mazatzal Peak, D er 
Creek, which heads on the outh side of the peak, being chiefly in 
schi t . It pa e::s aero Tonto Ba in a mil or two outh of Pay on. 

Thi belt of ·chist, lying between areiiS wher roo t of the fWlda­
mental rock i pre-Cambrian granite, appea to coincide with a 
ridge or barri r of considerable importance in Paleozoi time. outh­
e t of it the Palcozoi ection is, in general, that of the Globe-Ray 
region. orthwe t of it the ection corre pond in its major feature 
to the Grand Canyon sequence. The exi tence of uch a ridge eiiSt 
of the region here describ d in what he interpret a lgonkian time 
has been ugge ted by R eagan.1 He doe not, however, appear to 
have recogniz d the .coincidence of thi ridge with a line of division 
between Paleozoic ections of different chara ter. The e cliff ren ·e 
it i hop d to bring out moo·c fully and clearly in anoth r paper. It 
must uffice to tate here that they r late chi fly to what are up­
posed to be the Cambrian trata, the Tonto group on the north of 
the schist belt being very different from the pache group n the 
outh of that belt. 

ociatcd with the schists and slates in the Mazatzal Range and 
at th north end of the Sierra Ancha are great mas es of quartzit , 
accompanied by orne conglomerate and hale. The e ro ks are 
clearly older than the Apache and Tonto group (Cambrian). Th y 
make up 1azatzal Peak and apparently mo t of the northern part 
of the Mazatzal Range. They are present on th north ide of 
Delshay Basin, much folded and faulted and Wlconforrnably over­
lain by the nearly horizontal Paleozoic beds of the Apache group. 
At K atural Bridge, also, on Pine Creek, 11 mile north of orth 
P ak, upLilted hard conglomerate and quartzite rest on granite and 
are Wlconformably ov rlain by the horizontal Paleozoic bed . The 
older rock in place project as hills through the Cambrian sandstone 
into the overlying Devonian ( ?) lim stone. This conglomerate and 
quartzite arc probably the same as the pre-Cambrian conglomerate 
and quartzite of the Mazatzal Range. 

Some of the quartzite beds of the Mazatzal Range are infolded with 
the chist and arc pos ibly an integral part of the schi t erie . The 
larg r bodie of quartzite, however, ·uch a that of Mazatzal Peak, 

I Op. cit ., p. 27i. 
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are as ociated with beds of couglomeru.to that contA.in flake of schist 
showing that the quartzite, while pre-Cambrian, i di tinctly youno-er 
than the chi t. Whether the pre-Cambrian quartzite of th.i r gion 
are all or only in part younger than the chist can be d Lcrmin d 
only by detailed work. 

The volcanic rocks under which th schi t pa ses at its outhw ;;t 
end have a thickne ·of about 1,000 feet on addle Motmt11in. At 
the base i a oft brown tuff, ande itic or b altic, with many schi t 
fragments. Thi A.ppeared to bo from 50 to 60 feet thick. It is 
overlain by light-gray fin -graiiled and sitic tuff of approximately 
the arne thickne s. Above this lie about 2-00 feet of coarse ande -
itic tuff-breccia, the fragments being mo tly a light-gray horn­
blende-biotite ande ite. Thi i sue e ded by about 300 feet . of 
ande itic flow breccia, which appears to pass upward without recog­
nizable plane of demarcation into a om what po_rous pink lava 
which, although resembling tho dacite 
of the Globe-Ray region, prov d on 
microscopic examination to be a fre h 
hornblendeande itowithglas yground­
mas . Thi flow or part of the flow 
is at least 400 feet thick and forms the 
top of the mountain. 

GEOLOGIC RELATIONS OF THE 
QUICKSILVER DEPO ITS. 

The chistose rocks in which tho cin­
nabar occurs trike g~nerally north­

.- Diagram showing rclatiYo posi· 
tions or rock zones in southwestern pnrt or 
tho Mazatzal quicksilver belt , Ariz. 

eastward, and the plane of chisto ity are nearly vertical. The 
southw tern part of this chi t belt i clivi iblo longitudinally into 
at least eight zone , indicated diagrammati ally in figure The 
southw t zon - th zone fu t cro d in ascend.ing the west fork 
of ycamore Creek- onsists of gray eri~itic chist, .in part fissile 
and laty and containing orne laym of gr enstone chist. This 
i about It milo '"vide. It i ucce d d by a boldly outcropping 
dikelike rna " of ellow rhyolite porphyry, p rhap one-third of a 
mile wide. 'I'hi rock is chistose on the side of the mas and 
appeal to hA.ve been a:ff cted by the same force that o-avo the 
schi t their pre ent character. ncl r the micro cope the lea t 
altered ari ti "' of the porphyry how considerable metamorphi m. 
Th quartz ph nocry t have been nlarged by secondary quartz, 
and the grouudmas i a ecoudarv aggregate of quartz and ·ericite. 
Northwe t of the rhyolite porphyry i a zone of fi iTe brown slate, 
probably between on -third and one-half of a mile wide. This i 

\lCCe ded by a zone of neA.rly the arne width of ericitic schist on-
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taining here and th re layers of ·queezod couglomor n.Lo, of late, of 
interlaminat d hematite and jasper of limestone, 1tnd of gre nstone 
schist. This i the :tone in which mo. t of the eintHthttr dopo it · in 
Maricopa County have been found . orthwest of iL i A. :tone of a 
very conspicuou rock consisting of thin layer of yellowish dolomitic 
lim tone and bright rod ja per . The layers are co1 id rably con­
tor ted and the brittle jasper in particular appear to ha e been 
broken artd displaced by movement in the mass, o that in place the 
lime tone is crowded with rod fragment . This rock is hard and 
resi taut and forms prominent outcrops. The zone, however , i 
irregular in width and apparently is eli continuou . Iorthwest of 
the jasper zone i a zone of chist which, n.lthough imilar to that on 
the southeast side of the jasper, appen.rs to contain a larger propor­
tion of queezed grits and onglomerate . The pebbl s are in part 
flaky and suggest derivation from older schi t . A second zon of 
brown sln.te lies· northwe t of tlu ·chi t and this is succeeded by a 
second zone of rhyolite porphyry. 

It will thu be seen that in the outhwe tern part of the quick­
silver belt the di tribution of the rock is such as to sugg t that the 
jasper zone occupies the axis of n. compressed syncline or anticline. 
Toward the northea t , on the east slop of the Mazatzal Rang , the 
symmetrical arrangement of the rock zones i le s evident. 

The rhyolite porphyry which is so prominent on the west fork of 
Sycamore Creek, near the Sunflower camp, wa not een on the ea t 
fork. At the plac where the porphyry might be exp ctecl that 
stream cuts through at least 40 feet of coarse conglomerate, which 
con tains pebbl of late and reel ja per and seem to be part of the 
schi t erie . South of the conglomerate, and also seemingly involved 
in the schi t complex, is a considerable body of reddish altered ign ous 
rock, apparently rhyolite. orth of the conglomerate is the fir t 
zone of brown slate and then the second schist zone. The brown­
slate zone continues northea twarcl through the saddle ju t nor h of 
Pine Butte, on the crest of the Mazatzal Range, and is said to die out 
on Deer Creek, on the east slope of that range. The top of Pine 
Butte is rhyolite porphyry . 

In Gila County, east of Pine Butte, tho quicksilver deposit<; appear 
to occm in the southeast schist zone, the one crossed first in ascending 

ycamore Creek, and therefore not the sam e zone as that containing 
the deposit on the west fork of ycamore Creek. 

Just we t of Reynolds's camp, near the head of Gold Creek, is a 
mas , several hundred feet wide, of very fine grained reddish-brown 
rock, which waS supposed in the field to be a dike in the schist. It is 
not. schistose and may therefore be later than the general metamor­
phism recorded by the schists. Nevertheless the micro cope show 
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considerable alteration. The groundma. . retains no rc ogniznblc 
igncou texture and i traversed by a network of micro opic vein­
lets of ' ericite. The rock i apparently an alt red rhyolit , and i · 
f l iti character suggest that it may be extrusiv . 

mall dikes of diorite porphyry appear to be faiTly abundant in 
schist along Gold Creek and on the ridge oparatin()" Gold Creek from 
Hard Creek th next tr am to the north. 

GENERAL CHARACTER OF THE DEl"OSITS . 

The quick ilver depo it of the unftower di ·trict ar lode , which 
iJt general conform to the lamination of the schi t in which they lie. 
In the southwestern part of th quick ilver belt thT approxi­
mately parallel lodes are recognized. Th e are from 300 to 500 feet 
apart. The middle or Packover lode appears to be th lonO"e t and 
th be t metallized a.nd is the one on which nearly all developm nt 
work has been done. 

The lodes consi t of veinle , fJm ' , and speck of cinnabar in hi t 
and as a rule hav no definite walls. A sociated with the cinnabar, 
particularly in the larger veinlets, is more or les gangue. Th u ual 
gangue-forming mineral below the zone of oxidation are calcite; a 
buff feiTuginou carbonate, probably of variable compo ition, which 
leaves a r idue of limonite on weathering; and quartz. Some barite 
is reported by Mr. Bowman. Sulphides other than cinnabar arc 
rare within the v inlets, al though small cry tals of pyrite closely a o­
ciated with flecks of cinnabar are fR.irly abundant in orne of the 
chi t n ar veinlets. A v ry little chalcopyrite was noted. In orne 

or taken from the Tatum group by Mr. Reynolds and rcceiv d ine 
the field examination was made, specularite occurs in small aggr -
gaLe of glistening al as ocintcd with cinnabar in a quartz and 
f rruginou arbonate gangue. In ore taken from a cut in th Pack­
o r lod on the Packover claim are a few minute sp cks of a bright­
gray m tallic min ral, which, as te ted by W. T. Schaller, of the Geo­
logical urvey, ga off no sublimate in a clo d tube and no reaction 
for opp r. It is therefore probably not tetrahedrite. Neith r doc it 
appear to b tibnite. The quantity obtained was too mall to per­
mit id ntification of the mineral. Glo bul s of nati v quicksilver 
occw with somo of the cinnabar. 

Most of the vcinle · or tr inger lie in the cl avag planes of the 
chi t and range from mere film· to veins 6 inches thick. tringers 

over an in h thick ar e c ptional. In orne places tringer cut 
acros th chi to ity. .Af3 a rule the veinl interleaved with the 
schi tare not individually peri tent for more than a few feet; they 
thin out and arc ucce d d by oth r . Many of the string rs that cut 
aero s the chists are very iiTegular in cow c and width. The abuu-
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dance of the cilint1bar veinlets 1Utd the tota l width of tho metallized 
zon vary greatly from place Lo pl!!ce . At one smfaco exposure of 
tho Packovor lode on tho Go By claim tho s hi ·t for a width of at least 
75 feet contains little veinlot of cimut.bar and gangu(', all le than 
3 inches wide and most of them los. than 1 inch wide. This z no of 
veinlots is not bounded by definite walls, and tho schi ts probably 
contain some cinnabar ou ide of the 75-foot b lt. At this locality 
Mr. Hutchiru on, by careful pro pocting and ounting, e tablishod the 
existence of 17 veuu ots in a width of 9 feet. The aggregate thickness 
of these voinlets wa e timated by him at 15 inches. Another count 
50 feet away on the same lode gave ubstantinlly th sam result. 
Beside occurring in the veinlets the cinnabar, particularly ncar the 
veinlets, is dis eminated as pecks and mall irregular blotche through 
the schist. 

A sample taken by Mr. Hu tchinson at th locality ju ·L indicated, 
by making two cuts aero s the 9-foot zone and rcj ~cting so far as po -
sible the barron chist between the stringm ' ,yielded on a ay 3.60 per 
cent of quick ilver . That is, th re ult repre ents approximately 
the contents of an aggregate width of 15 inches of tringe1 · out of a 
total wid th of 9 feet of lode. It may be estimated roughly from the 
foregoing data that a continuou · sample acros the 9 feet might 
assay from 0.5 to 1 per cent of quicksilver. 

Although tho indi, idual veinlet are not persistent, th P ackover 
lod as a whole is traceable with roason abl certainty for at least 3 
mile . It is not continuou ly exposed for that distance, but its 
presence i indicated by the occurrence of cinnabar here and there 
along its outcrop. · 

As a rule the cinnabar lodes do not crop out con picuously. The 
out of the lode if r ogniza.bl at all as a topographic feature is 

more commonly marked by a slight depre ion than by a ridge or 
projection. Under the influence of " -eathering tho cm·bonato gangue 
is di olvcd, leaving behind a spongy ro idue of limonite and quartz. 
Tho cinnabar, though fragile, is chemically very stable, and where 
originally present in the lode may generally be found in the oxidized 
material at the surface. J o evidence was obtained that indicated 
any con iderablo solution of the cinnabar or any downward enrich­
ment of the lodes. 

CL .... UMS AND MINING DEVELOPMEN'.I' . 

As ah-endy noted, the quicksilver deposits occur partly in the 
schist zone lying between the jasper zone on the northwest and a 
brown-slate zone on the southeast (see fig. 8) and partly in the oath­
east schist zone. The line of deposits between tho jasper and brown 
slate may con eni ntly be referred to as tho Mari opa County belt. 
That lying southeast of it may bo designated Lhe Gila County belt. 
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The claims along the Maricopa County belt ' re grouped at the 
time of visit as follows, the enumeration being from southwest to 
northeast: 

}.fining claims in Maricopa County belt. 

Owner. Number or al~~~~t 
clmms. in feet. 

Martin, Raymer & Hayden ................................................................. . 1,500 

~:l8~e~ &~:~~9r'1{i;;~;g cci:::::::: :::::::::::::::::::::::::::::::::::::::: 3 lractlo~5 400 
4,500 
3, 000 
3,000 
4,500 
3,000 
4,600 

Raymer, Hayden & llfartin...................... ...... . .. ... .. .. .. .. . .. ... . .. 4 
Bowman & 1leynolds (Tatum or Lost Packer group}.. .............. . ......... 6 

~~~~g~~l~~~~~i-l~_er 11~~ -~~::::: ::::::::::::::::::::::::::::: : ::::::::::::: 1~ 
Bowman & Reynolds (Quicksilver King group)........... . ................... 8 

24,400 

Overlapping at its southwest end the foregoing line of claims is 
the line of claim on the Gila County belt. At it outhwest end, in 
Maricopa County, is the L and N group of SL'< or seven claims be­
longing to Christopher Martin and others. The total length of this 
group along the bel t was not definitely ascertained but is understood 
to be five claim lengths, or 7,500 fe t . On this understanding the 
holdings along the Gila County belt are as follows: 

Mining clai?P.S in Gila County belt. 

Owner. 

C. Martin and others (Land N group} .. .................................. .... .. 
Bowman & Reynolds (Gila County group} ....... . ... .. .... . ............ . ...... . 
H . Bowman ............. ................... . ... ... .. . . ..................... .. .. . 

Length 
Number of along belt 

claims. in loot. 

i (?) 7,500 (?) 
14 16,500 

l 1,500 

25,500 

Wh ther th r is an interval betwe n the claim. of Martin nnd tho e 
of Bowman & Reynold was not 1 arned. 

The claim of Bowman & Reynold , enumerated in order along 
the lode from outhwest, to north rut, beginning southeast of Pine 
Mountain, are a follow : Mercury ulphide No. 3, Bernice No. 1, 
M rcury Sulphide o. 1, Mercury Sulphide o. 2, North Star No. 1, 
North tar o. 2, rorthern Light No. 1, and M rcury ulphide Nos. 
4, 5, 6, and· 7. The end line between North tar No. 1 and North 
Star No. 2 li along tho bed of Gold Cre k. 

On tho Martin, Rayn1 r, & Hayden group and the Hayden & Allison 
group no development work ha yet been attempted. 

On the unflower group (fig. 9) two twmel have be n run nearly 
we t under the Go By claim from tho lope above the west fork of 
Sycamore Creek. The upper or No. 2 tunnel (fig. 10) is from 250 to 

104.27°-Tiull. 620-lG-D 
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300 f et n.bovc he CI·cck. It i · a Cl'OS cut a.bou t 150 f ct long. From 
the nd of the rosscut a drift of about tho amc length has been run 
southwe tward on th Packovcr lode. A drift about 100 f et long 
run from the north ide of the cro cut is apparently not on th lode. 
The o. 4 tunnel i about 100 feet lower. This also i a cro cut 
and runs in the same direction a the upper tunnel. It i al out 500 
feet long and cuts tho lode abou t 390 foot from the portal. A ch·ift 
50 to 60 feet long ha been run on thi lode, supposed to be the 

oL, ~·~·~·~~~~~~~o ______ ~0~opoFED 
FIGURE 9.-Sketcb plan or Lbo claims or the Sunflower Cinnabar Min.ing Co.'s group, Maricopa County, 

Ariz. 

Packover. orthea t of the e tunnels a small open cut has been 
made on the Sunnyside claim and some cinnabar has been obtained. 
from what is con idered a continuation of the Packover lode. 

On the Tatum group two tunnel have been run. The lower, re­
ported to be at an altitude of about 4,900 feet, was not visited. It 
was said to be between 200 and 300 feet in length but had not at that 
tip'le reached th lode. The upper tunnel, about 150 feet higher up 
the am hill, was about 235 feet long at the time of visit . It runs 
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S. 33° E. and eros cuts the schist , which hero dip 60°-70° E., 
wherea the prevailing dip in the distri t is to the northwest. 

On the Maricopa group a cro scut tunnel at an elevation of about 
4,900 feet ha b en run northw tward to cut a lode that out rops 
about 2,000 feet higher up the hill, on the Lo t Packer o. claim. 
The length of this tunnel wa not recorded at the time of vi i but 
was probably between 200 and 300 feet. It hnd not rca hod the lod . 

N 

1 

~} 
AOOtiT 4~6()()f'CCT 

FIGURE 10.-Sketch plan of upper or o. 2 tunn I of tbo SU1'10ower workings, Maricopa County, Ariz. 

orthea t of the Maricopa group the only workings on the quick­
silver c1 po it nt he t ime of vi it were m r ly uch hallow cu and 
pit ns fulfill d the r quircrocnt· f th a ment provision of the 
mining law. 

DE CRIPTIVE DETAILS. 

The Lwo tunnel of Lhc unflowcr iJmabar Minincr Co. were both 
run o to cu t the Packo r lod ben ath a action of i outcrop 
where little or no cinnabar bas been found. Th lode where ut by 
the tunnel app a1 to have a wid th of about 12 inchc , and Lhe prin-
ipn.l tring r , which i nearly 6 inchc in maximum width, con ists 

of buff ferruginou. carbonate, white alcit , quartz, and cinnabar . 
An a say of a ample Lak n aero . a width of 7 inches of the lode 
at tbi point i ld d Mr. Hutchinson 1.25 per cent of quicksil er. 
Of thr ampl taken by him from this tunn 1 the riche t, r pre­
senting a width of 5 inches, gav 3 p r ent of quick ilver, indicating 
roughly, at th pre ent high pri o (quotations in Jttnc, 1915, taken 
for convenience at · 75 a flask of 75 pound ), 0 oro. 
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A few feet north of th o crosscut tho vein disappear . It i. appar­
ently cut off obliquely by a fault, but the displacement, i probably 
not great. South of th cro scut th o vein has been followed for about 
100 feet to a point where the drift leaves the oin, which pa es into 
the footwall. 

The lode as s en in the low r tunnel is of the ame general chara tor 
as in tho upp r tunnel. For a part of its wm e a t 1 a t it follow n. 
layer of squ eezed limos ton in the schist. This lay r is cut by irregular 
stringer of qua.rtz and white al ite carrying more or le cinnabar. 
In place also paper-thin scams of cinnabar ,trithout gangue are fairly 
abtmdant in the s hi t. In the schist expo cl in the eros cut tunn el 
a li t tle cinnabar wa noted for at least 50 fe t west of th main drift. 
H ero a elsewhere the lateral limits of the lode are indefinite. • 

A ample repre en ting a width of 3 feet aero the b t part of the 
lode as exposed in the lower tunnel gave, according to Mr. Hu tchin on, 
a little les than 2 per cent of quicksilver. 

On the Slmny ide claim, about a thou and f t north of the tunnels, 
the Sunflower Cinnabar Mining Co. was obtaining ore for it retorts 
at the time of vi it from a small open cut. Her wa expo ed a 
veinlet , measuxing 3 inches in it wide t part, of cinnabar and limonite 
lying in th . planes of lamination of the schj t. Tb veinl t was 
exposed with nearly m~'{imum width at the northeast end of th cut 
and had been followed to a point where it pinched ou t to th outh­
wost, in a d.i tance of 6 feet. Till is probably the large t and riche t 
sing1o veinlot soon. Mr. Hutchin~on' report shows that it contains 
3 .2 per cent qwck ilvor , roughly . 60 ore a t pre ent price , but a 
2-foot ample aero s the lode, with the tringor omitted, gave only 
0.7 per cent, corresponding to . 14 ore. 

The upper tunnel of the Tatum group on th Lost P acker o. 1 
claim cuts a . tring r of ferruginous carbonate, quartz , and cinnabar 
96 foot from its portal. A sample from thi ~ tringer, will h, as 
expo eel in th e tunnel, is from 1 to 3 inches wide, carri ed 2.7 per cent 
of qwck ilver, according to M.r. Hu tchinson. At 150 fee t from the 
portal the tunnel passe through a fairly strong gouge lying in the 
plane of chistosity and another similar gouge was noted about 195 
f et from the portal. No cinnabar was een in connection with the e 
gouge-filled fi ure . ince the tunnel was visited it has been reported 
that some cinnabar has been found in the « Tatum tunnel " abou t 115 
feet from the portal. It i::. not clear whether the account received 
refers to the upper or lower tunnel. A small sample of this mat rial 
ent to the Geological Survey by Dr. Burt Ogburn, of Phoenix, shows 

small veinlets of ferruginous brown carbonat , calcite, and quartz 
carrying cinnabal' and little neats of speculu hematite. As the 
material includes con iderable limonite, it may perhaps have come 
from the upper tunnel or from some now opening. 



QUI l~P.ILVER I fA7. :\ 'l'7.AL HAN(lE AIU;t,. 125 

On the Lost Packer o. claim, of the tfaricopa group, there is 
a strong outcrop, fully 2 feet wide, of quartl!l and ili i:fied chi t 
carrying a little cinnabar. The lode ha the u ual northc 1,­

southwe t strike and dips about 0° W. It outcrops along the 
hillside at an elevation of about 5,100 feet and at the time of visit 
had not been cut by th cro scut tunnel 200 feet low r. The 
quartzite outcrop i apparently local, the oUI e of th lode being 
indicated el ewhere by a soft ru ty zone in the chi t. The belt of 
schist in which this lode occurs is the ame as that which con titute 
the_ country rock of the Sunflower Cinnabar Mining Co. 's d posits . 
It contain some len e of lime tone near the Maricopa tunnel. 

On the L and J group ome rich stringer of quartz and cinnabftr 
up to an inch in width had been expo d at the tim f vi it by 
shallow pro pecting pit , and a furnace with one retort wa being 
built.1 Thi lode lie sou theast of the Maricopa lod , being parat d 

· from it by the southeast belt of brown lat nnd by a belt of con­
glomerate which in this part of the di trict appear~ to occupy the 
same po ition with relation to the other rock b lts that the rhyolite 
porphyry does near the unflower camp. 

On the Bowman & Reynold Gila County group the most outh­
we t rly opening at the time of visit was a small cut on the B mice 

o. 1 claim. The country rock h re is a gray-brown granular chist 
which retains distinct indications of nn original cla tic structur and 
is appar ntly a metamorpho d and ton or grit. The cinnabar 
occur with quartz in mall stringers, the wide t m asuring 1 inch, 
and in rather parsely eli per eel mall peck through the aelj acent 
rock. A ample tak n by Mr. Hutchin on am·os 2 f et of what 
appeared to be the mo t promising part of th lode crave hin1 1.4 
per nt of qui k ilver, quivalent to , 28 ore. A dark dike of altered 
ba altic ro k run parall l with he lode a few feet to the northwe t, 
following th tructure of the hi t. 

About 00 f et nort,heast of the above cu t, on the same lode and 
ncar the ere t of th ridg between Cane and Gold reeks, a mall 
shaft, or 10 feet de p, has be n unk on the ulphide ro. 1 claim. 
The shaft di clo d some cinnabar, but non of tho material can rank 
as ore. 

On th orthern.Light o. 1 claim a pro pect cut expo es a veinlet 
of quartz, limoni to, and innabar, in place a much a 6 inches wide. 
Mr. Hut hinson' ample of thi tringer gavo 1.1 per ent of quick­
ilv r . Another ample from the same tringer, wher from 1 to 3 

inche wide gave 2 p r cent of qui ksilver, and a ample aero 4 fe t 
of chi t adjacent to tb stringer ga,7e a tra c. 

• 'l 'wo flaskS are reported t.o have been shjppcd in March, 1915. 
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On the Mercury Sulphide o. 5 tho lode how the same general 
character as on the claim to the outhwe t. · A sample talc n by 
Mi·. Hutchinson aero s a ·width of 11 inch s of croppings ju t above 
the location cut gave 3.3 per cent of quicksilver, corresponding to 
$66 ore. 

OTHER DEPO S I TS NEAR THE QffiCK I LVER L ODE 

orth of Bowman's camp, in the area of schi t lying northwest of 
the jasp r belt, a pro pect pit on ()"round belonging to Mi·. Bowman 
how ar enopyTite and a little vanadinite. Still farther north, in 

McFarlane Gulch, on iderablo pro p ctinO" ha been done in the 
same chi t on claim reported to belong to the Mormon l[ining Co. 
{ost of the work has b en done on n. nearly vertical ein ti·iking 

north 55° east, or approximately parallel with the schi t. A short 
tunnel has been run on this vein, but most of the development 
apparently was accomplished by a shaft, now caved, which was 
sunk near the creek. The v in as expo ed n ar the surface is in 
some place 7 inches wide and con i ts of quartz, pyrit , po ibly 
arsenopyrite, and bomnonite. The remains of a small auastre 
and some heap of imperfectly roasted ore how that an attempt 
was made to work the vein for gold, po sibly on tho suppo ition 
that the bomnonitc was a gold telluride. A little galena was noted 
with the bournonite. 

O RIGI N . 

As regards the problem of the origin of the Mazatzal quicksilver 
deposits, the ascertainable geologic facts are not illuminating. The 
conditions under which quicksilver dopo it occm the world over have 
established fairly well a genetic onnection between them and vol­
canic activity. Owing to tbeiT mobility in solution, moreover, the 
con tituents of such or are, in accordance with theory and actual 
experience, depo. itod nearer the urface than most sulphide ores. 
Con equently, although the Mazatzal ores are in pre-Cambrian schist, 
it is not probable that they were formed in pre-Cambrian time. That 
suppo ition would imply that they were deep- eated portions of 
clepo it from which the upper parts bad been removed by prolonged 
ero ion. All that i known of quicksilver deposits suggests that they 
do not form at depths o great as would be demanded by the uppo­
sition that the Mazatzal depo it are pre-CambTian. It is more likely 
that the ore constituents were introduced at a much later time, when 
the surface as a whole did not d iffer by many hundreds of feet of 
eroded material from that of to-day. I t is a reasonable conj ectm e 
that the cinnabar found it way into the schists in Tertiary time and 
that it. deposition waJ merely one phase of the volcanic activity of 
that period. The deposit , however, are not obviou ly connected 
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with any particular igneous rock, and the qu tion whether th y are 
mo t closely related to the b altic or andc itic lavas of the region 
must, for the pre on t at least, remain unanswered. 

ECONOMIC PO SIBILITIES. 

Not enough mining work h as been done at th e time of vi it to det r­
mine whether the quicksilver depo. it of tho un flower d istri t arc 
susceptible of profitable exploitation. Tho geologic fact of oc ur­
r nee and tho ampling by Mr. Hutchinson indicate that the parts of 
the lodes of minable dim n ions now expo cd to view carry no more 
than 3 to 4 per cent of qui ksilver n.t the mo. t, although cxcepti nal 
stringers here or there which might be . orted out from the broken 
ore are of much high er grade. To obtain a 3 or 4 per ent produ t­
that is, 60 to 0 oro at pre ent price -con iderable. orting would 
have to be done, with rejection of three-fourth or more of the rock 
broken. The chances for obtaining on id erablo qu antiti es of 2 per 
cent or $40 ore with only moderate sor ting appear to be good. 

When it i r emembered that tb Jew Idria mine 1 in California, the 
largest produc r of quicksilver in the nit d tatcs, l1ns for orne 
y ars been making sub,tanti al proiJt.s on ore from which 0.5 to 1 per 
cent ~f quicksilver is won, it is evid nt that the d"azatznl deposits 
have consid rable promise. Although ost are probably lower in 
California than in Arizona the situation of the ow Idria mine i com­
parable with that of the Arizona d posit in that the min b as a 60-
mile wagon h aul to the neare t r ailway. Mr. Hu tchin on' sampling, 
while thorouO'hly reli able, was only preliminary to po ibl work and 
wru rendered difficult by the lack of development. Before the 
d po its can be appraised at their probable value additional sampling 
will be necessary. This ampling hould bo directed particularly to 
th e timation of the prob able available quantity of ore of the mini­
mum grad that can be profitably worked without or ting. To what 
width, for example, can a lode be mined as a whole to g t a 1 to 2 
per cent ore and bow mu h of . u h ore an r onably be considered 
available~ 

Facts that promi e well for fu ture exploitation are the undoubted 
persi tence of the lodes for long di tances ov r tho surface and the 
lack of any ovid nc f d cr aso oft nor with increase in depth. Too 
little has been don e to provo that th e lode continue downward with­
out diminution in qui ck ilv r c9ntont, an lit i generally recognized 
that quicksilver ore a a rule arc not d po ited at a O'reat depth as 
some oth r ores. Lindgren 2 tate that no quick ilver depo it has 
been worked to a depth of 2,000 f t below its ~mtcrop. On the 

1 U. S. col. urvoy Mineral R esou rces, 1911 , pt. l , pp. 902-903, 1912. 
• Lindgren, Waldemar, Min rnl deposi ts, p. 4i2, 1913. 
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other hand, the work n.lready don on these deposit gives no found a­
tion for a belief that the cinnabar is les abundant at moderate 
depth than near the surface. 

The small quantity of quick ilver thus far produced has been 
obtained by simply retorting the ore as mined, enough lime b ing 
produced from the gangue to effect reduction to the metallic state. 
It was evident, however, at the time of visit that considerable quick­
silver was being lost through the crudity of the operations. More 
efficient modes of treatment will have to be employed if the deposits 
are to be worked profitably for any length of time. 

The present transportation facilitie are very poor and any plan 
for profitably working these deposit will have to reckon with the 
long wagon haul to Phoenix:, Mesa, or Globe. 

It should be remembered that the conversions of assay p rcentage 
into vn.lue per ton as given in this paper are ba ed on the pre ent 
abnormally high price of quicksilver . They should be reduced by a 
third or half to corre pond to a probable normal market price. 



IRON-BEARING DEPOSITS IN BOSSIER, CADDO, AND 
WEBSTER PARISHES, LOUISIANA. 

By EnNE. T F. Bun HARD. -

I NTRO DUCTIO N . 

The bright-red soil and abundance of debris of limonite (hydrated 
iron oxide) in bowlder lab and gravel on the slm'llllits and lopes 
of the hills in northwe tern Loui irma have for many years gi•en 
rise to the hope that at lea t some of the depo its of this useful 
mineral might eventually be found to be of value. In 1 6-lc c 

Lawrence C. John on, of the nit d tates Geological urvey made 
a reconnais ance of northern Loui iana and eastern Texas, studying 
the tratigraphy and the outcrops of the iron-bearing bed . brief 
report 1 on this work was issued in 1 8 but it contained little dis­
cussion bearing on the commercial availability of the depo it , partly 
because at the time of Johnson's ' ork only one railroad, the Vicks­
burg, hreveport & Pacific, erved the northern section of Louisiana, 
and had important iron-bearing deposits been noted they would for 
the most part have been too remote from transportation routes to be of 
economic value. The tran portation situ a t.ion is o-reatly chang d now. 
Two lin running nOt·th and outh the Kansa ity outh rn and the 
T xas & Pflcific, traY r e addo I ari h, pa ing throuo-h hre eport; 
the t. Loui outhwestern Railway run northwud from hreveport 
through Bo i r Parish· and the Loui iana & rlcan a Railway runs 
northward from Minden tlu·ouo-h W b ter Pari h. ( ee fio-.11.) ev­
eral oth r lin onne t hreveport with the onth, efl t, and we t . In 
Yiew of th incr a ed facilities fortran portation which have brought 
mo t of the lmown deposit of limonite within 4 miles of a railroad, 
intere t in their po ibilitie ha been revi• d and requ ts have been 
made by the itiz ns of northw tern Loui iana that the iron-bearino­
depo its should be further examined by the nited tates Geolo!rical 

urvey. It should be sta.ted here that since the work of Johnson 
everal other g ologi ts including G. D. Harri , A. C. Veatch . and 

1 .Tohuson, L. C., The Iron regions of northern Loulslann and east Texas : 50th Cong., 
1st sess., House lllx. Doc. No. 195, 54 pp., 1888. 
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G. C. 1atson, have made e:densive stndies in the reo-ion, for both 
the State and the Federal geoloo-ical surveys, but th studi ·s have 
had reference more particularly to the g neral and tructural geology 
as affecting the distribution of petroleum and natural gas or under­
ground water, and little special attention has been devoted to the 
iron-bearing deposits. \.n opportunity was pre ented for a recon­
nui sance of the e depo it in conn ction with tho e of northea tern 

F•conEl 11.- Map of Bossler, addo, and Wcbst r pa ri be , La ., showing approximate ioca· 
tion of limonite depo ·lts examined. 

Texas in the autumn of 1914, and accordingly the writer spent about 
two ·weeks in examining the mot promising iron-bearing deposits in 
Bossier and Caddo parishes before proceeding to Texas. Although 
little encouragement co1.1 ld be offer d as a result of these examina­
tions, it was believed that more definite information would be yielded 
by prospecting in ertain lo ·alities, and as the owners or tru tees for 
these properties expressed a \Yillin()'nes · to do the necessary prospect-
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ing the localities were desi()'nated by the writer with sugge tions for 
carrying out the work. After four weeks spent in a reconnaissance 
of the northeastern Texas field the writer returned to hreveport in 
order to examine the results of the prospecting. t this time a trip 
was also made to Minden and northern Webster Parish. 

The limonite deposits of northern Louisiana are by no means 
confined to the three parish s mentioned above. Johnson mentions 
the occurrence of limonite also in Bienville, Claiborne, De Soto, 
J a.ckson, Lincoln, Ouachita, nion, and Winn pari hes, and the 
writer noted certain of the e depo its in De oto and -n inn pari he . 
It is believed, however, that the depo its described in the following 
pages are typical if not the best representatiYes, of the iron-bearing 
depo its in northern Louisiana. Johnson, who had opportunity to 
study the field as a whole, regarded Bo sier Parish as one of the 
most promisin()' districts of the iron-bearing region and it is to-day 
even more certain that if the limonite deposits in general were of 
sufficient magnitude to be mined for iron ore those of Bossier Parish 
would be first to be drawn upon, as hreveport would become the 
logical iron-manufacturing c nter. Therefore, if the mo t favorably 
situated deposit fail to me t the requirements of the iron industry 
there would seem little need to extend the inYe tiO'ation further. 
A comparison between the characteristic limonite deposits of north­
western Louisiana and the productive deposit of northern labama 
is given on page 150, under "Conclu ions " in order that the disparity 
between them may be readily appreciated. 

On page 109 will be found a bibliography of publications relatin()' 
to the geology and iron-bearing deposits of northern Louisiana and 
northeastern Texas. 

The writer thankfully aclmowledges the courteous as istance of 
Mr. J. B. Babb retar of the hre,eport hamber of ommerce ; 
of the Boling r Lumber o. · and of M rs. E . K. mith, G. E. 
Gilmer, H. Kendall and J. E . Whitworth, all of hr ,. port, with­
out whi h it would have been impo ible to make the examinations 
in Bo ier and addo pari hes with e onomy of tim and expense. 
To Me srs. A. D. Turner and J. J. Cahill, of Mind n thank are due 
for courtesies in connection with the work in 'iV bster Pari h. 

THE IRON-BEARING DEPOSIT 

CHARACTER. 

The principal iron-b arin()' mineral 1n northwestern Louisiana 
are hydrated iron oxides, tb mo t common of which i limonite, 
expre ed by the formula 2Fe20 8.3H20. Pure limonite contains 
approximately 59. per cent of metallic iron, 25.7 per cent of oxygen, 
and 14.5 per cent of ' ater. Limonite is seldom found in an entirely 



132 CO TRIBUTIOr S 'f R ON i\TJ t :lWLOClY, l!ll!i, PART I. 

pure condition, generally conta ininO' more or l sil i a and alumina, 
intimately mix d \vith it in th form of and and clay, and mall 
percentage of manO'anese, phosphoru and ulphur in ertain ch mi-
al combinations, chiefly with oxyo· n. The pre ence of impurities 

reduces the percentarre of metallic iron in limonit , so that th bulk 
of the commercial chemical analyse show only 45 to 55 p r c nt of 
Iron. 

The hydrated iron oxides are generally found ne.ar the surfa e and 
above ground-water level. B low th permanent 1 vel of ground 
water, where oxidation doe not so readily take pla , th re may be 
found iron minerals which are not very table when exposed to the 
atmo phere. iderite (iron carbonate, FeC03 ) and pyrite (iron 
disulphide, Fe 2 ) are the most common of these mineral found in 
the clays and ands of northwestern L uisiana below the level of 
ground .water. Both of thee mineral be orne altered to limonite. 
In the deposits to be noted below iderite play a v ry unimportant 
part, being noted in only one lo ality, wher ito cur in an impnr 
form lmown as "clay ironstone. ' P yrite i rar ly found near the 
surface. Where deposits of limonite or other iron-bearinO' min­
eral pure enouO'h to be u ed for the manufacture of iron oc nr in 
quantities snffi ·ient to render them of actual or pot n tial valu 
they may be termed iron ores. 

The forms in which limonite and other hydrated oxide of iron 
occur in this reO'ion are varied but may be O'l'Ouped under a f w gen­
eral types. Limonite is \videl. di tribu ted in mall quantities a a 
cementing material in sand tone, conglomerate and breccia. Thu 
it may be found in all st age from a thin , oft cru t in the sand, in 
which the iron hydroxide is visible only as a f aint stain to a ma ive 
hard bed, in which the iron minera! appears to compose the major 
portion of the rock. To this type of deposit John on,I in hi cia i­
fication of the iron-bearing deposits of this region ha applied the 
general term "impregnation ' deposits, from the fact that the iron 
hydrob.'ide has been carried into the beds in solution. uch deposits 
are being formed at the present time, and instances will be cited far­
ther on in this paper. Another common type of limonite is the 
nodular form, including concretions, geodes, and other modification , 
such as are produced when a number of these forms are grown to­
gether into a honeycombed or cellular rna s. Iron carbonate is most 
frequently found in nodules. till another type is a more or le s 
compact layer or bed of limonite that may have been formed in a 
bog. The depo it of this type may vary greatly in purity. They 
have been termed" lacustrine" by J chn on, but this term i mislead­
ing, for not all well-defined beds of limonite have been deposited in 

1 J"obnson, L. ., op. cit., pp. 24- 25. 
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bogs. Another type consi ts of limonite gra Yel, formed of the debris of 
former deposits at the same or higher levels. Gravel deposits are 
likely to be found on or near the tops of hills. In their general 
order of value these types might be summarized as follows, although 
local conditions may greatly influence the value of any particular 
deposit: (1) Nodular; (2) bedded; (3) gravel; (4) impregnation. 

TOPOGRAPHIC RELATIONS. 

The most conspicuous limonite depo its of Bossier, Caddo, and 
Webster parishes are situnted on the plateaus and rido-es that rise 
to heights of 100 to 300 feet above the low-water le,el of Red River 
or 260 to 460 feet above sea level. ln the northern part of Bossier 
Parish there is a crescent-shaped area of high red-surfaced land ex­
tending from Phelps Lake to and beyond Rocky Mount, and in the 
northern part of Webster Pari h there is a corre ponding high area 
east of Bodcau Lake. The higher lands of Caddo Pari h are in the 
southwe tern part of the parish.· There are two horizons at which 
limonite is commonly found-one at or near the tops of the plateaus 
and rido-es, the other near the top of a terrace-like area intermediate 
between the Red River valley and the hio-hest levels. 

GEOLOGIC RELATIONS. 

The rock formations in which the limonite deposits of north­
western Louisiana occur are mostly unconsolidated sandy clay and 
san l with a few beds of clay nearly free from and a.nd local in­
durated lenses of ferruginous andstone. In the reconnaissance of the 
limonite depo its made by the writer there was small opportunity for 
stu ly of the local ge logy and of cou r e non for mapping the forma­
tion boundrtric . Probably however, all the bed with which the 
limonit clepo its are as o iated in the area un der consideration 
except tho e near Mooringsport (fiO'. 11, No. 18) may be assigned to 
the t. Maurice formntion 1 of the Claiborne group (Eocene) . 
Deuss n 2 r gard the t. Maurice as the equivalent of the Mmmt 

elman and ook Mountain formations, in which the lin1onite de­
po its of northea tern T xa are found. The Moor-ina- port beds 
are in the ·wilcox formation, which underlies the laiborne aroup. 

small collec6on of fo . il was obtained by the writer from the 
lenticular bed of concretionary limonite in the waaon-road cut in the 

E. . ec. 25 T. 20 r ., R 13 W. , Bossier P a.ri h. These fossil have 

t Bnnl~, 0. n ., Oil a nd gns In Loul slanrt: U. S. -Gcol. Su1·vcy Bull. 429, pp. 120-121. 
pl. 12, 1910. 

• Deusscn, Alexander , G ology and underground wa ters of tb southeastern part of tbe 
Texas oastnl rtnin: U. S. Geo l. Survey Water- uppl y Paper 335, p. 51, 1914. 
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been examined by William H. Dall, who reports a follows concern­
ing them: 

While none of the casts are sufficiently complete to enable me to be absolu t ly 
ceratin of the . peci , the en ·embl is ucb that 1 feel th r can be no great 
doubt that the horizon is lower laiborne. The r ecoguizabl forms are Venerl­
card ia cf. V. parva Lea; Pt·otocardia, probably r : n·ico1eN Con rad; Modiolaria 
sp.; Avicula cf. A. claiborncn ·i Lea; Area sp.; Leda d. L. cata a1·ca Dall; 
Leda cf. L . acala Dall; orbula cf. C. 01lliSct~ om·ad; Ampulliua? sp.; Volu­
tilithe <.:f. F. cletrancei L ; and P leur toma cf. P. cty•i Lea. 'l'hi ombina­
tion is unmistakably Eoc ne. 

The bed yieldinO' these fos ils lies at the lower of the two limonite 
horizon mentioned abo,·e. The layer or d posits of limonite that 
simnlate hed appear to be of mall extent and are lenticular rather 
than tabular in form. They g nerally lie nearly fiat but show notice­
able dips in a few place . As rock dips in this region are of con­
siderable sirnificance to the petrol um geolo!ri t a caution should be 
inserted here again t placing too much reliance on apparent dips in 
limonite layers. These la 7er are likely to de,·elop along any irregu­
lar plane or zone within a b d of and or sandy clay that affords a 
pa sage for iron-bearinO' solutions. orne cro -bedded sands afford 
faYorable place forth depo ition of limoni te, with the result of im­
parting to the limonite seam, which tands out most conspicuou ly on 
weathering, a very mi leadinO" appearance so far as its relation to the 
dip of the local ediments i concerned. 

D EPO SITS EXAMINED. 

BOSSIER PARISH. 

1\' E 'I' 01" PLA TN DEALING. 

At a few points we t and southwest of the town of Plain Dealing 
there are outcrop of limonite which have long attracted attention, 
.Johnson haYing mentioned tb m in his report.1 One of the e out­
crops show two or three thin layers of nodular and concretionary 
limonite in a wagon-road cut on the outb slope of a bill in the 
w tern part of s . G T. 21 N. R. 13 \\. (fig . 11 .r o. 1), about 5! 
mile in an air line southwest of Plain Dealing. This is the place 
mentioned by Johnson as situated 2 miles outh o:f Collin burg a 
town no longer in existence. The limonite appears to be of good 
quality, but not one of the layers is as much as a :foot thick, and 
where all three are pre ent their aO"greO"ate thickness is less than 2 
feet. Johnson'· detailed section is a follows: 

1 Johnson, L. C., op. cit., pp. 3$-36. 
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ection 2 miles sou th of Oolliu ·burg, La. 

Feet. 
Sands and Ionm of lligb r ground -------------------------- 1- 20 
Clayey ~:md . and sanely clays______________________________ 1 

Nodul s of limonite------------- -------------------------- ! 
Clayey and ---------------------------------- ---- -------- 2 
Limonite in fine nodul . ----------------------------------- ! 
Clayey sand --------- ------------------------------------- 4 

odule of limonite_______________________________________ ~-1 

Reddisll clay to depth unknom1. 
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If thi limonite were concentrated into a ingle bed, close notwh 
to the top of the hill o that tripping would not exceed 5 or 6 feet 
and the bed were per i tent throughout 300 acres or more, it 'vould 
probably be of some value, for it lie within 3! miles of a railroad. 
None of these ess ntial conditions are fulfilled , however. The layers 
appear to be lenticular and only local segregations of limonite in the 
inclosin()' clay and and. 

Other outcrops that attracted attention in early years are alon~ 
the bluffs of Red River. On th lope above the low bluff south of 
the site of the old Gilmer landing, in the NE. t ec. 35, T. 22 N., R.. 
14 \V. (fiO'. 11 No. 2), are outcrops of two thin . trata of ncre­
tionary and nodular limonite each about in bes thick at the maxi­
mum separated by al ont 10 feet of clay and and. The debri from 
these tra,ta produce a noticeable howing .of limonite -on the hill 
slope below the ntcrops, giving the impr ion that thick b d are 
pre ent, j t the debris it elf is nt mo t but a few inche thick a i. 
ea ily demon trated by a pick. The quality of this limonite appears 
fair. The hell nnd septa are of clear dark-brown limonit , nearly 
free from and, but ocher i. pre ent in the c::n ities of unbroken 
nodules. There ur thin len e of hnrd ferruainon sand tone in the 
formation in this locality. An analy i of the lin nite i given on 
pag 1+7 (No.1). 

bout 4 mile north-northwe t of the old Gilm ·r landing, near the 
mouth of th ba. ou whi h lrain . Phelp. Lake, i a hill Jmown a 

Iii! r Bluff in th we. t rn p:n-t of sec. 10, T . 22 N ., R. 14 W. (fig. 
11 No. 3). Thi blufi' i now nbont a quarter of a mile from Red 
Riv r. b11t the river whi h chan()'e ·its our considerably from time 
to time i aid to ha'e flow d n ar the bns of the bluff at the time 
of Johnson s Yi it in 1 6. \.. lay r of concretionary limonite of 
good quality, 6 to inch thi k, crops out near the ba ·e of the hill a 
fe, f t abov th flood plain. From -0 to 30 feet hiO'h r there is 
much debri of a v ry andy limonite or ferruO'inou and ·tone. 

and ton from thi horizon is now being haul d from all available 
outcrops within a radiu of 3 to 4 miles for us a riprap to prevent 
undermining 0f the banks of R d River at flood stage. Occasionally 
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bowlders of limonite are found and included with the sa.ndstone, and 
this i probably the best u. e to whi h they can be pl't, for th deposits 
are too thin and scattered and too remote from a railroad ( 4 to 6 
miles) to possess potential va.lu a iron or . 

NEAR BOLINGER. 

Northwest of the depo its ju t mentioned mainly in th high 
country between Phelp · Lake and th St. Louis outhwe tern Rail­
way, limonite in ome form can be found on nearly eYery ection of 
land. Some of the cl epo it have been known for 40 yen rs or more, 
and other haYe be n brought to notice throuuh the ext n ive loggi ng 
operations of the Bolinger Lnmber o. 

In the NE. t sec. 6, T. 22 N ., R. 13 W ., andy limonite crops 
out in t'YO prominent ledue j u t belo'v th brow of the hill in a teep 
road that descends northwest,vard toward Phelp Lake (fig. 11, No. 
4) . These ledues are each about 1 foot thick, and at the top of one is 
abont an inch of good limonite. Th material on the whole, i too 
iliceous to be reuarded· of value. In the adjoininu portions of ec. 

5, T. 22 N., R. 13 W., and e . 32 T. 23 . R. 13 W. particularly on 
the land of G. E . Gilmer, there are som of the b t howing of 
limonite in Bossier Pari h. On the Gilmer place much limonite d'­
bris is scatter d about the ·urfa e of the fields that lie a few feet 
lower than the highe. t parts of the ridue. Pile of thi fragmenta ry 
limonite in lab 3 to 6 inches thick and up to 1 foot long hav been 
gathered during cultivation of the fi lds, and some small fragments 
appea r in the san ]y field on the hiah t part of the place. In a 
creek bottom southwe t of the farmhouse a bed of oft fernwinou 
sandstone and conalomerate i expo ed for 100 feet or more. It is of 
very recent formation and durina wet ea ons i evidently receiving 
ferric hydroxide from '"aters that p r olate down from higher le>el . 

The be t exposures of limonite on the Gilmer place are in t wo or 
three teep ravine · in the northwest lope of the bluff facing Phelps 
Lake. The following two ections indicate the thickness and charac­
ter of the limonite layers and their relations to the inclosing bed : 

Section in 1·avine ct~ttin {l blnff facing Ph elps Lalce in W. ;t sec. 5, T. 2 . . , R. 
18 w. (fig . 11, 0. 5). 

Ft. In. 
Rea snndy loam, with labs and bowlder. of limonite on 

the lope f rom top of platenu ____________ __ __ __ _____ 5- 0 
Limonite, clark brown, of good qunlity. with mammill a ry 

snrfnce and con retiona ry t ructure. but f>tirly f ree 
from caYitie ---- ----------------- - - ----------- ---- 9 

Limoni te, andy ---------------------- ------------ - - - 3-4 
Red andy loam and reddi h oft sand tone, with a 

few cales of andy limonite-- - --------------------- 4 0 
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Limonite, light brown, andy in places; weathers shaly 
and show· ocherous layer . Forms an overhanging 

Ft. in. 

ledge------------------------- --------------- ------ 1 4 
Gray and red , slightly sandy clay, exposed for 15 to 20 

feet, then covered and expo eel only at two or three 
places---- -------------- - -------------------------- 40 0 

Hard bed of fe rruginous sandstone and breccia, expo eel 
to bottom of smn ll pool. The fragment are mainly 
angular pieces of ferruginous sandstone_________ __ __ 3 9 

Concealed by wash of and and clay___________________ 96 0 
Grayish . oft laminated and ________________ ___ ________ 15 0 
Flood-plain deposits of fine sand. ·iJt, and organic 

matter. 
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The next section was obsened in a ravine about a qua rter of a 
mile northea t of the point where the preceding section was meas­
ured, but it gives only the limonite-bearing ediments. 

Section in t'(l!Vi11e cuUi·ng bl111J fa cing Phe/p. Lake in STV. t ec. 8~, '1' . 28 ., R. 
18 w. (fig. 11, No.6). 

Ft. in. 
andy oil on lope __________ _______________________ _ 5 0 

10-16 
0 

Limonite, dark brown, "'enera lly compnct und lu t rous __ 
Slope concealed by oi l, ,-egetation, and limonite d~br i _ 42 
Limonite. dark brown, lightly oucretiooary, with mam­

millary top surfn ce; oota ins much lu ·trou , rich 
limonite, but ome nndy nodules and streaks, and a 
few inclu ion of ocherou mnteriaL________________ 1 1 

Snndy clay, in part concea led------------------------ 1 0 
Limonite in . lab · 3 to 4 feet in length; top 7 inches of 

ri ch llmonite witll mammillary ·urfnce; lower half 
sandy. Th e labs app ar to be out of place and to 
ha>e lumped down on thei r .outer dge , owing to the 
und rminiog of the underlying ft bed . Po ibly 
they ma~· r pre ent b d 4. ( ompare analy e No . 3 
and 4. p. 147) --- ----------- --- ---------------------

loy nnd andy bed . mostly oucenled____ ____________ 35 
ougl mem te Rod breccia of f rru inou sandstone ce-
mented by limonit . At tb top i n layer, about 10 
inch thick. of haly limonite and ochet·, appar ntly a 
replncement of sandy, shaly clay. Over the face of 
the bed wh re gulli d out by wet-weather streams i a 
sheet of porous limonite in proc of d po ition from 
chalybeate eepnge______________ ______________ _____ 4 

10-14 
0 

0 

Chemical nnaly es of b ds 2 4, and 6 are aiven on paae 147 (Nos. 
2 3 4). The coincid nee between the analy e of b ds 4 and 6 is 
also tronrr e' 'iden e that th lab noted a b d 6 in the ction have 
broken off from bed 4. The analy indicate that the upper bed 
( r o. 2) is of good quality, and if it w re of sufficient thickness 

10427°-Bull. 620-16-10 
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(2 feet or more) and extended OYer an area. of 200 acre or mor , at 
a depth not exceeding fe t from the urfac , it should po ibly be 
able to compete with the limonite .in a s County T ex. Th r are, 
however nowhere any .indication that thi bed rea he a thiclm ss 
much greater than that .indicated in the expo ures, nor i it likely that 
the areal extent, throuo-h which thi excellence of quality i main­
tained will prove to be very g reat. In fa t, at evcral other pla e 
where the col't'e ponding bed is expo ed it is much more iliceous. 
In a well in the E. -! E. ! ec. 31 T. 23 ., R. 13 W. near the point 
where the la 't tv•o section · were mad hard ro k was truck 10 feet 
below the . urface and at interval do,,n to the bottom, at 32 f t. 
A fresh sample from a depth of 10 feet, whi h should corre pond to 
th rich bed of limonite i highly sili eous. om pro pe ting for 
ore is reported to have been clone on the :ri lmer land. lthough 
thi. work was not sufficiently th rough to yield lefinite result , fur­
ther pro~pectino- should be und rtaken only with the under tanding 
that the chance of sue e are liaht. 

In two abandoned lmnber tramway cuts 1i miles we t and 1 ~ .mil 
north,'> est of BolinCYer there are howings of limonit . The only 
one worthy of mention i in the more eli tant cut, which is aid to be 
in the ". i ~TW. i sec. 2 , T. 23 N. R 13 \V. (fia. 11 o. 7) on the 
1eans place. A face of 9 or 10 feet shows about 7 feet of inter trati­

fied sa nd and limonite. The limonite occnrs in treaks one-fourth 
to 1 inch thick and in concretionary layers 2 to 4 inch thick. ome 
of the sand is slightly glauconitic. If th material hown in the fa e 
of thi cut were concentrated the limonite good and poor toaether, 
would probably not aagregate more than 20 per cent by volume. An 
analy i of a sample averaaed from the limonite streak and con­
cretions and freed from sand and clay is given on page H7 ( Jo. ). 
The content of meta llic iron, 43.21 per cent i fair, although not 
quite a hiah a the aeneral run of de irable brown ore , which aver­
age about 45 per cent. The ili a, 19.15 per cent, consicl rably ex­
ceed the average, and the alumina is a trifle high. The phosphorus 
and nlphur are both low. A the sample wa taken with care to 
free it from sand and clay it i comparable to wa hed and screened 
ore, and it i not likely that a higher g rade could be produced through 
commercial methods of concentration. 

Another type of ferru!rinous deposit that has been noted with inter­
est in the wooded country northwest of Bolinger crop out in the 
form of heavy ledges of dark-reddish rock on the hillsides or caps 
some lmolls. This rock yields a bright-red powder, but examination 
with a field lens di closes the presence of a considerable percentage 
of sand grains, which are not readily visible to the unaided eye. 
These deposits would fall within Johnson's clas of impregnation de­
posits and are found to grade within short distances into the fer-
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ruginous conglom rate already mentioned. One of the most promi­
nent exposures of this ferruginou 'tnd tone i on the re t of a hill 
about half a nnle east of Phelps Lake, at the northea t corner of the 
NvV. t SE. 4 sec. 19 T . 23 N. R. 13 W., on land of J. . Bolinger 
(fig. 11, o. 8) . The ledae is 3 fe t 9 inches to 4 feet thick and 
breaks off in large blocks ''eighing 5 to 10 tons each. The material 
here is fine grninecl and hard and o-ives a very reel pO\Yder. There are 
some caviti es in the rock filled with ocherous material. Thi dcpo.it 
"' em to be a local deYelopment. It lies practically flat and thins 
toward the south, as indicated on two hill "·ithin a quarter of a mile 
in that direction. Toward the outh a t the bed merge into a con­
glomerate and breccia, and it app ar in this form on the Lee place, 
in the W. sec. 21, T . 23 N. R. 13 W. (fig. 11 o. 9) . Here it is 1 
foot to 1 foot 3 inches thi ck and is compo d of mall angular frag­
ments of limonite and ferruginou and tone, cemented tog ther by 
limonit . A sample of the material from the heavy ledae on the 
Bolinger land, '';rhich is the r iche t deposit of this type to be noted, 
gave on analy is only 26.63 per cent of metnllic iron. 

A fairly thick slab of bro,Yn and yellow laminated limonite more 
or le porous, wa.s examined on the Honeycut place, reported to be 
in the W. i sec. 22 T. 23 ., R. 13 W. (fio-. 11, o. 10) . This slab 
is 11 to 2 feet thick and i probably not in its original place as it 
appear to haYe slumped down the side of a teep o-ully, " ·here it lies 
abont 75 feet below the top of th hill. \.naly is of a ample that 
was a verao-ecl a well as I o ibl from the exterior of th i mflss 
(p. 147, No. ) ho'''S it to contain 40.99 per cent of iron and 20. 1 per 
cent of sili ca. The quality is therefore not sufficiently good to war­
rant its use as an ore. 

The localiti e near Bolinger. mentioned nboYe are nll from three­
quart r of a mile to 3 mile w t of the t. Loui outhwe tern Rail­
way. everal ld tramway gra de run throngh th \YOod , o that 
arrang m nt mio-ht ea ily b made for o-etting out ore if it hould 
b found in the re(]ui ite quantity and qualit). 

Ea t. f the railroa l Jimonit crop out at four or fi,·e places, but 
it appears to b of poor qnnlity. In ih N -' . :} ec. 24, T. 23 N. R. 
1 W. on th hill · north of the" ych place (fio-. 11, No. 11) , a 
heavy f rnwinou and tone, in pla 2} feet thi k, cap the hills 
and fo rm much debri down th 1 pe . The material ontain con­
glomerate an l breccia and om limonite in treak fnirl.v free from 
sand, but on the whole it i leaner in iron than the rock amp] din 
s c. 19. ea r R dland whi h tak its name from th olor of the 
oil, ther is much limonite debri. in the oil and urficial depo its. 

In the E. ec. 29~ T. 23 J., R. 12 W. outcropping of a layer of 
limonite good in ome place , poor in other , and lc than 1 foot 



140 CO THIB TIO £ S T E ONO 110 GEOLO ' Y, 1015, PAR'l ' I. 

thick, were obs rved on the K eown pla e (fig. 11, o. 12) . The 
well near the hou e, which pa ed thro"ugh this limonit horizon , 
encountered only a thin layer of very san ly limonite. 

HO 'KY ~tO NT. 

Limonite occur at .·eYeral places between R dland and Rocky 
Mount but no"·here in suffi ient quantit. to be of great importan . 
Johnson notes the occurrence of andy f rru ginous ro·k ontnining 
ca ts of Claiborne fo ils in sec . 1 and 26, T. 22 N., R.. 12 vV. , an l of 
nodular limonite of goo l quality in ec. 29. ifu h ferruginou ro ·k 
i expo eel in the imm diat Yi inity of R oc ky Monnt, a relati vely 
high point, ''hich 0\TCS both its nam and its altitu ]e to the heavy b ds 
of ferrugi.nou sand tone which lie ju t below the udacc of the 
hio-he t groun l and who e d6bri is scattered do,Yn the teep sl pe~ . 
The chief occurrence of limonite at Ro ky 1ount mention d by 
John on is in the clay sides of the llar und r Ru o-he s old tore­
house. On inve tigation thi material proYed to b e' eral thin 
plates of limonite whose ao-gregate thi lrne s does not ex e d 4 or 5 
inche , embedded in the clay. Ea t of thi old torehou e there i a 
good deal of re iclual debri on the urface. Alono- th road to B n­
ton , ju t sou thwe t of Rocky Mount, may be seen exposures of thin 
bands of ocherou limonite abou t 100 feet below the le,· 1 of the hi<Th 
land. About 20 to 30 feet below the top of the hill a andy layer of 
limonite less than 1 foot thi ck sho'' in the road, and the ame layer 
crops ou t a a prominent led<Te on the lopes of a wooded ravine ea. 't 
of the >YRgon road and about a quarter of a mile south of the tore at 
Rocky Mount. om part of this bed are rich in limonite, other 
parts are coa rse, pebbly cemented limonite, and in place the ilica 
pebbles seem to ha e been replaced lar<T ly by limonite o that alto­
gether it i rather nriable. In the graveyard , a quarter of a mile 
southea t of the tore, much limonite has been thrown out of the ex­
cantion . omc is of goo l quality bu t the o-reater part i andy. 
There is a smalllmoll in Burke' · field that tands about 15 feet above 
the ret of the plateau and is the highest <Tround at Rocky !fount. 
'Ih·is lawll shows con iderable debris of ocherous. more or le and 
limonite representing the residue from a deposit that once lay till 
higher. 

In the autumn of 1914 seTen pro pect pits or wells ranging f rom 
6 to 17 feet in depth , and one trench, about 3 feet deep and 40 feet 
long, were dug on the rough land sou thwe t of the cemetery, in the 
• W. 4 sec.17 T . 21 J ., R.12 W. (fig. 11, No. 13) . The pit· rangel 
from near the 1 Yel of the plateau to a point low enough to give a 
fairly good section of about 40 feet of beds. The test pits and trench 
collectively shov11 the following general section: 
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Section hotvn by pro pect pit at Roclcy Mount. 

Ft. ln. 
1. Soil and limonit debris ____ __ ___ __ _________ ___ _ 1-2 
2. Dark . oi l and root --- - ---------- - -- - - - --- ----- 10-12 
3. Reddish sandy clay with t wo to four senms of dark 

a ndy limonite, one-fourth to one-half inch thick, 
coated with yel low ·a nd that i spn ringly "lan-
conitic ______________________ ______ __ ~ --- - ----

4. Hard yellow i h-recl and, lightly glauconitic ____ _ 
5. Dark bard sandy limonite ( nnd ruu· iu po ket ·) _ 
6. Yellowish-red sand. sparin" I.Y glauconiti c. with 

two or three . eam · of andy limonite about 

6 0 
1± 

6-10 

one-half inch thick__ _______ __ ____________ __ __ 0 
7. and, mostly siUcn, with som admix t ure of lay; 

color yellow, becoming ligh ter b low___________ 0 
Saud .·imilnr to lied 7. b coming nenrly white in 

lo\\·er pa r t; ca rri e a thin streak of sanely 
limonite -------- - ------------------ ---- - ---- - J 0- 15 
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The limonite found in the vicinity of Rocky Mo11nt eems to be as­
sociated with sand that is sparingl y glauconitic. The richne or 
lea1mess of the limonite in Bos ·ier Parish seems to bear ab ut the 
same relation to the abundance or scarcity of glauconite in th inclos­
ing sands and clays a in north astem T exa ·. sample for analy is 
was aYeraged from layer ro. 5 from the prospect tren h and there-
ults are given on page 147 (No. 9) . The small content of metallic 

iron 3G. G per cent, loD"ether with 35.55 p r cent of in oluble matter, 
shows that the material can not be regarded a an Iron ore. 

EA '1' Of' BEN'l'O.N. 

Th limonite d po it cat of Henton lie mainly between Benton 
and Midwav, nt distance rnno-ing from 3~ to 7 mil · from th t. 
Loui outhwe tern Railr nd. Alono- th Benton-Midwn. wagon 
road about a quarter of a mile no!'th n ·t of Big ypr Bayou, in 
the W . e. 2·. T. 20 N. R. 13 W. (.fio-. 11, No. 14) a la) er of con­
crctionnry Jimoni~ i expo din the dit hcs on bo h ides of the road. 
Thi layer sl10w a maximum thi kn of about 1 foot 2- inche ·,but 
i intfll·laminatecl with haly and o heron material an l in pla es 
D"rnrk do\ nwnrd into o-]auconitic sa nd. Two pro pect hol were 
dug her . The upper one, '"''hich i about feet deer, tart above 
\h e limonite horizon and probably doe· not a cl ep enough to 1 ne­
{rate it. This hole is in gray to yellowi h-r d hale with no treak 
.;)"f limonite " ·hatever. A second pit, about 4: f et deep, was dug in a 
' ' till ' of red lay and althouo-h sta r ted at nbout the 1 ,-e] of the 
limonit l io-e it did not en ountet· any limonite. There ar no indi­
cations of limonite in an of th road ide exposure for 15 feet above 
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and 10 feet b low the ledo- , and further pro pectina should be dis­
courao-ed. ·when the pro pee \Vere examine l th exposed portion 
of the limonite layer had become oaked by recent rains and appeared 
to be mnch more clayey and ocherous than when examin d in d ry 
weather. 

In th E. t e . 25, T. 20 ., R 13 l'i ., about 5 miles ca t-south-
<'a t of Benton nnd 1i miles we t of Linton a lay r of on rction:u·y 
cavernous limonite crops out nt interval for 150 to 200 feet in th 
cu t at the'" t id of the wagon road (fig. 11, No. 15) . Thi layer 
.i 12 to 19 in h thick and i OYerlain and underlain by lay. The 
limonite i li o·ht brown nnd how li ttle free iii a but ·ontain mu h 
:\ ellow ocher an l reddi ·h clay in the po kets and caYiti . It is 
fo siliferous and yielde 1 ca ts of a numb r of form , mentioned on 
page 133, from whi h it has been concluded that the horizon is lower 
Claiborne. Three hallow .te t pit ha,·e been dua h r , on of th m 
on the oppo ite ide of the road. The pit wer tatted above the 
limonite and o-o below the horizon of the bed. The pit ast of the 
road encountered fragment of low-arade o h rous limonite perhai s 
the feather edo-e of the l n -. One pit about 20 f et w t of the roa :l 
show no ore, and one a few fe t away f rom the exposur how no 
.increa e in the thi kne or improvem nt in the quality of th e layer. 
Thi limonite when water- oak d h ws the pre ence of lay and 
ocher more prominently than when dry. The lay for at lea t 30 
feet above and below th limonite layer was ca refnlly examined an 1 
only one lightly ferruginous eam abont 25 feet below it, was found . 
The small quantity of limonite pre ent here di coun:1 es further pro -
J ecting. ch mi cal ana ly i of a ample nYerag d from the lay r 
at the point where the fo ils were coll cted i giv non page 147 (No. 
10). This limonite i eYidently of fairly good crrade, for the per­
c-entao·e of metalli iron , 44.74, is clo e to the aven:we of commercial 
limonite , and the impurities are not far aboY the normal. It i · 
di appo inbng to find that the quantity is so mall. 

Thin layers of limonite \Yere noted in eYeral places along the 
Benton- 1idway wagon road in the E. c. 1 and the W . i s . 
17: T . 20 . R. 12 W., and in crullies on the old B lcher plantation 
north of thi road (fig. 11, No. Hi). Thi limonite is not more than 
G to inches thick where expo ed. It is con reti onary, and ap­
parently occurs at the ame horizon a the layer in sec. 2 , ju t 
described. At any rate the two layers are at the sa me altitude and 
are associated in a similar manner with clay, and aboYe each on the 
highe t gronnd a bed of light-gray fine and overlie the clay. A 
chemical analysis of a ample of li mon ite from the B lcher place ' 
(seep. 147, No. 11) indicate a limonite of very o-ood quality, which, 
if found in 2-foot to 3-foot beds, woull be well worth pro ·pecting to 
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determine its areal extent. Little encourag ment toward finding any 
great quantity ca.n be given, however, as a result of study of the 
local conditions. 

BELLEVUE. 

On the east slope of Bod au Lake limonite sandy layers 1 inch 
to 2 or 3 inches thick appear in the \vngon-road cuts in several 
places. orne half-formed concretionary masses occur in the sandy 
::,tra.ta, the cementing material being a small percenta<Ye of iron oxide. 
rorthwest of the site of the former town of Bellevue, in the NW. t 

sec. 5, T . 19 N., R. 11 W. (fig. 11, No. 17), about 40 feet below the 
upland level, is a layer 6 to inches thick of nodules mo tly of 
limonite bu t probably ori<Yinally siderite. These nodules display 
interesting tructure when broken open. They g nerally how sep­
tarian markings on the exterior and ha ve lar<Ye hollows in the inte­
rior, with relatively thin hell s. The hoJlo,v are <Yenera lly lined 
with couugations and partitions of limonite that extend pa rt way 
to the center, some of them as thin and harp a a lmi fe blade. 
Some are arranged in par all el bands around the circumferen e and 
at right angles to the exterior ''' all , but in some nodules they cross 
one anoth r and form ano-ular cell . hrin kage cracks are also 
fiho,vn in the interior. v sually orne po,Tdery ocher or dry ·lay 
i found in the sealed cHity when the nodule i broken open but 
in one nodule water and mud \rer found in ide. While of interest 
from the viewpoint of the tudent of natural history the e nodule 
O L' geodes of limonite are not pr sent in nfficient quantity to be of 
commer ial value. That they had attracted attenti n n arly 30 years 
ao-o is hown by the fact that John on mentioned them in his report.1 

CADDO PARISH. 

Only t> o locali ties were cxamin d for iron minerals in Caddo 
Pari h- near Moorin port and about 3i mile outhwest of Green­
wood. According to J ohnson " ·ho p nt con iderable time in this 
reo-ion, there are no oth r localities of intere t in this onnection in 
th is parish . 

;lfOOHI ' G l:'OHT. 

On th bea h along the south sh r e of addo Lake half to thr e­
qua rter · of a mil " ·e t of th Mooring port tation, in the northern 
pa r ts of e s. 35 and 36, T. 20 N., R. 16 W. (fig.ll No. 1 ), everal 
layer of 'clay ironston , ' or impure iron carbonate, are exposed. 
They dip noti eably toward the outhea t and haYe a total thiclmess 
uf perhaps 2 feet jn abont four la. er . The layers are formed of 
eoncretionary rna · es 3 to inche thi k and 2 to 3 f et in diameter. 
These rna ses are hard and brjttle an l are divided into epta, and 

'.Toll n ~on. L. C' ., op. cit ., p. 38. 



144 0 TRIB 1'10 TO ECO ~OMI :EOLO :y 1015 PAil'r I. 

their surface scale off concentrically. \.long the septarian planes 
oxidation to limonite ha taken place to a depth varying from thut 
of a thin scale to mor than half an inch. On wcatherc l uda es 
the limonite partitions stand out in relief above the hccked surfac · 
of the concretions. mall on retion are oxidiz d throu gh to the 
center. The unoxidized iron ca rbonate i aray, is faintly laminat d, 
and contains minute sand grain . The e and grain ar also di -
cernible in the portion that haYe been oxidized to limonit . Only 
a faint effervescence is pro in ed by dilute hydrochloric acid on the 
unweathered material. The specific araYity of thi. con r tionary 
material is noticeably gr ater than that of lime tone, which it 
resembles in appea rance. Four oil pip lines extend along the 
beach, and in leveling for th m some of the clay iron tone hus 
been dug out. In the low bluff that tands 15 to 25 feet above the 
beach two layers of concretionary sandy limonite 2! in he apa rt 
are exposed associated with cal areous shale. Th e layer are 
R to 7 inches thick and form the "ferruginous ledge" hown in a 
photograph by Harris.1 This locality is near the room Club­
house oil well No. 1. 

The beach where the lower layer of concretions was noted is sub­
ject to floods. Caddo Lake was rather low at the time of visit, the 
stage being, according to local report, 161 feet abo ,·e ea level, as 
compared 'vith 174 feet for hiah-water stage. It is probable, there­
fore, that this layer, being coYered by water part of th yea r ha not 
yet had time to become thorouahly oxidized. 

At Mooring port, both east and we t of the Kan as City outhern 
Railway bridge, the 'ferrugin ous ledrre" may be traced for some 
distance along the lake bluff, about 10 feet below th top. The ma­
terial is concretionary impnre iron cal'bonate, altered on the surface 
to limonite, and becomes soft and haly on weatherin a. The thick­
ness does not exceed 7 inches. t the ba e of this bluff the lower 
layer has been dug into in leveling for the pipe lines. It wa re­
ported that everal waaon loads of the iron carbonate and limonite 
from Mooringsport had been hipped to an iron furnace foe analysis 
and test, but this report was not confirmed by records. It i certain 
that even if the tests proved favorable the quantity of iron-beari.na 
material here is not sufficient fo1' exploi tation. 

NEAR GREEN W OOD. 

About 3~ milE:>s southwest of Greenwood the altitude of the bills 
forming the stream divid reaches about 300 feet in places, and on 
the higher points there are patches of very red loam containina debris 
of high-grade limonite. In the ". t sec. 3, T. 17 N. , R. 16 I\ ., on 

' Ha tTi s, G. 0., op. ci t. , p l. 13 . 
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land of J . E . Whitworth (fig. 11, o. 19) , there is a con piCuou 
showing of residual limonite. This material on ·ist lara-ely of 
graYel compo eel of fra gment of the hells of geodes, but it contains 
also some " ·hole geod s of limonite. The re idual limonite mantle 
the top of the hill and ext n l do'm the north slope Gtbout ~5 feet 
vertically. The thiclmess of the limonite gravel is not known, but it 
can be determined at little expense by means of a few te t pits. The 
wagon r ad, which has been cut down a fe 'l'i· £ et and graded, d e 
not show limonite in the roadbed, but in the roadside ditche th re 
is more or les limonite within a foot or t\\"O of the UJ·face and ap­
parently parallel to the contour of the hill. The whole geodes range 
from 1! to 6 or inch in diameter. ome ha,'e thin shell , while 
others are nearly olid. Within the caYitie i usually found a 
colored powder. In veral o-eodes thi powder i purpli h and 
grade into the hard lining. In other the powder i gray or yellow 
and in some it is coat·se enough to be termed an l. Lay of Yariou · 
colors has al o been found in ·ide the o·eode . The limonite compo ina 
the hell s i generally of hi gh grade. The shell and po"·der of one of 
these geodes \Yere analyzed separately " ·ith the re ults giYen on pao-e 
147 (No. Land 13). The po,rder wa purple and yield .d 0.4:5 per 
ent of mano-ane e. The ·hell of thi g o le proved to be the riche t 

sample of limonite of all that were analyzed from north"" tern 
Louisiana. It contained 50.61 per cent of metallic iron and onl y 9. 
per cent of insoluble mntt rand the other impurities were low. This 
analy i , it i of interest to note, coincides very clo ely with on pub­
li heel byJohnson,giYen on page 1-±7 (r o. H),but he did not pecif r 

the locality furth er than that it came from Greenwood. It is doubt­
fu l \\" heth r there is much limonite in the imm liate Yicinity o£ 
,xre nwo d, for the altitud th re i not a areat as that of the 
ob en ed horizon of residnal mat rial outh of the town. B etween 
th \Vbitworth land an l Gr en wood, at an alti tude 100 feet lower 
than the r e idual limonite, a few ern t of ·andy limonite, half an 
inch to 3 inche thick crop ut from sandy bed at the r ad ide, but 
the e crus carry a much lower p r entage f iron than the ample 
analyz d. . 

\.s tated above, a few te t pit hould indicate the thiclmess at­
tained by the residual limonite. If it i. 4 r 5 feet or more, and the 
limonite dcbri cowtitute one qu arter or more of th volume of the 
urface material it ·hould be worth while to ext nd the pro. pecting 

so n.- to d termin th exact areal xtent f the depo it. There i 
little probabilit of depo ·it beinrr found here that would ju tify the 
extension of a railroad pm uch a el i tnnce and if ore is ever mar­
k ted it mu t b hauled by wa gon or motor truck to the railroad at 
Greenwood down grade a a od part of the distance. 



146 CONTlUBUTION' TO E ONOMT' CEOLO :Y, 1915, l ART I. 

WEBSTER PAR ISH. 

' OR'l'll OJ-' 1\ ll NOEN . 

Aha ty trip was made northea t\1ard f rom Minden OY r the Lewis­
Yille road to and beyond honcraloo, in the northern part of th 
pari h. On the plateau H miles northen t of lind n and about 200 
:feet higher than the town, in th we tern put of ·ec. 1'1, T . 21 .r ., R. 
H W. (ficr. 11, No. 20) there i · a con iderahle spread of lim o11 ite in 
IJo,Ylder an l o'l'aYel. This re idual manti app ars to b about 1 foot 
thick and wonll yield a on. iderabl quantity of limonite of good 
quality, but it i · . pread out too thin an lis too far fr m a railroA.cl at 
pre ent to be of nlue. 

Johnson 1 mentions the o unence of a bed of recent congl omerate 
about 4 mile north of Minden from \rhi h a block wa ent to the 
N w Orlean exhibition of 1 5. Thi conalomerate \\·a aid to 
contain about 26 per cent of metallic iron in the limonite cement. It 
contained quartz pebble and angular fragment of and tone and 
probably i annlogou to th ferrugin u onglomerate noted by the. 
"riter in the northern part of the pari h. 

NEAR HONGALOO. 

\..bout 1 mile outh of Indian Creek '"e t of the Le,Yi. rill road 
and 2 miles south of honcraloo, on the \'i . H . H. la k plac , in the 
\\ . t sec. 3 and the E. t sec. :1-, T. 22 N. R. 9 W. (fig. 11 ... o. 21) 

con idemble ferrnainou · concrlomerate i · present. Thi onglom rate 
is found on the banks of mall creeks and i forming to-day in the 
beds of the creeks. In places it i fairly rich in iron and atTie only 
a moderate quantity of ·ili ca, but in others it ontains p bbles of 
" ·bite quartz and chert. It could not pos ibly be util iz d a· an ore 
of iron. 

On the Jame Ro eberry place, in the E. i ec. 1 , T. 23 ., R. 9 
IV., <tbout +miles nortbwet of honcraloo (fig. 11 No. 22), a bel 
of fenuginou conglomerate appear in the bed of a pring branch 
about 50 feet below th 1 rel of the hicrh plateau . orne part are 
rich in iron but other contain qua rtz pebbles. It is reported that 
thi · bed wa · foun 1 to ue about 4 feet thi k in a pro pect pit macle 
about 1 99. About 1:5 feet higher on the riaht bank of the creek .t 

7 -foot I ro pect pit cuts through a 1·eportecl thickn ss of about 2 
feet of limonite. Part of the limonite from thi bed i andy, but 4 
toG inches of it is ri ·h in iron. There is no limonite here that cou ld 
be mined profitably. ~\.n analy i of a. ample of limonite from Allen 
Creek, near honcraloo, published by John on, is rri"en on I acre 1 7 
( o. 1-). 

1 Johnson, L. C., op. cit.. pp. ·10-;H. 
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ANALYSES. 

In the following table arc arranged fifteen analy e of limonite 
from north"·e tern Louisiana le,·en b ing from Bo~ ier Pari ·h , 
three from Caddo Pari h and one f?·om \ b ter Pnri h. EleYell of 
the sample were collected by the writer in the nutumn of 1914 and 
four of the analyses nre republi. hed from the pnper by John on 
already cited. Only the metallic iron wa determined on nmpl e 

o. 7. 1o t of the e analy es ha ''e been di cu ed in the n otes on 
the everal locnlitie from whi ch the samples were d ri ,-ed. For 
com·eni enc in ompnri on an nnaly is av raged from eYernl h11n­
dred commercial analyses of washe<l brown ore produ eel in the Bir­
mingham di trict , Ala., i gi ''en a ' o. 16 in the t able. It i of 
intere t to note that eYen of the fifteen Loni iana limonites carried 
more than th e Birmingham aYerage of metallic iron that three oth r s 
nearly approached thi aYen1ge, nn d that if No. 7 i omitted the 
average of the r emainino· fourteen sample is 45.3 per cent of metnllic 
iron, or a triAe hi gher than the Birmingham a ,-er afYe. 

Aualy es of limonit e from TJ os ·ier. Caddo, ana TVeb81Cr paris hes, La., and f r om 
fJinllin{J I• rnn .tisl r iC'I, .1/u. 

Metallic J n olu blo J.Q.I· on No. <p,racti· A I,Os. Mn p s iron. cal ySiO,). ignition. 

! ................ 3 35 21. 40 ...... . . . . . . .. . ......... 0.1 0. 34 
2 ................ 51. 94 5. 21 4. I 7 one. I. 15 . 01 14.22 
3 ..... .... ...... . 42. 7 23. 28 I. 97 0. 20 . 93 . 02 11. 94 
4 .. . ............. 40.95 ~:~ 3. 31 None. . 99 tone . 11. 34 
5 ................ 49. 97 · · ······-··· ............ . 62 . 08 
6 ................ 43. 21 19.15 4. 51 Non e. .26 . 09 14. 3 
7 ... . ... . ........ 26.63 (a) (a) 

a)one. 
(a) (a) (• ) 

8 ....... . ........ ~g:~ 29. I 1. 53 .07 . 06 10.90 
9 .. . ............. 35. 55 2. 23 None. . 24 . 07 10. 16 

10 ................ 44. 74 17.30 3. 51 Tone. . 19 Tmce. 16. 71 
11 . . . ............. 4 92 1~:~ 2.i7 None. .16 . 01 13. 6~ 
12 ................ 50.61 5.16 None. . 17 Trace. 13.64 
13 ................ 4 67 19. 97 1.09 . 45 . 41 .20 33 
14 ............... . 50.32 6. 37 ...... . . .... .079 T race. . 100 10. 26 
15 ... . .. . ...... .... 45. 72 I. 72 ............ . 007 . 247 . 170 II. 25 
16 . .. .... ......... 44.99 iOt 14.59 3.99 . 74 .47 ............ 5. 40 

aKot d termined. 

1. From M illers P.lufT, Rossi r P ar i h. Cited by r.. . .Johnson , op. cit., p. ~6 . 

2. !•' rom S W. 1 sec. H2, T. 2:1 N .. 1: . l H W ., Boss i ~ r r nrtsh . b d No. 2. Ana lys t , W. 
Wheele r , . . Geo logica l Sur vey . 

3. F rom SW . ~ sec . ~2. 't'. ::!3 N., n. 13 '"- · R ossler P a ri s h, I; d No. 4. An a l)•st, W . C. 
Wheel r , U .• '. Uc logica l ur vcy. 

4 . Ft·om W. ~ ec. ~2. T . 23 1., H. U W ., B os ier P n t·ish, bed No. 6. nnlys t , W . C. 
W hee let·, U . R. Gcolo!(icu l u r v y, 

5. l•'rom \V. ~ c. :J _, 'J' . 23 ., n. 13 W .. Bossie r Paris h (p robably ced No. 2) . 
! ted by L. . J ohnson , op. cit., p . M . 
6 . 1<' t·om ·w. ~ W. ~ se . 2 , T . 23 N., R . 13 W., B ·s ic r P a ris h (old t r a mwn y c u t) . 

Anni .Y"t. \\'. C. \Yh ~ l c r. l'. R. Ocologl a l Sun·ey. 
7. F rom l'\ W . ~ K ~ s c. 19, 'J'. 2a N. , ll. l:l W., Bossi r Paris h. Anal ys t , W . 

Wh e lc r, U . S. Gc log ical S ur vey . 
. l1'rom S W. t s c. 2:1, T . 2a •., n. 1 3 W., Bo s ier P a ri s h . ,\ua lyst, W. . Whc le r, 

. . Geologica l • ut· vcy. 
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9. From SW. ~ sec. 17. '1' . 21 N., R. 12 W., Boss ier I'a rf ·h (Rocky Mou nt) . Analyst, 
W. C. Wheeler, . . Gcolof(icnl urv<'Y· 

10. From SK ~ s~c. 25, '1'. 20 ., n. 13 W., Bo fer I'arl sb. Ana lyst, W. C. Wb eler, 
U. K Gc Io:;l al Surv('y. 

11 . From SK l sec. 1 , '1'. 20 N., R. 12 W., Bos ·ier l'url ·b. Analyst, W. . Whee l r, 
. S. Geo logica l u rvey. 
12. From sw. ~ sec. 3, '1'. 17 N. H. 16 W., addo Parlsb, ncar Green wood. Anulyst, 

W. . Wheel r , . S. ' co logical u rvey. 
13. F rom 'IV. l ec. 3, '1'. 17 N., H. l() W, (powd r f•·om g ode ln t rior), addo r nr l. h, 

near Gre nwood. Analy. t, W. . Wheeler , . . Ccologlcnl Survey. 
14. F rom loca lity nNil" Orcenw od, Cncldo Purls h. I ted uy L. C . .Toltn~on, op. eft. , p. 4(). 
15. From Iocn ll ty nen r Shongnl o, Webste r PHish. Heel hy L. . .T oh nson, op. cit .. p. 40. 
16. I•' rom Woodstock a nd ham pion arcns, Birmiu~hnm dist•·l t, .\ Ia .. A V<' rngc of sev­

ern! hundred analyses of washed brown ore hipp d to lllnst fumaces, l 90()- l 90 . 

LIMESTONE. 

During the examina t ion of limonite depo its in Bo · ier Pari h 
the que ti on nro wheth r upplie of lime tone for flnx \Y Ould h 
avai lnule in case th limonite clepo it should pro,7 e promising. c­
cordino·ly an examinfltion wa mad f ertain xpo ures of :m 
impure o-rayi h-blue lime tone that occur · in the f rm of oncretions 
emb dded in th andy lay near Red RiYer we t of \Jelen B ri dge 
station. The e concretion , re exp eel in mvin that lead down 
to the river and ~1l o in the riYer bluff in the fW. } ·ec. 3:5, T. ~1 N. 
R. 14 vV. They rano-e in diam ter gen rally from G to 1 inche bnt 
in 1-he bluff of Red River they reach 5 or 6 f et. The concreti on 
have septarian livi ion · alono- " ·hich they ma y he brok n npart 
and along the ·c plane. thin film of cal ite nre found. The larger 
the mu es the mor sandy they npp ar t be on weath red urfa e . 
No analy e ·are a\'ailnble ·ho,vincr the content of cal ium carbonate, 
but when fre hly broken the rock eff rvesce only lowly with dilute 
bydrochlol'ic acid- an inclicntion that the lime tone is not pure or 
else that it contain m,Jgne ·ia. s to C]nnntity available, the on Te­
tion are not abnnduntly cxp d, and not enouo-h of thi s rock was 
seen in the brief rcconnai anc to h "t a modem blast furnace one 
clay · furthermore und r pre nt conditions it w ulcl not be practi­
cable to obtain lime tcme ior flux .fr m l po it wh re everal hun­
dred times a mnch d irt a -t ne would have to e remo,·ed. Lime­
&tone of similar chnrac-t r wa noterl by Johnson1 at Carolina Bluff, 
on Red RiYer mile outh of Collino- burg. 

If limest one sho~1ld be nee led for flux in thi locality the mo-t 
c-om·enient plrtce to obtain it woull b where ero. ion hn expo ed 
the retaceo u lime ;tones in area of tructural domes. uch an area, 
where a limestone qurttTy has already been develop cl, i 5 miles we t 
of Winnfield, La. , where a much-fractu red blui h -gray anCI white 
banded, itT gularly cry tn ll i11e lime. tone occurs. Thi rock contains 
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considerable coarse crystalline calcite and has been locally termed 
marble. Minute crystal. of barite (Ba O.) have been der ositcd in 
open spaces on the calcite. Whether or not the presence of barite 
in minute quantities would effect the value of the limestone as a flux 
is a question. The following annly is of the stone by Y.l. F . Hille­
brand 1 shows its high degree of purity : 

A. 1Wl!J ·is of l-im estone [rom 11'-innfi ·icl, LcL. 

In ·oluble ....................... . 0. 65 i\IgO. . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 60 
AlzOa----··------- · ·---------- -- Trace. C02 .•.. _ ... _ ........•• _. . ....... 43. 43 
FeO .. ---------- -- -------·---···· '11 ace. 0 3 . ..........•. .. . .. .•••.•••••. . 27 
i\inO . ... ... .... .. .. . ..... - ..... . . 1 0 II20 .... _ ...... ___ .... __ . . . . . . . . . . 13 
CaO .................. . . .. . .... . 55. 01 

Traces of barium, strontitun, ·hlm·ine, and organ1c matter were 
also found. 

C O NCLUSIONS . 

In the foregoing notes the endeaYor ha . been to present for each 
deposit examined the fact · that are e ·ential to determine its ·om­
mercia} availability and to interpret these fncL in the light of ob er­
vations made on many deposits of bro\YD iron ore in other districts of 
the South. In some of these districts con idernbl e money ha been 
spent in lmprofitable prospecting for brown ore; in others much has 
been lost in attemptino- to mine deposit vi·ho e value bad not been 
demonstrated by pro ·pecti11o·. In ertain of the e localities it 'vas not 
possible to determine from a tudy of suda.ce indication the true or 
probable conditions. In northwestern Loui iana, however , condi­
tions are such that geologists should haxe no great diffi ulty in ap­
praising the limonite d po it and it is with reo-ret that the writer is 
forced to the conclusion that the e deposits offer no encourag ment 
for development in the nenr future. If thi oncln ion pr vents use­
less pro pecting th examination will not h:n·e been made in vain, 
although, of course: the result is di appointing to the community, 
'IYhich had hoped forth developmen of a lo al iron-ore indu try. 

The tabular ummnry on pnge l oO permit a rough quantitative 
comparison of the northwestern Louisiana limonite " ·ith the deposits 
that are being "-orked in northea tern Texa and at Ru llville, 
\Vood tock , and hampion Ala. 

1 U. S. Gcol. Survey Bull. 419, p, 104, 1910. 
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Stmvmary ot qu.antitati'Ve data of Limonite depo its in ?W?"thwe tern Lou,isiana, 
1wrtll eastern ~l'ea;as, and northern A. labanw. 

Locality. Form of d posit. 'I'll ickness. Relative units Possible methods of 
of area. working . 

{Residual limonite d6- Generally I e s s 
}Acres . ... .... ..... Nort hweste rn bris and oil. than I foot. Dy hand, if at ali. Louisiana. Concretionary ledges .. A few inclles to I ! 

feet. 
~Residua l limonite d6- A few inches to 5 

)Hundreds of acres. ' orth as t rn bris and soil. feet. {By hand, and oxcop-
'fo..x:as . Concretionary ledg .. A few inclles to 6 tionaliy by stoom 

feet. shovel. 
Laminated beds .... ... 1 to 4 feet . ...... . . . 

{Residual limonite d6- 5 to 35 !eeL . ..... . 

}· qu:>r mit s ... ... 
Russel I v i II o, bris, saud , and gra \>OJ. II y steam shovel. Ala. Pockets of massive 10 to 25 lcet.. ...... 

limonite. 
{Residua l limonite d6- 3 to 10 foot ......... 

}· ... do . .. ... • ..... . 'Vood s took, bris, sand , and gravel. Do. Ala. Pockets or massive 10 to SO loot ........ 
limonite. 

{Residua l limoni te d6- }~to 60 foot .. .... .. Champion, Ala. bris, sand, and gravel. llundrods of acres. Do. Pockets of massive 
l imonite. 



A RECONNAISSANCE IN THE KOFA MOUNTAINS, ARIZONA. 

:By EDWARD L. JoNE , Jr. 

INTRODUCTION. 

LOCATION. 

~fhe i. olated mountainou area here de ignated the Kofa foun­
tau1 lies in he c ntral part of Yuma County, Ariz. These moun­
tain cover an area of approximately 200 quare miles and are ur­
rounded by broad, gently aggraded plains that separate them from 
other detached mountains, of which the Plomo a and Chocolate 
mountains and the Castle Dom Range are the nearest. The Kofa 
mining district, from which th mountain d rive their name, i in 
th s'Outhern part of the range. 

HISTORY. 

AlLhough outhwestern Arizona had been prospected for many 
year , particularly in th early sixti s, wh n the La Paz placers, 40 
miles northwest of the Kofa t(ountain , were actively worked, this 
area, received little attention until the discovery of tb King of Arizona 
ore body in 1 96. The King of Arizona mine produc d ore con­
tinuously from the date of its opening to the summer of 1910, when 
the ore became of too low o-racl e for profitable treatment. The mine 
produ d gold and sil r bullion to the amoun of 3,500,000 gold 
greatly predominating in valpe. The wfa or of the mine was 
extremely rich, much of it beino- worth 1 a pound. Ore of thi 
grade was pa ked or hauled to t(oha,vk, on Gila Riv r, and there 
treated in a mall cyanide mill. In 1 99 a 225-ton mill wa built 
at tho mine and wa op rated until the mine clo d. 

In 1906 the or h tar ore body, 1! mile north of the King of 
Arizona, wa eli ov red by Feli.x Mayh w and old hortly afterward 
to the Golden tar 1ining o. for , 350,000. Development was oon 
started, and by 190 this ompany had erected a cyanide mill which 
it operated until An!ru t 1911, when the or became of too low grade 
to work. The mine produced, a cordino- to tati tic publi heel by 
this UI'vey in Mineral Resources of the United tates approxi­
mately , 1,100,000 in gold and ilv r . Th de erted camp of Kofa 
centers around the King of Arizona mine, and the settlement of 

151 
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Polari about he orth tar mine. Tho di covery of the North 
Star gave r nowed impetu to pro p cting in the Kofa Mountains, 
with the result that promising indication were found in their northern 
paTt and the small camp of Ocotillo was establi hed. No or has 
been shipped from the prosp cts near Ocotillo, and the d velopment 
is as yet insufficient to how the extent of the deposits. One pro -
pect has been develop d to a d pth f 300 feet, but with this ex op­
tion the deposits are explored by hallow hafts and hort tunnels, 
and at the present tim s sm nt work only i · being donV 

ACCESSIBILITY. 

The supply and hipping point of the King of Arizona and orth 
Star min was Moha> k station, 45 miles di tant on the outh rn 
Pacific Raih·oad, but sin o th closing of he mines tho southern part 
of the area is more ace ssible from Dome, 50 mil s di ta.nt, whore 
adequate transportation facilities may be had. In hot weather two 
full days are requir d to make the trip by team from Dome to 
the mines, but by automobile the time m~ty be reduced to four 
hour . Th railroad point n arest to the north rn part of the area 
is Vicksburg, on the Atchi on, Topeka & Santa Fe Railway, from 
which a fair but littl -used wagon road runs south for 30 miles 
acros the de ert to lamo pring, at the h ad of a wa h draining 
to the north. The road beyond the spring to Ocotillo and to other 
prospects in the northem part of the mountains is in poor condi­
tion and in many places is merely an ill-defined trail in the gulch 
bottoms. There are no road directly conne ting the northern ·and 
southern parts of the area, but on the La Po a plain, on the west 
side of the Kofa Mountains, a road from Quartzsite lead to Kofa 
and Polari . (See fig. 12.) 

The prospects in th northern part of the ar a were examined by 
the writer in pril, 1914, during a 10 day ' trip fTom Vicksburg in 
company with Mr.· C. E . Zeigler. Th King of Arizona and North 
Star mines were examined on a 2 days' trip from Dome. There 
are probably many small pro pects scattered O\er the mountainou 
region that intervenes betwe n the northern and outhern parts of th 
area examined, but the uncertainty of the wat r supply and the 
shortnes of the time allotted to this work prevented a more exten­
sive reconnaissance. 

The region is unsurveyed, the po ition of the mountains being in­
dicated approximately on the Land Office IL.ap by hachures. The 
accompanying map (Pl. V) is ba ed in part on a traverse line start­
ing from the Cemitosa Tanks, extending to Ocotillo, and thence 
going southea tward to the Big Horn and adjoining prospects. The 
locations of the King of Arizona and orth tar mines were pro­
jected from the Land Office map. 
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GEOGRAPHY. 

f rhe higher ummits of the Kofa Mountains ri e probably 2,000 feet 
above the surrounding plains, but many of the outlying knolls and 
mesas have a relief of a few hundred feet only. The Cemito a Tanks, 
at the north end of the mountain , are approximately 1,900 feet in 
elevation, and Kofa, at the outh nd, i 1,700 feet. The mountains 
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F IGURE 1 2.-Iodo..~ map showing location or tbe Kora Mountains, Ariz. 

ha'e no definite trend ; they are compo ed of volcanic rocks that are 
intricately dissected into flat-topped mesas of small extent or into 
jagged spires and other fantastic ero ional form . Numerous sandy 
stream channels or " washe " radiate from the mountainous area to 
the sunounding plains, where their identity is completely lost. Rock 
waste deposited by these intermittent streams forms long, gentle 

10427°-Bull. 620-J G---11 
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slopes extending out from the base of the mountain . Only rarely, 
during severe storms, do these channels carry sm·face waters, but 
here and there holes eroded in the bedrock, called "tanks," contain 
a small supply during certain months of the year. This source of 
water, however, i not to be depend d on. Alamo pring furni he 
a small but constant flow of potable water. The water supply of 
the King of .Arizona and North Star min s was obtained from well 
reported to be 1,070 feet deep, sunk in the plain about 5 mile di -
tant and 600 feet lower in elevation. The prospectors living in Oco­
tillo and other place r mote from th e sources collect during the 
brief rainy season such water as they can. 

The climate of the region is extremely arid and tho vegetation is 
scanty. In the washes are cattered me quite and ironwood tre s, 
and the hill slope support several varieties of cactuse and small 
thorny shrubs. Such trees as exist are suitable only for fuel, and tho 
supply in the vicinity of pro poets is soon depleted. 

GEOLOGY. 

Tho KofA. Mountains ar compo d of extru ive igneous rock which 
re t on an erod d surface of mu h older rocks. These old r rocks arc 
expo d in low foothills in the northern and southern parts of tho 
mountainous ar a. The volcanic rocks are probably of Tertiary and 
Quaternary age. The older rock consist of metamorpho. ed sed i­
ments with associated pegmatites, thought to be of pre-Cambrian ago, 
intruded by granite and dike rocks of probable Mesozoic ~ 

VOLCANIC ROCKS. 

Rhyolites and andesites with accompanying tuffs, breccias, and 
local thin b d of grit are overlain by olivine basal ts which cap tho 
mesas. The thickne of these volcmiic rocks e:>.."J>O cd in the Kofa 
Mountains i:; probably 2,000 feet. .A light-colored thll1 fragmental 
rhyolite on the eroded mfacc of tho older intru ive rocks wa noted 
near the Cemito a Tanks. Overlying it arc thick flows of maroon to 
brownish andesite and associated tuffs and breccias. For the most 
part the flow are horizontal, but on som of tho peaks light-colored 
tuff beds between layers of darker material djp at stoep angles. Near 
the North Star mine flow bands in the ande ite aro well developed, 
but over mo t of the area examined the lavas give little indication of 
flow tructur . The rhyolite tuff, of general light color, contain 
sparsely dis eminated crystals of orthoclase, quartz, and biotite . 

.Andesites of gray, red, brown, and intermediate shades constitute a 
large part of the lava series. They vary in texture from fine-grained 
dense rocks with few phenocrysts to tho o having abundant pheno­
crysts. The phenocrysts are predominantly feldspar, mostly altered 
to calcite, but locally biotite is an abundant constituent of the rock. 
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Tests on some of the unaltered feldspars indicate that they have the 
composition of labradorite. The groundmass is a microcrystalline 
feld par aggregate, colored with iron oxide. Olivine is a sparse 
though variable constituent of tho and sites, becoming more abundant 
toward the top of the series. The occurrence of this mineral indicates 
a close relation, and possibly a gradation in composition, between the 
andesite and the overlying basalt. 

The basalt flows are 300 feet or more thick in places. Although, as 
suggested, tho lower flows appear to be closely related to the underly­
ing andesites, the upper flows are made up of typical black vesicular 
basalt. This consists of a groundmass of calcic feldspar laths and 
augite grains inclosing large crystals of olivine, some of which show 
alteration to serpentine, inclo ed by rims of iron oxide. 

INTRUSIVE ROCKS. 

An intrusive mass of granite exposed in a belt 1 mile wide occurs 
west of the Cemitosa Tanks. It is cut by diorite dikes, some of 
which are· lOO feet wide. Between the King of Arizona and North 
Star mines narrow dikes of monzonite porphyry traverse the highly 
metamorphosed sediments and associated pegmatites. The intrusive 
rocks, though locally alter d along shear zones, are not dynamically 
metamorphosed and are believed to be much younger than the 
metamorphosed sediments. 

Tho granite is medium grained and is composed of quartz, feldspar, 
hornblende, and alteration products and a few accessory minerals. 
The feldspars consist of orthoclase and a perthitic intergrowth of 
orthoclase and albite. In some of the sections the feldspars are 
largely altered to sericite. Hornblende is a variable constituent of 
tho rock, thouo-h nowhere abundant, and it is commonly altered to 
epidote and chlorite. Magnetite was noted as a secondary mineral 
in on of the sections. 

No fresh specim n of diorite were obtained. The rock is coarsely 
granular, and large hornblende and calcic feldspH crystals are appar­
nt to the eye. 

Tho monzonite porphyry has r. fine dark-gray groundmass, in which 
ar numerous mall feldspars and more spar ely distributed amphibole 
ph nocrysts. Tho feldspars consist of orthoclase and broadly striated 
plagiocla es, probably andesine, in about equal amount. The feld­
spars are alter d in part to oricite and calcite. The amphibole is 
green in color and is partly altered to chlorite and calcite. 

SEDIMENTARY ROCKS. 

At the south end of the Kofa Mountains, between the North Star 
and King of Arizona mines, highly metamorphosed sediments crop 
out at the base of the lava flow and are the principal rocks of a 
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small ridge betwe n these two point . dark pyritiferous metamor­
pho ed shale or slate forms the footwall of the North Star vein, and 
medium-grained quartzose biotite schists crop out on the rida 
Small irregular intrusions of pegmatite occu1· in th~ e hi t . 

ORE DEPO IT . 

CLASSES. 

The ore clepo i of the Kofa Mountftin onsi t of gold-bearing 
brecciated zones and vein in ancle ito, opp r r placem nt along 
hear zone in granite, disseminated galena in monzonite porphyry 

dikes, and placer depo its. The deposits of the fu t group are 
regard d as of Tertiru.-y ago, n.nd those of tho econd and third groups 
of probable Me ozoic age. Tho plac r clepo i have r ult d from 
the eli integration of n.uriferou vein in t,h metamorpho ed ro ks. 

GOLD DEPOSITS IN ANDESITE . 

GENERAL CHARACTER. 

Brecciated zone and veins in and ite wer not d in th areas 
examined in the northern and southern parts of tho Kofa Mountains, 
but only in the King of Arizona and orth tru.· mine have oro bodie 
of economic importanc b on dov loped. Tho o zon · , with the 
exception of the orth tar vein trend from south ast to east, with 
southwesterly or outherly dip from 45° to verti al. The Jorth 

tar vein trends ea t but dip 60° The zon vary from a f w foet 
to 60 feet in width. omo arc notably persi ·tent along th ir trike; 
theN orth tar vein, it i said, can be traced for evcral mile , and the 
Geyser vein is traceable for l i miles. The vein matter on i t of 
br cciated andesite, usun.lly silicified and ac ompan:i cl by tringm of 
calcite and quartz. Quartz commonly occurs ftS a p oudomorphic 
replacement of calcite. An examination with the micro cope reveal 
adularia in the econclary quartz of the orth Star vein, and thi 
mineral was noted also in a p cimcn from the Gey er vein. Manga­
nese occur in th e depo its ontain din browni h calcite or as tain 
in the vein matter. 

Mh E A ro PRO PECT . 

The King of Arizona and orth tar mines ftro in the Kofa mining 
district, while the pro poet in the northern part of the mountain , a 
judged from locat,ion notices of mining claim , are in the Alamo 
(unorganized) district. 

KOFA DISTRICT. 
/ 

KI G 0~' ARIZO NA ~UN.t:. 

The King of Arizona mine i at the outh end of the Kofa Mountains, 
in a small outlying group of hill , separated from another hilly area by 
a low saddle. The collru.· of the haft is approximately 1,700 feet in 
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elevation, or about 200 feet above the urrouncling plain and 200 feet 
below the highest point in this detached area. The property com­
prises four claims, on two of which ore has been dev loped. At the 
time of the writer's vi it the mine had been closed for four years and 
the workings were in·part inacce sible and g nerally in a bad state of 
i·epair below the 100-foot level. Mr. Eugene S. I ve , of Tucson, Ariz. , 
kindly supplied notes regarding the value of ore and cost of treatment 
and other data, and Mr. R. M. Brighton gave information concerning 
methods of mill treatment. The mine is developed by an inclined 
shaft 750 feet deep, drift at the 100-foot level, and an adit at th 
level of the collar of the shaft. Th shaft is driven on the hanging­
wall side a short distance south of the outcrop of the vein and approxi­
mately 100 feet lower. The drifts xtend east and west and follow 
the vein; orne of those to the we t arc ov r 2,000 f et long, but the 
drifts east of the shaft are not longer than 200 feet. A steam hoi t in 
good condition is still in position at the haft, but the cyanide mill i 
now dismantled. 

The mineralized zone or lode trend between . 60° W. and west 
and dips at an angle of 60° S. This zone can not be traced beyond the 
limits of the detached hill area. Its identity is lost a f w hundred 
feet east of the mine shaft, but w st of the haft the vein i covered by 
two claims of the King of Arizona group, and it probably xtend for 
a considerable distance beyond them. On the King of Arizona claims 
the vein is stoped out to the surface for 1,500 f et along its trike. 
The stoped area are from a few feet to 30 feet wide and the ore body 
i aid to average 12 feet in width. There is no mine dump, as all the 
material was run through the mill. The footwall of the vein i 
generally a well-defined slickens.id d plane, but the hanging wall is 
moro indefinite. The or body ont~1.in d many mall fi ure and 
small slip plan s, and mo t of them are parallel to th trend of the ore 
body, but e erallie at angles with the vein, generall coming in from 
the hanging-wall sid , and mak h01 e of barren material. About 
200 f et east of the haft strong cro :fis ure filled with calcite appar·-
ntly limit the ore, for developm nt has not proceed d beyond thi 

point. 
The lode matter is a bre ciated, generally brown to maroon andesite 

porphyry. Th d n e fino-grained groundm s contains altered white 
plagioclase fold par and small, sparsely distributed, highly altered 
f rromagne ian minerals. The ande ito i partly ilicifi.ed, particu­
larly where th fissuring is closely spaced. Stringers of quartz and 
alcite traverse the lode in all directions. They vary from tho e of 

lq:tife-blade thickne to tho e ev ral feet thick. The mall veinl ts 
are composed of quartz crystals, but in tho e 1 inch or more thi k the 
walls are commonly lined with mall quartz cry tals and calcite occu­
pies the middle. The alcit is brown to black in color and is highly 
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manganiferous. The lode matter i stain d with iron and manga­
nese oxides. The gold is said to occur free but in a very finely divided 
state. None wa.s noted in the specimens collected from the v in and 
dump. The disintegration of the lode has produced no pla er 
deposits. 

The ore is valuable chiefly for its gold, but it also contain ilv r, 
the two metals being present in the ratio of approximately 5 to 1 in 
value. The ore at the surface was very rich, and many ton· of it 
valued at $2,000 a ton was mined. The average tenor was 40 a ton. 
The metal content of the ore body steadily decreased with incre ing 
depth until at the deepest workings, 750 f et below the smfa e, the 
gold and silver content averaged le s than . 3 a ton. At this figure 
the ore could not be treated profitably and the mine was clo ed. 
The walls of the ore body diverg with increasing d pth, and Mr. 
I ves states that at the bottom of the shaft they are 0 f t apart. 

Th ore treatment was extremely simple, no complicated or expen­
sive methods being necessary. After being ch·y-cru hed through jaw 
crushers and rolls, to pass a 20 by 16 mesh, the ore was loaded into 
vats of 250-ton capacity and there leached with cyanide solution 
for a period of nine days. The strength of the solution w 41 
pounds cyanide to the ton of water. The gold and silver were pre­
cipitated in zinc boxes and the precipitate sm lted into bars. The 
sands and slimes were not separat d, as in ordinary cyanide practice, 
but notwithstanding this, the average extraction was reported to be 
93 per cent. It is said that the co t of developm nt work, toping, 
and milling, including general expen es and taxes, amounted during 
the last few years of .operations to about 2. 0 a ton, and th reforc 
material below $3 in assay value could not be treated profitably. 
The mill treated an average of 200 tons a day. 

NORTH STAR MINE. 

The North Star mine is near the base of a lava-capped mesa about 
1! miles north of the King of Arizona, at an elevation of approxi­
mately 2,000 feet. Between the outlying hill area in which the King 
of Arizona mine is located and theN orth Star there is much low-lying 
ground covered with outwash deposits. 

The mine was operated by the Golden Star Mining Co., and devel­
opment on the property was started in 1907, one year after its 
reported discovery. At this time a test lot of 17! tons of ore from 
the surface yielded $9,774 in gold and silver. In August, 1908, a 
50-ton cyanide and crushing plant had been installed and production 
had begun. Later the capacity of the mill was increased to 100 tons a 
day. The mine was closed in August, 1911 , owing to a fallinO' off in 
the metal content of the ore body and the high cost of ore treatment. 



A RECON AISSANCE I THE KOFA fOUNTAINS, ARIZ. 159 

The mine is developed by two inclined shafts, No. 1 and No. 2, 90 
and 500 feet deep, r espectively, and by drifts and crosscuts on tho 
vein at each 100-foot level. An adit from tho footwall side connects 
with the first level from No. 2 shaft. The total length of develop­
ment work is about 3,500 feet. The shaft is equipped with a steam 
hoist. The oro is treated in the combination amalgamation and 
cyanide mill after being reduced to sufficient fineness through crush­
ers and rolls and finally in tube roills. Tho water supply was obtained 
like that of the King of Arizona-from wells over 1,000 feet deep in 
tho do ert plain about 5 miles south of the mine. 

Tho ore body of the North Star mine is in a lode or vein of silicified 
n.ndesite breccia and quartz which strikes east and dips about 60° N. 
Tho lode is 10 feet in average width at the North Star. It crop. out 
several feet above the country rock, and from the mine it can plainly 
be con extending for a considerable di tance to tho oa t and we t . 
It is said that it can be traced for several miles and marks in a general 
way the base of the southern hills of tho Kofa Mountains. At tho 
mine the hanging wall is a pink flow-banded biotite ande ite, and tho 
footwall a dark calcareous shale or late of probable pre-Cambrian 
n.go. The shale in places contains finely disseminated pyrite. The 
lode probably occurs along a fault. 

The vein matter is of striking appearance. Near the smface 
angular fragments of the pink andesite, in places altered to green and 
gray tints, are cemented to an extremely hard rock by banded chal­
codonic quartz, the bands being well shown by the deposition of 
minute crystals of sulphide , roost if not all of which are pyrite. 
Pyrite also occurs disseminated paringly through the altered ande­
site. Small vugs in this material are lined with sparkling quartz 
crystals . nder the microscope the ch!tlcedonic quartz is seen to be 
accompanied by adularia in variable amounts, but nowhere in the 
lid s examined in this mineral as abundant as the quartz. A green 

micaceous mineral is developed in the altered andesite, as well as a 
little chlorit and epidote. 

The ore is valuable chiefly for its gold content, but it also contains 
small amounts of ilvor in about the ratio of its occurrence in the 
King of Arizona ore. The gold is said to occur free and very finely 
divided, associated with the fine sulphides in the chalcedonic quartz. 

As interpreted from the as n,y chart of the mine, the high-grade ore 
bodies occur in shoots or chimneys which pitch to the east. They are 
of variable width, and the gold content deteriorates rapidly with 
increasing depth until at the fifth level the average tenor of the ore 
is below that required for its profitable treatment-$14 a ton. Assays 
in the drifts beyond the enriched parts of the lode show gold and 
silver in variable amounts, with a probable n,verage value of $2 a ton. 
The urface oro of the North Star mine was of exceptionally high 



160 CO TRlBUTTON TO ECO ~o n GEOLOGY, 1915, PART I. 

grade. One streak of ore on the footwall was said to have been worth 
from $6 to 20 a pound, and ore to the value of thousands of dollars 
was stolen. The stoped-out parts of the ore bodi s averaged 10 feet 
in Width. No. 2 shaft was sunk on the lode in the approri:mate center 
of a shoot of high-grade ore o er 500 feet long, the tenor of which 
exceeded 50 a ton. On the second level the high-grade ore occu 
in several small shoots separated by ledge :matt r of relatively 1 w 
grade. On the third, fourth, and fifth levels th se shoots appear to 
have joined to form a shoot which is comparable in length to that of 
the first 1 vel, bu t which show a rapidly decreasing metal content. 

The ore of the orth tar :min diffm mark dly from that of the 
King of Arizona mine in the ab once of calcite and in the abundance 
of chalcedonic quo,rtz and pyrite, factors which :make it far le s 
amenable to cyanidation. Several processes are necessary in order 
to reduce the ore to sufficient fin ness to relea e the gold content. 
The cost of :mining and :milling i aid to be 14 a ton. The di inte­
gration of the orth tar lode has produced no pla er deposits. 

ALAMO DISTRICT. 

Br cciatod zones in ande ite in the northern part of the range have 
heen pro pected only in recent years, :most of the location notices of 
claims b ing dated in 190 . As yet no lm·ge, rich ore shoot has been 
developed in any of th so zones, but one pro pect bows a high-grade 
ore streak, and encouraging re ult ha'c been obtained from everal 
oth rs . 

GEYSER PROSPECT. 

The Gey er prospect, formerly known as the ilent King, is on one 
of several claims on a ledge of brecciated and ite porphyry near 
Ocotillo . Tho developments consist of_ an inclined sh aft about 300 
feet deep with hort drifts and cro cut on the 140-foot and 200-foot 

' level . The shaft i sunk at an angle of 45° on the hanging wall of 
the lod . The country rock in the vicinity of Ocotillo is predomi­
nantly a reddish andesite porphyry, with smaller masses of rhyolites 
and ande ite tuffs and thin grit beds. The lode or brecciated zone in 
the ande ite porphyry trend about N. 0° W. and dips 45° S. It 
can be traced for about 1! miles, the I. X . L. pro pect being located 
near its eastern extremity and the Rand near its western extremity. 
The lode range in width from a few feet to 60 feet on the Geyser 
claims, where for 2,000 feet it forms a prominent ledge, in places 30 
feet high. The brecciated andesite porphyry is replaced by silica in­
varying amounts. In some place angular fragments 1 foot or ·:more 
in diameter are replaced to form banded greenish rocks; in others 
small porphyry fragments are little altered. White, coarsely crys­
t alline calcite occm abundan ly in the lode, particularly on the foot­
wall, where there are many string rs and veinlets as much as 1 foot 
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wide. The lode near the hanging wall contains iron-stained kaolin­
ized material in the numerous slips and seams and as the cementing 
substance of the breccia. Pseudomorphic quartz after lamellar cal­
cite occurs in the hanging wall, and it indicates a deposition of calcite 
earlier than that deposited in thefootwall. 

The gold occurs free. It is more abundant along the hanging wall 
than along the footwall and is particularly as ociated with the u·on­
stained kaolinized material. A high-grade ore band of u·on-stained 
breccia is several feet wide at the surface, but gradually thins out to 
a seam about 1 foot wide along a small fault plane at a depth of 90 
feet, and it was not observed below the 140-foot level. A specimen of 
ore frorn the hanging wall on the 200-foot level shows abundant small 
particles of gold contained in a thin film of u·on-stained kaolinized 
.material enveloping a lamellar crystalline aggregate of pseudo;mor­
phic quartz after calcite. The average value of the ore from this pro -
pect was not learned, but a small quantity of sorted ore is said to 
have assayed 140 a ton. No ore . hipments have been ;made from 
the property. 

RAND PRO l'ECT. 

The Rand prospect is near the west end of the Geyser lode, which 
is about 5 feet wide and is pro pected by a shallow shaft and a drift. 
The ore is a brecciated biotite andesite cemented principally by cal­
cite, with some iron-stained ;material from which gold can be panned. 
The andesite fragments are dense and ;more or less silicified. They 
contain small nodules and veinlets of chalcedonic quartz, and small 
ru t-- taincd cavitie apparently re ult from the weathering of pyrite. 

r. X. L. PROSPECT. 

The I. X. L. prospect is near the east end of the Gey er lode. 
The developments con ist of an inclined shaft 35 feet deep, driven 
on iron-stained breccia that is said to contain fine gold. Much of th 
lode ;matter is a breccia of small ande ite fragments cemented by 
fine-grained secondary quartz. Calcite veins oflater ag , some of them 
6 inches wide, cut this breccia. Under the microscope a thin section 
of the brec ia shows a f w adularia crystals in these ondary quartz. 

REGAL GROUP. 

The Regal claims are about a mile southeast of Ocotillo, and the 
workings are in a small hill on the south side of R ed Raven Wash . 

veral brecciated zones and veins with ast-west trend cross these 
claims and are developed by shallow shafts and tunnels. On the 
Regal No. 1 an inclined shaft about 35 feet deep is driven in iron­
stained brecciated andesite porphyry. The zone is about 6 feet wid , 
trends N. 0° W., and dip 45° S. The zon i said to assay $ a 
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ton in gold. On the R egal laim a 70-foot tunnel driven N. 10° E. 
into the hill, a winze 35 feet deep , and two hort drifts constitute the 
development work. The country rock is and ite porphyry and gray 
tuff, cut by numerou veins and tringers of quart.z an l calcite, roo t 
of which have vertical dip . 111 e large t calcite veins are 6 to 8 inches 
wide, and the winze w sunk on ono of these veins . A . hort clJ:ift 
from tho bot.tom of the winze inte1 o ts and follows for 20 feet a 
quartz vein about 1 foot wide. The quartz is porou and in places 
sho"' eli tinctly a p oudomorphic roplacem nt of calcit . It is 
coated with an abundant mangan o oxide r idu o, probably originally 
contain d in the calcite. Thi material is said to yield gold on 
panning. 

C. 0. D. GROUP. 

Tho C. 0. D. group consists of veral claims on a zone of br ciat d 
rod and ite porphyx·y which trends about N. 70° W. and cr ps out 
in ·everal places along the cour e of Red Raven Wash. Th o brec­
ciated zone is from 10 to 40 f et wide, is partly silicified, and in one 
place contains a calcite vein 3 fo t wide. A shaft on one of tho claims 
is probably 100 feet deep . The material on the dump consists of 
silicified andesite fragments, calcite, and goug , but the t enor of the 
ore was not learned. Dovolopm ut on other claims of this g~;oup con­
sists merely of shallow discovery hol s . 

CLAD!S SO THEAST OF OCOTILLO. 

On tho south and west ido of Red Raven Wash, about 7 miles 
southeast of Ocotillo, are 20 or more claims covering low hills that 
lie between high mesas to the west and the broad desert plain to the 
east. These claims are on the outcrops of numerous small brecciated 
zon and calcite and quartz veins in and ite and as ociated tuff . 
The development work on most of them consists simply of shallow 
discovery holes and short tunnels, so that little could be learned of 
the continuity or character of th o mineralized zones . The veins 
trend from northwest to west, and all have southerly dip . Mr. A. R. 
Gibson has su bmitt d a ketch map of many of the claims surrounding 
the Big Horn and has indicated localities from which free gold can be 
panned, but no assays are available. 

BIG HORN PROSPECT. 

The workings of the Big Horn prospect consist of a tunnel120 feet 
long which connects with a shaft 35 feet below the collar. The tunn I 
is driven N. 25° E . and cuts several small shear zones in the and ite 
porphyry stained with iron and manganese oxides . A shear zone 
several feet wide, with 2 inches of slickensided gouge, is e>.l'oscd in 
th e haft. The country rock of andesite porphyry is gray, brown, or 
purple and contains abundant altered calcic feldspars in a dense 



A RECONNAISSANCE IN THE KOFA MOUNTAI T 1 ARTZ. 163 

groundmass. Fine flake gold is said to have been found in the gouge 
material from these :fissures. 

CEMITOSA PROSPECT. 

The Cemitosa prospect is in Cemitosa Wash, a short distance west 
of the Cemitosa Tanks . Tho workings consist of small discovery holes 
in a brecciated zone of andesite porpbp:y 10 feet wide. This zone 
trends N. 50° W., bas a vertical dip, and can be traced for 1,500 feet 
along the westerly slope of a basalt-capped mesa north of the Cemi to a 
Tanks. The country rock is a reddish to brown andesite porphyry 
which apparently grades into tho basalt capping of the m a . The 
andesite at this point is probably a thin flow overlying granit , \vhich 
is exposed at about the ame elevation a short distance w st and 
southwest of the tanks. The brecciated zone i il·on-stained and con­
tains numerous stringers of calcite, some of which are 1 foot wide. 
Part of tho calcite is dark colored and it probably contain mn.nganese. 
Fine colors of gold may be obtained from parts of this lode by areful 
panning, but the highest assay in gold reported from this pro ·pect is 
$3 a ton. 

COP PER DEPOSITS IN GRANITE. 

GE ERAL CHARACTER. 

The copper deposits examined in this reconnaissance occur in the 
northern part of the Kofa Mountains along a hear zone in granite. 
The granite is exposed in an area of low relief in a zone over 1 mile 
wide west of the Cemitosa Tanks. Small knolls and mesas on tho 
eroded surface of the granite are composed of quartzose breccias and 
tuffs and andesites. North of Cemitosa Wash the mesas are numer­
ous and the area of granite i restricted to narrow belts in the arroyos, 
and to the south the granite is larg ly concealed by outwash deposits. 
The shear zone, which trends northwest, marks in a general way tho 
western limit of the granite and probably represents a fault. Along 
this zone tho granite is hydrothermally altered, and sericite, chlorite, 
epidot , and a greenish talcose mineral are prominently developed . 
A hoar·od basic dike consisting chiefly of altered pyroxene occurs in 
thi zone and associated with the copper mineralization of the 
Alamo group. 

ALAMO GROUP. 

The Alamo group con ists of several claims along thew stern base 
of mesa north of a low divide at the head of Cemitosa Wa h . The 
workings are all shallow holes or short drifts which explore the out­
crop of the shear zone. Nearly all these workings show copper­
stained rock and in some there are small nTegular veins and seams 
of oxidized copper ores containing chrysocolla, malachi te, and earthy 
oxide . The country rock of granite and basic dike rock is highly 
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al tered and numerous slip planes arc xposed in the workings. Tha 
dev lopment is insufficient to indicate fully the charactQr of tha 
depo it, and no ore body hu · et b en found. 

ALONAH GROUP . 

The Alonah group compri 'C everal cl11im ou th of the road 
betw en the Cemito a Tank and Alamo prino-. The reli f is low, 
and the outwa h from the mesa to th w t conceal much of the 
o-ranite. The developments consi t of hallow hole sunk in the 
hea.red and al ered granite, apparently along the ame hear zone 

or fault on which the Alamo o-roup i locn,te L Along thi zone the 
feld par of the granite i in place compl tely eri itized and the 
ferromagn esia.n minerals are altered to chlorite and epidot . The 
mineralization ha.s produced mall earns and repla m nt of the 
hear·ed granite by oxidized copp r min ral and dis aminated mng­

netite, but the copper content is low. The development is entirely 
too superficinl to how wh ther an ore body i pre ent. 

LEAD DEPOSITS IN MONZONITE PORPHYRY. 

A dike of monzonite porphyry which cuts the pre- ambrian 
metamorphic rock crop out on a mall ridge about a mile north of 
the King of Arizona mine. A hort tunnel has been driven along 11 
v-ein in the in rusiv rock near the contact. o work was being 
done at the time of the writer's vi it, and the tunnel could not be 
entered. Th ore con i t of a galena di seminated in a gangue of 
coru. e fluor par and cnlcite cry tals. The tenor of the ore wa not 
learned. Th.is occurrenc of galena i imilar to depo it of economic 
importance in the Castle Dome Range, where tho galena is eparated 
from th gangue min rnJs fluor par and calcite by dry concentration. 

PLACER DEPOSITS. 

The known placer depo its of the Kofa Mountains occur in a gulch 
draining we tward north of the detached h.ills in which the King of 
Arizona mine i located. The e placers have been worked for many 
years, and the total production i reported to be about 40,000 in 
gold nugget . At present these placers are being worked in a small 
way, and a yea.rly production of several hundred dollar is reported. 
The gold occurs in outwash deposits which onsist of bowlders and 
fragments from the metamorphic and \Olcanic rocks. The gold­
bearing debris i said to be from a few feet to 70 feet deep ov r an 
area of approximately 60 acres. The gold i coarse and occurs near 
bedrock. It has videntl_y been derived from the disintegration of 
auriferou veins in the metamorphic rocks, as it is much coarser than 
that contained in the North tar and King of Arizona vein . 



A RECONNAISSANCE OF THE COTTONWOOD-AMERICAN 
FORK MINING REGION, UTAH. 

By B. S. BuTLER and G. F. Lo GHI .. IN. 

INTRODUCTION. 

The data on which this report isba eel were obtained in the summer 
of 1912 during a reconnaissance of the mining 3i tricts of tnh made 
in n general study of the ore depo its of the tate, and it was origi­
nally intended to publi h the description in the <Yeneral report, 
which is now nearing completion and which ·w1ll include an account 
of the region herein de cribed. Owing to the unu ual interest now 
being shown in the region, however, it eems d irable to issue this 
description in advance of the report on the entire tate. 

The report i based on a reconnaissance quite in ufficient to permit 
a thorough tudy of the very complicn.ted geology, but the attempt 
was mnde to determine the main feature · of tratigraphy tructur , 
and ore depo ition, and it is hoped that the re ults here presented 
will be of a · i tance to tho e engaged in mining. It should be borne 
in mind that both the de ·cription and the map though cxpr sing 
th g n rnl feature of the eli trict, lack the detail desirable for the 
laying out of mining clc,·clopment. Such detail an be procured only 
by very car ful mapping. portion of the Park ity district 
mapped by Boutwell Irving and Wool ey, i hown on the ll1<1P 

(Pl. VI) to indicate th r lation f the region eli en sed to that dis­
trict. The map of th Park ity eli trict as a whole is published in 
Profe sional Paper 77 of the urvey. 

The ottomYood- \_merican Fork mining region includes the Big 
ottonwood, Little ottonwood, and American Fork eli tricts, which 

nre situat c1 in th central part of the Wasa ch Mountains just outh­
\\' st of th Park ity di trict. Its approximate limits are parallels 
40° 30' and 40° 40' ::mel meridian 111° 34' and 111° 45' . Alta the 
principal town is centrally loca.ted, near the head of Little Cotton- . 
'"'~' OOcl anyon, about 20 miles outheast of alt Lake ity. Each of 
the thr e districts is named from n prominent canyon which heads 
near the main divide and e21.'iiends w tward to the front of the range. 

165 
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The districts are separated from one another by the divides bound­
ing the canyons. 

The Big Cottonwood district is the northernmo t of the thr e and 
is reached in summer by automobile stage from Salt Lake ity to 
Brighton (Silver Lake), a summer resort near the head of the can­
yon. Ore is hauled by wagon down the canyon to the smelters in 
Salt Lake Valley. 

The Little ottonwood district is between the other two and in­
cludes lta, the principal settlement of the reO'ion, which is reached 
by stage from andy, 16 mile to the we t, in Salt Lake Valley. Ore 
from most of the Little ottonwood mines is convey d by aerial 
tramway about 5 miles to Tanners Flat, and thence about 2 miles by 
wagon to Wasatch, the terminus of a spur line which connects with 
the Denver & Rio Grande Railroad at Midvale. The railroad fol­
lows the cour e of the old tramway, which was abandoned years ago. 

The American Fork district, the southernmost of the three, is 
reached by wagon from the town of American Fork, on the Denver 
& Rio Grande and the an Pedro Lo \ngeles (.~ alt Lake rail­
roads. The town is about 20 miles from the more important mines 
which are grouped near the head of the canyon. A stage has b en 
operated intermittently between the town and the mining di trict. 
In the early days a railroad was built for a di tance of about 16 
miles up the canyon, but it was demolished in 187 and its iron sold. 

A few notes on the Alpine mining district, which lies about 5 
miles north of the town of mericnn Fork, west of the area shown 
on Plate VI, are given on pages 223- 224. 

PREVIOUS WORK. 

No detailed g ologi ·work ov r·inO' th ntiro r gion has ev r b n 
undertaken. The fir t O'eologic mappinO' was done by the geologi ts 
of the Fortieth Parallel urvey in 1869,t and their map, published 
in 1 77, has been of great assistance to all engaO'ed in the study of 
the region since that time. The general O'eoloO'y of the middle 
Wa atch Range was briefly described by BoutwelJ.2 Descriptions of 
certain mines studied in 1 0 were publi hed in the report of the Tenth 
Cen us of the United tate , extracts from which are quoted in the 
following pages. The glaciation of the region has been described by 
Atwood. 3 o recent study of the geology of the reO'ion as a whole 
was lmdertaken until the writers' reconnaissance in 1912. In that 
year a study of the stratigraphy and structure of the Cottonwood spe­
cial quadrangle, which covers the area between the meridians 111° 34' 

1 U. S. Geol. Expl. 40th Par. Rep ., vol. 2, pp. 342-366, 1 77. 
2 Boutwe!J, J. 1\f., Geology and ore d posits of the Park City district, tnh, wltb con­

tributions by L. IJ. WooLey: U. S. Geol. Survey Prof. Paper 77, p. 41, 1912. 
3 Atwood, W. W., Glaciation of the Uinta and Wasatch mountains: U. S. Geol. Survey 

Prof. Paper 61, 1909. 
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and 111° 40' shown on Pla.te VI, was made by F . F. Hintze, jr.1 

Hintze's results in part duplicate and in part supplement those of 
the writers. Additional confidence in the accuracy of the interpre­
tation of the general stratigraphic and structunl relations is felt 
from the fact that Hintze and the writers, studying the area inde­
pendently, arrived at substantially the same conclusions.2 Other 
papers which deal with certain features of the geology of the region 
are cited in the following pages. 

Since the beginning of the recent activity in mining around Alta, 
several articles on the new developments have appeared in mining 
journals and newspapers. Among the more important of these are 
the following: 

Ryan, G. H., The strike in the Cardiil:: Salt Lal{e Mining Review, Nov. 30, 
1914, p. 15. Describes the relation of the newly found ore body to local 
geologic structure. 
-- Some Alta activities [special correspondence] : Eng. and Min. Jour., 

Apr. 17, 1915, pp. 689-690. Shows the replacement ore bodies along lime tone­
quartzite contact to be connect d with ore-bearing fi sures, and de cribes de­
velor m nts in the Cardiff, Columbus Extension, and South H cla min s. 

Howard, L. 0., Mining in Utah: Min. [and Sci.] Pres , Sept. 1 , 1915, pp. 
445-446. De cribes cond ition exi ting in the Big and Little Cottonwood dis­
tricts, especially as rega rds the intrinsic value of mining shares. Accompanied 
by map showing claim bounda ries of principal propertie ·. 

TOPOGRAPHY. 

The region extends from the crest of the I'V asat h Range to the 
edge of Salt Lake I alley and is therefore one of strong relief. The 
west base of the range has an approximate elevation of 5,000 feet, 
and the highest summits, between the upper parts of Little otton­
wood and American Fork canyons, attain altitudes of almost 11,500 
feet above sea level. \lta, around ' hich are located the principal 
mines in Little ottonwood anyon, is at an elevation of 8,700 feet 
and lies just north of Mount Baldy and Twin P eaks, the highest 
summits of the region. Brighton, or Silver Lake, also has an ele­
vation of about ,700 feet and is surrounded by summits attaining 
over 10,000 feet. Similar contrasts in elevation are found in the 

merican Fork district. 
The effects of recent gla iation are strongly expressed. The lopes 

are usually steep and smoothed; many of them include considerable 
ar~a of bare, polished rock, and others contain extensive deposits 
of drift that effectively conceal the bedro k geology. The canyons 
have the U shape, branch canyons are of the "hanging" type, and 

' Olntze, F. F., jr., A contribution to th geology of the Wasatch ll!ountalns, Utah: New 
York Acad. Sci. Annals, vol. 23, pp. 85--143, pis. 1-6, l!H3. 

2 Loughlin, G. F., Reconua.issance in the southern Wasatch l\founta.ins, Utah: Jour. Geol­
ogy, vol. 21, pp. 436-452, 1913. 
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the heads of ca.nyons ha\ e the basin or cirque form-all characteris­
tic of glaciated areas. 

The region i one of considerable precipitation, inc] u ling heavy 
nowfall which greatly interferes with '""inter operations. inco 

the remo' al of the timber, which was abundant in the early days, 
snow lides hax been a menace to life and property. It is stated that 
in the Little ottonwood district alone about 300 live haYe been lo t 
and much property destroyed as the resu lt of snowslicles.1 At th 
higher elevations the snow remains until late in summer and in year. 
of e pecially heavy fall it may not entir ly eli appear before the 
snows of the next autumn begin to accumulate. 

Water is abundant and of excellent quality. The creeks in the 
three main canyons fnrni h hydroelectric po,Yer which is used by 
everal of the mines and i ufficient to upply any requirement of 

the mining region and of the neighboring towns in alt Lake and 
tah valleys. 

GEOLO GY. 

GENERAL FEA TURES. 

The formation of the IVa atch Rang a. a whole repre ent practi­
cally all the geologic periods from Ar hean to Tertiary. The sedi­
mentary formations haYe a general northerly strike, and their pre­
Yailing clip is eastward, but they are affected by north- outh fold , 
as in many of the ranges of western ta.h, and in places by over­
thrust faults of moderate to great extent. ·within the ottonwood­
American Fork region, however, the stratigraphic succe ion is 
pr ent only in part and i interrupted by unconformities. The 
prevailing northerly trend of the formations is obliterated by a local 
doming around a prominent intru ive tock. The rocks have also 
been displaced by an overthru t fault, which appears to haYe been 
produced by pre ure from the ea t whereas thos in northern tab 
southern Idaho and southwestern \Vyoming are attributed, in large 
part at least, to thrust from thew t. 2 

SEDIMENTARY ROCKS. 

Age.-The sedimentary formation within the Cottonwood-Ameri­
can Fork region are of pre- ambrian, ambrian, Devonian, Carbon­
iferous and Triassic age. They may be divided into two main groups­
the quartzite and shale eries, of pre-Cambrian and Cambrian agC­
and the great limestone series, the "Wasatch limestone" of the 

1 Palmer, Leroy, Modern mllling nt Alta, Utah: Salt Lake Min. Rev., vol. 8, p. 17, 1906. 
z Richards, R. W. , nnd i\!aosfield, G. R., The Bannock overthrust: Jour. Geology, vo l. 20, 

No. 8, pp. 681-700, 1912. Blackwelder, Eliot, New light on the geology of the Wasatch 
Mountains, Utah : Geol. Soc. America Bull., vol. 21, pp. 517--633, 1910. 
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Fortieth Parallel Survey geologi ts, which is mostly o:f r£ississip­
pian (lower Carboniferous) age, but also includes trata of De­
vonian, Cambrian, and in some places, perhap o:f other aae . Owing 
to the overthru. t fault which has caused a part o:f the quartzite and 
shale series to override the lower limestone beds, the stratigraphic 
sequence in Little Cottonwood anyon appear to b as follow : \.. 
thick basal series of quartzite and shale, a " lower limestone:'' an 
" upper quartzite," and the o-reat upper limestone covered by later 
formations. The " lower lime tone ' and "upper <]Ua rtzit " were 
called, respectiYe]y the " te lime tone' and the ' Oaden quartzite" 
by the aeologists of the F ortieth Parallel uTVey, but the work of the 
writers and of Hintze has hown that the e formation are not con­
tinuous throughout the reo-ion al o that the "lower limestone ' con­
tains Mississippian fossils, and, therefore, ca n not be the ame as the 
Ute limestone, which is of fiddle ambrian age wherea the top­
most shaly beds of the " upper quartzite ' contain fo sil of Middle 
Cambrian age. 

Pre-Oarnbrian roclcs.- The pre-Cambrian rocks of the reo-ion con­
. ist of a series of quartzite schist, and slate, or shale, about 11,000 
feet thick. They make up the peaks north and south of Big otton­
woocl Canyon and form the north botmdary and part of the ea t. 
boundary of the granodiorite stock along Little Cottonwood anyon. 
Their strike is generally parallel to the o-ranodiorite contact. They 
clip very steeply to the north, with numerous contortions, in the 
western pa.rt of Big Cottonwood anyon but the dip becomes les 
steep farther ea t and i a low as 30° along the divide northwe t 
of Alta. The quartzite members of this series are prevailinaly ligh 
gray, though some are reddish and purplish brown. Tho late and 
shale members are black, drab, o-reen i h, and purplish and ome of 
them ha' e a strong laty clea.vage. Mud cracks and ripple marks 
are commonly present. 

Near or at the top of the pre- ambrian ection is an unusnal con­
glomeratic bed in which p bbles and bowlders are embedded in a 
Yery fine matrix. The character of thi conglomerate stron~ly sug­
aests that it is of ancient alacial ori o-in assuage ted by Hintze, who 
has studied the rock in some detaiJ.l 

Oarnb1·ian qum·tzite and shale.-The ambrian trata. are ·epa­
rated from the pre- ambrian by a. light ano-ular unconformity,·which 
is marked by a basal conglomerat . The e strata in Jude quartzite, 
shale, and lim tone. Th quartzite and . hale bnnd extend from a 
point north of Bia ottonwood nnyon so utheastwn rd to th upper 
part of meri an Fork canyon. In the area north and uth of 
Alta it appears as two parallel bani ep~uated by a ban l of shale 

'Olntzc, F. F., jr., op. cit., pp. 99- lOl. 

l042i 0 -Bul l. 620-16- 12 
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and lime tone along the course of the overthrust fault. outhw t­
'''ard from the head of Am rican Fork the ambrian quartzite and 
shale as well a the pre- ambrian trata, are nt off by the grano­
diorite intru ion . long the lower half of meri an Fork anyon 
Hnd in the frontal hill · ea t of lpine th ambrian quartzite i 
xpo ed at thre localities, where mall, faulted domal uplifts have 

brouo-ht it above the present urface. 
The dip of the quartzite in th Big ottonwood di trict is, a a 

rule, rather low (about 30°) en tward or northea tward, but just 
northwe t of lta ani al o near the merican Fork divide it is 
locally te pcned and contorted along two reYer e faults, the more 
1 romin nt of which extend· alono- uperior Gulch. Ju.t so uth of 
.\lta , around 'fount Bald} : the dip is unu ually flat OYI'ing to loca l 
warpino- along the we t end of the Clayton P ak stock. outh of 
the \.merican Fork divide the dip i at a uniform low ano-le (15° 
to 20° ) to the ea t-southeast. 

The ambrian quartzite as a whole is of Y r:v light gray color on 
fr ·h urfaces and yellowi h on w athered surfaces. Its lo' er part 
contains many beds of fine onglomerat . Its upper part i thinn r 
bedded than the aYerao-e and arades upward into a clark ·andy shale, 
which contain thin intercalated beds of quntzite and which in turn 
grades UI ward into the argillaceous lime tone that forms the basal 
b d of the great lime tone s ries. 

In Big ottonwood Canyon at two horizons in the shale Walcott 1 

found Lower and Middle ambrian fo sil . In Little ottonwood 
Canyon fossil were collected by the writer from the hale ex­
po ·ur a little south and east of the Flagstaff mine. On this col­
lection L. D. Burlino- made the fol1owina report: "Contain Zacan­
thoides cf. Z. pino us and Obolus (lT'estonia) ella and is almost 
certainly to be correlated with the pence hale of the lo,ver portion 
of the fiddle Cambrian." Another collection "·as made at a hori­
zon about 100 feet hi<Yher, of which Mr. Burling says, " ontains 
~im·omita (lphiclella) pennula and is probably to be referr d to 
the lower part of the 1iddle ambrian.' collection was also 
made from the shale on the di,·ide between Little ottonwood and 
American Fork canyons. Of this Mr. Burling says " ontains 
Obolus ( W estonia) ella and is probably to be referred to the lower 
part of the 'fiddle ambrian though thi species is not Yery diaa­
nostic." 

The thickness of the Cambrian quartzite is given by Hintze 2 as 
700 feet, and that of the overlying shale as 150 to 200 feet. 

Oamb1'ian lime tone.- The limestone overlying the Lower and 
Middle ambrian shale and havin<Y the same geographic extent 

1 Walcott, C. D., Correlation paper - ambrinn: 
0 l-Iintz 1 F. F., jr., op. cit., pp. 103- 104. 
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consists for the mo t part of shaly and dolomitic beds, the latter 
occurring mostly in the upper middle part. The following section 
of this limestone was measu red by Hintze : 1 

Sect'ion of CamiJ ri.ftn l i m stone on .Al'ill D South l~o1·1c. 

Feet . 
Alternating blue hal e and lime tone conglomerate in bed 

1 inch to 6 inches thi k ___ '!_ _______________________________ 10 

Alt rnating hal e and limestone, pa ing into shale____ ______ 20 
Thin fi s ile blue hale_____________________________________ 6 
Dark-blue th in-bedded lim tones, partings exceed ingly ir-

r gul a r ------- --------- ----------- --- ----- -------------- 55 
Dark-blue h avy-becl cle l li me tone, with a wormy appearance, 

hoi · far apa rt____________________ ______________________ 4" 
White lime tone, thin bedded ________________ __ ____________ 10 
Dm·k-blue wormy-lookin ' l ime ·tone, «reatly r mbling typical 

bird' -eye lime tone of th Ea t_ ___ ____ _____ ____________ _ 

Thin-bedd l brown hale, s trongly jointed towa rd the top____ 60 
Finely intercalated lime and . hale_________ _________________ 10 
Light-blue treaky lim tone ; weather·s white________________ 15 
Btu heavy-bedded limestone, with wormy appea rance toward 

tOP ---- --------------------------- ---------- ------ ---- -- 60 
B rown . hal e ; blocky appeamnce f rom xtr m jointin,.,_______ 75 
Blue lime ·ton intercalated with eams of clay, giYing a ban led 

appear ance ______________________________________________ 30 

481 
Subformation : Alta shale _________ __ __ _____________________ 200 

Hintze tentatively assigned this limestone to the Ordovician but 
Burling,2 in a more recent paper, tates that he and F. R Weeks 
found Middle Cambrian fos ils in the type ection of the limestone, 
at the south end of Reed and Benson Ridge. The limestone has a 
character typical of the Middle Cambrian in other parts of Utah, 
but its thiclme le than 500 feet, i much less than the thiclmesses 
of other Middle ambrian sections that have been measured in the 

tate. 
Unconformity at top of Middle Oambrian.-The olde t strata rec­

ognized in the Little Cottonwood di trict above the Middle Cam­
brian lime tone, and re tin()" in apparent conformity upon it, are of 
J....o, er Devonian age. The pper ambrian Ordovician, and Silu­
rian are th refore not pre ent .in thi district and may be absent from 
th ntir ottonwood- meri an Fork region. The CYeneral uni­
formity of trike and chp and the lithologic imilarity of beds at 
different horizons throtwhout the 0"1" at limestone series prevent a 

1 Illntzc, F. F., jt·., op. cit., pp. 105-lOG. 
• I Ut·llng, L. D., Early am brian s tratigra phy in the North American Cordillera , with 

dlscu.-slon of t he Albertella and related ra uuas : anada Gee!. Su rvey Mus. Bull . 2, p. 101, 
1014 . 
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more positi>e tatement until the series has been studied in great 
detail throughout the region. 

Devonian lime tone.-Devonian fossils in the region were fir t 
found by Tenney 1 in 1 73. In 1912 fos il s of this age were al o 
found by Hintze 2 on 1Iontreal Hill }\ small area not traver ·ed by 
either of the writers. Hintze s section is as follows: 

eotion of D cw11ian (Benson lim o ·tone) jowul on Jfill D outh Fo rk. 

Hartl dnrk-bln h rty coralline limestone ___ _ 
l\fa ·siv d ~u-k-blue lime tone _______ ______ _ 

Fo · ilif rous blue lime tone ------ - ----- _ 
Thick-bedded blue lim tone ___________ ____ _ -
Dark-blue cher ty and b t·ecciated limestone _______ ____ _____ _ 

Dark-btu - l im toft -------------- - - - - - ------------ _ __ 
D ark porous lim tone, " ry fo il i ferou -----------------
Thick-b deled blue limeston , e:rten ively bored _______ ___ __ _ 
Thick-bedded li ght-blue limestone __ ______ __ __ _______ _____ _ 

Thin-bedded blue lime ton -- - -- --------------------------

Feet. 
100 
3 0 

3 
100 
200 
100 

21 
120 

43 
45 

1,032 

The Devonian limestone is state l by Hintze to rest unconformably 
upon the Middle Cambrian lim tone. Its ba e " i marked by a 
limestone conglomerate which r ests upon a thin bed of yellowish­
green shale, which in turn rests on a thick limestone member. This 
condition is best shown on the R eed and Benson Ridge,- just above 
the old mine working of the same name. It is also expo eel on the 
ridge bebYeen Days Fork and Little Cottonwood Canyon, just west 
of Flag taff Mountain." Hintze proposes the name B nson lime­
stone to designate the Devonian trat.a. 

The e exposures suffice to how that the Devonian limestone is 
continuous to the northwe t of Alta. It may well be present south 
of Alta also, but its extent in this part of the region is not known. 
In American Fork Canyon south of the Pacific (Blue Rock) mine, 
lime t one of probable 1i is ippian age lies only a few hundred 
feet above the Iiddle Cambrian shale, and if any De onian lime­
stone is pre ent at thi place it will doubtless prove to be much 
thinner than the expo ures northwe t of Alta. 

~fississippian limestone.- The Mis issippian limestone is the mo t 
extensi >e limestone in the region ·and tretches in a continuous broad 
belt from the hills north of Big Cottonwood anyon to the southern 
limit · of the region and several mile beyond. It forms a continuous 
eastward-.dipping belt, except at Alta where it is interrupted by the 
quartz diorite stock. Mi is ippian beds also form the uppermost 
part of the ' lower limestone" at the head of fill D outh Fork. 

1 T nney, . 'unborn, On Devonian foss il s ln the Wasa tch 1fou nlnlns: Am . . Jour. Sci., 3d 
ser., vol. 5, pp. 139-140, 1 73. 

2 llintze, F . F., jr. , op. cit. , pp. 108-113. 



The lower beds consist of ma iYe dark-blue lime tone containing 
abundant fossils. The upper part is also of dark color and fo ilifer­
ous and is, in addition, characterized by promjnent len e and nodules 
of black chert. At or near the top of the ch rty horizon i a light 
yellowish-gray limestone expo ed on both sides of Mill D outh 
Fork. 

The follmving lots of fo sils were identified by G. H. Girty, of the 
nited State Geological un·ey : 

South end of " lower limestone" sp ur, head of l\lill D outh Fork: 
Syringoporn sp. yringothyris ( ?) sp. 
Zaphrentis sp. ompo ita sp. 
Amplexu · p. Cleiotbyridina rass icardinali ·. 
Spirifer centronatus. Euomphalu ·p. 

Mr. Girty states that the Madi on (lower 1.i is ippian) age of 
these fo ils is rughly probable . 

. We t . lope of l\lill D South Fork, near ere t of ridge, about a quarter of a 
mile north of the arbonate mine : 

. yringopora sp. 
Zaphrentis sp. 

pirifP r centronatus . 

orthern part of Read and Ben on Ridge, about one-teuth of a mile north 
of latitude 40° 3 '. Bed ju t above light-gray lime tone bed, at approximate 
ba e of intercalat d lime tone and quartzite horizon: 

Spirifer centronatu ·. 

These two lot are also stated by fr. Girty to be of Madison age. 
Above tills light-gray bed i. a onsiderable thickne s of argilla­

ceous limestone with intercalated beds of limy quartzite, which pa ses 
upward into the Weber quartzite. These intercalated beds have been 
noted by the writers along the northern part of Reed and Benson 
Ridge and along the narrow ridge just north of Ant Knolls, along 
the 'Vasatch ounty- tah ounty boundary. The one fo il already 
listed a found in it lm st beds at the fir t-named locality determine 
it ba al beds a within or j u t above the 1adi n lime tone. The 
following fossils collected from the upper beds, at the mall low 
knob ju t northw t of Ant Knoll , w re determin d by Mr. Girty 
a follow and as igned by him to the upper Mi i ippian: 

Fcne t ll a . p. 
honete ·p. 

Diaphragmu elegan . 

far tin in? p. 
ompo ita .·p. 
liothyridina kir uta. 

According to Hintze/ a r am-colored sand tone 250 feet thick and 
overlain by 35 feet of brown and red shales i present in the nuddle 
of the Mississippian limestone se tion. The beds were not noted 
on the ground cover d by the writers. Hintze states that the ~lis-

'Hlutze, 1•'. 1•'., jr., op. cit., p. 109. 
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·i ippian has a total thi lm of 0':1.0 feet and i overlain uncon-
formably by the \Veber quartzite of P nn ·ylvanian age. The writer 
did not attempt to estimate th thi lm of the 1i i ippian and 
gHe practically no attention to formation of later age, beyond 
indi cating their approximate location on the map. 

Post- ~!is is ippian fm·mations.- The po t- 1issi sippian forma­
tions within the Cottonwood- merican Fork region include the 
Weber quartzite, Park ity formation, Thayne · formation Ankareh 
hale, and u<Yget andstone. The IV ber quartzite form th slopes 

of Big Cottonwood Canyon and the ununit of the ridg ea t of 
\..merican Fork canyon. The Park ity formation is mostly con­

cealed by glacial drift and therefore i not eparated on the mnp 
from the Weber quartzite. It approximate po ition hould. be al onO' 
the floor or lower east slope of Big ottonwood anyon from Brigh ­
ton ( ih er Lake) northwestward. The Thaynes formation extend 
along the northeast slope of Bi<Y ottomYood anyon and the oYer­
lying \..nkareh shale forms the ere t of the ridge which marl th 
boundary between Salt Lake and ummit countie . Th twcret 
sand tone is exposed only in a small area at the north edge of th 
area mapped. 

The e formations are all more extensive and more important com­
mercially in the Park ity di trict, and full descriptions of them 
will be found in Boutwell's report on that di trict.1 

IGNEOUS ROCKS. 

The extensive east-west zone of intrusion of the central pnrt of 
the Wasatch Mountains crosses the area under discu ion. ~~ ithin 
this area at the we t i. the Littl ottonwood stock of granodiorite, 
and nt the east, extending from Alta into the Park City area, i : the 
Clayton P eak stock of quartz d.iorite. The ·e two main intru ·i \'e 
bodies are separated by about a mile of sedimentary rocks. The size 
and relation of these bodies an be be t understood by reference to 
the accompanying map (Pl. VI) . Although there is no surfa con­
nection between the two masses, the similarity of the rocks and the 
presence of numerous dikes of imilar rock in the area b tween the 
two bodies make it seem very probable that they n.re of common ori()'in 
nnd are connected beneath the surface. 

As already mentioned, the sedimentary rocks are cut by numerou 
dikes of a porphyritic rock :imilar in composition to the intrusiYe 
masses and also by some much more iliceous dik . A few small 
pegmatitic dikes were noted, and detailed study of the area may 
reveal other types of intrusi,·e rocks. 

/ 
1 Boutwell, J. M., op. clt. 
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Little Oottonwood stocl.- of gmnodimi te.- The Little ottom,ood 
intru ive bo ly is compo ed of a. rock of rather uniform composition. 
Thi to k was de ignated Archean by the O'eoloO'i t of the Fortieth 
Parallel urvey, but their interpretation was qu stioned by Geikie,' 
who pointed out feature indi atiYe of the intru i\·e relation of the 
rock. Its intrusi \7 e cha racter wa later verified by E mmon / one f 
the Fortieth Parallel urv y geologists, who revi ' ited the district 
in 1903. The interior of the tock ha been exposed to a d pth of at 
least 5,000 feet in Little Cottom ood anyon, and o far as observed 
there is but little hange in the ro k from the portion adjacent to 
the intruded rock to the d ep r expo eel portion of the mass. Typi­
cally it is a rock of granitic texture, locally porphyriti with li O'ht­
gray groundma s containing rather abundant dark mineral . Quartz, 
feld par, hornblende, and biotite are readily re ognized, and usn ally 
small yello'"ish-brown cry tal of phene an be detected. nder 
the micro cope, in addition to the aboYe-mentione l mineral , magn 
tite and apatite ar seen to be rather abundant acce ory minerals a.nd 
a few crystal of zircon are noted. Both plagio la e an l ortho lase 
feld par are present, the former being far more abnndant than the 
latter. The plagiocla e i mo tly oliO'oclase but cattered crystals a 
ba ic as ande ine are p re ent. Ortho la e and albite fo rm micropeg­
matitic intergrowths, but such interO'rowth are of mall amount in 
the specimen examined. Biotite and hornblende are present in 
about equal amounts. Both are the common Yarieties. 

A rather notable feature ob erved at numerous points is the pr s­
ence of kidney-shaped portions distinctly darker than the main body 
of the rock. The e range from a fraction of an inch to everal inches 
in length and for the most part show a distinct O'radation to the 
normal rock. In mineral con tituent they are identical ' ith the 
main rock, the d ifference beinO' due to a relative increase in the 
amount of rtain mineral. notably plaO'ioclas biotite hornblende, 
and apatite and probably titanite and magnetite. The imilarity in 
mineral con tituents and the gradation to the main rock type IJO'O'e t 
that the darker p rtion haYe re ulted from n eO'l'CO'ation of the 
mor ba i mineral durinO' th proce of cry tallization. It may 
r n<lily be im:wined, however that portion of the magma which hal 
alr ady cry talliz d were torn loo e as the magma was intruded and 
disseminated thrOUO'h th ma and that they were later partly 
dis oh d and recrystallized and thus show now a gradation to the 
normal rock. 

'G lkle, A•·chlbuld, Archean rocks or lhe Wahsntch Moun tains : L\m. J our .. cl., 3d ser., 
vo l. l!l, pp. ::!63-367, 1 0. 

• Elm mons, S. F., 'I'h Little ottoowood g l'!ln it body of the Wasatch Mountains : Am. 
J our. Sci., 4th ser., vol. 16, pp. 139-147, 1903. 
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A hemical analysis of a pecimen of the granodiorite collected near 
the wagon road about one-third of a mile below the power house in 
Little Cottonwood Canyon shows the following composition: 

Analy~is of granodiorite one-third of a mile below power house, Little Cottonwood Canyon. 

[R. C. 'Vells, analyst.] 

i02......... .. . . . . ............. 67.02 
Al 20 3 •• • . ......••.••. .. ....•.••. 15. 78 
Fe20 3 ... ..•• . • ••• • •• • ••...••••.. 

FcO . ......................... . . . 
l.fgO . . . ..... ......... .. .. ... · · ·· 

aO .. . .............. ... . . . .... . 
Na20.. .. . . . . . . . . . . . . . . . . . . . . . . . 3. 5 
K 20.... .. ... . . . . . . . . . . . . . . . . . . . . 3. 67 
H 20-. ......... .. ............ . .. . 29 
H20+.. .. ... . . . ................ . 63 

Ti02 .. ........ ......... . . . • • • • • . 0. 37 
Zr02 .. ..... .. .... ....... ........ . 04 
002 •. .•.••••• • • •• • • •• • • •• • • • • • • . . 00 
P20 5 .......... . ........... . ..... . 26 
s.. .... .. ..... ....... . ... .. . . . . . . . 03 
MoO ........................... . .02 
BaO... . ... .. . . .. . . . . . . . . . . . . . . . .13 

100.23 

No analyses of the hornblende and biotite of the rock are available, 
so that it is not possible to calculate the mineral com.position accu­
rately. From the chemicnl analyses and microscopic study it is 
believed that the following closely represents the mineral composition 
of the rock: 

App1·oa;-im(Lle min r(!l composit·ion of granodio1·ite, Litt l e Oottonwoo(l Canyon. 

Quartz------------------------- 20 Hornblende -------------------- 7 
Orthoclase molecule_____________ 20 Magnetite ---------------------- 2 
Albite molecul ----------------- 30 Titanite------------------------ 1 
Anorthite molecule___ ___________ 12 Apatite ------------------------ t 
Biotite------------------------- 7 

Olayton Peale stoclc of qum'tz. dio?'ite.-The Clayton Peak mass 
of quartz diorite is very similar to the Little Cotton·wood stock of 
granodiorite in its relation · to the sedimentary rocks, though more 
linear in outline. The mineral constituents are the same, but in gen­
eral quartz is less abundant and plagioclase and the dark minerals 
form a lnrger percentage of the rock. This ma ·s extends into the 
Park City area and has been de cribed by Boutwell and 'Voolsey.1 

It contains many dark inclusion , especially near the northern con­
tact at the pass between lta and Brighton ( ilver Lake). Along 
the southern contact, due south of Brighton, a considerable body of 
darker augite-biotite diorite has separated from the main mass. 

Qua?'tz. diorite porphyry dikes.-Numerous dikes cut the sedi­
mentaiJ7 rocks in the area between and around the two main in­
trusive masses and have been found throughout the area n ·om its 
northern limit as fa.r south as the Dutchman mine, in American 
Fork canyon. They vary ,considerably in appearance and doubtless 

'Boutwell, J. M., op. c1t., p. 75. 
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in composition. Commonly they are dark rocks with rather abun­
dant phenocryst of plagiocla e, hornblende, and biotite in a ground­
mas of the same mineral , together with orthoclase and orne quartz. 
In mineral constituents they are sinlilar to both of the laro·e in ­
trusive bodies but for the most part, at least, are more basi than 
either. orne of the dikes are probably true diorite porphyrie : 
others are of distinctly monzonitic character. Although none of 
the ·e dikes were found to be directly connected with the main in­
trusive bodies, it is believed that they are offshoot · from the e larg r 
bodies and are connected with them belo'v the surface. 

Granite pmvphy1vy dilces.-Dikes of granite porphyry were noted 
on the north side of Little Cottonwood anyon. uch a dike i well 
exposed a short distance north of the Columbus onsolidated plant 
where it can be traced for several hundred feet, striking several de­
grees north of ea t and apparently standing nearly vertical. imilar 
dike rocks were noted farther east in the direction of the strike of 
thi dike. 

The dikes are light fine-grained rocks containing scattered phe­
nocrysts of quartz and feldspar and usually iron-stained cavities 
where some mineral has oxidized and been partly removed in olu­
tion. nder the micro cope the phenocrysts are seen to be quartz, 
plagioclase, and orthoclase in a groundmass of quartz and ortho­
clase, the orthoclase fornling a very large percentage of the rock. 
Sericitic muscovite is rather abundant as an alteration product of 
the feld pars. 

Aplitic and pegmatite dikes.-Aplitic dikes are numerous, and a 
few of p gmatite '"ere noted. A small vein of pyroxene and quartz 
is as ociated with one of the small aplitic dikes on the lope north­
west of the pas between ilver Lake and nake Creek. The pyrox­
ene occurs in dark greenish-black ry tals a mu has 1 in h in length 
and is near diopside in character. orne crystal are partly altered 
to a greenish-gray fibrous amphibole. The aplite also contains imi ­
lar cry tals of fibrou or multipl -twinned amphibole. Thi Yein, 
thotJO'h small, is of interest as an indication that the mineralizing 
ag nts which developed diopside and as ociated minerals in the 
lime tone at the contact near by were al o active within the granite 
where they represented the latest pha e of the intrusion. 

STRUCTURE. 

The structure of the di trict is mplex and deta iled mapping i 
necessary to work it out with the accuracy desirable for the direction 
of mining operations. r otes on the general relation are presented 
below, and it is hoped that they will prove of assistance in working 
out the detailed structuralr lations at the individual mines. 
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FOLD! ' G. 

The north-south fold that were apparently one of the earli t 
structural developments of this <r neral r gion are not conspi uo11 
in the ottonwood ar a · at l a t their importance ha not b n recog­
nized in the reconnai ance work. The ar a has, however, been 
affected by minor folding, 'vhich was a result of faulting. 

OVERTIIR 1' FA LTING. 

The earliest important tru tural di turban c in this part of the 
ranae . ecm. to haYe be n overthrust faulting. It i po ible that this 
was contemporaneous Vi ith the folding farther ea t .1 The main 
thru t fault extends along an irreo-ular but a nerally north-north ­
,,.e t course and has been trac d from the vicinity of Bi<r Cottonwood 
Creek to the head of American Fork anyon, where is di app ars 
among a complex of reverse and normal faults. 

outh of Little Cottonwood anyon it i well een on both the 
en t and west sides of the fount Baldy ma , where several hw1-
dred feet of the great limestone has been oven·idden by ambrian 
quartzite and ·hale. It is shown imilarly north of the canyon 
especially just east of uperior Gulch, and has been traced over the 
diYide into Mill D outh Fork as far as the north-south rider sou th 
of the arbonate mine. It cour e i marked by the contact between 
the "lower limestone " and "upper quartzite" as far as Vena Flat, 
beyond which the "upper quartzite ' overlaps on the main or 
"lower quartzite." -

The amount of the overthru t has not been determined, but is 
considerable. The ambrian strata are considerably above their 
normal position in the vicinity of the Alta Consolidated mine. 
Whether the position of the trata at this locality is dne ·wholly to 
the overthrust faulting or in part to later faulting and the effects 
of intru ion has not been determined. The hale bed within the 
"upper quartzite" and between it and the great limestone series 
were most complex(y folded, crumpled, and faulted during the 
overthru t movement. This result is especially we1l hown on the 
sonth slope of Flagstaff Mountain abo e the olumbus Con oli­
dated mine. The mo,·ement on the fa.ult was apparently from the 
east toward the we t, and at the time of the faulting the plane 
probably had a rather gentle ea tward dip that was increased by 
later movement . . 

Owing to the unln1own extent of the overthrust and the irregu­
larity of its contact the depth and extent of the " lower limestone" 
east of its outcrop can not be closely calculated, a fact to be borne 

1 Hintze, F. F., jr., op. cit., p. 135. 
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in mind by companies plannincr to prospect the ' lo,ver limestone ' 
at depth. \Vhether or not the " lower limestone " exists east and 
south of it outcrop at the head of the American Fork canyon ca n not 
be pro·ved until the complex of faults there has been thoroughly 
worked out. From the meager evidence at hand it se m probable 
that the overthru t die out in this vicinity and that the existence of 
th e " lo,ver limestone" in the American Fork country is improbable. 
( ee section B- B' , Pl. VI. ) 

, TH C'rlJlU: FORME D DURING 'TJUJ I ' 'TR SION 01-' 'l'IIE IGNEOU. RODTE . 

Doming.- The igneous material that forms th e Little ottonwood 
and Clayton P eak masses, on being forced into the sedim ntary 
serie , in part broke acros. the strata and in part rai eel the over­
lying beds, forming a broad dome in which th e edimentary bed 
dip away from the intru iYe rock. The dominO" is e pecially well 
shown around the Little Cottonwood ma s, where th e edimentary 
formations crop out in concentri semielliptical form around the 
north nnd enst boundarie of the intrusi>e ma s. On the south the 
granodiorite broke completely throuO'h both the pre- ambrian and 
Cambrian quartzites and is no'v exposed in contact with the great 
limestone eries, which al o dips ra dially n-'" ay from the intrusi' e 
ro k. On the west the dome structure i partly pre erved but i 
mostly cut off by the great \Va atch hult. The small fault d domes 
along the lmver part of American Fork canyon and east of Alpine 
may haYe been ca u eel by the upward thru t of minor intrusive bodies 
connected with the granodiorite mass. 

The same relation is true in a general way for th layton P eak 
body of quartz diorite east of Alta . The dominO' effect of th Little 
C ttonwood ma s of granodiorite, howe er was mu h more pro­
nounced and concea l thnt of the layton Peak bod except at the 
w t conta t of the latter outh of Alta,, where the ea tward-dipping 
OY rthru t plane ha been bent upward into a faulted synclinal 
attitude. 

R e e1•se f aulting.- In addition to the 0' neral doming of the sedi­
menta,ry rock adjacent to the intrusive bodies, the trata in places 
hn ve be n brok n and thrust upwa rd a,nd outward from the in­
trusi>e , rever e fault being produced. The best exposed of these 
rever e fault i that in uperior Gulch, where the quartzites have 
been thrust up in contact with the overlying lime tone. (See sec­
tion A-A', Pl. VI.) A smaller one i exposed along the quartzite, 
shale, and limestone contact at the south end of Reed and Ben­
son Ridge. imilur f aults were observed to the south, near the 
American Fork divide, and others are probably present in the 
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area. Those recognized have a on centric arrangem nt with resp t 
to the intru ive granodiorite. 

Vinemlized fi w·e and fault .-The mineralized nnd other clo ely 
relat d fis ures also appear to have been formed dur·ing or ju t after 
the intru ion of the main bodie . Tho e not d in th '[jll D outh 
Fork area, in th Cardiff and Branborg mines, strike about . 35° E. 
and dip 60°-65° NW. The ilver Kino· fissure zone of the Branborg 
mine can b followed ·outhwestwar l throuo-h the quartzite and do,vn 
into the granodiorite of Little ottonwood canyon. The minerfllized 
fissures in the principal mine arotmd Alta strike . 60°-70° E. in 
general parallel to the trend of the quartz diorite body and dip 
rather teeply (60 °-6 ~ 0 ) to th north. Those in the American Fork 
district so far a· seen, appear to belong to hvo ystem one of north ­
ea terly and one of about easterly trend. The stopes of the famou 
1iller mine lie in both directions, though the lono-e t stope extends 

about N. 5° E. The Li,·e Yankee also ha Yein in both directions. 
The Pacific and Dutchman Yein · belong to the north asterly .'i stem. 
In the Barry-Coxe mine, on the north slope of the pa s between 
Brighton and Park ' ity, the mineralized fi ures trike about north 
and ea t. The northerly fi sur are the more heavily minernlized. 
The e fissures lie at right :mo-les to and pamllel to the north botmdary 
of the Clayton Peak body of quartz diorite. 

Prominent barren fissures '''ere noted following both the north­
easterly and the ea terly dire tion, and ·orne with northwesterly 
trends were also seen. 

The porphyi·y dikes follow the arne general directions as the 
mineralized fis ures. Those near Alta extend roo tly north of east. 
Those in the Dutchman, Li,·e Yankee, and Miller mines of the Amer­
ican Fork area extend northea terly, and for a part of their course 
form one wall to the Yein . The dike., how v r, W(>l' intro ln e l 
before the Yein were formed. The fis ures are distinctly later than 
the overtlU'u t, but the pre ence of the dike i proof that some of 
the e fi ures were form d before the cessation of igneous intrusion. 
The 1re ence of Yein along some of the dikes is proof that the same 
fi ures, or fissure zones, w re reopened hortly after the dike intru­
sion, nncl the pr ence of mineralized fi sure >Yithin the main intru­
sive bodie i evidence that some of the fissuxes were not formed until 
the intru ·ive rock had become olicl enough to undergo fra cturing. 
There has been mo>ement along at lea t some of these fis ures, but 
the amount of moYement is in most places not readily determined. 
Here and ~there it is known to have been slight, and nowhere ha it 
been demonstrated to have been >ery great. 

It is believed that the fissures were formed at the time of intrusion 
as an effect of the doming' of the sedimentary rocks. It should be 
expected that the strongest fissures would lie parallel and near to the 
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common major axis of the intrusin~ bodies. This direction furth r­
more coincides es entially with the axis of the principal fi snres of 
the Park City district, which are al o lo ely a ocint d with the 
Clayton Peak stock of quartz diorite. The northeasterly fi sures of 
the Cardiff and Branborg mines and the easterly fi sur : of the 
American Fork mine are radial with respect to the !rranodiorite 
. tock. The northeasterly fissures of the American Fork mine · are 
concentric with respect to the same body. Radial and con entric 
fissures are the ones most likely to be formed as a result of dom ing, 
and also the contraction of the domed area durincr the cooling of the 
newly intruded ign ous bodies. The obsen ations made, how Yer 
fH'e too few and localized to crive more than a suo·g tion of thee 
tructural relation . ettlincr of the area at intervals throucrhout the 

cooling tage may account for the di placements noted along the e 
fi sures, ome eli placements preceding and others following the depo­
ition of the Yein minerals. 

FAULT OISTIXCTLY LATER THA IG.'EO S IXTR SION A 0 ORE 

DEPOSITION . 

Fault eli tinctly later than igneou intrusion and ore depo ition 
may be conveniently classified into two groups-local faults, inti­
mately a ociated with ore bodies and those of great extent, a oci­
ated with the formation of the mountain range. The only proved 
member of the first group, so far as the writer lrnow, is the norma I 
fault that offsets the vein in the Pacific mine of the American For1 
district. This fault trends N. 70° W. and has a horizontal displace­
ment of 1 feet. The abrupt termination of some of the larcrer ore 
bodies of the region, such as the 1iller body, in the American Fork 
district, may be due to faulting, but in none of these places, so far as 
the writers are aware, has the exi tence of a fault b en prov d nor is 
it known in places where faulting i uppos d to haYe occutTe I 
wheth r the ore body terminates against the impervious wall of a 
premineral fault or whether it ha been displaced by a po tminera l 
fault. It was stated by the manag J' that one of the large ore bodies 
of the olumbus on olidated (Wa atch) min ga~e out against a 
fault, and recently it has be n reported that the ore body ha been 
located on the other ide of the fau lt. Thi · fault \Yas not acce ible 
underground at the time of vi it. 

Other normal fault of mall displacem nt ar pre ent in the 
region but ~l they are not intimately a sociated with mineralized fis-
ures their acre an not be closely determined. Examples of such 

faults may be n on the diYicl north of the Toledo mine and 
around the head of American ForL canyon. The e 'vere vidently of 
Jnter origin than the overtluu t and probably la.ter than the reverse 



182 CO ""TRIBUTIONS TO ECONOMIC GEOLOGY, 1915, PART I . 

faults and the concentric and radial fi su res that are b lieved to have 
been clo ely associated with the io·neous activit. of the region. Th y 
are possibly to be corr la.ted with the nor therly fi uring and fau lt ing 
in the Park City district and may have be n ont mporan ou · 'vith 
the great ·wasatch fault. 

The latest large structural f ature of the region i · belie• ed to be 
the great normal fault that extends along the front or we t dge of 
the Wasatch Rano-e. Its vertical di placement i doubtles · to be 
measured in thou ands of feet. This displacement probably pro­
duced an eastward tilting of the great \~ asatch block, so that the 
eastward dip of the strata was somewhat , teepencd. The gro• th of 
this great fault was gra.dual and may w ll have been accompanied by 
the development of many minor faults in the region but, as already 
shown, a definite correlation of mo t of these minor faults is impos­
sible at present. 

Evidence in the P ark City r gion 1 indicates that the igneou 
intrusions took place in late Cretaceous or arly Tertiary time and 
evidence in the southern and northern parts of the Wasatch Moun­
tains 2 indicates that the faultin o- along that rano-e occmTed after 
the depositions of Ecoene sediments and that in orne of the ' Ba in 
Ranges" fau lting had ceased before the depo ition of Pliocene edi­
ments. G. K. Gilbert has shown that faulting alono- the vVa ntch 
Range has occurred in very recent times. The normal fault that 
preceded and followed ore depo ition may w n have been in proce s 
of formation throughout the period that followed the ianeous intru-
ion, and even the most detailed mapping may not produce Yidence 

on which the normal faults may be classified into distinct groups. 

ALTERATION OF THE SEDIMENTARY ROCKS R E SULTING F ROM 
THE INTRUSION OF THE GR ANODIORITE AND QUARTZ DIORITE. 

The reconnaissance work was not extended over , ufficient territory 
or pursued with sufficient detail to establi h lefinitely the type of 
alteration that were due to regional metamorphi m and tho e that 
are to be attributed to the influence of the intrusive bodie ·. Regional 
metamorphism however, has been comparatively slight in the great 
limestone and overlying rock , and the cau e of changes in th e 
rocks can be more certainly determmed. 

The Little Cottonwood tock of granodiorite in the area examined 
is in contact with the Cambrian and pre- ambrian quartzites and 

/ schists. Both have undergone considerable regional metamorphism, 

'Boutwell, J. M., op. cit., p. 43. 
• Loughlin, G. F., Reconna iSsance In the southern Wasatch Mountains, inh: .Jour. 

Geology, vo l. 2i, No. 5, p. 451, 1913. (Eoc~ne conglomerate Is dlsplnced by " Bas in 
Range" faults.) Mansfield, G. ft ., unpublished map of the hlontpeller quadrangle, U. '. 
Geo l. Survey. (PUocene lake beds lie undisturbed in tbe valleys between fau lted "Basin 
Ranges.") 
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and they were not examined with ufficient care out ide of the zone 
influenced by the intrusive body to determine " ·hat the change have 
be n within that zone. pecimens of schi. t collected at the contact 
in a gulch \vest of uperior Gulch are compo ed of qua rtz orthoclase, 
some plagiocla e, rather abundant zoi ite, abundant magnetite, and 
small amounts of muscoYite and biotite. The rocks near the conta t 
appear to contain more magnetite and le mica than tho e at a 
greater di tance. The effect of the intrusion on the ambrian 
quartzite does not appear to have been great but wa not lo ely 
studied. Its effect on the great lime tone serie · along the onthem 
boundary of the area mapped is exr ressed by a general bleaching and 
recrystallizin o- of the origin,tlly dark limestone into white marble 
and by the deYelopment of uch typical conta t mineral a pyroxene, 
tr molite, brown garnet, pidot , quartz and pyrite-the c:ame gen­
eral effect as tho e that accompanied the intrusion of the quartz 
diorite. 

The Clayton Peak mass of quartz diorite is almo t wholly in 
contact with the limestone and its m tamorphic influence has re­
ceiYed more attention, but by no means detail d study. Alteration 
of the 'contact " type associated with the main body of intrusive 
rock was noted e pecially in the vicinity of th Alta Con olidated 
and City Rock mines and associated with les er intrusive bodies 
north of Lake olitude and in the workino- of the outh H ecla 
mine. Much of the limestone near the intru i'e ma has been re­
crystallized and bleached, but the developm nt of abundant contact 
ilicates has occurred only at certain point and wa apparently 

a ociated with certain beds in the lime ton . orne of the replaced 
beds could be traced for several hundr d feet from the conta t , bu t 
other replacement bodies w re noted eYer al hundred feet from an 
observed igneou contact and with no apparent direct connection 
with an io-neous rock. The principal contact minera ls noted were 
diop ide a Ji o-ht y llow nnd a beautiful green o-arn t monticellite 
mu vit , lud' io-ite, o-r n phloO'opit , n a<Yn tit , hematite, and iron 
nnd copp r ulphide.'. thcr contact mineral ar 1 robably present 
u h a v n\'ianitc and pin I whi h haYe be n noted farther ea t 

in th Park ity area. 

ORE DEPO IT . 

HISTORY AND PRODUCTION.' 

LI'lvl'LE C 't~l'ONW 00 DI TRICT. 

Or wa fit' t di coY red in the Little ottonwood eli tri t by Gen. 
Conner oldier in 1 64 and the \'i n atch district wa · th n orga n­
ized , bnt it wa · oon aba ndoned O\Ying to the great xpen e of \York-

1 'l'h 
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ina. In 1 67 most of the claim were "jumpe l and n, new di t ri ct 
organized, called the Mountain Lake which included n, large n.r n. in 
th \ \ asatch Rang . It wa di,1ided in 1 69- 70 into the Little 
and Big Cottonwood, American Fork, and inta distri ct . T he min­
ing claim recorded in the Little ottonwood di trict o,·ered an area 
about 2{ mile quare. Mo t of th principnl mine of th Little 
Cotton wool di trict are on the northern lot e of the Littl otton­
''"ood anyon. Alta , the principal camp, is 16 mile a t of Sanely, a 
tation on the Dem·er & Rio Grande nnd , an Pedro Lo. Angel · & 
alt Lake railroad . \. railroad wns completed t the c1 i tri tin May, 

1 73 but was eli. continu cl a few y ar. · later. In 1913 the grade wa 
repaired and rail lnid a far as \Va at h for th transportation of 
building stone to alt Lake ity. The min op rat r in the eli t ri t 
took advantage of thi renewed m thocl of tran r ortation, thus savincr 
a wno·on hanl of 9 miles to th melter . The mo. t prodn tive p riod 
~a between 1 71 and 1 77, and at the time of Huntl y s Yi it l 
(October 1 0) the di trict was very dull and lm two mine the 
Vallejo and the City Rock- were working regularl.\ . This icl len s · 
of the mines was due to e\eral cau e , ineludincr lerral trouble.· the 
exhau tion of workino- apital of e'1erallarge pro pecting ompanie .. 
the rril'ing out of ·urface bodies the finding of pyrit and "·ater in 
the lo,Yer l >el and the low price of lead. 

Very little metallurgic work was eYer done in the d istrict a most 
of the ore wns old in the alt Lake market. In 1 66 the O\Yll r of 
the N orth ta r mine built a cotch hearth furna ce and ran out abont 
3 ton of lead. In th follo,YinO' year he erected a re,·erb ratory 
furnace and a cupel furnace. The former wa a succe but the 
latter failed. The Jone ·smelter about :.. mile from th month of 
Little CottomYood anyon wa operated in 1 71, and ran on cu tom 
ore for t~o year . In 1 72 or 1 73 the Davenport m lter ,,·ns 
ta1tecl at the same plac . In addition to the or £r m the mine it 

worked . one custom ore, but was hut clown in 1 7~. The FlaO' taff 
o. ~lso erected three tack in this vicinity. eYeral nnsuc e ful 

attempt were made to leach ores on a mall cale. on entration 
work were built for the Emma mine and were financially ucce · ful , 
though the percentnge obtained wa · low. 

The hi tory of the Emma mine i gi ,·en by Huntley 2 "·ho re­
I ortecl on it and other mine as follow : 

'£h Emma min i · ·ituated halfway up th ·ou th rn lop of a high, . tccp 
ridge called Emma Hill. It w ru l ocated in 1 68 by W oodman, hlsholm, Wood­
hull & Reich . Little work \va.· done until th autumn of 1 69, when th ore 

1 Huntl<>y. D. B., The mining Industries ot Utah: Ten t h Census U. S., vol. 13, p. 422, 
1 0. 

• Idem, p. 423. 

/ 
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body was struck. Some ore was ·hipped and sold prior to the ale of the min 
to the Emma Mining Co., of ew Yorlt, in 1 70. This c mpany worked the 
mine quite vigorou ly and shipped a large amount of ore. Th followin"' year 
tbe property was sold to the Emma Silver Mining Co. of tall (Ltd.) fo r 
$5,000,000 ca h; another authority placed the price at $3,500,000. The mine 
was then worked by English manager., paid 300,000 in dividend · (one authority 
says . 1,300,000) until September, 1 74, when it was attached by T . W. Park 
and others for an indebtecln s of $300,000. It wa · then idle until October, 
1877, when the American Emma Mining Co. wa incorporated and work re­
sumed.1 The second ore body failed in the autumn of 1 73, up to which time 
most of the ore bad been Shippee! to Swan ea, Wale·. During the year 1 73, 
1871, 1 78, and 1879 much low-grade ore was concentrated by jigs. 

When the American Emma Co. began work it fir t pro ·pectecl the old ore 
bodie and then lea ·ed the Bay City t unnel, which was 1,700 f et long and 90 
feet below the lowe t old workings of the Emma. This tunnel had been run 
by a St. Louis company at a cost of ."75,000 and had been abrrndon cl in 1 76. 
Since making the connection a small ocher-stained earn, in an incline or winze 
130 feet below the tunnel level, has been followed. * • * About 3,500 gallon. 
of wat r p r hour is rai l. During th cen us year about H men were em­
ployed. The property of thi company con i t of the Emma, 2,400 by 100 fe t, 
nod the Cincinnati, 1,200 by 100 feet. One hundr d thousand dollar· wa paid 
for the latter, but, the claim having been jumped, the title i in dispute. * • * 
ll'rom 1r. Chart s mith, of 'alt Lake ity, who. e account includ cl all but 
the fir t few hundred ton sold, the writer learned that the ales of ore to 
.June 1, 1 0, amounted to 27,451 tons, for which $2,637,727.44 was receiv d. 
The mine had been developed below the discovery only about 500 f et ver­
tically ancl 350 feet horizontally. The opening of the old workin ~- re e ·ti­
mated at sometbin"' le . than 4,000 feet, and tho e of the new workings at about 
700 feet. 

The Flaa taff mine is situated a quarter of a mile north of Alta, halfway up 
the southern slope of a high ridge which separate Bi"' from Little ottonwood 

anyon, from 700 to 00 feet above the valley. It was located in 1 79 by Groes­
becLt, chueider, and other , who worked it under the name of the alt Lnke 
Mining Co. until February, 1 72, when it wa · bond d to one Da vi for $300,000, 
who sold it to English capitalist. for $1,500,000. They or"'anized the Fla<>staff 
Silver Mining o. of tab (Ltcl.) nnd worked the miue in a very expen ive 
manner until December, 1 73, when the ore bodie in ight gave out. The com­
pany wa ·· th n found to be in debt to Davi · f r money advanced, . ome 00,000. 
Davis took the mine and wot·ked it under agreement witb tbe company until 
December 24, 1 76, when he wa · eli 1 o e · ed by tb nited tate mal' hal un­
der orcl rs from the En«li h director. Heavy law uit with small re ults fol · 
lowed. ince 1 76 ib.e miue has been lea cd and ublea ed many time , but ba 
been idle since the umruer of 1 0. At the tiruc of examination it was owned 
by eligruan Bros., of New York, ~·bo took it for debt. * • * The Engli b 
company ere ted the Flag taff m Iter (three st.1cks) at tbe mouth of Little 
Cottonwood Canyon and ran it until November, 1 73, when they lea ed tbe La t 
Chance smelter near andy. Smelting wa. not as profitable as selling tbe ore. 
which, after April, 1 76, was ell po eel of in the . nlt Lnke market. '£he divi-

1 '!'here has been a gt·eat amount of litigation between the Engll ·h tockboldcrs and 
'1'. w. rarl< and others, but these diO:ercnces have recently [about 1 OJ been amicably 
adjusted. 

10427°-Bu ll. 620-16--l:l 



186 CONTHJJ: TlOX ' TO E ' ON MI GEOLOGY 1915 PART I. 

dends paid to the English 'Ompauy auwuu t cl to about $350,000. Tile properly 
·on i ts of th l!'lag taff, ~outh , ta r nnd 'l'itus, \"ir<> inia. and Kabob. 'l'h Fh1"'­
stuff is 2,200 by 100 feet, but it extends aero ·s a nd not along tile belt. Ill 
ea rly t imes. before the. nit , the right to ·• ·wing thei r patenl" wa s in i "ted on, 
and the '1\·orking · extend d 1,000 feet or mor on the belt. " • • 

The tota l procl u ·twa t imated by tbe ·uperintemlent to IJ '"' follow · : 

'l'ous. 
Prior lo 1 72 __ _________ -------- _ __ __ ___ __ 6, 000 

1872 - - ----- - -- - -- --------- ---------------- ------- ,ooo 
1 73 - -------- - - ----- ----------- - -- - - - - 17. 0 
1874 to 1 76 ____________ ------ ------------ ----------- 35, 000 

1 77 and 1 7 - ---------- ----------------- -- --------- 30,000 
1 79 - - - - - - ----------------- --- - ----- -- - --------- - 4, 000 

100, 000 

Of th is, 30,0t)0 Lon.· tn·obably a sayed $10 gol l. no ounces sih·er , and 4.0 per 
cent lead and ·old for or wa · w rth $. per ton. The r Ilia in ler probably a -
·ayed $4 "Old, 30 ouuces sill· r, and 20 per eeut lead uncl was wort ll $30 per ton . 

Tile mine is d veloped by a 530-foot luun 1, from whi ·ll tllere i s au incline 
515 feet in length, at au angle of 49• . l!'rolll th i in •li ne til re a r six 1 ,·eJ ·. 
from 700 to 1,400 feet iu len"tll. 'l ' lle lower le,·el is about 700 fe t ,·erti ·ally 
below the di ·co ,·ery cro] ping . '.rhe tolal ·uttin •s, exclu iv of stope , ar vnri ­
!ltu;ly e ·timated at from 9,000 to 14,000 fe t. Frolll th mouth of til tunnel the 
ore is eut to the foot of tlle hill on a tnllll \\'IIY 2, 00 feet in 1 ngth. • • • 

The 'outh Sta r and Titu ·, an olc1er loc<ltion than the Flag 'taff, ha · been eon­
stantly hara ·ed by law ·uit . ·e,·ernl lluntlrecl tbo u:;anu clolla rs' wortll of ore 
has been extracted. It Is dev loped by tu nnel anti ·haft to tile extent of e ,·eral 
thousa nd feet. Active work cea secl in 1 7 . 

The abob wa s lo atecl in 1 76. A large body of ore, ly ing partly iu th 
Yit·gini a gr ound, wa.-· truck in the winter of 1 76-77, which yielded nbout 
$100,000. Little ha b en don ince. Th min i a par t of the min raJ belt 
of Emma Hill. An ore body, 30 by 25 by 4 f t, \\' t s found not 50 f et f rom th 
surface. The averag a ·ay f lhi · ore wa $74.76, of 'vhicb 26 wa gold. 
The development · con i. t of a 1J5-foot in ·lin anu 300 f et of other cuttings. 

The J oab Lawrence Co., the principal actively working company on E111ma 
Hill at the tim of the wri ter ' Yi :it, wa organ ized in the spring of 1 70. It · 
p 1·op r ty con i ts of th Vnll jo an l th ' or th ta r , ndja nt lnim><, situ:Hed 
between the Emma and the Flag ·tnff. The North tnr wn one of the earl ie l 
cla im of the d i t ri ct, having been locate l in 1 65, and has yield d larg ly. 
T here a re aid to be la r"e boclie of low-grade oxide of iron ore in the low r 
le,·els, but little had been done f r ·ome t ime excepting a small amount of 
"tri bute" work. The Vallejo was worked in 1 72, 1 73, J 74, 1 75, and 1 77 
by seYera l companie , a nd much ot·e wa xtru ·ted. It wa · h in' worked on an 
extensive scale at the time of the writ r · vis it. • • * It [the ore] wa · 
fine and conta ined from 20 to 45 per cent lead and f rom 15 to 90 oun · · f:i iiYer, 
from 20 to 35 per cent iron and fr om 9 to 14 per cent of moisture. It wa · In 
great demand arnon"' the smelter owing to the lack of ·ilica and th pres nee 
of so much iron . A low grade of ore containing from 40 to 50 per cent of iron, 
no lead, and a few ounces of silver was also shipped. The following table 
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shows the price r eceived per ton for orne l ots of ore in February and M arch, 
1880: 

Assay value. 
Price 

Weight. receh·ed 
Lead . Silver. per ton. 

Pounuk Ptrrcent. Ouncu. 
111, 855 5 5 10.00 
76,225 41 48 66. 50 
56,877 42 65 85.10 
54,376 35 39 52.25 
74,011 12 15 17.50 

130,304 43 54 73.75 
140,525 6 9 12.00 

The ore 1n1 · transported from the mine to t he tramw:ty of the \\" a. atch & 
Jordan \ '11 11 y Railwn,v h~- a wire-r ope tramway. 

The Tol do- ta h iiYer l\Iining c Smelting l'o. bought the Tolf'do min 
shortly after ib; di.· · Yet·~· in 1 72 and ,,·orked it quite <'xtensil·ely until April, 
1 0. The proT>ert,v c nsi.:ts of th Toledo and th Full r claim . On the 
ln ttet.· mo. t of t.h or e ha ,· b1 en fou nd and mo.t of th work done. * * * 
'l'he mine i · operated through a shnft 455 f t d ep, ,-prti ca l fo r prut of its 
l ength. The horizontal <1e,·el opment of th Yein is 3:-o f et, and th tota l 
cutt ing· are c;;timatNl nt -,000 reet. * * * The tota l 1wod u ·t of th, min 
fllld it output during- the cen,.;u · y('at· wer <' large. The exact tigur .· can not 
b given, owing to the confidential ·hara ·ter of the information fumi he(!. 

The Emi ly min i ·· . i t uatecl in a sma ll raYiue between the Toledo nnd Emma 
Hill. It w a. eli ·cov reel in 1 70. It is owned by the Emily l\lining o., of 
Pit burgh, I'a. Th .v ·ea ed r gu lar work iu 1 74. and t he mine has h en 
leased sine at one-fifth t·o~·a l t,v. It i. a b deled Yein of cla.1· ·l ate in quartzite, 
tlipping about 60° B. The ore i:-; from 1 to 6 ioehes wicle anll con ·i;;;t. of qun.r tz 
conta ining pyrite, .·phale:·ite, ga lena. and t traheclrite. \Vh n or cl it n.· ay ' 
from $ 0 to $100. llline is opened by th re tunnels on the v in. The total 
l ength of cutting· i. · 800 fe t. The m in is ,·ery w et and has no machinery. 
'l'he totnl y ield ha · b en ."15,000 or '20,000. 

ity Rock und tah "TOup i. · si tuated at the head of L i ttle ottonwoo<l 
anyon and comprise tbe •tall, 100 hy 1.000 feet: ity Rock, 100 by 1.000 

feet ; W t Wind , 100 by 40:5 f et; King of the \Ye,-t, tnh N . 2, tah No. 3, 
and Freelanl. The fir.-t thr a r on th ta h v in. an I th other . ar on the 
put.·all I Ki ng of th W est Y in, 200 fef't lli -tant, and have but littlE' developn1ent. 
1\fost of th I tntecl in 1 70. In 1 72 much work wu done. 

invoh· d in litigHtion. TweiYe 111 u 
w re census ~·en r. • • • Th min wa,.; h in" thor-
oughly open d at intPrvnls of 100 f t hy h.~Yel s and win fie .. through th or 
bodi ,·. Y t·y little ;;;toping hm; been don . The cleYelopments con:o;istecl oC two 
in ·lin · nml tlu·e tunn Is on th vein. The low r ue, which IYas to be the 
main w orking tunn I, is fi by 7 f et well timbet·ecl ha:; an iron rail tracl,, and i .· 
600 feet long. The middl tunnPI, 400 fe t Yer tical ly ab Y th low r on , is 
1,300 f t long. One bundr d f et b low thi is the water I Y I. 'l'll upper 
tunnel I 600 f t long and 201 feet abov the m i fld le one. Th e tunnels hav 
n gr ad of half an in h in 12 feet. 'l'he totnl cutt ing amount to 4, 00 feet. 
During tile c n u yeur 5 ton of or e were old for 25,4 0.67. The pre,, iou 
product wa estimated at $50,000. 
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The other •n ines of the Li ttle otton 11·ooLI district ar c: 

Mine. 
'l'olal 

length of 
openings. 

'l'olal 
product. 

Condition at close of 
the census year. Hemarks. 

incinnn.Li g.rou p . .. . ...... . 
Feet. 

1, 500 SJO,OOO Worked irregularl y .... Ore, a sulphuret containing 
considerable zinc. • 

Enterprise. . ............... .500 ............ Idle ......... .. .... ---- 0~~ :~r~~Y yielded 10,000 

Dexter onsolidaled .. .. . .. 300 Small . . . . . . do ......... ....... . 
Brian lode.............. .. . . .. .. .. .. . (•) ..... do ............... .. 
Mariongroup.. . .... ....... 1,800 .... ..... ... Workod irregularly .. .. 
Manitoba.......... ... ..... 630 ....... . . ... Id le ................. . . 
Emily.. .................... 800 18, 000 Worked on lease .... . . 
Caledonia.. ........... . ... . 700 .. ..... . ... .... .. do .. ... . ...... . . .. . 

Highland Chief.. .. .. .. . .. .. 

Ohio River group .. .. . .. .. . 
Savage and Montezuma 

group. 
Stoker ... .. ... ... . 
McKay and Revolu tion .. .. 

Grizzly and Lavinia ...... . 

Darlington .... . . . . ........ . 

Pst~~~~~:::::: ::::::::::: 
Sisk iyou ............ . ..... . 
Alpha .... .... ...... . ..... . 

I , 100 .... .. ..... . Idle .......... .. .... .. . 

.500 
3,000 

450 
1, 000 

3,000 

.500 
4,800 
1,000 

.500 

.500 

60,000 Little work done ..... . 
200,000 Id le ............ . .... .. 

mall. ..... do ...... ..... ... . . 
TWlllEII being run ... . . 

Large. Id I e .. . . ............ . . . 

Smal l. ..... do .... .. ..... . ... . 
600,000 ..... do .............. .. 

..... ...... ...... do . .............. . 
mall ... . .. do . .. ...... ... .. .. 

37,000 ............... ........ . 

V in not well defiJ1ed. 
Ore assays SO to 100 per ton. 

evera l t.housand dollars 
have been .~tracted. 

Ore assays 20 ounces silver 
and 25 per cent lend. Many 
hundred tons ha ,.e been 
sh ipped. 

Oro 35 per cent lead and 35 
to !50 ounces sil ver. 

Ore medium grade. 
A few hund red tons have 

been extracted. 
Conta.ins large bodies of low­

grade ore. 

Do . 

Average assays: 200 ounces 
sil ver, 10 per cent lead, $.10 
gold. 

E
1
'v

0
·rthergrPeenole· .· _·_· _· _· _·_·_--_· __ -_ .. __ .. _·_ ...... 

3
.
00 
... .... .. ...... Worked irregularly ... . 

. .. .. .. .. .. . .. .. .. .. .. .. .. . . .. . .. .. . Oro, galena in small seams in 
limestone. 

Albion and Rising Su11. . . .. 
Oxiord and Geneva . ....... 

Louisa . .. ........ .. ....... . 

Sedan .. ... ......... . ..... . 

Fritz .... ... . . ............. 

Penl\·ian ...... .... ... ..... 

Kenosha ................. .. 
Highland Boy ..... .. ... .. . 

1, 800 
1,910 

600 

300 

460 

700 

.500 
500 

100, 000 
20,000 

8,000 

Small. 

Small. 

Small . 

Small. 
rono. 

I dle .. .... . .. ... ...... . 
Worked on lease .... .. 

Idl . . .. ... .. . . . . . . ... . 

·· · · ····· · ·· ·· ·· ·- ··· · ·· 

· ·· · ······· · ·· · · · ·· ··· ·· 

························ 

a A lew thousand dollars. 

TU ' NEL lTJ-:, •. 

Ore assays 30 to 90 ounces 
sih•er, 40 to 60 per cent 
lead, $3 gold. 

Or , 10 to 12 ounc · ochery 
carbonate and 40 to 50 
ounc galena. 

Ore, ceru~ ite1 _gelona, aud 
pyrites, comruning 16 to 60 
ounces silver. 

Vein, 20 feet; soft, low-grade 
ocher. 

A few tons shipped , assaying 
40 to 60 ounces silver, 40 to 
70 per cent lead , and S6 
gold. 

Small stringers o( carbonate 
ore in limestone. 

The topography of this di trict is Yery favorable for U1e location of tu nnel 
sites. Accordingly, in ear ly time , work wa. begun upon a great many. They 
have cost fortunes, but have rarely been succe sful in findin g ore; and though 
all a re till claimed, few a re worked more tha n i .. . ·u fficient for as e::; ·meat 
work. These tunnel ·ites, in a legal '1\'ay, a re a great drawback to the d istrict. 
They were located before many of the pre ent claims; they ran io all d irection. ·, 
and, in case la rge and rich ore bodies hould be found, ome of them might be 
u.·ecl to make erious Jeo-al cliilicultie ·. The following a re tbe pr incipa l tunnel 
ites in the order of their ituation, beginning at the we t, on th north s ide of 

Little Cottonwood, and continuing in a emicircle around the head of the 
cn nyon: 

'l 'he l''redericl~ tunnel.- This was driven to develop the Frederick a nd Crown 
Point claim . These are parallel vein ·, 70 fee t apart, 3 and 4! feet wide, dip-
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ping 54 o N. in lime tone and between limestone and qu a rtzite. The ore is a 
carbonate, 18 Inches wide, and averages 60 ounces li ver and 35 per cent lead. 
The claims were located in 1 70 and ~ ere worked until 1873, when water and 
galena were encountered at a depth of 337 feet. The value of the ore sold 
was estimated a t $35,000. The mines were lea ed until May, 1 76, ;vhen the 
tunn l was begun. It is 1,300 feet long and ha to be dr iven everal hundred 
feet fa rther before cutting the vein , whi ch are expected to be reached at 980 
feet below th croppi ng . It s i:r.e i 6 feet 6 inche. by 4 feet 4 inch . Tim­
hering i unnece · ary. * * * 

'I'll Ho10lmul tunnel.- "\Vot·k was begun on this Rev ral yen t· ago. It hn. 
been r I cate<l RcYet·ni t ime:-; and wa , at the period under t·e,· iew, known a» 
the oli tm·~· . Its I ngth i. 600 f t. On ly a .. es. ment work is being clone. 

'fil e Geneva twmel.-Abanclonecl. Length unlmown. 
'l'he Lady Emma tmtne/.-Length, 370 feet. Heloca t d and ca lled the Prince 

of f he Hill.. On ly as. e . . Ill nt work i." being d ne. 
The Clticctgo tnnnel.- Length, 600 feet. Relocated nnd called the Fitr.g ralil 

tun nel. 
The Valwjo tunn el.-U d in th ea rly development of the Vall ejo mine. 
'I 'll Utah t1mnel.- Relocnted a. the Burges. and used to worl;: the Va llejo 

min . 
The Gladiato1· tmlnel.-Length, about 1,000 fee t. . eel to work the North 

. bu· min . 
The Gt·eat alt Lake Tnnnel & Mining Co.-Thi i better known as thf' 

Buffalo tunnel. It was lo ated in 1 71, i 600 feet in length , and i. regula rly 
worked, 2T feet having b en run the preced ing yea r. Thi company ha Iocat d 
two !a im ·, th BufTalo a nd a'nother , haviou 9-inch vein , conta in ing galena 
and pyrite . Tht·ee small bod ies were found. The ore . old for about $ 0 per 
ton nod yield d a few thou. and dolla r. . The All ega n mine. operated through 
th is tunnel, ha. about G50 feet of cutting and y ielded a f '" thou ·and dollar. 
some yea r. ago. 

The Bay Oily 11mnel.-Length, 1,700 feet. * * * 
The Jl/.inoi t1mnel.-Length, 00 fe t. " * * 
The EQ1til ab le Tmmel & .Millting Co.-Thi compan~' ' tunnel f about 1,500 

f et in length, with ide d ri ft. · ancl wi11ze. nmounting to 900 feet, and L situated 
:1bo• the Ba~· ity. Thr e . ma ll cla ims, Bolles & ollin , Equitab le, nnrl 
I~quitabie No.2, a well a the Phoenix 11ncl the Lady E. ten tunnel ite. in other 
part .. of the el i tr ict. are O\\"ned by this compan~· . * "' * 

Tll e Little Cottonwoocl I unn el.- R locaterl nnd call ed t he BucklanLI. It i!': 
600 f t long and wn run to tap the an1g anrl Montezuma gr up. 

'!'lie R elian e tmtnel.-.Abandon 1. Little work clone. 
Tli e Manllattan /un:nei.-Abandoned and t' lo a ted as th McKay an l Revo­

lution. Length. 500 f t. 
T/1 E ly twmel.-Abandoned. 
The Plio ni:r tmmel.- \\"ned by the Equitable 'l'unnel & lining . Length, 

100 f et. 
The Herman tmmel , known as the T'ilden.- L en"th, 500 f t. 
The Emma Hill tunnel.- L ngth, 900 f t. 
'!'he Ficto1' ia /mmel.-Length, 900 fe t. U. ed to work the Victori a, Imperi a l, 

Jilmmn i\[ay, and Ali ce mine~ . These h11ve n lat·g amount of cuttings, have 
!';hi pp <1 con i<l t•able r , and a re bein 17 work cl UJ on lea e. 

'1' 11 Ulwisl imw tunnel, known as /li e Oneida .- L ngth. 250 f t. 
'file Brr1rrr & Lapham t1mnel.-Length, 150 feet. Lo at cl to d velop the 

Dar lington min . 
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The Lady Es ten t1t1VIte~.-Length, 300 fe t. Own d by th Equitable Tunnel 
& Mining Co. 

The [?·is Tmtne~ Co.-This was a San Franci. co company which began work 
in the spri ng of 1 72 and failed in the autumn of 1 77 having sp nt about 
$100,000. Th tunn 1 wa · tak n by one of the ct· clit rs for cl bt. The pr op­
erty consist f eight l o ation. nncl two tunnel ites on l~m raid Hill. Th upp r 
tnnn I i J ,165 feet in length nncl ha 600 f t of drift . Two vein., from 6 
inche, to 2 fe t nncl from 2 to 4 fet>t wi<l , were cut. , ome gal ena nn(l pyrit 
ore was xtrnctetl. \Va ter i;;; v r.v plentifu l , at1ll the l ower tunnel, 300 feet 
below, \\·a. run to drain the ledge . The low r tunn I i. 635 fl' t l ong nnd has 
ro 1>!' run 300 feet fl1l'th r hefM cutting th fir t v ln. 'rhe tunnel. fir lflrge 
nncl tmight nncl ar e v ntilt~tccl hy tn f'an, of n wntet· hln;.t clrivl'n hy thC' Wl1.'t·e 
wnt r. 

The Etna, St. Jo ph , W asatch, Silver B elt, ancl Hoth hild tunnel sites nt·l' 
of' vnr~· ing 1 ngths nnd lnWI' fill been at nncl n d. 

B e;.: i(]e, the tunnels nbove mentionecl , lher !' nre mnn~· oth I' !'< hnving; mor·e or 
l ess development. 

In recent year (1901-Hl13) the mo t important producer in the 
Little Cotton\YOod di trict, named in th or ler of grentest output 
have been the Columbns Consolidated group · th ontinental- lta , 
reorganized a the nity and later as th Michigan-Utah 1inin()' 

o. ( thi included he early I roducing claim lmown a the Darling­
ton, Grizzly, Regulator, and Lavinia); the City Rocks now part 
of the Michigan- tah group (thi included the tab, nn early 
producer); and the outh H ecla (in ludes the Alta H ecla, onth 

olumbus, and Wedo- ) . The FlaO"sta:ff and the Columbus on oli­
dat d are now owned by the "Va at h Mine Co. For several years 
the Colnmbu Con olidatcd opernted n concentrntion mill but it wa 
de troyed by fire in eptember, 1914. 

The Littl e Cottonwood di trict has yielded a regular production 
of metal annnally ince 1 67 and may be expected to continu pro-
ductive for many year to come. nfortunately, no complete record 
were kept of the annunl production in the early period of operation, 
but enotJO'h data are aYailable to make very close e timates po ibl . 

uch data are found in the tati ti cal reports on mine and mining 
in the tate and T erritorie west of the Rocky Mountains for the 
year · 1867 to 1 76. Between 1 75 and 1 0 stati tics were not com­
piled by the GoYernment, and for the e years the mining journal 
and the Salt Lake Tribune fur:ni h sta tistic . The operations and 
statistics of many of the most prominent producers from 1870 to 
1 0 were ably reviewed by D . B. Huntley in volume 13 of the 
Tenth Cen u report. Durino- the succeeding years th reports of the 
Director of the Mint ()'i,-e fragmentary figures until the year 1901, 
and the stati tics from that year to the end of 1913 have been com­
piled by the nited tates Geological Survey. In the tables of pro­
duction (pp. 193-194) the stntistics are combined with those for the 
B io· Cottonwood eli trict. 
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BIG COTTO · woOD DI 'l'RIC'r. 

The Big Cottonwood district organized July 11, 1870 is in Cot­
tonwood Canyon, in alt Lake ounty, north and east of the Little 
Cottonwood di trict , its boundaries being the summits of the ridges 
on each side of the canyon. Mo t of the mine are on the southern 
ridae. Most of the ore, from the earlie t days ha been hauled by 
wagon down the canyon to ~ andy at pre ent a tation of the Denver 
& Rio Grande and an P edro. L os \.ngele & alt Lake railroa.ds 
or dit·ectly to th e melters and ~ampler in that Yi inity.' 

The faxfield mine on the north side of ottonwood anyon i 
14 miles ea t of Sandy. Argenta, in the eYenties the p rincipal min­
ing camp of the distri t , i but a. quarter of a mile from the Maxfield 
mine. This property, up to the year 1 0 was mo tly patented and 
only lightly developed. During 1 O, according to Huntley 1 it 
produced about 90 ton of lead ore, containing 30 to 100 ounce of 
:::il•er, which was sold for $4,51 . The >alue of the product prior 
to 1 0 '''aS roughly estimated at $20,000. Transportation cost in 
1 0 to andy ~ere 4 to 4.50 a ton. The shipments made in 1 0 
a>eraged 60 ounces of siher to the ton and 35 per cent of lead. The 
most producti>e period of the mine ''as in 1 92 and 1 93. No 
records are anilnble of the total quantity of silver and lead pro­
duced from the mine, but it is reported 2 that $1,053 000 would cover 
the total yield of the prop rty from 1 75 to the end of 1906. Since 
Hl06 le ee have produ ed some lead ore ach year. The total divi­
dends paid by the {axfield Co. amounted to 11 ,000. The mine 
was pum1 ed out ea rly in 1915, with a view to further development. 

On the south side of ottom·wod anyon there are several side 
ravine or fork , including Mill , outh, H oneycomb ilver Days, 
Mill D outh, and Mineral. Bet~een H oneycomb and iher forks . 
~t miles n01thea. t of Alta, i the Prince of \Yale group, consi ting 
of the ntelope, Prin e of Wale Wandering Boy Highland ' hie£ 
vV llino-ton. and \V"arrior claims. All were eli covered about 1 70. 
Very important la,vsui t w re p nding betw en 1 71 and 1875, in 
''"hich the own r of the Highlan l hi f were clef ated and a com­
promi e ''H effe t d with th owner o f th \Vellino-ton. The Prince 
of V'. ale o-roup is cr dited with a pr duction of 10,121 tons of ore 3 

to th end of 1 90. ince that tim a very littl ha been produced 
by les e , who in 1909 1910, and 1911 made hipments of ore con­
tainino- 0.01 ounce of o-old and 90 to 144 ounce of ilver to the ton 
1.2.> to 3.75 p r cent of opp r , anc112 to 21 per cent of lead. As a3 
mad on hipments in 1 79 how the lead to have averaged between 
25 and 4 per cent and the silver between 61 and 224 ounces. Mining 

I Uuntky, n. B., op. ·it., p. 42 . 
2 Per~onal statement of .\ , L. 'l'homa8, jr., a lt Lake City. 
"C'ompiiNl from report~ r Dlrccto•· of Mint ood commis~ ionerH , 1 70- 1 90. 
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by lessees was discontinued because of the large amount of water 
present in the lower working to ' hich the ore is said to extend. 
The total value of the ore pr duced from the Prince of Wales group 
between 1 70 and 1 90 including a few shipment ince, is variously 
e timated from 1,012,000 to .'2,000,000. According to Huntley/ 
about 30 men were emplo) ed in 1 0, many of them working under 
contracts or leases. He says : 

'l'h mine i opE'n cl by s " r al tuunel , the main one being 2,200 fe t l ong aurl 
running on th " in ntirely th rou"'h the ridge, and an 1,100-foo t in line, on 
\\'hich tb re are hoisting works, on the ere t of t h ridge. The cuttings are aid 
to he 1,300 i' t in extent. 

The Richmond and There a claims, south of the Prince of Wal . 
had about 1,400 feet of opening and produced lead-silver ore value l 
at '150 000 to the end of 1 0. The Reed and Benson claims are 
often mention d in early r Yie'' a producers of rich ore. ubse­
quently these and other claims in the vicinity were incorporated into 
th Kennebec group, who e record as a producer was not import;mt. 
Huntley 2 estin1ates the total product to 1 0 at 600,000. 

The Ophir, discovered in 1 70, according to Huntley, had pro­
duced about $30,000 worth of ore to 1 0. 

The mines of the Ke sler 1ining o. later purchased by the ar­
bonate o., are timated by Huntley to have produced ore nlu d a.t 

· about 3 0,000 preYiou to 1 0. 
Other mines actiYe in the di trict previous to 1 0 are m ntionecl 

by Huntley as follows: 

Mine. Totnl. •rotnl Condition at close of 
length of product. the ensus year (1880) . openings. 

Remarks. 

Feet. 
Silver :Motultaln Minlng Co . 500 

Thor and Dright Point.... 500 

Elgin Mining Co...... ... .. 700 
Puterbaugh .. .............. 300 
Imperial Mining, .Milllng & . . . .. .. .. . 

melting Co. 

Dolly Varden. . ......... . .. 1, 400 

SlO,OOO Active ......... ....... Ore assays 50 otmces sllvt;_r~ 
35 per cent lend, nnd ~ 
gold. 

2,000 .. ... do................ Ore assays 60 to 100 ounces 
sll\·er and 40 to 60 per cent 
lend. 

Small. Prospected irregularly. Veins small. 
a S40 .................... .. .. 

Small. .. .. .. .. .. .. .. .. .. .. .. .. A few hwtdred feet of cut­
tings. Worked irregularly 
for two other years. 

25,000 . . .. . .. . . . . .. • .. . . .. . . . . Property in litigation. 

a During 1880. 

frn recent years very few properties in the Big Cottonwood district 
have produced any ore. The more productive haYe been the Black 
Bess gro':lp of the Michigan- tah Mining Co., the faxfield, and 
the Cardiff. It is impossible to segregate the production of the di -
t rict from that generally credited to the Little Cottonwood di tr-ict; 
therefore, all the statistics available for the Big Cottonwood di trict 
have been combined in the table with those of the Little Cottonwood 
district in th table below:_) 

1 Tluntl cy, D. 13., op. cit., p. 428. • It! m, p. 429. 



Production of metals in B ig and Little Cottonwood mining districts, 1901- 1913, by years. 

Gold . Sil ver. Copper. Lead . 

Year. I Oro I Total 
mined. 

Quant ity. ! 
value. 

Quanti ty . Value. Quantity. Value. Quant ity. Value. Value. 

Short tons. Fine oz. Fin.e oz . Pounds. Pound.•. 
1901 ...... ..... . ... .. . .. .............. · · ·· ·· ....... .... 935 161.19 $3,332 37,532 $22,519 · ····ss;4oo· ·· · .. s7;i:i6. 300, 298 $L2, 913 $38,764 
1902 . .... . ........................... . . ................ 850 146.53 3, 029 34, 120 18, 084 272,999 11, 193 39, 442 
1903 . .... ·• ••• •·• · .• ••• . .. .•• • ... • .••... •• . ............ 1, 977 85. 24 I, 762 69,336 37, 44 1 102,260 14, 010 552, 483 23, 204 70, 417 
1904 .. ......•. . . ....•. . . .. .. .......•......•...... . ..... •1, 878 306. 30 6,333 106, 249 60, 828 235, 832 29, 479 1, 190, 005 52, 003 148, 703 
1905 .. ......•..... . . ..... . .• ...... .... ....•........... 26, 003 949.99 19, 638 371,683 224, 496 811 ,639 120, 616 I , 702, 258 80, 006 450, 750 
1900 .... · ·· ••••··· · · •• · •·· · •••···· •·•· ....•.. · •·· ·. 20,801 762. 05 15,753 345, 102 231, 218 I , 193, 743 230,392 I, 922,276 109, 570 586 933 
1907 . ... .... .... . ...•..•....•.... .• .......•. ....... .... 1l· ~~ 976.93 20, 195 399, 417 263,615 1, 074, 238 214, 848 2, 337, 924 123, 910 622;sos 
1908 . ... ... . ... . . . . . . .............•................ .. . 321. 36 6, 643 63, 24 6 33, 520 269, 212 35, 536 603, 840 25, 362 101, 001 
1900 .. .. ··· ··•· · ·· · . .. · ··· ···· .... . •. .....• •..•... .... 13; 208 335.72 6,940 158, 867 82,611 1, 842, 711 239, 553 332, 475 14, 296 343, 400 
1910 . ...... .... .. ........... • .•..... . .................. 14, 203 381. 87 7,894 202,010 109, 085 804, 018 102, 110 1, 102, 907 48,528 267,617 
1911. ............. .. . .....•. . ........ .. ......... .. .... 6, ()-10 139.17 2,877 158, 448 83, 978 407,719 50, 965 1, 043, 60S 46, 963 184, 783 
1912 ... ······· · ............... . ....•.... ··••·· ......... 6, 566 142.46 2, 945 186, 183 114, 503 386,963 63, 849 I , 135, 191 51,084 232,381 
1913 ..... .. •• •.... . ..•......• •... .. •... .. .. • ••...•... .. 5, 167 112. 08 2, 317 93, 821 56,668 136, 901 21, 219 1, 091, 617 48, 031 128, 235 

a 126, 390 4,820. 95 99,058 2, 226, 014 I , 338,566 7, 323, 726 1, 135, 713 13, 587, 881 647, 123 3, 221,060 

a Within the period coverod by this tote! the Columbus Consolidated Co. operated its concentration mill from 1904 to 1912, inclusive, producing 15,172 tons of copper-lead con­
centrates. 1n 1905 the Continental Alta producod lead concentrates, and in 1910 some copper-lead concentrates were recovered from Columbus Ex tension orcs. 
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Production of metals in Big and Little Cottonwood mining districts , 1861-1913, by periods. 

Gold. Silver. Copper. Lead. 

Period. Oremined .l I I I I 
Quantity. I Value. Quantit-y. Value. Quantity. Value. Quantity. I Value. 

Short tons. Fint ounces. Fine ounces. Pounds. I Pounds. 
1867-1870 a . . . • .....• •••.• • .••• . . ••.•• . .. . . •...• . . ... . ·r 5 573 59.99 $1,240 703, 138 $933,667 ...... . ....... • .. . . . . ... 6,444,800 $387,048 
1871-1880 b • . . . . .. . . . . . . . .• . .. • . .. •• . . . •. .. ... . .•.. . . .. 133:796 3,585. 02 74,109 6,259,000 7,876, 458 .. • ... . . ..... . . . . .. . . ... 95, 201,998 5,450,541 
1881-1890 c . . .• • . .. .. . . . .. .• • . . . . ..•..•...•.....•.• . . .. 22,515 5, 426.90 112, 184 881,034 927,886 . . ....... . . . . . ... . ...... 14,784,900 662,998 
1891-1900 d . • • • ••••• • ••••••••• • ••• • •••••••••• • • • • ••• . • 13,885 7,581. 38 156,721 707,731 1 ,3~:m ··7;323;72e·l·si;i35;7i3. 8, 457, 869 323,954 
1901-1913 •. . . ... . . ..•.•....... . .. . •... •. .. . ... . ..... . . 126,390 4,820. 95 99,658 2,226, 014 13,587,881 647, 123 

302,159 21,474 , 24 443, 912 10, 778,917 11,601,621 7,323, 720 1, 135, 7 1~ 138, 4i7,448 7, 471,664 

Total 
value. 

$1, 321,955 
13,401,008 
1, 703,068 
1,005,819 
3,221,000 

20,652,910 

, ------------------------------------~------~------~--------------~------~~--------------~------~------~--------
a .T . R. Browne (Mineral resources or tho States and Territories west of the Rocky Mountains, 1868, p. 486) refers to the operation (in 1867) of two small furnaces in Cottonwood 

Can¥on. These furnaces were under construction in 1866, according to tho Daily Union Vedette or Aug. 25, 1866, and In September they begtlll producing lead, which evidently was 
lost m slag and cinders (Vedetto, Oct. 26, 1867) and recovered i.u 1867 by a German metallurgist named Reese under the sup~rvision of A. A. Hirst, who had reconstructed the works 
for treatment of North Star ores. According toR. W. Haymond (Statistics of mines and mining in the States and Territories west or the Rocky Mountalns, 1870, p. 223), the first 
efficient smelter (a cupola), erected by Woodhull Bros., 7 miles south or Salt Lake City1 began to operate in June, 1870, producing 5,000 pounds of buWon in 36 hours. Most of the 
ore was from the Monitor and Magnet claims (Idem, p. 222) . Shipments of ore from toe Emma mine (located August, 1868) beb'lUl in June, 1870, and up to Dec. 31, 1870, Walker 
Bros. had shipped 4,200 tons of oro (mostly Emma with an average assay of 35 per cent of lead and $182 in silver to the ton). Lead bullion shipments, mostly from Cot'<mwood 
ores, were 2 tons to England and 6! tons to San ~T8llcisco (Raymond~ n. W ., idem., 18721 p. 319). In tho fall of 1870 mining locations in the Big Cottonwood dlstrict (the Daven­
port, Theresa1 Wandering Boy, Maxfield . and Prince of Wales) had encn yielded some ore 10r shipment (idem, p. 321). On tho Little CottonwoOd side tho Emma mine had pro­
duced up to August, 1871, 10,000 to 12,000 tons of ore, which assayed 100 to 216 ounces of silver to tho ton and from 30 to 66 per cent ofl ead, averaging 160 ounces of silver and from 
45 to !'0 per cent of lead. 'l'he total value or the ore, at the cash pcice paid for it, a large part of it at Liverpool, was about $2,000,000 (idem, p. 323). The Flagsta1l mine, up to April, 
1871 had yielded over 80 tons of shipping ore. 

t Between 1871 and 1880 the largest producers were the Emma (largely depleted by 1873), F lagstaff, North Star, Vallejo~ Joab Lawrence Co.1 City Hoc!!"~ Grizzly and Lavinia, 
Davenport Savage and Montezuma, Reed & Benson, and Prince of Wales. According to ltuntley (op. cit., pp. 423, 424}, toe Emma mine baa yielded to June 1, 1880, ore aggre­
gating 204S1 tons, for which $2,637,727 was received. The rich ore bodies of the Fla_gl!ta1l mine gave out in December, 1873, having produced about 31 ,000 tons{ which probably 
assayed ~10 in !!Old and 60 ounces of sliver to the ton and 40 per cent of lead and which sold for !SO a ton. Between 1874 and 1879 about 69,000 tons was produced rom the F lagstaff, 
probably assaymg $4 in gold and 30 OlUlces of sil ver to the ton and 20 per cen t of lead, and was sold for S30 a ton, aggregating from tho beginning about $4,550,000 (idem, p. 428). 
The Prince or Wales and Antelope groups of clalms were discovered about 1870 and had a record of producing over 51,000,000 to the end of 1 8~2 (U.S. ~iint Rept.1 1884, p. 421 ). Sub­
sequent records of the Prince of Wales ln the Mint reports to 1890 show not over 10,121 tons of ore shipped, averaging probably 105 ounces of silver to the ton ana 30 per cent of lead. 

c Between 1881 and 1890 the Flagsta1l produced in 1881, the Joab Lawrence or Vallejo and Clty Rocks almost <:ontwuously to 1891, and the Maxfield was the heaviest shipper in 
the years 1884, 1887 1888, and 1890. 

clln 1891 and 1S92 the Maxfield and Flagstaff were tho principal producers. Between 1891 and 1900 very little or no mention of these districts was made in the reports of the 
Director of the Mint. The figu res given are diiferences between the known output of the other districts in Salt Lake County and the total for tho county as given by the Director 
of the Mint in the reports for each year. . 

<Compiled from producers' reports to the United States Geological Survey. 
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Al\IERICAN FORJ\: DI TRICT. 

The American Fork di trict , at the head of American Fork canyon, 
1s separated from the Little Cottonwood district by a harp diYide. 
It was organized July 21, 1 70, and has an area of 6 sqnare miles. 
The mining town, called Forest City, was 1 miles -from the town of 
Ameri can F ork. In later years, ince the decline of th 1i ller mine. 
the district ha. yielded only a small production ._,. 

Huntley 1 re\ iews the condition a th ey ex i ted in 1 0 us follow : 
The 1\Till er mine, fot·merly the pr incipa l mine of the di. trict. wa. clisrovE>r t1 

in S pi mh r , l 70, and was sold the followin~ .ver11· fM $120,000 or 0\"er. The 
ultann smeltt>r (three . tn ·ks ) was er ctecl in 1 7J - 72, un<l ra n i rr<'~u l nrly until 

the spring of 1 T. In 1 71- 72 n nnrrow-gnge rnilroad w a,; built up the canyon 
to within 4 mi le. of the smelter . co. tiug ~:.40. 000, if repor t i · corre t. At the 
same time 25 . tone cha rcoa l kilns, 15 at the smelter and JO 11t th e ncl of the 
rAilroad, w t·e constt·ucted. Every t hing w11 clonE> on ft gr11ncl srnle. At time: 
200 men were etuployed. 'l'he ore boclie. gnve out. a nil the compa n~· , hu t clown 
the min in December, 1 76, since which time it has onl y been worked on lea e. 
The cha rcoal kilns, whi ch were of the beehive pnttern and held about 2- cord 
ea h, ran almo. t ontinu usly from 1 72 to 1 77, mal(ing coal fo r th Snit Lake 
smelter . Th t rack was taken up in 187 a ncl the iron sold. The bottoms of 
the old f umaces were torn up to get lh large nmount of I acl conta in d in them. 
and the old . lng clump. wer profitably picked over four t imes to find .. cmp of 
lead, unreduced ore, a nd matt . * * * Yariou . timntes are gh·en of the 
totn l product anr~ the average ""rade of the ore of the Mill er mine. The r ltn"'P 
of the e i between 13.000 and 15,000 ton , a saying f rom 40 to 54 p r c nt leatl , 
from 30 to 47 Ot)nces of ih·er , ancl from $2 to . 10 gold. * * * 

The " ' ilcl Dutchman mine i, a qua r tPr of a mil e ea ·t of F ore t Cit~·. It was 
discover!'d in 1872 a nd ·old to the Omnha melt ing & R fi nin o- Co. of r ebt·aslta, ... 
who worl,ecl it until September·, 1 76, when it wa I a eel. * * * Fiv lar ge 
botli s [of or ] ha ,·e been found, on 20 feet f rom th e surface, one 300 feet f rom 
the ·ur face, and others betw en th e. T he ore is the usua l ocher~· ca rbonate or 
leatl found in a lime forma t ion ancl ontains . mal l amounts of heavy spar. 
* * * The m ine i. op uet.l by seYen working tunn I;; f r·om th hill ide: at 
variou. le\' E>Is. * * * The total protluct of the mine to 1 0 \Y ilS P~timated 

at 7,900 ton·. averaging 45 ounces of . ilver and 40 pPr c·ent lt'acl. 
The oUr r ruiues of Amerl ·an l<'ork <li . t.ri t t a rc: 

' ll uniiPy, D. B .. op. ci t. , pp. 444-Hij. 

{ 



196 CON TRIBUTIONS TO ECO "OMIC GEOLOGY, 1915 PART I. 

Mine. 
Tote.! Total 

length or product. 
openings. 

Fttl. 

Condition at close 
or the census 
year. 

Remarks. 

Pittsburg ..... . . . ........... . 1, 185 2,000 tons. Activo . .. . .. . . .. . . Ore assays 13 otwces silver, 44 
per cent lead , and $2 gold . 

Sunday ................ . . ... . 
Silver Boll .. . ............ ... . 

300 $17,000 .. . . 
a 120 130 tons or 

IQO-ounce 
oro. 

5 mon twmellng . . . 
Act ive ... .. . ... . . . 

Excelsior Silver Mining Co . ... . .... ...... .. . . .. .... .... . do . . . . . . .. ... . 

Utah Consolidated 1ining Co . . .. _ .. ___ . . ... .. . . ... . . .. .. . ... . . . . ..... . . 

Queen or the West .. _ .... . .. . 1,000 .. . .. . . .. . . . Idle ....... . . .... . . 

Orphan . . . . . .... _ . . __ __ . . . . . . .. . .. . . . . . 250 tons . . . Activo .. _ . ... . .. . . 

Lh·o Yankee and Mary Ellen ..... _ . . . .. 600 tons . . . Idle . .... _ . . . . . . . . . 

Treasurer . ... . . . _ . . ... . . . .. . . 475 A row tons . . . _ .. .. ... . . . . . . ... . 

Silver Dipper .. .. ..... _ . . ... . 600 

Whirlwind . .. . _ .. ... . .. .. . . . . 1,000 $3,000 . . . .. ..... . ... . ..... .... . 

Developments limited; ore ar­
gontllorous galena, assaying 
60 ounces silver and 50 per 
cent lead and a trace or gold . 

Seven claims. Several hun-
dred feet or developments. 

I n I 74 S2 ,000 taken from one 
pocket . 

Ore assays 60 ounces sil vor and 
40 per cent lead . 

Ore formerl y assayed 1 ounces 
silver, 7 per cent lead, and $4 
gold . 

Ore assayed 5 ounces silver 
nnd some lead . 

Ore a ays 10 to 20 ounces and 
40 per cent load. 

Noocompromiso . .... . . _ . . ... _ 
Hudson . . . ..... .... . ... • . . . .. . . 

400 $15,000 .... . . ... . . . . .... . . . . ... Oreassayed 40ouncoss ll ver. 
one . ... .. Some prospecting Au extension or the Pittsburg. 

done. 

a Incline; also some tunneling work. 

After the closing o:f the Miller mine in 1876 a sessment work wa 
performed yea rly and ome ore p roduc d and shipped. In 1904 a 

. body o:f ore was found in the 1iller mine, which durino- the next few 
years yielded metals to the value of several hundred thousand dol­
lar , but i.nce 1907 there has been a decline in the output. 

The following tables how the tonnage and yield of or produced 
in the di trict f rom 1901 to 1913, and by 1 eriod from 1 70 to 1913: 



Production of metals in American Pork district, 1901-1913, by years. 

Cold. I Sih·cr. I Copper . I Lead. I Zinc (spelter). 
Year. I 1 J Total Ore. value. 

Quantity. I Value. Quantity. J Value. Quantity. J Value. Quantity. J \ 'alue. Quan t ity. I Value. 

1901 . ... .•... . ........ . ... ... .. .. . ..•. . ..... 
Toni!. F'ineovmces. Fineounces. Pounds. I Pounds. Pound~. 

128 35. 40 I S732 3, 50S S2, 111 . . . . . . . . . . . . . . . . . . . . . . 76,800 ~. 302 . . . . . . . . . . . . . . . . . . . . . . $6, 145 
1902 .... · ••• ····· · · ·· ··••·· ·· ·· · •· · · •·· ··· . . 39 3. 53 73 663 351 . . . . . . . . . . . . • . . . . . . . . . 23, 666 970 . . . . . . . . . . . . . . . . . . . . . . l , 394 
1903 .. .. ........ . .....•.. . . . . • ... .........•. 64 21. 28 440 1,872 1,011 ·- · ·· · ···· ·· ...... . . . . 11,214 471 ·· ·· ·· ······ . .... . . .. 1,922 
1904 .... . .... . .•... . ... .. .. .......... . . . .... 922 800.00 16,537 18,880 10,809 ··· · · · ·· ·· ·· ... ...... . 617,280 27,006 -· · ·· ····· · · . . ..... . .. 54,352 
1905 . . ··· ··· ·· · ···· · · ·· ·· · ·· · ·•·· ·· •• · ·· ···· 2, 479 1,301. 00 26,894 27,740 16,755 88 S14 1,374,600 64,609 . ....•. . .. . . . ..• ... ... 108, 272 
1906 .... .. . .. ··· · ···· · · .. . .. .... . · · •·· . .. ... 2, 9H 2,096.82 43,345 ·17,611 31,899 . .. .... . . . . .. ... .. ... • 1,959, 784 111 , 708 . ..... . . .. .. .... . ... . . 186,952 
1907 . . . . ....... . ... . . · · · ·- · · ···- ·· · •··· · . . . . 4, 706 3,483.80 72,017 93,551 61,744 45,098 9,020 3,612,785 191,478 .. .... . ..... · · ········ 3-34,259 
1908 ..... ... . . ........ . •....•... . . • .. . . . . ... 2, 356 745. 52 15,41 1 64,840 34,365 26,073 3, 442 1, 386,596 58,237 . . . . . . . . . . . . . . . . . . . . . . Ill , 455 
1909 . !. . .. . .. . •......•. . .. . •. . ... . . . . ... .•. . 1,025 125. 13 2,587 39,821 20,707 10,670 1, 357 628, 148 27,0 11 . ........... .... .. .... 51,692 
1910 ... . ... - . .... . ...... . .. . . ... . .. . ..... . .. 965 183. 12 3,785 34,204 18,470 12,227 1,553 519,749 22,869 .. . .. .. .. . . . .... . . . .. . 46,677 

mt::::::::·:::::::::::::::::::::::::: ::: ::l 434 79. 05 1 1, 634 9, 44 1 5, 004 4, 092 511 386,544 17,394 .. . . . . . . . .. . . . . . . . .. .. 24,543 
659 121. 44 2, 510 11 , 172 6,87l 3,466 572 380.630 17, 128 . . .............. . ..... 

1 

27,081 
411 30.61 632 6,609 3,991 2, 949 457 270,772 12,310 2,712 S152 17,542 

I 17, 162 9,026. 70 186,597 359.912 214,088 10-1, 663 16.956 11 , 257,628 554 ,413 2, 712 1 152 972,286 
I 
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Period . 

1870-1880 a. . . .. . . .. . .. . . .. .. . . . .. .. • 
1881- 1890 b .... ......... .................... .. 
1891- 1900 c .. .. ........ ....................... . 
1901- 1913 d .. ........... ..................... . 

Production of metals in American Fork d1:s trict, 1870-1913, by periods. 

Gold. 

Quantlly. l 

1 
Fineounces . 

3, 116. 10 
526. 80 
200. 00 

9,026. 70 

12,869.60 

\ a The American Fork district was organized July 21, 1870. Work was not commenced to any extent on the mining claims until the !all o! that year. Tho ~illler mine, discovered 
In Sep tember, 1870, was the principal producer. In 1871- 72 the Sultana smelter was built lor the reduction or Miller ore and ran irregularly until the spring or 1875. The ],filler ore 
bodies gave out and the mine was closed In December, 1876. It was In the bands of lessees at di!Ierent periods to the end o! 1880. D. n. Huntley cov.. cit., p. 444) estimates tho 
production or ore !rom the Miller mine to the end or 1880 between 13,000 jlnd 15,000 tons, assay ing !rom 40 to 54 per cent or lend and 30 to 47 ounces o! sil ver and $2 to $10 in gold to 
the ton. In 1872 tho Wild Dutchman mine was discovered and worked by the company until September, 1876, when it was leased. I ts total production to 1880 was estimated at 
7,900 tons or ore, averaging 45 ounces of sil ver to the ton and 40 per cent o! lead. The Pittsburgh, Sunday, Silver Bell, Orphan, Queen or the \Vest, Live Yankee, \Vhirl\\ind, Non­
compromise, and , In the Silver Lake section, tho Milk·ma id and Wasatch King, were producers prior to 1880. 

b During the period 1881- 1890 development work '"as done, but very li ttle oro was sh ipped, probably not averaging O\•er 100 tollS a year. The Director or the 1>fint (Rep t., I SSG, 
p. 224) shows that the aggregate shipments or tho Bellerophon, Live Yankee, Milkmaid, Miller, Silver Bell, Sultana, and Wild Dutchman in 1886 amounted to SO~ tons. 

c In 1891 the Wild Dutchman, North Star, Kalamazoohand Live Yankee properties yielded an aggregate or 100 tons or ore, according to the Director or the 1>fint (Rept ., 1891, 
p. 224). Est imates were made for the remainmg years or t Is decade, and it is presumed that the average ore yield was no t greater than In 1891. 

d For the period 1902 to 1913, inclusive, the fi gures of production were collected by tho Survey; those lor the year 1901 are estimated from tho best records available. 
e The total ore mined between 18i0 and 1880 ls estimated at 39,950 tons; 1881- 1890, 900 tons; 1891- 1900, 1,000 tons; and 1901 to 1913 17,162 tons, making the total output of ore 

59,102 tons. This figure, used In seeking tho average or the ore produced, gave $4.50 In gold and 30.32 ounces or silver to the ton and 23.12 per cent o! lead, and, in value, Including 
amall quan tities or copper and zinc, $62.87 to the ton. 
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D!V!DEND . 

Di' idends aggregating everal million dollar are reported to 
have been paid to stockholder · by mining companie operating in the 
Little Cottonwood and Big Cottonwood district . orne of the pub­
Ji heel statement · follow but many of the fact are discredited by 
old resident , who say that the management of ea rly mine operations 
were very xpen ive. Raymond 1 review a statement in which divi­
dends are mentioned, furni hed by N. M. Maxwell, uperintendent 
of the Flagstaff mine as follows: 

~'he product of th F lag ·taff furnace · <luring 1 72 wa · 3,000 tons of meta l, 
containiug-

ilver_ ________ ______________ _ .,'390, 000; aYerage per ton, $130 
Gold___ _____ ____________ ____ 120, 000; averag per ton, 40 
Lead--------- --------------- 240, 000; averag per ton, 0 

TotaL __________ _____ _ 750, 000 

TIHI capital of the company is £300,000, on \Yllich 30 pet· cent in dividend. 
have be n paid during the last lhree month and 24 per cent during tho::;' 
preceding, the total amount of dividends paid being £76,000. 

In a. later report 2 it i · -tated : 

Thi · plenclid mine has produced during 1 73, according to the directors' 
report, 15,0 0 tons of or of an avcrag ntlue of. 54 per ton in the ore market. 
'J:he ·arne report says the expen · for mining ought to have b en .'5, hauling 
$ , e tablishment charg . $4, total $17, lea ·ing $37 profit p r ton. Y t til 1·e 
wa ' not only no profit made, but in the fall the company wa Yery heavily in 
debt and the Yalue of share ! pr ciuted rapidly in London. 

According to Huntley ,3 who review onditions in the district up 
to October 18 0, the Emma mine, \Yorke i by Engli h manager ·, paid 
."300,000 in di-., id nd (one authority say $1,300 000) until eptem­
ber 1 74 when it was attached for an indebt dnes of '300 000. lt 
wa · then idle until October, 1 77. The Flagstaff mine when 0wnetl 
by th Engli h company, paid dividend that amounted to about 
l¥350,000. 

From all available lata the dividend paid by the mining ·om­
panies in the Little and Big Cotton wood district to the end of 1913 
are a · follow : Emma $300 000 · Flag taff, $350,000 · olumbu Con­
·olidated ."212623; Vallejo and Titus (Joab L awrenc) '1 0,000; 

Maxfield, '117,000. If 700 000 i estimated to cover the dividends 
realized from other properti s including the Prince of V\ ales, it 
aives a. total dividend r cord of over , l , 50 000. 

1 Haymond, R. \\' ., Statistics of mines nod mining In tbe States and Territories west or 
th~ Rocky Mountains for 1 7:!, p. :.!47, 1 7 . 

" Idem for 1 73, p. 260, 1 74. 
~ !ll.!ntlcy1 D, ].{., op. cit., p. '123. 
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DEVELOPMENT. 

As in most other mining eli tl·icts, the earlie t development work 
on the ore bodies consisted in following them down with. shafts or 
inclines. In this region however, large flows of \·vater were fre­
quently encountered at relative! shallow depth. The heavy co t of 
pumpinu and the strong reli f of the reuion early led to the driYing 
of tunnels for the double pm-po e of draining an l d veloping th 
depo its. The · tunnels have been carried to in r a:ing d pths and 
in recent year there has been a general tend ncy toward the on-
olidation of propertie into large groups and the developmen of 

these group by deep drainage ttmnel . uch tttnn l have been and 
are being driven from both sides of the ridge etween Little Cotton­
wood and ottonwood canyon . 

The strong relief of the reuion makes it e ·p cially adapted to 
exploration by ttmnel, and there an be no question that this i the 
most practical method of development. Th great abundance of" fin 
tunnel sites ha apparently been a temptation that was har I. to 
resist, a i hown by the cor of uch work that have been started. 
That more than ft "fine ite" i necessary to the financial ucce of 
such a project howeYer is indicated b the larue percentage of hil­
ures that have resulted. 

CLASSIF ICATION OF THE ORE D EPOSITS. 

GE.:\'ERAL 1'YP1'~S. 

All the deposits of commercial importance that have been devel­
oped to the present time occur in th ·edimentary ro k . om small 
veins in the intrusive rocks haYe been pro pected to a light ext nt, 
but so far as known they haYe yield d no metal.' The d po it in 
the sedimentary rocks can be referred to three ueneral types, but the· 
separation of these type in the mines is not alway · readily ac om­
plished , as they how transitions from on to another. The thr e 
muin type:; recognized ar conta ·t depo ·it:, H sure depo ·its, and 
bedded deposits. 

At the time of visit orne of the mines that have made th eli trict 
famou wer idle, and only meager note · concerning the occurrence 
of the ores in them were obtained, but the data from the acti ,·e mines 
give a good idea of the character and relations of the different types 
of deposits. Data. on several of the old mines hav been taken from 
reports made by engineers at the time the mines were active. 

CONTACT DEPO ITS. 

Under contact deposit are included replacement deposits in lime­
stone closely associated with intrusive rock · and containing the min-

1 !nee this was written It has been reported that severa l tonR of molybdenum ore hnH 
1.1 •c11 pro<.luc ·d by the Alta·Glacl ~· ton Co. from a quartz·pyrite·molybd nit yelu iJJ tb • 
granodiorite of the Little Cottonwood ~tock abou t 2 miles west of Alta. 



COTTONWOOD-AMERICAN MI ""ING REGION, UTAH. 201 

erals commonly known as " contact minerals," such a~ magnetite, gar­
net, and diopside. Deposits of this character are present along the 
north border of the Clayton Peak stock, where it is in contact with 
the limestone, and are also associated with smaller bodies of ·intrusive 
rock in the limestone. Certain strata in the lime tone have been mo t 
su ceptible to the action of the mineralizing solutions and have in 
some localities been partly replaced for several hundred feet from 
the contact. 

At several places in the limestone north of the Clayton Peak 
stock, several hundred feet from any exposure of igneou rock, were 
noted deposits that are mineralogically similar to the contact depos­
its and are clas ed with them. It is possible that they are not ·far 
distant from intru ive rock which is not expo ed at the surface. 
Deposits of this character occur along the southern border of the 
Clayton Peak stock and are associated with dikes in the sediments 
between the Clayton Peak and Little Cottonwood stocks. 

1ineralogically the deposits contain, in addition to unreplaced 
carbonate, diopside, garnet, monticellite, muscovite, phlogopite, maCT­
netite, hematite, and iron and copper sulphides. Two species of 
garnet were noted-a light-yellow variety, probably an iron-lime 
garnet, and a beautiful green variety, probably conta.inino· chromium. 
The latter was noted especially northwest of Lake olitude. Lud­
wigite occurs in contact-altered limestone northeast of the ity 
Rocks mine. 

At several localities along the north border of the Clayton Peak 
stock the deposits contain abundant magnetite and specularite, and 
have a high content of iron. The copper content n .ries consider­
ably. Bodies of the material are said to average above 2 per cent 
of copper and selected portions to average above 5 per cent. The 
deposits all contain small amounts of ()'old and sih er. Owing to 
the high cost of transportation in the di trict it has not been pos­
sible to market this material at a profit, and consequently the deposits 
of this type have been but little de' eloped, and have yielded little 
metaL In other localitie in the tate where transportation is 
c-heaper, it has been found po sible to work deposits of thi char­
acter, the high content of. iron serving to pay part of the expense of 
mining and transportation. 

FI URE DEPO IT • 

GENERAL CHARACTER. 

nder fissure deposits are included those in which the minerals 
occur mainly as a fillin()' of fissures. In nearly all of them there is 
some replacement of the wall rock, and this replacement may be­
come so extensive at certain points that the deposit approaches the 

10427°-Bull. 620-16--14 
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bedded type. Qn the other hand, contact minerals may be pre ent 
in the replaced wall rocks and such depo ·its approach the contact 
type. The .fis ure depo its ar present at differ nt t~·atiD"raphic 

horizons in the district, but where the adjacent rock i especially 
susceptible to replacement, either on account of chemical composi­
tion or of physical character , they give place to bedd ed depo it . 
The fi ssure deposits are mostly in northea terly and east-northea t­
erly .fi sures, which usually ha e steep northwe t rly or northerly 
dips, but a few ha,·e been noted in fi ur trending nearly due 
north. They occur in ro k of " ry different chn racter and com­
po ition including th 1unbrian quartzite and shal e , in which 
the· Toledo Branborg, ardifl' (upper tunnel) , Pacific and one of 
the LiYe Yankee vein occur; the Carboniferous limestone, which is 
the predominant wall rock of th ity Rock Yein; and even the 
Thayn formation (Trias ic), in which the Yeinlikc body of the 
Barry-Coxe mine is located. The Dutchman, Bay State, and two 
of th Live Yankee veins are in early Paleozoic, probably Cambrian 
limestone. 

VEINS IN BIG AND LITTLE COTTONWOOD DISTRICTS. 

The Toledo vein was not being worked at the time of the writer 
visit, though an effort was being made by the olumbus Exten­
sion Co. to locate the vein below the old workings. The following 
description of the vein is given by Huntley : 1 

The ore occur in a fis ure vein, from 1 to ·3 feet wide, cutti ng diagonally 
aero s a quartzite fo rma t ion, d ipping l'i\'\V. o•, and i found In vent! chim­
neys 50 feet long on the trike and about 50 feet apart. Th y dip with the 
strike toward the ea ·t. The ore is a ha rd, porous brown s iliceous oxid of 
iron of very high grade. It was said to ha ve averaged f rom 0 to 109 ounces 
to the ton. Water was fo und 200 f et from th urface, but t he ha ra t r of 
the ore did not change. Where th vein pa · ed from the quartzite ioto a belt 
of schist there was much pyrit . The mio is operated th rough a .·haft 455 feel 
tlccp, vcrll clll f<n· lJllL' l oC Ill! l cugth. The llortzontal tlev IOJ.lUl nL oJ' [lle v 111 Is 
350 feet, and the total cu tting a re estil'nated at 2,000 feet. 

The City Rocks fissure (now Michigan-Utah mine), as dev 1 ped 
near the surface, is thus described by Huntley: 1 

The Utah is a tis ure Yein, from 1 foot ·to 20 feet wide, lipping 70• or more 
W. t hrough strata of blue and white iliceou lime tone or dolomite, which 

dip about 30° ~'E. Jt had OUtCrOpS in places and i ' knO\\'n tO xtencl 4,000 feet 
In length and 700 feet in <lepth. The gangue of the vein is oxide of iron unci a 
sand, apparently the r e ·ult of the d compo ·i t ion of the iliceous country rock. 
The ore is from 1 foot to 10 feet (averaging from 2 to 3 feet) wide, immed iately 
in contact with the walls, but not confined to ei ther. Tht·ee himney. have been 
found 200 feet long and about 300 feet apart. One came to the surface, ·and the 
other to TI"ith!n 100 fe t of it. They clip with the . tl'ike about 65° IE. The 

1 Huntley, D. B., op. cl.t. , p. 425. 
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positions of these chimneys appear to be determined by the strata of white 
limestone. The ore mak s where the vein crosse: the white lim stone but 
pinches where the hat·der blue limestone is encounter d. It is a soft r d, some­
times rather ·andy oxide of iron containing carbonate of lead and n-aJena and 
in places sta ins of malachite. The first Ia assay: 30 p r cent lead, 30 ounces 
and upward of silver, and a trace of gold . . There is also much low-grade jigging 
ore in the mine. On the south side a dike of porphyry appears, running nearly 
parallel with the vein. ear the porphyry the ore ha not been so rich. 

The vein has been prospected at greater depth by the Lake oli­
tude tunnel, which open it 300 feet below the ity Rocks tunnel. 
In 1912 the vein had been developed for several hundred feet by thi. 
tunnel and a winze had been sunk 200 fe t below the tunnel level to 
the ninth and tenth levels. A rai e connects thi · tunnel with the ity 
Rocks tunnel, and levels have been opened between the two. In the 
lower levels the vein ranges from a few inches to 3 or 4 feet in width, 
and where the fi sure eros es certain of the limestone bedding planes 
replacement has extended eve.ral feet from the fis ure. 

The ore i oxidized to the Lake , olitude tunnel level and i said 
to be oxidized to the tenth leYel, 200 feet below the tunnel. The 
ore contains abundant lin1onite and in place rather abundant man­
ganese oxide and notable amounts of wulfenite. 1 

The commercially important metals are lead, silver and copper 
"·ith small amounts of gold. 

Raymond 2 describes the mineralization in the avag~ and Monte­
ZUll1a claims as follows: 

Savage : Thi. claim compr ises 1,400 feet and i. located high up on the hlll­
·icle, about 1,500 feet abov the Emma and a few hundred feet ea t of the 
Flag tatr. It i openecl to u depth of over 230 feet by a single inclined pro. -
pecting haft following the vein and without any ide drift . The ore how 
near the entrance of the inc! in a~ u rusty, gossun-like rna ·s or vein, cutting 
th e bed of lim tone vertically. A few feet below the urface, within the in­
dine, lh thi kne of the vein overhead ls about 3 feet. It pinche up at a 
point lower clown ami toward the bottom of th inclin opens out again to a 
Yein from 2 to 3 feet wid of rich ore, yellowi ·h and ru ty ln color a nd in 
places -treakecl with green ~ta in · of copper. Quartz v in ton is found at the 
bottom of th tniD , unci it i hoped that thi will prov to be a continuou , 
r gular vein formation. The or l ·oft and earthy, much like that from the 
gmmn and oth r claim'. It i rlch in . ilv r aDd lead . The mineral wu lfenite 
i found di · eminated in small, thin crystal throuahout the v in. 

Th Montezuma i about 90 f t we t of the clump of the avage. Th~:> vein 
i · vertica l, or nea rl y o, like the avag , and extend apparently from 3• to 5• 
wet of north (magn tic). The T ppina ar ru ty and rath r hard, but 
below the or is after and richer in silver and lead. The country rock is a 
hard black lime tone. Thi vein, like the avage, i opened by an incline to 
n d pth of 240 fe<'t. 'l'his Incline follow" th or . and it dire tion is about 
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' · 40° W. The vein may be aid to average, where opened, 2! feet in thick­
ness. Some 200 ton· of ore bad be n . hipped up to July and about the sume 
quantity remained upon the dump. 

The deposit in the Columbus onsolidated mine (part. of the 
Wasatch group) are in part fi ure vein , though the larger deposit · 
may better be cla sed as bedd d depo it . 

Huntley 1 describes the mines on Honeycomb Fork as foHows : 

'l'he Butte mine, at the heat! of Honeycomb l<'ork, 2' miles northeast of Alta, 
was di covered in 1 69 an<l ha 1 een worke I irregularly ince. It l · said to be 
a fissure vein in lime. tone, from 6 inches to 4 feet wide, cl ipping 55° ., and is 
SUP! o d to b an extension of the tah and City Rock of Little 'ot on wood 
district. It outcropped fo r severa l hundrecl f t on the hill side in th f rm 
of a oft ocher- tain c1 lime ·tone. Ore occur on th footwall in or 10 
lenticular bocli s, from 1 inch to 3 feet wide, at con ·iderable distance b low the 
t<urfac . It is a hi"'h-gra.de ocher and carbonat . Sometim : rnuch black 
oxide of manganese i. · found . Tb min is dry (exc pting urface water) noel 
i ~ worked tJll'ough a 200-foot tunn I. Th total cutting , including two old 
incline , are 2,300 fe t Nin men were employ d during the census year. Th 
total product to June 1, 1 0, was e ·timatecl at . 27,000. 

The Oregon is an exten ion of the Butte. Th property [is held by a anacliun 
corporation and] also include four patented pro pects on whi h v ry li ttle 
work has been don~the olu mbus, th Taylor, tbe Abb y, and the Black B ·:. 
It i · a fi ure v in, from 1 to 15 feet (average, 3 feet) wide, clipping 60° !\NK 
in li mestone. nly one body of ore ha been founu. This came to th .· urface 
~tnd was 120 feet long, f rom 3 inche to 3 feet wide, and ext nded to a cl pth 
of 300 feet. It as ayed about 50 ounce silver and 30 p r cent lead. Th min ' 
contain· 1,600 feet of utting · and ha · b en op ne I 350 feet n the dip and 4 0 
f et horizontally (by mean of an -hor epower vertical engine). Wat r wus 
found nt 100 f t, but no change occmTed in the oxidized chamct r of the ore. 
During the census year eight men were employed, and a mall amount of ore 
was extr acted. It was idle at the time of the writer 's visit, owing to the los 
of the lawsuit between it and the Butte. The total product to 1 0 wa e ti­
mated at , 10,000. 

The main output of the South Hecla mine has been derived from 
6 sure deposit., though contact deposits associated with di k ar o lso 
pre ent. The principal metals obtained in the lower workinas have 
been copper and lead though it is said that near the surface ores 
with a high lead content were mined. 

Fis ure deposit are said to be present in the sedimentary rock. 
between the Little Cottonwood and layton Peak stocks in the Albion 
and other mines, but were not examined. 

The vein of the Cardiff mine, expo ed in the upper tunnel, follow 
a fissure that strikes N. 35° E . and dips 65° N W. The wall rock is the 
"upper quartzite." The ore exposed in 1912 consisted of pyrite and 
tetrahedrite and a minor amount of galena in a quartz gangue. No 
zinc blende was noted. A qualitative test proved the pre ence of a 
li ttle zinc in the tetrahedrite. ro inclu ion· of zinc blende were 

1 fl u.otiley, D. B., op. cit., p. 428. 
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detected by microscopic study of the polished mineral, but small 
amounts of a ·econdary mineral resembling co ellite were noted sur­
rounding pyrite grains in the tetrahedrite and filling minute frac­
tures. Tetrahedrite containing a notable amount of zinc ha been 
reported from the Park City district.1 The ore minerals formed 
apparently pure bands or lenses 1 to 3 or 4 feet thick. The greate t 
thiclmes ever found was said to be 6 feet. The lenses were epa­
rated by bands of white quartz and tmreplaced quartzite. The ore 
then mined was said to contain about 12 per cent of copper, a good 
proportion of silver, and 1 to '2 in gold to the ton. The proportion 
of galena was said to increa e above the upper tunnel, and, locally at 
least, to mark the upward termination of pay ore. The ore was 
practically free from oxidation at and below the level of the upper 
tunnel. At higher levels in a vein on which the old Cardiff haft 
was sunk, lead carbonate ore was found down to a depth of 150 feet 
below the shaft collar. The larg ore body which was found since 
the writer ' visit and which has attracted mu ch attention, belongs to 
the bedded type of deposits and will be mentioned later. 

The Branborg property contain three fissure -the Garfield ilver 
King, and Gustavus Adolphus-all striking N. 35°-40° E . and dipping 
about 60° 1\TW. \.nother fis ure, probably a branch of the Garfield, 
strikes N. 10° E . and dip about 60° W. The Garfield fissure and it 
branch carry ore containing pyrite, blende, and galena in a quartz 
gangue. They have been cut by a long adit, and the Garfield fi sure 
has been followed by drifts to the southwest and northea ·t. North ­
eastward it pinches at the quartzite and shale contact. No prospect­
ing for a continuation of the fissure in the limestone above the hale 
has been undertaken . Shallow pits in the lime tone, however, have 
struck small quantities of lead carbonate, with a high silver content, 
which may be connected with northeasterly fissure . 

The ilver King fissure had not been reached by the tunnel in 1912. 
It has b en traced a long distan e on the urface, from the •icinity of 
the tunnel southwe tward a ro the divide into Littl ottonwood 

anyon, and i in line with one of the fi ures that extend dowmvard 
into the granodiorite. It mineralization is of the ame type as tha.t 
of the Garfield fi ure. 

The Gu tavus \.dolphu fis ure al o ha the ame type of min­
eralization, but its ore, so far as mined, contains less zinc and gives 
higher assay values than that from the Garfi ld fissure. The mixed 
sulphide or· fr'om the fi nres a a whol ,,.jJ1 probably require con­
centration and the eparation of blende from galena to yi ld the be t 
result . It appear well nited for concentration. ~ mall amounts of 
oxidized ore mined from hallow working are aid to have yielded a 

1 Boutwell , .T. ::\I. , op. cit., p. 109. 
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high as 1 000 ounces of silver to the ton, but the oxidized res are very 
superficial and constitute almost negligible fractions of the entire 
ve1n. 

The or deposits seen in the Barry-Coxe mine, on the south west 
·lope of cott Hill, represent a transition in character betwe n th 
contact and fi ure types of deposits, also betw en the fissure and 
bedded replacement type . The ore, so far as developed by shallow 
working. in 1Di2, occur a pock ts in partly metamorphosed lime-
tone along fis ures trendino- N. 13° W., north an 1 ea t. The pay or 

i · found b tween layer of lenn ilicate rock nnd replaces the wall · fo r 
a few feet from the fis ure. The mo t pronounced replacement ex­
po ed at the time of examinaton extended 10 feet from theN. 13° W. 
fis ure. The ore seen wa a mixture of pyrite, blende, and galena in a 
gangue on. isting essentially of garnet , diop ide, s ricite, and quartz. 
One of the ea terly fi ssure , along a fault plane again t whi h the ore 
along a northerly fis ure topped, contained g reen copp r stains. The 
garnet and diopside were formed before the ore and other gangue 
minerals, but there was no evidence to determine 'vhether the country 
rock wa first partly replaced by contact-metamorphic minera ls and 
at a di tinctly later period repla ed further by the ore, or whether all 
th e mineral were deposited in d finite sequence during one period. 

bsence of fracturing in the metamorphic minerals favors the latter 
view. 

VEINS IN THE AMER I CAN F ORK DISTRICT. 

The ih·er Dipper Yein follows a fissure that strikes N. 65° E . and 
dips 60°-65° N, V., in ambrian quartzite. The vein, whi ch was 
worked in the seventie , is aid to haYe con isted of pyrite and quartz 
with some good hoot of o-alena. 

Thew· aterfall Yein lies .along a fault trending nearly due north be­
tween hale and quartzite. It is marked by pinches and swells, and 
the swell are about 4 feet thick. The ore minerals are o-alena, pyrite, 
tetrahedrite, and a little zinc blende in a gangue of quartz. It has 
been opened by two tunnels that extend northward and southward 
from the creek bed wher it eros es the vein. The south tunnel in 
1912 wa 300 feet long and the north tunnel about 50 feet. 

Three veins haYe been worked or prospected on the Live Yankee 
property, near the head of Mary Ellen Gulch , but only one was acces­
sible in 1912. This Yein lies between a footwall of quartzite and a 
hanging wall of pyritized porphyry and has a . 5° W. trend. Its 
ore minerals are pyrite, chalcopyrite, zinc blende, and ga lena, and its 
gangue minerals quaJ'tz and barite. One of the other veins lies alon<Y 
an east-west fault zone and is said to have contained the" big stope,' 
mined in early days. The ore of the " big stope" is said to have lain 
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between walls of shale at the ba e of the limestone. Its ore minerals 
' to judge from specimens on the dump, were chiefl y pyrite and chalco-

pyrite in a gangue of quartz and barite. The gold content is said to 
have been unusually high ranging from 20 to 0 or more to the ton. 
The third ,-ein strikes N. 40° E. in Cambrian limestone, but is said to 
pinch on reaching and following a porphyry dike. pecimens of i ts 
ore consist of pyrite, a little chalcopyrite, zinc blende, gn lena, and 
jameuonit irr- a gangue of quartz, barite, and a littl ferruginous 
dolomite. A fourth Yein, too mall at it outcrop to be of much 
promise, strikes N . '15° E. in Cambrian limestone and consists mo tly 
of galena in a gan o- ue of dolomite . 1 ar. Thi s g roup of vein differs 
from those already described in the prominence of chalcopyrite and in 
a orresponding hio-h gold content. Their mineral and hemical com­
position, however, show them to be closely related to the other ore 
bodies of the region, and there is every reason to believe that they 
were formed at the same time. 

nother ource of ore on the Live Yankee property has been the 
glacial drift in the gulch, from \Yhich bowlders of galena ore have 
been wa hed. It is said that in some of the bowlders quartzite was 
attached to the ore, and thi may indica te a westward continuation 
of theN. 5° \V . vein or pos ibly another vein concealed a hort dis­
tance up the gulch. 

A strong -vein is being worked in the Pacific (Blue Rock) mine. 
just south of the southward bend in th e American Fork canyon. 
The vein strikes N. 45 ° E . in Cambrian quartzite and at one place 
ha a horizontal offset of 18 feet along a N. 70° W . fault. It is 4 
to 8 feet in width and ha been foll owed horizo~tally for about 450 
feet, being worked through the lo,Yer tunnel of the mine. Below 
the tunnel its dip i 60° ffl. AboYe the tunnel the dip flattens and 
the vein narrow npward until it coincides with a bedding plane at or 
near the shale contact. In th southern pa rt of the mine the ore is 
continuou. from the shale contact, 130 feet up the dip from the ttm­
nel , to and beyond the lowe t working , 70 feet down the dip from 
the twmel. The pay ore pinches northward as well as upward. The 
ore con i t of galena and p rite in a gangue of quartz and barite. 
The o-alena dimini he. ur ward , and near the hale contact granular 
pyrite is the only ore mineral. Th barite tends to be localized in 
lenticular shoots. The ore i in part milling ore and in part of 
hipping grade. The other "orking of the Pacific mine hn.ve found 
howino-s of ore but were inacce sible in 1912. 

The main vein of the U tah Centennial property, outheast of 
Pittsburg L ak , trends about eust and show orne lead ore at the 
outcrop. In 1912 two tunnel were being driven to reach this vein. 
The eastern tunnel starts in quartzite at the upper road in a nor th­
northeast direction and follows a narrow vein of white quartz with 
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ome pyrite and a few small pockets of galena. The tunnel had 
penetrated the hal , in which the quartz of the vein has largely 
disappeared and dolomite and barite have become con picuou 

Huntley 1 de cribe the Wild Dutchman mine as follows: 

The \\ild Dutchman mine is a quarter of n mile a t of Fores t ity. It was 
eli coYered in 1 72 and old to the Omaha Smelting & R finin g Co. of Nebraska, 
who worked it un t il eptcmber, 1 76, when it wa leas d. * * * The ore­
bearin"' format ion is a b deled vein, from 3 to 40 feet (average, 20 f t) wide. 
in dolomite, dipping 40° E. Thi ha: b en worked 300 feet in length and 450 
feet in depth. The gnngu in genera l con i t of from 2 to 3 f et of shale 
upon the footwall and a . oft clay containing fraament of ilica, and trongly 
tainecl by oxic! of iron, loca lly known a " lime porphyry." The or occur 

in scattered egg- haped bunch s of from a f ,,. pound to 600 ton . Fi e larg 
boclie have be n founrl, on 20 feet from th urfnce one 300 f t from the 
surface, nnd the other bet\\'ecn the c. The or is lhe u ual ochery carbonate 
of lead fo und in a lime fo rmation and conta in. small amount of h avy pur. 
At the water lin , in th 450-foot tuunel lev I , a large body of ba · 
found. Thi con i ted of iron and copp r pyrite·, galena, and a very large 
p r c ntage of zinc bl nd . A porphyry clike i: aill to ·ut through the foot­
wall into the vein near the large bodie · of ore. The mine is op ned by ven 
\\'Orking tunnel from tl1 hill ·ide at variou level . The total cutting are 
3,500 feet. The 1 e obtain d 2, 0 ton by work imilar to that whl h waR 
being canied on at the Miller. The total product of the mine is timat d at 
7,900 tons, averaging 45 ounce ilver and 40 p I' cent I acl. 

The principal.vein of the Dutchman mine, seen in 1912, is in am­
brian lime tone. It trike N. 40° E. and dips vertically or steeply 
outhea t'vard. It width ranges from a mere treak up to 6 or 

feet. It greatest width i attained in a dark-blue lime: tone which 
overlies the lowe t argillaceou limestone member of the Cambrian 
limestone. The vein, for mo t of its course, lies along the contact of 
a narrow porphyry dike. It ends abruptly on the northea t against 
a dense, blocky argillaceous limestone, which probably marks a north­
westerly fault but could not be studied clo ely. 

\. minor vein parallels the main vein. Both have been followed up 
to the cemented talus which caps the bedrock, nnd . ev ral masses of 
ore are said to have been found in the talus. The ore mined from 
both Yeins is mostly a sandy mixed lead and zinc carbonate. That 
mined by lessee in recent years is said to average about 30 per cent 
of lead 9 to 17 per cent of zinc, and 50 ounces of sih-er to the ton. 
Remnant. of primary ore are compo ed of galena and blende in a 
barite and carbonate gangue. Quartz is inconspicuous. 

The best showings of ore recently reported in the Bay State mine, 
about midway between the Dutchman and Pacific mine:s, but on the 
east side of the canyon had not been found in 1912. In that year a 
few small prospect tunnels showed small amounts of galena and 
barite impregnating a rather light gray limestone, and one showed an 

1 Huntley, D. B., op. cit., pp. 444-445. 
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interesting occurrence oi tibnite. The stibnite accompanied by 
barite and a little dolomite, forms small seams or stringer cutting 
both the limestone and a porphyry dike. Both the limestone and 
the dike are altered and have a sericitized appearance. The stib­
nite is partly altered to kerme ite the oxysulphide of antimony 
(2 b28 3.Sb20 3 ), which occurs in tufts of minute red prismatic crys­
tals and probably account for all the red staining along the tibnite 
seams. 

BEDDED DEPO IT . 

LITTLE COTTONWOOD DISTRICT. 

The bedded depo its haYe been th most produ tive of all the type 
in the Little Cottonwood district, and most of the "bonanza ' de­
posit that made the eli trict famous in the ea rly days were of this 
type. Typically the e deposits occur as r eplacements of certain bed 
of the edimentary rocks adjacent to cro scutting fissures. The 
deposit are thus more or less tabu1ar in form , are as a whole parallel 
' ith the bedding of the sedimentary rocks, and pitch ,,..ith the inter­
section of the replaced bedding and the fissures ommonly to the 
northeast. \\There the replacement ha extended but a hort distance 
:from the fissu res the deposits have more nearly the form of ' chim­
ney " than of tabular deposits. In some places imilar deposits have 
:formed adjacent to faults whose dip and trike do not differ greatly 
:from those of the edimentary rocks. Such deposits occur notably 
next to the overthrust fault in the western part of the district. Like 
the true bedded deposit they are a ociated with the northeasterly 
fissures and have the arne general form. The location of the de­
posit , howe>er, i probably due in part at least to the character of 
the rocks that has resulted from the movement along the overthru t 
fault plane. 

Most of the deposits are oxidized to the depth to whi h they hav 
been mined, and it i not po ible to determine the original replace­
ment minerals ex ept by scattered remnants of unaltered material. 

orne depo its that consi t la rgely of sulphide have been developed, 
notably in the olumbn on olidated min . The original mineral 
recognized are pyrite, galena, phalerite, and tetrahedrite in a gangne 
of quartz and unrepla ed carbonate. ericitic muscovite also is a 
common gangue mineral in the bedd d a well a in the fis ure de­
posits and is prominent both in limestone and shaly beds and in 
"porphyry. ' 

From a bed in the shale series near the Columbus Consolidated 
mine spe imens were collected on th nrface that howed green am­
phibole, pidote, and quartz, together 'vith pyrite apparently replac­
ing a dolomitic member in the shale series, but similar replacement by 



210 '0 TRIBUTIONS TO ECO OMI GEOLOGY, 1915, PART t. 

the ilicat wa not noted under5round. specimen of tetrahedrite 
from the olumbus onsolidated mine wa. examined by R. . \Veils 
in the chemical laboratory of the Geological urvey and found to 
contain 6.2± per cent of lead, together with ar enic, a well as anti­
mony. In the material examined no l ad mineral other than the 
tetrahedrite was recognized, and it is believed that the lead i con­
tained in that mineral. v\ hether or not the tetrahedrite of the dis­
trict carries lead generally or only at certain localities ha not been 
determined. p cimens of supposed tetrahedrite from then ighbor­
ing Park City distri t have been shm n by F . R. \ an Horn 1 to con­
tain notable amounts of lead. It ha. already been noted that tetra­
hedrite from the Cardiff mine nnd from the Park ity district con­
tains zinc in notable amounts. Probably other minerals are pr sent 
in the primary ores, but they "-er not recognized in the small numb r 
of specimens collected. 

As already noted, most of the deposits have been oxidized to th 
depth to which they haYe been deYeloped. In numerous places oxida­
tion has extended far below the lev"el of ground water though it has 
not been demonstrate l to ha,·e gone below the zone of surface drain­
age, as the deep anyon permit ci rculation to great depth in many of 
the veins that crop out at the higher elevations. The typical oxidized 
ore onsi t of hydrou iron oxide , with the carbonate and sulphate 
of leud, cerusite and anglesite and the carbonat s of cop1 er in Yary­
ing amounts and u ually contains manganese oxide. 

At the time of visit oxidized ore that was being mined :from the 
"white limestone ' in the \.Ita onsolidated mine contained a large 
percenta!!e of an undetermined ferric sulphate of lead and copper. 
Thi~ is n yellow earthy mineral that can usually be crushed in the 
fingers, though ome of it forms rnther hard lumps. Such lumps 
may have a core of galena . The mineral has not been quantitatively 
analyzed , but in appearance and constituents it resembles beaverite 
and may prove to be that mineral. One of the massive piece of this 
o1·e was e tion d and found to have a core of ga,lena. urrounding 
the galena. and extendina inward along leavaae planes is a narrow 
zone of anglesite which give place outward to the yellow mineral 
with specks of green, possibly malachite. It is evident that in thi 
specimen the mineral has not r sulted from the oxidation of a mix­
ture of iron lead and copper sulphide but that the galena has fir t 
altered to sulphate and this has subsequently combined with iron and 
possibly copper that has been brought to it in solution. To what 
extent minerals of thi · character were present in the large oxidized 
bodies of thi s district is not known, but it does not seem probable that 
they were confined to this one deposit. 

1 Geol. Soc. America Bull., vol. 25, p. 47, 1914. 
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Wulfenite, the molybdate of 1 ad, is rather abundant in th C'itv 
Rocks vein and in some of the ores from the Alta Con olidated min"e 
and is reported from other mines. It i al o reported that th ores 
contain vanadium/ hut no vanadium-bearing mineral wa r cognized. 
Carbonate and silicate of zinc have been recognized in the oxidized 
ores of the distri t, but nowhere in abundance. phalerite i rather 
plentiful in some of the sulphide ores, and it is to be expected that the 
oxidized ores of zinc will be found, but whether they are anywhere 
present in commercial quantities is a yet unlmown. 

The ore body of the Emma mine was one of the ea die t cliscoYeries, 
~mel the mine ha been one of the largest producers in the di trict. 
It was located in 1 6 . "From 1 70 to 1 75 it wa a large p roducer 
of lead and silver, and until the early eighties it continued to 1 roduce 
intermittently, but for many year little work ha been done on the 
property. The mine i in the "great limestone ' series and the 
deposits are supposed to be in the same trata a the Flagstaff and 
other important deposits of the district. Thi lime tone is cut by a 
strong easterly fissure and the ores are said to occu r as bedded de­
posits adjacent to this fissUTe. I o examination of the tmderground 
workings was made but the following description of the ore bodie 
by Huntley 2 is believed to be essentially correct: 

Th ore-bearing· formation i a belt of iliceou limestone, b tween a lim . 
s tone hanging and a dolomite foot wall, the belt being a bout 200 feet widf', dip­
ping 45° NE., parall el to the stratification of the count ry 1·ock. The ore d id 
not come to the surface, but was fou nd by foll owing a . mall . am of ocher 50 
feet in a tunnel. Two large bodies were found somewhat nearer to the hanging 
than to t he foo t wall , following the g neral dip and strike of the belt. On 
bega n near t he surface and was 100 fe t deep, 300 feet long, and from 1 to 30 
feet wide; a nd the other, a few fe t below the fir t, wa 200 f et long, 150 feet 
deep, and from 1 to 20 feet wide. The ore was a soft brownish-r eel ocher , con­
taining ceru. lte, angle. ite, galena, and some manganef;e oxWc. 

In 1872 Raymond 3 described the Emma mine a. follows: 
The Emma mine is one of the mo!'>t r emarkable deposit>< of argentiferou. orf' 

e '' r opened . Wi thout any well-marked out roppings, thet·e wa nothing upon 
the surface to indicate th pre ence of f<UCh a ma of 01· except a light dis-
coloration of the limestone and n 1' w fenuginou t rea l' vi ible in the fac 
of a cut mad for !';tatting t h haft. om of the ea rll e.t locators in the canyon 
as E'l"t, howE'v r , that in th li ttle ravin b low thi . haft larg rna s of 
ga lena. some weighing ov r 100 pound , were found upon the . urface and in t he 
!'Oil. After th ell overy of the rlf'po it by mea n of th haft a tunnel wa. · 
run in o a!': to lot rs t it in d pth. This tunn 1 e~'tend in a northwe terly 
direction and Is 365 feet long. It Intersect the 01· mass where It wa about 60 
f et long and 40 f t wid , measured horizontally. From this level, called the 

1 Hess, F. L., Wulfeni te a t Alta. Utnh: 
• nuotlcy, D. B., op. ci t ., p. 423 
• Ra ymond, R. W. , tntlstlcs of mines noll mining In the "tates and Territories west or 

tbe Rocky Mountains tor 1871, p. 821, 1872. 
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first floor, ot·e has b en mined above and below until an xcavntlon or clla mb ,. 
ltas been formed , va rying f rom 20 to 50 f t in width nod f rom 50 to 70 in 
length and 77 in height above th tunn I le,·ei ancl 50 in d pth below. 

I n Augu t last a portion of the ore below the tunn I level was still tancling. 
but the mine had produc d from 10,000 to 12,000 ton of or , a saying from 100 
to 216 ounces of s iiYer per ton of 2,000 p un ]·· and from 30 to 66 per cent of 
lend, averaging about 160 ounc s of sil v r a nd from 45 to 50 per c ot of lead. 
The total value of thi · or , nt the cash pri e paid fo r a lat·ge part of it in 
Liv rpool, £36, or $175 in roun I number , wa about ."2,000,000. 

Thi re was e:!.:tracted nt ompar ath7 ely littl co t. Most of. it wa . top d 
f rom below upward a nd wa. deliYered by chut . into thf' ars upon the t ram· 
way la id in the tunnel. In general the ore wns oft und en. ily excavnted by 
pick a nd hoYels, without th a iel of gunpowder. It cons! ·t d chiefly of f rt·tt · 
ginou and ea rthy-look ing mixture · of ca rbonat and oxid of lead, oxicle of 
iron, a nd of antimony, mixed with nodul es of gal on . It app a r.· to hav 
t·esul tecl f rom the decomposition of nr"'entif rou.· gal na and oth r ulphuretecl 
and antimonial mineral containing s ilver. The ore may be aiel to be wi thout 
:;nogue and doe not requir hand orting or eparating by mechanical mea n~ 

f rom worthle vein s tone. ThiS ore was shoveled up And put into ·ncks fo r 
~hipment \vitbout any other delay or expense. 'rhe larg r pa r t was . ·hippe<l 
overla nd by railroad to ew York, and ih nc by s teamer to Liverpool. 

The walls of the excavation a re very irregular but coos! t of a h nl , white, 
dolomitic limestone. The ore mas appea rs to conform to the . t rntiflcnt ion 
and to have a general nor thwesterly direction, clipping to the northen~t . Thf' 
extent of tbe ore mas in the direction of Its length had not be n fully llf<Cer· 
tained at some of the levels when I visited the mine in Jul , though in most 
of the floor it had all been taken ou t, and the form of the excavation may b 
taken as marking In a general way the li mits of the main bo 1 ~' · A p uli a r 
brecciated ma s of dolomitic li me tone accompanies the re ancl ma.r b r . 
garcled as vei n matter, fo r no 1ule of gal na a re found i olnted in ib· mirl. t, as 
well as small patches of oft ear thy ore li connected with the mnin body. 
T he limi ts of th is ore-bearing breccia a re not yet ascer ta in cl, and pt·ospe ting 
drifts to the northwest along its cow·se may reach other bodies of rich or . 

Raymond 1 quotes from a de cription o£ the ores by illim an a. 
:follows: 

P rof. B. Silliman, of New Haven, has made some interesting investigAtion 
to determine the composition of th ores o uning in th l' ' ¥nflotch Un11gc, nn I 
more particularly of tho e in the Emma. With his permi s i n, I in.·er t h re 
hi remark on the subject: 

"The ores of t11e mines thu fa r opened in the Wasatch Moun tain. are 
largely composed of pecies re ·ultiog from the oxidation of sulphi d s, e.·pecially 
galenite and antimonial galena, wi th some a lt of ?.inc and copper , a ll contain· 
log silver a nd ra rely a li ttle gold . It·oo a nd ma ogane. e ocher.· o ·cn r in con· 
siderable quantity in some of them, but the proce. ·s of oxidation ha. prevailecl 
very extensively, so that the ochraceous character of th ore is the striking 
feah1re of mo. t of the mine in this r ange. 

"Tbe great chamber of the Emma mine * * * wa found to be filled 
almost exclusively with epigene specie., the product of oxidation of sulpbides, 
and capable of removal without the a id of gunpowder for the mo ·t part. Thf' 
study of this mass reveals the intet·estlng fact that it i very largely composed 
of metallic oxides, with but comparatively small proportions of carbonates and 

1 Ruy~ond, R. W., op. cit. , p. 325. 
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sulphat ·. 
of 82 too 
Jame P. 

Fortunately I am ab le to present an analy i of an avemge sample 
(1 3,0 0 pounds) of fir t-class ore from the Emma mlne, made by 

1erry, of wansea, April, 1871, which is as follows, viz: 
i Ilea __ _______________ ,____ ____________ _________ _____ __ 40. 90 

Lead ____ _______ ---------------- ------------------- 34.14 
Sulphu 1· __ ___ _ 
Antimony _ ___ _ _______________ -----------
Copper ___ __________ -------------- _ _ ___________ _ 

Zinc______ __ ------ ---- ----- ----- -- ---
Mangane:e>_ 
Iron _____ _ _ 
'liver_ __ _ 

Alumina __ _ 
Magn . Ia __ _ 

Lin1e____ ____ _ -- ------- ------ ----------- --- _ 
Carbonic acid _________ .. __ ____ __ _ ____ ------------- __ ___ _ 

Oxygen and wa te1· by d ifference _______________ ______ ___ _ 

~.37 

2.27 
. 3 

2. 92 
. 15 

3.54 
.4 
. 3fi 
.-5 
. 72 

1.50 

90.42 
9.58 

100.00 

"The quantity of . ilver obta ined f rom thi: lot of ore was 156 troy oun · s to 
the gross ton of 2,240 pounds. 

" This analy i · . bed important light on the chem ical h istory of thi remark­
able metallic depo it an~ will aid us in the stucly of the paragen i of the 
derived pecie ·. It is pretty certain t hat a ll lhe heavy metal. have exi. ted 
ori ginally a : ulphide , and we may, th refore, state the analysis thus, allowing 
3.52 sulphur to conver t the hea ,-y meta ls to thi~ !'tn te: 

Silica ----- - ------ - __ _ 40. 90 
Metallic :·ulphides______________ ______ _ fi2. 60 
AI, .35 ; J\1g, .25; Ca, 72; K1n,; Kin , .20-------------------- 1. 52 

95.02 
Water. ca rbonic acid, and I o .·~----- -------- - -------------- 4. 95 

"Thi · calcul ation RS ume tha t th sulph ides a re as fo ll ow:, ,-i:t. : 

Ga lenite_ 
tibnite ______ _ 

Bornit ------ ------­
phal eri te (b lend€' \ 

Pyrite _______ _ 
Argentite _____ _ 

- 3 .69 
3.30 
1.03 
3. 62 
5.42 

. 54 

52. 60 

" This statement xclucle th pre nee of any oth r gangue than . ilicn . and 
con. id ring that the or . x i t in lim tone, the a lmost total ab ence of lime 
in the compo ition of the aYern "'e rna i certainly r emarkable. The amount 
of . iii ·a foun l i noticeab le, sin e quartz i not se n a su h in this great or 
chamber nor, . o far a I oul l find, in other parts of th mine. The ilica ca n 
have ex isted in chemical combination only in the tuo t incon iderable qu antity, 
~<in ce the bases with which it could have combined are pre ent to tne xtent 
of les than 1l per cent; nor do we find in the mine any noticeable quantity 
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of kaolin or lithoma r e, resulting from th d compo ·itlon of silicate., nor are 
there any felcl·pathic minera ls. It Is mo t probable that the ·t li cu existed in 
a state of minute s ubdivision diffused in th sulphides, a· 1 have een It in 
. ome of the unchanged silver ores of Lion Hil l, in the Oquirrh Rang . 

"The ab enc of chlorin and of pho.·phoric acid in tbe ana lysl. · correspond · 
,,·ell with absence of the speci c rargyrite nncl pyromorph it , of which no 
trace could be found by the mo t ~1l"eful search among the content of the mine. 
Th miner· peak of the 'chlorides,' and th un cientific observers hav r · 
fJeated th statement that ilver chl orid i foun l in the Emma mine, but the 
ores indicated to me a ·uch are ·hiefly antimon ic ocher.·.' 

"'rhe general (per hap.· tota l ) ab en ·e f the pho phates of lead in th 
\Va ·utch and Oquirrh mou ntains, ~o far ns e:qJior cl, i. a stril<ing peculiarity 
of the mineralogy of the ·e ra nges. On the oth r hand , th ab. ence of ch lorim• 
in the mines of the two Cottonwoods :wei th American Fork i in trikin~; 

contrast with th c n tunt occurrence of ·era rgy rite (horn s liver ) in th 
Oquirrh ancl al o in the southern extension of the ' asatcll. I have ougbt in 
vain fot· a trac of thi · pe ·ies in th eli trict.· of the Wasatch just named , and 
.th occurrence of pyromorphit is extr mely doubtful. 

"Molybdic acid , howeYer, exists pretty unifonnly eli eminut l in the mine.· 
of the Wasatch in the form of wulfenite. Alth ugh it occur · in minute quan­
tity, it is ra rely absent, and may be regarcled us a mineralogical characteris tic 
o.f the eli trict of the two Cottonwood. ancl of the American Fork. For this 
rea ·on a few particulars will be in place here. 

"Wulfenite i fo und a sociatecl with calamine (smithsonite), cerusite, mal­
achite, azurite, and more rarely alone in little cavities in the ochraceou ore . 
In the Emma mine vugs or geode · a re occa. ionally found line l with botryoida l 
vpple-green calamine, rar ly cry tallizecl, often brownish and sometimes color­
le:,; ·, but invariably as ociatecl with wulfenite. Tb calami ne inclo. a nd 
cover.· tile crystals of wul fenite, which form a lining of con iderabl th ickn .·. 
~l'h wulfenite i in thin tabular cry tal · of a yellow color, res mbling the 
'arinthian Ya rlety of th is specie. . The crystal a re very brilliant and perfe -t, 

but quite minute, rarely 2 or 3 millimeters in width and not over 1 mill im te t· 
in. thi ·lmes ·, oft · u less. 'l'h y ar quite abundant in thi · a ociation , no pi ce 
of th calamine which I have e n being without them. Th y ometimes but 
ra rely penetrat through the globules of the calamine o a to show them elves 
on the upper sul"fac of that pecie ·. But the calamine ha · obviou. ·ly form d 
hoti·yoidal ma · m·ouncl t lw wulfenite. a cry. ta l of this ·pecies being oft u 
:sen forming the nucleu of the calamine _globul ·. 

"The ·e fact· are f in tet·e t in the parageue is of th .·e epigen pecies. '!' he 
nrcl r of production has obviou.·ly been, fi r t, the cerusite 1·e t ing on ochraceou .~ 

i1·on, mangan ·e, anLl other metallic oxides; u xt, the wulfenit cry ·tal· wer 
clepo itecl upon and among tb cry tal · of ceru it ; and lastly came the ca la­
mine, cry talline at fi r t and as it accumu lated becoming fibrou · and amorphous. 
completely inclosing ancl capping the oth r p cies. 

"Wulfenite occur· also in th i · mine, as lik wise in the F lagstaff, the a vagi', 
and Robert Emmet, without the calamine, but never, a· far a.· observed , with­
out cernsite and other carbonate . Iu the Savage masses of cern ite, with 
Yarlous oxide , are interpent;.trated by the tabular crystals of wulfenite. 

'There exists generally among the mining population of the cen tral 'renltories of the 
United ta tes a distinct ion b tween born si lver and ch loride of s ilver - a n error arising, 
ns I nm per Uftded, from s upposing the ocbraceous orcs to be ch lorides not so perfectly 
developed ns to be sectlle. 
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"Althou"h wulfenite form.· a ver y minute factor of th ent ir ore mru;; in 
the ·e mine , by the law of mineral a ociation It may b onsidered a: the 
chara ·terist ic ·peel · of the or · of thes di 'tricts, o cutTing in th magne ·Ian 
lime tone·. So far as I am informed or have observed, wulf nite hn not been 
hi ther to found in any of the other mining tli tricts of Utah; but by the same 
law it may be t·ea:onably looked for whenen\r deposits of epig ne mineral· 
nr e explored in the ·a me "' ological and minera logi ·a l r elation.· in th Wa. ·atch 
Hauge of mountain:. 

"The oxidizing and llesulphurizing agency whi ch ha · actetl upon the gr at 
ore ma · of the Emma miue, whatever i t w a , has p rformed i t work wi t h r e­
markable thoroughne ·:. A ·arefu l study of i t· action disclo ·e · orne other fa!'t:; 
of inl r e.·t in the paragene ·i: f sp cie:. From the app arance 0[ numE't'Ou." 
Iar bl cks of ore, forming solid bowlder in the general ma , a cone ntric 
arrangem n t is ea ily r ecognized. On breaking th ma. se · aero . , th f r esh 
f r actures disclose a clark cent r which consist almost entirely of decompo:ecl 
ulphide ·. compo ctl chiefly of cent ·H black u cl by argen t ite and metallic 

silv r in ·a puh·erul nt form. Thi: dnrk centE'r , chiefly of cerusite, i often 
p eudomoq)h of ga l nite in its fracture. l'\ext is u ually n zone of yellowi. 11 

and oranae-yellow antimonial ocher , cervant ite, often quite puh·erul en t. at t ime· 
only stainin" th ·eru ·ite; t hen follows a narrow zone of green and blue copper 
salts, malach i te, azuri te, cupreou · auglesite, with, r arely, wulfeni te; then fo llows 
ceru i te, sometime· sta in d wi t h antimony ocher , and not unfrequ ntly a so­
elated wi t h wulfenite ; outside all are th i ron and mangane e ocher . 'J'his 
concentric arrangem nt I have ob erved in a gr eat numb r of ca · ; nnrl the 
above order of pecie , while not invariabl , i. believecl to r efl eet nccu r at ly the 
g ner a l arrangement. 1\ell-ci·y talliz d .·pecies, a · mineralogical ;;p cimens, are 
r ar e in thi gr nt mu · ; but the fo llowing ma.v ])e r ecognized a.· i t· chief com­
ponents: Gal enite, ·phaleri te, pyrite, j am on i te ( ?), urg nt i te, stephan it , 
boulangeri te ( ?) , antimonia l galen:ite, cervantite, mimetlte ( '!), limonite, wad, 
kaolin, lifhomarge, c Pusite, an"'leslte, linarite, wulfeni t e, azm·if e, motacll i,te, 
smithsoni te. Tho e most abundant or b t ·r y talliz d ar e in itali cs. Thi. liRt 
ran no doubt be extended as opportuni ty occurs for the mor ca reful t ucly of 
the or , the gr eat ma . . or whi ch, amounting to many t housa nd ton ·, have gone 
into ·ommer c with ut pa ing under any mineralogical eye." 

After the xhaustion of the main ore boclie_. extensi,·e pro ·pecting 
wa carried on but with tm sati fa tory re ults. 

The Fla()'staff mine " ·a · located nnd work d about the . am time 
as th Emma and like that, ha Jon()' b en idle. Huntley 1 gives the 
followin()' de crir tion of th deposit: 

The form ation i · th snm mineral belt n. the Emma. Or came to the sur­
face in one .·J ot, and, followin th is indication a . hor t eli ·tan . th discoverer s 
cam to the fir t and large t b ely . It wa 400 feet long and -oo f e t de p, ex­
trel.lle dim n ion:, and 3 f eet wide. ome 20 or 30 other lar sized botli e · w ere 
found , in a ll shap · and position , usually n m· t he hanging wall and invat·iably 
conn cted wi t h one anoth r by a mall enm of ore or ocher. n body upon 
the fo twall wa · join d to another near the hanging wall by a pipe of galena 
the iz of a 1 nd p neil. 

The Vallejo and North Star claim are between the Flagstaff and 
Emma mine , but the occurren e of the ores eems to be . omewhat 

• Huntley, D. B., op. cit., p. 423. 
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different. Huntley 1 gi ' e the following le cription of the or 
bodie : 

The ore is found in irregular shoots or pipes near the hangin"' wall. Three 
bodies b gnn near th gra root , and others wer found as lepth wa attain d. 
At the period under review ther w r 10 hoot · having a triangular or l~nti u­
lar cro section and a uniform dip E. o•. The w r frmn 20 to 100 f ct 
apart and lay almo t at right angl s to th e strike of th belt. Th larg t wus 
150 feet lon", extrem dimen ion· from 6 in hes to 10 f et wide, an l had been 
followed 300 f et de p. 

The rock formations in the olumbu onsolida ted ground (now 
·n a atch mines) consist of the quartzite the "lower white lime-
tone, ' the Cambrian shale serie and ome of the upp r lim tone 

series, torrether with granite prophyry dikes. The great overthru -t 
fau lt of the di trict pa se through the area and has cut off the lower 
portion of the great limestone erie and formed th "lower lime-
tone," while the Cambrian ·hale and quartzite ha Ye ovenidden thi. · 

fau lted portion. The rocks are a] o cut by several east dy fi · nre 
one of the roo t prominent being the B raine fi ure, which is con­
nected with some of the large t bodies of ore thus far ievelor eel in 
the mine. The ore occurs both in fi ur i po its and in be ld d 
depo it , the latter beinrr the mor abundant. The bedded depo ·its 
occur where the easterly fi ure cut certain edimentary b l that 
appear to be especially susceptible to rer lacem nt. Th trend of 
the depo it roughly follows the intersection of th b dding and 
the fissure, replacement extendinrr to variable di tance from the 
fissure . 

Some of the larger depo its have been f und near the contact of 
the "white lime tone ' with the underlying bed . There have also 
been important deposits in the hale series, apparently formed by 
replacement of a mottled blue and white calcareous member of the 
serie . Other deposit occur at th contact of the" v;·hit lime tone" 
with the overlying hale. The rock have been broken and br c­
ciated adjacent to the overthru t fault, and thi ha probably been a 
factor in rend ring them e pecially susceptible to repla ement. 

I n the lower le,·el the depo it are mainly ulphides, but it is re­
ported that larrre bodie of oxidized ores were mined from the upper 
levels. T he principal metallic minerals are pyrite, galena, phal­
erite, and tetrahedrite, and the ores carry varying amounts of gold 
and siher. pecim n of tetrahedrite from thi mine as already 
noted, was found to contain several per cent of lead. phalerite i 
present in most of the- ore but usually is not abundant. I n the 
Garfield fiSsure a body r latively rich in phalerite has been found 
bu t has not been extensiv ly developed. At the time of visit in 1912. 

'Uuntle ·, D. B. , op. c!t., p. 424. 
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most of the ore taken out from the lower level wa sulr hide of mill­
ing grade, though the mine has yi lded much shi pping ore. 

Bedded depo its haYe also been de,·eloped in the Columbus Ex­
tension mine, thouo-h as yet they ha,·e not been as important as the 
fis ure deposits connected with the Toledo fis ure, which i now in­
cluded in that property. 

The Alta Consolidated mine is hear the head of Little Cottonwood 
Canyon a short distance west of the City Rocks mine. The edi­
mentary rocks consist of the Cambrian shale and the overlying 
limestone, and the Clayton Peak stock of quartz diorite is but a few 
hundred feet to the south. The Cambrian ·hal at this point is 
considerably above the position that is indicated by its dip at the 
outcrop to the west, on the north side of the canyon and ha ap­
parently been eleYated by the entrance of the intrusi•e material and 
pos ibly by later faulting. The sedimentary eries is cut by a 
strong easterly fissure having the prevailing strike and dip for the 
district. · 

The ore occurs both in fis ure and bedded deposits, but the latter 
have thus :far been the more producti,·e. Deposit ha ve been de­
veloped in the shal e serie (blnck lime) and near the ontact of the 
shale and overlying limestone. In the hale the ore is laro-ely sul­
phides-pyrite, galena , tetrahedrite and orne phalerite. Quartz 
and mu covite ( ericite) are the important gangue minerals. In 
the limestone th ore are largel) oxidized, oxides of iron and man­
ganese are abundant, and the principal valuabl metals are lead, 
sih-er, and orne copper. At the time of visit ore wa being mined 
that contained a large percentao-e of a yeUow earthy ulphate of 
iron and lead with ome copper resembling beaverite. 

BIG COTTONWOOD DISTRICT. 

The Prince of Wales and other mines are jut north of the Little 
ottonwood diYide on ilver Fork a branch of Big ottonwood 

'anyon. Like many of the other mines of the district they have 
long been idl . The Prince of Wales mine i apparently several 
hundred fe t hio-ber in th limeston serie than the Flag taff and 
Emma, and probably at about the horizon of the City Rocks mine. 
Huntley 1 gi' es the following description of the Prince of \~ ales 

deposits: 

The ore-bearing formation i. aid to be a bedded vein, dipping about 45• 
NW. in blue ancl white limestone. Four di tinct chimney or shoot of ore, 
130 fe t , 200 fe t , and 260 fe t apart, have been found. They occur where the 
limestone i white, metamorphic, nod oft, while th 

' Huntley, D. B., op. cit., p. 428. 

10427°-Bull. 620--16--15 
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these shoot contain the vein only as a narrow am in har'l blue lim stone. 
The e hoot · out ropped n t th su rfn , ot· \Yer co,rer <1 by a f w f t of cl rl ft, 
a low- rn le, ocher-. tained eams of lime. tone and lay. G otl or wn fo und 
by inking a few fe t. The Antelope and P rine of Wnle · hoot i f rom 2 
in he to 4 f et (averaue, 12 lnche ) wide, 120 fe t ion"', nml hn.· b eo foi l \\' d 
on the lip 1,200 f et. The Highland hi ef. h t is f rom 2 inche to 3 f t 
(average, inche ) wide, T feet lon <>', and 00 f et cle p. Th W lli ngton 
shoot are each about from 2' to 7 fe t (average, 3 feet) wid , f rom 10 t SO 
f et Ion"', and 700 feet de p. The ore f rom the fir t a .·ny nbout 140 oun e 
si lver ancl 45 p r nt lead; that from the ond, 100 oun e .. ·ilv r and 40 
per cent lead; and that from the third and f urth, 60 oun e . . ·ih·et· a nd 50 
perc nt lead. The ore i. a oft brown! h-ycllow och r, containing argeutifet'Oll 
ceru ite and galena and occa. ional talus of oxicl s of mangan and c pp r. 
Tb mine is opened by ,reral tunnel , th main on b ing 2,200 feet long and 
running on th Y in entir ly through th rWg , and a 1,100-foot in line, on 
which thet· a t·e hoi. tiog work , 0 11 the cr t of the rid . The cutting. are 
said to be 1,300 C t in extent. 

The large ore body of the Cardiff mine opened by the lower tunnel 
in October, 1914, loubtle belong to the bedd d type of ore b die·. 
It lie in the " lower limestone belo"· the o,·erthrnst an l i said to 
be connected with a mineralized fi. sure but it i. not known whether 
or not thi fi ure orre ponds to the Ycin 'Y rked through the Lll per 
tunnel 300 feet abo ,·e the lmver . ( ee p. 20-:1:.) \.ccording to the 
late t information , the lara ore body ha been opened 250 feet a1onrr 
the trike and ro scuts how a width ,. aching 100 feet alona the 
dip. Or ha · been foll owed more than :..00 feet above th tunnel 
by rai ina while a 'Yinze ha been sunk 90 feet bel w it. hipm nt 
of about. 90 ton daily are being made. Hauling o t about $4 a 
ton . p to about August 1, 191 ~, hipm nts amounted to 3,420 tons, 
valued at $145,350.1 The ore contain silver and 1 ad with ome 
copper. 

Other bedded deposits in the Big ottonwood district, such as 
tho e in the Iax.fi.eld, Re d and Benson, and Carbonate (Kes ler) 
mines, were not accessible in 1912, but an idea of their character may 
be gained from the following de cription quoted from Huntley: 2 

ituatetl a quarter of a mile northwe ·t of Arg nta and 14 
mi le a t of nn<.ly, in a ide ravine, and near th bed of the main canyon. 
It i owned by th Maxfi ld Mining Co., of alt Lake ity, incorporated ln 
March, 1879. This company nl o ol\·ns the exten ions ot· parall I claim · Vinni , 
Amanda, Red Pin , Tyler, and Fairview. 'l'b ·e are mostly pat nted but only 
slightly deYeloped . The Maxfield i · a becld d v in , f rom 1 to feet wide, 
dippin"' 45° 1\'E., between strata of a compact blui h-white lim stone. The ore 
occur u ually upon the footwa ll, in one ch imn y 200 feet long and 2 fe t wide. 
It is a soft brown ochery carbonate and galena, a ·aying f rom 30 to 100 
ounce . On the hanging wall there wa · a band of quartz, from 3 to inches 
wide, containi ng gal na and pyri tes. When car fully orted this yields good ore. 

J Eng. nod 1\ll.n. J our. , July 24, 1915, p. lQ7; .A.u . 14, 1915, p. 291, 
• Huntley, D. B., op. clt., pp. 427-430. 
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The min i ·· ury anu ha be n developed 75 f t vertically and 2L f et hori­
r.ontally hy a tunn I on the vein from the b d of the ravine. The total openinas 
aggregate 00 fe t. 

The Maxfield mine »as worked up to 1905, but to what extent is 
not lmown. In 1905 it became flooded with water, and extensive 
operations ceased. Since then les ees have produced some lead ore 
each year. 

Th He d ancl B n on mine is ituated on a ·pur of th ottonwood divide, 
between Dny' · and South fork., 11,0 0 f -et nboYe ea l vel and 2! miles north­
we t of Alta. It wa located in 1 70 and wa worked vigorou ·ly from S ptem­
bel·, 1 71, until April, 1 78. Since then it ha been iclle or lea eel to a ,1ery 
limit u extent. Thi mine i supposed to be upon the am mineral b It a the 
Fla.,. taff and the Emma. The b It at thi point i about 200 fe t wide. The 
ore occurs in n vein or chimney on the hanging-\\·nll ,ide and in about 20 
irregular 1 nticular bodi s, which branch at all angles from the chimney, on its 
footwall side. The e do not, as a rule, extend more than 75 feet from the 
main chimney and vary from 6 inch to several feet in width. n outcropped 
as u low-gra le ocher. The larg t i · about ho f et from the .·urface. The 
ore i. of th kind usually found in thi lime tone formation, namely, a y !low 
and r 1 oxi le of iron carrying ar"'entiferou · ru ite and galena. It i · laimecl 
that the tota l shipments have averag d 120 ounce ilv r unci 35 p r ent lead 
p r ton. The mine is d velop d I y a 3 0-fo t tunn I, in whi(·h th r is a whim 
on a 400-foot incline, dipping 35° NNE. B:!low thi there a re four windlas.· s, 
whi h carry the in line down 400 or 500 f t d eper. In g neral the mine may 
be sa id to ha ve been open cl from the su rface 1,100 fe t on the d ip (35°) by an 
in rruJar incline follow ing the chimn y. 1 1ear th urfac the ore xtended 
100 .f t and the workings 200 fe t h rizontally; but in th bottotn of th incline 
not over 40 feet of drifting have b n uon . The op nin"'S have a total length 
of 1,950 feet;.. 

Tb Ophir i a few hundred feet . outb\Y t of the Reeu and Ben on. • * * 
lt was di covered in 1 70, put· hased hy n ed & oocLp d in 1 71, I a d until 
Iay, 1 7 , and work cl stendi ly ince by about 10 m n. Or i found in three 

bodie.· in a 30-foot of compact dark-blue lim ton . A tratum of 
no ore. The outer p was a pipe 2! f t in diam­

et r oC low-grade och r. Th shai e of th bodie i. that of a flattened or a n 
elon~nt d ball, the Jm·ge. t b ing 5 by 20 by 15 feet. They ar 4 and 10 f t 
apart an l not ov r 50 feet from tJ1e urfac . At the p riod under review drift­
ing \\'U b ing cani d on upon a s am of o ·h r in th exp ctation of finding 
anothe1· bod~· · 'l'h total utting · did not exce d 700 f t. During the cen. us 
y nr 173 tons of ore imilar to tbat of th Reed and B n on, excepting that it 
\\' lis of Jo\\' r grade, a aying only about 45 per cent I ad, 42 ounces silver, " ·ith 
l3 p 1· ·ent moi 'ture, were old for ,5 1. Tb previou product wu · ·-timatecl 
at ,, 22,000. 

The mine of the Ke 1 r Mining o. over part of the ground of tbe old 
Pr vo claim. It wa · worked by a N w York: company in 1 72, 1 73, ami 1 H .. 
Little ore \Yn obtained, and it wa abandon d. bout 1 75 n pro pector eli -
over cl the cu1·bonate or body wbile overhauling th olcl dump, o ays tradi­

tion. The mine wa. bought by th Carbonate o., of alt Lake it~·. which 
xtra ted large quantities of ore. In January, 1 79, aft r the large di,covery 

ore body had been nearly all extract d, the min wa . old to th K ler 1\Iining 
o., of ew York ity. Thi · company took out consid rable ore aod did much 
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about 6 mile· northw ::; t of Alta. * • * The 
vra l bodi oarth , orfac outh hanging-wall il ofa 

Th la rge t b ely \Yll." just bel w th s urfa c and 
wa. · I nticular in shape, its dimension being 200 by 100 by 50 fe t. It wa.· tim­
bered by 365 . quare t but had cav d in. The gan" u , lf ·uch It may be a lied, 
which s urround.· the bodie and al o rv s a. a onn cting link b twe n th m, 
con ist. f a \Uiu I s ocher or limon ite. lt is ,. ry abundant, ometiro : fine 
unci oft; at other point hard and ·i!i ceou . Occa ·ionally heavy . par, xide 
f manga ne ·e, nnd s ta ins of malachite a re found. Th or i an och r, ·ontaln­

ing cent ·ite and galena, and n. uys from 30 t 50 per c nt lead and f rom 30 to 
100 ounce silver. A fis ure v in, call d the " Sa ilor Jack," onnect with this 
bo ly and ha · been the ca n · of much litigation. Ther i · nl ·o a v rtical fnult 
of 500 fe t. The mine i op neu 9-o feet horizontally anu 300 fe t v rti ·ally 
b low the croppin" by ix tunn l and on incline haft. l' our of th tt.tnn 1 · 

and the haft a re upon the fi ur vein. T h cuttings tll' 5,500 fe t in length. 
'l'he mine is dry, exceptio"' f rom :urfa water ft·om m lUng nows in the 
pring. * "' * Durin" the cen u · yeur 69- tons were pt·oducecl, whi ch ·old 

for $16,554.74. The total product of th min prior to 0 tob r , 1 77, i: e ti­
mnted at . 120,000. B tw n th abov date uud tJte h ginnin" of th · nsu» 
yeat· 4,549 gro s tons, aYeraging. about per cent moi tur , wer . ld for 
$261,044.41. 

Bedded deposits are al ·o reported from other lo ali tie · which were 
not examined and of which no description ha · b n found. 

AMERICAN FORK DISTRICT. 

The only bedded deposits iu the American Fork di trict are tho e 
of the famous old Miller mine, on Miller Hill, ju tea t of the divide 
between the head of American Fork canyon and Mary Ellen Gulch. 
This mine was the cause of great actiYity in the arly eventie . c­
cording to Huntley,' it 'was discovered in 1 70 and was sold the fol­
lowing year for $120,000 or OYer." The mine was examined by J. P. 
Kimball in 1 72 and th following data are abstracted from his pub­
lished report, lent to the writers by W. A. Wilson, of Salt Lake 
City, the present manager : 

The earliest workings, as early as 1872, were inaccessible. The 
"vein" then worked followed the bedding, which dips 15°-25° SE. 
It lies near the base of the limestone series. The ore cropped out on 
the southwest side of the hill and wa followed along the footwall for 
about 120 feet, when itJ ' rolled' do" nward for a short distance and 
again followed the bedding. Below the roll (at the Car tunnel) the 
"vein" was 17 feet thick. The footwall was clearly defined, but the 

1 Huntley, D. B., op. cit., pp. 444-445. 
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top of the ore body graded into the limestone. The footwa ll was a 
bed of "tight lime " with a streak of clay lvage markino- the con­
tn t with the ore. The han o-ing wall was ·hal.', mu h fra tured and 
partly altered to" ocherou matter." Fragment of the hangino--waU 
rock were found throtJO'hout the •ein. The ea. t ide of the old in line 
showed either a steep pitch, a horse of loosened ro k, or a fnult caus­
ing the abrupt di appearance of the vein material on this sid . Not 
enough work had been done at the time to determine the structure. 

Quartz and calcite were o-en rally absent, except a ' a re idne of 
country rock." The ore minernls were galena, ceru ite, and" plumbic 
ocher," all carrying sib·er . Considerable hydrous ferric oxide was 
pre ent, presumably an alteration product of pyrite, and the green and 
blue stains of copper carbonate were found in drusy cavities in the 
hang ing wall. Black manganese stain were commonly present with 
the iron oxide. 

erusite was the most abundant of the three 1 ad mineral . It in­
cluded two varieties, black and white. T he black Yari ty in con­
trast to the white, probably owed its color, in Kimball s opinion, to 
fin ly diYided silver sulphide and was the rich ore of the mine, "con­
taining 3 per cent lead along '' ith some 76 ounce of silver to the 
ton." This black Yariety mu t ha•c been largely o-alena, for pure 
ceru. ite contains only 76 per cent of lead, wherea o-alena contains 6 
per cent. It occurred in granular rna ·se in the lower and middle 
parts of the " vein." orne of the rna ses were 1 to 6 feet in diam ter 
and comprised from 10 to 16 per cent of the total ore hi pped. The 
white variety, carrying about 60 ounces of ilver to the ton, was the 
pr dominant ore and in a concentrated form o cupied the lower half of 
th ore body. It wa arranged in lenti cular layer , eparated by thin 
earn· of clay and 'plumbi ocher. ' ' Perfectly pure len ' of it 

'"er p re nt from 3 to 5 f et thick and hasinO' the onsi ten y of 
qui k and. The" plumbic och r' o curTed in irreo-ularly distributed 
rna e or len e in the lo" er pnrt of the Y in and ca rried a much a 
36 ounces of silver and 2.45 ounces of gold to the ton. orne gold was 
al o p res nt in th fer ric oxide. The upper part of the ,-ein ' con-
i ted of br cciated bm tone and ferric oxid , the former more or less 

impr gnat d with copr r salts and partl:> oxidiz d galena. The ore 
body, ac ordinO' to Kimball r port wa aid to be the largest depo it 
of lead carbonat th en kno'''n, but mu h larger bodies have sine been 
developed in other di trict . 
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The following table of assays, taken from Kimball's report, repr • 
sents the we tern ore bodies of the mine, work d up to 1 72: 

As aus ot o1· tron~ Mill r mi.ne. 

J ind or oro. Lead. U\·er. Oold . 

---------------------------------'--------1--------------
Galeua ........ . . .... ................ . ....................... . 

Do ........ ........................ ..................... .. 
Do . . .................................. . ....... . ........ .. 
Do .... .. . .............................................. .. 

Oray fwhi te? i carbonate and galena ..... .. ......... . ........ .. 
Oray white?! carbonate .... . .... . ..................... ..... .. 
Black carbo11ate . . ........ ................. ......... ....... .. 

Do . . .. .. ......................................... ....... . 
Carbonate ......... . .... .. . . .. . ... .•.... ...... .... .. .......... 

Do ........ . ..... . ................ ..... . .. .... . .......... . 
Oxide or lead ...... . ................. ... .......... ..... ...... . 
Third-class vein matter .. ................... .. ... ... ....... . 
Runormine ................... ....... .... ...... ............ . 

Do ....... ...................... .... .... .. . .. ... .. ....... . 
Do . .. . ........... ..... . .. .. .... .............. ........... . 
Do ........ . ... ... .... ..... ... ........................... . 
Do .... .................. .. ............. .. ... .... . 

Ptr ctnt. 
56 
70 
64 
62 
75 
60 

~~ 
75 
83 

~~ 53 
60 
57 
55 

Oz. to th tton. Oz. to lilt ton. 
25.~~ 0.30 
3 -~ .60 

125.97 'one. 
45.20 . 43 
34.62 . 75 
30.37 .60 
3 . 45 Trnco. 
86. 57 Trace. 
35.07 2. 34 
31.49 2. 77 
25. (b) 
16.96 ODO. 
29. 16 .50 
27.32 .60 
30. 37 . 60 
33.4 1 .60 
36.00 (b) 

aN ol determined . bincluded in s il nr. 

The average value per ton of base buUion produced from th e 
ores at the old ultana melt r in American Fork Canyon for 60 
working days was as follow. : Lead, 140.70 ; silver (60.36 ounces) 
$ 6.4 7; gold ( 0.97 ounce), .':.2.27; total, $.A9.44. 

\.ccording to Huntley 1 there \Yere in 1 0 ten tnnnel , four : haft 
and 10.000 feet of opening ex lu ive of tope , in the 1i11er mine. 
The d epe t ,,· orking~ were 600 f et below the hilltop and extend d 
horizontally 900 fe t . Ore wa found in six or eight large bodies 
whi h beO'an within 70 fe t of th urfac in a belt of dolomite. 

bout -±, 00 ton · was e.' tractecl from the large t bo ly. In additlon 
to the minerals mentioned by Kimball wu lfenite wa pr nt in the 
oxidized ore and a little zin blende and pyrite wer found below 
\Yater leY l (:)00 feet ). The total production of the old workings 
wa c timated to haYe been bet,Yeen 13,000 and 1!5 000 tons 
4:0 to .)-±per cent of lead and 30 to 47 ounces of ilYer and 
in gold to the ton. The e fi<Yures do not range as high a orne of 
tho c giYen by Kimball. 

Th old ore bodies gave out and the company cea ed operations in 
December, '1 76, and ince that time the mine has been worked by 
le · ee.. r o rrreat amount of ore wa produced until 1905, \\'hen the 
Tyn<Y Bros., then lea ing, opened another large body, which replaced 
the lime tone along a nearly due ea t fi ure for a total distance of 
over 400 feet and wasWto 40feet wide. The in rea eel production from 
1905 to 190 "as due to this deposit. The rock replaced wa a gray 
dolomite ( ~), overlain and underlain by shaly lime tone. Two other 

1 Huntley, D. B., op. cit.; pp. 444-445. 
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bodie , smaller and less regular, were found about 100 f et north of 
the main body one on each ide of a porphyry dike, whose trike is 
about . 70° E. The main ore body ended abruptly on the ea t 

- ' po sibly aO'ain t a fault, and a search has recently been made for its 
east,nrd continuation but up to 1913 only r elatively low grade 
oxidized ore hal been found. The ore ''!l principally ru ted ' and 
carbonate" containing re idual bowlders of galena. lt also con­
tained copper stains but assayed less than 2 per cent copper. The 
aYerage content of the ore shipped from the Tyno· lea was 0.98 
ounce of gold and 21.72 ounce of ih-er to the ton, 39.29 per cent of 
lead, 4.90 per cent of zinc, 20.17 per cent of iron, 2.G1 per cent of ul­
phur, and 3.56 per cent of insoluble. Th . e fiO'nre how that the 
ore was mo tly oxidized and ontained Yery little quartz or barite 
gangue. 

DEPO ITS I)< 'l'ITE ALPI Tt:: DI 'l'RI 'T. 

The Alpine mining district is in the foothill of the -n asatch 
Range, north and eat of the town of .Alpin which i about 5 miles 
north of the town of American Forie It in lude. t.he outlw,•estern 
part of the granodiorite tock of the ottonwood r gion and a con-
iderable part of the great lime.tone ·erie . Cambrian quartzit is 

also present but not lo ly related to ither of the t,,w properties 
examined. 

The only fis ure der o it in igneous rock examined in the reo-ion 
co•ered by thi report i · that of the Lucky Chance mine, about 3 
mil s north of Alpine. Here the cow1try rock i typical granodiorite 
of the Little ottonwood . tock. The ore occurs in shear zone alonO' 
whi h th rock has deY loped a high ly chi to e tructure. The hear 
zone trike ~. 60° E. and ~- 0° W. with north"·ard dip of 30° 
to 60° , and appear to b O'roupcd in a b lt of north-northea tward 
tr nd 100 f t or mor wide and of unknown length . 

Th min raliz d rock consi t pri.n ipally of quartz that fills 
op nino- · nnd more or ] s completely replace the sh ared rock, 
which is color d dark o-r n by micaceou alteration min ral . The 
ore min raJ ar pyrite and crnlena. The depo it ranO'e from thin 
~pri.nkling al ng n fra. tur tow. 11-defined lenticular Yein a much 
a 1 foot 'vid anJ. 20 feet long. 

In thin s 'Ction th moderat ly miner11lized rock con i ts mo. tly 
of much hattered f 1<.1 par and quartz. The feld ·pars are traver ed 
by Yei nl t of ericit and calcit and the qua rtz areas by veinlet of 
minutely granular quartz. Chlorite i. present in small drawn-out 
aggregat s r pre entinrr th oriO'inal biotit of the rock. Pyrite is 
pr nt in mall grains losely a · ociat d with th ricite and quartz 
veinlets. The absence of magn tite sugg sts that its iron, with prob-



224 ONTRIBUTIO 'S TO ECO OMIC GEOLOGY, 1915, PART J. 

ably some f rom the biotit ha · gone to form the pyrite. The ricite 
(if it is ::111 of the pota h vari ty) implie. an introduction of :om 
potash to repla e the soda and lime of plagiocla e, but th principal 
material introdu ed appear to haYe been 'Yater, carbon d iox i le, 
and a little ulphur. 

The more completely mineralized rock in thin ection how the 
same character, but the f ldspar and chlorite are n arJy all r plac d 
and the quartz is nearly all recrystallized. econdary quartz i 
abundant and ricite ubordinate. Galena. i pre nt with th pyrite. 
Both ore mineral form aagreO'ate · con.fined princi1 ally to the n t­
work of veinlets but also endinO' short branche into th inclo inO' 
minerals. The quantity of replacing mi neral in thi rock hows 
that silica, iron, and lead, as well a · sulphur, water, and carbon 
dioxide, were · introduc d. ericitization characteri tic of the less 
inten e alteration, is here over hadowed by ilicification. 

small slupment of ore v;ras made from this mine a few years ago. 
It ran well in ilver and comparatively well in gold. 

The only deposit in the limestone of the Alpine district visited by 
the writers is on the lpine-Galena property, near the mouth of 
Boxelder Canyon northea t of lpine. The country rock is near the 
ba e of the gr at limestone series and is probably of ambrian age. 
The only ore found up to 1912 was in mall rna es of sih er-benrinO' 
galena and lea.d carbonate along a bedding plane. The bedding 
plane bad been followed clown about 50 fe t to a small body of 
leached replacement quartz oriO'inally pyritic. 

The mineralization in the lpine di trict, so far as di clo d both 
in the Lucky hance and in the lpine-Galena ground, was of the 
sam hara ·Ler as that in the productive mine of the ottonwood­
\merican Fork region but the amount was decidedly mall. 

GE N E SIS OF THE ORES. 

\. detailed di cu ion of the O'ene i of the ore of the region 
will not be given in this place, but certain facts bearing on this 
subject will be pointed out and the general conclusions reached 'vill 
be stated. 

As has been shown in the disci.1ssion of the main type of de­
posits-contact, fis~ure, and bedded deposits-there i no doubt that 
they are of common origin, showing complete mineralogical ~Yrada­
tion. t se•eral places contact depo its pa into fis ·ure d po it · 
and as a rule the cla sification into fis ure and bedded depo it is 
based on form rather than on any inherent difference in the char­
acter of the mineralization. 

The deposits in the igneous rocks, so far as hown by present de­
velopments, are of little importance in this region, and their relation 
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to the depo its in the adjac nt edimentary r ck i not a cleadv 
hown a in other di . tricts of th tat . The min rnlization in tl;e 

ign ou rock , however, is such a · might haYe been :ffected by the 
same solutions that produced the depo it in the edirnentary rocks. 

The source of the metal-bearing :olution i belie' ed to have been 
the igneou material that forms the .-tock iJl the r gion. Thi i 
indica ted by the location of the depo it and al o by the cha meter 
of the mineralization . ()'lance at the geolo()'i map (Pl. \I) will 
show that the principal mineralized areas of both the Cottonwood­
American Fork and the Park City region· are grouped around the 
' layton Peak tock. They are a · ociated with .fi ure that were 

apparently formed at the time of the intrusion of the tock . This 
grouping in itself sugge ts that the ore-bearing solution ,-.;-ere de­
ri \'Cd from the intrusi \'e mat rial. Moreover the aplitic and peg­
matitic dikes or veins which were evidently late phases of the igne­
ous activity, contain sulphides and locally diopside in notable 
amount, and this naturally sugg ts that the . olutions which e caped 
from the igneous bodies carried ore-forming material ·. The a o­
ciation of diopside and pyrite, both in the aplitic Yeins and in · the 
contact depo it , is especially ugge tive. The depo its, notably the 
c ntact depo it are imilar in character to tho e of other eli trict 
where their origin from solution· given o:ff from igneous material 
i~ pretty definitely e tabli bed. Of particular significance in thi 
connection is the boron mineral lud wigite, a the boron mineral are 
commonly regarded as indicative of igneous origin. 

The depo its in thi region are in many respects imilar to tho e of 
the Park ity district, which have been carefully tudied by Boutwell 
and whi ·h he conclude are O'eneti ally related to the intrusiYe ro k .' 
There are, ho"·eyer, di:ff renee b tween the d po its of the two area . 
that hould not be oYerlooked. It i commonly tated in new paper 
and oth t' de ription of the ottomvood region that the ore depo it 
o cur in the ame f rmation a those of the Park City district a tate­
ment with no ba i. in fact for th d po its of the Park ity eli tri t 
are all in the Weber quartzite and hi()'her formation , while the lmown 
] po it of the ottomvoo l at· a are, with few exception , in forma­
tions b Low the Web r CJUartzite. \. ompari on of the depo it at 
cliff r nt horizons in the trati~Yraphic erie gives this fact added ig­
nificance. \.round an~ lo ely as ociated "ith the Little ottonwood 
tock of gmnodiorit intrud d into the pre- ambrian and early arn­

urian rock , few if any, depo it of commercial importance have been 
deY loped whil mo. t of the important depo it of the belt are a o­
ciated with the Clayton Peak stock of quartz diorite, intruded into 

1 Boutwell, J. ·M., op. clt., p. 128. 
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Paleozoic and Mesozoic rocks. MoreoYer >iewed in a o· neral way, 
with due regard for structural feature nnd lift' r nee in haracter of 
ro k which haYe been important factor in tho d po ition of the ore , 
th re i a general in rca e in mineralization from the lower to the 
high r formntion tho ore bo(1ie in th late Paleozo.i and early 
Me. ozoi rock · of the I ark ity eli trict b ing far mor nlluabl than 
any kno" n in the elll"lier rocks of th otton" ood area . 

I It i ne dle s to . ay that thi · tatement does not imply that valuable 
der osits do not exi t in the Cotton,vood-Am rican Fork region, for 

, several s11ch d po it ha ,·e been d Yeloped; but, o far as kno' n, they 
nre neither o large nor o continuou a in the Park City distri ·t. 

A t11dy of the ore Lleposit of the tate 1 indi cate thnt n a o- n ral 
rnle the gr a test mineralization occur· t " ·ard the top of i ntru i ,.e 
stocks ot· in the adjn c 'nt ·ed imentary Jormntion nt a tTe. ponding 
horizon, and therefore it i not I robable that the minera lization in 
the Cottonwood- \.meri an Fork nr· a wa. a. cxtcn. iYe ns that in tho 
Pnrk City eli trict. 



POTASH IN CERTAIN COPPER AND GOLD ORES. 

Compiled by B. S, BUTLER. 

COPPER ORES. 

INTRODUCTION. 

The amount of copper ore that is treated by concentrating methods 
has rapidly increased dming the last few years and now exceeds 
30,000,000 tons a year. Probably 25,000,000 tons of western copper 
ores are now annually treated by this process. Any commercial use 
that might be made of the tailing from such treatment would be of 
prime importance. In the pa t the Smvey, in its study of th e 
deposits, has collected a large amount of information concerning the 
composition of the ore , much of which has recentl been publ.i~hed 
for the :first time.1 An inspection of th e analy es how the fact 
veil known to students of the depo its, that the ores are relatively 
rich in potassium. 

In the treatment of the ore::; for the recovery of the metals con­
tained they are :finely ground. If the recovery of potash from silicate 
should ever become a commercial pos ibility it would seem that the 
tailing from ~hese ores are in a condition well suited to cheap treat­
ment and would furnish a very large upply. They are, moreover, 
ace sible to transportation faciliti and in many places to mod­
erately cheap supplies of electric power, water, etc., that have been 
provided for recovering the metal content of the ores. The recovery 
of potassium from silicates has received much attention in recent 
y ars, but no commercially successful method ha yet been put into 
operation. The large and cheap upply of such material, however, 
is certain to encourage further investigation. It seems reasonable 
to suppose that in the treatment of ores in which the potassium 
occurs in the mineral muscovite, the muscovite will tend to collect 
in the :finer material or " limes," and these finer tailings may be 
considerably higher in potas ium than the coarser material. If they 
are, it may be to the inter t of the companies to impound separately 
the fine and coa1 e tailings. 

In the following pages have been brought . together portions of 
some complete analy es of copper ores from different districts show­
ing the potash content and the percentages of the commoner oxides. 

• Clarke, F. W., Analyses or rocks and mJnemls from the laboratory or the Unlted Stat Geological 
Survey, 1880-1914: U. S. Goo!. Survey Bul l. 591, 1915. 
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For each district arc given the amount of ore available and the 
quantity that has been treated. The last it m gives an approxi­
mation of the amount of tailings that have resulted from past 
operations. 

For the convenience of the reader wishing to e ' amine the full 
analyses in the original publications, the letters designating the 
excerpts from the analyses are those used in the publication from 
which they were taken. 

BINGHAM DISTRICT, UTAH. 

B, C, D, Mineralized monzonite porphyry, collected by J. M. Boutwell from British 
tunnel, Last Chance mine, and described in Professional Paper 38, page 178. E. T. 
Allen, analyst. 

E, F, Altered porphyry, collected by B. S. Butler, who supplies the petrographic 
data. George Steiger, analyst. E, Dark ore; contains biotite, orthoclase, muscovite, 
rutile, and quartz. F, Light ore; cont.'lins quartz, orthocla.'le, muscovite, rutile, 
and very little biotite. 

[From Bulletin 591, p. 146.] 

B c D E F 

----------- -------1---------------
sw •......... .... .. ............. . . ........... ... . .. .... ........ 
AltO, . .. .. . .. ... ... . .• . . . . . . . . . .. . . .... .. ....•.. .. . • . ...•... ... 
Fe,Oa ... . .... . ....... .. .... .. . .. . ............. .. ... . . . ..... .. . 
FoO .. . .... . . . ... . . . . ..... . ................ ..... ... ..... . ..... . 

~3.·. ·. ::::::::::::: : ::::: : :::::::::: : : :::::: : : : ::::::: : ::: : : : : 
Na,o .. .... ... . ..... . . . . . . .. .... . .... . ..... ... .......... . .. . . . . 
KaO ... ... .. . ...... . ... . ..... . . . ... ..... ... ... . . . ............. . 

56. 78 
16. 00 
6.87 
2. 34 
.03 

1. !8 
.37 

7. 02 

56.17 
15.94 
3.43 
1. 92 
1. 60 
5. 19 
2.48 
4. 91 

58.64 
15.35 
3.25 
2.54 
3. 4 
5.37 
3.60 
4.23 

63.09 
16.33 
1.37 
3. 29 
3.53 

. 70 
2. 79 
3. 91 

66. 27 
15.01 
1.84 

. 39 

. 71 

. 18 

. 72 
9 . 6~ 

These analyses represent rocks that have undergone the altera­
tion that has accompanied the deposition of ore minerals. The 
composition of the ore mined is probably roo t nearly represented 
by analyses E and F. Min ralogically the ores differ consider­
ably, but potash is present in the minerals muscovite, biotite, and 
orthoclase, in varying amounts. Analysis F , the one highest in 
potash (~0) , representd a specimen of the "light ore," in which 
much of the pota sium is in the mineral orthoclase. 

By churn drilling and other mea.ns of exploration, 377,690,400 
tons of ore of this type, of which 35,190,400 tons had been mined 
and milled, had been developed in this district to the end of 1914. 

Samples of tailings from the mill of the Utah Copper Co. were 
examined in the laboratory of the Survey by R. C. Wells with the 
following results: and vanner t ailings, 6.81 per cent ~0, 0.53 per 
cent N~O; slime vanner tailings, 5.88 per cent K 20, 0.56 per cent 
N~O. 
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SAN FRANCISCO DISTRICT, UTAH. 

Altered quartz monzonite, collected by B. S. Butler and described in Professional 
Paper 80. C, 0 K mine; D, Cactus mine. R. C. Welli, analyst. 

[From Bulletin 591, p. 148.] 

~: .. . ; : .: . > :: : 
Na,o .... .. . ....... . ..... .... .. .... .................. . ...........•............. . ...... 
KtO ............ •... . . ... .. . .... ..... . . .. .... •... . .. . •........... . ........ . . . ......... .. 

c 

66.87 
18. 14 
1. 36 
1.06 

.68 

.11 

. 61 
4.12 

D 

62.58 
17.21 

2. 29 
3.64 
1.13 

.29 

.rn 
6.02 

These are analyses of ores. The tailings dump from the Cactus 
mill is estimated to contain over 500,000 tons of materiaU The 
potassium in this ore is in the mineral muscovite. 

SANTA RITA DISTRICT, N. MEX. 

Rock from the anta Rita mine, 300-foot level. W. T . Schaller, analyst. 

[From P rofessional Paper 68, p. 39.] 

Si02 •• •••••. • .•• •• •• •• • .•... • ... ......... • •.•••....•• •••••.•.. 65. 15 
CaO............... ........... . ............. . .... . ............ 1. 96 
N~O . ............ ............ .. ........... . .... ..... ......... 2. 81 
K 20. ....... ...... ....... . ..... ............ ... . .............. 5. 52 

No series of analyses that can be said to represent the ore has been 
published. 

The ore consists of mineralized igneous and sedimentary rocks 
The sedimentary rocks (quartzite, limestone, and shale) originally 
contained little or no potash, and it is reasonable to suppose that in 
the mineralization they did not become as rich in this material as the 
igneous rocks, which contained several per cent of potash before 
mineralization. It seems likely, then, that this deposit as a whole is 
not so rich in potash as som deposits formed in rocks all of which 
carried potash before mineralization. 

A sample of the "slime" produced at the Hurley plant of the Chino 
Copper Co., where the or s from the Santa Rita di.strict are treated, 
was examined in the laboratory of the Survey and found to contain 
4.42 por cent of potash (K20 ). 

To Lhe end of 1914 there had bsen developed in this district 
95,300,000 tons of ore, of which 5,012,800 tons had been milled. 

'Bur. Mines Tocb. Paper 00, p . 18, 1915. 
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RAY DISTRICT, A R IZ. 

Rocks collected from mines of Ray Consolidated Copper Co. by F. L. Ransome, who 
supplies the petrographic data.. R. C. Wells, analyst. 

G. Metallized Pinal schist, "primary ore," Ray mine. Contains quartz, s ricite, 
chlorite, biotite, pyrite, chalcopyrite, pyrrhotite, and zircon. 

H. Altered Pinal schist, "primary ore," o. 1 mine, 2,075-foot level. 
I. Altered Pinal schist, enriched ore, o. 1 mine, 1,940-foot 1 vel. 
J . Altered Pinal schist, "primary ore," No. 2 mine, 2,190-Ioot level. 
K . Altered Pinal schist, enriched ore, ro . 2 mine, 1,925-foot sublevel. 

[From Bullotin 591, p . 154.) 

G H J K 

-------------------·1---------------
SiOo ..•......... ...... • . ...• ............•.... . ... . ............. 
A ltOa ..•.. . •...• •• . . . . .. ..........•....• .. .... • .. . . .• • .. . •• •... 
Fa.o • .. . .. .................. . ................... . ........ ..... 
FeO ...... .. . . .. ... ..................... •.. ...............•.... 

~J>. ·.·.·.:::: :::: :: : ::::::::::::::::::: : ::: : ::::::::::: :::: ::: :: 
N~~tO ......... . . .. . ... .. . . .... ............................•.... 
~0 . .....•.. . . . •. ......... . •... .. .......... . ..... . ..... . ...... 

7 . 91 
10.76 

. 7 
I. 57 
1. 66 
.25 
. 16 

3. 44 

6 .()() 
16.56 

.79 
l. TJ 
1.04 
. 27 
. 73 

5. 37 

68.44 
15.34 

. 36 
1.33 
. 21 
.07 
. 41 

5. 74 

71.05 
13. 49 

. 45 
1.15 
.41 
. 17 
. 31 

3.80 

The potash present is in the mineral muscovite (sericite) . 

6 .95 
12.88 

None . 
1.12 
.34 
.18 
.so 

4.99 

On December 31, 1914, the known ore reserve of this district 
amounted to 74,765,7 9 tons, and 7,061,821 tons of ore had been 
mined and milled. 

MIAMI D I STRICT, ARIZ. 

Pinal schist, the so-call d "primary ore," collected by F . L. Ransome. base 
Palmer, analyst. 

A. 420-foot level, :MJ.ami mine. 
B. 570-foot level, Miami mine. 
C. 3,480-foot level, Scorpion shaft. 
D. 3,350-foot level, Joe Bu h shaft. 

(From Bulletin 591, p. 154.) 

A B c D 

-------------------11--------
810 , ......... .... . .. ... •. .......... . .... •............................ . . 
AlsOa ...... ...... . ... . •............. .. . ... . . . . .......... . .. .. . ......... 
Fe,o, .. . . .. •..... . .. .. •.... . .... .. . . . ... ... .. . . ... .. . .... .. .. ... ... .... 
FeO . ....... .............. ..... . .. ..... .. . .. . ..... . ... . .. .. . . . .. ...... . 

~fJ>::.·.·:::: : ::::: : :::: : :: : ::: : : ::::::::::::::: ::::::: :: :: : : ::: : ::::: : : 
Na,o ..... . .......... . . . . . . . .•..... .. . .. . . . ...• . ... . • .. ...... . .•....... 
K,O ........... ............• ... ... .. . . ...... .... . .... ... .... ..... .. .... 

The potash in these ores is in muscovite. 

70.63 
14.02 
2. 73 
.72 
. 70 
. 13 
.41 

4. 93 

63. 04 
17. 82 
2. 26 
.89 
.58 
. 13 
.62 

6.58 

63.70 
19.53 
3. 46 
1.36 
1. 60 
. 41 
. 46 

5. 08 

66.92 
19.23 
1.09 
. 45 
. 97 
.27 
.39 

5. 61 

At the end of 1914 there were knovm ore reserves in the district 
amounting to about 133,000,000 tons, and about 3 ,650,000 tons 
had been milled. 
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MORENCI DISTRICT, ARIZ. 

Rocks collecte~ by Waldemar Lindgren and described in Professional Paper 43, 
p . 168. W. F. llillebrand, analyst. 

B. Altered porphyry, Ryerson mine. 100-foot level. 
C. Altered porphyry, chalcocite zone, Humboldt stopes. 
D. Surface alteration of altered porphyry, opper Mountain. 
E. Primary Bilification of porphyry, Ryerson mine. 

[F rom Bulletin 591, p. 156.) 

n c D E 

--------------------1--------
SiO, ....... ...... .. .... .. .......• . ......... .. ............ . .. . .. _____ _ , __ 
AlsOa -- - ------ · -··--·--·· · ··-········· · '···-· ---·---- · -·--····-·-·- · ··· 
Fe.Oa--- ······ · · · ···-··· ···-- ·--·--· -· -· · -· ··-···--·······-· -······· ·· -
FeO .... . .. . . .. ........................... . ................ . ...... . ... . 
MgO ... -------·-······--··· -··· ·· ·· ······ ··· -······· - ---- --·-·· · ---- - · · 
CaO. -- -···· ··· ·· ······· -·· ·- ·-·-·-------------···· ·--·· -······ -· · -····· a,o ............ .. ...... ......... .. ......... ................... .. ..... . 
K,O .... -------------··--·-·· -····· · ·······-·-·····-·-····---·-·-· ----- · 

46. 67 64 . 88 72. !~ 
20. 92 16. 41 15. 35 

. 37 } 65 { . 55 

. 36 . . 10 

. 85 1. 12 . 89 

. 15 . ll . 14 

. 16 .12 . 36 
4. 33 4. 96 5.00 

C,9.55 
16. 43 

. 46 

.11 

. 62 

.15 

. 17 
5.05 

The potash in these deposits occurs in the mineral muscovite. 
There are large ore reserves in this district. In the five years 1910 

to 1914, inclu ive, more than 7,000,000 tons of ore was concentrated 
in the district, and this together -v;-j_ th earlier operations has resulted 
in the accumulation of a large quantity of tailings. 

ELY, NEV. 

Rocks collected by A. C. Spencer. 
B. Altered monzonite, Veteran mine. The plagioclase is partly changed to seri­

cite. Also contains bioti te, orthoclase, quartz, and pyri te. George teiger, analyst. 
F . Enriched ore, bottom of Copper Flat mine. Original pla,o-ioclase destroyed by 

sericitization. George Steiger, analyst. 
G. Ore, west side of Copper Flat mine. Plagioclase replaced by sericite; orthocla~e 

not attacked . Quartz and sulphides added. R . _ Well , analyst. 
H. Ore material after complete oxidation, west side of opper Flat mine. Com­

po ed mainly of quartz and sericite, with some orthoclase and kaolin . R. C. Wells, 
analyst. 

I. Sulphidized monzonite, shaft of Ely Central Co. George Steiger, analyst. 

(From Dull tin 591, p. 162.] 

------· 
______________________ n_j_F __ o __ B __ _ 

810, . . ... . .. .. ..•..... •............. . ....•... . ..... . ........... 
AlsO•·· ·· --· · -· -·· ·· ···· ·--···-·-··-······-·-··· -··--··-·- ·· ·· 
Fe,O, ... ........... --·······-·· -·················•····-··· ··- ·· 
FeO ......... . .... ....• ......... ... . . ----·--········-·--- --· -- · 

~~g:_: ::::::::::::::::::::::::: ::::: : ::::::: : ::::::::::::::::: 
NasO- ----·· ··· ·-·----·--· · ····------················--········ KsO . ................ . .... . ... . ......... ... •....•........... .. . 

64.11 
16.52 

-41 
1.07 
1.85 
1.00 
1.64 
8.26 

64. 73 74 .62 so. 58 
14.41 10. 23 8. 51 
one. . ..... .. L 15 

. 53 . 55 Undet. 

. 76 . 83 Non e. 

. 44 Trace. . 15 

. 71) . 33 . 41 
7. 84 6. 57 5. 33 

60.37 
15.96 

-61 
1.80 
l.f>3 
4. 12 
3. 13 
5.07 

The potash in these ores occurs in the minerals muscovite, biotite, 
and orthoclase. 

To the end of 1914 more than 75,000,000 tons of ore had been 
developed1 of whivh more th® 15,0001000 to shad been milled. 
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BUTTE D I STRICT , MONT. 

Altered Butte granite, collected by W. II. Weed and G. W. Tower, and described 
in Professional Paper 74. 

I. Decomposed near quartz-pyrite veins. Shows opaline silica, with sericite 
derived from feldspar. Hornblende gone; mica recognizable only as sericite maBBes 
having the form of biotite. H. . Stokes, analyst. 

J. 300-foot level, Colusa mine. ontain a quartz, altered orthoclase and plagioclase, 
and sericite. E. T. Allen, analyst. 

K. Wall rock, 1,300-foot level, Parrot mine. Contains quartz, sericite, pyrite, 
bornite, etc. E. T. Allen, analyst. 

L. Enargite vein, 1,000-foot level, Leonard mine. Contains quartz, kaolin, pyrite, 
etc. W. F. Hillebrand, analyst. 

M. Veinlets in Original mine. Contains quartz, .sericite, partly altered feldspars, 
calcite, zinc blende, etc. W. F. Hillebrand , analyst. 

[From Bulletin 591, p . 94.] 

J K L M 

----------- ------1·-- ------------
810, .... ............ · · · ·············· · ... ········•·· .......... . 
Al,O, ... . . ... . .... ... . ... .. .. .. .. . . . .. .....• . . . ... . .... . ... . . . . 
Fe,O, .... . .... . . .. ... . .. . .. . . . . . .......... . •... ... . . .......... . 
FeO .. . . ...........•.. . ....... . ... . . . ... . ........ . ............. 
MgO .. ..... ..•... . . . ... .... . . .. . . : .. . . ..... . ..........•..... ... 
CaO •. . . . . . ..•• . •• .••.. • .• •. . •.••. . . . ••..•••• . .• . ••...•• . • . .• • . 
Na.O . ... .. . ....... . .. . . . ............... . .... .. ... ... . . .. . .... . 
x,o .. .... .. .... .... .. ..... .. ... ..... ..... ................. .. . 

64.81 
19.44 

1.82 
. 16 
.19 
.18 
. 21 

5. 30 

Potash is present in the mineral muscovite. 

56. 80 
21.02 
3. 06 
.oo 

1. 21 
. 35 
.50 

4. 78 

62. 09 
15. 49 
8. 52 

. 42 

.20 

. 37 
4. 34 

66. 00 
15. 83 m 

Trace. 

: ~~ 
.03 

54.30 
13.63 
1. 89 
2. 22 
2. 13 
7. 36 
.16 

4. 41 

The Butte district contains large re erves of concentrating ore. 
During the la t 10 years the district has made an annual output of 
ore ranging from 3,700,000 to 5,600,000 tons. As a large part of 
this ore was concentrated it is evident that these and earlier opera­
tions have-resulted in the accumulation of millions of tons of tailings. 

GOLD ORES. 

The ores of several of the large gold-producing districts of the West 
are notably rich in potassium, and although the tonnage in these 
deposits is usually small compared with that of the copper deposits, 
nevertheless in several places there have been large accumulations 
of tailings. It is probable· that the analyses quoted below, all of 
which were· made for other purposes than the determination of the 
potash content of the ore, give a less accurate idea of the potassium 
content of the material as actually mined and milled than the analy­
ses of the copper ores. Some facts concerning a few of the larger 
districts are given in the following paragraphs. 
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CRIPPLE CREEK DISTRICT, COLO. 

Altered l<l.tite-phonolite. 
A. Washington shaft, Stratton's Independence . mine. Collected by Whitman 

Cross. W. F . Hillebrand, analyst. 
C. Level 11, vein No. 3, Vindicator mine. Collected by Waldemar Lindgren and 

F. L. Ransome. W. T . Schaller, analyst. 

[From Professional Paper 54, p. 189.] 

A C 

---------------------------------------------------1---------­
SiOt.... . . ........ . ... . ......... . ....... . ....... ..... ... . .................. . . .... . . . ..... 56. 74 57.91 
AltO,........... .. ... . ..... . ............... . ....... . ... . .. ...... ... . . ... .......... . ..... 20.30 .......• 
Fo,o,. ............ . .. . . ..... . ............... . ...... . ...... . . . .... . ...... . . . . . ........... 1. 06 .. ..... . 
FoO ...... . .... : ........... .. ......... ... . .. .. . .. .. . ... . . . . .. ........... . .. ........ . .. ... ········ ....... . 
MfS.·.·.·.·.·.·.·.·.·.·.·.·.·.~~ : :::::::: : ::::::::: :::::::::::::::: :::::::::::::::::::::::::::::::::: : ~ :~~ 
'a,o...... ... ...... .. .. .... .......... .. .. ........... .. .... .... ........ .. ... .. ........... .62 .45 

K,O... .. . . . . ..... ... . .. .. ... . . . .. •......... ....•.. .... . .. ......... ...• . ..... ... ......... 13.36 • 13.35 

Breccia from Golden Cycle mine. Collected by Waldemar Lindgren and F. L. 
Ransome. W. T. Schaller, analyst. 

[From P rofessions! Paper 54, p. 192.] 
Si02 •• •• . - ••. ..•• • • - • • • • •••••• _ ••• _. - • •• _ •••• _ ••• ••••••••• - •• • 54. 57 
CaO .. .... . .. - . .... - ......... - .............. - . .. - . - . - - ... - . . . . 2. 79 
MgO . _ . . . . ...... . - . . ... - ..... .. .. . ..... .. ~ .... - .. - . .. - . .. - ... - 1. 06 

N~O-···--·-- · ·--···· ·· ···· · -·· ·····-· ···· ···- · · ···· ···· ·- ··· 3.85 
K 20 ... --- . .. - ............. ... - . ... - .. .. .. . .... - ..... . . - .. . . . 7. 50 

Fresh and altered granitic rock from level6, Ajax mine, B 1 foot from A. Collected 
by Waldemar Lindgren and F. L. Ransome. W. F. Hillebrand, analyst. 

[From Professional Paper 54, p . 194.] 

sw •. ... ...... .... .. .. ... ............... ............ .......... ....... ............. ······· 
AlsOa . ................. . ... ... ......... ... ....... . ..................... . . ......... . .. . . . 
Fo,Oa .............. .. ........ . . ...• . .....• ..... . • ......• ... ...•.. ... •••. . ..••....... .... 
FeO ...... ....•..................... ... ........ . ...............•................... . ..... 

~S.:: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::: :::::::::: 
Na,O ....... ... .. . ... •.. ..... ..... . ......... . ...•.............••. . .. ........ . .• . ...• . • ... 
KsO ....... . . .............. . ....................•......•...........................•..... 

A 

66.20 
14. 33 
2. 09 
I. 93 
.89 

~: ~~ 
7. 31 

B 

59.58 
16. 00 

.30 

.65 

.03 
2.03 
.9 

11.93 

During the period 1904 to 1914, inclusive, the Cripple Creek dis­
trict produced 7, 796,000 tons of ore. As mo t of this was Iiiilled, it 
is evident that a large accumuJ,ation of tailings has resulted. 

GOLDFIELD DISTRICT, NEV, 

The rocks of the Goldfield di trict, Nev., contain potas ium in the 
form of alunite, but so far as indicated by available analyses 1 the 
perc ntage of pota ium in the ores is not very high. 

To the end of 1914 the Goldfield di trict had produced about 
2,400,000 ton of ore, a large part of which WiLS treated in the mills 
of the di trict. 

• Ransome, F. L., Geology and oro deposits or Goldfield, Nev.: U. S. Geol. Survey P rof. Paper 66, 1909. 

10427°-Bull. 620-16---16 



234 CONTRIBUTIO '"S TO ECO OMIC GEOLOGY, l!l15, PART I. 

TONOPAH DIST RICT, NEV. 

Rocks collected by J. E. Spt.ur and described in Professional Paper 42 . 
. Kaolinic alteration of hornblende andesite, from a pit in the saddle between 

Halifax shaft and the Mizpah mine. Entirely altered to quartz, kaolin, and mus­
covite. George Steiger analyst. 

D. Hornblende a~desite, altered to chlori te and calcite; Mizpah shaft, 675 feet 
down. Contains chlori te, calcite, a li ttle quartz, fe ldspar, serici te, hematite, zircon, 
and apatite. George Steiger, analyst. 

E. Hornblende andesite, partly altered to orthoclase (?), Mizpah Hill. Ferro-
ma.,oonesian minerals completely decomposed. ome secondary quartz is present. 
George Steiger, analyst. 

F. Hornblende andesite altered to quartz and muscovite, Mizpah vein . Liftle 
more than quartz and muscovite can be made out. George Steiger, analyst. 

G. Early andesite, hanging wall of vein, 300-foot level, Mizpah mine. A more 
advanced stage of quartz-mus ovite alteration than F. George teiger , analyst. 

H. Extreme staae of alteration of andesite to quartz and muscovite, west drift, 
Mizpah vein. Quartz, with much muscovite. George Steiger, analyst. 

J. Pyroxene-biotite andesite, completely decomposed , Montana-Tonopah shaft. 
Feldspars entirely altered to calcite, seri i te, and quartz. Biotite and hornblende 
altered to chlorite, calci te, quartz , seri i te, sideri te, and pyrite. George teiger, 
analyst. 

M. Biotite-pyroxene and i te . • North tar shaft. Entirely altered. Feldspar 
altered to calci te. Pyri te, siderite, and ruti le are present. eorge teiger, analyst. 

[From Bulletin 591, pp. 1 , 159.) 

c D E F G H J 

------------1-------------1---
SiO, . ............. . .. . . . .... . . . ..... . 71. 14 55.60 73.50 72. 98 76. 25 91.40 57 .51 51. 64 
AlsO, ...... . ..... .. ...... . ..... . . .. . . 15.2-l 16.70 14. 13 14.66 12.84 4.31 16. 55 15.58 
FesO, ................... .. .......... . !. 77 2. 23 I. 51 1. 01 0 54 0 77 3. 20 0 16 
FeO .. .............. . . . ............. . .26 3.51 . 26 .16 .33 .11 2. 02 .58 

Mfg:: :::::: ::::::::::::: :::::::::: :: .16 2.60 .21 .33 .56 . 18 2. 30 2.79 
.09 4.27 .12 .is .16 None. 6.06 6.25 

Na.O ..... . ................ . . . ...... . . 2-l 4.08 .24 None . .12 .06 2.76 .27 
K sO . ............. . ......... . ....... . 6.31 3.17 5. 11 6.03 3.20 1. 68 2. I 2.46 

An inspection of these analy es hows a mark d variation in the 
potassium content, and a sampling of the tailings would be required 
to determine the average composition. 

Since 1904, 3,342,000 tons of ore has been mined in the district, 
and as most of this was milled there is a large accumulation of 
tailings. 

OTHER DISTRICTS. 

There are numerous other districts in which the ores and asso­
ciated rocks contain notable amounts of potassium, among which 
may be mentioned the deposits of the Black Mountains, Ariz.,t 
which contain potassium in the mineral adularia (orthoclase feldspar). 

' Schrader, F. C., Mineral deposits or the Cerbat Range, B lack Mountains, and Grand Wash Cl.ifl's, 
lo{Qhave County, Ariz.: U.S. GeOt. Survey BulL 397, p. 48, 1909. 
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Schrader 1 has described deposits in the J arbidge district, Nev., 
which contain an un~sual amount of potassium. \. general sam­
ple of the ore from one mine gave 11. 4 per c nt of pota h (~0), 
and it is estimated that some of the ore contains as much as 15. per 
cent. 

Lindgren 2 has described depo its in Idaho, specimens of tho ore 
from which contained 15.12 per cent and 14.95 p r cent of potnsh 
(K20 ). 

There are doubtless numerous other deposits in the West that 
contain potassium in noteworthy amounts. 

NOTE ON MUSCOVITE. 

By GEORGE STEIGER. 

In connection with the general subj ect of the constitu tion of 
silicate , some .experimental work was done on muscovite in the 
chemical laboratory of the nited State GeoloO'ical Survey evera[ 
years ago, and the resul ts may possibly have some bearing upon the 
commercial extraction of potash from that mineral. 

Clarke 3 states that from the compo iLion of muscovite a splitting 
up into water, leucite, and sillimanite may be inferred according to 
the equation-

Al3KHzSi3012 = AlKS~O. + Al2Si05 + H 20 

Doelter 4 identified largo quantiti of leucite and a ub tance 
r embling nephelite in the fusion product of muscovite. As shown 
by Clarke and Steiger, 5 if leucite i heated in a sealed tube with 
ammonium chloride the pota sium is wholly conver ted into the 
soluble chloride and may be easily separated by treating with water. 

A brief outlin of the re ul ts of the experiments on mu covite 
follow and i publish d in advance of the complete repor t on the 
inve tigation, in th belief that the f a ts determined have a t h­
nologic bearing and may P9 ibly be used as a starting point in the 
development of a commercial process for the u tilization of mu co­
vito-bearing ro k . 

Finely ground muscovite 6~was intimately mix d with ammonium 
chloride in a mortar, and the material' as then put into glas tub , 
sealed, and h ated to 350° C. in a bomb furnace. Th t•bes were 
next opened and their conten ts were leached with hot wuter and 

1 Schroder, F . C., A recomtaissance of the Jarbidge, ont.act , and E lk Mountain mining d istricts, Elko 
County, Nev.: U.S. Oeol. Survey Bull. 497, p. 53, !912. 

2 Lindgren, ' Valdemar, The gold and §th·er veins of Sil ver City, De Lamar, and other mining districts 
in Idaho: U.S. Oeol. Survey Twentieth Ann. Rept., pt. 3, p. 167, 1900. 

• Clarke, 1' . w ., The data of geochemistry , 2d ed.: U . S. Oool. Survey Bull. 4~1, p. 376, 1911. 
• Doeller, C., ' eue.< Jahrb., 1&'7, Bd. 1, p. 1. 
• Clarke, F . W ., and Steiger, Ocorge, U. S. Oool. Survey Bull. 207, p. 16, 1902. 
• Most of tbe slime tailings !rom tbo copper mill pass through a 200-mesb screen. 
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washed until the wash water gave no test for chlorine. The results 
are stated below. 

Results of heating muscovite with ammonium chloride. 

2 3 

Leach water .. . . . ........ . . .. .. .. ... .. . .... . . . . K,O+ a,O. 10.38 10.53 2. 70 
Residue from leach water: 

{
At,O, .... . . . 

Soluble iu HCI. . . .......... . . .. . .. .. ... . . . . 

1 

KtO ...... . . 
C. JT,),O ... . 

Soluble iu Na,co, after HCI.. ....•. . . .. ... Si0 2 ••••••• • 

4. 79 3.55 8.19 
.60 . 33 1.08 

3. 78 3.50 1.00 
10.34 Undet. Undet. 

1, 2, Ammonium residues from fused muscovite; 3, ammoniu m residue from unfused muscov ite. K 20 
In leach water given in calculated percentages of raw muscovite; other detenniuations iu calculated per­
centages of dried residues. 

The mu covite used contained 9.55 per cent of K 20 and 1.20 per 
cent of Na20 , a total of 10.75 per cent. Of this am91mt practically 
the whole was found in the leach wat r, showing that by first fusing 
the muscovite and then treating it with ammonium chloride its 
potassium was entirely converted into the soluble form. Tho results 
given in column 3 show that more than 25 per cent of the potassium 
present may be converted into the soluble form by the treatment 
with ammonium chloride alone. 

Some experiments were also made to determine to what extent 
potassium might be extracted from muscovite by treatment with 
hydrochloric acid. The results stated below show that by a very 
superficial treatment with hydrochloric acid approximately one­
third of the potassium may be extracted. 

Per cent K,O. 
Boiled 5 minutes with 1- 1 llCL ........... . ...... . . . . . • . ... .. .. .. 3. 36 
Boiled 5 minutes with 1- 10 HCI.. ... . . ... . ... .. . . ... . ......... . . 2. 94 
B oi l d 30 minnt s witJ1 l - 1 H l. .. . .... .. . . . . .. . . ......... ..... . 4. 24 
B-oiled 30 minutes with 1-50 HCI .. ... . .... ..... .. .... ..... .. ... . 3. 21 

As shown in Bulletin 207, the treatment of a leucite rock 1 "lvith 
ammonium chloride "lvithout the preliminary fusion will convert the 
potassium of the leucite entirely into the soluble form. If an open 
vessel is used, however, instead of the sealed tube, and the heating is 
continued too long the action is reversed. The soluble potassium 
salt which is form d at first will react with the insoluble ammonium 
compounl and the potassium itself "lviU become insoluble. 

t An estimate of the quantity olleucite-beariug rock available in the Leucite H ills, Wyomiug (U. 8. 
Oeol. Survey Bull. 512, p. 35, 1912) gives nearly 2,000,000,000 tons, conta ining an average of 10 per cent 
of potash . 



RECENT ALUNITE DEVELOPMENTS NEAR MARYSVALE 
AND BEAVER, UTAH. 

By G. F. Lo OHLIN. 

I :rT R ODUCTION. 

In 1910 certain deposits of ' pink spar" about 7 miles south we t 
of Marysmle, tah, were recognized as aluntte, the double sulphate 
of aluminum and pota ium. ince January, 1911, many alunite lo­
cations have been made in thi region. Pro pecting and development 
have been essentially continuous in the hope of developing a coinmer­
cia l source of potash . nlts, and this hope now appear to have been 
realized. The greate t amount of development work has been done 
on the Gillan-Cu ter group of claims, operated by the :Mineral 
Products Corporation, of Marysvale. 

A demonstration of the feasibility of extracting pota sium sul­
phate f rom alunite, py W. T . challer , was published by the nited 
States Geological uney, on December 1 , 1911.1 This pro e has 
been 'vorked out on a commercial scale by the Mineral Products Cor­
poration, which recently erected the fir t mill for the treatment of 
alunite in the country and made its fu· t production of pota sium sul­
phate on October 7, 1915. On October 20 a carload of 2 tons of 
potu sium sulphate reported to be 93 per ent pw·e wa shipped in 
cotton bags to the Armour Fertilizer ·works at Ja ksonville, Fla.2 

It is report d that at lea t one other company has plans for the 
erection of a mill. 

The first discoveries on the Gillan-Cu ter group of claims were 
vi ited by . \?i. Haye , then chi f geologi t of the nited tate 
Geological urvey in (arch, J 911, and were later examined by B. 
Butler and H . . Gale, there ults of whose work, including"'1. o·eneral 
cr olog1c reconnaissance of the Mary Yal region, >tere publi hed in 
1912.8 Public interest in the more recent developments prompted 
a econd examination of the region in 1914, and this fi Jd work form 

1 U. S. Geol. . urvey Press" Bull. 30, 1911. 
" Telegrum (r m baric 11. :- rae Dowell, pt·csident Armoux Fertilizer \Vorl<~: i\lanufu c­

t u rers R cord, Oct. 21, 1915, p. 52. A private letter from Gascoyne & Co., Baltlmor , 
Md., dated ov. 10, 1915, reports tbat unalysl of potash of this shipment showed 95.39 
per cent of potassium sulphate. 

o Butler, B. ., and Gale, U. ., Alunite, n n wiy discov red d po it nea r ;\l a ry . nllc, 
tab: U. S. Geol. • urvey Bull. 511, January, 1912. See al o . . Geol. urv y Pre ·s 

Bull. 30, Dec. 1 , 1911. 
237 
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th basi of the present report. In Octob r 1915, dur ing the first 
days of op ration of the Mineral Products orporation, the region 
wa . Gale and ' . C. Heik s of the nit d tate 
Geological tuTey. Mr. Gfl,le de cription of prop rti s eith r inac­
c s ible in 1Dl4 or de,·eloped ince then and Mr. Heike ·' de cription 
of the mill are incorporated in the followincr page . 

The known alunite depo its in tah are in Piute County, on the 
east ide of the Tu ha r Motmtain , and in Beaver County, on the west 
~'!ide, but on ly tho e in Piute onnty are at p resent of commercial 
importnnce. Th depo its of Piute onnty are from '7 to miles 

FIOURE 1.3.-;-Index map ·howing location of alunite deposits near Marysvale and Beaver, 
Uin~ . 

southwe t of iarysYale, in he Ohio and Mount Baldy mining di -
trict and tho e of Beaver Col,lnty are about 10 miles northea t of 
Beaver, in the Newton mining di tri ·t. ( ee qg. 13.) 

1ary vale, at the terminu of the farysvale branch of the Denver 
& Rio Grande Rail road, is about 120 mile · outh of the main line 
of the same system. Beaver i 40 mi les southwest of Mary. val and 
about 35 mi l · ea t of Milford on the San Pedro, Lo ~gele & alt 
Lake Railroad. 
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GEOLO GY OF THE TUSHAR MOUNTAIN . 1 

The Tushar Mountains form part of a long north- outh range 
betwe n the valley of Sevier River on the east and a broad de ert val­
ley on the we t. The floor of eYier alley near Marysvale ha an 
elevation of about 5 600 f et and that of Beaver reel at Milford 
about 5,450 feet. From the e depression · the mountains ri e boldly, 
the highest summits of the range, situ a ted north west of Marysvale, 
n ttaining elevation. of nearly 13 000 feet. 

The range is ompo ·ed of both edimentary and igneous rocks. It 
is outlined by north-south faults and i tim like the ranges of the 
Great Basin pro-vince to the we t. Howe,·er , the bedded rock , 
including edi.ments and >olcanic.flow , ar not greatly tilted, and in 
this respect the structure is like that of the plateau province to the 
east. 

The dimentary ro ks expo ed along the monntain front we t and 
southwest of Mary '' ale comprise limestones and quartzite haYinO' 
an agO'regate thi lmess of perhaps 2,000 feet. The e formation · are 
regarde 1 as of J ma sic a O'e. 
· Re tinD" on the ero led surface of the ed imentary rocks are ffu ive 
volcanic ro ks compri ing lava flows and tuff·. In general th lower 
part of the volcanic serie i compo ed of da cite, but chemical in ve -
tigation may how that ome ande ite al o i present. 

hove the dacite, forminD" the highe t part of the range and toward 
the north, extendinD" far down the lope is a series of li()'ht- olored 
rhyolite flo\Y S and tuff localJy called shale. 'onthea t of Beav r 
there are ba alt flows that are younD" r than the rhyolite. The 
alunite vein. of the reO"ion, o far as ob erved, are in that part of the 
volcanic eri which li e· below the rhyolite flows. 

f later ri()'in th an th rhyolite and tuff seri an~ intru ive rocks 
whi h though of di,·er e compo:i.ti on are all related to quartz mon­
zonite. The ro k oc npy relati ,·ely small nreas, but the mu1eral 
veins of the r gion ar lat r than them and are undoubtedly related 
to th m genetically. 

The Tushar TianO'e i d limited on the ea t and we t by prominent 
fault and within the rano- ther ha. also been faulting anel fissuring, 
whi h ha ' 'e affect d all the ro k xce1 t po ibly the basalt . In the 
main th e fault within the mountain how northerly to north­
\Yesterly trend , but there are a few cro s break . 

The mineral depo its, ·on i ting mostly of Yein but including 
some in o-ular r pla ern nt· bodic , conform in occurrence with the 
faulting and fi surinO', nnd thu mo t of them show north rly to 
north,Yesterly trend . Th e depo its ompr:i e two eli tin t mineral­
ogi type one containill()' no alunite and the other compo eel almo t 

1 Tbl description is summarized from U. S. G ol. urvcy Bull. 511, already cited. 
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entirely of alunite or of alunit and quartz. In o-eneral the alunite 
deposit do not contain ulphid s or r lated minerals in conspicuous 
amount, ' herea · the other vein do, and ome of them have b en 
worked for metal , principally ilver and aold. Only the alunite 
d po its were examined by the writer . Tho. e outhv. st of 1ary -
val are eli tinct though itT O'Ular veins, whose formation wa a com­
panied by a minor amount of replacement but the deposit at heep 
Rock, northea t of Beaver, i · an itT gular replacement body. 

ALUNITE DEPO SIT SOUTHWE '1' O F MARYSVALE. 

LOCATION AND EXTENT . 

The b t-lmown alunite depo it ·outh' e t of 
sec . 16 and 17, T . Z . R. 4 \Y. They li 

"Alunite in place 
l... Tunnel 

o Alunite float. 
" Shaft 

1larysvale are in 
in thr e roughly 

FIGURE 14.- Map showing location of prospects In the principal g roup of a luni te deposits 
ucar ~I arysv&le, Utah. ~umbers ref r to descriptions In text. 

parallel zones of northerly to northwesterly trend, tl e eastern and 
middle zones on or near the crests of ridges near th headwaters of 
Little Cottonwood Creek and its North Fork, the western ·zone close 
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to the bed on the main stream. ( ee fig. 14.) The pro pe t along 
the main stream can be reached directly by a circuitou ' a()'on road, 
with an a cent of about 5 000 feet. Prospects east of the creek 
(main fork) can be connected by hort inclined tramways with thi 
wagon road or by long tramways like that of the Mineral Product 

orporation , extending to roads nearer Marysvale. 
Other deposits, only little pro pected in 1914, lie east and south 

of those ju t mentioned. Th pro pects on the Lo t Horse and 1o­
hawk group of claims are about 2 miles farther from hrysvale 
than those on the three main zones, and are reached by trail from 
the Little ottonwood Canyon road. till others have been re­
ported to lie south of the divide between Little Cottonwood and 
Tenmile canyons. 

CHARACTER. 

GENERAL l"EA TURES. 

A ll the depo it thus far found are doubtless veins cutting por­
phyry (altered dacite), though in only a few expo ure have their 
true thickne es and exact trends been de.termined. Th alignment 
of pro pect pit and trenche and the distribution of float, howeYer, 
indicate for the mo t part trends of N. 20°-40° W., though at a few 
openings the trend is nearly due north. The dips of the different 
vein ar for the mo t part 50°-70° W ., but vertical dip baYe been 
noted at a few places and a teep easterly dip \Ya recorded at one 
obscure exposure. None of the Yeins have been opened continuously 
along their strike, but the alignment of opening indicates probable 
lengths of 500 to 00 feet for continuous vein and of 1,500 to 5,000 
feet for vein zone . The widths of the vein or v in zones are con-
id rable but the prosp ct trenches on all but the Cu ter vein did 

not a a rule afford a sati factory estimate of the width or thick:ne . 
The u ter vein contain an :werag thickne of about 10 feet of 
hi<7h-grnde alunite on ach ide of which mailer vein or band of 
alunite alt rnate with imilar thickne ses of quartz or highly ilici-
fied porphyry. · 

The be t expo ure in the we tern zone is on the L. & N. No.4 claim 
and how an expo eel thiclme s of 26 feet of whi h 20! feet is hiO'h­
gracle alunite and 5-t fe t quartz. Other opening how thiclme es 
of to 20 fe t. Th vein are eli tinctly banded, band of nearly pure 
alunite alternating with bands of quartz. The alunite portions them­
selves ar for tb most part banded by parallel to concentric mark­
ings imilar to tho e in travertine, or ' onyx marble," and char­
acteri ti of. open fissure IDling , but ther i al o eYiclence o\ r place­
ment on a minor scale. The general eli tribution of the ,-eins. is 
indicated on the surface by elongate to irregular areas of silicifica-
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tion, many of which appear to have detern:Uned the positi ns of 
ridrre and prominent p aks throtwh their superior re istance to 
eroswn. 

Three varietie of alunite ha vo b en noted in the '" •ins-coar ly 
cry talline, fine grain d to d n e, and laminated. The coarsely 
cry talline variety is by far the mo t common. It is pink to reddish 
and form large ma es of olumnar to platy ry tals a well as small 
veinlets that cut the other two ' 'arietie . It i · practically pure but 
contains minute qua11tities of pyrite or limonite and ili a (chalced­
ony and opal). It i mo t readily recognized in the field by the 
properties together with itc:: high pacific graYity (about 2. 2 1

) 

which i di tinctly hiuh r than tha t of calcite (2.71) , the only min­
eral in the reuion that i likelv t r mble it in ry talline form. 

The fine-uraincd va riet. i pink to white and r embl por elnin 
'vher hard and chalk wh r softened by weatherin . nder the 
micro cope orne specimen nr se n to con ist nlmo. t ntir 1. f 
minute crystals of alunite with only-an apparently negligibl amount· 
of pyrite, silica, and kaolin; but in other ·p cimen these impuri­
tie are more con pi uou . 1he fine-oTained variety may re emble 
kaolin, or miner " talc' e pe ially if enough kaolin i pr ent 
to yield it characteri tic odor · but the fine-gr ained alunite, like th 
coar e- ~Yrained Yariety, may be recoQTiized by it hiO.h specific gravity. 

The laminated or shaly vari ty di ft'er from the fine-grain l 
variety only in it tructur which i vidently du to sheariniY 
along the plane of the vein. uch a tructm could have been 
developed in either of the other ,·arietie . 

DF.'J'A TLED DE CRIPTIONS. 

The following detailed descriptions of the alunite as ociated 
quartz, and altered \vall rock are given £or the benefit of tho e 
especially intere ted in the mineralouy and gene ·is of the veins : 

ALUNITE. 

In the coa r:' ly cry talline Yari cty of alun it the cry tals have a tubular 
form and occur in cliTerging olnmnar aggregate crossed by parallel lines r 
I.Jands. In ome places the l:uger cry ·tal e..xt nd aero s thes band ; Lu olber · 
the bands mark either in terruptions or p s ibly :1 led fracture·. 'l'be Uv(•rg­
ing characte r· of the ct·ystal aoogregate. i · even more noticeable under the mi­
croscope tllan in hnnd specimen . The rhombohedral fac s f the crysta l a re 
not u ually well de1·eJoped, bu t in many phlce. an open c:1vity b tween two 
band · hoiYS well-r~e,·e l oped rbombob dral face , wbicb, howe1·er bn ve om­
monly been etched by later olution. What in tlJe band spec im n app nr to be 
crystals are en undet· "the micro ope to be com].Josed of numerous ·ma ller 

1 This figure is near the a 1·erage of ~everal determinations of Marysvale alunl te by 
W. T. Schaller, of the United tatcs Geolog!caJ Survey. Acconliog to Dana's Tex t­
book of mineralogy (edition of 1900, p. 537) the specific gravity is 2.58 to 2.75. 
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The lin s marking the separation of the bands forming the Yein are ·e n 
und r the micros ope to con i t of narrow band of finely cry talline material 
of Yarious orientation. VI her the larg t· cry ta ls or aggr "'ates eros the 
lines without change in orientation, they gi\·e the impr siou that the fine 
mnterial bas been deposited iLt frncturc. breaking acros the crystal . lt is 
more probable, howe,·er, that a slight change in condition· interrupted deposi­
t ion or altered it.· rate and cau. eel the depo ition of se1·eral UJinute unoriented 
crystals in ·teacl of tbe large cry. tal.·, after which a r turn of the original ·on­
clition. p rmitted the larg st cry tals to continue their growth, whil cry talli­
zation in p:ut began at new center.. Some of the line· a re due to a hange in 
color without change in ct·ystul character and are to be attr ibuted to light 
change · in the compo ition of the depo. itiug solution, such as the presence or 
ab ence of a trace of iron ox ide. ParaJiel wavy or concenh·i band of this 
type are very common in caYern depo its ncb as ta lactite , stalagmite , and 
cru ts lining caYe and fissur walls, and their pre nee in the alunite Yein. 
is rega rd ed as proof that thi · nuiety of alunite wa depo ited a. an open-fissure 
filling. i! Yities betw en banded aggr gates 1 ointed to~ard each other mark 
places where the opening were not entirely filled. 

'l' be lines that mark the boundarie, between crystal aggregate growing away 
f1·om ach other require a different eX"planation. 1'here niust hnve been a sur­
fac or nanow strip of matct·inl on whi ·h the ag"'regate began to grow but 
wl.Iiclt i · no longer pre ent. It L· ·ug•> ted, from eYfclence pt·e ented in a ub­
sequ nt paragraph, t·hat there was formerly pre. nt a narrow strip or . he ·t 
of th fine-grain d alunite, 11·hi h l1a in e disappeared by recry. tallizution 
into the c arsely ct·y,' talline vari ety. 

A .·een under· a low po11·er of the micro.·cope the coar ely cry ta lline var iety 
appear to be almo. t pure, but when It i. tuclicd umler high power numerous 
yellow glob ular mn · · are reYealetl. mo. t abundantly between the cry ·ta ls or 
a lonoo minute f rn ctu re!<. 'l'hese mns.·es are probably limonite. Some mall· 
paces and al ·o certa in lines of zonal growth across the cry. tals a r filled or 

mark <1 by cloudy material, som of whi h iooks like kaoli.n, some like minute 
·ube of pyrite, npd some like minute bubble inclu. ion , while much of it i 
in specks too smn ll to warrant evE'n a . ugge tion a to theit' character. A f w 
minut c.rystfll. of uncloubt d pyrit ar pr · nt in th aJunite. It al o includes 

Some 
mas e. way b pal; othet· of . indlar appearance in or linary li <>ht 

proYe betll'ecn cro: . nirol to b doubly refracting ag"T gat · with a bit· -
fringen like that of quartz. 

Tn one . pecimen from the mouth of th tunnel on the L. & . ' o. 4 cla im of 
th e Flort?nce i\linin ~ · ]\[illing Co. the ca t of s veral crystal. of a tetragonal 
or rthorh mbic mineral are pre ent i.n coar ely cry ·talline aiunit . Th casts 
nre a · muc·h as hRif an inch in l!m"th , about a millimeter in width, and squa t·e • 
to diamontl . hapecl in cro. . e tion. They are fringed by row. of alunite 
<-rystal · growin "' n nnal to the edge of the en -t. noel nr partly fi ll ed with a 
hrown powder, ·hown under the micro ·cop to consi t of an indeterminate 
anwrphou.· mnteri:tl . !.:tined ll'ith brown iron oxid aucl _containing catter ct 
crystals of alunit . 'l'lle cry tal outline and mineral a ociation ug"'e t that 
the origina l mineml may have been din. por . 

' rhe fin e·grninecl , 1 orcelain-like vnricty · i en unci r· th mi t•o cope to be a 
grnnul ar mn .. compo. crl of irregulat· cr~7 tals of aluuit . No distinct grains 
of QUI.ll'tz wer recognized in the f " " thin ·ectious studied, although the only 
analy is of this variety !lows tlle pre ·ence of 5.28 per cent silica. In some 
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thin ·ection di tin t though minut <>rains of pyrit , partly r wholly oxidized 
to limonit , are thinly scatt r d through th . a iunit rna s. The fine-gra ined 
\ari ty in pa rt forms th in bantl between llniformiy ori nt d bands of the 
coarsely cry taliine vari ty but for the mo t part i ut by pnra il I and linlied 
'" inlet of the oa1·.·ely ry. tnlline alunite. 

Where the fine-grain d materia l alternat · with uniform ly orient d band of 
th coar e-grained mat ri a l it prob:1bly · r pre· nt chana · in contliti n. of 
cry tallization in an op n .fi. sm·e; wher it i ut by v in I ts of th 
grained a lunit it was uncloub d ly th fir. t to form, anll th 
probably in part der ived f rom it. Both mega.·copi and mi rO>'iCC\pic . tully of 
the latter pba how that the coar e crystal in th s " in! t · have f rm t.1 in 
part, if not wholly, by recry tallizn t ion of the fine-grllin d ma ._, ·i ngl large 
crystal. arowing at the exp n.·· of many sma ll on . L nt i ·ulnr pn tche. f the 
fine-gra ined type in lo eel b tw en coa r grain d veinlets dimini h t m r lin 
between bands of crystal , and large ry tal proj ct into the fine-grained 
aggregates or may eYen inclo a f w fine -rystuls just within their bounda r! ~"<. 

So far as mi croscopic data are concern d, thi · p roc i one of imple r ry tnl­
lization. The miDut pyrite grain in the fin variety a re no mo1· thau enough 
to account for the du ty patche, and zonal "Toups, ome of which are py1·ite 
or limoni te, in the coa r ·e c r~· --tnl· . ili ca I to care in eith r vari ty, so far 
a· seen undet· the m icroscop , to b of much significa nc in thi connection. 
The .. mall amount noted in th ron r el~· crystallin t?. Ynri t~· wns form d ither 
at the same time as the alunite cry. tal or . lightly !at r and may repre ent n 
small amount of ubmicro cop ic iii a in the fine-grained typ . Further ·oi­
l ·ti n and study of impure phn.· of th fine-"Tained type a r n eded to throw 
•lefinite li ""ht on thi qu tion. 

ro d istinct transition between the fine-grained aluDit · and th ·ili ciq d and 
aluoitized \\"Oii ro k wa · noted in the :qlo, ur s of rock in place. om· ely 
-cry ta lli n a lunite wa fo und in direct contact with ili cified rock, both at the 
wall. and \vithin the v ins. Loo f ragment , however along ome of th pro -
pect trenche. con.·i t of ra ther higi1Iy aluni t i:>:ed mat rial wl ich till pre!'erv s 
more or less d i tinctly tl1e por phyritic textur ,f the lo nt wall rock. This 
ev idence ugg t that ther may b n tran. iti on between practicall y pur fine­
gra in d alunite and the ilicifiecl and alunitized \vall rocl>. 

The haly or ·ch i to. e Ya ri ety wa.· noted only nt xpo ure · in and ju t north­
west of t he Gi llan-Cu t r claim . It is micr ry talline and onta ins num rou · 
lickeD ·ided pnrtiDg , which indicate a strong shearing movement a lon'"' the vein. 

It con i t , like the oth r vari tie·, of almo t pur a! unit in which th re are 
a few minu te cry tal· of pyrite (or li moDite). It a l o conta in· veinlets and 
small vua of coa rsely crystalline a lu nite, . o arrano-ect a to leave littl e doubt 
that they ha ,-e r e ulted f rom local recry. ta llization of the hem·ed alunite 
where small fractur made conditions favorab le. 

QUARTZ. 

The quartz band that alterna te with tho, e of aluni t hav been noted in the 
we. tern v in zone ( ee fig. 14) a nd in the u. ter or eastern :>:one. Further· 
development will loubtles prove their exi. tence in the midd le zone a.· well. 
The bands con. i t of den e or microcry talline quart:>: with a littl e py t·ite in 
fine grains. In pia es they show a faint tra e of porphyritic texture, !"ugge t­
ing replacement of porphyry rather than op n-fi .· ure fi lling. In th weste1·n 
zone, a . hown on page 249, the quartz bands occur at Irregul a r interval 
throughout th width of the vein; in the Cost r or a. t rn zone they a lter­
nate with smaller veins of a lunite on each side of the main alunite body. The 
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ontra t in charact r between thi ·· d ns form of quartz, or highly ilicifi fl 
porph~' ry , and the pure cry tall ine alunite i.· strik ing aud not ·ati ·factor ily 
expla ined f rom the evidence at hand. 

WALL ROCK . . 
Alteration of the wall rock a lon"' the alunite ,·ein is pronounced and extenfls 

for many f ton each siue. The al t r l1 rock, dn ·ite porphyr~·. i white to 1 ale 
piuki ·h ' here not stained by iron oxides and of dull or cha lky lu. t r. Th 
original porphyriti c texture i · eli tinctly pr ·en-ell and i. espec iall y prominent 
on iron-. tained . urface , wher e the iron oxide have color <l the groundma. s · 
but not the p heno r y ts. The principal mineral · pre ent ar e quartz, a! unit , 
nnd pyrite, with mall amount. of limonite, kaolin, apatite, and zircon. 

The aluni t , n. :een in thin sect ion, occur.· prin ipnlly as int rlocking a"'gre­
gates of lath-shnp d cry tal eitll r pure or accompanied by ·orne econdar y 
qu::u·tz, r eplaci n"' feldspar phenocr.n;ts. Th , a U"'"' :ted by th ir outlin ~ 

nnd by the chara cter of feldspar phenocry t · in this type of rock in general, 
were probably mo tly i f not all of pl:t"iocla ·e, the ocla-lim f eld par. Alunite 
al;;o form.· .·mnll r aggregate: and :·Ingle ·r~·;;:tal,; scntter l through the gr ound­
ma but hard ly in great enough amount to r epre ·ent all th original felLI ­
spatl1iC material of th grounclmn;;~'<. 

Th quartz oc ·ut· · u ~ originnl phenocryst-· whic·h linv been only lightl.1· , 
if at all, aff ct d during th alteration pr e. . The only ugg tion. of their 
alt ration are wh r alunite lath· penetrnte theit' edge and where 1111 alunite 
lath i found ~-holly IYithin n qmutz phenocr~· t. The p n trating alunite 
lath· may merely r e] re · nt . mall ori gina l mbayment. of the ph nocry t by 
the gr o..;'ndmns. , but the pre· en e of an alunite !nth within a quartz phen cry. t 
~ngg . tc; that the qunrtz may lilli-e b en to a :li o-ht extent replnceahle by the 
nlunite. Quartz in very minut gr anular aggn:~rate now form the "T ater 
part of th groundma: . and must haY r eplnc<>rl nt l ea -t a part of th riginnl 
material, a: no felcl.·pnr of any kind cou l l be r cogniz l. The roundma. i ~ 

cloud d by a ver~· fin du "t, whi h m;ty be in part kaolin but i · probably for 
the mo ·t part minute o-rains of pyrite and limoni te. A few . mall Ye inlet and 
irre.rular n"'gr gat - · of :e ondn1·y quartz are pre~eut, and ome of them conta in 
a few !nth· of alunit whi h vidently gr w at the am time a the quat·tz. 

Th ~'<nme thin . ction of a 1 m·all 1 growth of . econda1·y 
qunrtz an 1 alunite anti f primary qunrtz ph no ry:;ts penetrated by alunite 
appear contradictor.v, but the mat l'ial ob n ·etl i .. o scant and in grain so 
small that no gr nt sig-ni firnnce cnn he attached to it. 

The pyrit form. e 1·en l~· scatt r ed g'rain u much a 1 millimeter or more in 
tlinmeter an<! onsti t ute;:; 4 or 5 p 1· nt of tbe r o ·k. It i eq ually abundant in 
a iali n with th alunit aggregate and with th-e ~ on<lnry quartz in the 
grounclmass, and it c•·ysta lliz <1 at the am t ime a" th ' min r al . The promi­
nence f pyrite in the wall r C'k i: in marl<ed contra st to it ob cm·ity in th 
nlt111it vrin . Th nb - nee of th bla k sili ate , nugite, hornbl nd , and biotit , 
in tll alter d wnll r oc·k is a!. o noteworthy, and i t may be thnt the iron origi ­
nnll.v pre t>nt in tlle.· min rnls i:< now largely c ntained in the pyrite. 

Knolln is pr ent in vnrying though .. m:1 11 amount, pr babl y a minute speck: 
Jo ely a .. !';oriatNl with alunite in the r ep laced f eldspar pheno ry. t . It pres­

en e may b detect d by th rnth r w ak but chara teri tic odor of the moistened 
··pccim n. Limon i te i;; pr!'s nt II.' brown ;;urfn ta ins nn<l vn rie: i n amo·unt 
with th tlegr of oxidation of th pyrite. mall apatite nnd zi r con cr ysta ls, 
mmff ct d by the altC'ratloo proces , are rather abundant in orne thin ct ion 
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It !. cl ear f rom the e data that th e magnesin , lime, nnd oda ori ginally in the 
wall r ock w er e r emoved, whil . ill n, th .·u lphide and sulphut rntlicl es, unci 
water '" er e introclucecl. nt il ana l,,· e · of the f r e.·h an l ult r e<.l r ck can be 
compa r d it an not be determined wh lh r nlun:iinum, iron, or polns. ium w r e 
added or r mained . in pra ti cally t hei r ri ginal nm unt ·. JPurthermor , 
nlth ugh th e aluni te oc ·ur · mo t l,y a a r plncemcnt f ·oda-limc f l dspar, i t is 
not !mown whether the nluni tc in tl te r ock i.· th pur p tas:<i um \'H t'i ct~·, lil\e 
that in th e ,·e iu.·, Ot' th · die nl!'i ty. In ei ther en. , som polmdum wa .· in ­
trocluc d into t h fe lrl . pnr ph no r,,. t., bu t th amount ori ginally in t l)e gr unci­
mas· would doubt! !' ' ha\'e been enou gh to n oun t for the p tnssi um in odl 
nlun ite, w her as .· me ndrlit i<ma l ·upply may ba,· been nece · ·n r y lo nc oun t for 
pota h nluni t -, e. pecia ll y wh r th alunitizntion of the porphy ry I · m t 
pronoun· d. 

A preliminar y exnmination of the wall r o k of otlJer than nlunl t v in in 
the r gion ha n t (li. closed the pres nee r n lunit , thou"'h a m or thorough 
. tudy mny do . o. It may be not cl, h o\\'e\'er , thnt metnlli c mineral nt· r port d 
f r om pro. pect., no\\' inac cssibl e, m·oun<l Edna 1' ak ( loca lly culled Ed na 
Gey ·er ), wh r e alunitization of the r ock i. · pronoun ·ed. 

CHEMICAL COMPOSITION. 

The :followino- nnaly ·e of Mary ,·nle alnnile, which are all at 
pre nt anilable how the ·hara ter of th oar ly cry ta lline and 
den e white varieties: 

ll ua~ys s of a /uuil e from ManJ.~ ralc n •gio11, l a /1. 

Crude alunite from Cus te r g roup. 11 

2 

----------------------1---------
Alumina (AioOa) . .. . . ......................... ... ................... . .. .. 
Ferric ox ide (F'e,O,) ... .................................................. . 
Sulphuric nn~drido (SOa) . . . .............• . . .. .. .. ................... ... 

~~:fhh(U;o) . ~~~~~e (.P'?.•!::: :::::::::::::::::::::::::::::::::::::::::: 
Soda (• atO) .. ...... . ...................... . . ........... ... .............. . 
W ater above 105° . (H ,O+ ) . . .. .... ........... . ................ . ....... . 
W ater below 105° . (H,O-) .. ...................... . ................... . 
SiUca( ' iO,) ... .. ............. . .... .. .... . .................. .... .... .. . . . 

<>Copied from . B. Geol. Survey Bul l. 51l , p .. 

37.18 
'l'rate. 

3 . 34 
.5 

10. 46 
.33 

12. 90 
. 09 
. 22 

no 
3 . 6 

11.4 

13. 0 

100.0 

1. Selected specimen of clea r pink, sublransparc.nt, coarsely granula r crystal line a luni te. Supposedly 
best material. W . T. 'cballer, anal yst. 

2. Selocr.ed pecimru1 of a ligbt-pink, very finely granular rock, of almost poroolain-lik con choid al fracture 
and n o d istinct structu re. W. T . Schalle r analyst. 

3. Theoretical composition according to bana, 'l'extbook of mineralogy, 1900ed ition, p. 537. 

Coarsely cry•talline alunite from Florence Mining & Milling Co.'s claims. 

Loss on ignition .. .... .. . . .......... . ......................... . ......... . ........... . 
Insoluble res idue (alumina wil)l perhaps a little silica) ........... . ...... . .......... . 

~~~:J'~t5~~~~bte( k~~?~~ : ::: :::::::: : ::: : ::::: : ::::::::::::::: ::::: ::::::::::::: 

42.8 

ru 
9. 1 

4. t ,OOO.pound sa.mpl from Sunshine Fraction claim . 
5. 1,000.pound sample from North Fo~k claim. 

5 

42. 1 
37.6 
18.5 
10.0 
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Calcined a"lunitc. 

( aid to represent the average of tho coarsely ~rystallino al uni te used in analyses 4 and 5. Determined 
· by fusion with sodium carbonate.) 

Silica ( iO,) ...... .... .. ... . ..... . .......... ... ........ .. .... .. ... . ............... __ . 
Alumina (A I,Oa) ... . .. - ... -- - ---- - ---- .. --- _-_- _- _ .... - _- _. _- .. _ ... ___ . .. . ____ ..... . 

~f;fi(~oo) : ··. : :: :} . :} :: 

[The same rna rial detonnined by leachillg.) 

~~?~~ ~~?fl'~ai.6 -c'.K · o;i::::::::::::::: :: ::::::::::: :::::::::::::::::::::::::::: 
AJuminttm su phate (AJ,(S0, )3) .. __ _ .. __ __ .. . ____ _ _ • _______ ___ ................... _ .. 

4n 5a 

0.03 0. i2 
61. 1 61.1 

1. 6 1.1 
19.0 I . 1 
17. 2 I . 6 

Non. None . 
• 29 . 31 

---~---
99.22 99. 93 

4b 5b 

~~:~ 
4. 4 

62.2 
32. 0 
5. 0 

4 and 5, 4a and 5a, 4b and 5b mndc by Soh·ay Proce · o. for Florence M.ining & MJUing o. 

Compar.i on of an aly es 4 and 5 with No. 1 hO\YS that the coar ely 
crystalline alunite in the prospect on the ' un hine Fra ·ti n and 

orth Fork claims (No . 11 and 1-:1:, re pecti vely in fig. 1-:1:), outh 
and southea t of Edna Peak is practically id ntical in compo ition 
'"ith that in the Gillan-Custer pro p t and is almost entirely free 
from impuritie . Mi -ro. copic examination of coarsely cry talline 
alunite from pro p cts we~t of Edna P ea k indi ·ate a imilar d gree 
of purity . Mat rial of this quality i fit f or th ·traction of both 
I otash alts and alumina, a well a · for the manufa ture of alum and 
for u a fertiliz; r. -

Anal y-i.· :t sho'' tha the fin<'-ll'rained 1·ari ty con ain a con ider­
able amount (5.2 1 er "ent) of ilica. [ore analyse. of mat rial of 
thi t pe would do ubt! how ome Yariation in ilica content. \.n 
amotmt of ·'lica a · 0"1·caL a · - per c nt i ufli. i nt to increa e on-
i'dent.bly the co t of extra tion of alumina in a fo nn ·uffi iently pure 

to be u ed in th mnnufactu r of rnetalli aluminum- o much, per­
hap a to rend r it unpr fitabl e--but it d ' s not unfit the material 
for the manufacture of alum or for n e a fertiuzer . 

R al tdation of analysi 1 bows it to c ntain 92.74 per cent of the 
pota ·h alunit molecule (K"0.3Al20 3A 0 3.6H20 ). The ammmt of 
soda presen t i quiYalent to 3.9 per c nt of soda alunite but the 
total \Yater in ex e of that required by the pota h alunite is not 
enough to ati f_v thi s amovnt. .Alumina in exc~ .. of the a moun re­
quir d by th total alunite amount to 1.43 per cent, and the corre­
sponding excess of the sulphate radicle is 0. per cent. . ome of this 
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alumina may be ombined with the sulphate, orne with the pho phate 
radi le, and some with ·ilica, but n~arly or quite all su h natural 
compound contain water which ac or hnO' to the analy is is not 
pre ent. The ilica, furthermore i b lie ed to represent the mall 
amount· of quartz and opal not d under th micro 01 . 

Recalculation of analy i 2 how it to contain 5.2 per c nt of the 
pota h alunite mol nle and 5.57 p r ·ent of the o la alunite mole­
cule, ~with ex e se of 0.71 per c nt of alnmina 1.36 per ·ent of the 
ulphate radi l , and 0.0-:1: I r c nt of total water. The d fi ciency of 

water again pr eludes the expre ion of the e ex ess a "natural 
mineral . The predominan · of ex ·e ·.· nlphate radi le in anal) si 2 
is in contt·a t to th p redominance of ex c a1umina in anal ·is 1 
and th e discrepancy al o indi cate that thee materials are not present 
a definite compound but are probably o ·luded in the alunite. The 
si lica in analy i 2 is greatly in xce · of that r quir d to form kaolin 
~with the exce s alumina and doubtle repro ents one or more varietie 
of free silica .. 

PROSPECTS. 

PIUN IP.-\.L ORO P . 

The principal groups of alunite prospe ts lie in three roughly 
parallel zones of northerly to north w terly trend. ( ee fig. 14, 
p. 240.) The "\\estern and middle zones ar within the property con­
trolled by the Florence MininO' & Milling o. who headquart r 
are at Philadelphia, Pa .. but it is reported that orne of the claims 
alonrr the western zon haYe been reloca ted in 191 , and their owner­
ship i · at present in doubt. The eastern zone bas its north end 
within the outheast corn r of the arne prop rty but li e for th 
mo t part within the Gillan- u ter group of claim , which belong 
to th Mineral Products o., of Chi ago, Ill. and is operated by the 
Mineral Products 'orporation f Mary vale tah. 

WE ''!'ERN ZONE. 

Th we t rn zone trend north,Yestward and rou<Yhly parallel the 
north h ad,,ater bran h of Little ottomYOO l r ek. lunit has 
be n expo· d at a number of plac in this zone. Near the Little 

ottonwood anyon and Bullion Canyon diYide, on the L. & N. 
:No.4 claim , a. vein striking N. 40° W. and dippinrr about 40° W. is 
eA.'PO ed for a di tance of 40 feet along a N. 25° E. trench ( o. 1 1 ) 

and for 60 feet alon<Y a N. 70° W. tunneJ.2 The tunn l portal and 
the north end of t~ trench are at the nottheast wall of the vein 

1 Numb rs !o parenth scs corr spond to numbers !n figure 14 (p. 240). 
o It is reported that since the writer's Ylslt this tunn 1 ha · been xtendcd for 100 f et 

along tbe vein and is In alunite all the way. (Oral communication by W. A. Fitzpatrick, 
.Florence Mining & lll!lling~o .. 0 
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but the outhwest wall has not been found. The true width at this 
place is therefore not lmown but is at least 35 feet, and the corre­
sponding true thiclmess is at least 25 feet. The following s ction, 
made along the trench, shows that the vein contains at this place 
about 80 per cent of high-grade alunite, the true thiclme s being 2()t 
feet of alw1ite and 5i feet of quartz. 

ection along treuch at locality No. 1. 

orthea t wall of alunitized and pyritized porphyry. Feet. 
oarse cry talline al un ite--------------------------------- - - 21 

Quartz ___ --- - ----------- - --------------------------- ______ 2 
ur e cry ta lline aluni te________ __ _____________________ __ __ 1 

Quartz ------- ------- ------------------------------- ------- 3 
oar.·e crys talli ne alunite--------- -------------------------- 0! 

Qua rlz ____ - - ------------------- ___ _______ -------------- --- 1 
Coarse cry talliue alunite __ ______ __ ---------------------- --- 71 

26 

The alunite, quartll, and wall rock are typical and need no further 
description. 

t 0 feet northwe t of the tunnel portal float of alunitilled por­
phyry and some well- rystallilled alunite are expo ed in a line of 
shallow trenches. l! arther north we t, on the crest of the divide, 
alunite fragments are expo ed ina mall cu t (No.2) . The occur­
rence uggest a forking of the vein or two or three parallel veins. 
Just north of the crest of the ridge and about 250 feet northea t of 
the cut last mentioned are t"·o hallow cuts ( ro. 3) exposina alunite, 
which appears to be a vein of northwesterly trend, feet wide. 

outheast of the tunnel alunit , mostly in loo e fraaments, has 
b en expo ed in three hallow trenche , the outhea ternmo t of 
which ( o. 4) li ab ut 6-o feet from the tunn l. An old shaft 
dump ( o. 5) j u t nor hea t of the middle trench and 400 feet from 
the tunnel con i t laraely of alunitiz d rock. t none of these 
place ha uffi i nt work been done to how the direction and width 
of the vein or its percenta ae f high-grad alunite. The position 
of the v in at the tunn 1 sugo-est either that the outhea ternmost 
of the three cut · may repre ent a parallel vein, or that the vein has 
been off et by faulting. 

Then xt expo ure of alunite to the southea tis an outcrop (No. 6) 
·lo e to the ea t bank of the cr ek, 1,500 feet from the cut last men­

tioned and in lin with the trike of the vein expo ed in the tunnel. 
From 500 to 1,000 feet farther south alunite and alunitized rock 
have been expo ed in a group of small cuts and in t>·vo short tunnel 
( o. 7). Alunite float ha been r ported along the east side of the 
creek for the next 1500 feet southeastward (Nos. and 9), but little 
or no development work had been done on it up to the fall of 1914. 

10427°-Bull. 620-16-17 
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MIDDLE ZO ·E. 

The middle zone extends along the re t of the rido-e which divide 
the North Fork from Little Cottonwood reek. Alunit has been 
traced in this zone from Edna Peak southward to the fork of the 
ridge but has been prospected thu far only by shallow trenche ·. 

At Edna Peak altmite has been fonnd both on the northw t and 
southea t lopes. Only one vein, that on the outhea t slope of the 
peak, ha been traced and no work ha been done to determiJ1e 
whether the exposure on the northwest slope is a branch of the same 
vein or i a parallel Yein which pinches out towar l the outh. <\bout 
900 feet outh of Edna P eak the alunite Yein, which strike . 15° 
E. and dips steeply to the cast, is shown in a trench (No. 10) to hnve 
a width of over 15 feet, but neither wall is expo ed. Farther , outh 
it is partly exposed in five trenches (No. 11) and has an average dip 
of about 50° V\ . The length expo ed by the ix trenches i about 
650 feet; the length from Edna P ak to the outhernmo t of the.-e 
trenches i about 1,550 feet. Beyond the sonthernmo t trench the 
vein appear to have stopped abruptly, but th urface is so thickly 
covered by loose rock that it is impossible to determine on the sur­
face whether the vein pinches out or i cut off by a fault, a · sug­
gested in figure 14. Nearly 400 feet farther south and a little east 
of the course of the vein a small amount of alunite ha been expo eel 
in three hallow trenches ( o. 12) but not enough work has been 
clone here to demonstrate the ize of the vein. The abundance of 
alunite float clown the slope ea t of these trenches . ugge ts that the 
strono-est vein at this place ha not been uncovered. No further 
excavations have been made to te t the sonthwarcl e1.."tent of this 
zone. A partial analy is of coar. ely crystalline alunite from thi · 
vein, on the Sunshine Fraction claim is given in column 4 of the 
table on page 246. 

EASTI<~R ZONE. 

The ea ;tern zone includes three distinct group of expo ·ure..; and 
probably three or more veins. It has been prospe ted on the spur 
southwe t of the North Fork of Little Cottonwood Creek, as shown 
in figure 14. The prospects farthest to the northwe t include three 
pits on the gTOuncl of the Florence :Mining & Mming Co. The west­
ern pit (No. 13) exposes alunite, which i also represented by float 
on the knob directly to the south. About 200 feet clue east of this pit 
are two shallow trenches (No. 14) mostly in loose fragments of 
alunite and altered rock but also exposing high-grade material in 
place. The strike of the vein here is N. 5° E., and the exposed width 
of high-grade alunite is 15 feet. The strike of the vein proves it to 
be distinct from the alunite exposed -to the west. A partial chemical 
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anal ysis of the alunite is given on page 246, column 5, and agrees 
closely with the other analyses of high-grade alunite. 

The remaining exposur s in the ea tern zone are in the pro p cts 
on the property of th fineral Product Corporation, as shown in 
fio-ure 14. The e were the only development in Hlll, when the data 
for urvey Bulletin 511 were collected. ince then con id rable 
work ha been done on thi property. It was idle when 'isited in 
1914 but was examined in 0 tober, 191 , by Mr. Gale, whose descrip­
tion of the n 'ver developments i a follows : 

The development on the Gillan- u ter group of claims have been 
by far the mo t active. Th y have included the opening of two 
principal tunnel in the effort to d~termine the extent and con­
tinuity of the alunite underground and the sinking of numerous 
shallow pit , hafts, and tunnels with the object of tracing the vein . 

The first or lower tunnel on thi property was rw1 in below most 
of the urface cropping of ahmite, in an effort to cut the main vein 
at depth. For a time it eemed as if the vein had been missed, but in 
the final dev lopments on thi le el the ore was found and followed 
for some di tance in line with and almo t directly under the later 
development in an upper tunnel. Work at thi l vel was discontinu d 
pending further explorations higher up and nearer the outcrop . 

The main tunnel, or pre ent " ·orkino- mine (0 tober, 1915), is 
r.bout 200 feet higher than the old twmel. It portal lies just about 
o,·er the last extension of the lower tunnel in th line of the vein . 
It start on an expo ure of ma ·iye cry talline alunite "-hich trends 
about N. 55° W. and dir about 75° . a mea m d on the bands of 
crustifica tion in th Yein. t the cast side of th portal i 'iliceous 
wall ro k containing some alnnite and tain d ru -ty red . o that in 
appearan e it i mnch like the or . Thi. tunnel wa driven along 
the ore with the intention of follo\\"ing the footwall ide but pa · ed 
through ,. ral break or off ·et. '"ho ·e orio-in and relation to the 
or were not fully indicated . Th re was orne difficulty in follow­
ing the ore, but at the time of vi ·it late in October, 1915, the vein had 
fJO"aiu b en picked up and minino- and c1 Yelopments were 1 ro eed­
ing in a very sati factor,y way. Th e developments are following 
dire ·tly undern ath the line of sndace ·nt.-, which expo e wide ec­
tions of th alt!nite vein, a d cribe lin Bulletin 511. 

The undero-round work done in the exploration and development 
of this property has di clo d a greater inegularity both in char­
acter and continuity of tl1 main veins than wa expected from the 
laro-er and apparently uniform exposure of crystalline alunite 
in the surface cuts above. However it appears that these workino-s 
have now opened an ore reserve large enough to insure the operation 
of the plant for some time and that there is a good prospect of run-
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ning into a, larger body of hio-h-grade ore b yond wh re the sudac' 
exposures above are omplete and apparently ,·ery regular. 

It ha not b en sati factori ly determined whether the irregulnr­
itie found in the alunite ein ar ' clue to faulting or off ets of the 
veins ince their fonn<lt ion or \Yhether they are an original feature 
of the depo its. A number of fi ures en ounter d in the present 
working are fill l " ·ith a mooth and very pla ti red lay in place 
·ontaining ancrular fracrment of th e wall ro k . Here and there, 

however th original ru tification in th main alunite vein a1 pear 
to pa s the e clay eams without off et. ome of the· clay cam 
are a companied by cross ,·ein of crystalline alunite which nr 
evidently ·econdary to the main d posit. Owing to ob curity of the 
vein wall · and of the r lation at the poin wb re eli continuity of 
the vein ha been found it ca n not yet b tat d to what th se itTeO'u ­
laritie are due, although doubtles this relation will become clear 
as min:incr dev lopment proceed. 

The mine a now quipped i capable of ·ur 1 lying lfiO to 200 ton 
of milling ore a day an l its apacity can be increa eel. 

O'I'HER PHO PEC'I' ' . 

Other indications and pro pects thus far repo rted li e to the en t 
and south of the zone ju t de ribed. The following notes uive th 
only available information on them at the time of writin()': 

hon Blo om g1·oup.- The pro pects on the Iron Blossom uroup 
of claim ha,7e not been seen by the writer. There are aid to be 
t'vo occurrences of alunite in place, one on each lop of the rorth 
Fork canyon and one occurrence of alunite float betw en them clo 
to the bed of th ct· k. The d po it on th southwe t slope of the 
canyon is near tho e at the north,vest end of th 1ineral Products 
Corporations ground and evidently b lonus to th am Yem zone. 
The other occurrences pre tunably repre ent two additional vein ·, 
but no definite information regarding them ha been obtained. 

Gillan's olaims.-Alunite has recently b en found on Tom illan 's 
claims in the foothills 3 miles on thwest of Mary vale and thr e­
fourths of a mile ea t of the Deer Trail mine. ccordin()' to !fr. 
Gale, the alunite occur in veins and bunc:he associated with a sili ·i­
fied zone in porphyry of the ame haract r a that which form · the 
country rock abont the main alunite depo its higher up in the moun­
tains. Both coar ·e and fine grained varieties of alunite are present, 
and the color range from white through yellow to pink. lthough 
there are some large blocks of high-urade ore at this locality, the 
indication of an or body are not so strongly marked by float as at 
the main veins of the district. A specimen sent to the writer by 
Mr. Heikes consi ts of the fine-grained variety, considerably sheared 
and accompanied by broken stringers of quartz. 
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anta K1'Uze claims.- pecimen sent by A. Soyka said to be 
from th anta Kruze o. 4 ·laim, 4,000 fe t outh ast of th 
Krotki iron mine, was te ted at the Ul·vey laboratory and found 
to be alunite of good quality. This district doubtless desenes 
inve tigation. 

llf ohawlc g1·ou.p.-The Moha,vk group is located on the north side 
of 1ill Fork of Littl e Cottonwood Creek, nea rly due south of the 
prospects on the '~e tern vein zon . \.ccording to Mr. Gale, new de­
velopment on the property include a tunnel and a haft. The shaft 
at the time of hi s vi it was 0 feet deep, and in a short cro scut 10 
feet to the onth some fine-grained white material of uncertain 
alunite content had been expo ed. ince Mr. Gale' visit it ha been 
repo rted that the shaft had been sunk to a depth of 35 feet and had 
expos d some massi,·e alunite. The tunnel wa being driven r. 1+0 

IV. to reach the shaft at a depth of 200 f t b low its pre nt bottom. 
Lot Horse g1·oup.- The Lot Hor e group of claim extend alono­

the east side of the ere t of the rang , outh of l\fill Fork and the 
Moha' k group. lunite has been found in phtce at two pro pects, 
and float ha been follow d at s veral others. The e place lie in a 
nearly north- outh zone but are hardly clo. e enough together to be 
regarded a strong indications of a continuous vein, especially when 
the north' esterly trends of the ' ein farther north ( ·ee fig. 1-.1:) are 
considered. The alunite in place was found in the mnmer of 1914 by 
trenching into a slope where float was abundant, but not enouo-h 
\\"Ork was done to determin the width or trend of the vein. The 
alunite exposed here is a mixture of the coar ely crystalline and fu1e 
hallry varietie , the coar e material formino- a network of veins 

through the fine. At the southernmost occurrence of float, on the 
addle where the B aYer-Mary Yale trail cro e the divide, three 

or four hort trenches have been dug, expo ing a con iderable amount 
of the cha lk. Ya ri ety, a mall part of which is stained reddish or 
brown. The other fioat occurrences were not seen. No analy e of 
alnnit amples from this property have been reported. 

ORIGIN OF THE DEPOSI TS. 

o far as orio-in of th alunite v in is concerned, the evidence 
pre. ented in the pr eding pag practi ally confirm the statements 
of Butler and ale 1 that the vein were formed for the roo t part, in 
open fissures and in addition, uga t that a I art of the fine-grained 
alunit may have been formed as a repla ement of poephyry. In this 
r . p t , as w 11 as in th e alteration of the wa ll rock, the mode of 
deposition was similar to that of the heep Rock depo it described on 
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pao-es 2!\ - 264, but r placement accounts for pra tically all the 
beep Rock depo it instea i of H. pa rt of it. Rega.rding th source 

of the alunite-forming solutions, no evidence has been found at vari­
ance with the hypothe is of Butl r 1 whi h i bri fly a follows: 

Durino- and just subvequent to the con olidation of the intrusive 
masse all the rocks in the region, both sedimentary and i rrneon , were 
fi ured. Along these fi. u res a c n led heat d olution b li eved to 
haYe bend ri,·ed from th intn1 j,· marrma. '~' ithin th intrusive 
mass they wer hio-hly heat d probably under on id rabl pres-
Ul'e, and depo ited minerals hnra teristi of this condition. 

they pas~ed into the cooler overlying rock both temp rnture and 
pressure were reduced and the Yalun.blc m tn.lliferou vein of thE' 
region were depo ·it d. The e vein were formed in two tages, the 
ea r·lier one characteriz d by carbonat gangue mineral and the later 
by quart7. and adularia. Th adularia. is of spe ial int r t a it i n 
pnre pota sium-aluminum ili ate and indicates n certain on entra­
tion of the e elements during the later stages of vein deposition. 

The alunite vein are thought to repr sent a till later stao-e of 
clepo ition characterized by a much higher oncentration of pota sium 
nnd aluminum in the form of snlphate. tructural evidence indicat­
ing this relation of the alunite to the metalliferou Y in i not yet 
complete. The relation i how ver, uo-ge ted by the mode of occur­
rence of alunite in other regions, where general conditions indicate 
that the mineral wa leposited at hallow depth and at moderate to 
lo'v temp ratnre. Th relat.i\'e rarity of alunite clepo. its omparecl 
with quartz-aclnlaria veins in thi country and abroad may be clue to 
the fact that they are formed near the . urface and con equently have 
in only a few pla es b en pre er ed. 

According to thi interpretation it is to be expected that in places 
alunite veins will be found uperimposed on quartz-adularia vein . 
It might be suppo eel that the quartz bands which alternate with 
alunite band in eYeral exposures represent the qua rtz-adularia 
stage and that the alunite is a lat r clepo it introdu ed after the 
quartz vein had been reopened by longitudinal fracturing. ttch 
may prove to be the relation in some deposits but no qnartz bands in 
the veins hHe been found with the characteristic hacldy structure of 
the quartz-adularia veins, and micro copic study of the wall rock 
show· simultaneou deposition of quartz, alunite, and pyrite. It is 
more probable therefore, that the quartz bands were formed during 
the same starr of deposition as the alunite, as in th heep Rock 
clepo it de cribeCJ. on page 262. 

Where alteration along the quartz-adularia -veins wa most inten e 
potassium and aluminum were nearly or quite all remov 
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wall rock. In the 'vall rock of the alunite veins, however, alunite 
appears to be sufficiently abundant to account for all the potassium of 
the 01-.iginal rock, and it is therefore certain that the rock immediately 
adjacent to the alunite veins did not supply th pota sium to them by 
lateral ecretion. In fact, where the wall rock ha been replaced by 
the fine-grained alunite there must have been a onsiderable addi­
tion of pota sium to th amount already pre ent. It is po ible, 
however, that at lea t a part of the pota sium and aluminum con­
tent of the vein was derived from the wall rock at greater depth, 
where conditions were :favorable to the leaching of these element , and 
that the enriched solutions rising into cooler zones, redeposited them 
in the form of alunite. This interpretation implies that the alunite 
bodi s are depo its of relatively shallow type and may give out in 
depth or merge into a different type of vein. The fact that, although 
quartz-adularia veins are of common occurren e in tb W t no 
important alunite lepo its ha e been found a sociated with them 
except near Marysvale neces arily leaves this idea a a suggestion 
rather than a conclusion. 

P ERSISTENCE IN D EPTH. 

As already tated, the characteristic :feature of alunite deposits 
in several parts of the world 1 indicate deposition at shallow depth . 
Recent developments at Mary vale on all but the Gillan- u ter group 
of claims haYe been merely superficial, and the deepe t working on 
that property are only about 260 feet below the lowe t outcrops of 
alunite. The cautious attitude taken by Butler and Gale r garding 
the persistence of the veins in depth hould ther fore b maintain d. 

The for i!!n depo it that compa re mo t clo ely in character with 
the alunite ' eins of Marysvale nr tho. at Tolfa Italy. The largest 
of the d po it , the ProYidenzn, Yein has been "-orked to a depth 
of more than 00 :f et, where it be ome increa ingly pyritic, and it 
end within th next 60 feet. The downward continuation of the 
Yein zone i marked by pyritic wall rock (trachyte) . That in o-en­
eral a o-r at r ,. rti al rano·e than that of the Tolfa depo :it can be 
expected in the alunite Yein of the 1ary vale reo-ion i uo-ge ted by 
the ob erv d di tribution of outcrops ' ·ith reference to the rugged 
topograph . In the eastern zon near Mary' va]e the hio-hest out-
rop a cording to Gale's ob ervation 2 ar at lea t 1 000 feet above 

the lowe t; in the middle zone the ob erved Yertical distribution, 
a cordinrr to mveys for the Florence Mining & Milling o., i abont 
900 f et · in the we tern zone, according to the same authority it is 
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over 700 feet, and the distribution of float indicate that it may b • 
consid rably more. There is no apparent rea on why the actual 
range in der th hould not equal or con iderably exc d the ·e anwunt . 
It ·hould be borne in mind, howeYer, that the alunite d po i , like 
many metalliferous deposit , ma) occur in shoots with a di tin t 
pitch, and that their lowest parts may happen to b aloncr a line 
ronghly parallel to the present surface slope. In this case the shoots 
in the high r parts of the Yeins may po · ibly end downward at 1 v I 
higher than tho e of the pre "'nt lower outcrop . 

SUGGESTIONS REGARDING DEVELOPMENT. 

Becau ·e of the existincr nne rtainty in r gard to the Yertical rang 
of the deposits, the afe t method of pro p cting eems to be the 
driving of tunnels along the strike of the v in at varion. levels and 
the sinking of inclined winzes aloncr the dip rather than the drivin()' 
of tunnels from point b low th e lowe t outcrop· with the hope of 
tapping the veins at greater depth. Th eastern and we tern zone 
of the principal crroup are well adapted to thi. m tho l of develop­
ment. The middle zone, located on the cr t of a high ridcr could 
be easily worked throucrh a tunnel cuttincr the v in at con iderable 
depth, provided there was ertainty of sufficient ontinuity and 
regularity in depth. The Franldin tunn l ( ·ee ficr. H) on the 
Florence Mining & Milling o. s around, driven s vera l yea rs ago 
and inaccessible at pre ent is excellently situated for such dev lop­
ment. It extend , according to private survey records of this com­
pany, almo t directly under the outcrops on Edna Peak. A eros cut 
of ~00 or 300 feet should cut the Yein zone on its dip at a depth of 
1,000 f et or more below the outcrops, and determine whether alunite 
in commercial quantity extend to so great a depth. It is also pos­
sible that examination of the wall of the tunnel may r suit in the 
discovery of one or more additional alunite vein , ut long b fore 
the identity and pos ible comm rcial value of the min ral wa. · r cog­
nized. 

While the steam-shovel method may be ati fa tory for the removal 
of thick accumulations of debri from the urfaces of the veins 
there are objections to its u e in the direct mining of alunite, becan e 
a considerable amount of siliceous impurity will thu · b included 
in the high-oTade material. This lowering of the grad of alunite 
may not be sufficient to interfere seriously with the extraction of 
potassium ulphate, or with the use of the insoluble residue in the 
manufacture of ~;efractory brick, or with the use of crude or cal­
cined alunite as a fertilizer but it will greatly increase the cost of 
the manufacture of metalli aluminum. Furthermore the pro­
nmmced western dip of the veins would involve an increa ing amonnt 
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of dead work in the removal of an increa ing amount of wa te from 
the hanging wall as depth increases. 

ESTIMATE OF TONNAGE. 

The quantity of pota h (K20) available in the Custer vein wa 
estimat d by Butler and Gale 1 at 30,000 tons for each 100 feet of 
depth. The openino-s seen by h writer along the middle zone do 
not afford u£11 ient data, for more than a rouo-h e timate of the 
tonnage of alunite available, and tho e along the we tern zone and 
other pro. pects are too obscure and catter d to warrant any e timate. 
The following figure are int nded only to o-ive a rotwh idea of the 
quantity of alunite within the limits of the around act11ally pros­
pected. The number of short ton for each foot of d pth i ca l n­
latecl by a uming a specifi o-ravity of 2. 2, or a weight of 175 
ponnds a cubic foot. The e are the fiQ1lre given in Bulletin 511 on 
page 12. The alw1ite in the expo ure repr ented in the table i 
practica lly identical with that n ed for the determination of pecific 
o-ravity. 

Est imated touna.ge per toot ot cl pth ·in almlite 1·ein. in micldl and eastent zone .. 

Location. 
P rO\' ed 

l ength of 
vein . 

Average 
width of 

high-gmde 
alunite.' 

Surface 
area . 

Feet. Feet. Sg.(eet. 
Edna Peak to o. 10.. . ... .. ..... ...... .................. 900 10 9, 000 
Open ings at Nos. 10 and I L . . . ..... . .. ... .. . ......... . ... 650 10 6, 500 
OP.en ings at ' o. 14...... ...................... ........ .. . 200 15 3, 000 
>11lan-Custer gi'Oup (Butler and Gale's estimate) .. . ... . .. .. . . ... .... . ..... .. .... .... .... .. . 

1, 750 .. .. .. .. .. .. 18,500 

Quantity 
or alunite 
par foot of 

depth. 

Short/on~. 
7' 
69 
263 

3,000 

4, 749 

If th recoverabl pota . h (a K 20 ) is e timated at 10 per cent 
the pro pe ts on the middl zone will yiell about 17,000 tons of 
pota h for ach 100 feet of depth, some\Yhat more than half the 
amount (30,000 ton ) imilarly e tim11ted by Butler and Gale for 
the openino·s on the Gi llan- u ter group. Recent underground 
deYelopments ha,·e hown that the illan-Cn ter depo it i much 
more irregular than "a indicat d by the urface workin o-s. In 
orne pla e hio-h -gra ]e alnnite may be practically ab ent, an l in 

oth r it i mu ch thi ck r than th average thickness (10 feet) 
a. 11med in the e timat ; but the e timn.te will doubtles stand a a 
rea onnble and . ati factory minimum of workable alunite for thi 
g roup of laim . Fnt,me deYelopments on the middle zone may 
show imilar irreo-ul:uitie , and th figures D"i ,·en above should be 
r ga rded a r p re enting a prel iminary moderate e timate. 

'Op. cit. , p. 12. 
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It should be borne in mind that only those openings ha e been 
included in the estimate where the practical ontinuity of the veins 
has be n demonstrated or is highly probable. Further prospect­
ing along the strikes of the differ nt vein , especially that exposed 
on the L. '-~ N. No.4 claim, in th "-est m zone ''"ill probably increase 
considerably the proved tonna o-e of alunite. According to the above 
·stimate , the tonnage of the middle and ea t rn zone may, for each 
100 feet of depth , amount to about one-fourth of th annual con-
nmption of potash in the nited tates, which, figur d as K 20, 

was more than 1 5 000 tons in 1913, the late t normal year. 

DEPOSITS ON WEST SLOPE OF MOUN'"£AIN 

LOCALITIES. 

\. few deposits of alunite ha,· al o been r ported from the west 
slope of the Tushar Mountains, but that at hee1 Rock northea t 
of Bea' er ( ee fig: 13, p. 23 ) i the only one ,.i ited by the writer 
and the only one from which specimen containino- nlunite have been 
seen by him. One depo it, about 2f miles outbeast of the Beaver 
River Power o.'s plant in Beaver anyon and 13 miles ea t of 
Beaver, wa.s at first thouo·ht by its discov rer to be the dense white 
form of alunite but pro ,·ed on examination to be kaolin formed 
through the superficial decomposition of rhyollti c Yol anic rocks. 
A chemical analysis of the material howed only 0.13 per cent of 
pota h (K20) . One or t\\-o oth r deposits have been reported, but 
nothing definite ha been learned of them. 

The heep Rock depo it i a quartz-alunite rock of too low o-rade to 
be of immediate commer cial importanc as a sour e of alunite but of 
suffici nt scientific intere ·t to merit a rather detailed description. 

SHEEP ROCK DEPOSIT. 

heep Rock is situated in the Newton mining district, at the west 
base of the Tu har Mountain , about 10 miles northea t of Beaver. 
( ee figs. 13 and 15.) It is a bare-topped ledge of nearly circular 
form , about 900 feet in dinmeter, and has a gently ronnded ummit 
composed of nearly white quartz-alunite rock, which in part has 
weathered into clusters of rounded re idual bowlders. The e when 
een from a distance bear a striking re emblance to a, flock of sheep 

and have given rise to the name heep Rock. The fir t lmo,-vledge 
of alunite hera- was obtained early in 1914, when a specimen from 
the northern part of the ledge was sent to the nited tates Geo­
logical Survey by W. A. Wil. on, th n manager of the heep Rock 
mine, and was found by B. S. Butler to be a mixture of alunite ancl 
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quartz containing 30 to 40 per cent of quartz.1 The writer visited 
the deposit in eptember, 1914, and the present description is ba ed 
on hi observation . 

HARA TER OF DEPO rr. 

The relation of the depo it to the andesitic countey rock are 
very obscure. Its west, outh, and north ides are cover d with 
talus and brush and pa s beneath the alluvium of the valley. The 
saddle connecting it with the and ite foothill is covered with float 
and nffords no opportunity to study the contact in plaee. tudy of 

sao 1.ooo Feet 

Contour i nterva I 50 feet 
(Datum not known) 

N 

I 
FIGURE 15.- Geologlc sketch map showing rela tion of the Sheep Rock quartz·aJunite 

ctepos it n!'ar BNtYCI', ta h, to country rock and metnlll fc rou veins. 

th fl oat, however, hows that the two rocks m rge within a hort 
pace and that the heep Rock deposit \Vas formed by the replace­

ment of and e. ite. No d finite connection with nei rrhboring metal­
liferous quartz vein is apparent on the urface, and none ha been 
mad in the underground workin rrs of the mine. 

The material of the d po it a a whole is of uniform cha racter 
light-gray to I inkish color, and very fine grained banded texture. 
A few textural variation , however, are pre ent includin rr brecciated 
and concretionary pha e and rock in which the porphyritic texture 
of the ande ite i pre ·erved. The alunite content al o bows varia-

• Pbul n, w. ., , 11mnuu·y of pota sh alts for 1!ll2: U. S. Ocol. urvcy ~fln cral He· 
sonrc . , l!il~ . pt. 2, p. 91 , 19H. 
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tions ranD"ino- from 10 per cent or les up to 60 per cent but as a 
whole app ars to be rn.th r uniform and to a erage about 30 per cent, 
equivalent to 3.5 per cent of pota h (K20). 

DE'l'AILED DE RIPTION. 

The typical mntet·ial of. the depo. it, a Yi ewed f r om a short clistnnce, appeat'. 
gray ish white, but mo. t nnw ather ecl ·pecimens wlwn closel.v C'xntninC'd nrC' 
found to huY a f~tint to de i I d pinki."lt tinge, a d!:'n.· to v t·y fin, grained 
textur , nncl a distinct though r ather fin e banding. The l,a ndin~ . t rik ,·~ nn<l 
clip~ in Ynriou>: dil·ection · ov r clifTer ent parts of the l dge nnd in mnny 1 In e 
i s highly contortC'd , the ontorti on >:howing no nppn r n t order of arrnngem!'nt 
or t·elation to other structu r es, except wh r they grad Into hr ·cint<'<l r ock . 
A .· n rul e, no minE' t'al grn in · nrc r<'co~ni7.abl e nwgns 01 icnlly, hut t h nltem nt­
ing h}tnd. are mnde up of r lntiYely trnn lucent nnd opaque material n.· mneh 
n. n quarter oE an inch thi ck. 'l'he translucent materi al hn: nll tlH' properti <'. of 
mi -rocr y:tall inc quart 7.. The opaque mnt ri al i · of pnle to mod ra t pi nk color 
nncl in many, if not nto. t , pla cC';; c-an be di:tinetly serntelwd h~· n knif<' hind<'. 
Short veinlets of ._;moky quart7., mo tly an inch or 1 . in l engtll , ar common 
bC'tween band;;. 

In tb in section the banding pt·ove to b clue to alternati ng lny r s of r la­
tively ·oar ·e cl ouded quartz gt·nin>: and n'" t•y fine grnine<l mixtut· of qum·t7. anrl 
alunit . The cou r · r quart7. gra in are about 0.25 millim ter in dinm t t' and are 
full of minute hubbies an 1 . p k. . 'l'he alunitE' in the fine "I'Hinetlmixtu rc f onns 
minute but distinct l ath. \'enl y scn tt<'r cl nmong fine int rl ekin g quar tz 
grnnules. The fine and coa r . f]uar tz grain~ of adjacent band· haYe interlock­
ing b undarie , but the aluni te gr ains en<l abruptly agn in t th coarse quart:r. 
gr ains. Th r e ar e, howe,·er , 11 few r l atively lar g aluni te l aths, n much n. 
0.5 ruillim ter in l ength, catter ecl among th coa r e quartz gr ain . l\finute 
g rain. of limonite, some di. tinctly oxidation JW lu t . after pyrite cub ·, ar e 
thinly scatter d throughout tb r o ·lc 

The brecciated vari ety c nsi. t>< of f ra '"'ment of the typi cal finely banded 
t·ock c mented by a iliceou. matt·ix. In thin s ction the fra gmet t haYe the 
t ypical cha r act r and compo ition already d ·cribecl. A few vein l et· of nluuite 
, r pre: ent in th m but do not extend into the mntrix, whi ch contain uo 
alunite_ The r elntions uggest that the aluni te belonging to th fragment. r~ 

cr y. tallized locally in frn ·ture ·, but that no . ec n l ur ply of it was introducer! 
n ft<'l' the hatt ring. 

lose by ;;tak 10. 2 th J'OC"k contnin nnmerou: \vhit tran.·lucent pateh . 
nnd . treaks of chnl ·edonic quartz rnnging from minute . pot to lin ar . tr .ak. 
n foot in I ngth. In thin . ection the quartz i ' in part YC'ry fine an<l ev n 
gr ain d all(l in part compo Nl or ra<linting c r~·stnls , w hich haY evidently 
grown by r eplacement of the quartz-alunite r ock. 

At n few plac s, e:pe iall y in the bowlclery ground nb n t 100 f eet ,,. :t of 
stnke o. 2 ( see fio-. 15), the ro k has a murked co ncr ti onm·y structure, nn(l 
banding is incon. pi uons or nbs nt. The oncr etions nre n. much a an inch 
in dtametet· and pr . ent a variety of shapes but ar not conspi cuou. ly different 
in mega copic character from the matrix. A seen in thin section, they con­
:i. t a a rul e of/ rudely fan- hapeu alunit ct·y tnl: as much as 0.5 millimett>r 
l ong, inclo ·ing minute grain: of t[uat·tz and cparate<l hy minute .linen r ag~re­
gate. of quartz. The matrix consi. t mo. tly of the very fine grnin <l quut'tr. 
, 1 t·inkled with minute alunite luth. in roughly con ·entri arrangem nt, 
sugge>:tive of crowding by th growth of the concretion . 
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'l'lte highcst-" rnlle material , whi ch has a m or e lli~tlnctly pink ol or than 
the r e. t of the llepo!':it, " ·nr:: found in the talus on the north slope of th 111" a. 
lt hn · in part the t~·pical banded tru<:ture and in pnrt a blotchy app -aranc€', 
the 1 redominatin bancl · or blotche · f pinlt alternating wi th other s or gray 
c lor. Some of th gray blotches contain . mall CtlV iti ;; r epre entin" a di;;­
. olved mineral, )Jrobn!Jl y f Id -par. In t hin ect ion t he pink par t i:; sc u to 
·onsi t mo.tly of a mas· of alunite inclosing minute gr ain. of quartz. 'l'hc 
alunite o ·c:u r.· maiul y a:; a felty l !las:; of minu te lath><, iu whi c:h are s<'attcred 
l ar ger crystals, sin" ie or iu feathE- r y nggregate.· as much n.· a millillll'll'J' Jon~. 
Th r elation of the lnr"er to the sma ll r c:rysta ls su g~c>:t. · that th forBJct· hav 
" rown at the cxpcn:sP of t he latter. Alunite make· up about (iQ per C:l'nt or the 
whole. The gray nr€'as consi.t of very fin quartz nggr gatE:>:s, the I order s of 
which appenr to hHvc be<>n partly r eplacetl by alunite. The qu:lrtz ar 'H" cou­
tnin a fe,,- gra ins 0.3 millimeter or I 'S in <linm tet·, whi ·h HI'C e\·id ntly 
quartz phenocr_y ;;[,; pra ·Ucnll y unafTectecl during the r placement of porphyry 
uy t h ' qun r t7.-a luni te mixture; th y al ;;o iucluclc a few minute grain. · and 
streak;; of limonit , the "'rain · prererving the c:ubic: outline of ori"'inal py rite 
cry ·tals. 

G radati on into the count ry r o ·k is marked by a JlUle-pink tl n e rock in 
whi ch a few m ga.·copi c quart7. gr ain and the ou t line.· r ri ginal f<'ldspm· 
crysta l · are pre. rvetl. In thin . ec:t ion the feld!':par phenocr.vRts prov<' to be 
largely r eplaced by fine aggregates of alunite, and faint outline · of OJ' iginul 
lllack .·i li c:at<' ar e sugg stetl by tine quartz area. dusted \\'i t h hla ·k Sfl<'<'ks and 
grains, th Inrge t of which sugge.t pyrite. Quartz J)heno ·r.vsts ar e very sc11r · '· 
'l'h grountlma s i. :xi:rem ly fine grain d anti on:si t · almo:st \\'h(lll y of 
ljUnrtz with a little alunite and pyrite. 'l'hi · Yariety is imilur to th' ait'red 
wall rock of the l\lary va le alunite Yein ·. 

RELA'l'IO '1'0 lHBTAJ,LU'ERO OEPO l'l' ', 

The rock la t describe l is >ery different from the altere 1 wall 
ro<"k of the main vein in the h ep Rock mine, whi ·h i · a typi al 
ericitized nndesite. The original mineral s of thi rock, both pheno­

cry t and uroundma , haYe been replaced by very fine grained 
mixtures of quartz and seri ite, "·ith about 3 per cent of pyrite in 
small <Yrains. Thi rock contai ns g0ld to the extent of a few dollar 
to the ton and is cla. d as milling ore. 

No miero ·copic alunite was found in the ericitized rock, and there 
wa · no opportunity to .tuJy the relntion beb-veen ·eri citization 
t1nd nlunitization or between the metalliferous quartz vein and the 
quartz-a lunite body. The vein is of the ame type a the metallifer­
ou v ins in the Marysvale li trict, and it therefore s em probable 
that the quartz-alunite body bear· th a me general relation to it as 
the ahmit vein in the 1ary vfde rc<Yion are thou<Yht to b ar to the 
neighboring metalliferous veins, but here, a in the 1ary vale region, 
no dir ct conn tion between the two type. of clepo its has been 
proved. It is hop d that future development along the beep Rock 
vein will di close the rel ation. 
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In vi w of this deficiency of ritical evidence, any stat ment con­
cerning the origin of the he p Rock quartz-alunite deposit mu t be 
regard d merely as a workino- hypoth si . The hape of th depo it 
and its po ition with respect to th neighborino· metalliferou veins, 
e ·pe ially the worked vein of the heep Ro k mine, suO'o-e t that the 
risino- Y in-forming olution were locaJly impounded and deflected 
along a permeable bed b neath ome impervious layer of porphyry 
which i now removed by ro ion. I hy ical condition. at thi place 
were uch that well-crystallized quartz and ri ite, which chara c­
terize the metallif rous Yein · TI"er no lon.o- r form d. Instead the 
porphyry wa permeated by ilica, accompanied by he ulphate and 
ulphide radicles. Th e radi le. con,·et'ted the potas ium and 

aluminum largely into alunite and a . mall amount of the iron into 
pyrite. It is pos ible tha , a · in the Mary ,·ale Yeins, ome pota ·-
ium and alumimun were introdu ed by the olutions, but the aver­

age per entages of the e elements in the Sheep Rock depo it as 
shown by analy es 1 and 2, on page 263, is littl , if any, more than 
tho e in th original porphyry. 

The banded structure of the deposit bears a strong resemblance to 
that of th iliceous ore een by the writer in the Tintic mining dis­
trict and rec ntly de crib d by Lindo-ren/ who attribute the band­
ina- to Effu ion in the repla ement body of colloidal ilica while the 
mass was still in a soft state. If this mode of replacement i a c pted 
for the beep Rock deposit, the num rou contortions in the bandino­
may be attributed to deformation before the mass became rigid, and 
the brecciated parts to deformation after the mas as a whole had 
become rigid but while there was still sufficient fluid or gelatinou 
sili ca to enter the interstices and cement the fragments. 

Alono- the original margins of. the depo it, where the replacing 
solution was weak or was more rapidly consolidated, there was evi­
dently ins11ffi ·ient opportlmity for complete replacement and de­
velopment of l anding and the porphyriti texture of the replace l 
ro k was pl'e erved. The loca l concr tionary structure evid ntly 
marks a tendency o£ the alunite to concentrate po ibly while the 
mas · was till gelatinous. The presence of alun ite in cracks later than 
the banding and the presence of laro·e alunite crystals growing at 
the expense of small ones indicate a tendency of the mineral to con­
centrate even after the rock had hardened. 

As contrasted with the Marysvale depo its the Sheep Rock depo it 
was formed a'lmost wholly by the replacement of porphyry, and the 
two minerals alunite and quartz, were intimately mixed, whereas 

• Lindg-ren, Waldemar, Processes of mineralization and enrichment in the Tintlc mining 
district: Econ. Geology, vol. 10, No. 3, pp. 233-23G, 191G. 
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tho e near Mary vale were formed for the mo t part in open fi -
sures, with ample opportunity for the segregation of pure alunite, 
and only to a minor extent by replacement. This compari on 1oc 
not imply that the available alunite was the ·ame in each loca lity. 
The solutions in the Marysvale area may have contained a hu ·o- r 
amount of the constituents of alunite, in addition to being favore l 
with a better opportunity to depo it the mineral m egregated 
ma ses. 

Cll.E:IU CA IJ CO;\ IPO 'lTlON . 

The three follo"· ing partia l analy ·es of the quartz-;tlunite r oc k 
bYo of averaO'e. ample and one the high-grade variety, were made by 
R. K. Bailey of the nit d States Geological un y: 

Ana l ys s of (]1tarl z-altlllil e r OC'k [rom. 'ltcep Hock tl epo.~il. 

---------------------l--~- _ _ z_J __ 3_ 

60.83 iO. i I 30. 12 
13.83 10.56 26. 53 
3. 9 2. 90 6. 7 

Silica (S iOs) .. . ... ... . . . . . . .... .. .. . . .. .. .... . . . . . . . . . . ...... ... . . . ..... . . 

P1~~~:~K'!8~~~~-( .0.'~: : :::::::: :::: : ::: : : ::: : :: : : : : ::: ::: :: :: :: : : ::: ::::: 

1. Average sample at summiL of Sheep Rock. 
2. Average sample around stake 'o . 2 (fig. 15). 
3. IIigb-grade sample, north slope of Shoop Rock. 

In analy i 1 the ratio of the ulphate radicl to pota ·h is atmo ··c 
exa ctly that of pure pota h alunite. Calculation from the e. data. 
giYes over 1 per cent of alumina and 35.6 per cent of alunite. In 
analysis 2 th ere i an exc ss of 0.6 per cent of the sulphat radi le 
over the ratio bet,Yeen the ulphate ra dj cle and pota ·h for alnnite. 
Thi mall exce s may have b en pre ·ent in the soda alunite mole­
cule. The calculated percentage of alumina i only 9 .. per cent and 
of alunite 25.7 per c nt. In analysi · the exces of the ulphate radi­
cle i 3.2 per cent. Thi nl o may ha,· been pre ent in ocla alunite. 
Th ca lculated percentag of alumina- in To. 3 is 22.3 per ent and 
that of alunit 60.3 per cent. 

~-O .H.l\IERClAL YAL ·~ -

The p rcenta O'c of alunite and th erefore of poLa h is mnch loo 
low throuo-hout mo t of the beep Rock deposit to be of any com­
mercial value. Only in the talus at the north end of the d po it 
ha material of promi ing grad been found and only n. little of 
this i in irrht. Even th hio·h-O'ra.de material, however , contains 
o much silica thn.t "·hen compa red 'rith th e practi ca lly pure alunite 

in the vein near Ma rysvale, the c t of cru hing and calcining i t, 
to say nothing of the co t of tran portat ion will probably be prohibi­
t iv for any but local u e. The presence of alunite in the beep 
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Ro k depo. it, howe>er, indicates that the olution which deposited 
alunite were active in the extreme we tern as well n th e ea tern part 
of th Tu har Mountain and that the hill around Sheep Rock will 
be promising ground for alunite I ro pectinO'. 

UTILIZATION OF ALUNITE. 

P RODUCTS. 

lthouO'h alunite ha ·be n min d for many year in foreiO'n coun­
trie a a ource of pota h alum th prin ipal attention ha b en 
given to it in thi country as a po ible dome ti om of pota h. 
The extraction of pota sium sulphate from it on a commer ial ca le 
appear now to hcw e b en accompli ·heel. P o ible by-prod JCts in 
the extraction of potassium ulphate are alumina and snlphuric acid. 
The succe ful production of th e alumina or its derived pro hicts 
on a commer ial cale appear to be a po. ibility but there is no 
prospect of the production of sulphuri acid at present. 

POTA SSIUM SULPH ATE. 

s already stated, a demon tration by \V. T. chnllcr that the 
simple pota sium sulphate in tead of pota h alum could be ea ·ily 
extracte l from alunite imply by leaching the cal cined mineral with 
water wa publi hed by the nited tate..; G oloO'ical urvey on 
January 9, 1912.1 challer's ob ervation are as follows: 

Lnbornton · xpet·iment · . how d t hat on i gni ti noo the PO\Hler ed alunite nll of 
t he wa ter and th r ee-fourth of the ulphuric acid nr e volnti:r.ed. On leaching 
the r es idue with water t he potu sium ulpbate i. di olv cl, l aving t h in. oluble 
aluminum ox id behind. 

The :werage amount of potassium sulphate l eached f r om the i gni tNl min rnl 
powder is 17.9 per cent of the ot·iginal material 11.' d. As the coa r. ly ry tal­
lb:ecl alunite wn.· found to conta in 19.4 per cent of pota · ium sulphate, 92 
per nt of th total pota. h pre ent wa. · obtained by simple ignition and sub ·e­
quent ! ·aching. 

It i.· ,,·or t h noting; that, accord ing to the l aboratory I:'XP riment. , 32.7 p t 

cent of ,th ign i ted aluni te onsLt .· of avnilahl e pota. sium ulphote, which 
enn he ex t r a tecl h~r simple \\'atC r leaching- and vaporation. The r maining 
67.3 per cent consi ts of nearly pure aluminum oxic! . 

' 'VaO"gaman 2 found that a large quantity of water was required 
to free the iO"nited residue of alunite from ·oluble alts and that the 
·subsequent evaporation was tedious and expen ive, but the proc ss 
has finally been worked out on a commercial . cale by the Mineral 
Produ t rporation . The following description of the process 

1 . 1':. GeoL Survey RuiL till, pp. 5 , 61, 1912; al so a nnounced In a notice given to the 
press for publication on Dec. 18, 1911 ( . S. GeoL Survey P1·ess Bul L 30). 

2 Waggaman, W. H., U. S. Dept. Agr. Bur. Soils Clrc. 70, 4 pp., July 31, 1912. 
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is based on information :furni hed by . Heikes, of the nited 
tates Geological Survey, who aw the plant in op ration. 
From the ore bins at the mill the alunite passes throu<Yh a <Yyratory 

crusher, then throtwh a set of rolls, and thence is delivered to a 
storage bin. This material is mixed with powdered slack coal and 
is fed into a rotary kiln in which it i roasted. The roa t d material 
is eleYated to a torage bin from which it is dra"·n off into a dige ter. 
In the digester it is mixed with water and the nlphate of pota ium 
dissolved out. The charges from the dige ter are tored in wooden 
tanks. From these tanks the mixture is pumped into a filter pre 
"here the insoluble alumina and the water·soluble pota h are epa· 
rated. 

The olution is then evaporated in triple·effect vacnum pans. The 
sulphate of pota sium cry tals are separated out, drained, and dried. 
The dried powder is pulverized, screened, and sacked for shipment. 

The boiler plant uses slack coal for fuel. Boiler ha ,ring a rating 
of 600 hor epower produce steam for driving three engines running 
the machinery of the plant. The exhaust steam is used for evaporat­
ing the olutions and drying the product. 

The capacity of the fir t unit of the plant is estimated to be from 
25 to 35 ton of sulphate of potassium a day. In addition to th 
valuable sttlphate of potassium, the operators expect to gain ome 
return from the filter cake left after the potash solution has been 
remoYed from the calcined material. This cake con ists of nearly 
pure alumina and may be used for making refractory brick, for it 
i reported to withstand temperature as high as 2,020° C. It may 
also prove to be available for making aluminum. 

The mill is reported to be the fir t of it kind built in the nited 
· tates to tr at alunite, and operation of the fir t unit ' a b gun on 
' eptember 15, 1915 when som alunite was put through the crusher. 

Thereafter each part of the rna ·hin ry wa gradually te. ted until, 
by October 6, fnlly ~00 tons of alunite hal been distributed through 
the plant. On October 5 about 20 ton of filter ca ke reported to 
contain about 65 p r cent of alumina ( · 1 ~03 ) wa di char<Yed, and 
the ·aturnte l solution of pota ium ulphate, about 5,000 gallons 
had accumulated in the evrtporator , which wer plac d in commi -
~ion on 0 tober 6. On October 7 the fir t potas ium ulphate was 
produc d and wa said to be about 99 per cent pure and ~ ton in 
quantity. On October 20 the fir t carload, aggregating 28 tons of 
pota sium sulphate that nnalyz d more than 93 per cent pure, is 
reported to have been hipped in cotton bags to the Armour Ferti­
liz r Works at Jacksonville, F la.1 Three ars are reported to have 
been shipped within the fir t month. 

1 Manufacturers' Record, Oct. 21, 1915, p. 52. 

104.27°-Bull. 620-16-18 
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The mill is situated about o 1nil s ontlnvest of 1arysvale and 2 
miles wet of evi r River, near the m uth of Little Cottonwood 
Canyon. The alunite vein, on the Gillan- u ter laims, is 4 miles 
farther w t by wagon road. The mined alunite i · conveyed by an 
a rial tramway 6 200 f ct long, with a fall of 1,900 f t to a bin at 
the creek level, from \\'hich it i carried by wagons over a down­
grade road of 31 miles to the mill. The tramway under present 
conditions ha a rated apacity of 121 tons of alunite an hour. 

Plan are reported for the erection of a plant by th tah Pota h 
o. for extracting pota ium ulphatc and alumina from the alunite 

in the depo its of the Flor n MininO' & Milling o. 

P OTASH ALUM. 

Pota h alum i a hydrou ,· ulphate of alwn!num and pota ium 
(K20.A120 3.4 0 3.24H20) ontaining 11 per cent alumina, 10 per 
cent of potash, 34 per cent of sulphur trioxide, and 45 per cent 
of water. The quantities and values of alum (principally pota h 
alum) and aluminum sulphate produced in th nited tat from 
1910 to 1914, inclusive, and the total imports of aluminum salts are 
shown in the following table: 1 

P1·oduction cmd imports ot almninwn salts into the Dnitecl , tates, 1910- 1911,, in 
shot·t tons. 

l' roduction. Imports.• 

Year. Alum . Aluminum sulpha te. 

Quantity . Value. 
Q.uun Uty . Tota l Value Qutut LlLy. 'l 'ot.td vu.lue . Valno 

Y~ lue. per Lon . per ton. 

1910 .... .... .. 0, 000 $300, 763 $33. 09 126, 792 ,2, 447, 1>52 819. 30 2,127 $53,6?1 
1911. .. . .... .. 10, 468 329, 686 31.4~ 134, 077 2, 743,336 20.46 2,283 56,833 
1912 .. ...... .. 9 , 246 293,995 31. 80 150, 427 2, 909, 495 19. 34 3, 342 , 600 
1913 ....... .. . 9, 60.5 312,822 32.57 157, 749 2, 977, 708 id~ 2, 702 66,549 
1914 . ...... .. . 1 , 238 565, ggg 31.03 164, 054 2, 942, 572 2, 8ll1 73,028 

a Includes a lum ina, a lum in um hydrate, or refined bauxite, alum, a! tun cake, aluminum sulphate, 
aluminous cake, and a lu m in crysta l or ground. 

The pota h in the domestic alum is imported, and the alumina is 
derived from bauxite mined chiefly in Alabama, Georgia, and 
Tennessee, with small quantities from Arkansas. Only bauxite con­
taining less than 2 per cent of iron oxide is used in the manufacture 
of alum, aluminum sulphate, and other aluminum salts. The plants 
manufacturing potash alum and other aluminum salts are all east of 
Mississippi River, but the practicability of establishing a plant in 
Utah is worthy of careful consideration. 

1 Phalen, W. C., The production of bauxite and aluminum in 1914: U. S. Geol. urvey 
Mineral ResOUl'CCS, 1914, pt. 1, p. 20 , 1915. 
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The de ·cription of the process of manufacturing potash alum from 
alunite in foreign countries, which was reviewed by Butler and al 1 

is here repeated for the reader' convenience. 

A considerable amount of a lum i prepa red from alunite. AltmHe onta in · 
the elements of ]X>tassium alum, bas ic aluminum ·ulpha te, a nd free a lumina. 
In Sicily it i: made into heap· nncl ca lcin d iu til op n a ir. At Tolfa, where 
the mnuufacture i · a LTied out on a hu·o-er en! , the roasting i · couclu -lerl in 
furna · s like limekilns, lined with refractory ma terial . 'l'h mineral is heated 
in large piece by the flame wi thou t cl irect coutact with tile fu I until ·utpbur 
dioxide begins to escape. The calcina tion req uires about s ix hours. the rna ·.· 
losing about 35 1er cent of water. During the ignition lhe exce'S of a lumina 
beyond that necessa ry to produce alum i · rendered insoluble and uo long r ha · 
the 1 roperty of precipitating basic ul[ bate· from llle olution. Tbe ca lcined 
rna ·s i exposed to the air upon a clay floor for orne we L< ·, during which time 
it is oc ·a ·ioua ll y moi teued. 'l'lle mudlike product i agitated in boilers wilh 
wate1· at 70° C., and the clear decanted liquid , of density 10°-12° B., i · emv­
orated to 32° B. aud cry tallized in mall wooden tubs. The cry tals ar 
cubic, opaque, and reddi ·h from the pre ·ence of ferric oxide. 'l'hi · iron i , how­
ever, quite insoluble an 1 may be sepa rated by r crystallization; the soluble 
iron is tid to be Ie ·s than 0.005 per cent. In thi · way '·Roman a lum " was 
form erly la rgely produced. On ac ·ouut of their great purity the red rystals 
were much ·ought aft r . 

.Alunite is now hu·"'ely co1wer ted in to alum by tTeatment wilh su lpburic aciu 
and addition of pota ium sulphate. Guyot 2 has examined this proces · and 
recommend the following method: 

On i.guition of a lunite the f ree alumina i. first rendered anhydrou. a ncl olu ble 
in su lphuri acid; at a hi" her t mperatur the ba · ic .· ul phates be ·orne ·otubl e, but 
if the temperature be a llowed to ri too high the alum ina becomes vitriti d 
and i · insolubl . Guyot r comm uds ignition at 800° . for tbr e hour · as 
th be t m ans of r ud ring the maximum of both the ·c s ub tan<: : ·oluble. 
The cornpositiou of the ·alcined ma s i. cletermitP d, and acid i · u: I in pro­
portion to the amount of olul le ·ulphat contained . l~o r a protlu t of t he 
f llowi n,r ·omposi tion, K.~o., 14 per c >nt; AI,0 •. 3 o. ( pre,;ent as alu111) , 26.55; 
Al:.Oa.3S • (free), 6.56; AI, • (fr ), 1.5 ·; OH:, 11.90 ; l~e,o., 0. 0; s ili ·eous 
re ·idue, 21.61 per cent, the propor tion: "'i v n bel w woul u be most >;a tisfactory. 
Iuto a cia~· o,- n is pou r d 12.5 tons of s ul phuri · a ·id of 52° B. diluted to 30° 
B. uncl h ntecl to 0° or 90° . J~ i .,.h t tons of th calcin I mineral i · then adtlecl 
in portions and well tin d. After the whole has b en adtl c1 the liquid i left 
fo r two Ll ours then vapOI'Ilt cl to o B. aucl tr ated with 2.7 ton.· pota ium 
sulphate. '!.'he p ro ·es · up to thi: point o · upi · 10 hours ; nfter a furth er pe riocl 
of 13 h ur: til el enr liquid i. tlecantecl otr; it: d n ity should not exceecl 42° 
B. '£he muddy liqui I r n1ainin o- i 1· clue c1 to 24° B. by the nclclition of mothet· 
liquor from a previou · cry tallization , . tiLTed , allow d to ·ettl e, drawn orr 
clea r , mix c1 with th fir t cl cantate, and c1·y tallizecl in a vat. After one day 
tb cry tats ar r moved, r li: olv d, and re ·ry tallizecl. The muddy r idue 
i · cry ta llized ut for a further cror of alum. Til total yield of a lu m i about 

1 • S. Geol. Survey Bull. 511, pp. 59- 60, 1912; quot d 
of appll d chemistry, Loudou, 1 90, p. 7 . 

• Guyot, M. P., Sur Ia ri ches c indust r i li e de l'a lunite crue, en poudre : Paris Acad. 
Sci. Compt. R nd., vol. 95, pp. 693, 694; Expt\rlences sur Ia ca lcination de l'alunite en 
poudre, des tlnN !\ Ia fabrication de l'alum et dll sulfate l'alumlne: Idem, 'pp. 1001- 100::!. 
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2.3 times the original w ight of ore. 1'he insoluble matter contain· 3 p ' r cent 
alumina and 2.01 p r c nt potas ·ium . ulphate, in addition to ·iiica, etc. 

According to C. 'chwar tz,' the b ' t temperature for th ro t iug is 500° C., 
aucl the acid u ·eel ' hould haYe 11 density b tween 1.:.!97 ancl 1.5' 0. 

The summary concerning th utilization f the . ustralian d•po it 
at Bullahdelah i contained in the following paragraphs: 2 

'I'll fol lowing i.· a pr · ss by which alum h; .manufactur d from aluni te: 
'J:he miner al i gr ound and th n ·a! ·in cl in r v rberatory fu ruac .·, to d hy­
drate it and h·ive ott part of th 'Oa. It is next treatL'tl with a w al;: solution 

f ulphmi ncicl in Iead-liuecl tank., 11 at cl to boiling point by . t am j et.· . The 
liquor i allo\\'ed- to .· ttle in th sam vat>:, and the ·lea r solution is run oft' 
into crysta lli zing tan! ·, \\'hi ·h are l<ept in con taut agitation wbile c oling, th 
alum cry.tallizing out nnd . ulphate of alumina r emaining in . olution. The 
r e. idue in the vat i. boi led again with water, und the .·olu tion run of!' again in 
the ·arne way. T he liquor contuining ulphnte of aluminn i · th n return d to 
the vat and ·ufl'lc.ient of t he ca l ·i ned n) in 'nl l added to ·ompl t ly n utrulize 
any f r ee acid. It i s tb n heated to boi ling point und ebu lli t ion continued until 
partial r eY 1· ion tak ·place, the rev r. i n b ing nee mpuni d by n pre ·ipitation 
of the byclratecl ferric oxide. 

The nlum, nfter collect ion, i. \\'ashed and th n r tin d in Yat. ·, similar to but 
deeper than t hose originall y mployed, and t he concentrat d .·oJu tion is run into 
r oaching tun · in which it i cr y ta llized; it i then broken up and pack d r eady 
for the market. 

The ulphate of alumina . oluti n, after all th alum hns l> n cry. talliz d 
from it, i · concentratetl in .·mall vat heated witb steam coil·, and th l ow r 
qualitie of ·ulphute of alumina are formed by running the liquor out l ead 
btbles and breaking the . oliclified material into blo k , the higher qunliti : 
( conta ining oYer 17 per cent of ·olubhi alumina) being ca. t on copp r ti·ay:. 
Tlw>'e high r qualitie ·, whi ch vary in color f rom yellow to gr n in th " luhs, 
are then g1· uncl in a eli integrntor, and the material as um · a ·oo\\'-\\'hite 
appearance. 

It i · of: cour: fea ible, by t h addition of 1\:,SO,, to convert the wh I of: th 
a lumina contained in the . tone info alum if de ·ired, but the mor p r ofitabl e• 
method of treatment, when th bett r cia· e of: ·uJpbat of alumina can b sold 
at tandal'(l price!<, i s to make only ·o much alum as th er E' i. . ulphate of potn: h 
p r esent in th tone to p r Iuce, an<l conv rt the r est of the alumina into . oluhle 
:ulphate of nlumina (of commer ). 

ulphur may he obtain cl hy distil li ng the mineral in the pres nee of any r e-
ducing ga like coal gas. ulphuric acid may nl»o b cli:tillecl f1·om th mineral. 
Heating with carbonate of bar yta pt·oduces aluminate of: l)ota h. 

The following extract from a recent consular report 3 O'ive a little 
additional information on the industry at Bu.llahdelah: 

'l'he stone yield on nn av rnge 0 per ·ent of alum. Ac ort1ing to the . tutis­
tic · for the mining indu. try of N w onth Wale., the output of alum for t lw 

• year. 1856 to 1908 was value l at $450,000 and for J90 to ttle end of 1913 
~190,000. Since tb year 1908 about 1,200 tons of the rock hav l> en tnken out 

1 Ueber die Aufschll 
p. 2 7. 

• Pittman, E. P. , Alunite or aluni tone in New . outh Wales : 'ew South Wal s Geol. 
urvey Rept., 1901, pp. 419-429. 

3 Sullivan, L. . (consul at Newcastle, N. S. W.), Daily Cons. and Trade Repts. No. 199, 
p, 99J, Bur. Foreign and Domest ic Commerce, Aug. l G, 191G. 
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annually noel ·hipped to England for treatm ot, wh re the alum oulu be ex­
trncted much more cheaply than wa pos ibl here. The Austr a li an Alum o. 
(Ltd.) is the opera ting compa ny, with head otnces a t 109 Pitt tt·eet, ydney. 

ALUMINA AND ALUMINUM PRODUCTS. 

The possible derivation of alumina a a by-product in the extrac­
tion of potash from alunite has already been mentioned. Exp ri ­
ments on the direct extraction of alumina from high -grad nlunit 
(see analyses 1, 4, and 5 p. 246) have shown that th proces works 
well and may be a commercial u ce if freight rates from Utah to 
eastern aluminum-manufacturing plants are not prohibitive. s 
an offset to the freiD"ht rate , howeYer, i the fact that the alumina 
produced rom high-grade alunite i purer than the bauxite ore of 
the outhern tate . The low-grade min ral col'l'e pond ing to 
analy is 2 on page 246, contains too mu ch ilica to be u ed as an ore 
of aluminum. 

The question of erecting a western plant for extraction of alumi­
num may be found to desene con ideration. In a recent paper 
by Lyon and K eeny, of the ni ted tates Bureau of {ine ·/ th . tatc­
ment i made that" nll p roces e. fo 1· the extraction of alum in um from 
silicates are still very much in the experimental stage. ' s alunite is 
a sulphate, not a ilicate and can be obtained practically free from 
si li ca, its availability appea rs more promi ing. The extra ction of 
both potash and alumina from the ame lot of ore hould appa rently 
O'O fu rther to1vard making a. uccessful industry than the e}..'traction 
of either product alone. 

Other products, now obtained from the mineral bauxite, a hydrous 
oxide of aluminum may also be derived from the residue left after 
the extrn tion of pota sium sulphate from aluni te. The e are the 
different aluminum salts r fra tory brick , alundum (fused alumina), 
an l alcium aluminat . In the manufacture of r efractory bri ks, 
the purer the alumina the m re refractory the re ulting pr duct, 
but it i probable that the rather ili eous residues from the 
les pur O"rade of alunite such n that represented by analysis 2: 
pa 0' 246, will be sati factory for thi purpose, whereas the residues 
practically free from silica nre e peciallv desirable for the manufac­
tur of m talli c aluminum. \.hmdum is u ed as an abrasive and i 
finding nn xtended u e in the refrn ctory industries. Calcium alumi­
nate is n ed to O"ive a. quick set to plasters. It i po sible that the 
alnmina residue at the Marysvnl e plant may find a direct u e, ancl 
it i. reported that experiment to determine thi point are under way. 
< urther information on the production and manufacture of alumi­

num and its products is given in the annual reports on bauxite and 

1 Lyon, D. A., and Keeny, R. M. , E lectro-metallurgy of a luminum In the West (pt·csented 
at ep tembGr meeting of American Institute of Mining Engineers) : Abstra t published In 
Min. and Eng. World Aug, 7, 1915. 
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aluminum by \V. C. Phalen, of the United tutes Geoloai al ta ·vey, 
in Mineral Re ource for the years 1908 to 1914 inclu 1 ve. 

SULPH URIC ACI D AND SULPHUR. 

The manufactme of sulph nri acid in connection with the prepa­
ration of pota sium sulphate and alumina ha nl o be n nage ted 
and in certain patent is u d for apparatns fo r treating alnnite 
mean have been de,·ised for conserving the fume given off in roast­
ina. It i tated by Phalen/ howeYer that owina to the expen e of 
th process and to the mall market for sulphuric acid in the \¥est 
at the pre ent time, it i. Yery unlikely that the on ervation of sul­
phuric acid from nhmit will be eriou ly considered for some years 
nt lea t . 

It has been . uggested that sulphur may be obtained by di tillino­
the alunite in the presence of any r clueing ga . The production of 
sulphur by u h a method ha evidently not been onsidered by those 
interested in the Mary ·vale depo it , and it is not likely to prov 
practi al in view of the larg amount of sulphur produced so heaply 
in Louisiana and Texa and for the further and important r ason 
that the production of ulphur from its oxide. (the" ulphnr fume ' 
from smelter ) has not yet progr s. eel beyond the experimental stage. 

FERTI LIZE R. 

Owing to the slowne and expen e of extractina potassium . ul­
phate from alunit by leaching Waggaman 2 

• ugaested that it 
might he more economical to u. e ignited alunite directly as a fer­
tilizer. Experiment by kinner and Jackson 3 afford some infor­
mation on this question. 1he e xperiments show that raw alunite 
used in amounts equivalent to 25 to 500 pounds of K 20 per acre 
increa eel growth from 10 to 20 per cent. The growth when the 
raw alnnite wa · used was not o good as with imilar amounts of 
pota i um . ulphate and potas ium chloride, but the increase in 
o- rowth \Yith ca lcined alunite ranged from 35 to 43 per cent, the aver­
age being 40 per cent, which wa about the same n. that "ith potas­
:ium su lphate and great r than that with pota sinm chloride. 

'Phalen, W. C., Pota h salts, 1!>14: U .. . Geol. urvey Minera l Resources, 1914 , pt. 2, 
p. 21, 1915. 

• . S. Dept. Agr. Bur. Soils Ire. 70, July 31, 1912. 
• Skinner , J . .T., and Jack~o n. A. :\I., Alunite and kelp as pota ·b rertlllzers: U. S. Dept. 

Agr. Bur. Solis ire. 76, 5 pp., 1\ pr. 10, 1913. 



NOTES ON THE FINE GOLD OF SNAKE RIVER, IDAHO. 

By J. M. HILL. 

INTRODUCTION . 

The material contained in this paper is largely a compilation from 
variou oUl'ces, but is in part ba ed on the writer 's examinations of 
gravels in the Fort Hall Bottoms, near Fort Hall, Bingham County, 
Idaho, and near Moran, Lincoln County, Wyo. Its pre entation at 
this ti;me is thought to be warranted by a con tautly increasing 
de;maod for information concerning the occurrence and recovery of 
the fine gold of Snake River. This short paper will probably be up­
plemented as the result of further studies which the writer expects to 
make in the preparation of a report on th€1 placer depo its of the 
United States. The larger work will require considerable ti;me for 
it completion and, with the cooperation of the Bureau of Mines, will 
include much more detailed information on the technology of placer 
mrnmg than would be possible for a geologist to incorporate in a 
report. 

BIBLIO GRAPHY. 

Much of the material in this paper has been obtained from the 
publications listed below, which should be consulted by anyone 
de iring ;more detailed information concerning the gravels of Snake 
Ri er. 
BANCROFT, H. H., History of WashiJ1gton, Idaho, and Montana: Works, vol. 31, 1890. 

Mentions (p. 233) discovery of gold in Caribou district and says (pp. 531-534) 
tl1at tJ10ugh gold was lruown in tJ1e gravels of Snake River prior to 1871, it 'Va<! 
not until tllat year tl1at any attempt was made to extract the gold . 

B ELL, R.N., Dredging for fine gold in Idaho: Eng. and Min. Jour., vol. 72, pp. 241-
242, 1902; Idaho Mine Inspector, Eighth Ann. Rept ., pp. 112-117, 1906. De­
scribes construction of dredge. 

--The origin of the fine gold of tile Snake: Eng. and Min . Jour ., vol. 73, pp. 143-
144, 1902. upports Turner's suggestion tllat the fine gold of the Snake was 
deposited from the waters of a l\fiocene lake, and describes gold as occurring in 
small flakes, many of IJ1em cup shaped and coated with sil ica, of which 1,000 to 
2,000 are necessary to make 1 cent. The rich gravels ocelli" near the surface or 
in tllin lenses of cemented sand and gravel. 

BRADLEY, F. H ., ·u. S. Geol. Survey Terr. Slxtil Ann. Rept., pp . 250-271, 1873. 
Describes exploration of tile headwaters of Snake River along Henrys Fork aud 
Teton R iver and in Jackson Role and tile southern part of Yellowstone Park. 
Mentions early placer operations in Jackson Hole. 

271 
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DAY, D. T., and RICHARDS, R . H ., Investigations of black sands from pia ermines: 
U. S. Geol. Snrvey Bull. 285, pp. 15Q-163, 1906. Give preliminary results of 
tests made at Portland Exposition. 

---- Black sands of the Pacilic slope: U . S. Geol. Survey Mineral Re­
sow·ces, 1905, pp. 1175-1258, 1906. Give final results of tests at Portland Expo­
sition and show by tables the minerals contained in black sands. Give re ults 
of experiments on the separation of gold and platinum from such sands. 

EGLESTON, THOMAS, The treatment offine gold in the sands of Snake River, Idaho: 
Am. Inst. Min. Eng. Trans., vol. 18, pp. 597--609, 1889. Gives a very good 
description of the construction and operation of the burlap table machine. 

IDAJIO INSPECTOR OF MINE , Annual reports, 1899 to !913. Notes on the occurrence 
and methods of working the fine auriferous gravels of Snake River. 

IDDINGS, J. P. , WEED, W. H., and HAGUE, ARNOLD, Geolo<>y of the Yellowstone 
National Park: U. S. Geol. mvey Mon. 32, pt. 2, pp. 184-1 9, 1 99. Describe 
geology of the headwaters of nake River and state that " It is quite likely that 
this gold [in Snake River and Pacific Cr ek] has in great part been derived from 
the conglomerate of the Pinyon (Eocene) formation." 

IRVINE, C. B ., l<ine gold of Snake River: Min. World, vol. 29, p. 916, 1908. otes 
fineness and high quality of nake River gold, also its peculiar cupped flakes. 

LINDGREN, WALDEMAR, The mining districts of the Idaho Ba in and Boise Ridge, 
Idaho: U. S. Geol. Survey Eighteenth Ann. Rept. , pt. 3, pp. 625--637, 189 . 
Discusses geology of lower Snake River alley and shows the existence of a 
Miocene [Eocene?] fresh-water lake in which the Payette formation was deposi ted. 
Considers that flows of basalt took place in Pliocene and Pleisto ene time. 

--The gold belt of the Blue Mountains, Oreg.: U. S. Geol. mvey 'fwenty­
second Ann. Rept., pt. 2, pp. 759-762, 1901. Mentions occurrence of gold in the 
gravels of Snake River between Idaho and Oregon and quotes W. H. Washburn 
at length on ,the distribution of gold . 

MAGurnE, DoN, Snake River gold fields: Mines and Minerals, vol. 20, pp. 56-58, 1899. 
Notes that South Fork of nake River is principal source of gold above Boise 
River, and estimates that gravels contain at least $2,000,000,000 in gold. Says 
that large operations have not as a rule proved successful, but that skim-bar 
miners average from $1 to $4 a day with rockers. 

MiNERAL RESOURCES OF THE UNITED STATES, publ ished annually by U. . Geol. 
Smvey. The reports from 1902 to 1913 inclusive contain brief notes oil the 
developments along Snake River and give production of gold from the various 
counties along the river's course. 

PowELL, F., Gold dredging on Snake River in Idaho: Eng. and Min. Jour., vol. 70, 
pp. 395-396, 1900. Notes that highest gold content is confined to gravels for a 
few inches near the surface, and that tenor diminishes with depth. Describes 
the dredge used. 

RussELL, I. C., Geology and water resources of the Snake River Plains of Idaho: U.S . 
Geol. Survey Bull. 199, 1902. Describes the geology of the lavas of the Snake 
River Plains between the Teton and Sawtooth mountains. 

ScHULTz, A. R., Gold developments in central Uinta County, Wyo., and at other 
point<; on Snake River: U.S. Geol. Survey Bull. 315, pp. 71-88, 1907. Describes 
occurrence of gold and methods of working gravels at the south end of Jackson 
Hole, Wyo., and other points on Snake River, particularly in that portion of the 
river between Minidoka and American Falls, which was partly submerged by the 
Minidoka reservoir. 

--Geology and geography of a portion of Lincoln County, Wyo.: U. S. Geol. 
Survey Bull . 543, pp . 122-129, 1914. Describes placer mines at Pine Bar and 
Davis diggings, at south end of Jackson Hole. 
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ScHULTZ, A. R., and RICI£ARDS, R. W., A geologic reconnaissance in southeastern Idaho: 
U . S. Geol. Survey Bull. 530, pp. 267-2 2,1913. Describes lode and placer deposits 
of the Caribou district, in the southeastern part of Bonneville County, Idaho. 

SHOCKLEY, J. H., The origin of the fine gold in Snake River, Idaho: Eng. and :hfin. 
Jour., vol. 73, pp. 280-2 1, 1902. From examination of gravels of Snake River iu 
Jackson Hole decided that gold came for tho most part from the breaking down 
of amiferous pyrite similar to that found iu andesitic bowlders. Says that all 
gravels carry gold but that bars with most sand carry largest amount. 

ST. JoHN, ORESTES, U. S. Geol. and Geog. Survey Terr. Eleventh Ann. Rept., pt.1, 
pp. 321-474, 1883. Describes exploration of part of upper Snake River basin, 
the Caribou district, and notes placer workings in Snake River canyon that were 
worked in 1875. 

WASHBURN, W. H., Gold in Snake River gravel bars: i\<lin. and Sci. Press, vol. 81, 
p. 610, 1900. otes that gold is most abundant at head ends of bars depo ited 
along short or inner sides of curves, and that these bars are emiched by every 
flood of river; that the top layer of gravels is richest; and that bedrock concen­
tration is not usual. Mentions the fact that above Boise River 1,200 colors are 
worth 1 cent, but below Boise River it takes only 900 colors to make 1 cent, also 
that the gold above the mouth of Boise River is worth from $17 to 19 an ounce, 
while below it runs from $14 to $16 an ounce. 

HISTORY. 

There is no mention of the exi tence of gold in the gravels of Snake 
River in any of the reports of early explorations in thi country. 
Different parties of the United States Geological and Geographical 
Survey of the Territories, under F. V. Hayden, visited Snake River. 
In 1871 Bradley 1 visited the hcadwat rs and reported that as early 
as 1862 prospectors were trying to extract gold from the gravels of 
Snake River in Jackson Hole. Bradley says: 2 

A considerable excitement was stirred up a few years since by reported discoveries 
of placer gold in large quantities on the upper Snake, and many prospectors visited 
this region. A small hydraulic operation was underfaken near this point, but the 
gold was too fine and in too small quantities to pay, and the whole region was entirely 
abandoned after a few months. The coarse gold found on the lower part of the nake 
appears to have entered the river below the ranyon, which is still to the southward 
of us. 

* * * * * * * 
Two or three miles below the mouth of Salt River a small stream from the west 

(entering nake River near the mouth of the canyon) was thick with mud from the 
aribou gold washings . 

In 1877 St. John 3 found "on the terraced interval [in the upper 
canyon of Snake River] indications of old placer workings which had 
been open d eight years ago [1 75] by a party of miners associated 
with Jeff Stantiford, a well-known prospector and explorer of this 
region. The enterprise was, however, interfered with by the Indians, 

t Dmdley, F.n., Report or Snake Riverd ivi ion: 1 • S. Goo!. nnd Goog. Survey Terr. Sixth Ann. Rept, 
for 1871, pp. 190-250, 1872. 

s Idem, pp. 266, 269. 
• St. Jolm, Orestes, U.S. Goo!. nnd Goog. Survey Terr. Twelfth Ann. Rept., pt. 1, p.196, 1883. 
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since when no organiz d mining operations have been r sumed in 
this quarter." 

According to Bancroft/ though flour gold was known to exist in 
considerable quantities in Snake River, it was not until 1 71 that 
experiments were made toward its recovery. He says that paying 
quantities of gold were found-
on the gravel bars in the vicinity of the Great Falls, at the mouth of Raft River, Hen­
rys Ferry [between the mouths of Bnmeau River and Castle reek], and the mouth of 
Catherine Creek. * * * In 1 71 and 1 72 several m:ini.ng camps or towns sprang 
up along the river. Thousands of olmces of gold dust of the very finest quality were 
takEin from the gravels in their neighborhood in th e two years. 'Ihe placers, bow­
ever, were quickly exhausted on t.lie lower bars, the i.mplem nts in use faili.ng to save 
any but the coarsest particles . 'l'he higher bars were ltnprospected , and the camps 
abandoned. But about 1879 there was a revival of interest in the Snake River placers 
and an improvement in appliances for mining them and saving tJ1e gold, which en­
abl d operators to work the high bars which for hundreds of l1liles are gold bearing. 

According to Bancroft, the co t of opening n claim was about 
$5,000 and the returns fTom $10 to 50 a day; 5,000 to 10,000 in 
gold could be won from an acre of ground by gold-saving machines 
and amalgamators. He propo es the u e of long ditches to supply 
water for the placers, as well as for liTigation. He say that on the 
Idaho Snake River Gold Mining Co.'s land in Black Canyon some rich 
ground yield d 100 a day to the man working with rocker, copper 
plate, and some cyanide of pota sium, while the average yield was 
$25 a day over 80 acres of gravel. The Lawrence & Iolmes Co. 
claims, near Blackfoot, paid from . 19 to 50 a day to the man. 
Lane & Co., near the mouth of Raft River, obtained $25 a day to the 
man, and Argyle & Co., near Fall Creek, . 100 a day to the man. The 
best working seasons, according to Bancroft, are from the 1 t of 
March till the middle o{ May, and from the 1st of eptember to the 
1 t of N overober. 

For many years the gravels of Snake River have been intermittently 
worked at a large number of places, extending from Moran, Wyo. 
(Buffalo Fork), to the mouth of Boise River. (See Pl. VII.) None 
of the larger operations, so far as known, have met with marked 
financial success, though unquestionably some individuals have made 
a small amount of money. 

Probably the most extensive workings on Snake River were in 
southern Idaho, in the vicinity of Rupert, Minidoka, and American 
Falls. Plate VIII (p. 278) shows the principal clailns in this area, 
some of which were submerged in the reservoir formed by the building 
of the Minidoka dam. 

1 Bancroft, H. H.,~ o! Washington, Idaho, and Montana: Works, vol. 81, pp. 629-636, 1890. 
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SNAKE RIVER B ASIN. 

GENERAL FEATURES. 

Snake River rises in Sho hone, Lewis, and Heart lakes, in the outh-
rn part of the Yellow tone National Park. It flows outhward, 

through Jackson Lake and Jackson Hole, for about 100 miles. Its 
principal tributaries in this part of its com'Se are Buffalo Fork and 
Gros Ventre River , which enter it from the east. A hort distance 
south of J ackson Hole the stream turns we t, and after pas ing the 
Idaho line it course chang to the northwest. ( ee Pl. VII.) 
B tween Fall River and a point a short distance west of 1:cCoy Creek 
the river flows through a canyon, and in this part of its course Gr ys 
River and alt River enter it from the south. Near the boundary 
between Madison and J efferson countie , Idaho, nake River is 
joined by Henrys Fork, a tributary that heads near the Idaho, Mon­
tana, and Wyoming boundary line. The riv r here makes a harp 
turn to the southwest and continues in this direction to Rock Cre k, 
beyond the town of America.n Falls. In tlus part of its course it 
receives Willow Creek, Blackfoot and P ortne1rl river , and Bannock 
Creek from the east, but no treams enter it from the nake River 
P lains, which border it on th west. From Rock Creek nake Riv r 
flow in a general westerly course to the mou th of Bruneau River, a 
considerable tributary from the south. From American Falls to 
Salmon F alls the Snake receives no large tributaries from the north, 
but on the south side there are a number of stream , among whi h 
are Rock Creek, Raft River, and fa1 h, Goo e, and Salmon Falls 
creel· . Big Wood River joins Snake Ri er a short distance west of 
Gooding, and from that point westward the nake, here intrenched in 
a deep, narrow anyon, receives more tributaries from the north, 
h ading in the Sawtooth Mountain , than from the outh. Beyond 
the mouth of Bruneau River nake River turns northw tward and 
continues in that course to th Idaho line, which it reach about30 
mil west of Boi e. It form the ' e tern boundary of Idaho as far 
north a Lewi ton and from that point flows in a general westerly 
dir ction to Columbia River near P a co, Wa h . 

From an in pection of Plate VII it will be seen that Snake River 
and it tributari drain all of southern Id aho and portion of we tern 
Wyoming and northern evada. The area of the nake River ba in 
above the mouth of Rattlesnake Creek is 37,300 square miles. 

WATER SUPPLY . 

According to a recent Survey report '-
Precipitation in the nake River drainage area ranges from 6 or 8 inches in the 

valley to 50 inches at the bead of many of the tributaries. In the higher altitudes 
the precipitation is practically all in the form of snow, but the snowfall in the lower 

I U.S. Oeol. Survey Water-!lupply Paper 292, p. 287, 1913. 
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valleys below American FaJls, Idaho, is comparatively light. * * * The temper­
ature in these vall eys ranges from 100° in the summer to 35° below zero in the winter. 

The following tabl s showing the n:i.aximum, m.iillmum, and mean 
di charge of Snake River A.t Moran, Wyo., 11nd Blackfoot, Neely, H.nd 
King Hill, Idaho, have been compiled from. the Smvcy r port on 
the smface water supply of the North P acific co A. t, 1 which give 
detailed information concerning the water resomces of the Snake 
River basin : 

Monthly discharge of nake River at Moran, Wyo ., and Blackfoot, Neely, and King Tlill, 
Idaho . 

Moran, Wyo. 

!October , 190.1, to September, 1911 , inclusive. I 

D ischargo in second-feet. 

Month . 
Maximum . Minimum. Mean. 

anuarya ... . . J 
F ebruary b . •. 
March ........ 
~rll. .. .. .... 

ay ...... . ... 
une . ........ J 

J 
A 
uly .......... 
ugust ....... 

September. .. . 
October ... . .. 
N 
D 

ovember . .. . 
ecember .. .. 

1, 070 374 
1. 430 440 
2, 220 500 
4,370 530 
7,930 622 

10,600 950 
12,100 1, 030 
9, 700 712 
2, 160 cO 

c 1,810 cO 
d 1,4-10 <37-1 
d 1, 310 • 374 

a ot including 1905 and 1907. 
b Not inolnding 1905. 
c Not including 1910. 
cl ot including 1906. 
• "ot including 1900 and 1910. 

Blackford, Idaho. 

GM 
700 
683 
837 

4,290 
5,250 
3,400 
2,430 

805 
614 

d585 
d584 

!June, 1910, to September, 1911, Inclusive.] 

-
Discharge in second-feet. 

Month. 
Maximun1. :l.iinimum. Mean. 

January a ....• 5,870 2,140 3.250 
February a . .. 7, 270 2, 270 3, 70 
Marcha . ..... . 5,620 2,200 4, 000 
~ril a ........ 9,450 3,610 4,960 

aya .... ..... 1 ,800 9,170 14,800 
June ..... .. . . . 32,900 3,560 16,900 
J uly . ... ... . .. 21,900 90 6,580 
August .. ... . . 6,860 238 2,000 
September .... 3, 700 1, 120 2, 340 
October b .... . 2,900 1,570 2, 430 
Novemberb .. 3, 780 2, 900 3, 410 
December b ... 3,870 2, 270 3,230 

a 1911 only. b 1910 only . 

ooly, Idaho. 

!Ma rch, 1906, to eptem ber, 1911 , inclusive. J 
-

Discharge in second-feet. 

Month. 

Maximum. Minimum . Mean. 

J anuary ...... a 10,600 b 5, 280 c 6, 520 
February a ... 12,800 5,270 6,460 
March ..... .. 15,600 4, 140 7 5<10 
A/aril. ....... 29,900 5,460 u;ooo 
A ay .. ....... 33, 000 10,500 19,000 
June ... . ..... 41, 100 6, 130 25,600 
July . .. ... ... 37,200 3,470 14,100 
August . ..... 13,900 2, 220 5,930 
September ... 11, 100 3, 450 6,070 
October ...... ' 70 4, 270 6,480 

ovem ber ... 13, 200 5,050 7, 030 
December .... d 7, 590 • 5,320 0,650 

a Not inclnding 1910. 
b Not including 190~ 1910l ancl1 911. 
c Not including 190 and 910. 
cl Not including 1909. 
• ot including 1908, 1909, and 1910. 

King Hlll,Id abo. 

!May , 1909, to September , 1911, inclu.~ive.] 

Discharge In second-feet. 

Month. -
Maximum. Minimum. Mean. 

January ..... 21 ,400 8,160 10, 000 
February ... . 1 ' 700 '750 11, 400 
March .. .. ... 25, 100 ,880 16,200 
~ril .... .. .. 30,100 8, 720 16,800 

ay .. ...... . 34,000 12,900 21,900 
June ......... 41,900 5, 790 20,200 
July ...... ... 37, 500 4, 760 13, 100 
August ...... 20,900 4, 760 6, 780 
September ... 15,600 5,090 , 460 
October ...... 14 , 700 6, 400 10, 500 
November .. . 15,800 6, 75() 11,700 
December .... 14, 400 7,910 11,000 

' . . Geol. un•ey Water-Supply Papers 100, 135, 17 , 214,252,272, 292, 312. 
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PLACER GRAVELS. 

DISTRffiUTION. 

The placer gold depo-i.t along Snake River may be olassed as 
stream placers and bench placers. The stream placers consist of 
bowlders, gravels, and sands that form ban;, banks, fills, and shoals 
along the present streams. Many of thes deposits are temporary 
and change more or less during every heavy storm. The b nch 
placer-s are older stream dep0sits, at higher levels represented by 
terrae remnants. 

At the mouth of Buffalo Fork (No. 1, Pl. VII) there are two dis­
tinct terraces 10 and 30 feet above the present channel. South of 
J a.ckson Hole examples of terrace formation are seen on both sides 
of Snake and Fall rivers, at wide points in the valley. Kt several 
places along Snake Riv~r above th canyon terraces occm· 50 to 100 
feet and even 200 feet above th river. The t rraces slope gently 
toward the center of the valley and their slopes are strewn with water­
worn rock fragments similar to the material found in the river b d. 
Many of the terraces along Fall River, extending back a quarter to 
half a mile from the present river channel, are paved with waterworn 
pebbles similar to the material found in the Snalce River channel. 
Near the mouth of Fall River, where the stream cuts aero s two anti­
clines, gold was found in the sands accumulated near the water's 
edge. Whether gold occurs in the gravels farther up Fall River 
above the canyon and along its tributaries heading in the Gros 
Ventre Mountains is noli known. 

In tho canyon between Greys River and McCoy Creek (No. 4, 
Pl. VII) there are several small gravel deposits both in the present 
charuiel and on rock-cut terraces. 

t Mark t Lake ( ro . 5, Pl. VII), near the junction of Henrys 
Fork and nako River, there are extensive bottoms. Terrace gravels 
about 15 fo t above the pre nt channel, as well as the gravels now 
at the str am lev l, have been worked in the past. 

On both sides of Snake Riv r near the mouth of Blackfoot River 
con iderablo gold has been won from terrace gravels on the Welch 
ground ( o. 6) and tho Gold Point and Eagle Bend ground (No.7) . 
On the Welch ground, east of the river, the gravel bank is 18 feet 
high, and no bedi·ock is exposed in the workings. It is said that a 
75-foot well near the river cuts only gravel and sands. On the west 
side of the river the gravels, which rest upon basalt, range from a 
few inches to 12 feet in thickness. S veral attempts to work the 
present stream gravels in this vicinity by the use of dredges and 
suction pumps have not been successful. 

In the Fort Hall B.ottoms and on H01-se Island (Nos. 8 and 9, 
Pl. VII) some gold is won from "skim bar" diggings in the present 
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channel and from gravels occupying a terrace about 8 f et above the 
present level. 

Between American Falls and the Minidoka dam there ar a number 
of placer bars both in the stream channel and on terrae fr m 15 to 
30 feet above the old water level. The e bars have been produc­
tive, particularly Diamond Bar. As will be seen from an inspection 
of Plate VIII, part of the productive ground was submerged by th 
Minidoka reservoil:. Between Burly and Milner there ha been om 
placer work, but the backwaters from the Milner dam have sub­
merged the bars, and no work ha b n done there recently. 

In the vicinity of Clear Lake and Blue Lake ( os. 13 and 14, Pl. 
VII), north of Twin Falls, there are gold-b aring gravels, some of 
which are on terraces. 

At King Hill and Glenns Ferry (Nos. 15 and 16) several attempts 
to dr dge the present stream gravels have not proved financially 
successful. In the canyon between King Hill and Guffey ther are 
a number of bars that have been worked in the past. It i thought 
that most of these gravels are in the pr ent stream channel, though 
li ttle information is available concerning the operations on this part 
of nake River. 

CHARACTER. 

The gra ls of Snake River consist for the most part of white, 
cream-colored, and gray quartzite pebbles, with some pebble of dark 
slates and a few of white quartz and red and gray flint . P bbl of 
granular and fine-grained igneous rocks and chlst occur in the Jack­
son Hole country and in less numbers along the lower part of the 
river. Small amounts of sandstone and limestone pebbles ar found 
in the grav ls below Gros Ventre River, and basalt p bble ar~ seen 
in the gravel below Henrys Fork. The sand accompanying the 
gra~els is composed in the main of quartz grain and heavy minerals. 
In mo t places there are grains of a black sand that is light in weight 
and can be washed away from the heavy "black sands." Thi sand 
is appM·ently in part disintegrated basalt and in part volcanic glass 
lapilli. It is not found, so far as known, above Henrys Fork. The 
largest deposits of light-weight black sand are usually found beyond 
or on the downstream ends of the "skim bars." 

The gravels are of two fairly distinct sizes and are more or less 
sorted. By far the greater in 8Jllount are the r latively coarse 
gravels, such as are most abundant in the present river channel. 
These are composed of well-worn ovoid to round pebbles, ranging 
in general from one-fourth inch to 4 inch s in diameter and averag­
ing 2 to 3 inche , but. accompanied by a small percen tage of larger 
bowlders and considerable light-colored sand. · Lying in small lenses 
in the coarse gravels and on the tops of the high bars of the present 
Snake River channel are smaller deposits of fine gravels, whose pep-
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bles range mostly from one-fourth to 1 inch in diameter, only a few 
pebbl s reaching 2 inches. The fine gravels are everywhere mi.xed 
with a much larger quantity of heavy sands than the coarse gravels 
an9- caiTy more gold. These gravels are locally known as -the "skim­
bar " gravels. The terrace gravels contain l ns s of fine gravels that 
arc b liev d to be old skim-bar gravels. In some places th y are 
c mented with a white to gray lime carbonate, but in others they are 
uncemented. 

GOLD . 

DISTRIBUTIOr . 

Usually the soil covering the grav Is i not gold bearing, though 
in th' region of 1fin.idoka and American Falls, according to Schultz, 1 

"it was found that in general the values were concentrated in the 
bottom of the loam and th upper portion of the underlying gravel ." 

The gold is most often found in appr ciabl amounts in the gravels 
of tho terrace and pre ent stream deposits and is more abundant in 
tho fine gravels, those averaging one-fourth to three-fourths of an 
inch in diameter, than in tho coarser material. 

The coars r gravels that ar so widespread along the pres nt chan­
nel of the Snake carry from a f w to as many a 1,300 colors to th 
cubic yard. The gold is noli equally distributed throughout the 
coarse gravels, either laterally or vertically. In fact, thoro s ems 
to b a concentration of gold in tho upp r layers of the coarse gravels. 

The mo t valuable gravels found along Snake River, comparabl 
to kim-bar gravels ar much finer than th average material handl d 
b th river. Tho pebble range from on -fourth to 1 inch in size, 
but mo t of th m ar b tw n on -fourth and thr e-fourths of an 
in h. With th o grav l thor i in all place a onsidcrable quan­
tity f bla k and, a larger proportion than i found with the coarser 
gra ls. The gold content of the skim-bar gravels is not equally 
distribut d o er the kim bar. Th richest gravels ar found in tho 
out r dg0s of th bru-s, where th gravels "tail off," and to a depth 
of 6 to inche onl . Th ri h gravels consist of heavy particles 
·arricd, probably in usp nsion, by trong cwT nts during high 
water and dcpo. itcd at tho edge of the higher bar , wher eddies 
have retar·d d th urr nts or whore the canying capacity of the 
wate•is ch ck d by th 1 ning of th d pth of the channel. These 
r lations will, perhap , be better unde1 tood by reference to :figure 
16. All the mat rial on th skim bar-s looks very much alike, and it 
is only by to ting that the rich st portions, tho e usually worked by 
th skim miners, can b determined. As will be seen from the sk tch, 
the area of skim-bar· grav ls i small compar· d to tho ar a of a bar·. 

1 Schultz, A. R., Gold developments in onlrol lnt.a County, Wyo., and at other polnts on Snake River: 
U. S. Oool. Survey Dull. 315, p. 82, 1907. 
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Gold is present in the gravels found at variou places on the high 
terraces. The gravels are e entially the same as the coarse gravels 
in the present river channel and carry as much gold. The lenses of 
fine gravel in the terraces, con esponding to the skim-bar gravels 
of the pr ent stream, have been found to yield more gold than the 
coa1 e a-ravels. In orne places wh re terrace gravels have been 
worked lime-cemented len es that u ually carry more gold than the 
average gravel have been found. 

Level of bottoms 

~-...__/ High waler siough 

CROSS SECTION AT SKIM BAR 

Highest gold cont..enl here 
• ! 

Dl5lnbulion of rocke r settings 
• indicates area of ric.he.>t skim 

bar gravel 

SKIM BAR ENLARGED 

FIGURE 16.-Sketch showing relation or skim bar and distribution or gold in skim-bar gravels. 

IIARACTER. 

The Snake River gold is in minute particles, mo t of which are 
flat. The largest pieces are scarcely 0.01 inch in diameter, and the 
colors rang from tho e of that size to some so small that the separate 
flakes can be distinguished only with a high-power microscope. The 
large flakes as a rule are omewhat cupped, apparently owing to the 
turning up of their edges by repeated knocks. This characteristic 
was noted in most of the colors separable by the eye. Most of the 
microscopic colors are flat, but some are rounded irregular grains. 

Most of the gold has a bright-yellow color, but certain flakes appear 
red-brown in some lights. In part the color of the 1usty gold appears 
to be due to a roughened surface, but some of the larger flake of 
brown color have a thin coating of brown material that is prObably 
iron hydroxide. Bell 1 report that some of the gold is coated with a 
sugary incrustation of silica or other substance, which gives the flakes 
a light color. 

The gold from Snake River is from 0.930 to 0. 951 fine and averages 
about 0.945, according to most reports. The particles are so small 
that it takes from 1,000 to 2,000 colors to be worth 1 cent. 

1 Bell, R.N., The origin or the fine gold or the Snake: Eng. and Min. Jour., vol. 73, pp. 143-144, 1002 . 

• 
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PRODUCTIO . 

It is impossible to ascertain the amount of gold obtained from the 
gravels of Snake River during the early yeru'S, a the figures for the 
output of Snake and Salmon or Boise rivel'S a.re combined in the 
reports of the Director of the Mint. Since 1902, according to statis­
tics published by the United States Geological Survey, 149,315 in 
gold has been taken from Snake River above the mouth of Boise River. 
Of this recorded production, 29,658 was obtained from placer'S in 
Bingham County, 57,40 from Cassia County, $11,078 from Lincoln 
County, and 12,171 from Twin Falls County. 

It is probable that these figures do not represent the total value of 
gold obtained from the gravels of Snake River, ·because of the great 
uncertainty as to the number of operator'S working these gravels. As 
is welllmown, much of the gold is obtained by rocking, and it is im­
possible to know of or hear from each per'Son who may have worked 
the depo its for a few days or longer. It is thought that much of the 
gold obtained by these small operators is u ed to obtain supplies from 
merchants, and its sour ~e i lost sight of when the merchants turn it 
over to banks, assay offices, or the mint. 

PLATINUM. 

The experiments of David T. Day, then of the n.ited States 
Geological Survey, at Portland, Oreg., on the heavy placer concen­
trates of the Pacific slope, to determine their value in other metals 
and minerals besides gold, included a number of amples of Snake 
River concentrates, nearly ali of which yielded from a trace to an 
appr ciable amount of platinum, but it is doubtful whether many 

· of there ults were obtained from representative sampl . The plati­
num is probably too thinly attered along this stre8Jll to be of much 
value, though it may be combined with the concentrates and have 
largely pas ed unnoticed. 

Bell 1 reports that one sample of Snake River concentrates which 
yielded 0.01 ounce of platinum and everal hundred dollars' worth 
of gold to the ton was obtained from a burlap table and probably 
r presented a concentration of several thousand to one. A sample 
of cone ntrate taken from the same depo it, from which the free 
gold had b en amalg8Jllated, yielded only $3 in gold and a trace of 
platinum to the ton. 

That platinum in metallic form is associated with the gold in the 
gravels can not be que tioned, for although it can rarely be seen in 
panning it invariably shows in cleaning amalgam. In the operation 
of the Sweetzer-Burroughs dredge near Minidoka it was always 
observed at clean-up time as ashy gray metallic particles which 

1 Bell, R . N ., Eighth annual report oo the mining industry of Idaho, for 1907, p. 115. 

10427°-Bull. 620-16-19 
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floated when the amalgam was thinned with quicksilver for the 
purpose of separating foreign matter from the gold. A quarter of an 
oun e of clean platinum recovered in thi manner is now in the 
po e sion of Lewi Sweetzer, of Rupert, Idaho. It !s perfectly 
clean gray metal in scaly particles about as mi.r..ute as those of gold.1 

HEAVY MINERALS. 

The re ults of the tests made by David T. Day on concentrates 
from placer gravel were published in 1906.2 The following table, 
compiled from Day's report, shows the minerals he obtained from 
Snake River concentrates : 

t Schultz, A. R., Gold devclopmcntsiu central Uinta County, Wyo., and st other points on Snake River: 
U.S. Goo!. Survey Bull. 315, p . 3 , 1907. 

•u . s. Goo!. Survey Bull. 285, pp. 150-164, 1906; U.s. Oool. Sun•oy Mineral Resources,I905,pp. 1175-
1246,1906. 



Heavy minerals in conctmtratesfrom gravels of Snake River. 

[Pounds per ton, except gold and platinum, which are stated in dollars per ton .) 
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METHODS OF MINING. 

Along the course of nake River can be seen the wreck of numer­
ous attempts to extract the :fine gold from the gravels. The remains 
of dredges are seen here and there, and many more have been re­
moved. Countless "process machine " have been tried on Snake 
River, but so far as known without ucce . Mo t of tho e "ma­
chines" have depended on amalgamation, but many diff rent meth­
ods have been used to get the quicksilver and gold into contact. 

The rocker and luicos aro still usod, and a sluice of special typo, 
known as the burlap tabl , used al o on some of the dredges, has 
proved one of the best applianc for saving the :fine gold. ( e 
:fig. 17.) In working with burlap tables the main sluice leading from 
the working ( , :fig. 17) is et at any convenient grade. N ar the 
lower end is a ection with a perforat d steel bottom (B, :fig. 17), 
which allows the :fine heavy sands and gold to drop through to sluices 
set at right angles to the line of the main luic . The transv rse 
sluices (0, fig. 17) are in r ality launders ·which deliver the sands to a 
series of burlap table (E, fig. 17). Each burlap table is from 16 to 
30 feet long and 3 or 4 f et wide. It is usually set at a grade of 1 inch 
to 12 inches, but the grade needs to be adjusted to meet different 
conditions. Most tables are built with two drops at loa t. The 
pulp from the launder sluices is fed to the burlap tables through ad­
justable openings (D, fig. 17), so that it flows over the table in a 
thin, even sheet. The heavy sands and gold are caught by the 
rough surface of the burlap, and the light sands run to waste. In 
some places the tailings are rerun. In operation the table are cleaned 
as often as nece sary, by taking up the burlaps and washing them 
in tubs of clear water. The e concentrates, together with those 
washed from the bottom of the tables, are either placed in a grinding 
pan or revolving barrel, for treatment with quick ilver and weak 
cyanide solution, or cleaned with a rocker. The latter method, while 
attaining somewhat better results than the simple rocking of the 
gravels, is not efficient. In some of the burlap tables the :first sec­
tion of the table-that nearest the launder sluice-ha a silver­
plated copper bottom coated with quicksilver, for amalgamating the 
gold. In :figure 17 si..-x: tables are shown on each side of the main 
sluice. The number of tables varies with different conditions. In 
some places all the tables are on one side of the main sluice. In 
fact, each operator has his particular design of table and method of 
handling the gravel. 

Both suction-pump and bucket dredges have been used for lifting 
the gravels. Probably the most successful dredging operation on 
the river was t.he Sweetzer-Burroughs dr·edge, which was operated 
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~0 miles west of Minidoka. The first dredge 1 built by this company, 
m 1894, was of the suction type, but the company later built a 
bucket dl·edge 2 having a capacity of 2,000 cubic yards a clay. The 
concentrates from burlap tables were amalgamated in barrels. It 
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• F rOURE 17.-Diagram or burlap table for saving ftno gold . 

i e timatecl that the cost of handling the gravels rang d from 4t to 
5~ cent a cubic yard . 

Within the last few years experiments at cyaniding the gravels of 
Snake River, while not meeting with financial success, have at least 
showed that the method is not without some merit. At a plnnt 
locnted n,bout 16 miles southwest of Bln,cldoot the gravel were 

r Boll, R.N. , Dredging for fino gold in Idaho: Idaho Inspector Mines Rept. for 1904, pp. 4 52, Min. nnd 

Sol. Pross, vol. 94, pp. 542--543, 1907. 
• "Powell, F ., Gold dredglng on Snake River in Idaho: Eng. and Mlo. Jour. , vol. 70, pp. 395-396, 1900. 
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scr ened through a ,\-inch mesh tromm 1. All the undersize wa 
1 ached, and it is said that no difficulties were ncountered in the 
leaching tanks. 

TYPICAL JJOCALITIES. 

More detailed notes about some typical deposits of gravels are 
included in the hope that they may give a better tmderstanding of 
the character of the deposits and the distribution of the gold. The 
numbers in parentheses refer to co1-:r pending numbers on Plate VII. 

BUFFALO FORK (No. 1). 

Several placer claims wer located along Snake River south of 
Buffalo Fork, at the north nd of Jack on Hole, Lincoln County, 
Wyo., in 1905. These claim are betw en Elk and Moran po t offices 
and cover low terraces on the east ide of nak River, in the south­
w t quarter ofT. 45 N., R. 114 W., and th north half ofT. 44 N., 
R. 114 W., of the sixth principal meridian. 

In this locality there are two w 11-marked ten-aces above the 
present chann 1 of nake River. The first tenace i 10 f et and 
the second 30 fe t above water lev 1. The upper tenace i covered 
with 2 to 6 feet of sandy loam, which overli s 6 to 8 feet of gravel, 
which in turn re ts upon a tratum of clay extending below the lov l 
of the lower tenace. In the sandy loam a color of gold is found here 
and there, but the gravels contain more gold. A series of tests of 
these gravels, made by the writer in 190 , show the averag value of 
the gravels of the upp r tenace to be 1 s than 1 cent a yard, though 
in places, particularly just above the clay, the gravels cany more 
gold . 

In the lower t nace gravels similar to tho. e in the present chan­
nel are found throughout to the level of the river. They contain 
more gold to the yard than the grav ls of the upper terrace, aver­
aging about 2! cents, but in places carrying as much as 5 cents a yard. 

kim bars, some of which have been worked, are present on the 
upper ends of the high-water bars in the present channel. 

A small quantity of the gravel of the upper terrace has been 
worked by sluicing, and there are evidences of a little work having 
been done on the lower tenace and the skim bars. 

BAILEY CREEK (No. 2 ). 

The following notes are taken from papers by Schultz: 1 

The placer workings on the Davia claim are on a low terrace along the eaat side 
of Snake River, extending hall a mile north from the mouth of Bailey Creek. They 
are in the vicinity of those opened by Stantiford in 1870. There are two distinct 

I Schultz, A. R., Gold developments in central Uinta County, Wyo., and at other points on Snake River; 
U. S. Goo!. Survey Bull. 315, pp. 77-78, 1907; Goo logy and i:OOJ:Iaphy of a portion of Lincoln County, Wyo.: 
U. 8. Geol. Survey Bull. MJ, pp. 124-127, 1914. 

.. 
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terraces here, and Mr. Davis is at present wor1.-ing parts of both. The very fine flour 
or flake gold occurs all through the gravel, but iB much more abundant in some streaks 
than in others. Mr. Davis, who has been mining in Idaho for 40 years and has been 
working this bar for several years, makes the following statement concerning the 
gold placers: 

"I always found, in working the high bars of the river, that they contain from one 
to two and sometimes three pay streaks, with fine gold scattered throughout the gravel 
both above and below the pay streaks. Most all of these high bars have streaks of 
pay. Sometimes in old edd!es or whirlpools the deposits do not seem to have any 
regular pay streaks. The gold in these places seems to be deposited uniformly and 
the entire deposit pays well. 

"The gold-bearing sand and gravel in my richest pay streak at the Davis diggings 
or Bailey Creek mining camp average from 3 to 7 feet in thickness and lie on a bed 
of white cement rock or clay. The gold in this pay streak runs from 9 cents to $3 
per cubic yard. The average height of the bar or bank that is here worked is 20 feet. 
From the top of the lower pay streak to the top of this bank is a 13-foot sand and gravel 
bed which averages 3 cents to 25 cents in gold per cubic yard. The width of the pay 
streak is about 500 feet and extends beyond the limits of my workings, which are 
about 900 feet at this place. South of the 'machine' near the central ditch the pay 
streak is considerably wider. Six hundred feet north of the central ditch the gravel 
bank is 30 feet high, the pay streak wider, and the entire bank runs higher in gold 
values." 

* * * ... * * * 
.,. 

One of the main pay streaks near the Snake .River ch&nnel is from 4 to 6 inches 
thick and is overlain by 4 to 6 feet of gravel that contains much lower value in gold, 
and is in turn overlain by a nearly barren gravel bed 4 to 5 feet thick that extends 
to the surface. The rich pay streak, from 8 to 10 feet below the smface, makes it 
profitable to work the entire bank. On working back into the bank away f:rom the 
river these earns are found to rise and a new pay streak about 6 feet thick and richer 
than the other one is encountered. The new pay streak drops slightly fm"ther east 
and probably r presents the deposits of an older channel of Snake River. The dif­
ferent placer mines and ven parts of the same terrace vary considerably in the char­
acter of the deposits and arrangement of their beds. 

Water for hyclraulicking is brought in a ditch from a point some distance up Bailey 
Creek and is used to break down the gravel, wash out the gold and fine particles, and 
sluice through the flume (and burlap tables) . ometimes the gravel is shoveled into 
sluic boxes. Large bowlders are piled up in rows between the boxes o as to retain 
as much grade as possible and still work the lower pay streaks. 

The gravel on the e terraces, as shown by the workings for the last few ye.'U'B, runs 
from 3 cents to $3 a cubic yard. Pay streaks that run: $2 to 3 a cubic yard are very 
thin and rare. The average aggr gate run of the pay streaks and the comparati ·ely 
barren gravel is 7 to 10 cents a cubic yard. Only one piece of coarse gold , said to be 
about half the size of a tenp nny nail, l1as thus far been found. 

Four samples of black-sand concentrates collected by the writer [Ur. chLLitz] from 
theDavisdiggingswereexamined by David T. Day, who says: 

'"rheae samploa consist largely of ma,onetite- o. 1, apparently not much concen­
trated , containing 1 ounce of magnetite to 4! ou.nces of the original material. They 
are all rich in gold but contain no platinum. The percentage of gold was not deter­
mined , but they will all range from $30 to 100 a ton and probably more. This gold 
could easily be extracted by means of shaking tables of the Pinder, Wilfiey, Woodbury, 
or Deister typ , but it is doubtful whether very much can be taken out by other 
means, certainly not by sluice boxes, aa you have probably already found." 
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Four additional samples of gold-bearing gravel at the Bailey Creek mining camp 
were furnished through the 1.-i.ndness of Mr. Davis. Concerning these samples Mr. 
Day reports: 

"The samples of black sand collected from the Snake River gravel at Bail y reek 
mining camp, Davis diggings, Lincoln County, Wyo., have been carefully tested and 
examined. 

"Sample o. 5 (our o. 1133), reported 'to be an average sample of the pay streak 
from the bottom to the top, 20 feet in depth ,' gave on assaying: 

Ounces per ton. 
Gold .. .... . . ..... . .. . ..... . . . . . . . . . . . .... . . .. . . .. ..... . .. ... . 35.64 
Silver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 25 
Platinum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . one. 

"Sample No. 6 (ou r No. 1134), reported to be 'concentrates of sample 5, from which 
all gold has been extracted by the churn process,' weighed 137 grams and was run 
over the Wetheril l magnetic separator, giving the following results: 

Grams. 
Magnetite.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57 
Ilmenite........ .... . . .. .. . . ... ..... . ............. . . .... . .. ... 4 ' 
Garnet.. . .. .. . . ........ ...... . . .... ... ..... .. . ..... ..... ... . .. 12! 
Garnet and olivine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Tailings (consisting of three-fourths zircon and one-fourth quartz).. 19 

" An assay gave the follo,ving results: 
Ounces per ton. 

Gold........ .. .. . .............. . . ..... . .. . .. . ... . ....... . ... . 8. 75 
Silver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 14 

"Sample o. 7 (our No. 1135), 'concentrates from which gold has been taken out 
and concentrates buried for five years,' weighed 101 grams and was run over the 
Wetherill with the following results: 

Grams. 
Magnetite ... . ... . . . . . . . . . . ..... . . ... . . . ..... . . . ... . .. . . . ... . . 62 
Ilmenite. .. ...... . .. .. ...... .. . .. .. . .. ... . . .. . .. .... .. . ....... 28 
Garnet. .......... .. . ... .. . ...... .. .. . ... . . . ... .. . .... ...... . .. 9 
Olivine . .......... . .... .. . ....... . ... . .. . ... .. .......... . .... 5 
Tailings (consisting principally of zircon with some garnet).. . . . . . . 14 

"An assay gave the following results : 
Ounces per ton. 

Gold .... . . . . . .. . . . . ..... .. .... . .. ... . . . ... . . . . . ... . . . . ....... 29.98 
Silver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 15 

" Sample No. 8 (our No. 1136) ' is a sample of pay streak showing gold ontent.' 
This gave on assaying: 

Ounces per ton. 
Gold . .......... .. . .. . ... ... .... . . ... .. . ... . . . . . .. . .. . . ... ... 107.41 
Silver . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10. 56 
Platinum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 54" 

PINE BAR (No. 3 ). 

Schultz 1 gives the following information concerning Pine Bar: 
The terrace at the mouth of Pine Creek, on the south fork of nake River, has been 

worked * * * by I van L. Hoffer and L. M. Rosencrans. The terrace or old bar 
at this point is 1 mile long, one-twelfth to one-eighth mile wide, and from 40 to 50 feet 
above the water level of Snake River. * * *. Water for hydraulicking is brought 
from a point some distance up Pine Creek in a ditch across the bench. The water is 
used to break down the gravel, wash out the gold, and sluice through the flum e. * * * 

' Schultz, A. R., Gold developments in central Uinta County, Wyo., and a t other points on Snake River: 
U.S. Oool. Survey Bull. 315, pp. 7S.79, 1907; Geology and geography of a por tion or Lincoln County, Wyo.: 
U.S. Geol. Survey Bull . 543, pp. 127-128, 1914 . 

• 
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Mr. Hoffer informed the writer that on this bar there ia about 8 feet of overlying 
gravel that contains about 15 very fine colors to the cubic foot, followed by 32 feet of 
gold-bearing gravel to water level, without striking bedrock. So far only the upper 12 
feet of this gold-bearing gravel, which is suppo ed to be better than that lower down, 
bas been worked. 

The following figures, furnished by Mr. Hoffer, give the run of gold in colora for the 
first 12 fe t of gravel in two different places. 

Colors of gold in upper gravel at Pine Bar diggings. 

Colors per cubic foot. 

Depth in feet. 1------,----l 

1. .. ... ...... . 
2 .. .... ... .. . . 
3 .... . ..... . . . 
4 •... . •. . . .• . • 
5 ............ . 
6 ............ . 
7 ......•... . . . 
8 ........... . . 

A. B . 

7,200 
23,400 

'100 
100,200 

' 100 
22,500 
3,600 

17,100 

6,300 
3,600 

16,200 
11,700 
11,700 
4,500 
5,~ 

196, 200 60, 300 

The tests were made on one-thirtieth cubic foot of gravel arefully measured and 
the results per cubic foot were obtained by multiplying these values by 30. About 
1,000 to 1,200 colors make 1 cent value. Thus it will be observed that this 8 feet of 
gravel, both tests being averaged, yields from 12 to 14 cents a cubic yard. Including 
the upper 8 feet, the value for 16-foot depth averages about 7 cents a cubic yard. 
Working to a depth of 20 feet or more should sligb tly raise this value. In a few places 
small streaks running up to 2 a cubic yard have been cut. Most of til e streaks 
occur on top of the gold gravel immediately below tile overlying 8 feet of compara­
tively barren material. 

WELCH GROUND AND GOLD POINT (Nos. 6 and 7). 

At the Welch placer, about 1! miles nor·th of the mouth of Black­
foot River, Snake River has cut into a bank of gravel about 1 feet 
high, over which th rei 2 to 4 feet of fertile andy 1 am. The gravels 
contain gold throughout the depth exposed by the river cut, but 
tho e containing the mo t gold are usually cem nted with lime and 
ar c mpo ed of smaller pebbles than the great bulk of the gravels. 
The richer gravels occur in lenses and streaks irregularly distributed 
in the bank This deposit is said to average about 40 cents a yard 
throughout. About 20 acres of gra el next to Snake River has been 
washed to depths varying from 4 to 12 feet. A ditch about 1,500 
feet back from and parallel to the bank furnishes water. The gravels 
are caved by allowing the water to Iun out of the ditch through 
gates. The gold was caught in sluices and on burlap tables. This 
ground has not been worked for a number of years. 

The placer gravels west of Snake River at Gold Point and Eagle 
Bend, which are from three-fomths to a mile above the mouth of 
Blacldoot River, rest upon basalt. They have been extensively 
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worked, but, so far as known, not .in the last few yeai . At Gold 
Point the gravels are said to av rage 8 f t .in depth and ar reported 
to carry about 40 cents a yard throughout. It is said that very 
rich "dirt" was found .in the crevices .in the bedrock, and that some 
of the cemented gravels found .in thin lenses carry as much as 2 
a yard. 

FORT HALL BOTTOMS (No.8). 

The Fort Hall Bottoms cover approximately 30,000 acres along 
Snake River in Bannock and B.ingham countie , extending from Big 
Butte, at the junction of the Blackfoot and Snake, to the mouth of 
Portneuf River, a distance of 24 miles, and varying in width from 
one-fourth of a mile to 7 mile . They are reach d from American 
Falls, Pocatello, Fort Hall gency, or Blackfoot. At th ir eastern 
margin is a bluff whi h ri from 15 feet at the north end to 100 

. feet at the outh end, to the level terrace upon which tand Fort 
Hall Agency and Pocatello. 'The bottom have an average elevation 
of to 10 feet above the normal water 1 vel of nake River. Water 
stands from 2 feet below the urface at the north end of tho bottoms 
to 9 feet below at the south end. This level is slightly higher than 
the normal water level of Snake River. 

By far the most extensive material found on the surface of the 
Fort Hall Bottoms is a gray to black sandy loam that in somo places 
contains consid rablo clay. Gravels occur at the surface in a few 
places, irregularly distributed over the bottoms. Usually the gravel 
bars do not covor rnu h moro th~w. an aero, but here and there areas 
of se oral acres are underlain by gravel. There ar more numerous 
and larger gravel bars within half a mile of the river than in any other 
part of the bottoms. 

Ther is no doubt that gravels similar to tho e along the present 
channel of Snake River underlie ali the Fort Hall BottolilS. Tho 
upp r limit of the gravels varia considerably in differ nt parts of 
the bottoms. In some place the gravels extend to tho surface; 
in other the sandy loa:m. extends as much as 2 feet below the level 
of the stream, or 12 feet below the surface. 

From the distribution of the gravels on the bottoms away from the · 
river it is thought that they aro the tops of btu·ied bars such as 
are now found along the pre ent channel of tho Snake, and from 
analogy it is thought that the rich gravels are of rather small extent, 
con-esponding to the skim-bar gravels of tho present stream. 

Bedrock was not found anywhere .in the Fort Hall Bottoms. In 
some places along the ten-ace east of tho bottolilS similar gravels 
rest on partly consolidated clayey sands that Mansfield 1 has re~en-ed 
to the older Quaternary. It seems possible that the bottolilS may 

1 MansOold, G. n ., Geology and phosphate deposits of the Fort Hall lndlan Reservation, Idaho: U. 8. 
Oeol. Survey Bull. (in preparation) . 

• 
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have been cut from similar material and that the partly consolidated 
Quaternary sands will be found to constitute the bedrock, rather 
than b asalt. .A.t many places west of this part of Snake River 
basalt flows form the banks. These flows are relatively thin, and 
it is the opinion of the writer that they originated in the plains west 
of Snake River and never extended much farther east than their 
present limit. It seems possible that the course of the Snake in 
this locality was in large part determined by a sha,llow depression 
between the edge of the basalt flow and the gravels and silts upon 
which the flow rested. In the wells of the high bench 1 in the vicinity 
of Fort Hall Agency, which reach below the level of the bottoms, 
nothing but unconsolidated or partly consolidated sand and gravel 
was encountered above a depth of 75 feet, but at that level there is 
a 10-foot bed of volcanic rock interbedded with gravels. This flow 
has a strong clip to the west and would probably be found at a con­
siderable depth if it extends under the bottoms. 

The gravels of the Fort Hall Bottoms average less than 1 cent to 
the yard in gold. The skim-bar gravels, which have been worked 
oach year after high water, carry at least 65 cents a yard in fine 
gold and perhaps as much as $2 to $3 a yard. The skim bars, how­
ever, form a very minor part of the total amount of the gravels of 
the Fort Hall Bottoms. 

HORSE ISLAND (N o. 9 ). 

On Hor e Island, which is really a continuation of the Fort Hall 
Bottoms, considerable placer mining has been done in the past, but 
in recent years the grl\.vels have not received much attention. The 
smface of this island is from 6 to 10 feet above the normal water 
level of Snake River. The soil is from 2 to 8 feet thick and rests 
upon · grav ls. The gravels that have been worked are near the 
sm·face and are for the most part coarse, though some skim-bar 
gravels are exposed in cuts. 

Rockers were used in working most of these gravels, though some 
on the Elliott ground, at the north end of the i land, were worked 
in a "machine." Horse-drawn scrapers were used to remove the 
soil and at the machine settings to bring the gravels from the pit to 
the sluice. 

Apparently the pay gravels follow more or less well-defined lines 
or bars which have a somewhat crescentic shape and are the tops of 
old h igh-water bars such as are deposited in the present stream 
channel. 

1 Horoy, W. 13., om! communication. 
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MINIDOKA. 

According to Schultz 1-

The Government dam at Minidoka has raised the water over an adjacent high terrace 
that represent'> an old river bed and contains some of the best values in fine gold 
along Snake River. This terrace is known as Diamond Bar, and the shallow water 
now covering it affords a pond with sufficient water to float a chain-bucket or suction 
dredge, either one of which is adapted for treating this ground. * * * 

In May and June, 1906, before the water was ponded above the dam, some pros­
pecting on these gravels was done by the nited t11.te Geological Survey. The 
land examined by L. G. Gillette and W. L. Walker consisted of certain claims along 
Snake River in Idaho which would be submerged when th lake formed by the dam 
at linidoka was full. The claim farthe t upstr am that was examined was the 
Goldan Tr asure, about 25 miles above the dam. The bulk of the work was done in 
the neighborhood of the old placers in order to determine the value of the ground 
that was formerly considered profitable. It was found that the values were very 
irregularly cl.U:tributed and in but few places equal to the claims made by those inter­
ested in the land. The prospecting was accomplished by m an of te t pit'>, panning, 
and sampling, the samples taken being shipp d to Portland, Oreg., where th y w re 
treated and assayed by the Survey in connection with the black-sand investigation. 
* * * It was found that in general the values were con entrated in the bottom 
of the loam and the upper portion of the underlying grav ls. The surface soil or 
sandy loam is common and ranges in thiclmess from 2 to 12 feet or more. The gold 
was everywhere of the finest flourlike particle , a large perc ntage of which would 
pass trhough a 150-mesh screen. The rocks are in general much smaller than a man's 
head, although in a few places rocks large enough to interfere with dredging or other 
mining operations were encountered. * * * 

No other minerals of m1y commercial importance were found. o platinum or 
monazite was observed and only a trace of rircon. The richest sample contained 
only 4 pounds of magnetite per ton . These results inclicate that th percussion type 
of machine can be used advantageously in separating the nake River fine gold from 
the loam and gravels, especially after prel.i.mi.na.ry concentration in ordinary sluice 
boxes and shunting the concentrates onto the tables by means of undercurrent'>. In 
the 25-mile stretch examined by Messrs. Gillette and Walker mining work was carried 
on only at the S~1.mple placer claim, owned by W. H. Philbrick, who employed on 
stream in his ground-sluicing operations. 

NEELY (No. 10). 

chultz 2 gives the following description: 
The gravels along Snake River in the vicinity [south and east] of Wapi, Idaho, have 

been worked by Dunn & Hand, all of thei1· workings being on old high bars or terraces 
(part of which are now under water) along the present river channel. C. H. Hand 
states that the gold here is a very fine flake gold and amalgamates readily. The gold 
is scattered through the gravel but is usually best at the top of the beds. It occurs 
in heaviest particles in the oldest bars. The pay streaks nm from a few inches to 
6 or 7 feet in depth but in some places exceed 22 feet, at which depth the gold has 
run as high as 22 cents per cubic yard. Where bedrock lies at the shallow depths, 
say from 6 to 8 feet below the surface, the pay streak in some places rests on the bed­
rock. Occasionally two or more pay streaks are encountered, one on bedrock and the 
other higher in the gravels or near the top. It is, however, exceptional to find the 

1 Schultz, A. R., Gold developments in central Uinta County, Wyo., and at other points on Snake River: 
U. S. Oeol. Survey Bull. 315, pp. 1-85, 1907. 

2J®m., p. 86. 
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pay streak on bed1·ock. The bars in this locality are very extensive, amounting t.o 
hundreds of acres. Actual clean-up, by sluicing some thousand of yards shows a 
value of a little more than 20 cents per cubic yard for some million of yards.' Gravels 
of much higher grade occur at some places in thin seams. For a short distance these 
may run as high as several dollars per cubic yard. The above averages are, however, 
for gravels worked from 12 to 15 feet in depth and include both the gravels and the sur­
face soil. Besides the gold, the gravels for the above depths carry about three-fourths 
of 1 per cent of black sand and other heavy minerals. 

SOURCE OF THE GOLD. 

There can be little question that the fine gold of tho Snake was 
derived from the destruction of older auriferous depo its and not, 
as uggested by Turner/ by precipitation of the gold from the waters 
of a Miocene lake. That most of the gold above Boi e River has 
come from the Teton, Gro Ventre, Salt River, and Caribou mountains 
i fairly well e tablished, inasmuch as ~o gold ha been found in 
H nrys Fork, Blackfoot River, or Portneuf River. It has long 
been lrno·wn that in the upper part of Snake River, which heads in 
the Jack on Hole country, the gravels contain gold. The ultimate 
ource of the gold is not yet definitely known. orne gold ha 

lllldoubtedly reached the Snake from the Caribou district, of south­
eastern Bonneville County. The gold-bearing veins and gravels 
of this district were lmown as early as 1 70 and reported by St. 
John 2 to be nearly vertical northwestlvard, trending lode con istinO' 
'of rotten ferruginous quartz. Schultz s visited the Caribou district 
in 1913 and reported that while there was con iderable gravel in this 
r gion, there was only sufficient water to operate for three months 
efl.ch year. , 

chultz 4 reports that gold occm'S in Jurassic shale , lime tones, 
and andstone in the northern part of the Wyoming Range at Hoi'Se 
Cre k. The ediments are slightly brecciated and contain numerous 
mall calcite seams, and orne of them how con iderable pyrite. 

He also reports that fine gold occurs in the A pen formation, of 
pper Cretaceous age. Rocks of the same age are seen along Snake 

River ea t and north from Greys River and probably form a con­
siderable part of the Gro V ntre MoUlltains. · 

The Teton Mountains, according to Bradley,S are composed of a 
pre-Cambrian core consisting of granite, schi t, and gnei , resting 
upon which are Paleozoic quartzites and lime tones. He noted 
quartz veins in the granitic core but stated that in general they 
appear to be barren. 

1 Bell, R.N., The origin of the fl.ne gold of Snake River: Eng. and Min. Jour., vol. 73, pp. 143-144, 1902. 
2 St. John, Orostos, U. S. Geol. and Geog. Survey Terr. Eleventh Ann. Rept., pt. 1, pp. 404-405, 1879. 
a Schultz, A. R., and Richards, R. W., A geologic reconnaissance of southeastern Idaho: U. S. Geol. 

Survey Bull. 530, pp. 267-283, 1913. 
• Schultz, A. R., Geology and geography o.r a portlon of Lincoln County, Wyo.: U.S. Geol. Survey Bull. 

543, pp. 121-122, 1914. 
• Bmdley, F. H., U.S. Gool. Survey Terr. Sixth Ann. Rept., pp. 250-271, 1873. 
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At the headwaters of Snake River, on Big Game Ridge, there are 
heavy beds of ferruginous conglomerates which have been named 
Pinyon conglomerate.1 In speaking of this conglomerate tho authors 
say: 

For many years gravels along Snake River and Pacific Creek in the neighborhood 
of Jackson Lake have been known to yield a slight amount of gold * * * but 
not in remunerative quantities. Evidences of gold may be fotmd * * * in the 
streams coming down from the conglomerate. It is quite likely that thls gold has 
in great part been derived from the conglomerate of the (Eocene) Pinyon formation . 

Shockley/ who examined tho gold gravels of the Jackson Hole 
country, camo to the conclusion that the gold was dorived from the 
decompo ition of amiferous pyrite, which he found in bowlders of 
andesitic rocks. 

CONCLUSION. 

Whilo it is true that practically all tho gravels of the Snake River 
valley contain gold, it se ms to be equally true that most of the 
deposits contain so littlo gold that they can not be called placers. 
There is little question that some small depo its contain sufficient 
gold to pay for extraction if it were possible to work them on a large 
scale, and it is probably true that a few relatively small gravel 
deposits contain sufficient gold to be worked at a profit by hand 
methods. 

The problem of saving the fine gold is one which has received 
much attention. None of the methods so far tried has proved 
entirely efficient or comm rcially succe ful. Perhaps tho solution 
of this problem may be in the direction of the cyanide process, 
though much ex.--perimenting must be done before a commercially 

· profitable development of this sort can be hoped for. 
Under the present conditions of distribution, character of the gold, 

and methods of its recovery, it seems very doubtful if any ventures 
of a size large enough to expect success can be commercially profitable. 

1 Iddings, J. P., Weed, W. H., and Hague, Arnold, Geology or the Yellowstone Natloual Park: U.S. 
Geol. Survey Mon. 32, pt. 2, pp. 184, 185, 189, and atlas, 1899. 

s Shockley, J. H., Tho origin or tpe fine gold in Snako River, Idaho: Eng. and Min. Jour., vol. 73, pp. 
280-281' 1902. 



PRELIMINARY REPORT ON THE ECONOMIC GEOLOGY OF 
GILPIN COUNTY, COLORADO . 

. BA Tr and JAMES M. HILL.1 

INTRODUCTION. 

The following brief account of the economic geology of ilpin 
County and adjacent portions of lear Creek and Boulder cotmties, 

olo., wnmarizes the more important re ults of an exhau tive geo­
logic study of the region. The final report, which ·will appear as a 
profes ional paper of the nited tates Geological urvey, i volu­
minous, and as its publication will consume much time it appears 
desirable to publi ·h this ummary to meet in part the numerous 
demands for information concerning this important mining district. 

The area considered lies 30 to 3 ~ miles we t and northwest of 
Dem·er, in the heart of the Front Range of the Rocky 1ountains. 
It is the oldest lode-mining region in ' olorado and its di covery in 
1 9 wa the occa ion of a 'ru h econd onl in ma<Ynitude and con-
equenc to that cau eel by the alifornia disco,·eri s of 1 49. The 

ar a includes the productive portions of Gilpin otmt) and mall 
adjacent parts of Boulder and lear reek counties, all within the 
r egion shown on the entral ity topographic sh et of the nited 

ta.te ol <Yical urvey. The country i mountainous and of mod-
erate humidity. The principal mining centers are, in Gilpin ounty, 

entral ity, Blackhawk e adaYme, Ru ell Gulch, Perigo; and 
p . ; in lear reek ounty, Idaho pring Gilson, Alice, Dumont, 

:1nd Law on · i11 Boulder ounty aribou and Eldora. 

GENERAL GEOLOGY. 

The entire area i · underlain by the body of ·pre-Cambrian rocks 
that forms the core of the Front Range. Probably in early Ter­
tiary time io-ncou rocks of many varieties were intruded as dikes 
or stocks into the pre- ambrian rocks; these intru ives are the "por­
phyri s ' of the miners. urface deposits formed by glaciers or 
streams are the only other formation present. 

t hlr. Charles W. IIcnderson assisted In a part of the field work. 
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PRE -CAMBRIAN ROCKS . 

. The e sential characters of the pre- ambrian formations are shown 
in tabular form below, the youngest at the top, the oldest below : 

Pre-Cambl'ian 1·ocks pt Central City q1tadmngle, Colo. 

Silver Plume granite: Medium-grained 
biotite granite wit.h coarser pegmatitio 
facies. 

Little or not at all dynamo-
metamorphosed. 

Igneous rocks. Quartz diorite: Medium grained, 
grading into hornblondite. 

locally 

Granite gneiss: Fine to med ium grain d, Modomtoly dynamomota-somewhat gn eiss ic ~ranito wit.h coarse- morpbosod. grained pegmatitic acies. 

Idaho Springs formation: Mostly quartz-
Ri~hly dynamometamor-Sedimentary rocks. biotite and biotite-sillimanite schist, 

with somo hornblonde schist and lime- phosed. 
silicate rock. 

The more important characteristics of these formations are briefly 
described below. 

IDAHO PRINGS FORMATION. 

The Idaho Sprino-s formation , fir t defined by Ball / und rlies fully 
half of the eastern portion of the entral ity quadrangle. It is 
al o widely distributed to the east, in th Blackhawk quadrangle, 
and to the south, in the Georgetown quadrangle. As its commoner 
rock type nr som what ] re i tnnt to ero ion thn.n most other 
rocks of the region it forms few high peak or ridges, and for this 
rea on it i a fair inference that the formation is not so widespread 
in the high "·estern portion of the quadrangle, not here mapped, as 
in the eastern portion. 

Over certain areas, as for example between Nevadaville and Mount 
Pisgah the formation is rather free from intrusive igneous rocks; 
but in most localities igneous rocks are associated with it in great 
abundance and in very intimate and irregular fashion . 

The predominant rock of the Idaho prings formation are light 
to dark gray quartz-biotite chi ts, in places carrying some horn­
blende or muscovite. With these are associated lesser amounts of 
biotite-sillimanite schist, quartzitic gneiss, dark-green hornblende 
schist and gneiss, and lime- ilicate rocks that repre ent metamor­
phosed limestones, and in a few places rocks that are supposed to be 
metamorphosed conglomerates are found. These rocks are inter­
banded, show transitional varietie. and are clearly integral parts of 
one formation. The less common types occur mostly as lens-shaped 

1 Ball , S. II. , Geology of the Georgetown quadrangle, Colo. : U. S. Geol. Survey Prof. 
Paper 68, p. 87, 1908. 
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rna e and not as continuous bands that might serve as indicators of 
structure. 

Throughout most of the formation bedding plan s have been en­
tirely obliterated by the development of schisto e tructure, the bio­
tite and biotite-sillimanite schists in particular being highly foliated . 
On the other hand, certain bands of quartzitic schist that in some 
places persist with fairly uniform wiclth for several l1tmdred feet 
are interpreted to represent beds, originally more sandy than their 
neighbors, that have retained in part their original form because the 
constituents for the development of platy minerals during meta­
morphism were scarce. 

The general strike o:f the foliation is in some parts of the quad­
rangle, fairly uniform over a number of square miles, but in most 
places the schists have been so disturbed b.y numerous intrusion of 
igneous rocks that all cone ivable inclinations ca n be observed within 
a single square mile, and faulting has produ ed further irregulari­
ties. The foliation exhibits no broad paralleli m with the axis of 
the range. · 

The Idaho Springs schists and lime-silicate rocks are believed to 
have been formed by the general dynamic metamorphi m and local 
igneous metamorphism of a thick series of sedimentary rocks. 

GRANITE G ' EI . 

The granite gneisses of thi area ha,·e acquired a gneissic -truc­
ture through dynamic metamorphi m. Their essential minerals like 
tho e of the massive granites, are quartz alkali feldspar , and eith r 
muscovite or biotite. 

The granite gneiss is comparatively rare L'l the northern part of 
the area mapped but underlies nearly half of the central and outh­
ern portions. It areas, though of irrecrular outline, are commonly 
elongat in a northea terly direction, parall 1 to the d minant trend 
of the inclo ing Idaho Springs schi ts. orne a.r as are 4 to 5 miles 
long and 2 to 3 miles across, but most of th e large masses inclose 
small areas of the Idaho Springs formation. Excellent exposures of 
the granite gneiss are numerous on the surface and in the mines near 
Central ity and a.loncr the lower cour e of Fall River. . 

The granite gneiss i believed to be a granitic intru ive rock that 
has received a. foliated tructure a a r ult of dynamic metamor­
phism subsequent to its intrusion. Its intrusive character is attested 
by occasional off hoots from the gneiss masses that penetrate the 
Idaho Springs sch i t transo-ressincr their foliation, by angular 
schist fragments inclosed by the crranite gn i s, and by _ contact­
metamorphic effects produced in rocks of the Idaho Sprmgs for­
mation inclosed by or bordering on masses of granite gneiss. 

10427°-Bull. 620-16-20 
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The granite gneiss is a part of the pre-Cambrian axis of the 
Front Range. Its structural relations and its degree of metamor­
phism indicate that it is interm diate in age between the oldest and 
the youngest of the pre-Cambrian rocks. It is distinctly younger than 
the oldest pre-Cambrian formation, the Idaho Springs formation 
\vhich it intrude . It is eYident, mor over that the Idaho Sprina 
formation ·was schi to prior to the intrusion of the granite gneiss 
magma and that the ma<Yma in many places followed this schistosity 
a the direction of ea i st intrusion. t lea t on important period 
of dynamic metamorphism intervened therefore betw en the depo­
sition of the sediment of the Idaho pring formation and the in­
tru ion of the granite gnei s magma. On th other hand the granite 
gneiss is it elf intruded by granite pegmatite and massive granite of 
later age. 

Q ARTZ DIOillTE .AND .AS OCIATED IIORNBLENDITE. 

Massive to slightly gneissic coarse-grained rocks varying from 
quartz diorites to hornblendites in mineral composition are found 
principally in the central and southern part of the area un eyed. 
The largest body e:A'iiends from a point Ll miles east of Yankee 
northeastward to Montana 1ountain and Pine re k, and its width 
for most of this distance is nearly half a mile. Most of the other 
bodies form broad dikes whose trend is northea t, parall l to the pre­
vailing trend of the foliation in the inclosing schists and gneisses. 
In the northern part of the area surveyed quartz diorite has been 
noted only in two small patch s north of ederlund. 

The quartz diorite and its associated lighter and darker colored 
rocks are intrusive igneous rocks, probably of pre- ambrian age. 
They were intruded sub equent to the development of mo t of the 
foliation in the Idaho prings formation but before the intrusion of 
the il er Plume granite and its associated pegmatite. The relation 
of the quartz diorite to the granite gneiss, though far from clear, 
suggests that the two rock are of nearly the same age and possibly 
came from a common magmatic source. An alternative hypothesis, 
su()'gested by Ball,1 is that the quartz diorites and hornblendites are 
derived from the same magmatic source as certain pre- ambrian 
quartz monzonites that occupy large areas in the Georgetown quad­
rangle but are not exposed within the surveyed parts of the Central 
City quadrangle. 

GRANITE PEGMATITE. 

Under the name granite pegmatite are included rocks of coarse and 
usually irregular texture, containing the same minerals that are found 
in normal granites. The principal constituents are potash feldspar, 

1 Bn.ll , S. H ., op. cJt., p. 56. 
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quartz, biotite, and muscovite, but many other minerals are pre ent 
in subordinate a.mounts. 

Granite pegmatite in masses too small to map is abundant through­
out most of the area mapped as Idaho prings formation. Mo t of 
these small intrusions haYe the form of long, narrow lenses, or pinch­
ing and swelling dikes lying parallel to the foliation of the schists 
or cutting the foliation at small angles. Other pegmatite ma ses 
are exceedingly irregular and may transect the schist foliation in 
'arions directions and even inclose angular fragments of schist. In 
many places the pegmatite magma penetrated the schist so intimately 
that pegmatite and schist form an injection gneiss, and locally i o­
lated "eyes" of pegmatite were developed; these show no evidence of 
strain and can not be regarded as pegmatite fragments isolated as a 
result of shearing. 

The granite pegmatites of the Central City quadrangle are believed 
to have been derived in part from the granite gneiss magma and in 
part from the Silver Plume granite magma. As the pegma tites 
derived' from each source are similar in mineral character it is po -
sible to distinguish them only in the relatively few places where they 
can be traced into bodies of granite gneiss or granite. The relative 
importance of the two magmas as sources of pegmatites can not be 
estimated, but it seems probable from the areal di tribution of granite 
gneiss and granite that the pegmatite of the southeastern part of th 
quadrangle came mainly from the granite gneiss magma and that of 
the northeast part of the quadrangle came mainly from the il Yer 
Plume granite magma. As already stated, the granite mei sand the 

il ver Plume granite, though probably of widely diverse age , are 
both believed to be pre- ambrian. o far as observed, the Terti-
ary ( ~) " porphyry ' magmas yielded no pegmatitic rocks. 

ILVER PL ME ORANTI'E. 

The name ilver Plume granite was applied by Ball to a medium­
grained, usually porphyritic biotite granit forming numerous stock 
and dikes in the vicinity of ilver Plume and Georgetown. In the 
present report a,ll the granite of the quadrangle that is distinctly 
younger than the granite gneiss is classed under this heading, 
although there is orne qu tion whether all of it is the precise equiv­
alent of the granite of th type locality near ilYer Plume. 

The ilver Plume granite is widely eli tributed through all except 
the southeastern portion of the quadranule. Itformsirregularstocks, 
commonly more or less elonuate parallel to the prevailing trend of 
the foliation in the schi t of the Idaho prings formation or the 
granite gneiss. The largest body, just northeast of Caribou, is about 
3 miles across. 
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The ilver Plume granite is intru ive into mo t of the pre- am­
brian rocks of the quadrangle. The only rocks observed to cut the 
granite are the "porphyries," of probable Tertiary age, and a f w 
dikes of pegmatite which probably came from the same magmatic 
source as the granite itself. The ilver Plume granite i believed to 
be pre-Cambrian, and with the exception of its own pegmatitic phases 
it is the youngest of the pre-Cambrian rocks of the quadrangle. The 
po ibility of a Paleozoic age for this granite can not be excluded on 
the basis of any evidence found within this quadrangle, but wher 
Paleozoic rocks are exposed on the flanks of the Front Range no 
granites intrusive in them h.ave been noted. 

TERTIARY (P) INTRUSIVE ROOKS. 

PRINCIPAL TYPES. 

Throughout all parts of the area surveyed igneous rocks, intru ·ive 
in the pre-Cambrian formations, are of .common occurrence; These 
intrusives constitute iHegular stocks and dikes, whose form and dis­
tribution are shown on Plate IX. The commonest rock types are mon­
zonites and related quartz monzonites, in large part of porphyritic 
texture. The e rocks make up practically the whole mass of the 
~arger stocks and many of the dikes, and in quantity they far exceed 
all other types among the Tertiary ( n intrusives. The remaining 
types occur as dikes and small stocks and lenses and to a lesser extent 
n irregular rna ses within monzonite stocks. The best examples of 
these irregular masses are the titaniferous iron ores and associated 
gabbros, peridotites, etc., near Caribou, which are clearly differentia­
tion products within a monzonite magma. The dikes and small stocks 
and lenses are represented by the bostonites of the southern part of 
'the quadrangle and the andesites, diorites, and basalts of the north­
eastern part of the quadrangle. .Although many of these dike rocks 
differ greatly in mineral character from the quartz monzonites, it is 
thought probable that most of them had a common magmatic source 
and are of essentially the same age. Their differences are attributed 
to magmatic differentiation at considerable depth prior to intrusion 
into their present positions. 

As the monzonitic rocks constitute most of the stocks as well as 
many of the dikes, their total volume is many times the combined 
vollline of all other types. It is probable, therefore, that the parent 
magma from which the various rock types were derived through 
differentiation, had very nearly the average composition of the large 
monzonite stocks. 

The two most abundant types amoi).g the Tertiary intrusives may 
be briefly described. Their distribution is shown on Plate IX. 
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QUARTZ MONZONITE AND QUARTZ MONZONITE PORPHYRY. 

The quartz monzonites of the Central City quadrangle contain 
orthocla e feldspar, calcic plagioclase f13ldspar, some quartz, and 
usually some iron-bearing minerals. There are great nriations in 
the proportions of the minerals, in the coarseness of the grains, and 
in the degree to which phenocrysts are de•eloped. In many localities 
iron-bearing minerals are not conspicuous, but in certain places they 
may ba pre ent in amounts up to 30 or 40 per cent by olume and giYe 
to the rock a dark-gray color. In the porphyritic Yarieties the pheno­
crysts may be wholly feldspar, or there may also be phenocrysts of 
quartz or of iron-bearing minerals. The phenocrysts may be small 
or large, ranging from 1 millimeter to 3 centimeters, and may be all 
of the same order o£ magnitude or of heterogeneous sizes. The 
groundmas appears structureless (aphanitic) to the unaided eye 
and in fresh pecimen is light gray to purplish grrry. In the non­
porphyritic varieties the texture may approach porphyritic (porphy-
roid) or, more rarely, may be rather eYenly granular. fe"- dike 
are coarsely porphyritic at the center and more finely porphyritic or 
massive at their borders. Many nrieties are usually present within 
the same monzonite stock, and even a single narrow dike may show 
con iderable variations in character along its length. The monzonites 
are usua.lly massi' e; only in a few places do they how a slight 
banding attributable to flowing movements during crystallization. 

Quartz monzonites and monzonite porphyries are present in nea rly 
all parts of the area surveyed. The largest masses are the stock near­

pex, te Mountain, and Caribou. Dikes are particularly abundant 
in the •icinity of Idaho prings. The details of distribution are 
fully hown on the map (Pl. IX). 

J\0 TO riTE A .. ' D BO TO ITE PORPHYRY. 

The bostonit of th entral ity quadranule are gray to lilac-
c J r d orr ddish-brown very fine grained (microcrystalline) rocks, 
compo d pr dominantly of alkali feldspar with only mall amounts 
of quartz. arieties ''ith phenocry t of alkali or alkali-calcic feld-
par or of p rox ne or both, are termed bo tonite porphyry. The 

bo tonit and bo tonite porph ries are confined mainly to tho e 
part of the urve ed area 1 ing outh a t of fammoth Gulch and 
east of Empire. Th y occur mainly a dikes, which in a few places 
x.-pand into len - ha ped ma es one-eighth of a mile or so aero . 
orne of the dike· Gr o extraordinary length one b ing traceabl 

continuously from th Topeka mine, near Ru sell Gulch, northwest­
wnrd for 4t mil . Th tli tribution of the bostonite dikes between 
th camps o£ Russell Gulch and Nevada,~ille is noteworthy for they 
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radiate from a small bostonite area near the Topeka min . Expan­
ions of the dikes into narrow tocks occur 1 mile southeast of Dumont 

and l f mile north of Law on. 
Though th bostonite porphyries are not always distingui hable 

without mi ro copic study from c rtain monzonit porphyri s, most 
of them can be readily r cognized b cau e of th ir pinki h lilac, 
or reddi h-brown body or groundmas. through which ar scatt r d 
pearl-gray or salmon-colored ph nocrysts of feld par commonly 
und r 5 millimeters in length, though occa ionally a long a 1 or 
even 2 centimeter . Some 'arieties contain D're n pri m of pyrox ne 
or its alteration products a much as 5 millimeters in length. 

The pyroxene-free bo tonite porphyri s are not r adily differ­
entiated, without the aid of th micro cope, from certain monzonit 
porphyries of the region b tween p x, Peri()'o, and Pho nix, whi h 
have a pinkish groundmass, but microscopic examination of the 
monzonites hows that the groundma i granular rather than 
trachytic, as in the bostonites. In most of the bostonit porphyri 
the phenocrysts are widely cattered and many of th m how rhombic 
outlines. The nonporphyritic bo tonites if fre h are usually recog­
nizable by their lilac or reddi h-brown color , but if alter d by surfac 
weathering or by mineralizing oln ion they ar usually bleached 
buff and can not then b di tinguish d, without micro copi xami­
na.tion, from fine-grained monzonites. 

OTUER 'l'ERTIARY ( ?) I 1TRU IVE RO K . 

In the vicinity of aribou there occur within monzonite stoc1 
small bodies of dark-colored rocks, including iron ore , which haY 
clearly formed by proc es of diff rentintion from the monzonite 
magma. These rocks ar further mention d on page 313 in the dis­
cussion of the titaniferou iron ores. 

The region between aribou, ederland, and Phoenix is charac­
terized by the pre ence of a profu ion of dikes having a prevailing 
ea terly trend, of types not found el ewhere in the quadrangle. They 
include hornblende monzonite porphyries, hornblende and biotite 
ande ites, and hornblende and biotite diorites. Many of the diorite 
are Yery dark. The e various dike a,r not wholly contemporaneou 
for at a number of places diorite dikes were ob en·ed to cut tho e of 
andesite. Nevertheless it eems probable that the age differences are 
not very great and that all types were derived from a common parent 
magma of monzonitic compo ition. These dikes appear to take th 
place, in the ederland region, of the monzonite dikes so common in 
other parts of the quadrangle. 

The geologic relations within the Central City and Georgetown 
quadrangle indicate merely that the "porphyries" are young r than 
the pre-Cambrian rocks, which they cut and are, with rt Yery few 



ECONOMIC GEOLOGY OF GILPI ~ COUNTY, COLO. 303 

e:..:ceptions, older than the ore deposits. In neighboring parts of Colo­
rado, however, similar "porphyries" are in contact with sediment 
of determinable age. The evidence from these adjacent districts 
points to a Tertiary age for these intrusive rocks. 

STRUCTURE. 

The most important structural characteristic of the region is the 
intricate manner in which the igneous rock , rangino- from pre-Cam­
Lrian to Tertiary ( n in age, have been intruded into the sedimentary 
Jdaho prings formation and into each other. The intru ive rano-e 

b 

in size from mere threads between schist folia to stocks everal miles 
across. Dikes are particularly abundant, and a few of them are trace­
abl continuously for o er 5 mile . Many of the intru ives are len­
ticular in form, with their greatest dimensions parallel to the prevail­
ing foliation of the inclosing rocks; others are extremely irregular. 

Purely dynamic proce es have also played a part in the tructural 
hi tory, their principal effect being the de>elopment at great depths 
of foliation in the older pre-Cambrian rocks. During much later 
periods at hallower depths faulting took place. Some of the faults 
were formed prior to or contemporaneous with the intrusion of the 
Tertiary igneous rock · others were formed soon after the ·intru­
sions and became the site of ore deposition; and still others were 
formed subsequent to the mineralization and displaced the ore bodies. 
Faulting may still be in progress. Joints are numerous in th more 
rigid rocks and commonly parallel one or more of the directions of 
faulting. 

ECONOMIC GEOLOGY. 

ORES GROUPED BY PREDOMINANT METAL VALUES. 

r of Gilpin ounty and adjacent area here de cribed may 
be roup d accordino- to the metal whi h give them their pr domi­
nant alue, into five classes-(1) o-old-sih'er ores, which con titute 
th maine onomic r ource of th reo-ion; (2) uranium ores, highly 
localiz d but of much interest as a source of radium; (3) tung ten 
or which :form the ba i of the tung t n industry of Boulder 

unty the larg t producincr center :for this metal in the nited 
tate · ( 4) copp r ores, poor in precious metals represented solely 

by theE ergr en min near Apex· (5) titani:fer us iron ores of ari­
bou, Bould r ount , which are not commercially valuable. 

Th r aion form pnrt of a broad mineralized belt embracing mo t 
of the important mining amp of olorado. 

ORE STRUCTURE. 

V ins far xceed in a,bundan e a,nd importance all other structural 
types among the ore deposits of this region. A few large deposits 
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are stockworks and there are al o a few irregular ore bodies formed 
by magmatic differentiation. 1echanical concentration are repre­
sented by auriferous gravels, now practically work d out. 

V eins.-Most of the ore bodies occupy zones of minor faulting and 
are true veins. These commonly strike between east and N. 45° 
E., and dip at angles of 60o or more· "flat" veins are rare. Their 
width is commonly between 1 f ot and 5 feet, but tellurid -bearing 
veins a narrow as half an inch or le s are worked, and exceptiona l 
mineralized zones attain a width of 40 feet. very f w ins are 
filling of a single persistent fracture, but most of th m are min­
eralized fracture zones. In many of these zones brecciation ha oc­
curTed and the spaces between the rock fragments haYe been fill d 
with metallic mineral . The longe t vein noted is the Mammoth 
near Central City, which is traceable on the surface almost ontinu­
ous]y for 6 000 f eet. Few other veins attain half this lenoth. The 
gr atest depth to which a vein has been followed is 2,250 feet alono­
the dip, in the California. While certain veins are without im­
portant branche , most of them are elements of a complicated vein 
;network composed of master veins connected by oblique cross veins. 

Mineralization along the vein fractures was accompli h d by the 
filling of open spaces and by solution of the rocks and depo ition of 
ore minerals in their place (replacement). In most veins both proc­
e es "·ere operative, but their relative importance differs in differ­
ent veins and in different parts of the same Yein. On the whole 
replacement has been more important than fissure filling. 

Stockwo1·ks.- One of the most interesting geologic features of the 
region is the so-called Patch on Quartz Hill. ( ee Pl. X.) The 
Patch may be described as a roughly cylindrical mass of brecciated 
rock which is locally well mineralized. I surface outcrop is oval 
and about 500 by 00 feet aero , and the breccia has been traced 
downward in mine workings for about 1,600 feet and may extend 
much deeper. The brecciated rocks are pre-Cambrian granite gnei s 
and Tertiary porphyry (bostonite), so that the brecciation is later 
than the porphyry intrusion. Movement within the Patch has lo­
cally been great enough to mingle indiscriminately rock fragments 
of several different nrietics. The brecciation and al o the minerali­
zation have, in general, been greatest along the line of several vein 
of northeasterly trend that enter at one side of the P atch and emerge 
at the other. The mineralization of the Patch, as of the veins has 
been accomplished in part by the filling of open spaces and in part 
by replacement. 

The origin of this peculiar ore body has been the subject of much 
speculation amongthe mining men of the region. D tail d vidence 
of origin will not be given here, but it is entirely clear that the Patch 
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breccia was formed by the same general movements that developed 
the associated vein fracture . Where the Patch now i a number of 
strong vein fractures approached tmu ually close to one another and 
the movement along them became distributed throughout the inter­
vening rock. The mineralization of the Patch is continuous with 
that of the veins that enter it and is of the same mineralogic character. 

Mineralized breccias similar to the Patch but less exten ive occnr in 
the Hubert mine, at Nevadaville, and the Alice and Commercial 
Union mine. , near Alice. . 

M agrnatic segregations.-Within a monzonite stock at Caribou 
occur four bodies of gabbro and related rock of somewhat rounded 
outline. The greatest dimension of any of these is about one-fourth 
mile. Within these gabbro rna ses in turn occur severa l sm..'tll bodies 
of titaniferous iron ore some of which are len - haped and others 
wholly irregular. Gradations are traceable from iron ore through 
gabbro into monzonite, and the ore was unque tionably formed 
through magmatic differentiation. 

The copper minerals of the Evergreen mine, near Apex, occur 
within dikes of monzonite, where they cry tallized at the same time 
as the silicates of the rock. The ore is apparently a product of 
magmatic differentiation under localized and unusual conditions. 
(See pp. 311-312.) 

Au?·ife?·ous gmvels.~The Pleistocene and Recent gravels of this 
area, originally auriferous were practically worked out many years 
ago. 

GOL D-SILVER ORES. 

GE ERAL CHARACTER. 

The main depen lence of the minina indu try of Gilpin County is 
upon auriferou and arg ntiferous sulphide veins, with a few tock­
works. In orne of the e d po its copper or lead or, more rarely, zinc 
are abundant enough to be of suppl mentary value. In most of them 
gold gr atly pr dominat s in value v r ih·er but in some) usually 
as a result of downward enrichment in sih ·er, the re,erse i the a . 

f les thouah not inconsiderabl nln ar cl posit in which the gol1 
and silver occur mainly as tellurid rather than in ulphide . Gold 
placers may ben gl cted in the present di cu ion. 

One of the mo t intere ting feature of the or deposits i the 
mineralogic diversity xhibited by the ulphide ores of gold and 
silver. Thi p rmit th m to ·be cln ified as (a) pyritic ores· (b) 
gaJena- ph a lerite ore ; (c) compo ite ores, carryina the minerals of 
both the oth r cla e . The distribution of the veins of the e three 
clas es in th vicinity of entral ity i shown on Pla,te X. 
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P1.'RITIC ORE . 

The commone t type of gold ore contains pyrite as the predomi­
nant ulphi le. halcopyrite and tennantit are u unlly pre cnt, but 
always in ubordinate amount . Th prin ipal aangu of th ores 
that are fissure fillings is quartz but the gangu of th replacement 
or s i sericitized wall rock. o\. aroup of v in , alllyina within three­
fourths of a mile of the Hazeltin min , near Rm: 11 ulch (s e P l. 
X) differ from the common r pyritic T'Cins in corryi ng nargit 
(3Cu 2 .As2 5 ) in tead of tennantit ( 4 u2 .As2 3 ) . Fluorite i a 
constituent of mo t of the e enargite-bearina vein and of a f w 
neighboring vein of th or linnry pyritic type. Th enargite and 
fluorite bearing veins are believ d to be mer ly local variations of the 
pyritic mineralization for both nargite and fluorite are ontem­
poraneou ly intergrown with the typi al mineral of the pyritic ore . 

Detailed studie of many ore amp] how that th pyriti ores 
are as a rule irregularly ma ive in textur , and that the charac­
teristic ore minerals were all depo itecl dm·ing the am p riod of 
mineralization. It i po sible to re ogniz among them, how ver, a 
pr vailing quence annloaou to the order of crystallization among 
the mineral of a massive igneoti rock. To pitomize, chalcopyrite, 
tennantite, and fluorite were deposited in greater abundanc in the 
later than in th earlier stage of the pyritic mineralization as 
shown by their tenden y to line vug or to occupy the medial portions 
of veins. Th chemical ignificanc of th orcl r of cry tallization 
may be summarized in the statement that copper, ar enic, antimony, 
bismuth, and fluorine were depo ited mainly in the late stage of the 
mineralization, whereas iron, ulphur and ilica were depo ited 
tlu·ouahout the process. 

The pyritic ores are the most widely di tributed ore type, occur­
ring in practically all part of the r gion under discussion. They 
constitute the entire output of the aratoga Pewabic, Old Town, 
Alice, and many other mines. The metal content of the smelting 
ore commonly lies within the following limits: Gold, 1 to 3 ounce 
to the ton; silver, 4 to ounce to the ton· copper, commonly l s 
than 1.5 per cent but in orne ores 15 to 16 per cent. Th gold content 
is commonly highest in the ores that are richest in chalc pyrite. 

OALE.1 A- PHALERI'l'E ORE . 

I n the ores of the econd type the predominant primai·y sulphides 
are galena and phalerite; pyrite is next in abundance, and then 
chalcopyrite. The principal gangue minerals, wher the ores are 
fis ure filling , are quartz and either siderite or calcite; where the 
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ores are replacements the gangue is sericitized wall rock. Like the 
pyritic ores, these ores occur principally as veins but subordinately 
as stockworks. In a few veins of this type situated near the head 
of Gilson. G~ch, northeast of Idaho Springs, rhodochrosite is pres­
ent. Bante 1s not uncommon as a subordinate gangue mineral. A 
distinct equence in the order of crystallization of the minerals of 
these ores is much les apparent than in the pyritic ores. Most of 
the constituent appear to be trictly contemporaneou , but in some 
ores the crystallization period of resin sphalerite, calcite, siderite, or 
quartz per isted later than that of the other constituents. The ore 
texture is irregularly massive, rarely crustified. · 

The metal content of the galena- phalerite ores is much more 
variable than that of the pyritic ores. In some of the ores (those of 
Red Elephant Hill, near La"son, and Caribou, for example) the gold 
content is negligible, and the 'ein a.re workable for silver only 
where the silver content has been augmented by downward enrich­
ment. In others (such as the Topeka, Hubert, and Egyptian) work­
able amounts of gold occur in the primary ores. In general, for the 
smelting ores of the galena- phalerite type, the gold content is be­
t ween 0.1 and 5.5 ounces and the ilver content between 2 and 25 
ounces to the ton. A. noteworthy exception is the remarkable bo­
nanza ore of the Klondike vein in the Topeka mine, near Central 
City which carried free gold in extraordinary amounts. An 
pound piece when smelted yielded $5,449, largely in gold. This gold 
was a primary crystallization, being contemporaneously intergrown 
with the characteristic primary sulphides of the vein. The copper 
content of the galena-sphalerite ores i usually below the commercial 
limit of 1.5 per cent and rarely exceeds 10 per cent. ' Lead ranges from 
a trac to 5~ per cent, and zinc from a trace to 25 per cent. In general 
the primary or of this cla s are poorer in O'Old and copper and 
richer in silver than those of the pyritic type. 

The galena- phal rite ore , though "idely distributed within the 
area under di cu ion are somewhat less common than the pyritic 
or s. The mining camp , such as Caribou and Lawson that have 
grown up near certain group of the e vein , are clas d as silver 
camr s becan e of the great predominance of that metal in their ores. 

Or iPO ITE ORE . 

The or s to which the t rro composite is here applied ar the r ult 
of dual mineralization, fir t with minerals chara teristic of the 
pyritic ores an l later with minerals characteristic of the galena­
sphal rite ores. 1any of the mo t important mines of the regio~, 
such as the Gunnell and California, have produced ores of tlus 
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character. Plate XI shows the appearance to the unaided 
figure 1 the micro copic appearance of typical composite or s. uch 
relations as are pictured in these illustrations indicate (1) I yritic 
mineralization, (2) fracturing, and (3) mineralization of the aalena­
sphalerite type. These relations were noted in many ores in all 
parts of the region and it appears certain that th y are u ual and 
not exceptional. The reverse relation, of galena-sphalerite ore brec­
ciated and its inter paces filled with pyritic ore, was nowher not d. 
In harmony with this -relation is th occurrence of min ral char­
acteristic of the gn lena-sphalerite ore type in vugs in pyritic ore. 

I MILL IM£.T£A 

FIGURE 18.- Drawlng showing microscopic appearance ot pol­
ished surface of gold-s ilver ore from Specie Payment vein, 
Gilpln County, Colo. PH, sphaleri te. 

In many mines two 
or all of the thr 
types, pyritic, com­
posite, and galena­
s p h a l e ri t e or : 
may be pr e e n t. 
Vein that nea.~.· the 
surface are com­
posite ery com­
monly become py­
ritic at g r ea t e r 
depths, and many 
veins are compo ite 
at one end of th ir 
outcrop and pyritic 
at the other. 

As would be ex­
pected, composite 
orcs nre most abun­
dant in the border 
reg i o n s betw en 
areas characterized 
by pyritic or and 

areas of galena-sphalerite ores. The metal content of the composite 
ores is extremely diverse; it has all the variability that characterize 
each component type and varies also with the proportions in which 
the two component types are mingled. 

ALTERATIONS OF WALL ROCK NEAR ULPHIDE ORES. 

The predominant wall-rock alterations associated with the three 
types of sulphide ores just described consist of the development of 
sericite and pyrite. Even near fissure filling that consist predom­
inantly of galena and sphalerite pyrite is the principal sulphide 
developed in the walls. Carbonates (usually calcite or siderite) 
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PHOTOGRAPH OF POLISHED SURFACE OF ORE OF COMPOSITE TYPE FROM FOURTH OF JULY MINE, NEAR CENTRAL CITY, COLO. 

Pyritic ore has been brecciated and t he f racture openinlls f illed with ore of the Jlalena-spha lerite type . Two-thirds nat u ral size . 
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are developed near some veins and not near others; they are much 
J11ore abundant near ores of the galena-sphalerite type than near 
the pyritic ores. In their early stages the alterations are markedly 
selecti,-e, the minerals showing differing susceptibilities to alteration 
and yielding different alteration products thus indicating a chemical 
interchange between certain rock minerals and the mineralizing 
solutions. hlorite and epidote, formed locally in the early stages 
of alteration, are during a later stage replaced by sericite. The 
earlier effects of alteration vary in different kinds of rocks, but the 
fina 1 products of the process are similar w.hatever the original 
character of the rock. 

TELLURIDE ORES. 

The telluride ores of the quadrangle show more diversity in min­
eral character than the sulphide ores of gold and silver and knowl­
edge concernino- them is less definite. It is not certain that a.ll of 
them were formed at the same time. 

Tellurides of gold and silver have been found in clo e association 
with sulphide ores of gold and silver in the Gem and Casino JTline , 
near Idaho prings, and in the Kokomo, leepy Hollow and Greg­
ory mines, near Central City, but the writers were unable to procure 
pecimens that showed the mutual relations of sulphides and tellu­

rides. It is uncertain, therefore, whether the tellurides of such vein 
were deposited during the sulphide mineralization or represent a 
·eparate mineralization. In the mines that have been the largest 
producer of telluride ores the tellurides, although associated with 
some sulphides, were not components of typical sulphide ores of the 
types that have been described but occurred in entirely different 
mineral a sociations which will be brief!. described. In the East 
Nota>Ya and ' Ve otaway mines near Central ity, the tellurides 
o cur a a con tituent of mall v in characteristically 1 inch to 3 
inch s wide, which on ist mainly of dark-gray fine-grained quartz 
with minor amount of fine-a-rained pyrite and antimoniacal tennant­
ite. Loca lly there arc networks of small veinlets in tead of a ingle 
Yein. Iicro opic tu iy how · that all the vein mineral belong to 
the arne period of mineralization, but ulphides are commonly mo t 
abundant near the "-alls of the Yeins and the telluride i mo t abun­
dant near th center. Th t llm·ide, which is sylvanite, u ually 
form isolated bladelike or tabular crystals in the quartz, but locally 
it is contemporaneou 1 int rgrown with tennantite. The telluride 
v ins cut dik of Terti ary monzonite porphyry and cut a typical 
sulphide vein of the p ritic type (the Home take). 

The most important pr ·ent producers of telluride ores are the 
w ·ar Dance mine, near Central ity, and the Trea!;im'e ault, near 
Idaho Springs. In both these mines the tellurides are associated 
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with abundant fluorite and with p rite re embling in these resp cts 
the ores of Cripple reek. In the War Dane mine, which afforded 
the best opportunities for study, the telluride ore forms networks 
of small veinlets and irregular replacements of the wall rock neo,r 
minute fractures. The ore mineral are fluorit , quartz, pyrite, an<l 
a telluride of gold and silver that is probably sylvanite. The tellu­
ride oc urs as small flakes or plat s of pale brass color, usually in­
clo ed by fluorite. Free gold is present in ome of the ores of thi::; 
type, but as the specimens available w re.not adapt d to microscopic 
study it could not b~ determined whether the gold was primary or :t 
product of oxidation. In the War Dance mine a sulphide vein of 
the composite type occurs clo e to the telluride ore. This sulphide 
Yein is not known to carry tellurides and is poor in gold. Hence it 
is probable that the two ore types were not contemporaneous. 

Telluride ores of gold and silver occur near Eldora, in Boulder 
ounty, but as none of the mines could be entered the writer arc 

unable to add anything to the published descriptions of Rickard 1 

and Lindgren.2 

URANIUM ORES. 

Uraninite or pitchblende occurs in nature (a) in mall amount 
in granite pegmatite and (b) in intimate association with com­
moner metallic minerals in a few ore depo its. Quartz Hill near 
Central City, is the one important locality in the nited tates 
and one of the few in the world that exemplifies the second mode 
of occurrence. For a number of years a small and sporadic produc­
tion has come from this locality and has been used mainly in experi­
mental work and for mu cum specimens. Pitchblende has been found 
in seven mines of Quartz Hill, all within an area of 1 than one­
fomth of a qua.re mile in extent. ( e Pl. X.) All thee mines h ave 
produced sulphide ores of gold and silYer, and in mo t of them the 
pitchblende ha been of very subordinate importance. 

Microscopic study of the ores shows conclusively that the maninite 
is intergrown contemporaneously with chalcopyrite and probably 
with quartz and pyrite, but that it is sharply cut by veinlets com­
posed of galena, sphalerite, chalcopyrite, pyrite and quartz. The 
minerals contemporaneous with the uraninite are those characteristic 
of the pyritic type of gold- ilYer ores, whereas the minerals of the 
transecting einlets are those characteristic of the galena-sphalerite 
type of gold-silver ores. From the evidence available it therefore 
appears probable that the uraninite ores form merely a local and 
tmusual variety of the pyritic type of gold-silver ores. They appear 
to represent a mineralogic variation of the same order as the occur-

1 Rickard, T. A., The veins of Boulder n.o"d Kalgoorlle: Am. Inst. fin . Eng. Trans., vol. 
33, p. 68, 1902. 

• Lindgren, Waldemar, Some gold and tungsten deposits of Boulder County, Colo. : 
Econ. Geology, vol. 2, pp. 453-463, 1907. 
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renee of enargite in some of the pyritic veins near Russell Gulch. 
The ~uartz Hill deposits contrast strongly with the pitchblende 
deposits of Cornwall and the Erzgebiro-e in their entire lack of nickel 
and cobalt minerals. 

TUNGSTEN ORES. 

The tnng ten ores of Boulder County have been d scribed at length 
by George and Crawford 1 and were not investigated in detail by the 
pre ent writers. The principal mineral i ferb rite, but with it are 
associated in small amounts se eral of the minerals scheelite, pyrite, 
chalcopyrite, galena, sphalerite, molybdenite, gold tellurides, and 
possibly fluorite and adularia. While no conclusive proofs have been 
obtained, these mineral association have led most of the geologi ts 
who have tudied the depo its to belie' that they are closely related 
to the gold-silver deposits of the region and are probably of nearly the 
ame age. Three features noted by the present writers appear to 

have a bearing on their origin and their relation to the other ore 
classes of the region: First , in the region where the tungsten ores are 
most abundant they almo t wholly supplant other types of ores. 
Second, they occur in the only part of the quadrangle in which Ter­
tiary dikes of andesitic or basaltic composition are abundant and 
adjacent to the only monzonite stock which exhibits extreme differ­
entiation into dark-colored rocks, inciuding iron ores. Third, the 
tungsten district lies between an area of productive gold-silver veins 
on the west and a region barren of valuable mineral depo its on the 
east . These relation and the mineral associations already cited are 
in harmony with the •iew provisionally adopted by· the present 
writers that the tungsten ores represent nn unusual phase of the 
o-eneral Tertiary mineralization of the region and that their o.rigin 
is possibly connect d in ome >Yay with the unu ual de• loproent of 
dark-color d iron-rich rocks within the monzonite magmas of the 
area between ed rland nnd aribou. 

COPPER ORES. 

In a region charact rized Ly .fi _ ure Yeins that are valuable mainly 
for the gold and silver they contain the copper ores of the E vergreen 
mine, near pex, stand unique as regards both mineral character and 
mode of occurrence. Their UJ1Usua l features attracted the attention 
of Etienne Ritter 2 who showed that th copper sulphides crystallized 
contemporan ously with the other minerals of the rock. 

The primary ore mineral of the E vergreen mine are bornite and 
chalcopyrite. Th se minerals do not occur in fi sure veins but as con-

1 George, R. D., and Crawford, R. D., The malo tungstl'n art'a of Boulder County, Colo.: 
Colorado Geol. Survey First Rept. , 1908. 

• Ri tter, 0. A., The E'•ergreen copper deposit, Colorado : A.m. Inst. Min. Eng. Trans. , 
vol. 38, pp. 751-765, 1908. 
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, tituents of dikes of monzonitic composition that are clearly offshoots 
from neighboring monzonite stock . In places the monzonite has so 
5hattered the schist and pegmatite wall rock that an igneous br ccia 
ha resulted. halcopyrite 'and bornite occur in the igneous matrix 
of this breccia, but not in the wall-rock fragments. In addition to its 
&ulphide content, the monzonite of the Evergreen mine exhibits other 
w1u ual features; it carries small pri ms of wollastonite locally in 
great abundance, and in a few places, in close association with the 
sulphides, it contains garnet. 

The bornite does not appear to be an alteration product of the chal­
< opyrite, for the occunence of bornite inclosed by chalcopyrite is as 
common as the reverse relation, and the bornite does not rim the chal­
copyrite or follow incipient fracture in it. On the contrary, the two 
min rals are very irregularly a sociated, locally in a fa hion re em­
bling a graphic intergrowth. The chalcopyrite and bornite do not 
appear to be replacements of the silicates of the monzonite, although 
they may have corroded the silicates slightly in places; on the con­
trary, they appear to have crystallized at e sentially the same time 
as the rock ilicates. 

Rogers,1 in a recent paper, figures chalcocite as ociated with bornite 
from the Evergreen mine and sugge ts that the chalcocite is a product 
of upward enrichment. halcocite is a very inconspicuous mineral 
at this mine and is seldom reco<Ynizable except und r the microscope. 
In one of the specimens examined chalcocite is irregularly associated 
with chalcopyrite and bornite. The origin of this particular chalco­
cite is uncertain. In most other specimens, however, chalcocite has 
developed along incipient fractures in the bornite and along contact 
between bornite and silicate minerals. This relation between chalco­
cite and bornite is totally different .f'rom the relation botw on bomit 
and chalcopyrite and is taken to indicate that the chalcocite is econd­
ary. .As the mine workings are all shallow it is impo ible to say 
whether the chalcocite was deposited by ascending or by descending 
olutions, but the writers are much inclined to accept the latter and 

more u ual explanation of its origin. 
The writers believe that the dominant sulphides of this mine, chal­

copyrite and bornite, were probably concentrated by differentiation 
from the monzonite magma, and that the wollastonite and garnet of 
the ore-bearing dikes indicate an ab orption of calcareous material 
from wall rocks. 

The ore obtained at this mine is said to average about 3 per cent of 
copper and $4 to 5 to the ton in gold and silver. Its distribution, 
however, is irregular, and with the exception of the large chamber 
stope on the tunnel level no large bodies have been encountered. 

1 Rogers, A. F., Secondary sulphide enrichment of copper ores with special reference to 
microscopic study: Min. and Sci. Press, Oct. 31, 1914, p. 686. 
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Only a few carloads h~ve been shipped and the work ]s still largely 
exploratory. The ore IS unquestionably to be sought in and near the 
dikes, but as the sulphides are so unevenly distributed in the dike 
rock no prediction of the probable value or extent of the ore can 
be made. 

TITANIFEROUS IRON ORES. 

The Tertiary monzonite stocks of Caribou and of Ba.ld fountain, 
northwest of Caribou unlike the other monzonite stocks of the region, 
inclose a number of bodies of dark-colored rock that are clearly prod­
ucts of differentiation within the monzonite magmas. The extreme 
products of this process ar several bodies of iron ore-that show some 
interesting features bearing on the origin of titaniferous iron ores 
and the mechanism of magmatic differentiation . 

The greater part of the Caribou and Bald Mountain tocks consists 
of monzonite and quartz monzonite of gray color and medium coar e­
ness. Inclosed within these rocks and forming not more than 5 per 
cent of the surface of the stocks are a number of small irregular 
bodies of dark-colored rock rich in iron-bearing mineral . The 
largest of these bodies is only about a quarter of a mile in greate t 
diameter. Within these areas of dark-colored rock in turn occur 
small bodies of titaniferous iron ore. In places the ontacts between 
the iron ore and the dark rock that incloses it and between the dark 
rock and the monzonite are sharp, but in many other places complete 
gradations occur between these rock types, so that in general it is 
clear that the iron-rich rocks were differentiated from the monzonite 
magma, the differentiation being followed locally by intrusion of the 
darker into the lighter types. The rocks present are quartz monzonite, 
monzonite, olivine monzonite, gabbro, hornblende gabbro, hornblend­
ite, magnetite-rich gabbro rna unetite peridotite, and ma!!D.etite 
pyroxenite. 

Theore havebeenstudiedbyJenninu ,1 whosays: "Theseinterest­
ino- depo its hav little or no economic importance, but are excellent 
examples of iron ores of igneous orio-in. ' ingewald,2 who has also 
tudi d the depo its, oncludes that, "The best of the ore is only 

medium grade and the ore lenses are very small. On account of its 
mall size the deposit can never have any conomic value.." 

.As is well lrnown, no iron ores containing appreciable amounts of 
titanium are now used in the iron industry, though experiments 
lo~king toward their utilization are now in progress. The presence 
of titanium is not injurious in steels used for certain purposes; in 

1 J ennings, E. P ., A tltanlferous Iron ore deposit In Boulder County, Colo.: Am. I nst. 
Min. Eng. Trans. , vol. 44, pp. 14-25, 1913. 

• Slngewald, J. T., The tltaniferous iron ores in the ·nlted tatcs: U. S. Bur. Mines 
Bull. 64, pp. 126-128, 1913. · 

10427°- Bull. 620-16---21 
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fa t , titanium is the material mo t widely u ed to gi' e ste l certain 
de ired properties. Its d trimenta l ffect in an iron or i · due to the 
fa t that it produces a refractory slao- that is difficult to handle in the 
bla t furnace, and 0.5 per ent seems to be almo t as detrimental in 
this re pect as 10 or 15 per ent. The percentages of magnetite and 
titani c oxide in samples of the Carib u ore analyzed by J ennino-s and 
by the Geoloo-i al un ey are as follows: 

2 3 

----------------------------------------1----------------
Magneute (FeoO•) .............. .. .... ... .. . .. . ............ . ..... .... ... .. 64. 73 30.55 23.90 
Titanic oxjde (1'i 0:)... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4. 4S 2. 69 2. 52 

1, E . P . Jennings, analyst; 2, 3, lean ore, George Steiger, analyst. 

Even if the metallurgic difficultie involved in th hio-h titanium 
content can be overcome, the inaccessibility of these deposits and 
their small size preclude all I o sibility of ucces ful exploitation. 

DOWNWARD ENRICHMENT. 

OE ' EHAL CON DITION • 

It is »ell known that when the surf,tee portions of ore d po it ar 
attacked by the ga es of the atmo phere and by water of urface origin 
and the dissolved substances it contain a part of the ore is carried 
away, either mechanically or in olution, while another part remains 
behind. The metal carried away may become widely cattered and 
lo t, so f_ar as concerns the miner of to-day, or they may be concen­
trated elsewhere in ore deposits of different types, such as the gold­
bearing gravel of th di trict here de cribed or the copper ores 
found in surface andstones in other di tt·icts. The metals that re­
main behind work their way downward into the ore body either 
mechanically or in solution; tho e carri d mechanically do not pene­
trate far and tho e de cending in solution are liable to reprecipitation 
through agencies that will be noted later. 

uch processes as those outlined above must, at their beginning, as 
when erosion first exposes an ore body result in a depletion in the 
value of the surface ore, but as erosion progresses the m tal left 
behind come in time to repres nt a residuum from tens, then hundreds, 
and perhaps thousands of feet of ore that has been eroded away. 
To use a commercial simile the value of the ore in the upper part 
of a depo it may thus increase 'at compound interest." uch a 
process is termed "downward enrichment," the adjective being used 
to distinguish it from enrichment caused by ascending thermal 
solutions. 

The gold-silver ores are the only ones in this region that have been 
affected in any considerable degree by downward enrichment, but 
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as the e con titute the dominant ore class, the process ha been one 
of much importance. Enrichment in one or all of the m tals <Told 
sih er and copper has taken place; enrichment in lead and zinc has 
been insignificant. As in most mountainous re<Tions, the ground­
water leYel is Yery irregular; in most veins it originally stood 50 to 
150 feet below the surface. 

GOLD ENRICH fENT. 

\ iV eathering of the ore in the oxidized zone results in a partial 
freeing of the gold from its matrix thus expo~ing it to mechanical 
concentration and to the solvent action of waters that enter the upper 
parts of the lodes. The enrichment in gold observed in the oxidized 
zone of ore bodies is probably in large part the result of mechanical 
concentration during weathering a process \veil understood and 
requiring no discus ion here, but solution and r deposition of gold 
may also have taken place. It would be expected that ''~'hatever gold 
was taken into solution would soon be reprecipitated, for it is well 
known that ferrous sulphate and most of the common sulphide , 
including pyrite, chalcopyrite, and galena,1 are Yery effective pre­
cipitants of gold from a chloride solution. s several of the e pre­
cipitating agents are abundant in the lower part of the oxidized zone 
it appears unlikely that much gold in solution ~ could successfully 
pa s them; if it did it could hardly travel far below the water level 
before being precipitated by the primary sulphides. The e deduc­
tions appear to be borne out by the fact of field observation, which 
afford abundant evidence of enrichment in gold in the oxidized zone 
but no certain evidence of gold ~richment. below it. 

Enrichment in gold in the oxidized zone is haracteristic of all the 
types of gold-silver ores in the region-the pyritic ores the galena­
sphalerite ore the composite ore , and the telluride ore . It effects 
are most striking however, in c rtain ores of the CT:1l na-sphalerite 
type which, where unoxidized carry only negligible amounts of gold 
usually le s than 0.1 ounce to the ton, whereas where oxidized they 
may carry 1.5 to 3 ounces of gold to the ton. The e are the so-called 
silver veins whose surface portions were worked by the pioneers for 
gold alone. 

lthough data showing in a systematic way the distribution of 
gold below the oxidized zone are rather meager, such information 
as is available fails to indicate much o-old enrichment below the 
water level. In the Iron min , in Russell Gulch, for example, which 
develops a typical pyritic vein, omplete r cords of a careful ampling 

1 Palmer, Chase, and Bastin, E. S., Metallic minerals of precipitants of silver and gold: 
Econ. G oiogy, vol. 8, pp. 156-160, 1913. 

• No account l s here taken of colloidal gold solutions, of who e importance lu na ture 
II ttle is known. 
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of all" parts of the vein fail to show any systematic hange in the 
gold content below the oxidized zone. 

Jr.,VER ENRICH~IENT. 

ilver enrichment contrast strongly with gold enrichment ~n this 
district in that there is impoverishment rather than enrichment of 
silver in the oxidized zone and notable nrichment below the oxidized 
zone. Furthermore, si lver enrichment is practically confined to the 
one type of galena-sphalerite ores. The primary silver minerals of 
the region are silver alloyed with gold and ilver-gold tellurides. 

rgentite has not been authoritatively reported. The secondary 
silver min rals are native silver cerargyrite, pearceite, polybasite, 
and proustite. 

It is well lmown that silver is more readily taken into solution 
in the oxidized zone than gold and that fewer metallic mineral an 
reprecipitate it.1 The poverty in silver of the oxidized zone i thus 
readily under tood. 

In most mine waters of surface origin the principal negatiYe 
radicles present are 01, 003 , H 0, and 0 4• A compounds of silver 
with all these radicles are lmown, it i customary to con ider the dis­
sol '' ed ilver as existing in di tributed balance with as many of these 
radicles as may be present. Mo t of the silver balanced by chlorine 
is likely to be reprecipitatecl in the oxidized zone a the difficultly 
ol uble silver chloride ( cerargyri te or horn silver) . Oerargyrite is 

not a common silver mineral in tbi di trict, and its rarity is attrib­
uted to the low chlorine content of the surface waters. The ilver 
balanced by carbonate and sulphate radicles may pass downward 
below the oxidized zone. In sulphid ore bodi s like those under 
con ideration most of the silver i pre umably in balance with 0 4 • 

The silver is redeposited b low the ground-water level principally 
as pearceite and proustite and very subordinately as polybasite and 
native silver in vugs or fractures in the primary ore or as replace­
ments of the primary ore mineral both metallic and nonmetallic. 
It is significant that in the ores of this region arsenic greatly pre­
dominates over antimony, both in the primary ore where it oc ur 
principally in tennantite, and in the enriched ores, where it occurs 
in pearceite and proustite. The chemistry of the formation of the 
arsenosulphides of silver is too little understood to justify discus ion 
in a summary of this kind, but geologic ob ervations in this region 
suggest some limiting conditions that may be a guide to experimental 
chemical work. 

The first point is that the ores carrying secondary arsenosulphides 
of silver almost invariably carry abundant primary siderite or cal­
cite; the solutions that deposi ted them were therefore not highly acid. 

1 Palmer, Chnse, and Bastin, E. S., op. cit., pp. 169-170. 
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A second significant ob ·ervation is tha"t downward enrichment in 
~ilver. is practically confined to ores of the ga.]ena-sphalerite type 
ln sp1te of the fact that primary silver is abundant in all the other 
type of gold-silver ores. The dominant minerals of the veins show­
ing silver enrichment are galena, sphalerite, and carbonates (calcite 
iderite, or rhodochrosite, one or all ) ; pyrite and chalcopyrite ar~ 

pre ent in smaller amounts. In the pyritic type of ores, in which 
silver enrichment is conspicuously absent, pyrite and quartz are the 
dominant minerals, and tennantite and chalcopyrite are less abundant. 

The causes for this restriction of silver enrichment to , eins of 
a certain mineral composition are undoubtedly complex, but the pres­
ence of carbonate gangue minerals in the ores that show silver en­
richment is belie\ ed to be a most important factor. Their presence 
has led to an early neutralization of the free sulphuric acid in the 
descending silver-bearing solutions. Much of the carbonate in the 
veins is ferruginous (ferruginous calcite and siderite), and this by 
reaction with sulphuric acid yields ferrons sulphate, an ffecti Ye 
silver precipitant. In a timely and suggestive paper Nishihara 1 has 
compared the neutralizing effect of va rious carbonates, silicates, and 
sulphides on sulphuric acid and their activity in r ducing ferric 
sulphate to ferrous sulphate. It is very significant that pyrite, 
quartz, and chalcopyrite, the principal minerals of the pyritic type 
of ore , were in Nishihara's experiments comparatively ineff cti e in 
neutralizing sulphuric a.cid and in reducing ferric to ferrous sul­
phate. Galena and sphalerite and, of course, the carbonates are 
comparatively efficient in neutralizing sulphuric acid and galena is 
fairly active in reducing ferric sulphate. FtiTthermore, galena and 
sphalerite in solutions of sulphtiTic acid or ferric sulphate generate 
h dro()'en sulphide, wh.i h may pr cipitate secondary sulphides. 
Ni hihara has al o hown that apparently pure galena from eYeral 
loca lities, among them I daho pring , carrie small percentages of 
mangane e which pre umably occurs as the mangane e sulphide ala­
bandite mixed with th gal na. Tlu sulphide volve hydroO'en 
sulphide v ry actively when in contact with acid sulphate solution , 
and if pre ent in the emi bed vein of thi region may have exer ted 
a onsid rable precipitative influence. 

It appear , therefore, that the mineral composition of the galena­
sphalerite veins that . show emichment is uch as to favor early 
neutralization of acidity of the silver-bearing ulphate solutions 
d cending from the oxidized zone, the formation of ferrous ulphate 
at the exp nse of ferric ulphate and sulphtu'ic acid, and the develop­
ment of hydroO'en sulphide. All these featmes are believed to favor 
silv r precipitation. In the ores of the pyritic type, on the other 

' Ishihara, G. S., The rate of reduction of acidity or lcsccnding waters by certain ore · 
and gangue minern ls and It bea ring upon secondary sulphide enrichment: Econ. cology, 
vol. 9, pp. 743- 757, 1914. 
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hand, the conditions favo1' the per istenc of acidity and the reten­
tion of the iron in the ferri tate; iher taken into solution in the 
oxidiz d zone is therefore likely to remain in solution and eventually 
to enter the general grotmd-water circulation and b lost so far as th 
lo al ore deposit is concerned. 

In some of the deposits of the galena- phalerite type, as for ex­
ample tho e of the Topeka and eaton veins, the primary ores are of 
workable grade, but in many other , as for example tho en ar Law­
son and on Silver Hill, north of Blackhawk, only the ores that have 
been enriched in silver can be profitably mined. Th se se ondary 
ores form the typical silver ore of the miners of this region, their 
gold content being characteristi ally small. The workability of any 
of the primary ores i usually due to the fact that the primary gold 
content, rather than the primary ih er content, is above the av rage. 

Veins in which silver enrichment of the type h r di ussed has 
taken place to a considerable extent occur principally in four locali­
ties-(!) near Lawson and Empire tation, (2) on or near aton 
1ountain, north of Idaho prings (3) on ilver Hill, near Black­

hawk, and (4) near Caribou, with occa ional occurr nee elsewhere. 
The silver content of the enriched ore how much more varia­

bility than that of the prunaTy or s. This is obviously due to the 
occurrence of the secondary ilver mineral in fracture · and as local­
ized replacements rather than in even di tribution through the ore. 
The silver content of ore of smelting grade varied from a few tens 
of ounces up to a thousand ounces to the ton, or ev n more in picked 
lots; 6t tons shipped in 1 70 from the Idaho mine, near Caribou, 
averaged 977t ounces of silver to the ton, and two lots of ore from 
the Almaden mine, on Fall River, gave on assay according to the 
manager of the property the following ex.-traordinary re ults in 
ounces to the ton : 

Gold. SUver. 

149pound ----------~------------------~----- 0.38 5, 10.30 
510pound ----------------------------------- . 4 7 4, 0 .92 

The decrease in silver content of the enriched ores with increasing 
depth has been the prime factor in the decline of the silver mine 
of this district, but a factor of sub idiary importance was the great 
decrease in the market value of silver, from 1.32 an ounce in 1872 
to 63 cents in 1894, a fall of about 50 per cent. 

COPPER E RICHMEN'l'. 

Downward enrichment in copper is not conspicuous in any of 
the mines and is of little economic importance. Commonly it is 
restricted to the development of thin films of chalcocite or bornite on 
chalcopyrite in the upper portions of pyritic ore bodies, but in 
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some veins of the galena-sphalerite type, as already mentioned small 
amounts of secondar r chalcopyrite are developed. 

GENE SIS OF THE PRIMARY ORES. 

RELATION OF MINERALIZATIO~ '1'0 YOL A ' lSi'!. 

The ore deposits of Gilpin County form pa.rt of a broad mineral­
ized belt whose divers types of ore depo its ha•e one unifying 
feature, their invariable as ociation with Tertiary igneous rocks. 
Beyond the regions characterized by the e rocks the ore deposits dis­
appear. This as ociation, suggestive though it may be, would cer­
tainly not be sufficient ba is for concluding that the ore and the 
Tertiary igneous rocks are genetically related, were it not for the 
fact that a similar association of ores and iO'neous rocks characterizes 
practically every region where lode deposits of gold and silver have 
been studied geologically. Furthermore, it eems probable from the 
geologic observations within this region that the min ral veins w re 
formed late in the period of ' porphyry " intrusion for the veins 
are younger than most of the "porphyry" but older than a few 
scattered ' porphyry" dikes. Finally, tlvo classes of ores, the titan­
iferous iron ores and the Evergr en copper ore , ar products of 
differentiation :from the monzonite magma . It is believed therefore, 
that a g netic connection exists between the mineral eins of this 
region and the T ertiary igneous rocks. 

AGE ''I' OF ORE DEPO ITIO ' · 

With the exception of the iron and copper ores just mentioned, 
all the ore deposits of the region are believed to ha e been depo ited 
by therm al olutions which escaped from the "porphyry magmas, 
probably during their crystallization. The 'porphyries now ex­
po ed at the urface may have given off olutions that depo ited ores 
at horizons above the present surface, but the solutions which de­
po it d th veins and tockwork came :from bodi s of igneous rock 
that are till d eply buried, as i hown by th fact that the veins, 
with few xceptions, cut the ' porphyries " now e:A'} osed. There 
appear to be no basis for the belief locally current that the occur­
rence of an ore depo it in or near "porphyry ' is a favorable indi­
cation; the relations b tween ores and "porphyrie " are of a much 
larger and more gen ralized ord r than that implied in any uch 
concept. 

REGIO AL VARIATIO ' I " :J\IINERALIZING OLUTIO- S. 

1ot only did the composition of the mineralizinO' olutions change 
during the ore-forming period, as is shown below, but there is 
evidence that olution which were strictly contemporaneou were 
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of different compo ition in different parts of the district. The ores 
of the pyritic type, for example, appear to have been deposited about 
contemporaneou ly in the early part of the mineralization period, 
yet among the e are several subtypes, narrowly re tricted in dis­
tribution, which show mineralogic peculiarities. uch are the enar­
gite and fluorite b aring vein and the pitchblende veins who e limits 
of di tribution are shown in Plate X. imilar ,rariations occur 
in ores of the galena-sphalerite type-for example, the occurrence of 
rhodochrosite in a few veins on eaton Mountain and near the head 
of Gil on Gulch. Such variations can not be satisfactorily explained 
by differenc in the nature of the wnll rocks or in other ext rnal 
conditions and must be attributed to local peculiariti s in the com­
position of the solutions that ro e through the fissures and deposited 
the ores. 

EQUE ' TIAL VARIATIOI I~ MINERALIZING OLUTIO 

It has been shown by a large number of ob ervations in this region 
that where the sulphide ores of the two prin ipal typ s, the pyritic 
type and the galena- phnlerite type, occur together the pyritic ores 
are invariably the older. The p riods dur·ing which the ores of the 
two types "·ere deposited were separated by an interval long enough 
for the fracturing of the pyritic ores by renewed movement along 
some of the veins and for the development of some entir ly new frac­
tures. This interval may not everywhere have b n of the same dura­
tion, but probably in geologic terms, it was short and is to be in­
terpreted as an episode in a single O'eneral ore-forming period rather 
than as a notable interval between two distinct periods. rtainly 
th or s o£ both types w red posited under similar g neml conditions 
as reD"ards depth and temperature followed the same or parallel lines 
of fracturing, and have, broadly, the same di. tribution. At Leadville, 
within the same great mineral pronnce, where ores imilar to the 
pyritic and D"alena-sphalerite types of this quadrangle are also pres­
ent the pyritic portions of the ores were, in general the first to be 
deposited, but, according to J. D. Irving/ there is no evidence of an 
interval between their deposition and the deposition of the portions 
of the ores rich in galena and sphalerite. Evidence of an interval if 
present, would presumably be less readily recognizable in replacement 
ores like those of Leadville than in ores that are fissure filling , or it 
may be that the mineralization which progre sed pulsatinD"lv in Gil­
pin County progre sed more uniformly at Leadville. 

TE11'1PERA'I'URE A 0 PRE URE OF ORE FOR UTION. 

For his concept of the temperature and pressure under which ore 
deposits were formed the geologist is dependent upon (1) physio-

1 Oral communication. 
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graphic and stratigraphic evidences of the extent of erosion subse­
quent to mineralization, (2) direct laboratory data in regard to the 
range of stability of ore minerals, and (3) indirect knowled<Ye of the 
conditions under which certain ore J;llinerals are stable, based on ti­
mates of the amount of postmineral erosion in a large number of 
mining di trict . Through the application of one or more of these 
criteria it is generally possible to determine whether the ores were 
formed under conditions of great, moderate, or slight intensity as 
regards temperature or pressure, or both, even though it may not be 
possible to express these conditions acclll'ately in degrees of tempera­
ture or in pounds per square inch of pressure. 

The application of the fixst of these criteria to the Gilpin County 
deposits is attended by many uncertainties, but from the data aYail­
able 7,000 to 11,000 feet appears the most probable depth of formation 
of most of the deposits. At a depth of 9, 40 feet (3,000 meters) the 
hydrostatic pressure would be about 300 atmospheres and the rock 
pressure about 810 atmospheres. Under the normal increase of tem­
perature with increasing depth the temperature at a depth of 9,000 
feet would be about 100° <:::. This may be regarded as the minimum 
possible temperature of ore formation, but it cives no clue to the 
actual temperature. 

The mineralogy of the ores is presented in the accompanying table, 
which shows that in all the ores believed to be deposits from thermal 
waters there is an entire absence of minerals characteri tic of ,-ery 
high temperature, high pressure, or both, or of low temperature and 
shallow depth. The absence of silicates, except adularia and ericite, 
js noteworthy. Oxides, except silica, are not present as primary min­
eral . Pyrrhotite a sulphide characteristic of intense conditions, is 
ab ent. halcedony a mineral occulTing usually in deposi of hal­
low ori<Yin thou<Yh locally in tho e formed under condition of mod­
erat inten it i pre ent only in small amounts in a few telluride 
vein . R algar, orpiment tibnite, and many other minerals charac­
teri ;tic of depo its formed at lio-ht d ptli are absent. On the other 
hand, t nnantite and enargite, which fl.re commonly found in deposits 
formed under moderately inten e conditions, are abundant in certain 
of the veins of this region. 

The mineralo<Yic a ' 11 a the phy iographic and stratigraphic evi­
d nc th refore point to th formation of the gold-silver lod s, the 
pitchblende ore , and probably al o the tungsten ores under condi­
tion of moderate intensity. The depth of formation was probably 
7,000 to 11,000 feet. Direct evidence of the temperature of forma­
tion is lacking but fr-om analogy with similar deposit el e" here it 
probabl limits may be placed at 150° to 300° 

Th following tabl includes minerai deYeloped meta omatica1ly 
in wall rocks, as well as those that are fissure fillin<Ys: · 
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Ore mineral ot Central City qnackanole, Colo. 
[P, Primary minerals; S, minerals or secondary sulpWde zone; 0, oxidation ·product~>; * mincrnltnre.) 

Mmerals. 

Native element$: 

Primary ores crystallized Primary gold--silver ores deposited by 
rrom magmas. ascending thermal solutions under 

moderately mtense conditions. 

Caribou 
iron orcs. 

Ev~rgreen 
mine cop­
per ores. 

Pyrit ic 
ore tYl>C. 

Galena­
sphalerite 
ore type. 

Telluride 
orcs. 

Gold ..... . . . ... .. . . . . .... . . . ... . ....... .. .... P .. .. .... P S? 0 P S? 0 P S? 0 
Silver ... ... .. . ... .. ... . ......... . . . ......... . J> . •••••. • P S? 0? P S P P S? 0 ? 
Copper .. . ... . .. . . .. . .... .. •........... . . . .. . .. .. ............. .. . . 0 .................. . . . .. . 
Bismuth .... ...... . ... . ..•...... . ......... .. . . ...... . . . .. P• . .. ... .. P• ............ . . . .... . 

Sulp~i~;to:._.: ·;;. _ :>·:_ .-. - .. · . . ·;.;; ;;.: - f~;.;; ;-;; f :~~ :~: -i~ :~~: :~: f :;;: :~ ? 
Covellite. . . . . . ..... . . .... . ... .... • . .. . . .. .... . .. . .... .... .... . . . ...................... .. . 
Chalcocite . ...... . . .. . ....•. ..... . ............. . . ..... . .... . . . S .... . ... S* . .. . ....... . ... . 
Galena . .. ......... . .......• .. ..... . .......... P? ...... . . P* ..... . .. P S• .............. . . 

v~!~i~£t6~:: : :- :- :-:-:~::::::::: : :: :::: :::: :::: :~~ :::: :::: ~= ::.:: :: :: -~~ :::: :::: :~~ :::: :::: 
Tellurides: 

Sylvanite ... . .... . .. . . . ... . . . ... . . ....... .. ............... P? ..... . .. P? ........ P ....... . 
Petzi te . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . P• . .. . ... . 

Sul~e~~~~-~:- ··········· · ······ .................. . .. . .. P• ... . .... P?.. ............ . . . .. . 
Termantite .. . .. . . ..... . .......... .. ..... . ...... . ......... P .... . . . . P ... . ............... . 

~::~it~~-.-.-.:::: :::::::::::: : :::::::::::::::::::::::::::::-~- : ::::::: -~~~ ·a·:::::::::::::::: 
. ~~~&\~:--.·-: -: : :::::::::: : ::::::: :::: :::::::::::: :::::::::::::::::::::::: i? :: :::::::::::::: 

Haloids: 

~!~~~ft:_i~: : ::::::::::: : :::::::: : :::: :::: :::: :::: :::: :::: ·:p· :::: :::: "i?? :::: - ~~ :::: :::: :::: 
Oxides: 

Quartz . . . . . ...... .. .. . ........ . .............. p . .. ..... p . .. . . . .. p ...... . . p ..... . . . 
C,balcedony . . . . . ... . . ................... .. . ... . . . ............... . ......... _. _ .. ... p ...... __ 
Teoorite . .. ....... . .... . .... . .• . . . ... . ............ .. . . . . ... .. ..... O• .. . .......... ... . . ..... . 
Hemat ite ....................... . .... ..... 0 . ....... 0 . ..... . . 0 .... . .. . 0 ........ o 
Zincite .. .... .. .. ... .. ..... . .. . .. . ... . ...... . ......... . .. .. . . ....... . . . .. . .... 0 * . . .. ..... .. . 
nmenite . . ....... . . .. . ... .. ··· ···· p .... ---- ---- ... . ..... . .... . . . . .. ---- . . . . ---- ---- . . .. .. . . 

~~=~ ~~~~·:~~~~>_ : : :::: : ·:p· :::::::: ·:p· :::: :: ::::::::::: :: :::::::::::::: ::::::: -~~ 
Cartd~~\te . .. . . .. . .. . .. .. ..... . .. .. ---- .... 0 . . . . -- -· 0 .. . ..... 0 --- - .... 0 ---- .... 0 

~:~~ y :••••u••••F ··u:~•/Ui<i•••• ••• • 
sw~:alciie : : : ::: :: : ::::::: : ::::: :::::::::::::::: :::: -~ - :::::::: - ~ - :::::::: g: :::::::: :::: 

~~~~~;!~~~~~:r:.: -:-:~~~~~~~ ~ ~~ ~~~ ~ ~: : ~ :~:~ ::: ~:~ ~ ~~ ~~ :~~ ~ ~ ~~ ~~ ~ ~ ; ~ ~~~: ~ ~ ~~ :~~ ~ ~:~ ~~~ ~ 
Plagioclase (Calcic) .. . .. .. . .. . .... P .. . ..... P ................... . .. .. .... .. ... . .... . ... _. 
A~te . ... .. .. .. . ... . ... ••.•.. .. . P . . ...... P . . ... . .. -- · · . .. ... . . .. ..... . .. . .... . -··· ... . 

IIi •• •••••••••••• ••• : •••. 0 ! • ••• •••• p • •••• ••• •. ~: •• •• o· :· •• •• ••• • 
~:j~i::::::: : : : ::: :: : :::::::: : : ·;· :::::::: - ~ - :::::::::::: :::::::::::: :::: :::: :::: :::::::: 

Uranlnite....... .... .. . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . P• . ....... . . . ...... . . . . . . Sulphates: · ···· ··· · 
Barite .. . . .. . .. . . . ... ....... . . . . . .. . ........... . ... ... .. .. . . ... .. . . . . . P ... ..... P* .. .. . . . . 
Hydrous sulphate or iron and 

COJ?per . ... .. . . . .. .. . . . .. . .. . ... . . . ... . ..... .. .. . .. 0 .... . . . . 0 . ..... .. ... . . .... . . ... . . 
Baste sulJ?hate or uranium, exact 

composition not determined1 round coating uraninlte a~ 

o!;~te~~~: .0.~~??~~~~~v_::: :: :: : ~ :::: :: :: :: :: :::: :::: :::: ::: : - ~- :::: :::: :::: ·o* :::: :::: · 
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COMPO ITIO ' OF MI ' ERALIZ:U...-0 SOLUTlO" . 

The compo ition of the solutions which deposited the gold-silver, 
ores and pitchblende ores may be inferred in a qualitative way from 
the mineralogy of the ores and the wall-rock alterations. To sum­
marize without detailing the e idence, it appears that the e solutions 
were alkaline or neutral in character and that they were rich in allmli 
earths; during the early stages of the mineralization they were rich in 
iron and silica and during the later stages rich in lead, zinc, car­
bonate, and bicarbonate · they carried smaller amounts of copp r, 
ar enic, antimony gold and siher, and locally they carried manga­
nese, sulphate, barium, tellurium fluorine, uranium, and vanadium. 





THE AZTEC GOLD MINE, BALDY, NEW MEXICO. 

By WILLIS T. LEE . 

INTRODUCTION. 

Interest has recently been revived in the Aztec mine at Baldy, 
~olfax County, N. Mex., which was first described by Raymond 1 

m 1 70 and later by Jones 2 and Graton,3 by the discovery of a large 
body of high-grade gold ore. This mine, situated on the Maxwell 
land grant, was a famous producer 45 years ago, but after the exhaus­
tion of the body of ore then worked the mine attracted little atten­
tion. An adit, tarted a+few years ago, was driven through several 
small deposits of moderately rich ore and in August, 1914, entered 
a large ·body of high-grade ore. This ore body has yielded good 
returns. Its extent had not been ascertained at• the time of the 
writer's inve tigation in JLtly, 1915. 

DISCOVERY AND DEVELOPMENT. 

The Aztec mine, owned and operated by the Maxwell Land Grant 
Co., is situated at an altitude of mor than 10,000 f et above sea 
level, on the eastern slope of Baldy Peak, which reaches an altitude 
of nearly 12,500 feet. The mine is connected by wagon road with 
Ute Park, the pre nt terminus of the St. Louis, Rocky Mountain 
& Pacific Railway, a branch line of the anta Fe y tern. Accord­
ing to a published · report the gold was di covered on Baldy Peak 
by a man pro pecting for copper, which had previously been found 
there. The account tates that an Indian who came to Fort Union 
on a trading expedition exhibited orne specimens which he had 
picked up on the peak. The white men at the fort recognized them 
as copp r ore and s nt one of their number with the Indian, who 
showed him where the ore was found. This r ult d in the location 
of a prospect which for several years was known locally as the Copper 
mine, but which later became known as the My tic lode. It is on 
the west side of Baldy Peak, near the top, at an altitude of about 
12,200 feet. 

' Raymond, R. W ., Statistics of minos and mining in the Statas and Territories west of the Rock-y Moun­
tains for I 69, pp. 385-3 , 1 70. 

• Jones, F . A. , Minos nod minerals of ow Mex:lco, pp. 144-151, 1904. 
a Lindgren, Waldemar, Graton, L. C., and Gordon , C. H. , The oro deposi ts of ' ew Mexico: U.S. Goo!. 

Survey P rof. Paper 68, pp. 92-105, 1910. · 
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considerable amount of development work wa done at arious 
times on thi prospe t, but it great altitude and its distan e from 
a railroad shipping point pr ented profitable op ration. However, 
when a raih·oad was con tructed to te Park in 1906 it was thought 
that some of the best ore might bo hipped with profit. One ar­
lof1d, yieldino- 20 per cent of copper, wa later sent to tho sm Iter. 
At the time of the writer's i it another carload WllS ready for ship­
ment. The ore is carried by burros down the mountain to Baldy 
and thence carted by wn.gon to te Park, a eli tan e of miles. 
The present opening i not sufficiently d loped to p milt a determi­
nation of the size of th ore body or its relation to the ro l on­
taining it, but from what may be seen it is probable that the ore 
occurs in a fi ure vein. It consi ts of chrysocolla and cuprite, 
the former predominating. The cuprit occurs as dark-red, clearly 
defined angular fragments embedded in the bluish-green chry ocolla., 
the mass re embling a cern nted bre(fcia. 

According to the publi bed account a party senl out in 1866 to do 
dev lopment work on the copper prospect found placer gold on 
Willow Creek, on the we t lop of Baldy Peak, in 0 tober of t.hat 
year. The new of thi di covery pread rapidly, and in the ummer 
of 1867 plac r mining wa begun in this region, which later b came 
lmown as tho Elizabethtown distri t . Th se place1 w re worked 
for several years, and according to Jone 1 about 2,250,000 worth of 
gold wa recovered. However, the scarcity of water rna le operation 
expensive, and although only a mall part of the plac r QTOund has 
been worked, no exten ive operation have been carried on th ro for 
everal years. The placer gold was found only along stream heading 

on Baldy P ft.k, and this 1 d to a son.rch of its slopes for tho lode. In 
Jun-e, l 6 , the outcrop wa discovered, and later the Aztec mine was 
opened on it. The mine was rapidly developed, and a 15-stamp mill 
was put into operation October 29, 1 6 . For a few years the yield 
was sometimes as high as $21,000 a week. Raymond 2 reported in 
1870 that ore from thi mine averaged as high as . 6 . 3 a ton saved 
on the plates. It i e timated, according to Graton,3 that the total 
amount of gold taken from .this mine wa. "between 1,250,000 and 
$1,500,000, of which about. 1,000,000 was taken out in the first four 
years." 

This mine brought the di trict into prominence and i said to have 
been the immediate cause of the sale to an English yndicate of the 
Maxwell land grant, consi ting of 1,750,000 acres. The original 
grant was made by Mexico in 1843, but its boundaries, as claimed, 
were called into question by the officials of the nited States Gov­
ernment until 1861, when Congress confirmed the grant. The body 

• Jones. F. A. , op.'cit. , p. 145. • Raymond, R. W., op. cit., p. 387. • Omton, I.. C., op. cit. , p. 97. 
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of the ore which hnd yielded the rich returns was oon exhausted. 
In 1 72 the mine became involved in litigation and mining operations 
ceased. Thereafter for more than 40 yeru occasional efforts were 
made to ~d ot~er bodies of pa~ing ore. Accounts of these attempts 
are contamed m the reports c1ted. The edimentary rocks of the 
district are faulted and intruded by igneous rock in the form of dikes 
and sills. ear these bodies of igneou rock and in the zone of frac­
ture inany pro pects have been opened, and in some of them small 
quantities of ore have been found, but none that yielded notable 
returns. 

In l 909 J . T. Sparks, then in charge of the development work at 
Baldy, ascertained that a quartzose conglomerate, now known to 
con titute the base of the Raton formation in tbi reo-ion, is the 
"quartzite" and that the underlying Pierre shale, of Cretaceou age, 
is the "slate " of the old Aztec workings. He confined his attention 
to thi contfl.ct and found ore in everal places. In the exten ion 
of one of the entrie started on this contact his succe .sor, E. V. 
Deshaye , found the body of rich ore which i being worked at the 
present time. 

GEOGRAPHY. 

Baldy Peak (:fig. 19) is the highe t point of a prominent rido-e which 
Grnton called the Cimru-ron Range and which is s parated from the 
main range of the Rock-y Mountain by Moreno Valley, a troughlike 
basin draining eastwru·d by a narrow canyon cut through thi range 
byCimru-ronRiver. Becau eof i t greataltitudeBaldyPeakreceiv s 
relatively heavy precipitation, but the mine is situated on the steep 
lope o near the head of Ute Creek that the tream are small and 

diffi ulty is xp rienced in obtaining nough water for mining opera­
tion . Farther down te Cre k there is a small, steady flow that has 
b en utilized for many years in placer mining. 

GEOLOGY. 

Only two sedimentary formation rop out in the vicinity of 
Bally- the Piene shal , of Cretaceous age, and the Raton formation, 
of arly Tertiary ag . At te Park and localitie farther rut the 
Pien-c shal i overlain by tb Trinidad sand tone and the Vermejo 
formation, both of ;etaceous age. The Vermejo contains the mo t 
valuable coal bed of the Raton coal :field . The e formation are 
overlain unconformably by the Raton formation, and between te 
Park and Baldy the Trinidad and ermejo were eroded away before 
the sediment of the Raton were deposited, so that the Raton now 
lies aero s beveled edge of the older rock ' a indicated in :figure 20 . 

The edimentary formation·, which w r originally almo t hori­
zontal, are now fault d and upLurncd on the flank of tho mountain. 
Minor f ld and mall faults, formed probably aL th time the beds 
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Contour interval 100 feet 

FIGURE 19.-Map showing Baldy Peak and Aztec mine, Baldy, N. Mex. From data lu.ruished by the Maxwell Land Gran t Co. 
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were upturned, antedate the deposition of the ore. ·The movement 
that produced these faults and folds occurred orne time after tho 
beginning of the Tertiary period, for the b ds of early Tertiary age­
the Raton formation-are involved in them. 

The igneou rock of the di trict con i ts of quartz monzonite por­
phyry and occurs as dike and ills. The ill are numerou , and 
many of them were intruded into the Pierre shale, although orne 
occur al o in the R aton formation; the dikes cut bo th formations. 
Inasmuch as these ign ous rocks ut the Raton formation, the 
intrusion was of post-Raton date and pos ibly accompanied the 
uplifting of the edimentary bed . A prosp ct tunnel dJ:iven into 
the we t side of the mountain in penetrating a thickness of 1,400 
feet of rock went through L~ ill aggregating 425 f et in thich.'TI 
As Graton has pointed out, these intrusiv rocks have effected pro­
nounced local metamorphism of the shales. 

· Bald Peak 

F IGURE 20.-Sketch profl.le through Baldy Peak and Aztec mine, Baldy, N. Mcx. , showing Uto uncon­
formity between the Raton formation and Ute Pierro shale. The gold oro at Baldy occurs along tbio 
unconformiL~'· 

OCCURRENCE OF ORE. 

The gold ore i cl arly as ociat d with the igneous rock, and many 
of the small ore depo,its of the di trict ar r ported to occur at tho 
contact of thi rock with the hal . HoweYor, th principal bodies 
of or known at Lh pr ent Lim ar not in immediate contact with 
th intru ivc rock. 

Th principal bodi of ore n ar Baldy occur at tho plane of the 
po t-Cr tac ous unconformity, wh ro th basal conglom rate of tho 
Raton forma ion r t on th Pierr ·hal . Tho ore was depo it l 
during tho Tertiary period, at orne time later than th Raton epoch. 

orne of th or i found in mall pock t and stri·ngers in the con­
glomeratic and tone, but mo t of it that i worked at the pre ent 
timo i in the underlyirig hale, into which it xt nd for di tano ­
of a few in he to 5 f t or more. The rich st and large t bodies 
occur on th down-slop ide of th ere t of the minor fold , as 
illu trated in figure 21. 

The folding so ms to haYo fractured tho halo at the cr ts and 
opened minute fis uro . Many of the opening arc now filled with 
calcite, which n.ppear n. an intrioat network in the shale. Tho cal­
cite caiTios pyrite, chalcopyrite, phalerito, and po~sibly galena. 
Pyrite al o occurs v ry g n rally along Lhe contn.ct. Tho gold occurs 

104.27°-Dull. 620-]6-22 



330 CO TRIB TIO TO :ECO 0 U GEOLOGY, 1915, PART I. 

in part as wire gold or as thin irregularly haped mas e , a if d po -
ited in caviti , but u ually in minut particle coated with dark 
material, o that to the eye they do not appear metallic. In orne 
places the c par ticles appear to be rath r generally distributed 
through the shale, but in othe1 th y occur specially in dark nodu­
lar mas es of h avy fin -grained crystallin rock that apparently 
consist chiefly of chlorite. These m e are particularly sought for 
in mining, for they constitute the riche t or . Their origin was not 
ascertained. 

Th ore i fr e milling and i tr ated in a 10- tamp mill, by far the 
greater part of the gold being caught on th amalgamating plates. 
The concentrates are ent to tho m Iter and the tailings are im­
pounded for futur treatment. 

ntil recently th greater part of tho oro min d came from the 
low r part of the conglomeratic and tone or fr m the fractured 

Raton formation 

Pierre shale 

FIGURE 21.- Sketch profile illustrating U1e occu rrence of gold ore 
ou U1e .down-slope side of anticlinal ridges at Daldy, N.Mex. 

portion of the shale 
clo to th contact. 

park found itmo tly 
in a ru ty zone be­
tween the sn.nd tone 
and the hale in cal­
cfl.l'eous gangue mat­
t r , mai11ly as fr egold 
but al o in the sul­

phides. He r ported "sulphide and ar nide of silv r , copper, 
nickel, and cobalt " in as ociation with the gold and stat d that the 
sulphide occurred most abundantly n ar the contact, while the free 
gold was more often found along slip and fractures ranging from a fow 
inches to a few feet in width both abov and below the main contact. 
The gold-bearing olution seem to have p netrat d everything near 
the contact, but the rich ore body now being worked indicate that 
they depo ited gold mo t readily in the shale. 1 ewhere in this 
region, the conglomeratic sanclstone contain mall iiTegular masses of 
ooal, probn.bly derived from buried wood. A piece of uoh coal from 
one of the op nillgs of the Aztec Inine wa assayed by E. E. Bur­
lingame & Co., of Denver, who report tha~ the ash from the coal 
runs cents a ton in gold. 

Th ore handled at the time of the writer ' visit was reported to 
range in value from $15 to 250 a ton. During the 10 months prior 
to the vi it more than 2,100 tons had been treated, with an average 
return of $107.60 a ton. Of thi yield 0 per cent was recovered by 
amalgamation and 20 per cent was d rived from the concentrates. 
A small amount of gold, which will probably be recovered in time1 

till r mains in the tailings. 



A RECONNAISSANCE FOR PHOSPHATE IN THE SALT 
RIVER RANGE, WYOMING. 

By G. R. MAN3FIELD. 

INTRODUCTION . 

cope of investigation.-In the autumn of 1914 a part of the "alt 
River R.ano-e was examined becau e of questions relating to certain 
withdrawn lands on the 'vest flank of that range. Th writer was 
asked to ascertain the presence or absence of important beds of pho -
phate west of the crest of the range and to procure such other data 
reo-arding the tratigraphy and structure of the range as proved 
practicable. 

The examination was begun east of Fairview, Wyo., on eptemb r 
24, 1914, with P . V. Roundy, of the Geological urvey as chief · 
a sistant. E. L . Jones, jr., and E . H . Finch, of th Geological Sur­
vey, later joined the party, and work wa continued northward along 
the range until October 9, '"hen it was stopped becau e of deep snow 
on the mountains. 

Previous wo?'lr.- The reo-ion described in this report is part of the 
great area studied by the Hayden urvey, the report and maps of 
which till constitute the main source of information on thi di trict. 
Bln Jny lder 1 ha . giv n an a count of the di covery of phosphate in 

wift r ek, ea t of Afton and hultz 2 has discu · ed the rreology 
of the region a t of the crest of the alt R.i ,·er Ra.nge. 

R e ult .-The data thus far available indicate that the prosphate 
dopo it of th alt RiYer Range are probably inferior to tho e of 
southea tern Idaho both in thickne s and in quality. There i , how­
e,·er, a considerable body of medium-o-racle rock 'vhi h may be con­
sidered a a valuable re erve deposit. If the plan of rrrind:ing and 
appl ing pho phate rock Er tly to the soil 'vithout h mical treat­
ment i found to produce beneficial r sults, ome local demand for 
this ro k might be developed, for the '"e ternmost portions of the 
depo it ar readily acces ible in the canyons of D ry, Swift, and 
'Willow creeks, and the rock i larg ly above water level. nder 
present market condition , however, and in view of the great body 

'Bl~J£kwelder , Eliot, A reconnals ance of the pho phate deposits In western Wyoming : 
U. . Geol. Survey Bull. 470, pp. 4.60 61, 1911. 

• Schultz, A. R., Geology and geography of a por tion of L incoln Cou nty, Wyo.: '. S. 
Geol. Su rvey Bull, 543, 1914. 
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of high-grade ro k in neighboring regions of Idaho, there is little 
likelihood that he deposits of the alt River Range will assume 
any notable importance in the ncar future. 

GEOGRAPHY. 

Topogmplby.-The alt l~iY r Ranrr lie. n ar the west boundary 
of Wyoming in Lincoln ounty, east of the broad alluvial valley of 

alt Ri ,-er , which i locally known as tar Vall e . The ranrre is 
separated on the north by the nake RiYer canyon from the nake 
River Rang . To the outh it plits into two range that form 
di ides between tributaries of Bear and Green river . The range 
i · rurrged and high, maintnininrr an altitude of 9,000 to 10,000 f et, 
and culminatinrr in Mount\\ agner 10 09 feet hirrh toward it. south 
end. The trend of the range i ·north r li rrhtly to the" e t of north, 
and many of the ridges and nlley follow the strike of the ro ks. 
The canyon are d~ep, rourrh, and picture que. orne of the harder 
rock layers de cend to the canyon bottom as veritable walls of rock 
that proj ct con picuou ly above the adjacent weaker beds. Toward 
the head of a nwnb r of the canyon there are relativ ly broad, open 
ba ins which lie for the mo t part alonrr the strike of Tria ic rocks 
that offer moderate resistance to ero ional activity. Below these 
basins the canyons cross the di urbed ma ·i ,.e limestones of the 
Carboniferou ·. Here the canyons tend to clo e, with steep rocky 
·walls and rock ·lides that are difficult of pa age. There are evidences 
of two or more phy iorrraphic cycle , but the hi tory has not been 
·worked out. Alluvial fa.ns lie at the mouths of many of th canyons 
along the we t base of the ranrre. The town of fton i located upon 
a large fan som what ab0\7 e the gcn rallev 1 of tar alley. 

Drainage.- For mo t of its length tl1 e alt RiYer Rano- form the 
di,·ide between two laro-e outherly branches of the 'nake, alt River 
and rays RiYer but Grays River cut aero s the range in its lower 
cour e shortly before enteri11g nake Ri,·er . In the portion of the 
range covered by this report the main tream are all tributary to 
... alt River except Bear reek, which heads against McDougal Pass 
and flow into Grays Ri,·er, and Corral Creek, which heads against 

wift Creek and flows ea tward. The main streams that are discu sed 
in thi report are Dry Creek in T. 31 "., R. 11 W.; wift reek, in 
T . 32 ., R. 11 \V.; Phillips, Willow, and Dry creeks, in T. 33 N., 
R. 11 W . ; and trawberry Creek, in T . 34 "., R. 118 W. With the 
exception of Phillips reek and the northern Dry Creek, these are 
all character! tic motmtain torrents of good volume and are valuable 
ns sources of water power as well as for irrigation. Large springs 
occur in a number of the canyons, and one of the e in wift reek 
in the I'"W. t sec. 23 (unsurveyed), T. 32 N., R.ll8 W ., is intermittent, 
having a periodic flow said to occur several times daily. This spring 
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was visited twice on different days. It was inactive on the first vi it 
and just beginning activity on the second. In trawberry Creek the 
surface flow is more or less intermittent in the upper and middle 
course , but two considerable springs a short distance above the lower 
and more rocky part of the canyon supply practically the full volume 
of the creek. 

Oultu1·e and industrie8.-The lowland outside of the range is 
largely taken up as agricultural land and is more or les actively 
fanned. tar Valley is an important eli trict for the raising of grain 
and hay and for dairying. Dairies ar located at Afton and Thayne. 
Most of the":lrea directly concerned in this report li es in the Wyoming 
National Forest, the headquarters of which are at fton. Thi part 
of the range is still largely un urveyed and uninhabited, but it is 
exten ively u eel for grazing. Timber and fuel arc also cut in the 
national forest. A sawmill in the fore t is maintained on the south­
ern Dry reek, in unsurveyed sec. 2, T . 31 N., R. 118 W . A sawmill 
has been operated for many years at the mouth of Willow anyon, 
in ec. 14, T . 33 N., R. 118 W., and another sawmill is located at the 
mouth of wift Creek canyon, at Afton. 

W ate1· power.- A small power plant at the mouth of the canyon 
of wift Creek generat s electricity for lighting and other u e at 
Afton. Its capacity is not sufficient, howeYer, to upply much of the 
surrounding territory. Except at thi plant and the awmill s above 
referred to no use i made of the water power in the creeks mentioned. 
Strawberry Creek, though admirably adapted for water power, hav­
ing good volume and Yelocity, is entirely unutilized in its canyon 
portion, and Wmow reek, Swift Creek, and the southern Dry Creek 
are only partly utilized. The sawmill on Dry reek is about 5 miles 
above its mouth and the low r part of the canyon contain fav rable 
power ites. 

GEOLOGY. 

GENERAL FEATURES. 

P arts of the canyon of both Dry cr k and wift, Phillip , and 
Willow creek were trav rsed, a reconnai ance trip was made along 
Willow Cr ek to McDougal P a and down trawberry Creek to Bed­
ford, and a similar trip was made down Willow reek through the 
narrows below Turnerville to the narrows of alt River and the region 
''"est of that tt·eam. 

The part of th alt River Range examined includes edimentary 
rocks ranging in age from early Carboniferous (Madison lime tone) 
to Quaternary. No io-n ous rock were een. On the general map 
(Pl. XII) an attempt has been made to correlate the several canyon 
sections by drawing connecting line from one canyon to the next. 
The c lines, however, are purely hypothetical, for the formations 
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ha ve not been traced through the areas intervening between the can­
yons. The accompanying table gives a summary of the rock forma­
ti ons pre ent in the range: 

Rook tonnation of Salt River Range, Wyo. 

Age. Formation. Character. Thlckn 
(feet). 

Quaternary. All uvium. UnconsoUdated sands and gnwels. 

Tertiary. Conglomerates. 
l:'inkish, calcareous, wi th subangular frat 

ments of limestones and sandstones as muc 
as 5 inch es in diameter. 

Jurassic. T"ri.J1 Creek limestone. Whitish shaly limestone; somo massive beds; 
f= il i ferous. 2, 000± 

Jurassic or Triassic. Nugget sandstone. Rod sandstones, with some shaly beds and 
thin beds of purplish limestone. 1, 100+ 

Ankaroh formation. Chocolat~olored to dark-red sandstones and 1, 000 shales. 
'J'riassic (Lower 

'l'riassic) . Thaynes limestone. Limestones, sandstones, and calcareous sand y 
shales, greenish yellow; fossiliferous. In- 2, 100+ 

Woodside shale. elude al~o 200 to 300 feet or red beds. 

Permi-
Rex abort member, nodular cherty limestone 

Phosphoria formation. 250 to 300 feet thick, nnderlaill by phosphate 450 an(?). shales 65 to 150 foot thick, containmg several 
beds or phosphate rock; fossiliferous. 

Carbon-
POlll!Syl- \Veils formation. Siliceous limestone aud sandstones; fossil iter- 2, 000+ varuan . ous. 

iferous. 
Massive gr'Jr limestones, generally light col-

Brazer li.Jnestone. ored; ross· ·ferous, contailling large cup 1, 500± 
Missis- corals. 

sippian. 
Madison I imestone. Massive dark-bluish or brownish-gray li.Jno- 2,500± stones; fossiliferous. 

STRATIGRAPHY. 

CARBONIFEROUS. 

Madison limestone.-The Madison limestone was recognized in 
Strawberry, Dry, and Willow Creek canyons, in Tps. 34 and 33 N., 
R. 118 W., and may be present on Swift Creek. The formation con­
sists of massive dark-blui h or brownish-gray, relatively pure lime­
stones, with little or no sandy material. orne of the individual beds 
are thin, but the formation as a whole is r si tant to erosion and forms 
rugg d ledges and slopes where it is exposed in the canyons. Fo sils 
are rather numerou and include small cup corals, gastropods, spiri­
feroid brachiopod , crin oids, and other types. The rock presents nn 
new or tmusual facies and is apparently like the rocks f the sa.me 
age in other parts of the Idaho field, as described in previous reports. 
The di tinction between the Madison and the Brazer limestone is not 
everywhere easy, for the two formations are massive and resemble 
each other lithologically to a certain extent. The relations of the 
Madison to the formations above and below are not clear, as it seems 
in this area to be separated from the adjoining formations by faults. 
Measurements on Willow Creek show 2,400 to 2,500 feet of rock 
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assigned to the Madison and in Dry anyon north of Willow Creek 
the thiclmess appears to be eve~ greater. A number of folds and 
fault in these older rocks haYe been recognized, and allowance has 
b~en. made for t~em in measurino- the thickness. There may be 
w1thm the formatwn, however, unrecognized faults which may have 
duplicated some of the strata, thus increasing the apparent thiclmess. 

Braze1· ·limestone.-The Brazer limestone is al o a mas ive o-ray 
rock b11t is generally of somewhat lighter color than the iadison~ It 
contains some sandy beds and is more or less cherty in place . Like 
the Madison, it forms rocky and 1:ougb slopes and prominent ledges. 
Fossils are fairly numerous and conspicuous. Among them are cup 
corals 4 to inches or more long and 2 or more inches in diameter, 
with many fine septa, P1·oductus giganteus and other br·achiopods, 
Bryozoa, and yringopora. The Brazer lime tone he.re is imilal' to 
the rocks of the same age in Idaho and presents no unusual facies. 
On account of the faults and folds there has been no good opportu­
nity to measure a complete section. The best exposures seen were in 

wift Creek Canyon, where at least 1,500 feet of limestone may be 
assigned to this formation and the base was not recognized. 

vVell formation.-The \\ ells formation has ma ive cherty lime­
stones at the ba e but i more iliceous throughout than either the 
Brazer or the 'l:adi on. A varying portion in the middle or upper 
part is a sandstone or in pla,::es even a quartzite. The upper 50 to 200 
feet is made up of siliceous den.-e limestone that in places form ~ 
promin nt ledo-es. This portion of the formation b.as om time b en 
alled the "underlyino- limestone, or the "lower Produotus lime­

stone ' as it normally underlies the pho phate shales of the Phos­
phoria formation ju t above. The II ells formation as a whole is some­
what le s re istant to ero ion than the Madison and Brazer and forms 
rounded lopes. The canyons, too, are wider and le rugged in this 
formation than in the Brazer and Madison limestones. The lime­
stones of the Well are somewhat fos iliferou . The lower b ds carry 
, pi1i{er rookymontanus, chizophoria, Br ozoa, and other forms. 
The upper lime tone i sparingly fo iliferous, the mo t noticeable 
forms being sp cie of Productu . Exc,ellent expo ure of the Wells 
are found in all the canyon xamined notably tho of trawberry 
and wift reeks. 1ea urements on wift Creek show 2,000 feet or 
more of trata as ignable to this formation . 

Phosphm·ia fm"JTW,tion.- s in the Idaho field the Phosphoria 
formation consist here of two memb rs-the pho phate shales below 
and the Rex chert member above. The thiclmes of the shales is 
about 65 to 150 f et and of the chert 250 to 300 feet. A partial section 
of the hales ,·va obtained from a pro p ct made by the unrey party 
in Willow reek canyon about half a mile above the. sawmill. The 
details of this prospect and the analyses of the samples taken are 
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given in the eli cu sion of phosphate depo its (p. 339). number 
of occurrences of the phosphate shales w~re noted, including several 
natural exposures. One of the e is described more fully on page 340. 
The general charact ristics of the shales app ar to be much the same 
as in the Idaho field. The Rex chert member is more of a lim stone 
in this region than in many part of Idaho. It is a \ery promin nt 
ledge maker where it is well exposed and forms teep walls in anum­
ber of places, none more trikin<Y than in Swift reek, where it res m­
ble a tockade nearly 50 feet high, descending the motmtaii1 side and • 
cro sing the canyon. 

TRIA I • 

Woodside hale ani Tlwynes limestone.-The Wood ide and 
Thaynes formations '" re not sati factorily differentiated in thi 
re<Yion. lthough a earch wa made for the Meekoceras zone the 
boundary between the two formations, its presence was reco<Ynized 
at only one locality-in the float near the end of the traver e on the 
northern Dry Creek, about a quarter of a mile ea t of the northeast 
corner of un un eyed sec. 6, T. 33 N., R. 117 W . A very fine ec­
tion of these two formations is expo eel near the crest of the range 
along the Willow reek trail, half a mile or les south of McDouga]s 
Pass. There was no opportunity to measure this ection but the rock 
forms prominent cliffs and coarse debris at the locality named. Here 
silicified fo il ·, pelecypods, project from the "'·eathered urface of 
ro k frngm ents, n in th upper pn rt of th Thnynes limeston of 
outhea tern Idaho·. The mas ivene of some of the beds is remark­

able. LarO'e fragments some by 5 by 4 feet were seen in the rock 
waste at the bases of the cliffs. orne of the beds are very sandy and 
form reddish to pinlri h sand tone which in places weather with 
black, iron-stained surfaces. The e rocks resemble some of the and­
stones in Dry \ alley, Idaho., ifr T. ., R. 44 E., which proved to 
belong to the Woodside and Thaynes formations but "'ere at first 
mistaken for the vVells. In the exposures near McDougals Pass 
there a.re 200 to 300 feet of red beds. On wift reek measurements 
of th combined formations, ''hich may not be complete, show 2,100 
feet of strata. 

Anh a?'eh fmmation.-The Ankareh formation is represented in 
this region by a series of chocolate-colored to dark-red ·andstones 
and shales. They are exposed in the canyons of the southern Dry 
Creek and wift Creek and al o on the head waters of -Willow Creek 
near McDougals Pa s, where they overlie with apparent conformity 
the Thaynes limestone. The la t-named locality furnishes an un­
usually fine exposure, but it was not practicable to study it at close 
range. On Dry reek and Swift reek the formation as measured 
is 750 and 1,000 feet thick, respectively. The lower figure on Dry 
Creek is probably due to partial removal by faulting . 

• 
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JURASSIC OR TRIAS I C. 

Nugget sandstone.-The Nugget sand tone occurs on the lower 
parts of the southern Dry Creek and Swift, Phillips and Willow 
creeks, and al o in the low hills west of Turnerville, at the narrows 
of Willow Creek. In the section south of McDougals Pass above 
mentioned the ugget follows the Ankareh, but it was not ascer­
tained if the complete thickne s of the formation is present. The 

ugo-et also appears in the upper part of the wift Creek canyon. 
The Nugo-et ections in the lower canyons, where the more detailed 
ob ervations were made, are all faulted to some extent, but from 00 
to 1100 feet of beds are represented. The rocks are the u ua.l red 
sandstones with some shaly beds and thin layers of purpli_sh 
limestone. 

JURASSIC. 

Twin Creelc limestone.- The Twin reek limestone is expo ed in the 
canyons of the southern Dry Creek, Swift Creek, and Phillips reek. 
It also appears to the west of the Nugget sandstone in the narrows 
of Willow Creek we t of Turnerville. o far as ob erved the Twin 
Creek limestone is not fully represented in the sections examin d 
but is partly cut out by faults. It i represented chieAy by the chi] py 
an<l shaly rock that elsewhere seems to occupy the central part of 
the formation. ections examined in the southern Dry Creek and. 

wift Creek indicate thiclme ses probably o-reater than 1 700 and 
2 000 fe t , r spe tively. Fossils are not numerous in the more shaly 
beds of this formation, but Pentacrinus, Ostrea, and othe:r; forms 
o cur in the thicker beds. 

TERTIARY. 

A conglomerate consisting mainly of subangular fra!mlents of 
arboniferou lime tones and sandstones with some Trias ic material 

of varying hapes and size , from a fraction of an inch to 4 or 5 in hes 
in diameter lie on the lower foothills along Phillips reek east of 
Grover, above the narrows of Willow reek west of Turnerville, and 
at the mouth of trawberry Creek. The matrix is calcareous and the 
general color of the rock is pinki h. The attitude of the rock ''here 
observed i nearly horizontal or only slightly inclined. No fo sils 
have yet be n found in this rock, and its stratigraphic position is 
somewhat uncertain. In the field it was tentatively classed with the 

alt Lake beds, of probable Pliocene age, a mapped by A. C. P eale, 
of the Hayden urvey. orne doubt is thrown on this interpretation 
by observations on similar rock north of Georgetown Idaho, 30 miles 
or more to the outhwest. It is possible that this conglomerate may 
prove to be of Wasatch age. 
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QUATER~ ARY • 

.A.llm·ial and fan depo its of Quaternary age occupy the lowlands 
along the west ba e of the range and in the ba in we t of the mouths 
of Willow, the northern Dr , and trawberry canyons. These de­
posits are coar bowlder) gravels at the mouths of the canyons but 
consi t of finer material farther away from the base of the mountains. 
The gravels at the mouth of the outhern Dry reek and Swift, 
Phillip , and 'Villow creek · and the smaller intervening creeks are 
abruptly truncated and form terraces 15 or 20 feet high. 

STRUCTURE. 

The general tructure of the region d scribed in this report is com­
pl'ex, and the available data are insufficient to warrant the at­
tempt t9 carry the structure obsened in any one of the several can­
yons aero to the neighboring canyon. It is clear how ver, that at 
least two great fold are involved, one anticlinoria! and the other 
synclinoria!, and that each i broken by a number of faults. The 
trend of both folds and fault is a little west of north. The planes of 
many of the faults appear to be steeply inclined, and the relation of 
the formations invoh-ed uo·o-e t normal faulting because the struc­
ture as a whole doe not indicate marked overturning. The folds 
appear to pitch gently southward, o that older beds are exposed in 
the northern canyon section than in the ·outhern sections. The 
oblique truncation o£ successive structures a long the west base of the 
range in T. 31 N ., R. 118 W., and farther north, together with the 
relative straightness and teepne of the mountain slope, uggests 
that the we t ba e of the ran o-e is determined by a normal fault that is 
inclined toward the west and brings in Jurassic or higher formations, 
now concealed beneath the alluvium of Star Valley. These formations 
constitute the west wall of Star Valley, some 3 miles or more to the 
west. Relatively recent movement along such a· line is suggested by 
fairly straight scarps or terraces 15 to 20 feet high in some of the 
larger alluvial fans along the west base of the range. These scarp , 
however, may be due to other cau es. The map (Pl. XII) hows the 
broader structural features, and the geologic structure sections along 
several of the canyons show details and are discussed more fully 
below in the accounts of the canyons. 

PHOSPHATE DEPOSITS. 

The Phosphoria formation i involved in the folding and faulting 
so that it crosses each of the canyons examined except that of Phillips 
Creek. The canyons of the southern Dry Creek, Swift Creek, and 
Willow Creek are each crossed b.y the shales no less than three times 
between the ere t of the range and its western base. The crest of the 
range was visited only at McDougals Pass, at the heads of Willow 
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and Strawberry creeks. It was nearly reached, however, on Swift 
Creek. Crossing the divide at Corral Creek and entering the headwater 
region of wift Creek a band of phosphate shales runs along the west 
side of the crest of the range. This wa not followed northward, but 
it falls in line well with another similar band that in like manner 
crosses the divide from the southeast at McDougals Pass above Wil­
low Creek and descends north\vard in the headwater region of traw­
berry Creek for a distan e of perhaps 2 miles and then rea cends 
toward the crest. It i not yet certnin that the Swift reek band 
and that of McDougals Pass are identical and continuous, but it 
seems likely that this will pro e to be the case when the intervening 
territory is traver ed. ·west of this band the pho phate shales 11re 
brought in twice by folding in the middle or lower parts of the can­
yons. The phosphate depo its continue southw11rd from the southern 
Dry Canyon, but it is doubtful if they extend northward from 
Strawberry Creek. The extent of the formation in each direction 
was not determined. 

The phosphate shales in this region have a thiclmess comparable 
to that of the beds of the same formation in the Idaho field. Phos­
phate beds of good quality are included in the shales. A. section 
across the shales was measured in a series of prospect pits made by 
the Survey party near the mouth of Willow Creek, and sample were 
collected for analysis. The details of the section and the analy es are 
giYen in the following table : 

D eta-ils ot Sur-vey p1·o pect in the SW. i NE. i s c. 14 , T. SS N ., R. 118 W. , on 
WiUow C1·eek. 

[Field No. Af 45-14.] 

P,o,. 

---------------------------------------1----------------
Phosphoria formation: Per cent. Per ct}IU. 

k Phosphalo rockf ooUlic, dark brown to black1• medium grained, 
folded in sma I syncline and anticline (end or tnird trencb)-

Sample 3, upper .......... . ............. .... .. . . . . . . . . . . . . . . . . . 11.90 26.00 

1 shal~~~s~;od~~~~a· 01; · ·euo~~Wi; ~iili ·g.:.ien. tiiig&; ·b~eai<s.iriio. 20.
21 44

'
16 

small pieces wit.h pfu':ies lrregularly arranged . . .. ....... . ..... . .. .. .... ..... ......... . 
i Phosphat.e rock, ool!Lic, medium grained. Sample 1. ..... .. ... ..... 20.95 45. 77 
h Limestone darK gray to blackish, clayey, thin bedded, weathering 

to a black soil .. ... . . ... . . ... . ... ..... ....... .. , ...................... .. . ........ . ... . 
g Limestone, dark b'Tay to black ish, clayey, thin bedded (end or 

second lrench) ....... · .................... .. ...................... ................... .. 
r Limestone, dnrk gre.y, clayey, with cbert )lands 1 l? 4 incbes thick, 

shale bands and hmestone b11nds 2 to 8 mches thtck ........ . . . . ....... . .............. . 

Ft . in. 

1 7 
2 0 

2 0 
1 6 

0 

16 0 

6 0 
e Shale, dark clayey, much weathered ........ .......... .. . .......... .................... . 
d Phospllllt.e shale . . ................. . ............................. . .. .... ... .. . ......... . 

Wolfs r~;.~~tl~::(~l~ot won exposed ..... ··· .. · .. -- · ··· · · .... · .. · .. ······· · · · · · · ·-- · · · · · · .. -- · 
b Sandstone, flue grained calcareous (or siliceous limestone), dark 

a Lfm~to~~kr,,!nto :t:;!R, ~f~~~~Ri~~Y\O::~i,~~~t ~~~~h1ii;i{te~; · · · · · · · · · · · · · · · · · · · · · 
Wells rdr~~~\fo~~les welf'devoloped ... . ..... . .... .. ........ ... .... . . ... ... ................... . 

2 0 
1 

5± 

2 0 

10 

Sandstone, yellow; base or section. 

43 0 



340 CONTRIBUTlO ""S TO ECO OMIC GEOLOGY, PART I. 

The phosphate band in which the s ct'ion wa made is probably 
faulted out both north and south of the canyon, but it is readily ac­
ces ible by road from the valley to the west. The urvey prospect 
was made in three trenche , planned to cover a continous strati­
graphic interval, which aggregated 191 feet in length and ranged 
from 1 foot to 5 feet 7 inche in depth. The general trike and dip 
of the rocks, determined from the Wells formation below and the 
Rex chert member above, were N. 30° E. and 2 ° E., re pectively. 

The section shown in the table is not omplete, for it p roved im­
practicable to continue the tr nch ing entirely aero the phosphate 
shales. It does, ho,vever, include more than half the eli tance across 
the hales. By compari on with the appa rent thiclmes of the shal s 
at McDougals Pa s and at places on wift reek and the southern 
Dry Creek the thiclme s of the shales here seems omewhat less than 
r.ormal , and this sugge ts that part of the ection may be fault d 
out. Some deformation in the shales at the urvey pro pect is indi­
cated by th.e brecciation of orne of t he b ds and the presence of 
folds in other beds. 

The analyses show a lower content of pho phoric acid than might 
be expected f rom the general appearance of the rock. orne of the 
deficiency may be due to the presence of infiltered dirt along bedding 
and joint planes. 

At McDouo-al Pa s the pho phate hales trike N. 11° W. and 
dip 16° W. The breadth of the outcrop is about 225 feet, but the 
nctual thicJmes of the shales appears to be about 65 feet. Two phos­
phate beds are hard enough to form low ledges. The lower bed is 
about 16 feet above the base and is 2! to 3 feet thick. A sample 
from this bed yielded on analysis 22.36 per cent of P 20 G equiva­
len t to 4 . 6 per cent of tricalcium phosphate. A second bed about 
24 feet above the base and about 1 foot thick yielded on analysis 
31.3 per cent of P 20 5 , equivalent to 68.40 per cent of tricalcium phos­
phate. As it was impracticable to make a trench in the phosphate 
shal e the nwnber of phosphate beds and the thiclme ·s of each conld 
not be accurately determined. 

In the southern Dry Canyon the phosphate shales are present in 
apparently normal thiclmess. They have. been prospected on the north 
side of the canyon, in the westernmost of the three bands that cross 
the cnnyon. The prospect, an old tunnel, has caved and has been 
so covered by slides that no exam.ination or measurements of the 
shales could be made. sample of float from the sag on the hill 
to the south across the canyon was found by analysis to contain 33.31 
per cent of P 20 5 , equivalent to 72.7 per cent of tricalcium phosphate. 

Phosphate float is found along the ba e of the ridge on the upper 
course of Swift Creek, in T. 32 N., R. 117 W., and it seems probable 
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that the phosphate band which there lies on the west side of the 
divide continuing northv; ard becomes the band exposed at McDou­
gals Pass. ccording to 1r. J ewell, of Afton, the phosphate occurs 
in the head of Corral Creek ea t of the divide. It appears to cross 
the divide at the sag between the heads of the t wo creeks. A sam­
ple taken from a large piece of float near the head of ' wift Creek 
yielded 31.59 per cent of P 20 5, equivalent to 69 per cent of trical­
cium phosphate. 

From the samples at McDougals Pass, the southern Dry Creek, and 
wift Creek it i evident that high-grade rock i present in the pho -

phate shales of this portion of the alt River Ra.nge. The occurrence 
at McDougals Pass sugaests that this hiah-grade bed may not exceed 
1 foot in thickness. More prospecting and sampling will be neces-
ary to determine the relati' e importance of the richer material. 

From the "'Villow Creek and McDougals P ass section it is evident 
that there are two beds near enough together to be worked as one 
bed aggregating 3 to 3-t feet of phosphate rock and yielding from 45 
to 50 per cent of tricalcium phosphate. 

· METALLIFEROUS PROSPECTS. 

A number of metalliferous pro pects are reported in ome of the 
canyons east of Fairview, in T . 31 N ., R. 11 vV. The only one of 
these visited was ielson's tunnel, in Dry Canyon, about 1! mil s 
above the mouth of the canyon. The tunnel is located on a minor 
fault zone in the Twin r ek lim tone, about 200 feet ea t of a 
laraer fault, between the T'vin reek lime tone and the Ankereh 
:formation. The tunnel "Was too badly caved to permit examination 
of any but the exterior portions. No mineral was seen in the mouth 
of the tunnel or on th dump. 

THE CANYON ECTIONS . 

DRY CREEK (T, 31 N. , R. 118. W.) 

traver e was carri ed up the onthern Dry Creek canyon as far 
a. the sawmill, a. distanc~ of about 5 miles. The a ologic features, 
as ob er ved and interpreted, are shown !!raphically on the map 
(Pl. XII) and the accompanying tructure, section A-A' . The sup­
posed fault alowr the '"''e t base of the range ( ee p. 338) is believed 
t o lie at the mouth of the canyon, where it is concealed by alluvium. 

The eastward-dippina ledges (Thaynes or, possibly, Wood ide) 
near the mouth of the canyon are succeeded on the eat by character­
istic Nugget sand tone, which is expo ed in ledaes at the national for­
e t boundary. The dip of th fault plane between the two forma.tions 
appears to be 52° E. The boundary is interpreted as a fault because 
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of the ab ence of beds that are elsewhere characteristic of the upper 
Thaynes and of beds assignable to the Ankareh .. 

Twin Creek beds, almost vertical but inclining east or west orne 
next to the Nugget. The boundary here al o is interpr ted as a fault, 
because of the ab ence of the light-colored sandstones and red and 
green shales el ewh re found in the upper part of the Nugget and 
because of the absence of the lower heavy limestones and the accom­
panying green band usually found in the lower part of the Twin 

reek. East of the Twin reek a.re chocolate-color d to red andy 
shales assigned on lithologic grounds to the Ankareh, the boundary 
being a fault because of the absence of the ugget andstone. The 
two faults boundina the Twin Creek in this part of the section are 
interpreted a normal. An alternative interpretation would con­
sider them as reverse, but tills view is regarded as improbable, for 
reasons stated below. . 

The Twin Creek limestone reappears east of the Ankareh shale 
in fault relation, the N ugaet sandstone being absent. About 200 
feet east of the main contact i a mall subsidiary fault on which i 
located Niel on's tunnel, a metalliferous pro pect. Here the fault 
clay shows beautiful, nearly horizontal slickensides on a surface dip­
ping steeply to the west. The Twin Creek is succeeded up the can­
yon by the Nugget, again without the u uallower beds of the Twin 
Creek and upper beds of the Nugget, and hence thi boundary al o 
is interpreted as a fault. The faults east and west of the Twin 
Creek are considered as normal. I£ they are reverse, ·the structure 
of the Twin Creek would appear to be that of an abnormal syncli­
norium, a sort of flask-shaped fold, overthrust by Ankareh beds on 
the west and J ugaet beds on the ea t. Such a tructure, though 
possible, does not seem probable, for most of the other folds do not 
suggest marked overturning, such as might be expected if this Twin 

reek belt and the other Twin Creek belt above mentioned had been 
abnormally folded and overthrust. 

The Nugget sandstone is succeeded eastward by chocolate-colored 
shaly beds assigned on lithologic grounds to the Ankareh, appar­
ently in normal stratigraphic position. East of the Ankareh shale 
lie the siliceous lim~ tones of the Thaynes and "\.V oodside formations, 
without observed stratigraphic break. The Meekoceras zone was not 
recognized, though it may be present, and the two formations were 
not differentiated. They form a succession of wall-like ledges with 
narrow gateways. A zone of red rocks more shaly than the inclos­
ing strata and resembling the beds above referred to the Ankareh 
shale intervenes in the section. These red rocks are overridden on 
the west by the Thaynes limestone and Woodside shale. At first it 
was thought that they were part of the Ankareh, but sections in 
canyons to the north show red beds that are apparently included in 
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the Thaynes and Woodside formations. Hence the red beds ar 
tentatively considered Woodside, with a fault on the west side that 
appears to truncate them. East of the red beds are typical calcareous 
shales of the Woodside. 

The Phosphoria formation succeeds the Woodside on the east. 
The Rex chert member is here more of a cherty limestone than a 
chert. It is nodular and shows some quartzitic tendencies. Near 
the base there is a black band of phosphatic chert 2i to 3 feet thick. 
About 20 feet beneath this band there is a highly fo iliferou cal­
careous zone with Productus, Spiriferina, and other form . A 
covered zone about 150 feet wide represent the pho phate-shale 
horizon, and next appears a poorly developed under limestone," 
more or less fragmentary, succeeded by a white, calcareous sand­
stone, almost a quartzite. Excellent phosphate float wa found by 
ascending to the sag on the hill to the south . The zone between the 
phosphate shales and the top of the Wells may include a minor fault, 
as shown by the above-noted condition of the 'under limestone" 
ea t of the phosphate shale. 

The anticlinal structure of the formations in this part of the canyon 
brings the pho phate shales across the canyon again about three­
fourths of a mile farther east and some of the succeeding formations 
recur in ascending order. The fault between the Woodside and the 
·wells is interpreted as rever e, because of the crumpled condition of 
the ·wells to the east and its apparent position near the apex of a 
broken anticline. It seems more likely that such a fault was de­
velop d by compr ssion a ociated with the folding, than under 
later tension. The fault to the east within the Wells, is believed to 
have a steep dip and i interpreted a· normal. The general relations 
produced by it are imilar to those of the fault near the ea t border 
of the anticlinorium in T. 32 ., R. 11 W., and it seems probable 
that the two faults are continuous. Th fault west of the sawmill is 
considered as reverse, for it eems to descend obliquely we tward 
into the canyon from the north ast. 

SWIFT CREEK. 

A traverse was carried up wift Canyon as far as the crossing of 
the second Pho phoria band, about 6 miles above the mout,h, and a 
reconnaissance trip carried the inve tiO"ation of the canyon to the 
head of the creek, some 7 miles farther. The map (Pl. XII) and 
the accompanying <Yeo]oO"ic structure ections B-B' and ' , show 
the stratigraphic and structural details along the traversed part of 
the canyon as recognized and interpreted. 

For reasons gi' en on paO"e 338 a fault is upposed to occur along 
the west base of the range and cross the mouth of the canyon. Ter­
tiary conglomerate and eastward-dipping Twin Creek beds, becoming 
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vertical toward the east, occupy the lower portion of the canyon. 
The boundary between the Twin Creek limestone and the ugget 
sandstone on the east is regarded as a normal fault because of the 
absence of beds elsewhere characteristic of the upper part of the 
rugget and the lower part of the Twin Creek, and because of 

the supposed steep inclination of the fault plane. It is tentatively 
assumed that this fault corresponds with a similar fault in the 
southern Dry Creek section, and the two faults have been pro­
visionally connected, as indicated on the map. 

The Ankareh formation, dipping steeply to the west lies east of 
the Nugget in apparently normal thiclmess. The boundary between 
these beds and the adjacent Thaynes lime tone may perhaps be a 
fault, because the siliceous beds that form the upper part of the 
Thaynes in some parts of the field do not seem to be pre ent here. 
There may, however, be local lithologic chanrres in the formation. 
The Ankareh band on Swift Creek is tentatively connected with 
that on Dry Creek to the south because of similar structural relations. 

The Thaynes and Woodside formations to the ea t have not been 
differentiated, as the Meekoceras zone was not observed, thouo-h some 
search for it was made. Possibly some fault may occur within this 
group, as in Dry Canyon, but such a fault was not recognized. 

The Rex chert member of the Phosphoria appears in unusually 
prominent wall-like cliffs that form a narrow gateway at the creek. 
The phosphate shales are concealed here beneath heavy talus on the 
steep canyon walls. There appears to be room for them, however, 
and search in this zone along hio-her levels in the canyon would 
doubtless be rewarded by the finding of phosphate float. 

East of the Phosphoria the canyon becomes wild and rugged in an 
anticlinorium of Carboniferous quartzites and limestones. About a 
mile above the Rex ledges the canyon enters the axis of a syncline 
trending almost due north. The syncline appears on the east side of 
the canyon with almost diagrammatic clearness when viewed along 
the axial line from a point to the north. Near the point where the 
main creek turns eastward the Wells formation in the syncline per­
sists on the west side of the canyon, because the canyon wall is steeper 
than the clip of the rock , but on the east side the Wells appears to 
have been removed from the gentler slope of the canyon wall, which 
forms an unusually fine dip slope on the Brazer limestone. 

In the main canyon east of the forks successive folds in the Brazer 
lin1estone and the Wells formation are clearly exposed on the south 
side of the canyon. Just east of the axial region of the eastern 
anticline, which is faulted, a small, steep-sided ravine in nearly ver· 
tical rocks of the Wells contains the intermittent spring, locally 
lmown as "the geyser," which supplies nearly half the volume of the 
creek. 
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About half a mile east of the intermittent spring the eastern Pho -
phoria band crosses the canyon with a tc p ea terly dip. The \Veil 
and the Rex again form prominent ledges. The phosphate shale ar 
exposed in the trail with some float of phosphate. This is very likely 
the place from which C. L. Breger collected his ample. in HllO, to 
which reference is made in Blackweld r 's report.1 

Ea t of this locality the canyon lies in rock yonng r than th 
phosphate shales, rising into th ugget, which oc npies the core of 
a broad syncline. Farther ea t the formations appear in deseend­
ing order with westerly dips. Their boundaries were not deter­
mined. The head of Swift Creek lie in a rather broadly opene l 
valley in the Woodside and Thaynes formations. East of this valley 
is a ledge of Rex chert that forms a hogback along the main ridge 
west of the divide and is uccecded by phosphate hale to the east. 
The Phosphoria formation continue. southward along the range and 
app ars to go through the ag which form the divide between wift 
Creek and Corral Creek. A pedestrian who was encountered on the 
trail reported " coal ' in the sag. The crest of the ridge north o£ 
the ag appears to be formed of pre-Phosphoria ro Jc . 

NARROWS OF SALT RIVER. 

A reconnaissance in the vicinity of the narrows of alt River an 1 
in the lower valle of ·willow reek, in the western part of T. 33 
r., R. 118 W., shows that this part of the region is tmderl.ain by th' 
uO'get sandstone and the Twin Creek limestone. These formati0ns 

are largely concealed by allm-ium and Tertiary conglomerate except 
where the latter are cut throtwh by the deeper canyons. The struc­
ture of the alt RiYer valley a hort eli tnnce west of sec. 19 
"·here the river enter the narrows, i ynclinal in the Twin Creek 
lime tone, which i w ll exposed. The east side of the valley forms 
a fine dip slope for a short distance. A fault between the Twin 
Creek and Nugget near the ontheast corner of sec. 20 is tenta­
tively regarded as the probable continuation of the f:wlt uppo e<l to 
lie along the west base of the Salt River range to the south. 

PHILLIPS CREEK. 

The outer slope of the hills at the month of the Phillip. Creek 
( 'nnyon are occupied by white float of the Twin reek and by red 
f'oil of theN ugget. The alluvial deposits at the mouth of the canyon 
also . how a steep lope or terrace, a in the wift re<'k and Dry 
Creek canyons to the south, but here the edge of the terrace is not so 
scarplike. These facts, together with the fault in the foot slopes, 
near the southea t corner of sec. 20 already noted, . nggest that 
this zone may represent the position of the supposed fault along the 

1 Blnckwclder, Eliot, op. cit., pp. 460--461. 

10·127°-Dull. 620-16--23 
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west base of the Salt River Range. The terrace may, however, haYe 
no relation to this fault. East of this zone the Twin Creek continues 
for nearly half a mile, interrupted by a. nan'ow zone of red debris 
about mid way between the south quarter corner and the southeast 
corner of sec. 33. There are al o on the slopes scattered bowlder , 
probably the remnants of the Tertiary conglomerate. Near the south­
~a . t corner of sec. 33 characteri tic sand tone of the Nugget crosses 
the canyon. The beds elsewhere found in the upper part of the 
Nugget and lower part of the Twin Creek are missing here, so that 
the boundary is interpreted as a fault. On the ea t the series 
descends to purplish limestone and red shaly sandstone, with strong 
easterly dip. Beds elsewhere characteristic of the lower part of the 
Nugget and the Ankareh were not recognized east of these N ugg t 
beds, but ledges of the Thaynes and Woodside formation occupy 
the lower parts of the slopes, with Tertiary conglomerate above. 
The dl.p of the Thaynes and Woodside beds is steeply eastward. 
Their west boundary is doubtless a fault. About a quarter of a 
mile to the east all the older beds are concealed by Tertiary con­
glomerate, which appears to occupy the outer hills and the lower 
slopes of the higher hills to the east. In ascending these slopes the 
first rocks of the older eries encountered were limestones lithologi­
cally re embling some members of the Thaynes and Woodside for­
mations, but possibly older. The rock is much brecciated and does 
not show fossil or bedding. Float on the hill above seems to be of 
Wells age or older. brecciated ledge lithologically resembling tho 
upper part of the Wells formation comes about 200 feet beyond the 
supposed Thaynes and Woodside formations, and about the same 
distance eastward is a clear limestone with large cup corals, Syringo­
pora, and crinoid stems, apparently part of the Brazer limestone. 
The Phosphoria formation does not seem to be represented in the 
section. If the above interpretations are correct there is a fault 
between the Thaynes and ·woodside and the Wells and probably one 
also between the Wells and the Brazer. About half a mile to the east, 
on the higher slopes, are dark, relatively thin-bedded limestones, 
containing a few cup corals and crinoid stems and lithologicaHy 
resembling some portions of the Madison limestone. The dips here 
are westerly instead of easterly, as in the Brazer beds to the west. 
The structural relations of the intervening area are obscured by 
vegetation and were not worked out. 

W ILLOW CREEK. 

At the mouth of Willow Creek a pr onounced scarp or terrace 15 
or 20 feet high occurs in the gravels, as on a number of creeks to the 
south. Parts of this terrace are underlain by ledges of Nugget sand-

• 

• 



PHOSPHATE IN SALT RIVER RA GE, WYO. 347 

stone with low easterly dips, and up the hillside 1,000 feet or more 
to the east are massive ledges of the upper part of the Wells forma­
tion. A fault doubtless intervenes between the two formations, but 
its position is concealed by the surface cover. A little less than 
half a mile up the canyon the Phosphoria formation is exposed. The 
Thaynes limestone 'Yas not recognized in the section, though it may 
be present. The Woodside shale is cut off by a fault on the east 
which brings in the Madison limestone. This fault is tentatively 
regarded as normal, with downthrow on the west. The Madison 
limestone dips steeply east and is in turn cut by a supposed normal 

.. :fault that brings in the Wells formation. Only a part of the Wells 
with the succeeding Phosphoria formation is present. A fault at 
the horizon of the Phosphoria cuts out much of that formation. 
The nature of this fault was not determined, but it is tentati,,ely 
regarded as normal because of the steep inclination of the formations 
involved. Structure section D- D', Plate XII, shows the observed 
and interpreted structural features of the traversed portion of the 
Willow Creek section. 

The trail from Willow Creek to McDougals Pass lies wholly within 
post-Phosphoria rocks ranging :from the Woodside shale to the 
Nugget sandstone. A specially fine section from the Nugget down 
to the phosphate shales is exposed along the Willow Creek trail 
bet-v; een a point about a mile below the pass and the pass. 

The pass itself is occupied by the phosphate shales, which here 
cross the divide from the southeast and descend to the head of Straw­
berry Creek. They also turn back north of the pass on the east side 
of the divide for at lea t a short distance. The dip of the rocks at 
the pass is westerly, while farther west, half a mile or more beyond 
the point where the trail leaves the main canyon of Willow Creek, 
there is a smooth dip slope in the ea tward-dipping beds of the 
Woodside shale. Thus it seems that the structure west of the divide 
is synclinal, whereas an anticlinal axis probably lies at the head of 
Bear Creek east of the divide. According to Peale,t this anticline 
is sharp and probably is complicated by a fault which he thinks may 
be continued down the head of Glacier (now called Strawberry} 
Creek. 

DRY CREEK (T. 33 N., R. ·118 W.). 

At the mouth of the Northern Dry Canyon heavy lin1estones of 
the Wells formation occur in an anticline that is teep sided, slightly 
inclined eastward, and faulted on the east limb. The Madison lime­
stone, which lies east of the fault, is also steeply folded in an anti­
cline. This rock in turn appears to be cut by a fault on the east, 
which brings in a narrow strip of the Brazer lin1estone, followed on 

1 Penle, A. C. , U. S. Geol. and Geog. Survey Terr. Rept. for 1877, pp. 546- 547, 1879. 
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the east by the V\ ell formation, both with steep easterly dips. The 
Wells is faulted on the ea t against the vYood ide shale, which here 
consi ts of about 200 feet of deep-red and gray shales with shaly 
. andstone. The \Vood ide beds have a ynclinal structure, the axi 
running about along the line of the gulch to the north. Phosphate 
float was found along the west side of this gulch about half a mile 
north of its mouth. Float pieces of the Meekoceras-bearing rock 
occur nearly half a mile east of the northea t orner of unsurveyed 
sec. 6, T . 33 N., R. 117 W. The general stru tural features of the 
Dry Creek section as above interpreted are shown in structure sec-
tion E-E', Plate XII. Post-Pho phoria rocks appeax to continue 
from the Meekoceras zone up to McDougals Pass. The above-men­
tioned fault between the Wells and the vVoodsicle is tentatively con-

" 

iderecl the northward continuation of the imilarly located fault in 
Willow Creek Canyon near the ea t botmdaxy ofT. 33 N., R. 11 W. 
In each locality post-Phosphoria rocks lie to the east and pre­
phosphate rocks to the west of the fault, while the structure east of 
the fault appears to be synclinal. 

STRAWBERRY CREEK. 

No traverse was made in tra.wberry anyon, but a reconnaissance 
trip was made from McDougals Pass clown this canyon to Bedford. 

The position of the fault thought by Peale to occur at the head 
of Strawberry Creek ''"as not determined. The headwater rcrrion 
of the creek is a broadly opened trough that appears to lie in a syn­
cline pitching gently to the south. Dip slopes occur on both sides 
of the creek, but the formations involved were not examined at close 
range. The phosphate shales continue down the west ide of the 
canyon for 1:.. or 2 miles to a point where they cross the creek and 
ascend the ea t side of the valley. Th y form a noticeable black 
soil in the creek bank and on the adjacent slopes at the point of 
crossing. Below the point of crossing the ro ks in Strawberry 
Creek are all older than the Phosphoria, and the <canyon becomes 
rougher and more timbered. The course of the creek to the bend, 
where the creek turns west, appears to continue in the syncline, with 
the Wells formation at the core. The structure of the a ·ial region 
where exposed in the hills north of the bend in the creek is complex, 
and there is some evidence of ovel'turning toward the east. West 
of the bend the rocks range in age from Wells to Madison and the 
structure is apparently broadly anticlinoria!. Peale 1 recognized 
two anticlines and an intervening syncline in this part of the canyon. 
The western anticline, be stated, is sharper than that to the east, and 
the we tern members of it pa s under the valley of alt River. 

1 Peale, A. C., op, cit., pp. 5•16-:34 . 
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T he Phosphoria formation does not extend as far north as traw­
berry Creek west of the great bend. It may tmn back along the 
anticline or perhaps be faulted out. The geology north of Straw­
berry Creek is not well known, but it seems probable that the rocks 
"·ill prove to be pre-Phosphoria. Peale reports that nothing younger 
than Carboniferous appears north of the creek, at least as far north 
as his station 57 ( 8 miles north) . 

On the occasion of Peale's visit to this region, in July, 1877, the 
head of Strawberry Creek was filled with a huge snow bank, remind­
ing him of a glacier, which extended for several miles down the 
gorge. On its surface were rocks and ea,rth and at th bottom a 
mass of detrital matter resembling a small terminal moraine. Doubt­
less this occurrence suggested the name Glacier Creek used in his 
report, though this name is not now in use. He expressed doubts 
as to the glacial character of the snow banJc On the occasion of the 
writer's visit, October 1, 1914, there was no snow in the canyon 
although a sno,Ystorm occurred t\YO days later. The accumulation 
of debris noted by Peale was observed. This and the troughlike 
character of the upper valley from a point perhaps a mile below 
the great bend indica te the probability of glaciation within compara­
tively recent geologic time, if not actually at the time of Peale' 
visit. 

West of the mouth of Strawberry Canyon limestones of probRble 
Madison age crop out in a few low knolls a long the base of the range. 
The we tcrnmost exposure of these rocks ob ened was in the north­
east com er of ec. 2 , T. 34 N., R. 118 W. Other outlying knoll 
and part of the lower foot slopes of the range are covered by Tertiary 
conglomerates. The bottom lands a.re covered with alluvial deposits, 
which, from indications in T. 33 N., R. 118 W., may b underlain in 
part by ugget or Twin Creek beds. Between these and the older 
Carboniferous rocks to the east there is probably a concealed fault. 
The position of the supposed fault is not known, but if present the 
fault must lie west of the northwe1 t corner of sec. 28, T . 34 N., 
R. 118 w. 





CASSITERITE IN SAN DIEGO COUNTY, CALIFORNIA. 

By WALDEMAR T. SCHALLER. 

A small hancliul of cassiterite crystals was found in the northern 
part of San Diego County, Cal. (fig. 22), in the spring of 1915, and the 
locality was viSited by the writer in July, in order to see if it offered 
any hope of finding cas iterite in quantity. Mr. Roy Carson was 
kind enough to act as guide, and the Wl'iter wishes to thank him for 
his many court ies. The locality lie1 in an arid region, b t reached 

500..:::-="""'""""..;o'======>so.....,....,,....~'co Miles 

Ftount: 22.-Indox map showing position of cassiterite locality in San Diogo County, CaL 'l'he rectangle 
indicatos tho gom tourmaline field or s~uthom Culilornia, throughout which are found p gmntito dikes 
similar to tho ono described in this papor. 

by horseback from Oak Gro , although a wagon road, now in bad 
condition, leads from Oak Grove to a point within a mile of it. The 
pr nt owners of the claims ( 1 rs. Roy Carson, E. L. Haney, 
and D. H . A. Fi ke, of Pa adena), e>..-pect to do fmther development 
work in 1916. 

The original material, extracted fl'om a ingle pocket in a flat-lying 
pegmatit dike/ is all the cas iterite so far obtained, and an examina­
tion of tho locality ha failed to offer any hope of finding more in 
large quantities. The dopo it illustrates well the irregular way in 
which the rarer minerals occm in the granitic pegmatites of southern 
California. 

o 'Pbe torm dike as u ·ed in th is paper cnrrios no Implication as to dip, which may be more noarly hori­
zonlni than vertical. 

351 
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Although tho present dov lopments have been disappointing, the 
cas iterite found exceeds in quanti.ty all tho occurrenc of till ore 
in place previously known in San Diego County. These are as fol­
lovvs: F . J. H. Merrill 1 has stated that small grains of cassiterite 
have been obtained by placer miners from the black sand of th 
mountain gulches, chiefly from the east slope of Laguna Mountain, 
in the southern part of the county. Ad litional reported occurrenc 
are in Pine Valley; on the south end of Viejas Mmmtain, eru t of 
.LUpine; and in the Defiance copp r district, north of the Santa Mar­
garita grant. The writer 2 has described small black crystals of ca -
siterite, a few milli.met 1 thick, associated with albite, quartz, stibio­
ta.ntalite, and green and pink tourmalin s, obtained from the gem 
pegmatite dike at the Himalaya mine, M a Grande, and with 
topaz from the Little Three gem mine, Ramona. The original San 
Diego County included the tin mines at T m ·cal, now in Riverside 
County. . 

The pegmatite dike which yielded tho cas itorite crops out on th 
cast side of Chihuahua Valley, about 2 mil south of the boundary 
line between River ide and San Diego counti and about 10 miles 
ea t of Oak Grove, in the SW. i sec. 12, R. 3 E., '1'. 9 S., San Ber­
nardino meridian. Three claim , the San Diego Panama, and Expo-
itio;n, cover tho outcrop of the dike. There are at least two other 

pa.rallel dikes on the claims which have ;not yet been developed. The 
place was discovered and located in 1905 by 1fr. B rt Simmons, of 
Oak Grove. The claim, then called the Blue Tourmaline, was 
worked extensively in 1906, by open cuts and veral short tunnels, 
the main object of search being gem tourmaline. 

The country rock of the region is granitic and belongs to the group 
intermediate between granite and diorite. The specimens collected 
contain quartz, orthocla e, plagioclase, biotite, and hornblende, and 
pending further study may be termed granodiorite. Ma;ny of the 
hornblende and biotite crystals are from 0 .5 to 1 centimeter across. 

A system of parallel faults, of which the major ones are over 50 
miles in length, cut across the country in a northwesterly direction 
(about N . 40°-50° W.), and the locality described lies about halfway 
between two of these larger faults. It is probable that other as yet 
undetermined dislocations lie between the two mentioned. A 
northwest fault line probably determines the east side of Chihuahua 
Valley, and the dike containing the cassiterite occurs less than a mile 
east of this supposed fault line. Numerous pegmatite dikes, striking 
parallel to the fault lines, crop out on the ea t side of Chihuahua 
' alley. 

I Merrill, F . J . H., Geology and mineral resources or San Diogo and Imperial Counties : Cali fornia State 
M.inoralogjst's Rept., 1913-14, p. 39, 1914 . 

•Scba:Jior, W. T ., The gom tourn>allno fie ld of southern C'oli fornia: U .•. Cool. urvcy l' ror. J•aper92 
(iJt pr paration). 
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The western fault of the two mentioned determines Lhe east side of 
Smiths Mountain, and extends from a point north of 1rua.n<Ya in 
Riverside County, southeastward through Oak Grove, P:erta "'Q'Uz 
and 'Yarnors Hot Springs (Agua Caliente), probably forming the 
east s1de of the valley occupied by Warner's ranch. The eastern 
fa~t line, whose exact location is not known, pass through San 
Jacmto and Hemet, kirting the west and southwest edge of the San 
Jacinto Mom1taiJlS, and through the Coahuila Valley and Coyote 
Canyon. 

The remarkable pa.rallelism of strike of nearly all the pegmatite 
dikes of this region with tho larger fault lines is very uggestive of a 
possible genetic l'elation. Similar pegmatite dikes occur at Pala, 
and a detailed study of this locality has indicated that the fi m·es now 
filled with pegmatite are pa.rt of a large system of dislocation prom­
inently developed in an Diego County. 

The exposed length of the pegmatite dike in which the cassit rit 
was found is nearly half a mile, and the thickness from 6 to 8 feet. 
The pegmatite rock is more resistant to erosion than Lh granodio­
rite country rock, a.nd the dike therefore proj ects sligh ly above th 
ground. It strikes about N. 35° W. At the :north end of the claim 
the natural expo m;e of the dike seems to how it dipping slightly 
toward the northea t; at other places it lies almo t horizontal, and 
at still other pla cs a slight but decided dip toward the southw tis 
observable. 

ThB pegmatite dike is of the type of the compound, UllSymmetrical 
dikes whose different parts are thought to be due to differentiation 
processes rather than to multiple injections of material into reopened 
fi ur . 

The upper portion of the dike ("top rock"), from 2 to 3 fe t thick, 
is a mixture of a coarse granular aggregate of quartr. and feldspar 
with coarse graphic granit , in both of which occur bioLite, musco­
vite, and black tourmalin . At one place a horizontal layer of 
graphic granite 4 inche thick was seen in the grauular aggregate. 

The lower portion of the dike (" bottom rock"), about 3 feet thick, 
is a finer-grain d granular quartz-albit rock 'vith numerous wavy 
band of garnets, which in their g neral tr nd lie horizontal, being 
parallel to the dip of th dike. 

The middle part, betw en the top rock and bottom rock, is called 
the pay streak by the minors, for it is in this part that the minerals 
of ,.,.alue are found. The pay str ak ranges from 1 foot to 3 feet in 
thickness and is the coarsest part of the entire dike. In it occur 
numerous cavities or pockets which yield an abundance of large a.nd 
well-crystallized minerals- quartz, feldspars, and micas- as w ll as 
other min rals fom1d only in thi part of the dike, such as lepidolite, 
transparent hlu tourn111lincs, ·a 'siterite, and colUlllbit . 'l11e 
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pocket from which the cassiterite was obtained lies just above the 
banded bottom rock and is about a foot high and 3 feet wide. The 
irregular masses and imperfect crystals of cassiterite were found in 
one side of the pocket in a mass of partly broken, cleaved, and loose 
orthoclase, directly associated with albite. The loose crystals of 
cassiterite contain partly embedded tabular albite crystals. About 
a hatful of small blue tourmalines was also obtained from this pocket. 
In a similar pocket, about 25 feet distant, a few crystals of columbite 
were found. 
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