
GEOLOGY AND ORE DEPOSI!S 

OF' THE 

LiiRWIN ~ ILVER-LEAD UNnm DIS'l'1UCT 

INYO COUNTY, CALIFORNIA 

'111esis by 

Vincent c. ~elley 

In Partial Fulfillment of the 

Requirements for the Degree of Doctor of Philosophy 

California Ins titute of ~ecb.nology 

Pasadena t Calif'.ornia. 

1937 



ABSTRAC1.I' 

I NTRO.DUC'I' IO.N 

Location 
History 
Physiography 
Climate • 
~ia ter Supply 
Bibliography 

• 

, Past p·ork .. • 
Seppa of Present 
• cknowledge _ ents 

GEMERAL GEOLOG 

• 

k·ork 

• 

General Geologic Setting • 
Sedi entary Roe· 

Pennsyl an1an Series 
Pleistocene lake Beds 
Recent .b. lluvi m • 

Igneous -ocks 
Cos Granodiorite • 
Da. in ~uertz Diorite 

• 
.. 
• 

.. • 

• 

• 

• 

General Features • 
Composition and Variations 
Distribu ion and Origin of 

Phases • • 

t.:i'RUC~I' ~R~ 

Shape 
] 'olds 

Related Dikes • 
Plateau Basalt and Tuff 

of he s tock 

F·aults • 

IG:NtrOUS MET.bMORP1USM 

• 

Hi tory • • • • • 
Alteration of the ~edimentary Rocks 

G.eneral Character • 
-_inerals and Textures 

ii 

• 
• 

• 

1 
3 
4 
9 

10 
11 

• 12 
13 
15 

17 

18 
24 
25 

26 

27 
28 

the 
29 
31 
34 

• 36 
37 

., 42 

51 

58 



iii 

Minerals and i:rext ures 
iollastoni t e 

Garnet 
Diops1de 
Idocr~se 
Epidote 
Orthoclase 
Ca.leite 
Q.uartz • 

• 

Plagioclase • • 

• 

Miscellaneous ~inerals • 
Origin of the Silicate Zone • 

Metasomatism in the Develop
ment at' the ·1racti tes 

Evidences of Zoning and ·· 1neral 
e uenoes • • 

Alterat on of the I gneous Rocks 
) 

HYPOGENE ORE J:..;I - GANGUE MI N ;R ~LIZA'I'IO~' 

Gangue Mineralization • 
Ore Mineralization • • 

• 

• 

Megascop1o Features of the Ore 
Microscopic ~eatures of the Ore 

Summ~ry of the Mineral Peragenesis • 

• •· • 

STRUC'IURJi.L CONTBOL OF ORE. D~POSI'!'ION • 

Deposits Al.ong Intrusive Contacts 
Bea.ding Plane Deposits • • 
Transverse Fissure Deposits • 

• 

• 

63 
64 
69 
69 
69 
72 
72 
72 
73 
7? 
78 

82 

91 
93 

99 

99 
102 
103 
104 
110 

112 

115 

115 
117 
118 

ORIGIN AND CL\CSIF ICATION OP W E lJ.itPOSI 1l'S • 121 

• 

Mines in the North End of the Dar- in 
Hills 

• !a~rbanks Mine • 
Lucky Jim it1ine • 
Christmas Gift Mine • 

• 

Mines of the Rouna Group • • 
Mines of the Defiance-Independence 

~ine Group • • 

• 

• 

128 

135 
136 
138 

140 

142 



iV 

Independene·e Mine 
1£ss:ex Mine • 
:.i. hampson Mine 
Def is.nee Mine • • 
hi p Va "i nkle ~ine • 

J~ ines in t he Sout h End of the Darwin 
Hills 

Custer Mine • 
Fernando Mi ne • 
Promentory Mi *e 
Silver Spoon Mine 
Columbie Mine • 

• 

.. 

144 
147 
149 

• 150 
15r 

154 
15 

.. 157 
• 158 

159 

161 



Plate 
I. 

II. 

III. 

IV. 

v. 
VI .. 

VII. 
VIII. 

IX. 
.x. 

XI. 

XII. 

XIII. 

XIV. 
n. 

XVI. 

X II. 
XVIII. 

XIX. 

ILLUSTRATIONS 

Location map • • • • .. 
iw::ajor ge-omorphic and structural 

features of the D~rwin region • 
Oblique aer1e.l vie s of the Darwin 

reg ion • • 
Views or the region seen from the 

Darwin-Hills • • • • 
Vie s or the ·est front or the Dar in 

Hills • • • • • • 
Geologic map of t~e Darwin silver-

lead mining distr1ot . • • 
General vie s ithin t.he hills • 
Dike rooks associated 1th he Da.r in 

stock • • • • • • 
Folds along the east side of the hills 
A. Analysis of direetio:n and magnitude 

of faults and veins in the Darwin 
Hill- • • • 

B. Generalized structure section thru 
the Dar in Hills near Ophir Peak 

Vertical airplane photographs of areas 
in the Dar 1n Hills • • • 
Vie of the east side or the Defianee

Independence ridge • 
Field structures and textures 1n the 

taetite • • • • • 
Hand spe-oimen features of the tact1te 
Photomiorographs of stages in the 

development of ollastonita and 
taotite • • • • • 

A. Twinned anisotropic garnet 
B. Garnet-calcite replacement of 

wollastonite • • • • 
zoned garnets • • • • 
A . Twinned idocrase with wollastonite 

and garnet •. • • • 
B. Oligoelsse-calcite tactite • 

A. 

B. 

c .. 
D. 

swarm.s of garnet in calcite and 
quartz • • • • • 
Sphalerite, pyrite, and garnet in 
calcite • • • • • 
Hematite replacements of garnet and 
calcite • • • • 
Zoned garnet metaorysts • • 

v 

Page 
2 

5 

6 

7 

8 

14 
21 

32 
38 

40 

40 

41 

60 

61 
62 

65 
66 

66 
67 

?O 
70 

71 

'71 

71 
71 



xx. 
:XX.I• 

XXII. 

XXIII. 
XXIV. 
xxv. 

X . I. 
XXVII. 

XXVIII. 

X.llX .. 

xxx. 
xxxr. 

vi 

Replacement textures trom the outer 
portion or the silicate zone • 

A. Horntels taotite cut by a wollas
toni te, arnet, idoc:rase vein 

B. G rnet and calcite veins in a 
hornfels tactite • • • 

C. Graphic 1ntergrowtb of quartz and 
orthoclase • • • • 

D. Garnet veins in hornfels taetite 
Contamination ef~eots in small dike 

ear the igneous contact • • 
Sericite developed in igneous roek 
Megascopio features of ore and gangue 
A. Galena replacement of pyrite • 
B. Galena replacement of sphalerite 
Inclusions in galena • • • 
A. Galena replacement of fluorite 
E. Galena r eplacement of s halerite 
.b. . Galena replacement of pyrite • 
B. Galena replacement of sphalerite 
Geologic map of the Christmas Gir"t 

Clai Group (colored). • • 
Geologic map of the Defiance- Indepen-

dence .. ~ine Group (colored) • 
Views of tile Defiance and Independence 

mines • • • • • • 

FIGTJRES 

1. Relationships of the Christmas Gitt vein. ore 

74 

75 

75 

75 
7f» 

76 
98 

101 
106 
106 
107 
108 
108 
109 
109 

137 

143 

146 

shoot, and fault • • • • • 138 
2. Generalized structure section through the 

Independene--e ore body • • • • 144 
3. Cross section sketches of the Es-sex vein 147 
4. ,.eneralized struc ure section through the 

Def is.nee ore body • • • • 151 
5. Sketches of the Custer ore body • • 154 

MAPS 
(in pocket) 

1. Geolo ·10 map of the Darwin silver-lead mining 
district 

2. Claim map of' the Darwin silver-lead mining 
district 



BS'I'"RACT 

'11he survey of the geology and ore deposits of 

t he Derwin I.iills presents t · o major problems. ~rhe first 

is the origin of the stratified silicate aureole about 

the Darwin stock. Such s111cation may be accomplished 

by pure thermal metsmorphism or by additive p ocesses. 

F'ield r lations 1 supported by petrographic and chemical 

evidence, indicate that metasomatism played the dominant 

role. Considerable silica and other materials were in

troduc d i nto the limestones by the magmatic anations. 

The second major probl em involves the origin 

and classification of the ore deposits . 'I'he deposition 

or all the ore bodies took place at a distin·ctly later 

time that the development of t he silicate ureole. A 

period of tectonic fracturing in which ost of the fis

sures of the district were develo ped intervened between 

the e-arl y s1lioat1on period and the late.r metallization 

period . ~tu-ee structur·al controls, igneous contacts, 

bedding planes, and fractures, dominated the loeat1on 

of the deposits. Genet1call$ all three structural 

t ypes are the same. 

'.Phe ore rttineralization is not of the high 

temperature type and hence is n·ot pyrometasomatic as 

classed by Knopf. Because of certain structural and 

textural features and the presence of such gangue 

minerals as fluorite and be.rite, the deposits are 

classed. as upper mesothermal .. 

v11 



L"CA ~IOI'~ 

GLOLOGY AND ORL DEP'JS I~S 
01'' 'H:i~· 

DithH N S ILV F.:R - I.. j'.~ h_ t; :~nr.~n~n Dib'J'R I CT 

Inyo County, California 

I !,~ 'JT~ ODUC'lION 

'l'he Darwin district is located within the 

desert basin and range province of eastern California 

about to miles east of' Owens Lake ( Plate I). Darwin 

is 230 miles from Los Angeles and 24 wiles rrom Keeler, 

the branch t r minus of the Sout hern Pacific railroad. 

i 'he Dea t h Vulley high .ay wh ich ;>asses through Darwin 

ha s o-een steadily improved since the e .stablishment of 

the Death Valley Ns tional Monument 1n 1933. !,;astward 

from Der win for many miles the road :f'ollows th.e wash 

which drains a large upland area subject to summer 

cloudbursts. because of the repeated destr i;ction of 

the section of the hi ghNay in the wash a new roari has 

been pro pose and surveyed which will pass six or 

eight miles to the north of Dar in. 

'I'he area described herein as the D&rwin 

silver-lead d istrict is coextensive with the Lar win 

Hills which in turn f all \ ithin the legal confines of 

the 1 .. ew Coso mini ng district . 'lhe town of tarv1in 

lies at an altitude of 4750 f eet along the west ern 

1 
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Plate I 



edge of the Do.rrt in Hills . 'Ille po pulation of Dar in 

and tbe adjacent camps in 1937 was about three or 

four hundred. 

HIS-'l'OHY 

The Darwin deposits were discovered in the 

early seventies and t he district flourished during 

th~ first t o decades largely from the rich surface 

ores. Before 1880 sev eral smelters had been built 

near Da r "' in ' i th cspaci ti.es from 20 to 100 tons. In 

1675 water was piped dm n from the Coso Mountainst a 

distance of ei€.ht mil s. During those earl days 

varwin is said to have spread eigbt blocks in either 

direction and to have h&d a population of bOOO. 

Only the slag dur:!ps mark the former presence 

of the smelters . Due to poor transportation raoilities 

and exhaustion of the rich near surface ores the dis-· 

trict lay dormant or only sporadically active until 

the f orld ~ar gave i mpe tus to mining. About that time 

many of the largBr properties were consolidated and 

development b egtm ane~ w· th modern methods .and e quip

ment. In t he er.' rly twenties a nevi camp and mill were 

erecte Hnd a d itiona l water was obtained from the 

Darvin wash . ~lthou(h shut down during the depression, 

nlans for r eopening were formulated in 1936 and mining 

b egan sgain esrly in 193 ?. rl'he d istrict is estimated 

to have prod·J.ced about vb ,Ol10 ,000 in lead, silver and 
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zinc .. bout half of this was gained before 1900. 

PH'iSIOG.ii..siPHY 

The lJa.1·Vi in Hills lie near the center of a 

large mountain block or broken arch some ~o miles in 

width trendi~~ in a north-north1esterly direction in 

co~mon with other ranges in this region. More often 

this large horst is considered in t hree smaller and 

separate physiogrephic units, namel;;, the Inyo Range, 

Coso Range , and i rgus Range . ·:or ever, the Darwin 

region is a separate unit or centr-Al plateau above 

which these adjacent ranges have been elevated by 

faults {Plate II). On the Darwin ?lateau is still 

well preserved the general character of the oldland 

surface which e.xisted 0rior to the basin and range 

faulting of ·~' aterna.ry time. 

The ·arwin E1lls rise only slightly above 

the gener 1 le~el of the Plateau and trend in a 

nortll~esterly direction. The hills proper are six 

miles in length and rise from 500 to 1000 feet above 

the broad Darwin ~~sh which borders the hills on the 

west, south, and east* One is first impressed with 

the idea that the smaller physiographic features on 

the plateau such a :, the Darwin Hills a.re erosional 

remnants on the oldlanei surface. however, obscure 

str·.i.ctural evidence in the form of' remnants of dis-
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Plate III 

£ . View across the DarvJin Flatesu from t he ea.st over 
Fsnamint Valley. note {l) the north end of the 
Darwin Bills, ( }~ } the north end of the Coso Range. 
( 3) the Sierra \ evads , ( 4) Owens l.ake, ( 5) the 
south end of t he Inyo Range, and (6) Darwin Wesh. 
I n t he :fo r eground is t he north end of the Argus 
;·ange . 

b e North end of the .argus R!1 nge and Darwin Wash from 
over l"'anerr~int Valley. Note ( 1; the south end of 
the l.Jarwin Hills , ( 2) the Coso r. ountains, ( 3) the 
Sierra l\ eveda. . Th e lava s heets capping the L.rgus 
Henge on t he left are equivalent to those in Dar-
~ 1n ~fesll at t he right. 
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Plate IV 

A. Northwest across the Dar ·in Plateau as seen from 
the ·west flank of the Darwin oil ls i th the 
Sierra Nevada in the distance • 

.u. lfhe Argus Range as seen from near the Defiance 
Mine lookin southeast slong the axis of the Dar
in Hills. 

c. 41'he lave-capped steps of the north end of the 
b.rgus Range as seen. from the Dar 'in . ills .. Darwin 
~:ash in the foreground and the snow covered Pana.
mint Range in the distance . 



A. 

B. 

C. 
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Plate V 

A. The west front ot the Darwin Hills near the road 
to the I .. ucky ~;am "" amp. i~ote the displaced rem
nants { c j of early ·~uateroory lava sheets. 

E . Ophir .Peak in the Dar in Hills from tbe southwest. 

c. Tbe west front ot the Uarwin Hills near Derwin (lj 
and the Darwin Lead Company's Cai -p {2 i. 



A. 

C. 
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placed lava sheets indicates that even the Darwin 

Hills are a small fault block on the plateau sur

face. {See Plate IV-A.) 

Erosion of the Sarwin Hills has reached 

the stage of late youth or early maturity since 

their elevation in Tuaternary. ~broughout most ot 

this period tne erosional base of the hills has 

been the surface of the plateau itself. Very recently 

head.ward erosion in the Lari in Canyon end f1 1ash has 

cut into this old base east of the hills and is at 

presen.t effecting their rejuvena.tion in preparation 

for a second dissection {Plate III-B). 

The climate at Darwin is similar to that of 

the basin and range province in general. scant rain

fall, low humidity, and conti:uued rnoderste shifting 

winds are the oharacteristic climatic elements. On 

the whole the climate at Larwin is perhaps somewhat 

more equable than in the adjacent areas. In the 

winte~ the temperature is apt to be very little lower 

than that of the O 'ens Valley to the west where cold 

air masses settle from the snow ooversd Sierra Nevada 

and Inyo Fsnge. During tbe sum~ers the te·mperatures 

are corresnond i.nf_~ly cooler than in the adjacent desert 

basins. 1I'be summer temperat ll"e rarely exceeds 105° F. 



-10-

1."he average rainfall at heeler, the nearest station 

for · hieh records have been kept, is only slightly 

over three inches. i · .. lthougb tne rainfall is un

doubtedly 1 reater at Darwin it probably does not 

exceed an avera ge of four or five inches. Most or 
this oomes during the ~inter months. Seattereu rain

:fall in the form of thunder shm1ers are co.~~non during 

the months of July and August, but much of this runs 

torrentially into the adjacent basins. 

i'.A 'I'ER SUP?LY 

~o water for domestic or mining pur 0oses is 

available in the Dar in ~alls . The deepest mines in 

the district, the Lucky JLin and the Lane, are dry on 

their lo~est leve.Ls which are 1000 and 800 feet res

peet.i ve ly. riha lOW£ot level in tbe Lane Mine is 

lo ··er than the bot tom of the Darwin vis.sh two miles 

down the alluvial slope to the east where abundant 

water is available . The dryness of the Lane Min~ 

thus indieates the influent nature or 'the Darwin Wash. 

A gravity water supply for mining and domes

tic purposes was developed as early as 1876 by an 

eight-mile pipe line from a spring in the Coso Moun

taiIJ s. 'I'his sold at the rate of a b t. lf eent e gallon 

for mining purposes and a cent a gallon for do~estic 

purposes. ~ater for subsequent min1nf and milling 
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operations was obtained :from a shallo~ ell near the 

head of Darwin C nyon ~ here the large underground 

ater suppl_y· from the 160 square miles of atershed 

on the l:Jarw 1n Plateau is forced near the s ~1rfaee. 

The water is pumped through a four inch pipe line 

with a lift of 8CO feet in three miles to tbe mill 

and 1800 feet in four miles to the .ine and c3mp. 

The Kei stone Darwin Limited plans to pump ater to 

tt1eir camp from a new ~ell in the ash near that of 

the Da.rw1n Lead Company. Abundant et er should be 

available in the -w ash upstream from. these wells but 

at grea ter depths. In 1937 the domestic supply for 

the town still came from the s pring in the Gos..o Moun-

ts.ins at e cost of on€· o t::nt a gallon. 

nIPLIOGFl :PliY 

The following list of publications refers 

to mining or geol ogy at Darwin, Ca lifornia: 

Min1r.g resources ~~ est 01~ the noeky r1iountalns, p. 25. 
1876. 

Inyo County~ Calif. ?tii11. Dur. ~·hird ..:~nn . Ept., p. 33 .. 
1883. 

Precious .w.~eta.ls in the u. s ., ~pt. Director of the 
U. ~ .. Mint, pp. 103• 163. 1883. 

Inyo County: Calif'". ~'v:in . Bur. Ei e-Jrth Ann. Ept .. , 
pp . 224- 226. 1688 . 

IniO Count_i: Calif • ... :in. ,ur . rrent.h ~nn . Ept., pp. 210-
212. 1.890 . 
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Inyo County: Calif. Min. bur. 1 elfth Ann. Fpt., p. 24. 
1893. 

Fairbanks, H. i ., ~ineral Deposits of Eastern Califor
nia. amer. Geol., vol. l?. pp. 149-150. 1896. 

Register of Mines, Inio Count3, ca1i1·ornia. 1902. 

Knopf, £1.., Da . in S ilver-Lead Mining District, Calif
ornia. C. 6 . G. 0 . bull. 560~ , pp . 1-18. 1913. 

Inyo County: Calif . 2i'!in. Bur. Fifteenth Ann. Hpt., 
pp . 101-104. 1915. 

ln"o County: Cal it·. Min .. Bur. Seventeenth Ann . Rpt., 
pp. 284-294. 1920. 

Inyo County: Cs.lit. iiin. Eur •. sr -enty-second .ann . Rpt .. , 
pp. 483-490. Hl26. 

Knopf, J-. ., Pyrometasomatic Depos1 ts- Ore Deposit of 
the ~ astern States, pp. 552-553. 1933. 

Hewett and others, Mineral hesources of the Region 
Around Boulder Da.m. U . 0 . G . ~ . Bull. 871, p. 38 . 1936 .. 

PAST Jd)BK 

From time to time since the discovery of the 

d.istrict in 1874 the reports of t he State Mineralogist 

have cont~ined brief descriptions of the mines and 

geology. These have usually been dsts reports on the 

existent mining operations, e~uipment, and production 

with notes on t ~e local geology . ~he only strictly 

geological report was ' 'Tit ten by lldolf Knopf as the 

result of a five da,y examination of th<:: district :eol-

lowing his work in the Inyo Rar.ge in 1913 . 

~s in the pr esent report, Knopf's observe-

tions were confined almost e:xclusi vely to the Darwin 
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:ills. Knopf determined the age of the limestones 

as Pennsylvania . , summsrized t he general geology , and 

from study and descripti on of the individua l mines 

and prospects h dedtteed a genetic :rela.t ionsh ip be

t w :.. en the pyrcmeta.soma.t1c dep-osi ts and the fissure 

veins of ~he dist rict. In addition he briefly des

cribed the g eneral c haracter and com nosition of the 

intrusive rocks and t he associsted tectitesv 

~ · c oPJ:. Of .i' T,.fl.0 ~1~1· t~ORK 

The pr sent report is t he outgrowth of 

nearly three months field "'ork <luring the sumr.:-. ers of 

1935 and 1936 in which time s topographic and geo

logic map of the Ds.rwin Hilla was made on t.he sea. l e 

ot 1000 feet to the inch . In addition, geolog ic re

connai~H~uanoe rnepping wes e.xtend.ect over rru ch of t .he 

l)Srwin r'latea u end small portions of the itr gus a nd 

Coso Ranges with t he view of obta ining a broader 

geologic background f or t he deta iled work in the 

Dar in Hills. Detailed geologic maps were made of 

the ~erian ce-Independence mine group on the scale of 

200 f eet to the inch. 

Durin,.: the present \'ork the following were 

emphasized: (1) t he cha racter of t he silicate zone 

about the intrusive, (2) the origin or t he zone, (3) 

t he form of the intrusj. ve. { 4) the structural pa tt ern 

of the fi s sure system, and {5) tte r eologic occurrence 
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of the ore bodies. 'l'he ide 1licete zone about the 

intrusive oric inated under the influence of magmat ic 

emanet ions h1ch thoroue,hly pen-etr9ted the surround

ing i.mpure limestones. l\.l t hough the composition of 

t he original beds was in many places the controll i ng 

rector in the resulting m1nere.log1c make-up of the 

zone, conorete ev_dence is present for the introduc

tion of large quantities of new materials , princi

pa lly silica. The deposits are classed as meso

thermal in contras t to t he pyrometasom tic grouping 

g iven by Knopf. 1·ne per iod of metallizati on is 

sharply set off in time from the silioation process 

by consol :tdation of the magma and by post-intrusive 

fracturing • 

. .. CK1\0¥~ !slJXj EikU~'IS 

The field ork and oom ilet ion or this re

port were completed while attending t he California 

Institute ot Technology in the Balch Graduate. School 

of tll-e Geolog1csl Sciences. The choi ce of the Dar in 

ais trict as subject for the thesis was in part i n

fluenced by +he late 1-'rof'essor Frederi ck L. Hsnsome . 

Most of the work ., however , was carried on directly 

under Professor Horace J. Fraser to whom t he writer 

wishes to express sincere thanks for help both in the 

field and in t he preparation of t he thesis. The 
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writer wishes also to thank Professors Ian CaLpbell 

and Geor~.e ii. Anaerso1 for cri tie ism of· parts of the 

thesis anti for certs1n suggestions in the field . At 

Darwin ~~ny of the residents helped with infor~at1on 

about the history of the csmp , locations ~nd names 

of mines , etc . op~ci!il thanks sre due B. • Olurtd, 

manager , ana Sam Devi s, assistant manager of the Der

win Lead Company ; L. D. kinner , owner of the Christ

mas Gift Mine ; A. Yoder, manager and superintendent 

o.f t he .Keystone Darwin Limited; Theo Peterson , owner 

of the L~r i n Gsrage ; and Alez Rouna , owner of the 

Stand~rd and Fairbanks Mines . 



G YNERA __ , G 'EO T OG Y 

Two contrasting rock ty ?es underlie the 

D~r in P.t.a. teau ( Plate II}. T'ne souttwestern portion, 

generally south and ~est of the road from. Darwin to 

Keeler~ is underlain bj ~raLodioritio rock closely 

comparable in texture, ooxnposltion, and struet re to 

the intermediate rock or the Sie:rre Nevad.a batholith. 

Oecasionsl patches or older rooks are present as for 

example on Centennial Flats \\here large deposits of 

iron ore occur in a remnant of schist and marble. 

Commonly the granodiorite of this ree1on is cut by 

basic dikes which often displsy marked persistency 

for considerable distances. The widespread grano~ 

dioritic body of the area is r eferred to in this re

port as the Goso bathoiith. 

The northeasterly part of the plateau is 

underlain chiefly by folded upper Paleozoic rocks 

similar to those in the ~ar.win Hills and in the north 
l 

end of the Ar:us R~nge. Y~opf has described these 

rooks in the south end of the Inyo Range wbere they 

form folds of Mesozoic age. In the Inyo Range~outh

e ms t of Keeler these fold& are covered by extensive 

l ava sheets, but they emerge again along the strike 

l. KnoJr, A., U . ~ . C . G • .Prof. Paper 110, pp. 37-48. 
isna. 
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to the southeast on the Darwin Plateau. There. they 

are partially cut off and offset in their distribu

tion around the Coso batholith. The· same sy.stem of 

folds passes through the Darwin Hi lls and thence 

southeastward, by step-faulting up, into the Argus 

Range. (See Plate IV-c. 

Here and there the Paleozoic rocks are 

pierced by small intrusives which may well be off

shoots from the Coso batholith. Knopf1 described 

such 1ntru.s1 ves as co.r'umon in the Inyo Range . In the 

generel n~rwin region such are exemplified by the 

quartz diorite stock or the Darwin Hills, the small 

granitic i11trusion near the Lee Mine, the g:abbroic 

stock at fY4rwin Falls, the monzonite plug at the 

north end of the Arg"s Range ~ and several smaller in-

trusives southward in the sa~!?le range. I-Jortheas t ot 

Darwin the truncated Paleozoic beds are extensively 

eappe-d b; basaltic flovs which form e ls.rge part of 

the plate~ti surface and may con eal the presence of 

other intrusive stocks (Plate III-A, .. 

SEDIMI~1AR1 ROCKS 

~sylvanian Series 

.ii series of ~enns~i lvanian strata consisting 

lsrgely of pure and impure limestones intercalated 

L .r:nopf, ;,,. • • op • .£.!b.. 
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ith same quartzite and shale constitute the oldest 

rooks of the hills. Fossil corals, crinoids, fus-

ulinee , bryozoe, and occasional ammonites occur in 

these beds. '!he state of preservation of the fos-

sils is usually rather poor and exact determinations 

are therefore difficult. On the basis or determina-
1 

tions made by George H. Girty, Knopf called the 

formation Pennsylvanian. The strata dip westerly 

aoross most or the width of the hills and therefore, 

excluding complete overturning for which there is no 

evidence,. the Y"Ounger beds crop out on the west 

flanks oi' the hills. 'The oldest beds or the lowest 

in the ex osed series crop out on t he east side of 

the hills and locally they are considerably folded. 

The lower strata east of the stock und on the east 

side of the hi lls are genarellJ drab and uniform gray 

o~ bro~n 1th few distinct horizons or marker beds. 

'!'he younger strata , o.n the other hand, wh ich crop out 

on the wes t ern slopes of the Darwin Hills consist of 

and are rnarked by prominent, contrasting light and 

aa.rk colored rriembers as shown in ?late IV-L. The 

beds along the western half of t he hills generally 

dip steeply west and ag~regate about 2500 feet in 

1. Knopf , A., Dar in Silver- Lead ~ining District. 
u. s . 1.s . Bull . 580A, p . 5 . 1913~ 
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thickn S5. The oontrsstin6 nature o~ the mamba s of 

s portion or thia series is shown by the :follo ·ing 

seo ion from t1e sill beneath thee st eac~rpment of 

Cphir .Peak to the ·astern edge of tte hills: 

{l} 
{ 

.-:> c 
,.., .J 

{ 3} 
( 4 J 

-~oo r . et o f pu.re , !nass.i, e, wx1ito li .:. estones 
3-400 re t of dark- g a~ o black 11reestone 
4-~;oc fe t of ·white and grails h ite limestones 
2--' co feet ol'.' thin-beddetl, ~srk-gr~y, impure 
limes tot.i·e 

idluv1um overlaps tl- e 1ounsest stre. a at. tl e bsse ~r 

the hi lls and t .. e Coso grsno ·1o:r1te probably intrudes 

the 11 ·esto es a shor dist ance hen . h the e.lluvi l 

finger and nedge out outh~a.rd towsrti t he D rwin l .ead 

t h 1r identity oblitaret .d by local folding and sill-

eatior=. ;~n isolated ?Qtch or folded . pure \'.lhite 

11 estone prob, bly qu1vol~nt to the third merob r 

a.bov occurs at th¢' ent~nce of thH !iadiore tunnel. 

·~ seotion across the southern end or th"' 

hills shows an appare11tly inclined series dipping 

40-60° est. ~he thickness ot this section. althoueh 

neith~.,r the top nor the bottom o:f the series is 

expos .d, approximates 6COO reet. ii t t.ne top of 

this " e· ion is ~ prominent me,.,_ bar of dark-gray lm

p~ire lim stone which marks the bold front of tbe 

hills south~erd from the town or Lsrwin. 
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Plate VII 

A. The J~uoky Jim Camp i n t he north end o f t he DaTwin 
Hi lls . Note t he slightly tilt ed lava caps which 
cover the northeast portion of the hills . 

B. The 1rregu.ler configuration of- the west contact of 
the stock near t he Independence Mi ne (1) . Tactite 
at t he left and quartz diorite of t he stock at the 
right. Equipment e.t the iJ'hompson Mine can be seen 
at the lower right. 

c. Ophir Peak from t he east. .cart ~uartz diorite of 
the stock in the f oreground end stratified taetite 
and lifestone in the distance. ·ate the gossanized 
veins (v) cropping out in the quartz diorite and 
t actite. 



B. 

C. 



near Dar win the cb.aracter of this nember is oblit-

era ted by blee.ching and si lication; to the south it 

is pertielly cut out b~ s l obe of t he Cose b tholith. 

In the cente of t he hills along this east-vu:st sec.

t ion silication has ~.gain obliterated the original 

nature of the sedimentary material , but along the 

southeastern t i .P of the nills at the stre. tigraphic 

bot torn of' the sect ion a ds.rk-grat to b.le.ck limestone 

member 6-?00 feet in thickness makes up t he oldest 

Pennsylvanian rocks in the Dar in Hi lls. 1h is me·mber 

occurs just east of the Columbia Mine ilhere it forms 

bold cliffs 2--:soo feet hi t;;h fac ing the Dar11in Wa sh. 

The east slope of the Dar\\' i n Hills consists 

of closely f olded , thin bedded limes tone strata in 

which oonsp·ouous li t hologic members are absent ex

cept as noted stove. 'lhe beds in genP.ral are drab 

brown and gray color. No white limestone strata oc-

our and only occasional r e latively t hin, blue-gray 

limes tone beds are present . 

'lhe blue-gray limes tone w·h ioh makes up so 

much of the PennsJlvanian rocks throughout the hills 

is commonly spotted in texture. In many i nstances 

this is due ·o fus u.lina l and erino1dal re.mains which, 

because of their differential coloring and solubility, 

cause a spotted texture. ~ similar s pot ty texture is 
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also due to small lenses and codules of chert in the 

limestone. 

The lithology in the nortr end of the Dar

win Hills north of the large east-west fracture here 

referred to as the Ddrwin tear fault ( Plate XI- L) is 

noticeably dif·ferent. ~~s.genta , lavender, and brown, 

t hin-bedded shales are common. .t~ massive qu.artzite 

bed 30-40 feet in thickness crops out as a prominent 

ridge about 1300 feet north or the Lucky Jim mine. 

An even mo~e striking feature of these beds is the 

increased spottiness of the limestones. Although some 

of this te ture is biogenic, much of it is fragmental 

and undoubtedly many of the beds are depositional 

limestone breccias. No age determination was made of 

those beds north of the :fault, but :f"rom the structure 

and direct ion of displacement along the fault they 

are moat likely older than the beds south of' the fault • 

In connection · 1th 8tudies of the silication 

process s chemical analysis of a sample of typical 

blue-gray limestone from the ridge above the Thompson 

mine was msde and this showed a content in caco3 oon

sidera bly higher than the average for limestones of 

Carbo-niferous age~. The table below snows t he com

parison of the Darwin limestone with 'l'wentiof'el' s 

1. Twen.hofel , 'I'rent1se on ~;. edimentationt 
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analyses. of Carboniferous and Cretaceous limestones. 

Ratio Ratio 
I..im-estones Ca CO,~ : MgCO,~ Cs : Mg 

Carboniferous 8 . 6 1 12.4 : 1 

lmrwin 22 . 8 1 31.5 1 

Cretaceous 40 . 2 l 56. 3 1 

Richard Vl allace of Larwin reports analyses of the 

white limestone on the · est slope of the hills which 

sho a content in Caco3 of 98 per cent. The high 

ratio of calcium to magnesium in the Darwin limestone 

suggests that dolornit1za.t1on has been relatively un-

im~ortan~ in the Pennsylvanian rocks. 

P eis tocene Lake Beds 

About 50 feet of nearly Horizontal , white 

lake beds have been exposed bi recent d1s.seotion in 

the •· - ~sh ea.st of the Darwin Hills . The material of 

the beds is fine-textured and thick-bedded and probably 

originated in part at least from volcanic ash. The 

beds are capped by recent alluvium; their base 1s un

exposed . In the Coso Mour.ttains J. R. Schultz1 has 

found similar beds of early Pleistocene or l.ate Plio

cene age overlying older gravels and in turn capped 

by basaltic lavas which sre probably age equivalents 

of the lava s ne.ets at D.arwin. .a t DarWi in,, how ever, 

l. Bchultz, J. R., r~tG Cenozoic Vertebrate Fauna 
from the Coso Mounta ins. Carnegie Inst. Wa sh, 
Pub. No. 487. 
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the age relationship between the lake beds and the 

lava sheets is reversed. 'Iha lake beds in the Dsrwin 

'VYash a.re not capped by lava. £.~urthermore . about ?00 

feet east of the lake beds in thA wash, qn s small 

tilted fault block at the base or the Argus Range , 

basalt directly overlies Paleozoic beds with lake 

beds absent. From thi-s relationship 1t appears that 

the lake beds are not only younger than the basaltic 

lavas, but also that they are )'ounger than the fault

ing which dislocated t he basalt. .1.•l though beyond 

the scope of this report, the evidence suggests that 

the lowermost step f'ault in t he Argus Range was et 

one time the ob-struetion t .o the drainage of the wash 

which created the lake in which the white beds accu

mulated. !hese lake beds-~ then, are distinctly 

younger than those described by Schultz in the north 

end of the Coso Mountains. If those in the Coso 

Mountains are early Ple1stoeene, then the Darwin lake 

l)eds may be middle or even late Pleistocene in age. 

No fossils have been found. Headwerd erosion in the 

Darwin canyon has subsequently dissected t he lake 

beds by cutting through the outlet of· the lake. 

Ti ecent al luviu.'! 

The alluvial deposits of the broad washes 

and fans surrounding the Dar in Hills a.re of two types, 
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older dissected gravels and recent gravels. The 

younger gravels are in part derived from the older 

and in places theJ grade into ea eh other. 'n1ese two 

types do not result from die.strophic rejuv·ena.tion, 

but rather from the do·um-cutt1ng of the outlet to the 

Darwin Lake which was the former temporf3.rY base level 

tor the erosion around the Darwin Hills.. The dissected 

gravel where overlying the exposed lake beds is usually 

not more than 10 to 20 feet in thickness. Upstream 

from the exposed lsk.e beds and especially in the wash 

south of the Darwin Hills the gravels are much thicker 

end arroyos as much as 50-75 feet in depth Lhave been 

carved. Dissection of the gravels on the wes t side of 

the hills i s very slight compared to that on the east 

b.Y reason of the benoh of :r.ard rock through which the 

stream flows at the south tip of the Darwin Bills .. 

At this point a dry falls exists which is 50-60 feet 

in height. Adjacent to t he limestone hills not on 1 y 

the alluvium but also the lake beds are well cemented 

by ealeium carbonate. 

IGNEOUS ROCKS 

Coso Grs.nodiorite 

The Coso granodiorite is batholithic in ex

tent and underlies most of the pls teau south and vest 

o f the Darwin Hills. .ti .. small area of this rock orops 



-2?-

out in the southwest edge of the hills where it forms 

lo · rounded hills in contrast with t he sharper rel1ef 

of the limestones. alon '"": the road to the Promentory 

mine it can be seen in intrusive contact with dark

.gray limestones. Although thin sections from the 

rock of this area indicate it to be granite, the de

signation granodiorite is retained because it mor·e 

nearly proximates the average composition of the 

batholithic ma terial throughout the plateau • Mega

scopi cally it is a coar~e-grained, light-colored, 

granitoid rock in which the princ pa l minerals e r e 

quartz, felds par, and green hornblende. Under the 

microscope most of the feldspar proves to be ortho

clase or microoline . Biotite is common and such ao

oesory and se-condary minerals as s phene, apsti te, 

clllorite, and epidote ay he presen.t . J~ few dark

green kersantite dikes cut the granite in the Darwin 

Hills. 

Darwin ,.uart? D1or1te 

General Features. 

The :formation nar .e~ Danvin quartz diorite, 

is lrnre a pplied to the elongated stock · hi ch occupies 

the center of the Darwin Hills. .c. 11 metallization is 

associated ith this intrusive. The stock is about 

3500 feet in its gre~ test width which 1s just north

east of Darw in {Plate VI) . Tr, the north and south it · 
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narrows and tetminates in smaller isolated stocks, 

dikes, and sills. It ends en~irely within the hills 

and its total length is about five miles. 

'l'he drab bro··n color of th<~ intrusive 

causes it to stand out nearly everjwhere in strong 

contrast to the surrounding white silic te zone 

( ? late VIl-H). 'l.1he gr 0 e.tar ease with whioh the in

trusive weathers hss caused it to form a lower in

terior belt or subdued topogr~phJ surrounded by 

boldly outcropping stra- ifietl rocks ( Plate ;;·: I-A) .. 

Due to variations 1n composition ana texture, the 

igneous mass itself ea.thers and erodes differen

tially . Thus,. near the Defiance mine are several 

small knobs and ridges of quartz diorite staoding out 

in otherwise subdued relief. 

Composit i on and Variations 

The stock as a whole displ ays eonsiderable 

heterogeneity of c ompos1 t i o:c., but for t he most pert 

these variations are only phases of the one intrusive. 

In nearly all of its phases the rock is mediurr greined 

and non-porphyritic . It is typically a light colored, 

white or light-gray rock when fresh . Pinkish snd 

greenish-gray types are also com.mon . In general. 

variations in the intrusive range from quartz monzo

nite to diorite or gabbro . r early all of the phases 
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are of the oversaturated tyue in which quartz is 

always present in essential quantities. In the tyryes 

from quartz monzonite to quartz diorite the principal 

variation canes , then , in the relative proportion of 

orthoclase and plagioo.Lase. In the quartz dio:ri te or 

even the granod.iorite the euhedralism of the plagio

cle.ue is the strikin[ textural tee.ture under the mi

croscope. With i~crease of orthoclase this tendency 

of the plagioclsse dimi nishes . In composition the 

plagioclsse appears to vary with the phase from le

bradorite even to albite althouah ol1goclsse is per

haps t'1e most abundant type. 

In the overs~turated ph~1ses the fe:rromagne

sien minerale are ordinarily not abundant. l'he most 

comi"Ilon ferrornagnesian miner 1 is b1otlte . Hornblende 

and augite are deci dedly l ess oo.cr>.Jnon a.nu in many 

phaseo absent . fi here the ferromagnesiun content is 

high the minera l is most corn : ~only augite . In some of 

tne rn re basic phuses of the s'took augite and labra

dori te may be nearly the sole constituents. 

Distribut ion and Origin of the Phases 

The more basic phases of the rock occur i n 

the north and south ends of the elongate stock . 'Ihe 

change towurds basicit y is gradual yet very irregular. 

There is greeter heterogeneity of phases and greater 
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concentra tion of the melanooratic phs ses in the nar

rower termina tions. Examples or the basic rock areas 

are well shown near the Christmas Gift mine where the 

rock is augite diorite or gabbro . Aga in near the 

southern end of the Christmas Gift Extension cl a im is 

a considerable area of very dark-colored rock which 

is almost enti:rely o.omposed of augite with a little 

labradorite. In the southern end of t he hills west 

ot the Silver Spoon mine and south of the Promento:ry 

mine are areas of dioritic or locally sugit i c rocks. 

It s hould be r est a ted here for emphasis that these 

various types of roc ks a re not separate intrusions, 

but t hat th ey belong in some Vl e y to a pre-c ~nsolida

tion heteroganeity of the ma gma. 

Compositiona l varia tions 'ti t bin small in

trusions are ell known, but the causes are less well 

known. It is generally assumed that somewhere at 

depth molten m3t eria l is nearly homocen~ous and that 

various types result f rom some sort of differentia

tion. The ways and mear.s of the process of diff'er en

t ia tion are discussed in current texts and i t suf

fices here to say that at present no general a greement 

exists in t he matter unless it be the t endency to 

grant $eversl modes of operation. 

If it be ass~~ed that t he deep reservoi r of 

molten materi a l which gave rise to t he r~rwin stock 
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was originally homogeneous then the rock variation 

within the stock may have resulted in either of two 

ways. First , the homogeneous reservoir m~y have 

different ia.ted in situ and the separated parts in

jeoted into the present se~ t of the stock. Second, 

the homogeneous m.aterial may have been emplac.ed in 

stock form with differentiation resulting thereafter 

either b;y crystal. fract 1onat ion, gase·ous transfer, 

filter pressing or some other process. There is no 

direct line of evidence which indicates t hat the 

stock differentiated in plaoe. Furt hermore, except 

locally, reactions 1th the country rock do not ap

pear to have influenced the composition. 1 No oorder 

phase of more basic rook exists . Instead, the tot&l 

i mpression ga ined is that the ph~ ses are due to or1-

gina,l variations in the intruded material. 

It may be that the first intri.lded material 

was basic and that later surges, intermediate in com

position, pushed the b~sio materis l outward and toward 

the ends. The stock grew centrally with more acidic 

materia l continuing to concentrate t here. 

Related Dikes 

In places the border portion of the intru

sive and the nearby contact aureole contain many d!kes~ 

S.ome of the.se are direct offshoots of the stook and 
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Plate VIII 

li . l1laski te dikes (white) cutting tacti te above the 
De:f iance mine. 

B. Alaskite sill with offshooting dikes in tsctite 
~ear the Defisnce mine. 

c. Acidic dikes cutting quartz diorite near the 
contact at the Bernon mine. 

Note: Many sirnilsr dikes in the tactite are composed 
entirely of orthoclase an<i in others quart~ is 
present in only small quantities. {See text, 

= rz. ' page ~v. J 
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cut only the country rock. Others are later and cut 

the intr~ sive also ( ?late VIII-C}. These dikes are 

all more acidic than the intrusive. In s few ceses 

offshQOts from the intrusive where traced out·iard 

become increesingly acidic, changing sometimes to 

alaskitic or s:1en1tic dikes. The syenite dikes ere 

very common in the contact aureole between the De

fianoe mine 9nd the Thompson mine. It is coarse 

graine·d a.no composed almost entirely of orthoolase. 

The color varies between pink, green, and white. 

,hereas these and other dikes may have originated as 

msgmatio dikes in the ordinary sense, the evidence 

suggests in sorrie cases an origin by rnetasornatic pro

ces ses. South of the George Wa shington shaft in 

the soutnern pa rt of the hills alasld tic material 

h-·s spread 1n anastomosing manner from stratification 

planes through several adjacent beds converting them 

completely to aleskite or qua.rtz-orthoclase rock . In 

other places feldspar dikes appear to fray out and 

permeate adjacent walls in a manner suggesting re

placement . 'l'hi.s subject is treated more fully under 

i g,neous metamorphism. Likewise the si.1bject of alter

ation of the intrusive is dealt ith in the same 

chapter. 
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Pl.ateau Basalt and luff 

lsny squa re miles of the Darwin Plateau a re 

covered by basa ltic flows ( Plate III-A) . The surface 

upun which t his materis l 1as extruded was remarkably 

smooth, but it has since been broadly warped and 

block- or step-faulted. As a result t he sheets are 

not everywhere continuous and in large areas they 

have been entirely removed by erosion . Furthermore, 

in downwarped or downfa ulted areas muoh of the vol

canic mater'i.al has been covered by alluvium. 

The northea tern edge of the Dar' in Hills 

is covered. by a basal tio sheet sloping 10-15° tows.rd 

the eas t ( Plate VII- A). At the west edge of the sheet 

t he tbi akness is about 20 feet, but eastward it 

thickens to 400-500 1eet and :four or five flows are 

distinguishable. .::)evt1ral thin isolated remnants ot 

basaltic cap oocur at dist inct l evels along the west 

flank of the h ills (Plate V- A}, and while the upper

most of these is being exhamed by erosion the lower 

patches sre being covered by the outspreading allu

vial apron.. The p~onounced difference in t hickness 

o-f the sheet on the higher slopes of the Darwin Hills 

and to the east nesr Darwi n Wash and Paoornint Valley 

may be in part due to the lateral stripping of t he 

flows i n the hi gher area , but for t he most part this 
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dif"ferenoe is probably or i.gine.l. The dif'terence in 

t .hickness and number or !"lows together w1 th the oc

currence or agglo...rneratic eJectamenta beneath the 

lavas in the lower course 01' the D ..... 1,win Wash suggest 

hat the source or the volcanic flows in the northern 

part or the Darwin Hills was from the east , probably 

near the edge of the present Pana.mint Valley. 'l'he 

base or the basalt series is nearly everJwhere cha-

I acterized by loosely consolidated bro n cinder beds. 

Near Darwin these are only a fe feet in thiakness, 

but toward the east they thicken considerably. 

The extensive basaltic sheets of this re

gion are all pre- basin and range faulting and were 

thought b3 Knopf to be probably o:t' early ',x,uate_rnary 

age . In this respect it is interesting to note the 

presence in this reg ion of' small basaltic cones which 

are younger than most or the basin and ·range faults. 

ks in Owens Valley to t 1e est many of these have had 

their position determined by the basin and range 

faults. ~o the east of tbe Darwin Rills along the 

flank or the krgus Range are two such cones. One of 

t hese has its locus along the Darwin tear rault and 

the other rose along one of the step faults of the 

Argus Bange ( Plate IV- C} . 
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SHAPE OF THE STOCK 

11.'he Ds.rv in stock .hs.s a length of five miles 

end a maximum width of e bout t·r.ro-tt\1rds of s. mile mid

way of its length. l i'rom the central part 1 t tapers 

irregularly into narrow north and south tips which are 

only a 1 e ~ tens of feet wide ( Pla te VI). :r~he general 

trend, j 25° w, is parallel to that or t he sedimentary 

formations into which it is intruded. In detail its 

original outline wes quite irregular wi th many large 

and smell protuberances and outliers. Ho ever , much 

of 1 ts present irregularity has been caused by subse

quent cross faults which have offs.et the body in many 

pl aces. In the northern part , the vtock is ohsrac

terized by many inlicrs of tuctite ·Nbieh attest to t!E 

proximity and irregularity of 1ts apex in this region. 

In general the eon.tact of the s tock dips out-

ward on both sides and so it widens in depth On the 

west side the contact dips under the tactites approx1-

mately parallel to their s t ratification {Plate X) 

which is inclined on the averafe 50 to 60° ~estward. 

On the east side, especially in Lane can on, the con

tact crosscuts the westward dip of the taetites. To

ward the north and south ends of he. stock the contact 

may confer~ to the west dip of the tactites in whioh 

places the stock ~ould appear sill-like in cross 

section. 
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The stock is i~truded j_nto steeply inclined ~ 

beds of a folded Pennsylvanian series. The deforma

tion of the Pennsylvanian rocks on the west side of 

the stock differs froM that on the east sice., The 

series on the west side of the stock is practically 

homoclinal and dips generally ~ 65° 'ti at 50°. Two 

types of sm5ll local foldr.; interrupt this general 

attitude of the beds. 1fhe first ~re small, nearly 

upright and horizontal folds with exes parallel to 

the trend of th6 f~orma t i on. Only two or td~~es such 

fold~ oc cur in the series, the rtO:.:"t noteworthy of 

~hi-ch is the one near and parsllel to tJte intrusive 

con.tact bet·v-men the Defi~L .. cc e.na Essex mines.., The 

second cle.ss of local folds nre in the nat0re or 
werps in the regional trend and, although the axial 

attitudes ere difficult to determine, they ere steep 

and usually at s. considerable angle to the general 

strike of the beds. One such fold with axis pitching 

steeply westm~rd occurs in the hills west or the F'eir

bank.s mine (Plate XI-~ -, }; a..."lother. occurs high on the 

slope of Dphir Peal( and can be seen from the highway 

approaching Darwin. These folds are like ... ocal knots 

in the otherwise even grain of the formation. It 

seems likely that the stresses which produced this 
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PLATE IX 

A. Small concentric anticline developed in the zone of 
folding along the east flank of the Darwin Hills. 
Note the radial tensional jointing. 

I 

I 
I 
I 

\ 
\ 

\ 

B. Close'ly folded beds along the same :one. 

c. Detail of the small fold at the right in B. 



c. 
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second class of folds were different in direction 

from those which caused the first class of folds. 

The beds on the east side or the stock are 

ronsiderably folaed. Immediately east of the contact 

the beds dip west into the stock, and the first fold 

is usually encountered at a distance of 1000 to 2000 

:feet from the contact. In places this is a large 

anticlinal fold with limbs dipping 60 to eo0 • Along 

the highway through the hills the folding consists 

of one anticline end s yncline between the east con

tact of the stock and the al luvial edge, a distance 

of about a half mile. If this simple f ·olded belt is 

followed north1ard to the steep slopes of the hills 

esst and southeast of the Christmas Gift mine, the 

folding resolves i nto an intrica te belt consisting or 
ma.ny closely spaced snd n.early isoclinal folds 

(Plate IX). To the south of the higkay along this 

same folded belt, which occupies generally the east 

front of the hills, s.re s irnils.r closel.Y folded zones 

p~rticularly in the vicinity of the Fernando mine and 

so..ith of the Keystone mine. Immediately east of the 

Lucky Jim mine in t he north end of the hills, another 

zone of olose folds exists in ~hich one of the folds 

is overturned and broken into a high angle overthrust 

to the east. In many other plsces the close folds 
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are slightly ~verturned toward the east,- and, if the 

1-soclinsl belts are viewed from the ea:..")t front of 

the hill.B, t he beds appear as an unfolded series dip

ping steeply west. Tle eastern edge of this zone of 

close folds c.oincides approximately with the base of 

the hills. It seems best to consider the zones as 

incompetent folds s1perimposed upon the larger and 

broader folds of the region. There is some sugges

tion that these zones may be due to crowding of' t.he 

stock during emplacement, but ~here the stock is 

widest and crumpling ts shouldering of the intrusive 

might b.e expected to be the greatest, the folding 

consists of a single ant icline and syncline. The 

zones of olose folding ps.rellel the na.rro er port ion.a 

of the stock . .F'urther-more, sip.ce protuberances from 

t he stock cut the limbs of the b oader folds it is 

probable that all of the foldin£ antedates the in

trusion 'of the stock. 

Faults in the ~arwin Hills and displace

ments tl.:.ereon c~m be given the following age group

ing: (l} post- Pennsylvanian and pre-intrusive, (2) 

post-intrusive and pre-mineralization, (3) post

mineralization and pre-lava sheets, and ('1:) post· · 

sheets. 
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No faults of the first group have been 

pos itively identified in ' the district. However,, it 

appears unlikely_ that the folding or the Pennsylvania 

beds prior to the intrusion of the stock as un~.c

oompa.nied b~ at least some fractur1n . A f'ev· of he 

f ults described as post-intrusive in age may have 

had their !nespt.ion before the intrusion. No evi

dence is available of the age relationship between 

the Darwin tear fault and the intrusive inasmuch as 

tbe fault crosses the hills north of the.stock. This 

:f'aul t may be older or younger than the stock., How

ever, all of the displacements on the BP-16ller cross 

fsults which cut the stock are in the same direction 

as that on the Darwin tear fault. Tbts may be evi

dence that the large fault is also later then the 

intrusion and hence belongs to t:he :follo ing group. 

Fau,lts of the second group are numerous and 

they are the structural f eat.ure which controls much 

of the metallization in the district. These faults, 

of hich many ere later mineralize.a to f'orm fissure 

veins, develo p-ed after the consolidation of the stock 

and ma be divided into ~ · o sub roups . The first, 

hich has proven to mo~t economic significance, are 

most numerous, shorter, and roughly normal to the in

trusive contact. Practically all of their strikes 



fall between N 45° 8 and N 06° E. (See Plate X.) 

Manyvshow no measurable displacement. The maximum 

displacem,ent is not over 100 or 200 feet. Some of 
\ 

the more ,persistent o:f t hese such as the Lane and 

6tandard Extension have lengths of 4000 feet. Most 

ot thero occur 1·th1n th·e ta·ct ite zone around th3 

intrusive and end at or shortl within the intrusive 

contact ( Plate VI). Only rarely do they cut entirely 

a ross the stock as in the case of the Standard Ex-

tension tissure. Where direction of displa cement is 

a.s·cert.a1na ble the movement is dominantly horizontal 

.. tth the north side moving relatively westward . 

l~e faults or t lle second subgroup of this 

age are rather limitetl in their distribution and they 

strike l~ 50-70° w. These faults . few in ·number, con

stitute a shear zone h1ch cuts through the entire 

s tnck: in the first canyon and valley north of Lane 

Canyon {Plate XI-A). The direction or movement is 

the same as that on the previous. group , but the dis

placement is grea ter and later. Both subgroups h.ave 

b·een subjected to post-consolidation mineralization 

{Plate VII-C}. The length of this zone of faults is 

8.000 or 9000 :feet. Although they crosscut the strata 

on the east, to the n.orth est and on the west side of 

the stock they either die out or are taken up by un -~ 
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r cognizable strike slip elone bedding plane.s. The 

li e erly r ults bich displ oe the Luck ' J1m 

v in b ·long to this group although not within the 

1 · diate zone .. 

g ou:p of 

The time ~eriod repr .sented 1n th~ next 

ul s, po -m..i:.11e·r li ~.a io-n a d pr .-la a 

sh ets. ·. s i~-St nrl ~otu l y severa.l di.s inct p~r1ods 

01~ ... em: en are uspected bu c · nnot be defini ely 

p 0 en .. !~~~ n1 or he f1ss. r-e pl Vious y ~$ eri.be 

s £ s of' I~'I nt a.f ·er -1na:ra 11zat1on e.nd this 

1 s to hav had ste3p 

v ic l mpo e ts as ·id ncen by the sl1c ns ded 

so . - e zones .in many of the fissures. some o.f this may 

r prese . .tr1ino~ adjust®nts .hie r ulte·d fr the 

001·~ fa ti · . follo ing t lava erup~ions in early 

~ua erna 1 ti:. e. 

~\ re ra.ults which offset veins are als · 

n .ar y east- - st than the p~eviously d crib -- f1s-
, 

groups, thst ie. 1 the north side shifted relatively 

~est. A not -ble example is the Ch. !st roas Cift fault 

hich or·t ta he Christmas Ctift ve i n and. or-eshcot 

{Plate 1). 'Z-ne displacement on this fsult near the 
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mine is 300-400 feet. :: not her such fault crosses the 

ridge east of the Darwin Lead Company's camp and near 

the Ri;J ran ·r. inkle she.ft. 5ere the displacement is 

about 150 feet. 

The largest fracture in the di stri ot is the 

D" rw n tear feuit. lt cuts cross the hills about 

1000 f et n ~th of the Lucky Jim mine. The fault 

st 1 .es 1· 75° !N and di s 75° south. This steep sou

therly dip is also characteristic of the a.hove de

scribed fault orrse ting the fissure veins. In most 

pl .... es it is a shear zone 20-0-300 feet in widtb. The 

st i 1 g man.ner in hieh the orthe~lY trending beds 

3re dragged parallel to the raul~ zone clearly in ~ 

dioates the d i rection 01' movement. 'Ihe Darwi.n tea:r 

1& of considerable extent and can be traced for 

several miles to the west of the hills here it 

g~adually pas~es into a series of folds. About three 

m1le·s east of the hill 1 t causes the Darwin W.a sh to 

swing easterly along the belt of weakness. It is 

traceable to the top or the J_rgus tt9.nge where it 

passes beneath the basalt capping. It has a total 

length of at least ten miles. 

'!'he Darwin tear fault appears to be the 

master fracture of the district and all of the smaller 

dislocations formed prior to the lava flows are in a 
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way related to it . The direction of movement on the 

smaller faults in the hills is the same as that on 

the large tear. In strike the Dar in tear fault ap

pears closely related t o the northwesterly trending 

fractures described above . 'i'he age o.f the Darwin 

tear is. rather unoerta1n. It may have had its in

ception prior to , duritl€ , or after the developr.nent 

of the fissure ve ins , but av denoe is present that at 

least some of the .moveme·nt i s later than the lava 

caps of earlJ ~ternary age. Nea r the top of the 

Argus Range the lavas appear to be so?1ewlla t deformed 

b late movements on this fault. 

'lhe fourth group of faults are large frac

tures w;t·ich trend northwesterl.Y and are to be identi

fied as basln and range fa lt developed i& .,luaternary 

time . ihese ··ere undoubtedly instrumental in forming 

the li5r -- 1n Hills . 'their prese11ce and position is in 

part based on physiographic evidence, but this ·1s 

supported by the positions or certain remnan s or 
basalt flo s surrounding the, hill.s . .From se . eral such 

remnants located et levels along the nortb:wester·n 

edge of the hills it uppears that they have been ele

vated or perhaps tilted to ards the es.st along at 

least t~o parallel faults ( Plate V-A}. On the east 

side of the hills the slopes are very steep {Plate III-B ), 
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a fact which caused Knopi' 1 to postulate a fr-ult along 

he·r t~ ·e . - u also note that Ob~rd the north the 

fault must tern inate bccaus unbroken lava s ~eets 

cross t ,e exten i n or the pos·tulated fracture . The 

ru.ggedness of the e stern slope, especial.ly in its 

cuthern part t is due t o ~oMe extent to undereutt-ing 

by the r a.rwin Wash, but tl'a t some of the relief is due 

to ~~ lting spp.eers evident from he position of the 

l • beds an · th o lava cap in the Ri-nt gtep faults 

111 the £.rgus Range east of the Dur·dn ~~'ash. 

From the geologic map, Plate VI , it is evi-

dent th the - e ional trend of tne folde Pennsyl-

van·an rocks determined the trend and elongate shape 

of the stoc-k . '!he question a~ · s-es as to the inf.Luence 

o· the intrusion on the de.velo .. me nt of frf:.1 turing in 

the &djacent rocks . Ingersoll snct i.iobel2 have sup-

_vosea that cooling sn · contra ·ction of the rocks behind 

a beat wave adva oing from the intrusive have been the 

e~use of fracturing in which later mi neralization 

takes place. Emm.-0ns3 h.as pointed_ out that the fissures 

l . Knopr , A., u. s . c. ~ . Bull . 580.A, p. 3 . 
2. Ingersoll, L. TI ~ , and O. J . Zobel~ 1n Introduction to 

t he ~4athematioal 11heory of lea t Conduction,. p .. 129 q 
1913. 

3 . Emmons , w. H., Relation of Ore Deposits anct Batho
lith, Ore Deposits of the ~· estern St.ates, p. 339. 
1933. 



-49-

formed in the out er part of intrusives and in the 

a d jacent ountry rooks a r e of t en formed by the forces 

of intrusion or the pres sures generat .ed during cool-

i ng . 

a t Darwin the displa cements on the fracture 

s ... ~stems are clearly rela ted to tectonic forces. The 

uniform direction of displa cement and accompanying 

shearing a ttests to this f eet. It may be true, how

ever, that some of the fra ctures upon which displace

ments later tooj place o ed their origin to forces 

deve loped b:y t he intrusion. irhe answer to this could 

be obtained by the determination of the relative 

abundance of fissures adjacent to the stock as eom-

pared to their abundance a.nd trend at a distance. 

Not enough detailed mapping has been done in areas 

outside of the Darwin Hills to detennine whether tl'e 

fracture s ystems outlined are extensive over the 

larger terrain of t !he plateau. 

It mi ght be noticed in favor or the tectonic 

o·haracter of the fra cture systems that Knopf and .Kirk1 

tounci m.uch t he same t r end of fractures on a larger 

scale in the Inyo Range. The general eonclus1on 

reached for the Dar win Hills is that the fractures 

l . Kno pf, ;. . ~, - ~~d E. Ki f:k , ,Geqlog ia ~Heconnaiet8;nc.e of
21 the I nyo t:'tar. ~e- u. o . G • .::. . Prot. Pa per 110 ~ p . • 

191 .. 
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and especially the subsequent movements thereon are 

not related to intrusion, but rather to tectonic 

forces. 

In summary, the structure of the D&r in 

Bills is characterized by a considerably folded 

series of impure Pennsylvanian limestones intruded 

by sn elongated stook which occupies the center or 

core of the range ot hills. ~lthough parallel to the 

strike of the formstions the stock transec'ts the est 

limb of e large fold in depth. The east li~b , about 

1000 feet east of the stock, 1s consiuera·bly erumpled 

into a series of closely spaced nearly 1soclinal 

folds. A system of northeast and northwest fractures 

transverses t he hole. The common direction of move

ment on all or t hese has be•n estward on the north 

side. The tot~l eff ect of the displacements on all 

of the fractures has been to move the north tip or 
t he elongate stock s·everal hundred feet est of its 

original position ~11th reference to the south tip. 

Uplift along faults roughly bounding the hills slightly 

tilted the range a bove the plateau in ~uaternary time . 



IGNEOUS M1/f.h}ij10RPHISM 

.. 
Lindgren• gives credit 'to vernsrd von Cotta 

for the first recognition in 1865 of mineral deposits 

formed by the setion of intrusive rocks on limestones. 

Ho ever, the pioneer work of the classification of 

such deposits and their d1stination from other types 

was done largely by Von Groddeck2 and Vogt3 • 

The first description of the oontact meta-

roo phie type of' deposit in .America was that by Lind

gren of the ~~even Devils Distr1ot, Idsho4 • During 

t he first decede of the century deposits about in

trusive eon acts received much able description psr

tioularly by Bla~e5 in arizona, Weed6 , Barrell?, ¥.emp8 , 

l. Lind ren. n . ~inera~ Deposits, 3rd ed., p. ?&S. 
l928 e 

2. Von Groddecte , i •• Die Lehre von den Lagerstatten 
der E~ze, Leipzig, p. 260. 1679 . 

3 . Vogt , J. H. L., . Zeitschr. Prakt . Geol •• pp. 1'77, 
464; 1894; p. 154, 1895 • 

• Lindgren, w., Min. and bci . Press, 76, p. 125. 
1899,. 

5. Blake, ~ - . P., frrans. An .. Inst. Mi n. Eng. , 34. 1904~ 
pp. 886-890. 

6. ·teed. \4 . H., Ore Deposi ts near I neous Contacts. 
Trans. ~m . Inst. Min. Eng., 33, p . 179. 1903. 

7. Barrell, J. • U. s . G. s . Prof. Paper 57. ?~1arys
v1lle :.-1ining District, Mont. t pp. 116·150. 190?. 

8. Kemp , J • .F q Ore Deposits at the Contacts of ln
trucive Roeks and I..imestone. Econ. Geol., vol. 2 , 
pp. 1-13. 1907. 
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Lindgren1 , Spurr2 ~ Leith3 , and others. 4 Barrell 

pointed out the relationship betre.n metarnorphio 

minerals and the original composition of the rooks 

and demonstrated the volume changes necessary in re

crystallizat ion or impur e calcareous sediments. 

Barrell et :n.arysville distinguished between contact 

etamorphis.m, or pure recrystallization, and meta

somatism 1n "t hich emanations from the tntrusive 

added some ma t erials. ! 'he latter be thought es 

principally aonfined to zones at the contact and to 

narrow borde s along jointing. In general Barrell 's 

studies led him to ravor recryst allization although 

recognizing some infiltration. Leith and Jarder in a 

description of the metamorphic aureole at Iron Springs. 

Utah eonaluded that gr u t quant ities of carbon dioxide 

end lime were expelled and this as aocomp6nied by a 

volume reduction of as much as 80 per cent. Such a 

shrinkage was tho'Ught by Kemp5 to be incredible. 

l. Linci ren, '; • , Copper Deposits of the Clift on 
1·oreno1 Dist rict , J. riz . U. s . a. ~ . Prof • .taper 
43. 190!). 

2 . Spurr, J. E., and G. H. Garrej, Velerdena District . 
Econ. G-eol., Vol. 3, pp. 6&8-725. 1908. 

3. Leith and Harder, Iron Springs, Utah. U. s . G. s . 
Bull. 338. 1908 .. 

4. Barrell, J ., Physical Effects of' Contact Metamor
phism . J~ . J . Sci •• 4th series , vol . 13 , pp . 279-
2~6 . 1902. 

~ . Ke.mp , J . F., Di scussion. Econ . Geol. , vol . 4, 
pp . 782-790. 1909 . 
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In 1911 V. Goldschmidt published his 

amous book, Die Contactm·etamorphose im Kristian

iagebiet, in which he described an inner early zone 

of r crystallization and an outer lster zone of 

pneumatolytic action. About this ti . e Uglowl 

publishe-d a revie . of the 11 erature in which he 

purported to weigh the evidence for recrystalliza

tion end l".agmatie additions. Uglo concluded that 

recrystallization was the dominant factor in the 

development of the silicate zones. 1fhis paper pro

voked -an acrimonious discussion during wh1eh the 

proponents of the infiltration hypothesis restated 

their evidence and conclusions much more clearly and 

preais.el_y. The resultin discussions which ere en-

· ~ 2 3 4 5 by Ste art , Kemp ~ Biggins , Uglo , tared into 

Lindgren6 , and Leith? lasted ell into 1914 and the 

1. Uglow, ~ . L., Origin of the Secondary Silicate 
Zones. Econ. Geol., vol. 8, pp. 19-50, 215-234. 
1913. 

2. !:)tewart, C • .ih, Discussion.. .Econ. GeoL. vol. 8 , 
p . 500, 1913; vol. 9, p. 2?8, 1914. 

3. Kemp , J'. f., Discussion. Econ . Geol., vol. 8, 
p. 697, 1913; vol . 9, p. 282, 1914 . 

4. Higgins , D. i~' ., lJisoussion. Econ. Geol., vol. 9, 
p . 73, 1914. 

5. . Uglow , \i~ . I,., Discussion. Econ. Geol-t vol. 9, 
p. 175, 1914. 

6. Lindgren, ~ ., Discussion. 1~:con. Geol., vol. 9 , 

7. 
p . 2.83' 1914. 

K., Leitn., C. Discussion. ·Econ. Geol •. , vol. 9, 
p. 292, 1914. 
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air in ~ thet , tbe sub· ect received doubtle·ss did much 

to stimulate keener stu y of co .tact me t amorphism in 

districts subse~uently examined. The evidence and 

e.r0~11ents present ea b:Y the ms.£,-:mat ic addi tionists ap

peer to be the more conclusive. It should be stated, 

however, that bile advocating convections of beet 

and materials ss the more important in the production 

of the silicate zone . the'e men fully recognized and 

admitted that ·siliceous end other ir puri ti.es in the 

limestones enterec materially into the re~ctions. 

revertheless, to similar deposits described in the 

next suoceeding yeers a greater role es given to 

emanations and additions from the magma .. 

Europenn ~ork,rs, on t e whole, have favored 

pure ~ecrystalliz tion 1n the role of the development 

of the s ilicate zone. This is especially true of 

Rosenbusoh, Zirkel, and Brogger. These men in their 

early days thought that ores es well as silicates 

·ere developed by recrystallization of sedi ments. In 

the recent text, fnetamorphisJn , by Harker there is a 

disappointing lack ot oonsid.era tion of the role of 

igneous emanations especially upon ealoareous sedi

ments. 
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~·ore recentl· Tille} at sJCawt .Hill and 

x;eck.olds2 at Larnavave have found convincing e idenoe· 

of th ~:i introduction of .magmatio materials into csl-

careous rooks . at See.wt Bill Tilley sho'ed thet near 

the dolerite con ts at substances had be n added to 

nearly pure chalk in a.mounts directly proportional to 

the c mp.a i ti on of the intrusive. 1-:en e , he believed 

there .«as an infi 1 tra t ion OJ. dole1·1 i e solutions in-

ol 'ed in the reactions produc1n~ the silicate zone . 

~s a complic&t1ng thiru factor, but one 

· _oh un o btedly ~ervea. 1 s purpose as a alternative 

hjpot~esi , Lawson3 propo ed that recirculating me-

teoric w_ters were not o ly the cause of much of the 

alterations Loth in the · all rock and intrusive, but 

also the najor agent in concentration of the asso

ciated ores. Dal;4 also con i ered resurgent waters 

as operative in. metasomatism and r ecrystallization • 

. - ~ost economic geologists were inclined to doubt the 

the importance of suoh waters. Lindgren5 and 

1. ''illey , c . E._ The 1olerite Conteot at Sea t Bill. 
I2i rJ. 1~:s.g ., vol. 22, p. 44b . 1931. 

2 . Veokolds 1 E. ., Contributions to the Petrology of 
Barnavave . Ceol. Mag., vo1 . 74 , pp. 128-132. 1937. 

3 . La son , .A . c. • Mill . and Sci . Press • 
.Feb . 3, 1912. 

4 . Da lJi~ R. 1~ .. , Econ. Geol . vol . 12, p . 490 . 
1917. 

5 . Lindgren, ~ . , Discussion. Econ . Geol., vol. 9, 
pp. 284-285 . 1914. 
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1 Umpleby st about the ~ame time presented evidence 

which rather conviuoingl · disproved the ides held by 

Lawson and others. : ore recently Knopt2explained 

the formation of the Mother Lode of California and 

the wall rock alterations in pert by resurgent iaters. 

Volume reductions resulting in shrinks e or 

i ncreased ~orosity or both are generally admitted as 

necessary in t hermal metamorphism in hioh any con-

siderable ~uentity of carbon dioxide is liberated 

without the simultaneous introduo ion of outside 

material. It has been difficult to find evidence of 

contraction restllting from such volume reductions. 

Preservation ot any of t he primary sedimentary struc-

tures such as bedding, fossils, etc., have been used 

as evidence that no shrinkage occurred and hence 

materials were introduced and subst1 tute.d for the ex-

pelled oarbon dioxide. 

Knopr3 at ~arwin believes there must have 

been considerable introduction of silica because of 

the lack ot· evidence of shrinkage and collapse of 

1. Umpleby , J. B. ~ Genesis of the r~iackay Copper De
posits . Econ. Geol ., ~ol . 9. pp . 346-353. 1914. 

2 Knorif , \ ., The Mother Iode bystem of Ce.lifornia. 
U. s . G • .s. :Frof . Pa.per 157. 1929. 

3. Knopf, JA ., The Darwin Silver-lead 1itUning Listriot, 
Calif . U. S . G. ~ . Bull . 580, p. 5 . 1913. 
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rimary structures. Likewise, E..'11mons and Calkins1 

at Phillipsburg , B~tler2 in the San Francisco district, 

Utah, Spencer3 at Ely , Nevada• and Umpleby4 at Uie ckay, 

ldaho believe the evidence sho• s c·onsiderable intro-

duotion of siliea and other constituents into the 

limestones. ;.it rMlckay , Umpleby, like many investiga

tors , noted two types an ~ periods of metamorphisrr; : 

t he first , contact metamorphism (recrystallization) 

in which the magmatic ems.nat i ons were chiefly aqueous, 

and a second in which silica and other substances. were 

added . 

In later years the subjeet of contact meta

morphism has received somewhat l ess attention, but 

the question as to relative import ance of the t wo 

pri ncipal processes 1n the formation of the s i lieate 

zone has not been di cisivsly decided . Nolan5 at Gold 

Hi ll , Utah recognized as early r e cryst allization f•o1-

lowed by metasoma.tism. so unrela t ed to the imJnediate 

cont~ot as to cause him to discuss the whole subject 

under the heading nconte ot 't metamorphism.. Gilluly6 

in the Stockton and l"a1rtield quadr~.ngle~ , Utah fo.und 

i .. U. 3 . G. s . Pror. Paper 78 . 1913 . 
2 . U. ~:~ . C . S . Prof . Paper 80. 1913. 
3 . U. S . G.$ . Prof· . Paper 96. 191 ? . 
4 . u . s . G • . -::> . Prof . Paper 97 . 1917. 
c . u . s . G. s . Prof . Paper 177 . pp . 91- 94 . 1935. 
6 .. u . s . G . ~• . Prof . Pap;.:; r 1?3 , pp . 101-10?. 1932. 
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only little evidence of introductions and concluded 

that the.silicates ·ere . largely produeed by recrys

tallization of impure lirjestones . 

An impartial examination of the foregoing 

evidence indicates that either pure therm.a l recrys

tall1.zation o~ magmatic additive proeesses may 

locally be the dominant factor in °contaetu meta.mor

phism • Many huve round two periods of metamorphism, 

an early one of recrystallization of constituents 

lreudy present in the rock and a later one by mag

matic emanation. However , 1 t is probable tl1at tbe 

two processes are not separable , operating together 

fo'.'r the most part . :&urthermore , the prooe.ss as a 

whole varies with the 1ntrus1ve and wall rock . Of 

the two processes the evidence at Darwin indicates 

that additive materials played the dominant J;Brt . 

Most riters have oonelu-Oed that the silicate zone 

is developea either at the time of the intrusion or 

shortly thereafters but nev~r prior to the emplace

me t . 

11.I.sT} .. Rh. 'JION 0}' THJ~ S EVIM11 'I·.:~LY ROCKS 

General Cgsr~oter 

Since most of the minerals ot· the silicate 

zone about the intrusive are calcium silicates the 
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term. tactlte, proposed by Hess1 is applied herein to 

the ro-cks as a whole. Les s applied the t er-m to cal-

oium silicate strata or rock formed by magmatic 

emanations. It i s preferred here to use tbe term :f"or 

silicated limestone whether by recrystallization or bJ 

Leta.s omatism. '}.ihe term, hornf'els ta.ctite, is used 

for the fine-grained or aphanitic t actites . Other 

adjectival terms are prefixed to the term, such as 

wollastonite t aotite or garnet-d1opa1de tactite_ In 

keepir1g ·· ith the recent s uggestion by 'far;, the term, 

tact1 zetion, is used fO! .. the process in prel""erence to 

.. a.cti tization. 

·t 1Br in the tac ites are whitish , med ium 

to f ine-grained , stratiried rocks. 1he width of the 

tacti e zone varies from a few tens of feet to nearly 

200-0 feet . i ·he outer limit of the zone is roughly 

determ inable by the extent or bleaching or the ori f i

nal rocks. ~n aureole about 1000 to 1500 feet in 

idth is most common. 'l'he retained stratification is 

the princi pal existent structure ( Plate XIII- c ). Al

though in many places the t aotite is f ine gra ined or 

aphanitic, large areas of stratified tactite composed 

1 . Hess, ·.F . L. • 1Iaoti te, t he Pro-Ouct of Contact t:eta
morphism. .Am . 1;lour. Sci .• , vol. 48, pp. 37'7-zr;s. 
1918. 

2 . Tarr 1 r~ . ,b. .
1 

Ca~bonat ion vs. Carbonatization• 
Science , vo • 80, p. 198. 1937 . 
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Plate XII 

General vie of the con aot of the stock (d) and the 
tactite (t} zone along the ridge bet een the Defiance 
and Independence mines. 
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Plate X1!I 

11.. Deteil of tectite 0 breccia" on the ridge south 
of the Defiance mine • 

. b . Garnet metacrysts 1n ma ble near the Ferna ndo 
mine. 

c . ~\ypicel outcrop of stratified tacti te. Wollas
toni te is the principal constituent of these 
beds. 



B. 

C. 



Plate XIV 

i\. Spotted limes tone partially silica ted. The 
dark lenses are ray impure limestone. The 
enclosing m.et rix is green.ish white and under 
the microscope shows needles of ·ollaston1te, 
calcite, and 1docrase. 

b . Eladas of specular hematite in calcite (white) 
and diopside (dark). 

c. Idocrase .mete.crysts in marble rrof1 the Lucky 
Jim mine. 

J.:ote·; .hll a bout natural size. 
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of vi.s1bly felted aggre ... ates of · ollastonite occur. 

Loe.ally, decidedl:t coarse textures are :found. Light 

green garnets one to three inches in diaE:.eter im

bedded in ollastonite a.re common and one garnet a 

foot in diameter was found south of the Defiance 

mine.. On the pron1inent i,h1 te ridge south or the 

Lucky Jim camp are areas of tact i ta in which wollas ·~ 

ton1te prisms three to six inches in length are 

abundant associated with gar11et and considerable 

idocrase. I<10<Jrase crystals attain dimensions of 

one to two inches (?late XIV- c) . In general , the 

coarser the text·1re, the 1 ss is the ineral di

versity. Coarseness of grain, except in a broad way , 

is not related to proximity of th igneous contact. 

'Ihus, at the Defiance mine the tact1te at the ig

neous contact is dense, fine grained. hite rock, 

wnile estward from the contaet to the top of the 

rid~e are many beds of medium and coarse grained 

tactite. 

;:Unerals and Text.ures 

V1ollas toni te. 

~ollaston1te is perhaps the most abundant 

mineral of the silicate zone . It occurs in felted 

masses which ma ·· comprise bed after bed of the tae

ti tes over considerable areas . Locally, usually 
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near the igneous contact, wol] astonite forms in 

large reticulating prisms associated with small 

quantities of garnet or 1docrsse. In the outer part 

of the tactite zone it occurs in sros.11 radiating 

groups 1mbeddad in fine grained calcite or limestone 

in such a ay as to make 1 t apparent tbat 1 ts fornia-

. tion . as the first manifestation of thee silication 

proces.s. (.Plate XV- A). Even in this initial stage of 

silication it is common to find small amounts of 

idocrase associated 1th the ollastonite. l ollas

toni te also occurs in veinlets ith gar~et ana ido

orase cutting a matrix of hornfels teotite or in 

some oases impure limestone (Plate XX-£}. 'I'hus it is 

common to fin wollastcnite in the groundrr:.ass and in 

veinlets cutting that matrix. 

Garnet 

With the exception of wollaston1te, garnet 

is the most conspicuous mineral or the taetites. It 

is typically a light green colored garnet. -~ualita.

ti ve tests indicate approximately equal quanti t-t es 

of aluminum and iron in addition to calcium. It is, 

therefore, most generally a mixture of grossularite 

and andradite molecules~ By far the greatest per

centage or the garr...et is birefringent, showing re

n;a:rka ble zoning and polysyntl1etic tv1inning {Plates 
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Plate XV 

a. Spots of wollastonite in fine-grained limestone . 
ill early stage in the development of wollastonite 
tactite. Crossed nicols. llX. No. 12-1(3). 

b . Radi ated ollesto.nite with interstitial calc ite, 
& more advanced stage in the formation of W·ollas
toni te tactite. Crossed nieols. 2ox.· lo. ll-k .. 

c. b wolleston1te tactite . Crossed nicols. 20.X.. 
:N 0 • p . li. -9 ( 2 ) • 

D. Large wollastonite crystal (wo) with t winned cal
cite and isotropic ga:rnet. Crossed nicols . 20X. 
No . 7-d(l} . 



A. B. 

C. 0 . 



E. 
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Plate XVI 

Polysynthet1c twinnin~ in garnet {ga} with 
interstitial calc1 e l ca) »from th.e tacti te 
near the Thompson mine. Crossed nicols. 
'15X . 1~ 0. I •. ;.\ . 11. 

ii ollastoz11 te ( wo) replaced by garnet ( ga) and 
ealoite {oa} ith some diopside {di) and ido
craee (id l. 'l'he shaded ereaa a long the - ollas
tonite cleavage and fractures are calcite . 
Crossed nicols. 75X. ~o. F. A-10 1) . 
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Plate XVII 

A. M.etaorysts of anisotropic garnet (ga) in quartz (q) 
and calcite (ca). Small crystals of diopside and 
apatite are occasionally present. Crossed nicols. 
27~ ' · No .. F • .t,.-1'7 (l}. 

B. ·1ema.rka.ble zoned and twinned garnet. 
r ote: Calcite (ca) and orthoclese {or} till in 
around the f;arnets in this section and small crys
tsls or sphene and tourmaline are ocoasionally 
present in the garnet. Crossed niools. 27X. 
l~o . 14-i. 



A. 

B. 
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XVI-~. and XVII}. In addi t ion to the regular arrange

ment of the birefringent parts~ it often shows . avy 

and irregular anisotropism. Also it often shows two 

stages of growth in which the core may be greenish 

and the periphery colorless or viee v rsa.. P.ari rr o:rphs 

of garnet are very common in calo1te ( Plate XIX-B}. 

Some of the totally isotropic green garnet is probably 

almandite. RarelJ a little dark brown or bla.ck garnet 

is found and it also is isotropic. 

Garnet is v-1despr4'ad throughout the zone, 

but th#Ol larger and more pe:rfect crystals oecur near 

the igneous contacts. It1 some :places rmssive garnet 

zones a few fe-et in tlliekness bc ... rder the irnmedia te 

oontacts. Carnet is found in association with all of 

the silicate zone minerals, but most eo~monly 1th 

calcite which occurs not only interstitially to the 

garnet crystals but in veins re placing it. Garnet re

places wollestonite and in some instances appears to 

form p.seudomorphs after the latter mineral. Garnet 

9.lso forms veinlets cutting a matrix whioh may include 

earlier garnet among other silicate minerals. Locally 

gs.rnet develops a r' a post-fissuring silicate mineral 

cementing or replacing earlier silicates, calcite,. or 

igneous rock (Plate XX.I}. Small crystals of tourma 

line or sphene.e.re commonly found 1nc1. uded in the 

garnet. 
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Diops ide 

Diopside is practically t he only pyroxene pre

sent. It is abundant in fine gra ined tactites with wol

lastonite; garnet, calcite, and other mi nerals. Poikili

tie diopside and sometimes hedenbergite in orthoclase 

are common near the eontacts. Diopside is occasionally 

found replacing wollastonite, but it did not continue to 

form as long as garnet. 

Idocre.se 

I docr ase, although not as abundant as the pre

ceding minerals, is nevertheless common at Darwin. It 

oecurs. in dense green masses closely resembling garnet 

and in euhedrons in calcite or wollastonite. Calcite is 

nearly al a.ys p:eesent veining the idocrase. Under 

er.ossed niools the Darwin idocrase shows strikingly a.no ... 

malous Berlin Blue or green colors. Polysynthetio twin-

ning and zoning similar to that in the garnet are common 

(Plate XVIII-A). Idoerase replaces wollastonite and is 

idioblastic against it, but in contact with garnet the 

latter mineral is euhedral. The large meta.erysts of ido

crase are found only near the igneous contact, but dis

seminated grains and small veins are found in the outer 

portion or the tactite zone associated ith wollastonite .. 

Epidote 

Epidote occurs only sparingly in the tactites 

proper.. It is mostly confined to the immediate con ta.et 

where it forms in veins replacing orthoclase in dike 

r ·ocks or in the intrusive proper. 
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Plate XVIII 

A. Polysynthetic 1docrase (id}, woll astonite {wo}, 
and g.'arnet { ga } . 

•
1ote: Ioocrsse replaces wolle.stoni te throughout 

this secti.011 and. ga:net is eul edral against 
1doorase . 

Cross ~ d niools. 75X. No. r .c-12. 
B. Sutured i. tergro i~h of calcite and oligoclasc ... 

rote: Wollastonite is absent where oligoclase 1s 
pres ~Lt in the tactite. 

Grossed n. cols. 75X. ~o. ~ . A-13 . 
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Pl.ate XIX 

~ - Swarms of garnet (ga) in calcite (ca) and 
quart~ (q) . Crossed nicols. 2oi. No . I.~. ll. 

E. 

...... 
'-'• 

D. 

'lwinned cslcit~ (ca) beset witn perimorphs of 
garnet (gs) end replaced by bands of sphalerite 
{sp). Pyrite (pj). Crosseu nicols. 11~ . 
]1o. D.hl . l!j( 1}. 

Eematite (hrn) altered from magnetite replacing 
garnets { bS.) and calcite (ca). Olic;oc{:..ase ( ol) ~ 
Plain light. 20X. No . P. b-16 . 

2~oned ear~et i~a / ~et in oale i te (ca} e.nd ortho
clase tor;. ~1ops1de (di). Crossed nicols. 
20:X. :No. 14-1. 



A. B. 

C. D. 
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Orthoclase 

Orthoc.lase is a very common mineral in the 

tactite.s, especially in the areas of more 1ntens-e al

teration or near the igneous oontact. Likewise, border 

phases of the intrusive are sometimes unusually rich in 

orthoclase enclosing poikilitic garnet, plagioelase, 

hedenbergite, or biotite. Orthoclase is found intimate

ly intergrown with wollastonite, diopside, garnet, and 

calcite in the hornfels tactites. Its occurrence in 

dikes anastomosing through the tactites has alrea dy been 

mentioned. Orthoolase is also found lining post-consoli

dation fractures in the intrusive, indicating its late 

dep·osi tion in part. 

Calcite 

Calcite is the most widespread mineral of t .he 

taotite zone. In many of the taetites, both coarse and 

fine, it forms a matrix 1th lesser quantities of ortho

clase, plagioelase, or quartz for the more idioblastic 

minerals such as wollastonite, sarnet, or diopside. 

Coarsely erystalline, marmorized limestone is not ex

ceedingly eommo_n in the tacti te zone.. More common are 

remnants of blue gray limestone in which calcite is 

clouded by argillaeeous impurities. Late calcite vein-

lets in all other minerals are very abundant. 

Quartz 

Quartz is only sparingly present in the 

silicate zone. Under the microseope quartz is some-



times found int erg1~own wi tfi ca.lei te s.nd the t.wo 

minerals scattered through with garnet. Occasionally 

it is found interstitia to euhedi·al aggregates of 

~arnet. .hlso small vein.lets of' quartz are found cut-

veinlet.s are ohe.lcedo111c (Plate u-; .. }. As ' ill be 

mentioned later, ~uartz is more abundant as a post 

f•issure niner"&l . 

Plagioclase 

Plagioolase is very abundant in some of the 

t~otites. Practically all of the plagioclase seen in 

the tactite-s is unt inned oligoclase. It is for the 

most part quite fresh and closely resembles ::Juartz 

for which it is eas.ily mistaken by reason of the fact 

that t11e two are not usually found together. •rne 
oligoclase occurs in a much sutured 1ntergrowth with 

calcite. the latter mineral being the more abundant 

of the tvm (?late X'Vlll-.8}. Idioblastic and xeno

blastio garnet it?J scattered through both minerals and 

oligoolase sppea:rs to replace the garnet in several 

instances. P .. noticeable feature of the oligoclase

calci te tactite is the absence of wollastonite. Thus, 

in one petrographic profile taken normal to tr.e ig

n.eous contact, se-ctions of the first one hundred feet 

show abundance of wollastonite and some garnet, diop-
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Plate XX 

J.i.videnoes of ~ retasoma tim:t;._ from he Outer 
Portion of the Silicate Zone 

J:.. . ~uertz and cs.lei te veinlets .utt ing fine- ;~rained 
quart..zi.te un ~ cryste.ls of pjT i t e. 
Crossed nicols. ?5X. ~o~ P.L-24. 

B. Veinlets (larce) of wollastor.ite and idoc~ase 
eut tL-:g impure psrtie. llJ' silio -~ ted -'-im.er , on ~ or 
tactite ( d&rk) and in turn cut by eheleedonic 
quartz vei:;.lets. 
Crossed nicol s. 75X. Po. C-1? . 
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Plate XXI 

A. Fine-grained wollaston1te-diopside tact!te cut by 
a vein of garnet, wollsstonite, and l docrase. 
t ollastonite occupies the center or the vein, then 
g""rnet, then idocrase grading out into the ground
mass . 

B. 

c. 

Crossed nicols . llX. No. 18-j(a). 

Fine- grained tactite of diopslde , ~arnet , and wol
lastonite cut by garnet vein (dark ) and calcite 
vein (light}. 
Crossed nicol.s . 2.0X. No . P. A- 8 (3 ). 

Graphic intro-growth of quartz and orthoclase from 
an aoidio dike near the 1gn~ous contact. Sphene, 
tourmsline~ and garnet occur in the dike. 
Crossed n.icols. 2m~. .. No~ P • .h-~3 . 

Tact1 t e of diopside, garnet, and wolla.stoni te cut 
by garnet veins { a.srk} . The lsrger vein is parallel 
to the bedding. 
Crossed nicols. llX. No . P. ~-9 (2). 



A. 8 . 

C. D. 
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Plate XXII 

h. Poikilitie hedenhergite (he) anu andesine {an) 
in orthoclsse (or ) from a dike rock near the 
igneous contact. 
Crossed nicols. 2ox. No . 1::' • .J.\ -'l. 

B. Po1kil1tic hedenbergite in orthoclase. 
Plain light. 20X. .rio. P. A-?. 

c. Salt and pepper aiops,ide in orthoclase {or) and 
quartz { q ). from acidic dike near the contact of 
the stock. 
Plain light. 20X. ~o. P.~-4(2) . 

D. Epidote (ep) and aotinolite (ac) with quartz and 
orthoclase, f'roM near the igneous eontaot. 
Gphene { sph). 
Plain light. 20X. No . P . ~-5 . 



A. B. 

C. D . 



-7?-

side, and calcite, but no oligoclase. ~ections of 

the next 100 feet r-eveal considerable oligoclase 1th 

calcite and garnet as mentioned above, but no wollas

tonite. Still farther away the situation is reversed 

again.. .S inc.e th1.s profile li'Vas tsken across the 

strike of the taetites it seems likely that the ori

ginal oompos1tion of the sediments was the controll

ing factor. Ho ·ever. it appears lik·ely that oligoc lase 

and wollsstonite are incompatible.. 'rhe case is un

doubtedly analogous to the observations made by 

Harker1 that anortbite and wollastonite combine to 

fol"m gro.ssulari te and quartz• al though in the ce.se or 

oligocle.se it is not quite clear hat becomes of the 

albite molecule. A small ~uantity of twinned poikili

tic plagioolase occurs in ortho-0lase in small dikes 

near the igneous contacts. 

Miscellaneous Minerals 

Tourmaline and sphene are common in the tac

tites. Cf the two, s hene is the more canmon and it 

:forms larger crystals. It 1s nearly euhedrel and is 

more abundant 1n the more highly silicated rocks. 

Tourmaline j_ s common in small crystals in t .he horn-

fels tactites. Apatite is not common, but is found 

l. llerker . A •t Uet~rnorphism , p . 94. 1932. 



-78-

occasiona.11 nesr the igneous contacts. ~'remolite 

and forstarite which are common to. many contact zones 

are rare at Darwin. Thelr searcity is probably the 

result ot the relatively low .msgnesian content of 

the original sediments. The little tremol1te en

countered is the act1nolite variety and its ocour

renee is practically at the contact. .A little 

t'luori te is found in the tact1 tes, but much of this 

is p~obably late and principally the result of hypo

~ene mineralization. 

Origin qt _the · ilicate :l.eone 

A question of paramount importance in the 

origin of a silicate zone about an intrusive such as 

at Derwin is whether t .he silit~ates are the result 

solely of thermal recr~1stallization or the original 

ingredients of the beds or Nb.ether they are primarily 

the result of' additive processes or metasoma.tism . 

Doubtless,. in many ·Cases the two processes are in

separable. Perhaps the most eommon type or rook 

metamorphi sm is accomplished with only scant pore 

space solutions in h1ah case metasomatism is prao

ticelly absent. On the other hsn·d, especially in 

districts of" intense metallization, metaso.matism may 

operate so intensely as to very considerably or com

pletely change the original compos1 ti on of the ::i·ocks. 
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Where extreme variations in ehemieal com-

positions are set up by reason of intrusiont. meta-
l 

so.mat ism is greatly aided. : ccording to Goldschrddt 

the eneTgy of met-asomatisrn is brought about by the 

"inclination to rds equalization or :roek types of 

extreme composition." Suen is the condition of car

bonate rocks invaded by acidic intrusives. 

Maemat1c emanations carrying siliceous 

distillntes ~Y ~.·ass through argillaceous or arena

eeous rocks and contribute little in the .ay of 

metasomatism, because rrom a ohemie~l standpoint the 

solutions are more -or less in equi l. i brium 1th the 

invaded rock. In the case of ~&T~o~ates, solution 

nd reeotion are more eas il ., effeoted .snd metaso-

.m:a t ism mo:re- readily accomplished. 

The classical reaction, Ceco3 - Si02 = CaSi03 - C02 

is often set up ·heTe s111cation of lime stones is dis

cussed. The temperature of reaction in dry mixtures 

is about 500° C. In aqueous solutions the reaction 

proceeds a$ low as 260° c. 2 Heat is important insofar 

as it affects solubility, but of greater importanoe is 

the chare.cter 01· the ES0lut-ions and the mutual . rteet 

l. Goldschti idt, V. M .. , Metaso st1c Processes in Sili
cate Rooks. Econ. Geel ., vol. 17, p. 121. 1922$ 

2. Grout~ F . l' ., Pt7trography and Petrology, p. 396. 
kcGraw-Hill. 1932 . 
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.of dissolved salts. By such means metasomatism and 

s111cat1on is sccomplished in limestones at cons1-

derable distance, beyond the eAfective reach or 

diffused heat . 
; 

The work of Ingersoll and Zobel 1 showe.d 

that b0at conduction a a fro an igneous body 

through solid rock is extremely slo~~ . It does not 

appear probable trom tlle curves hich t hey construct

ed or those or Schneiderbohn2 thst su.tficient heat to 

for garnet, dio9side, or wolla.ston1te could be con

ducted through the limestones to distances of 1000-

1500 feet from a medium grained intrusive unless 

enormous stores of latent hest find consider5ble time 

are assumed. Rm.a.mat ions could aoao11 plish more in 

shorter time and at lower tem .. eraturea. .In the words 

o:r Lindgren •tconvect ion outdistances dift'us ion"' in 

he-a. t trans:Cer. 

In ~\ll probability, except for a small zone 

a re 1·eet in fYidth near the igneous contacts, the 

temperature in the te.otite zone never reached that· 

necessary to form ollastonite from oalaium carbonate 

1. Ingersoll, L. R., and o. J. Zobel ; .An Introduction 
to the JJathe.matioal Theor~ .of' Heat Conduction, 
pp. 128-129. 1913. 

2 •. Schneiderhohn , .H ., ~rime-temperature Curves in Re
la tlon to }lineral Assoc iation in Cooling Int1111 u
sions. Econ . Geol. , vol. 29, p . 473. 1934. 
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and silica in a dry mixture. 'lhe formation of ollasto

nite and o her silicates at a distance was ~ result of 

the thermal and chemical activity of solutions 9ermeat

ing the rock. 1he formation or quartz and calcite in 

proximity to igneous contscts in association ith cal

cium silicates is further indication that the te~pere

ture was not above the s ability of silica and calcium 

carbonate in dry m xtures. The formation of quartz 

and C!ilcite in one place and wollastonite in another 

was not merely e. heat problem, but was the r sult or 
the concentration of the pervading solutions, and the 

solubility of the substances already present controlled 

the mets.somatic changes. In no cas at Dar 1n as wol

lastoni te found in a manner indicating formation by 

reaction r om edjseent grsins of calcite and quartz. 

Recrystallization in °"onjunction with metas.o

mat1s~ operated ~idely at Darwin, but the extent of 

suoh reactions, and in most cases the very existenee of 

it, was dependent upon heat or materials carried by 

magmatic emanations which permeated great volumes of 

the Pennsylvanian rocks. Reerystal11zet1on with little 

or no mets soma tism ope.re ted in ar.f·.illaceous and arena

ceous beds anu in marmorization of pure limestones near 

the contacts. In the calcerous beds including the im

pure limestones ·hich constitute the great bulk ot the 



-82-

? ~nns lvani n strata, metasomat ism has equalled or 

surpassed recrystall1z~t1on. 

Metasomatism in the Development of the 'raetites 

Considerable e idenee exists that magmatic 

ma terials rather thoroughly penetrated the limestones 

at · n early stage and effected widespread but often 

incomplete silioation. The most striking illustra

tion of' this is abo n. o the :r1ct ~· e immediatel., west 

of he Es ex and Thompson mines (Plate XII).. To ·ard 

the south end of the ridge a lsrge irr egular silica

t ion patch cuts across a blue gray limestone .rna.mber 

20 to 30 feet in thickness . ~n the bleached silicate 

area the retained bedding and the general structural 

evidence is such as to for bid any apprecis ble volume 

reduction and hence recrystallization alone is ruled 

out. Samples wer e taken along the strike of the blue 

gray limestone at intervals to illustrate tbe change 

into tactite. Since the original blue gray limestone 

ls not composed entirely o:f" ca.lei te, but appears to 

be clouded with a small emo11nt of argi llaeeous im

pur1 tiea, it was desirable to check the petrographic 

evidence with ch0 mical analyses. Accordingly, trn 

samples were selected, one from the unaltered lime .. 

stone nd t he other trom the ·hite stratified taotite 

directly along th~ strike about 20 feet from the 
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first s ple. :B'rom the persistent uniform nature of 

t he blue gray 11mestonB bed to t he point Of taotiza

t10n little doubt exists that it originally continued 

into t he silieated area without change of width o~ 

oo~pos1tion . The following analyses show the changes 

or composition in the two ~oeks . 

t~l . Taet.i.t" Gain 
5:J. ,Gr;t ~tli ...¥~.L. 

u ... ~ 40.02 plus ?:1.4-;j 
s,..4·'"' s*Jz 5 .. 

. ,'1 yl.li 3.03 4 

.~l5 • .sr-1 _. !) m:lws . 2-6 

.l6 4/' ,., Z.Sl pl 2.35 
l.72 3.%J ~ lO plua l.53 

A 4'11.10 3:J.S4 " .SD minus 5.ao .v- ) '-.J:"-

;){)J 2,.ol S-.U f>. ~l :,Jl\11) ~41 
CO-~ ao~sa ~66. w 2-a7~ mi.lat~ 27-.17 

~.Jttil$ t n~.55 j'J. 86 l03ttl.a 

~the alkalies , titanium, manganese, and phos-~ 

phorous ' ere ot dete r m1nea. because of t he increase 

in the specific gravity of the tsctite its composition 

as rec0 lculated accordingly to 105 .12 per cent . 1his 

makes it poss i t-l e ·to compare un,~ t volumes for losses 

and g ins as shown 1n the 12a t c 0lumn. Aside f rom t h e 

Yery sma ll loss in ferric iron the losses during sili

cation were confined to calcium and carbon dioxide. 

The loss of o~lc ium ~as probebl y accomplished by 

l eaching of the c lcite. The major loss, however, a.p-

pears i n carbon dioxide which was expelled in volumes 

approximately equal to the ~uantity of silica added . 
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In addition to the silica~ ains are reaorded 

for- ferrous ir n, aluminum, magnesium. and sulphur. 

~he additions or ferrous iron and sulphur are clearly 

due to impregnation by Pv ite. Aluminum and magnesium 

together show gs ins approximately e ·1ual to the loss in 

calcium and they were probably introdu.ced by t .he mag

matic emanations which brought in the silica . 

The gray limestone, the analysis foT which 

is given above, was chosen in the field bec~use it was 

unbleeohed and appeared not to be affaeted by the 

mag:.1 a tic e ditna tions. Under the microscope 1 t is com

posed ls1~gely ot untwinned calcite forming a hazy 

intergrowth o:t" large and small 6re i ns. The calcite 

is clouded by dark partially opaque material which is 

¥robably largely t;::e.olini tic. Carbonaceous material 

may be present also. Occasional ver y small, radiate 

groups of wolle.stonite are present attesting either to 

so.me 1ni t ial rec:r;;,stalliza t ion of to introduot ion of 

silica. 

1dth the faintest suggestion 01· bleaching 

of tl1e limestone, wolla s tonite becomes mOl?"e abundant 

an·n numerous irregular gr ains ot garne t appear . Py

rite rorms also at this stage. Some of' the wollas

toni te ekes the f orm of veinlets which tra:verse 

the entire matrix . ..i very 11t·t1e diopside i s present. 
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A peculiar featu!"e of the earl: stages of' silioation 

is an increased white cloudiness ~h1ch gives to the 

thin sect1o~ the appear~nce or beine irregularly 

thick. ':he ohemioal analysis prohibits the c lo diness 

being k ol1n o:r rinel JJ dividAd ferruginous .meterial. 

A stron~· possibil i t,y e 1sts that the s m.i -opa:fue 

material may be amorphous silioa. In other lor,!•11 ~- ies 

at i.1ni te o al is o .et i mes seen repla cing wol-

lastoni e in hand specimens, ba t 1t 1s difficult to 

deter ine hether this is due to primary carbonated 

s lutions o to surficisl a.ltersti~n. l o" ever, in 

thin se~tion the white opal looks identical to the 

aloudineso under eons1derat1on. rr the cloudiness is 

due to op~line silica this may be an indication that 

a111os was intro ueed in t he out ar zone o!' t Le pervad ·· 

ing solutions at temperatures too low to react with 

the limestone. vii h in(rr-eesin~, s1.licat-ion this cloudi

ness disappears. 

In the more highly s111cated rook, or the 

tactite whose a nalysis is given above, the texture be

comes distinctly felted ancl under tho .m icroscope · ol

lastoni te is very abunda nt. Man.1 of the wollastonite 

crystals ere cor,siderably incres.s~d in size. Idocrase 

a ppears . Gbrnet is increas ed in size of' grain and 

mo~e abundsnt. Diopside is pre ent in varia t le quan-
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tities in rather small crystals. Pyrite is mor 

bundent. Sc5.tt6red through some of the :t•elted 

masses of wollastonite s a small, aoicular e.nd un-

identified mineral with .arge extinction an~le and 

moderate birefringence. 

The occurrence of idocrsse with its hy
drox . l content an"' admittedly of metasomatic or1 ~tn1 

lends rurther support to the or1 Ein by magmatic in

trod.t.otions.. ~rha existence of irregular silicate 

pa tches across original· stratification is the best 

evidence of the met asome tio develo· ment of the tao-

tites as a whole. 

Veins ot ca.lc1urn silicates a:re al ays good 

evidence of trau.sfer of material and metasofl'!stism sn.d 

as mentioned earlier there are many saeh structures 

i n the t actites. The bulk silioation effected by 

such veins is, hOW €Ver, not grea t and they are for 

the most pa.rt e late stage of tactization. ! "hey are 

in part restricted to fractures and joint planes in 

contrast to the early wholesale tactization whioh 

developed by the rathe r thorough permee.ti.on of the 

beds b.y magmatic emanations. 

1. Uglow, 
Zones. 

f ;t ~ ( • "h • __ ...., . , 

Econ. 
Orig in of the Secondary Silicate 
Geol., vol. 8, p . 23 . 1913. 
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'Ihe preponderant i mportance of :l!.Sg,inat ic 

.a~ations an<l introductions in the rorrnat1on of the 

ucti tes at De.rwi:n is supported and 1'.;s.v-ored b) other 

ev1den.ces, some or hi ch are l e s s diree than the 

case outlined a b-ove. -n me.ny places protuberances 

and margins of the s tock are rather thoroughly gar

netized. This minera lization is or two types, that 

alon fractures, and that of irregul~r development in 

a cons i derab l e mass . The distriou•1on of lim~ sili

ca te materials through igneous rock strongly su gests 

that circulatio.n of oili cate solutior. occurred in the 

sediments and wqs therefore eft'ective in t he silica

tion proeess. 

The presenc of unalt rad im pure limestones 

at or neE: r t!a 1·-:neous. cont acts is evidence that heat 

alone was 1nsuffici n t in many cases to pru uce rnore 

t h n ver ,, loosl recr ., stallization. SiLee emar.ations 

r:ro·n. or a long an intrusive are nonuni forn: i n t heir 

e](tent ari.d nature , it is expectable t hat some sedimen

t ary beds would esoape i mpret;n t ion a - hence s111ca

tion . The ev i denae afforded by t he Coso batholith i n 

t he south end of the Darw i n Hills is a case i n point . 

.A.long the rosd to the Pro:ment ory ~n ine is exposed an 

intrusive contact of ti...e granite and blue gray lime ·~ 

stone. The Coso patholith , although many times the 
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size of the Darwin .stock, has p oduoed no metamorphism 

in this area. Cherty nodules remain in the unbleached 

limestrone oilly a fa feet :from the contact. This is 

indeed a striking comparison with the silicate zone 

about the Darwin stock · hioh is hundreds of feet in 

idth.. Examples of this sort are ell known and they 

strongly emphasize the importance of gmatic addi

tions in the development of the silicate zone. ~l'he 

contrasting effect produced by t~o intrusives on the 

sa..ine rock at the Crestmore ~uarries, California is 

analogous to the situation at D~rwin . -t Crestmore 

the limestone was unusually tree from siliceous im-

uri ties and surrounding the ~uartz m-0nzonite por

phyry large aureoles of garnet, idoerase. and wollas

tonite are developed clearly indicating the addition 

of .silica and iron. At th·e s arne locality the grano

d1or1 te has scarcely affected the limestones. 

An unusual type of alteration of the sedi

mentary rocks ooours on the ridge just south of the 

Defiance mine. a small irregular stock, about 400 

feet in width and 600 feet in length end separated 

~rom the main stock, cuts across the stratified tac

tites. Marginal to this intrusive is a taotite zone, 

100 to 200 feet in - 1dth, in th1ch all vestiges of 

stratirioation are gone (Plate X.XX} . In the weathered 



-89-

outcrop it has a decidedly brecciated appeare.noe 

{ t>late .XIII-.i;:. J. Beyond the "breec1a·~ zone are normal 

stratified tactites. The change from brecciated tac

ti te to stratified actite is in most cases rather 

sudd.en. The int:rusi ve rock is very fine grained, 

nesrly hite, and rather extensively impregnated ~1th 

pyr1 te. Under the microscope 1 t is largely a 1·e1'ted 

mass of feldspars. Its very fine crsin and rather 

haz 1ntergrowth of feldspars makes ident1r·c.at1on 

difficult or impossible. T inning shows only faintly 

in most of the plag1oolese present and the indlc s 

are lo so that much or the rock is pTobably composed 

of albite. In some of the coarser and slightly more 

porphyritic phe.ses orthoelase os n be identified in 

the sections. The rook is decidedly leueocratic and 

is probably either traahyte or lstite. However, tne 

most dis inctive feature of the rock, especially in 

relation to that of the Dar 1 stock, is the lack of 

quartz. The tactite breccia forms bold outcro ps, but 

the intrusive largely because of its high pyrite con

tent weathers t D a brownish m ntle. 

The lack of quartz may have s1gniricanoe in 

regard to the obliteration or the bedaing in the tac

tized breccia zone . JJ'rom the development of very ir

regular veins and general impregnation of orthoolase 
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in the breceia zone about this type of intrusive it 

ppears that n~gmatic materials were introduced in 

lare e quantities. The ~ recess ··as a sort of orthoela-

s i ze.tion in which a 11 of the elements or the lneral 

Vvere added. Durin,, the orthoeles ization, thermal a.c

tivi y caused recr1stalliz t1on of the impure lime

stones peripheral to the intrusion. The simultaneous 

orthoelasization and shrinkage Tesulting from recrys

tallization of the impuritiea of the limestone ~1th 

the released 11 .e produced a sort of ttcollapse ~1 breccia 

of the tactit-e. Some fluorite is scs.ttered through 

the collapsed tactite attesting to the presence of 

mineralizers. r.r·he shrinkage during the formation of 

the taotite breceia ~s in part taken up by the ortho

olasization and emplaced stock. Tectonic mechanical 

breociation does not appear tenable as an explanatio.n. 

of the zone. 

In summary the evidence for the metaso- atic 

ori~1n . of the D r in tact1tes is as follo~s: 

(l) Formation of silicates along the strike 

of a limestone bed without obliteration of stratifica

tion ·in such way as to 1no1cate chemiaslly and petro

graphically that silica was introduced . 

{2) Ir~egular development or tact1tes not in 

direct relationship to the i gneous contact, and the 
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presence of unaltered impure limestones near some 

contacts. 

(3) Lack of silication adjacent to the 

Coso betholith in comparison to its extensi e de

velopment about the Dar in stock. 

{4) Garnetization of the intrusive indi

cating migration of calcium silicates. 

(5) Greater development of andrad1te 

garnet showing increase i n iron adjacent to some con

tacts. 

( 6) 'he presence of such minerals as ido

crase, tourmaline. apa.tite, and sph&ne in the tactites. 

Espeo1all:t the presence of ioocrase 1th wollastonite 

1n its initial stsges of development. 

{?} Veins of csloium silicates such as 

wollastonite , garnet, and idocrase cutting limestones 

and te.ctites. 

(6} Veins, dikes, and general impregnation 

of orthoclase in some parts of the tactite. 

Evidences of' Zoning and Mineral Sequence 

Zoning is not oonspiouously present in the 

tectites at Darvin. The existenee of mineral zones of 

metamorphism about intrusives are well known. However, 

the best examples of metamorphic zoning are· in argilla

ceous rocks. F''...trtherrnore, homogeneity in bulk composi-



tion of the country rocks is necessary to establish 

clear oases of zoning. 

~t Darwin the igneous contacts generally 

parallel the stratification of the taatites and hence 

no uniformity of ori · insl bulk oomposition can be as

sumed normal to the heat source . i·he pure and impure 

limestones do not mineralogically zone with the 

read!n·ess of some argillites. As a result of the ir

regular perme tion of the country rook b 7 igneous 

emanations, no uni or~~ty of temperature gradient 

existed away from the contacts. 

For these reasons miner l z-ones are only 

meagerly developed. Ho.ever, certain tendencies can 

be ind i o-e ted; 

(l) Decrease in size or grain away from 

cont ots ·and mets.somatic centers. 

(2} Epidote practically confined to the 

immediate contact. 

(3) Darker colored garnet zones adjacent 

to some contacts indioftting introduction of iron into 

the lime silicates near the intrusive. 

( } Hedenberg1.te in place of diopside near 

contacts, probably indicating a similar enrichment. 

Sequence of mineralization in the silicate 

zone at Darwin is difficult to establish and over-
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lapping appears to exist in most oases. Wollastonite 

is without much doubt the earliest mineral to form. 

It is clearly replsoad by idocrase and gernet. Se

quential reletionships between diopside, garnett and 

ido-crase do not admit of positive proof. Orthoelase 

appears to form more abundantly near the contacts 

while oligoclase forms at a greater distanoe and it 

appears that olig0-clase is indicative o.t lower grade 

.metamorphism and therefore formed earlier. The para

genes1s of the principal silicate minerals is about 

es f ollo· s: .ollastoni te, idocrase, garnet, diops1de, 

plagioclase, end orthoclase . If' this order of forma

tion is correct~ then it may be observed that the 

earlie·J: minerals are the highest in lime snd that tbe 

trend is towards increased silios and alkalies. 'fhis 

is perhaps the expectable trend in the metamorphism 

oi~ a carbonate rock adjacent to a siliceous intrusive, 

and it further demonstrat s the metasomatic nature of 

the silication process. 

AL'I'ERA1rION 01'~ THE IGNEOUS ROCK 

The intrusive rocks have suff·ered oons1dera ble 

yet variable alteration paralleling that in the taot1tes 

and in the ore bodies. The alteration minerals fall 

into two groups. 'fhe esrlier hi her tempersture group 

includes gsrnet, orthoclase, d1opside, calcite, 
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clinozoisite, and epidote. !he second. lower tempera

ture group includes ser1c1te, chlorite, pyrite, quartz, 

kaolin. leU'coxene, and ·js.rosite. It must be admitted, 

ho ever, that the division between the two groups is 

not sharp and proof that some of the ~inarels in the 

t.o groups did not develop conteroporaneously is ant

ing. In eneral. g~rnet, diopside, calcite, and 

epidote are products hich involved some transfer of 

material, psrticularly lime from the sedlmentaries • 
.... 

These minerals are common in the intrusive near the 

conta~ta. Thus, in the quartz diorite near the Thomp

son mine thel1e has developed considerable calcite, 

epidote~ and pyr1te 1 the last mineral being clearly 

related to fractures. In addition, diopside , clino-

zoisite , chlorite, serioite. and tourmaline are present 

in smaller quantities. 

Garnet1zat1on of' the intrusive has already 

been me tioned and this type of alteration is very well 

shown in many places. In the sill-like orfshoot of the 

stock about 200 feet above the Def ianoe mi oo garnet is 

abundantly dev r.; loped. In some places here ne-arly the 

entire rock may be converted to light green , granular 

garnet. In other places the garnet is distinctly 

dev loped along joints. bnother ares of intense gar -

netization occurs about 300 yards west o:f the Christmas 
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Gi~t mine on· the Huhn claim where the igneous ntaterial 

as been almost entirely converted to medium grained, 

light bro n garnet . 

J.t i a noticeable feature that orthoolase 

is more abundant in many of the border phases and ott

shoots of ne intrusive. :rhe intrusive near the De

fiance mine is quartz dior1te , but at he i m.mediate 

conta-0 bac~ of the blacksmith shop orthoolase makes 

p nearly 90 per eent of the rock. Sometime..- this 

development of orthoclase takes the f 0:rm of small 

dikes or vein which in pl a ces so permeate the rock 

as. to lose identity. Where orthoolase forms much of 

the rock poik111tio plagioclase , d1opside , epidote. 

o·r s phene are commonly present . Perhaps epidote is 

the mos·t oommon assooia te or orthoclase of this 0-0-

currenoe. The formation of the pots.sh feJ.dspar is 

roughly aoi-relst ed 1th orthoclas1zetion o:e the lime

sto-nes. 

~er1citization is idespread and sometimes 

very intensely developed . In pl s oes near the igneous 

contacts the rook is composed al most entirely of 

quartz and seriaite. Sericitization first begins in 

the P-l agioclase and pseudo..tftorphs 01· sericite after 

pl& .ioalase are preserved in completely altered rock. 

In fee,ble alteration 't"Y·here only t he plagiocla se is 
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atte.eked orthocla.se is more or les .t: kaolinized . In 

the more advanced stages, serici t ·. s preads to t he 

potash feldspar nd at the same time quartz appears 

to increase a s though 1 t ·ere a bi - product of'" · he 

sericite. In the f i nal s age se'rioite even invades 

t he quartz (Plate XX~~I} . 

Much leuoo ·ene accompanies the aerieit1zation 

process and most.of the leuco.xene is an alteration of 

a blac:- metallic miner l, inferentially il.menti te. 

~s sooiated with he leucoxene alteration is a small 

quant ity of Ja ros i te . •.rhe jarosi te occurs partly as 

~e1ns cutting all other minerals and partly as grains 

1nt1mately associated ith leucoxet~e and ser1c1te al

tera tion i n areas clouded with kaolin and conta ining 

minute gr ins of s pher1e. The occurrence of jarosi te 

i ntimately assoeieted . ith leucoxene and s ericite 

probebly indicates that the assemblage is of hydro

ther ~al origin. Serioitizat ion probably represents 

a lower temperature,. hydrotl1ermal continuation of or

thoclasization. The .orthoolasization, along with the 

developmez1t of garnet, tourmaline , sphene. calcite, 

diopside, end epidote is best correlated with the 

bulk of taotization. On the other hand• sericitize

tion and accompanying products are more nearly to be 

correlated with later hydrothermal processes and the 

metallizatio~ epoch. 
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Pyrite is extensively developed in the 

igteous ro-0ks and for the moat pert is of late 

hydrothermal ori r in contemporaneous ith metalliza

tion. 
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Plate XXIII 

A. 3eriait1zed and kaolinized plag1oclase charac
teristics of the initial alteration of quartz 
d1ori te. 
Crossed niools. 40x. No. P. A-l. 

B. Ser1oi te ( s) and quartz { r .. ) in an ar•vcnaed 
stage in the alteration of the ~uartz dior1te. 
Crossed nieols. 40X. No. P.A-1. 



A. 

B. 



The mineralization ~ hich gave rise to the 

silver-lead deposits at Dar in is sh~rply set orf 

from the silics te mineralizat ion described in the 

previous chapter. ~he s1licat1on of the limestones 

is ooncei~ed as having taken place durine the em

placement of the stock, vh~ress the ore end gangue 

mineralization occurred sfter the f"ormation of the 

tscti te zone in subse~uant fractures ar1d other struc

tural loci. ~,uantitativeli. t .he major met alliferous 

deposition occurred within the tscti tes. 1'h1s post

consolidation mineralization may he discussed in two 

gr·oups: gangue , and ore mineralizat ion . 

G""~NGUE {-" INEH.t~LIZ1d ION 

'Ihe gangue mineralization consists chiefly 

of calcite, pyrite, jasper, and :f' luorite. In addi 

tion garnet , orthoclase-, quartz . hematite~ siderite, 

and barite ar present in lesser ~uantities . Garnet, 

orthoclase, quartz, and pyrite are deposited in the 

ab-0ve order , r eplacing the quartz diorite alls of 

the Lane vei'n near the igneous contact in Lane ,canyon • 

.Again in the ~· onde:r mine 300- 400 feet from the con

tact a simil s. r. assemblage is to be found replacing 

tactite walls and here coarse c~lcite and fluor it e 
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are intergrown and directly associated with the ore 

minerals . Eo ever, the occurrence of garnet and or

thoclase as post fissurint gangue minerals is quan

t i ta. ti vely of minor importance and in by far the 

majority oi .. deposits calcite. fluorite , jasper, 

kaolin or pyri te make up the es:rly formed gangue 

minerals . Spongy arid earthy iron oxides, derived 
-

from oxidation of the jasper and pyrite , are very 

closel~ associated wit h galena. 

A small q_uanti ty o:r sche·eli te occurs in 

coarse calcite with pyrite and chaloopyrite on the 

Bruce claim in Lane c.anyon ~here ore carrying as much 

as t wo per cent tungsten anu traces of molybdenum are 

rap.orted. · 

There is s general decrease in the grain 

size and abundance 01· cert!tin or the gangue minerals 

with distance from the stock. Extremely coarse cal-

cite i n cleavable masses eighteen inches on a side 

char;;.1cterize such deposits as the Defiance, Custer, 

and ~onder, all of which are at or near the intrusive. 

Farther from the contact calcite is finer textured 

and somewhat less common. Rose , green , or white va.-

rieties of fluorite, common associates of galena in 

deposits near the i gneous contacts, are much less 

common or are absent at a distanc
1
e. Pyrite , or 
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?late XXIV 

A. Banded galena (g) with fluorite (t}.. Note the 
dark seam of anl:. lesite between the .galena. {below} . 
and the fluorite. Defiance mine. 
!Jx.1 

B. Galena (g) with jasper {j) and cerusite (s) from 
the :Fernando mine. 
,~- x. 

c. .Banded hematite r·rom the discovery veins south or 
the Promentory mine . 
:~ x •. 
<;:, 
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pseudomorphs of limonite af er pyrite . in sizeable 

pyritohedrons and cubes a re abundant in deposits 

near tbe stock. In contrast. the ~yrite i n deposits 

at some distance from the intrusive is granular, 

less common, or absent. Likewise , the early garnet

orthoclase mineralization is relatively more common 

in proximity to or -~ 1thin the intrusive. Jasper. on 

the other hand. is universally present , but relative

ly o~e abundsnt es a gangue mineral in those de

posits situated some distance t•rorn the stock. 

OHE xUN'El\E:.LlUTICN 

Galena end its alteration products consti

tute t he principal ore minersls of the district. Ga

lena is f'ound in association with al l of th0 gangue 

minerals ment ioned above and in e few places , as at 

Essex mine, it hes i mpregnated and replaced the sili

cate minerals of' the tacti te . Occasionall y it is 

found replacing igneous rock along fractures . Not

withstanding its varied associations, its dominant 

occurrence is in lenticular or ta Juler deposits with 

calcite, fluorite, pyrite , or jasper or the oxidation 

products therefrom . Sphaleri te and to a lesser ex

tent ohalcopyrite occur with the galena in many 

place~ . 



Megascouie :Features of the Ore 

The prin1ary ore is predominantly argenti-

ferous galena and it occurs in bunches, lenses, or 

tabular veins distributed through the gengue of the 

de·posits. The galena varies in texture from fine 

grai'ned or steel .-:'e.lena to coarser m!lter1el 1n whic.h 

individual interlocking crystals may attain one o-r 

two inches in diameter. '!'he most oommon variety is 

medium grsined and it is often characteTized by a 

band d texture in. hich curved cleavage races are the 

rule rather than the except10"'1 (Plate XX IV-A). Nearly 

all of the galena contains. oeoesional visible inalu

s1o·ns of ehslcopyrite. In o e or two of the deposits 

of the district cr12lco ~:· rite and its o.xidatt.on pro

d"Jets make up the entire ore mineralization. However, 

as a rule the quantity of chalco} .. yri te seen 1n the 

galena ls small . Spbalerite and pyrite are associate·d 

in greatest abundance with gslena . Sph&lerite is very 

common in parts of the De!"ianoe. 'Ihompson\\ and lnter

m-ed1ate ore bodi-es . Some of the masses of sphalerite 

in the 'I'hompson mine are very coarsely crystallime 

with individual cleavage pieces two or three inches 

in diameter. Masses of argenti te are reported :erom 

some of the deposits. but none was found during the 

present ork. Like?1ise thin sheets of rl-8.tive silver 
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are reported from several of the properties ,. b\lt this 

was probably a secondary product resulting f om local 

reduction of silver solutions or silver minerals. 

1ne sulphides are later than the primary 

gangue .minerals . In polished hand specimens from the 

Hip Vs.n Winkle and the "E~ssex ores small veinlets of 

pyr·ite and gslena cutting quartz, fluorite, and cal

cite can be seen. 

In the north end of the Darwin Hills about 

one mile north~est of the stock there is an antimony 

prospect containing irregular bunches and radiating 

groups of stibnite. Blades three to four inches in 

length replsce a matrix of arenaceous limestone along 

beuci111g planes and small cross raotures. ~i'he stib

ni te has been lar ,ely oxidized to cervsnt1te. Num

erous cavities, containing pseudo.morphs or cervantite 

after stihni t ·e are present. 'l'he isola te-d n&ture or 

this deposit makes it impracti.a.able to relate it to 

the lead mineralization a.bout the stock. 

~icroseo2io Features of the Ore 

Specimens were polished, of all of the va

rieties of primary ores that could be obtained in 

the district. Ihe mineralog-3 was found t .o be rather 

simple snd the paragenes1s in sll of the ores 

examined, whether from near the intrusive or at a 



-105-

dist!ince, --as essentially s iruilar~ G-alena 1s the 

lstest primary minersl to form {Plate YJ:VII). It 

replaces all other minerals including sulphides and 

nonmetallic gangue minersls alike .. It commonly con

tains numerous inclusi ons of pyrite, chalcopyrite, 

sphalerite, luzonite, and tennantite ( 'Plate XXVl }. 

All of these inclusions are clearly residual to the 

galena replacement . '!'hey may oocur as individual 

inclusions or more often as 1rreguler intergrowths 

of the two. The sulpharsen1des of copper are the 

most likely to carry the silver values in the galena , 

but a mioroehemical test gave no test for silver. 

A not i ceable feature of polished galena 

froN the Christmas Gift mi ne and from the Promen ory 

mine is that inclusion<>: of luzontte and tennantite 

are more numerous t.ba.n in galena from the Defianoe

Independence group of mines . The Defiance and Inde

pendence ores have averaged about one ounce of silver 

. to each one per cent of lead,- whereas ores from the 

Lucky Jim , Christmas Gift, and Promentory have aver

aged about two or three ounces to ea~h one per oent. 

In o~her words, · the silver values have been higher 

from the deposits nes.r the ends of the stock which 

were in association with the more basic rocks. Since 

it is common for the sulphsrsenides of copper to be 
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Plate XXV 

b . Galena (gn) replace ent o ~ pyrite {py) in a 
gangue of garnet , calcite, and fluorite. 
75X. Essex mine no. 7. 

B. Galena (gn) repl~oement of snhaler1te (sp} 
dotted with chalcopyrite inclusions. Ga gue 
is mostly garnet. 
75"~ . Essex mine no. 7. 



B. 
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Plate XX.VI 

A. Galena (gn) with numerous inclusions of luz~nite (1) 
and tennanti te ( t). l~ ote the struct re of ·tne 
galena brought out by anglesite replacement along 
the cleavage lines. Christmas Gift mine . 
75X • 

.b. Galena -{gn) with inclusions of sphalerite {sp) , 
luzoni ts ( 1), and tennanti te ( t} . J. .. nglesi te (a) is 
dark gray. :~any small feathery veinlets of eovel-
11te aTe present and principally co.nfin ... d to 
sphalerite or the gray coppers.. Christmas Gift mine. 
75X. 



A . 
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l''late XXVlI 

A. Replacement or fluorite(!) by galena with 
residual metaorysts of diopside (di) and 
garnet (ga). Primary ore rrora the Essex mine . 
? lain 11gb.t. 75.X. 

lL. Galena ( gn-) replacement of ephaleri te ( sp} and 
pyrite ( py). .t .. ngles1 te {a). 
75X. 
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Plate XXVIII 

b . Pyrite (py) repl soed by galena ( gn ) and b-0th re
placed by angles 1 te {a). rrhe luzoni te ( l) and 
tennantite (t; at the left are later than the 
p.,yri te and ear lier than the galena~ ''romentory 
mine. 75);. 

B. Pyrite ( p ) repl · .. ced by sphaleri te ( sp) in turn 
replaced t galens { gn). Note the mottled re
placement of fluorite {f) by g!llens. Essex mine. 
75X. 
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the source of· silver in galena ore 1 t msy be ths.t the 
I 

incre:ase in silver values is proport ional to t heir 

The microscopic evidence indicates a se-

quence or d.epos1 tion i n the following order : p: '.rite, 

sphaleri te, c halcopyri te • tenriant i te-luzoni te, galena .• 

The accompanying photomicrographs show most of these 

relationships. Sphalerite commonly contains small 

spines of chalcopyrite more or less uniforMly scat

tered through it in e msnner suggesting en origin by 

unmixing. 

The earliest minerals f o::rmed , wolla.stonite 

and idoerftse, 'ere rich in lime. The later minerals 

formed were increasingly emriehed in silica. S ilica 

wa s introduced into the limestones at an early stage 

and continued until the deposition of the sulphides. 

'I'l1e earl y high temperature introductions ot~ silica 

produced s ilication. The final consolidation of the 

igneous rock was followed by a period of fra cturing . 

f'owever, silica continued to be supplied, but unde·r 

lower temperatures silioation gave way to silif1cation 

in the intrusive and in the epigenetic deposits first 

as quartz and l a ter a s jasper . In a similar manner, 

but to a lesser e xtent, iron was added over a long 
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period bet, J.nning during the silication with the 

forms t ion of garnet zones ad jacent to some -0 ont acts 

and continued under hydrothermal conditions in the 

rorm of jasper snd pyrite. 

t-~ generalized picture of the paragenetioal 

relationships is given in the table below. 

~iollastoni te 
Iaocrase 
O.arnet 
Diopside 
Orthoelaee 
Oligoclase 
Epidote 
Clinozoisite 
~lourmaline 
Sphene 
k patite 
Serioite 
Leuo.oxene 
Kaolin 
J"arosite 
~ue.rtz 
Calcite 
Fluori te 
Jasper 
Pyrite 
Sphalerite 
Cllalcopyrite 
'Iennantite 
Luzon1te 
Galena 

PEP. D 01', DEPOSITION 

--------

--------

--- - --

.... 
~ 
(J) 

P-t - --------



SUPfP.Gl~!fo .bLTE.RA1'I ON 

li t .Dar· in~ a ~ might oe expected from the 

aridity of the clin:.ate, oxidation and supergene al

teration !1ave extended t .o great depths.. 'l'he present 

depth of mi ni.ng operations which is onl~l 1000 feet 

in the Lucky Jim mine has not penetrat d belo the 

zone of oxidation. Oxidation has been very thorough 

as r ·ffvealed by the :.a bundance of porous, gossanized 

.angue in ne rl all of the deposits. 'I'he gossanized 

material has been almost entirely erived :from p rite, 

.j ~.jper , a nd heme. ti te. ,~ 11 ttle has been derived from 

t he decomposition of iron bearing sphalerite. 

Llerussite greatly predominates among the 

oxidized l ead min.erals. To date a larger portion of 

the lead production hes been obtained from cerussite 

t han from galena , thus indicating the eompleteness 

of oxidetion. Anglesite is not common except in thin 

coronas immediately surrounding the ea lena mass es. 

Plu.,-nbo.jarosi'te is repo ~ted :from some of the deposits 

end its origin ~ a s probably supergene . Also in the 

more highly oxidized near surface ores 1t is probable 

that the oxides or lead formed in small quanti ti t1s 

although none were observed. Nat ive s ulphur is rather 

cor...mon associs.ted viii th some or the sulphide oxidation 

products . vons1.. derable horn silver as probably 
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present in the surface ores a lthough none was found 

during the present work . I t ·ss probably so inter

mixed with either the iron oxides or oxidized lead 

ores that it was seldo seen . In any event its pre~ 

sence seems substantiated 'by the feet that the suT-

face ores, s pok.en of as the "crearflr' of the depos1 ts , 

were often very high in silver. doreover, some o f 

tlle early mining reports describe the ore as consist

ing in part of hor1c~ si 1 ver1 • This is, of course, in 

keenine with the known facts in regard to concentra

tion of sil -er val ~ies near the surface during oxida

tion ot the primary ores. 

Some t hin sheets of native silver reported 

to have been found in the Thompson and Lucky Jim mines 

probablJ resulted from alteration arui looal reduction 

of the primary argentiferous lead ores. 

A little smithson ·te in keeping 1th the 

quantity of sphalerite present is also found in plsees. 

tikewise the small quantities of ohalcopyrite and 

sulpba.rsenides ot· copper found in the primar,t ores 

have contributed to the formation of chryso<lolla and 

melaeonite in many of the oxidized ores. An almost 

insignificant amount of secondary sulphide enr1cbment 

l. Inyo County: Calif. Min. Bur., 12th .b.lln . Ept .. , 
p. 24 . 1893. 
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is seen in some of the primary sulphides in the form 

of covellite and more rarely che.lcooite. 



S~IiUC~ URJ L co~~ ROL Q}j"' OR lt- DEPOS IT'IOI\I 

:From the posit ion anti nsture of the deposits 

about the Darwin stock it is evident that structure 

was the dominant control in their location. However, 

to some extent the composition of the enclosing all 

rocks has h d a modifying influence on the loc·al ac

oumulat ion or ore. ~nere are three types of struc

tural controls: {lj intrusive contacts, {2j bedding 

planes, and {3) transverse fissures. A single deposit 

may be localized by two controls or pass from one into 

another . 

J;EPOSI TS ALONG· nu·f>RUoIVE COh~AC'tS 

'J:he deposits rormed at igneous contact.. are 

the largest in the district . Alo~g stra1£ht stretches 

or the cont.aot deposits of this type may be 1ong~ nar

ro- , tabular bodies resembli ng the f'issure deposits . 

n general , ho eV€r. the contact deposits are lenti

cular in plan and although shorter in outcrop length 

then the cross fissure deposits, tlley are usually 

thicker. They vary in length along the oontso :t'rom 

a few feet to two or three hundred feet . Likewise 

the ~tdth may vary rrom less than one foot to 20 or 

30 feet. They extend downward irregularly along the 

igneous surfaces. 
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The configuration of the aontact appears to 

exercise some control in the localization of such de

posits. Irregular protuberances of the intrusive 

into th~ country rock often show more pronounced 

mineralization. Also local warping of th$ a djaoent I 

strata or flattening of the contact surface sppears 

to be instrumental in impounding of ore. Such fea

tures may hsve been effective along the contaot be

tween the Defiance and lnd.ependence mines here the 

intrusive h~a forced its way into a small anticl1nal 

fold paralleling the stock anr.. thus flattening the 

contact surf'aee to some extent. However• insufficient 

underground development has been done on these depo

s1 ts to permit a full an lysis of their localization. 

The De:r1a.nae and Indepen·dence ore bodies 

are the outstanding examples 01 deposits along igneous 

contacts ( Plate XXX), but similar smaller de;>osi ts 

are to be round at several points north and south of 

these. On the west side of the stock the contact 

roughly parallels the stratification of the taot1tes 

thus forming an efteotive structural trap along this 

surfaee tor deposition of ore. Contrasted ith this 

the east side of tho stock bears cross cutting rela

tionships to the stratifie~tion. Hence the contact 

surface rormee- practically no effective trap tor the 
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ore solutions which could more readily pass out~ard 

along the bedding planes and fractures (Plate .n. 
As a resul+ of this structural condition there are 

no mines of any consequonce located on the east con-

tact of the stock. The only deposits st the contscts 

which have produced sre those locsted on the est 

side of the stook. %~ type of ore mineralization 

and as s ociated gangue is similar or identical to that 

of many or the bedding plane nd fissure deposits. 

1\rumerous deposits have been formed along 

bedding planes, particularly along the east side of 

the stock ·here ore solutions found eas1er avenues 

of escape from the contact both by rsason of more 

numerous oross fractures and by bedding planes which 

dip steeply into the contact. The outstandin · de

posits of this t pe are the Custer, Jackass, Fernando, 

and KeJstone on the cast side end the upper Defiance 

and Promentory on the west side~ N~sny of the deposits 

are layered or sheeted es a result of :repl!.'.?ce.ment of 
' 

several thin beds. Others such as the Fernando and 

the Keystone have formea at the intersection of fis

sures with favorable stratification planes and as a 

result the,t have a chimney-like shape. .At the Key-

stone the deposit is dominantly on the fissure. In 



•118-

some instances where the igneous contact cuts slightly 

across the stratification, contact deposits continue 

or branch into bedding plane deposits . The Custer 

and upper Defiance bedding plane deposits are only 

20 or 00 feet from the igneous contact. Others sueh 

as the Promentory and the Ke stone deposits are 1000 

to lbOO feet from the contaet. 

~tRal{SVERSE FISSUPE DEPO~~ ITS 

Deposits of this type are the most numerous 

in the di&trict and, although very important, 1t is 

doubtful hether they ill out produce the deposits 

formed et the igneous eontaots. The fissure deoosits 

are most imports.nt a· d nume·rous on frsctures trending 

northeasterly. nearly at right angles to the elongate 

direction of the stock. Many of these are confined 

to the taetite or only extend a short dis a.nee into 

the intrusive here they are taken up by multiple ad

justments alo·ng joint planes. Others sueh as the 

Stands.rd or Lane vei1::.s cut entirely aeros.s or itend 

well into the stock. Fissures or this type are mostly 

vertical, but where 1no11ned the dip 1s steeply io 

the north. 

Fis;sure veins of this type are 1nt""rsected 

by a northwesterly belt of mineralized fissures which 

lie north and east of Ophir Mo\lntain. On t hese fis-
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sures much shearing is evident in places and this is 

accompanied by greater idth o:f miner·alization in the 

form of jasper, calcite, and bariteo Letallization, 

ho e~er, is sporadic and the ground of these veins 

is as yet unproven. 

The Christmas G1f't, Lucky im, Lene~ and 

Columbia mines are the outstanding producers from the 

fissure veins. ~rhe width of the fissure veins aver

ages t wo to six feett but locally stopes 25 to 30 

feet in width have been mined. Ore and gangue 

mineralizetion in the transverse fissure veins is in 

many places the sa~e as in the deposits along the ig

neous contacts. Tbose veins whioh extend from the 

tactite into the igneous rock show by contrast the 

influenae of the wall rock on deposition. In the in

tr~s1ve the veins become restricted and ore and 

gangue scaree and sporadic. 

In the following table the mines of the dis

trict are arranged according to their distinoe from 

the stocl~ and the dominant structural cont1•ol is in

d -;_ cated. Mines on deposits along contacts are re

stricted to the west side of the stock. 
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STRUcrr·URAL CO'l'TrI'ROL FEET FROM 
MI.'NES CC~ff!ACT BED . PL . JTP~f:UPE IG .. COJ\IT"ACT 

!_est of stock: 
Independence x 0 
Ess.ex % • • 0 
Def1anoe x • x 0 
Bernon • x ·• 5C 
Thompson • :x • 100 
Luoky Jim • x .. • 1' 200 
Belle Union • x • 200 
Rip Ve.n Winkle . x 500 
Promentory x • 1000 
Fairbanks x • 1500 

East or stock: 
Stan ·s.rd ht. x 50 
Cus er • 50 
Christmas Gift . • • x • 300 
Stanaa;ed • • • x • 400 
Silver Spoon • • • x • 500 
. lJonder • x • • 1000 
~Fernando • x 1000 
Jackass x • 1200 
Keystone • x 1500 
Santa Ana • • :x 2000 
Lane • x 2200 
Columbia .. • x .. 3000 



ORIGIN J!.Ku CLl.S0 IFICA'lIOl~ OF THE DEPOSI'IS 

'!'he pos1 ti on of the Darwin silver-lead de

posits is clearly cm.~trolled by the form and extent 

of the stock. ~'he stock was guided in 1 ts emplace

ment by the structure of the Pennsylvanian strata .. 

11dvancinf with and ahead of the i gneous material were 

emanations which carried greet quant ities of silica 

and lesser quantities of other metals, chief among 

·bioh as iron. Heat energy with which to promote 

recrystallization and m etasematism wss carried largely 

by the magmatic emanations. The efteot ot conducted 

or d1f r ·used heat was di st inc tly stibordina t e to that 

of conveyed heat. IJ:'he heat and chemics.l action of 

the perv'3.ding emanations ca.used great quant1 ties of 

carbon dioxide to be liberat ed and driven or·r .. Simul

t neously with the liberation of c arbon dioxide silioa 

and other mGtsls were added , t hus preventing any appre

ciable volume reduction and consequent obliteration of 

bedding struatures . 

'fhe st ook was intruded into rooks already 

considerably silioated and thoroughly heated. This is 

evidenced b;,y the absence of chilling on the margins or 
the stock or in small dikes in the tactite and by the 

lack of any detailed relationship of silicate aureoles 

to these offshoots of the stock. A lesser 3m.OUnt of 

-121-



-122-

silicate replacement aocomp nied or follo ed the in

trusion as shovn by garnet zones marg nal o the 

s ook or replscing 1t. 

The development of he tactite aureole and 

the rinal consolidation of the intrusiv was fo lo·ed 

·y a period of frecturing. Man·· of the fissures of 

the resulti ·· fracture system ere rather persistent 

and continue through the stock and the !de silicate 

aureole alike. -Displ cements hioh oifset he ig

neous contacts occurred along some of the f"issures 

prior to !heir mineralization. 

All of the hypogene lead mineralization 

ad deposition of ore in ener~l occurred af er th·s 

period of major fracturing. Some dislocations do 

post-date the period of meta11·zation and heve brec

ciated or offs t the oreboaies. !his period of 

frac uring distinctly separates t.he period of sili

oation , in which the tactites developed, from the 

period of metallization 1n hich all of the ore of 

the district formed . The sil1oat1on developed under 

high temperatures attending the intrusion. The ore 

deposition developed under low tempe:r-a.ture, hydro

thermal conditions. 

Knopf thought the deposits indicated a 

usequeno in ti.men with decreasing temperature as 
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« 1.I'he fiss ure veins a · e rega rded 1 s represent-

ing the lo · temperature nd or a gene tically related 

series of deposits formed at progressively decreasing 

temperatures, ~,l an(} n he galena ore of the JJ9 r in dis

trict began to be d.eposited under pyrometso.matio con

ditions, but its maximum deposition occurred at a 
2 lo ,er t .e perature~ ~ and .further, in comparison, "the 

Coeur d9 Alene district represents a sequence . in spaee" , 

·hile "the genetic sequence in the Dar in district :re-

t 1 ti~e."3 presen s a sequence n ~ 

Admittedly a temperature gradien existed 

ay from the intrusive, but this only effected a 

crude zoning of gr in size and to a lesser extent of 

mineralization.. If decreasing temperature determined 

the place of deposition it is more likely that de

})os1tion ·.ould first take. pla·Ce at a distance tr-om 

the 1ntrus.i ve in fissures snd be.dding plan.es end l a ter, 

as the te perature fell, at the aontact, But th -re is 

no 1naicat1on o~ long e ontiriued deposition of ore 1th 

fe.ll1ng temperatures. and temperature was not the con-

trolling factor in the relative time of position of 

the deposits. The simplicity of th ore an peragen

esis doe·s not · erraut a long continued deposition 

1 •. Knopf, li. ., Dar in ~il ver-Lead Mining District ,. 
U. ~) . G. S . Bull. fi80~ , p. 9. 1913. 

2. Ore Deposits of the Western States, p. 552. 
5. U. S . G. S. Bull. 580 A, p. 10. 
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and there is no overlapping of mineralization. In-

stead the cont rolling factors were (l} s deep seated 

supply of differentiated metsls and their associated 

gangue substances follo 1n consolida tion of the in

trusive and fractnring of the reeks, and (2) tbe ef

fective opening of fiasures, stratification, and 

contacts to the ore bear ing solutions. 'The ore de-

position .es all accomplished during a single short 

period under nearly constant temperature conditions 

follo ing fracturing. The only division or classifi-

cation to be maae is one of structural control as 

already described . 

ln want of a better example of' a pyrom.eta-

s -omatio ~ead deposit .r;riopt1 has ahoae·n Derwin. As 

evidence of a connection bet .een pyrometasomatie 

deposits and fissure veins Knopf2 cited the Indepen

dence ore body as an example of the contact pyr-ome

tasoma tic type of deposit and the Defiance ore body 

as 1ntermedia te or transitional link between the 

contact t pe and the fissure veins of the district .. 

This conclusion was based on f1nCing apatite in or

t hoclase associated with pri ary sulpb1des at the 

Defiance mine and andradite gs,rnet with galen.a at the 

Independence. 

1. Ore Deposits of the ·}estern S.t s tes, p . 552. 
2. u. s . G. s. Bull. oaoa, p. 9. 
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Both deposits occur near esc.tt other al·ong 

the same intrusive cont~ct and on the whole the 

mineralization is. much the s~me exce ~ t that in the 

Derian-0e ore bod3 exceedingl coarse celoite is more 

abundant. Galena and other sulphides have imp~ g

nated the taotite alls to some extent in both de

posits , but certainly the association do.es not indi

cate th t the sulphides formed under the high tempera

ture nd pres.sures that the garnet or o-rthoolase did. 

In raot ~ there is little in either deposit hich can 

be used to set them ap rt or to set eitber apart 

genetically fro the fissure veins, es~ecially as re-

ards time, sequence, and subst noes a. ·a1lable through 

ore forming solutions In a sense it is better to 
vie• them all as fissure deposits. During metalliza

tion some fissures tl'ere ef.tectively opened along oon

tacts and bedding panes and others along transverse 

fractures. 

The dep.os1 ts along contacts and in f is.sures 

are similar mineralogically and structurally and there 

is no necessity for demonstrating a transition for 

they are genetically identic--al. rrhe t issure.s have the 

regularity 01· strike and dip of mesothermal deposits. 

'rile walls are smooth and well defined. Furthermore~ 

the regular! ty end sharp detini tion of' the c-0ntaot 
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deposits compares with that of the fissures. The 

mineralization directl associated with the d posits 

is not on the whole or the pyrometasomat1o type. 

Jasper, ~i ch 1s one o the most common ga gue 

minerals in the deposits, is indicative of formation 

at temperatures at ributed to mesothermel deposits. 

Both fluorite and berite are common minersls of l · 

t emperature deposits. During the existence of tbe 

pyrometa omatic nvironment about the stock the 

char c rist1o minerals developed ere garnet. ortho

olas ,. quartz, specularite, and soheelite 1 but this 

1nera11zation as not great. 1~he lead mineraliza-,. 

tion developed at a later stage in association 1th 

fluorite. calcite, bar1te, and jssper in a mes.other

mal environment. Both fluor1 te ·and bari te are co·mmon 

to mesothermal or ep1thermal · epos1ts. 1 Initial 

pressures and teZ:Uperatures may .have been such that a 

hypothermal stage was not represented . · 

Umpleby2 from findings at ~ okay, Idaho and 

from study of numerous· other districts has formulated 

the generalization tbat ore .about intrusive bodies 

tend.s to form on th-e limestone side of garnet zones. 

1. Lindgren, ~ •• Differentiation and Ore Deposition; 
Ore Deposits of' the :·~ astern States , p . 154. 1953. 

2. Univ. or Calif. Publication in Geology, vol. 10 • 
.P · 26. 191 " . 
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It "'as his obseri;ation that where ore came directly 

gain.st the igneous contact practically no b~rren 

lime silicate ould extend beyond the ore. Darwin 

appears to be an exception to this, for the silicate 

rocks in ost cases extend far out beyond ore bodies 

at contacts. Of the two contacts,. silicate-ign-e-ous 

end s111cate-11mestone, the latter ould in all pro

bability be more e.asily penetrated bi ore solutions. 

tfhere the silicate zone i wide. stratification ell 

preserved, and fissures co . on the rule formulated 

by Umpleby ould be less applicable because of the 

preponderance of structural control. 



r4!NING His:roRY AND PRODUCTION 

During the early seventies the rich ores 

of Panat~int City and the Bsllarat district were 

shipped by pack train through Shepherd Canyon 1n the 

Argus Range and thence by a route follo ine springs 

a.long the east front of the Coso Mountains to Owens 

Valley . i.~ Mexie-an searching for a mule lost from 

the peckers' camp at Old Coso or Coso Springs is re

ported to have discov·ered a.n outcrop of ore in the 

Darwin Hills . 'l.1he initial discovery is reported to 

have been made in 18'74. 'lhe lode h1ch was f ound was 

evidently rich enough to have attracted considerable 

attention for during the :y-ear many other de_posits in 

the district were located. Most of the important 

mine~ were started during the yea.rs 1874 and 187.5. 

A good sized town soon sprang up and was named after 

Dr . Dar in French who had lead s party of 15 men 

th~rou.gh Darwin Canyon in 18-60 in ~arch of the mythi

cal Gunsight silver lode in Death Valley. 

Du.ring the early boom days of~ the seventies 

there were eight blocks of buildings along the main 

street and six in the other direction. The popula

tion ts said to have then exceeded that of Los Angeles . 

Darwin wes twice burned to the ground by wind whipped 

f i res in the earl days which probably accounts for 
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the present lack of any indi.oations of" the former 

size or character of the town. 

:t.i'rom 1875 to 1877 three smelters were built 

near Darwin. T·he Cu"Srvo had a capacity or 2Q tons 

per day; the Def is.nee 60 ons; and the .~ew Co so 100 

ons. The lead ell of the Mew Coso smelter was 

started from lead obtained fTOm Cerro Gordo. Iron 

oxides used at the smelte were obtained trom iron 

mines on Centennial Flats in th Coso Mo ntains. 

Charcoal was obtained from t 1m er burned n the Coso 

. ~ountains. . It is also interesting to note that many 

of the eight by eight stulls still present in some 

or the older orkings were hand hewn from timber ob

tained in the Coso Mountains. 

During the early days of mining 11 freight 

had to be haulen by team from Los Angeles and conse

quentl costs were ver1 high. Only the richest ores 

ere sent to the smelter and aocording to De Groot 1 

at the Defiance mine about one foot broken out of the 

led§e averaging twelve teet 1n width constituted ore. 

About four-fifths by bulk and about one he1f of he 

values went into the dumps. Ee-ca.use of the excessive 

transportation oosts and the exhaustion of these 

1. Calif. Min. Bur . Tenth Ann. Rpt. , p. 211. 1890. 
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mo -e easily mined rich ores, the smelters ere shut 

doivn 1thin a fev: years, prior to the completion of 

the narro gauge railroad to Keeler in 1883. Af·ter 

shutdown o! the smelters, jigging of the ores came 

into practice and concentrates obtained from ne ly 

mined ore and from the dumps ere shipped to smelters 

at Selby or Salt Lake. 

During the eighties nd nineties mining and 

production ere sporadic and at times practically 

dormant due to poor transportatio1, , lack of modern 

minin f cilit1es, and some litigation. Some leasing 

and shipping ere carried on from 1900 to 1910, but 

onll small aotivit,y as reported by Knopf in 1913. 

In 1915 the Dar in Development Company consolidated 

the Lucky Jim, r romentory, lane, and Columbia mines 

and began the co-nstruction of a mill on the Lane pro

perty. This company soon gave way to the Darwin 

Lead ... ·· 11ver Development orporation. and finally, in 

1917 the Dar in Silver Company consolidated the above 

propeTties ~ith the Defiance and Indep~ndence mines 

purchased from the Reddy 2;state. Modern e-quipm.ent, 

ro!l.ds, and camps were constructed ;\"1th the view of' 

mining on a large sOale, and although oons1derable 

.01 e was blocked out and nearly s halr million in 

richer ore wes shipped, real mining a aited camp 
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building and surf ace develop ents. The camp as 

financed. b E. 11 . '"~ agner and development as managed 

by A. G. Yirby i n 1921. During the heigbth or the 

d·evelopment iiagner oommi tted suicide due to rev rses 

in grain speculation gro ing out of the grain crash 

of 19·20 . Kirby leased the properties from the Wag

ner Estate duri - the period ot" 1922 to 1924 and 

produced some ore, bu because of estat e compl1ca.t1ons 

wa& f oreed to qui • 

The lucky Jim mine, one of the big p~oduce~s 

of the district , was mined extensivel y in the early 

days. According to J . A . ~l0Kenz1e. who o ned the m1ne 

at the time Goodyear r eported on the district in 1888, 

~he ine at t he. t time produced about ~- 1 , 250 , 000 or 

~l , 500 , 000, but probably more ·oney had be n spent on 

t he mi ne t han had been taken ou • ~t the t ime of 

Goodyear's visit the mine had been opened 300 feet by 

vertical shaft and 180 feet bel o the bottom level by 

~i'n inclined inze . Al though some mini ng ba:d been 

done during the intervening time , no greater dept h 

had been attained at the time or Knopt •·s ork in 1913. 

The Dar wi n .Uevelopment Company orking th~:. mine 1n 

1915 bad deepenea it to 600 feet.. The Lucky J im camp 

above the mine as built about this t i me and the 

Lucky J·i m m.ine continued to be deepened and mined 
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until about 1926 hen a depth of about 1000 feet was 

reached.. The De1'.t1anoe., In epend nee, and Lane mines 

~ ere also orked to a cons1d rable extent during the 

pert od from th.e Yiorld War to bout 1927. The larger 

ore body in the I.ndependence mine was opened up and 

orked during this period. 

With the straightening out of the ·wa. ner 

Estate affairs, the .. merican Metals Company under 

c. H. Lord of Chicago leased the properties and opera

tions again began.. Con.aidere.ble ore was concentrated 

and shipped during the period 1925 to 1927. But by 

1927 the lead industry was beco .ing depressed and the 

camp was again shut do n~ In 1926 an open switch in 

the Lucky Jim mine caused a fire ihich burned out 

much of the shaft and mine timbering. As a consequence 

this mi ne, perhaps the largest in t he district, is 

quite inaccessible. 

In 1930 1th the return of more favorable 

mining ·conditions and better pr ices for lcuad and silver, 

the Darwin properties were ss;ain opened up in prepara

tion for ining. The ·agner Estate properties were 

reorganized as the Dar ·in Lead Company. By t .he end of 

1936 the Lane ill had been rebuilt to 200 ton oapa-

c1 ty and early in 1937 the Thompson tunnel was cleaned 

out in preparation for working the Independence ore 

body at a lower level. ;.. . a. Hubel in 1936 purchased 
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the Keystone properties in the south end of the hills 

and constructed a modern camp in preparation for ex

tensiv development uruier the name of Keystone Darwin 

Limited. 

It is evident from the history of the camp 

that there have been t o contrasting periods of pro

duction. 'I'he first, 1n the ~e.rly seventies, -.,~as 

halted because of depletion or the rich surface ores, 

and bees.use of lack of modern methods of mining and 

milling and transportation applied to low grade ores. 

T'he second began with the World War impetus to m1n1ng 

during hioh consolidation of properties and large 

scale ope.Tations ere effected. · This later period 

faltered during the unprecedented depression, but 

should now swing into full stride again. ~£,1th modern 

methods of ·ining, ore treatment, and transportation 

the Dar in district -~111 be rightly proven as a 

silv:er-lead producer. 

rlhe following table of production from the 

mor I important mines in the district is based partly 

upon figures and estimates made by .Previous writers 

and partly upon estimates from inforruation gained 

during the present survey; 



Mine -
Lucky Jim 
Defiance . 
Christmas Gift 
Independence 
Lane 
Custer • 
PromentoTy 
'I'hompson .. 
Columbia • 
·11 others 

• 

• 

-134-

~stimated Production 

• 

• 

• 

• 
Total ~ 

,,2 ,000,000 
1,500.000 

550,000 
500,000 
300,000 
250,000 
200,00-0 
100,000 
ioo.ooo 
300,000 

~5,800,000 
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YilNES IN 'rIIB !,ORTH 1:}' D O:F 'lBE vAR"'t I N HILLS 

Fairb_anks Mine 

The Fairbanks mine is situated about three 

mil.es north of i;ar ·in and about 170-0 feet northwest 

of the Lucky Jim mine at an altitude of b500 feet. 

The ore boay oceurs in a sma ll chimney-like vertical 

vein which strikes northeasterly 1tn1n the zone or 
the Dar . in tear fault . ~'he wall rock. composed of 

impure 11 estones, strikes s · 38° w,. a trend cons-i-

d r bly at variance with the regional trend due to 

the drag effect of the large f sult . ~!though the 

exact relation of the ore vein to the tear taul t , 

could not be determined, it is probably subsidiary 

to the major fault, ore ori gins ting 1~-rom solutions 

which rose along the fault. The vein matter aonsists 

of galena and oerussite in a gangue of quartz, flu

oritet calcite, and iron oxides, the latter pl'obsbl 

der1vea as gossany materia l from jasper and pyrite 

in the original vei.n. Some galena o-ccurs in the out

crop. 

Equipment cons1.sts of an or-e b1n, hoist

houset 6 h.p. gasoline eng ine, and a head frame, all 

of hieh had been installed ith1n very recent years. 

A vertical shaft of 150 feet has been sunk on the vein. 

-135-
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Ore shipped is r e ported to have aversged ~35.00 per 

ton. The mine and eight cla ims of the Fairbanks are 

owned by 1~1ex Rouna of Darwin, California . 

Lucky Jim Mine 

'I'he Lucky Jim mine 1 s s1 tua ted about three 

miles north or Carwin at an elevatio of 5000 feet. 

It is located on a rather persistent vein hich strikes 

N 500 E and dips soo MW . About 5·00-600 feet southwest 

of the shaft the vein is broken by t o faults which 

strike north est. The dislocation on each ot these 

faults is about 50 feet, and as is the rule in the 

district the north side has m.ov d westward. The prin

cipal ore shoot is inclined to the southwest about 30° 

an~ this has been worked do nward in a series of tun

nels and w1nz·es to about 1000 feet. The vein averaees 

:four to six feet in idth, but in places is ·nearly 20 

feet. To the northeast the v . in cuts less metamor

phosed limestones that have been thrown into series 

of small folds. 1he ore consists of gs lena and ce

russi te occurring in bunches in an oxidized jaspe.r 

gangue . Only small quantities of calcite , pyritet 

and fluori ta are found. ~the ore averaged 1-lt ounces 

of silver to each one per cent of lead. The lead 

percentage of the ore mined varied with the stope, 

but is r-eported to have been 8-10 per cent. i\lso the 



·. 
~
-

.....
 : 

.
.
 : 

---
-:

·~
.-
--

GE
OL

OG
IC

 M
AP

 O
f T

HE
 C

HR
IST

MA
S 

GI
FT

 C
LA

IM
 G

RO
UP

 
B

Y
 

V
IN

C
E

N
T

 
C

. 
K

E
L

L
E

.Y
 

1
9

3
6

 
S

C
A

L
E

 
0 

J
O

O
 

2
.0

0
 

4
0

0
 

F
e

e
t:

 

C
O

N
T

O
U

R
 

IN
T

E
R

V
A

L
 

2
.0

' 

P
la

te
 X

XI
X 

J
U

R
A

S
S

IC
 '

C
?l

 
Q

U
A

R
T

Z
 

D
IO

R
/T

E
 

0 
P

E
N

N
S

Y
L

V
A

N
IA

N
 

IM
P

U
R

E
 L

ll
1E

.5
T

O
N

E
5 

0 
F

A
U

L
T

 _
_

_
_

_
_

 _
 

V
E

IN
 

C."
1 

-'1
 

I 



-158-

silver values mined in the surface cuts are reported 

to have been much higher th.an at depth. 

The mine was modernized in the twenties~ 

but in 1928 a fire cau.sed by an 01,.e-i1 switch burned 

out most of the improvements in the main shsft and at 

pre·sent tbe mine is shut down ana inaccessible. It 

is the deepest mine in the district and. one of the 

largest pr,oduoers. The estimated production is 

" 2 .• 000 , 0.00. lt is at present owned by the Darwin 

Lead Company .. 

Cbriitmas Gift . ine 

The Christmas Gift mine is located about 

2000 feet southeast or the Lucky Jim mine on a vein 

which strikes N 400 E and dips about ao0 NW . 'rhe 

NW 

I 
I 

I 

N. I 

1 
0 100 200 400 

F'eer 

A. Plan sketeh of the Christ-
ma.a Gi .tt ve1a and taul t hoWmg 
tb.e rake of the or.:e shoot. 

I 
I 
I 

·• Diag~tio secttcn 
acmss the Ob:ristmas Gift 
vein and fa.ult . 
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rock in the vicinity of the mlne is stratified tao-

t i ta which has been pierced by many sma ll dikes and 

irregular orishoota of the Darwi n stock as shcren in 

Plate I.XIX. Although the tactites are oons1derably 

dist.urbed by the intrusions they strike generally 

N 30° W and dip 30-40° w. As can be seen on the 

geologic map on the Christmas Gift cla im group, an 

intricate system of fissures end faults have been 

su erirn_posed upon. the multiplicity of sm.all 1ntru-

s 1ons into the tactites. among the fissures are 

seversl para.llel to the Christ.-•. as Gift vein and these 

ir1 general have be·en most minera.li zed.. 11.1he Christrr.ia;: 

Gift vein is out off by a compound fault abo.ut 200 

:reet northeast of the- shaft. This fault strikes 

}\ '100 E and dips 75° s . The north side of this fault 

has shifted est and in the vicinity of the mine the 

displacement is about 450 feet. The apperent dis

plaoeruent dies out very rapidly to the east and we·st . 

The ore shoot mined in the Christms.s Gift mine pitches 

steeply south~ est and is about 300 f~eet ln stope 

length. The mine is opened by a sha f t down the dip of 

the vein to a depth of 400 feet with drifts along the 

fault or the vein to intersect the ore shoot. Becalllse 

of the trough structure formed by the planes of the 

fault and the vein, the ore shoot ends sharply against 
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t!1e Ta.ult on the 250 levelo: The ore consists of 

bunches of galena and oonsidera ble lead earbone.te. 

The or·e is imbedded ln. earthy iron oxides apparently 

derived :from pyrite and jasper, remnants of whioh 

still o-0cur in the vein. Aeoording to ii~. Skinner, 

the owner, the ores ran somewhat higher in silver 

than the average for the distriot. Iie reports that 

much or the ore carried three ounces of silver to 

eaeh one per cent of lead and that the best shipments 

sverage-d 45 p-er eent in lea.d. The mine and ni1ie ad

joining cl.aims are owned by ti . L. Skinner and Ing c. 

Boe, Darwint California. 

MINES OF THE hOUNA GROUP 

In this group are included the mines and 
I 

prospects looated in the canyon next north of Lane 

canyon through which the highway passes. All o.f the 

deposits are· in fissure VPins along the east side of 

the stock directly opposite the Ind ependence mine. 

!J.ost or the work hes been done on two large and per

sistent northwesterly trending fissures which converge 

from the west and unite near the development camp in 

the osn/Ono In the twenties both branches of the 

fissurf.: sj"stem were explored by tunnels several hun

dred feet in length but no ore was found. ~f'hese 

fissure veins are among the largest in the district 
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attaining 40-50 feet in· idth. The \alls a r e very 

indefinite es the result of irregular impregnation 

or she -red zones on either sid of the fissure. 

Jasper and oalaite make up the bulk of the veins, 

but considerable barite csn be found i places. In 

the tunnels and open cu s small-quantities of chal

copyrite, s phalerite , and pyrite are ooeasionally 

found. To date, however, practioa.lly no production 

has come from these northwesterly trending veins and 

it is quite probable that, in spite of the extensive 

gangue mineralization of Jasper and ealoite, th -Y 

were not ef'feotively opened to sulphide mineraii2a

tion. 1bese veins have been followed by narrow dikes 

of' basslt and a.plite in the vicinity of the tunnels. 

The basaltic mat erial is not like any of the dike 

rocks definitely related to the major stock and there 

is. some suggestion that these dikes are later than the 

minera lization of the fissures. 

Several northeasterly trending veins hav·e 

been exploited 1n this group and , alt.b .. ough these are 

narrow ·r and less persis.tent, they show mineralization 

of a mar~ encouraeing ·type. Of these veins the Stand

ard hes been most developetl and from it considera ble 

lead ore has been mined . It outcrops on the south 

side of the canyon and lies south of the above ~-mentiom d 
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fissures. The vein is t o to six feet in width and 

contains coarse calcite, much gossany iron oxide . 

and the favorable ore in·1cator. fluorite. Large 

masses o:t' galena ere found in the vein in addition 

to considerable oxidized le!ad ores. 

During the driving of the tunnels on the 

l arge fissure veins in th~ t enties a small camp wa s 

built in the canyon. .t\ recent cloudburst destroyed 

or ashetl e ay much of the equi pment. 'rha t which is 

laft consis ts of t wo port ble pummatic compressors 

of 130 foot capacity. an Ingersoll-Band drill sharp

ener , blacksmith shop, mine oars, rails, a11d air and 

water pipe. 

Considerable electrical exploration work 

was done by the F.adiore Company prior to the develop

ment work in an effort to rind the best indications 

of ore. Moo:>t of the indications obtained by tbe 

electrical ork are, ho ever , evident on the surface . 

~he prospects and mines of this group are 

all held by .hlax Roune of De.rwln, California. No 

!~ining had been doue for se eral yea.rs at the time 

or thi survey in 1936. 

MINES Olr THE DEFI.ANC · lNDKPEf!DID1CE Mil:tE GROUP 

~he mines of this group are located along 

the east side of the prominent ridge back of the 
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Darwin Lead Co pany's camp a dist9noe of about one 

half to one mile from Darwin. The mines e.re centered 

about two large tabular ore bodies at or n ar the 

est contaot of the stook. The southern ore body is 

worke(~ by the Defiance mine and the northern ore body 

is opened up by the combined ork1ngs or the Indepen-

dence, Essex, ~nd ':Ihompson mines (Plate XXX). All of 

the mines of this group ar on patented ground owned 

by the Darwin Lead Company .. 

111 epende;noe Mine 

The Ind ·pendenoe mine is located one and a 

half miles nor·th of Dar in at an ele at i on of 5600 

reet near the top of the prominent ridge extending 

southeasterly from Ophir Mountain. :J:he ore body is 

poorly e A)Sed a t the surface . Th.e initial di soove1 Ji 

and en+rance to the ore body was made by an i nclined 

shaft lo.cated on the crest of t he r t dge at an eleva-

E. 

1. 

0 100 200 / \ ~ 
reef 

Blgure 2. DJ. · Uc section through the Ind ... endence ore 
bOdy. l. Quart .a d.tortte. 2. ore botf.7• 3 . atratttled 
tactlt • 
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t1on of 5700 feet. a t this point there erops out a 

ta bula:r· vein ar)OUt 20 feet in width lyihg slong the 

contact. Jt1orthwe.rd from this entrance the m1torop 

of the ve n cen be traced s~ve r~ } hundred feet be

fore it pinch s out. South or the r1age crest the 

outcrop of the vein pinches out in about 50 feet. 

!wo cmnller ~ arallel veins lie in the beds a few feet 

above t he vein at the contact.. Entrance was later 

made to the ore body by a tunnel on the south side of 

the ridge throu ·~h a lobe of quartz diorite near the 

contact (Plate XXI-b). The ore body within the ridge 

above the elevation o'f the tunnel is enormous and 

s.topes in thi s ridge a~e the largest 1n the distriet. 

At the tunnel level the ore body ls 100 to 150 feet 

in width and the s tope length 1s about 200 feet. ~he 

footwsll of the ore body is in most pl ces quartz 

diorite although sometimes a narro l~yer of tactite 

intervenes. 'fhe .a nging all is limestone end tac ti te. 

'l'he bulk of he ore body eonsists of a poroust highly 

gossaniz.ed rnater1al whioh contains many pseudomorphs 

of limon1te after pyrite. Conslderable kaolin. cfl lcite, 

sider! te~ quart.z, end jasper occurs throughout the 

gossanized vein material, muah of which is mined as 

high-grade milling ore. Small unrnined remnants of 

ga.lena ~ .. nd c,eruss i te which undoubtedly oeeur-red in 
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Plate XXXI 

a . View of the Defiance mine showing th~ lower end 
upper ore bodies lying between the stock in the 
foregro-und and the sill a bov-e the hi te ·tactite 
wedge in the center of the picture. 

t:. .. Vie of the Independence mine {right or aente·r) 
and the Essex mine (low~~ left ) • The prominent 

h1te tact_te outcrop in the c nter of the pic
ture lies as a blanket over the large Independence 
ore body ithin the ridge and a part of wh1oh may 
outcrop in the da~k a~ea in the extreme left in 
the picture. 
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l rger masses can be found scatterea tll.rough the 

gossanized .alls or the stopes. The ore stoped from 

above the tunnel level probably extend do n ard 

along the contao for a considerable distan~e. The 

unm1ned ore in this ore body probably constitutes 

one of the largest reserves of ore in he district. 

Because of its elevation it can be readily tapped by 

tunnels at lower levels . In fact, this is the in

t ent ion of the Dar 1n Lead Company in its resumption 

ot mining in 193?. 

n erial tr·am 2000 feet in l ngth was used 

to carry the ore to the storage b1ns at the Defian.ce 

m1ne .here it was s .ain trammed to the Lane mill a 

distance of 6000 feet. 

Essex ~· ine 

'Ihe Essex mine lies 200 feet southwest of 

the Independence mine at an elevation of 6500 feet. 

I 
II; 
I I 
I; 

I; 

I I 

I 

• Parallel to the vein. 

40 feet 

s. 

Quartz 

Diorite 

• Across the vein •. 

N. 
st,,.afified 
Tactite 
(Pa.Yallel 

to ) section 

Figa.:re a . Di · rammati c sections tnr01agb the Es ex ore body. 
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The wor ings consist of an opnn cut from which are 

driven two short tunnels each about 100 feet in 

length antl a vertic~l shaft 40 feet deep . *!'he verti 

cal sraft 1 sunk on a vein 7-20 feet ·ide, striking 

H 65° W and dipping 85° s. The deposit has formed 

on the south side 01· a small lobe or the stock. The 

vein has several small branches into t he tacti t -e and 

intrusive. Kear the bottom of t he shaft the vein is 

faulted... A vertical north-south fault is encountered 

25 feet est in a drift driven i.n the rootwall of the 

fault beyond which tectite is impregnated ith pyrite, 

steely galena , and fluorite . 'l'he fluorite is purple 

and darkens upon lying in the open. Tile sulphides 

rep~ce the tactite in small veinlets and masses. 

This is one of the few places in the district where 

sulphides hav-e impregnat .ed the tsctite in quantities 

sufficient to constitute ore. As it is mined , it 

runs 15 per cent in lead and seven ounces in s.ilver. 

Aside from this occurrence est of the fault in the 

bottom o:f the mine , most of the me. erial in the Essex 

vein is the gosss:ny like material similar to that 

found in the Independence mine.. "'). peculiar vein con

sistin€~ of hi te lsmina ed fluorite carrying oonsi

derable galena oeeurs in a small open cut at the west 

end of the Es.sex aump. ~~ ifteen or 20 tons ot good 
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sulphide ore are piled near the shaft. In some of th.1 

material blue radiat1ng crystals of ltnarite, the double 

basic sulphate of lead and copper, have been found • 

... J1omp~qn M~ne 

'I'he Thompson mine is situated bout 1000 feet 

north of the Defiance min at an ele at!on·of 5300 

feet. Access to the principal ~orkings of the mine 

is gs.ined by a tunnel 400 feet in length driven 

N &5° ·• The portal 1s in quartz d iori te and the 

contact of the t&otite ts about 260 feet in from the 

portal. A mineralized zone about 60 feet in idth 

is eneounteTed in the tact i te at>out 350 feet 1n from 

he portal of the mine, and most of the .stopes are in 

this ground. The presence anti extent of the mineral

ized zone is determined by a prominent cross fracture 

which bounds it on the north side. Thi.s fracture 

strikes N 95° E and cuts the taotite-qus.rtz diorite 

eonta·ct in the canyon 5.50 feet northwest ot the portal 

to the 1~ompson mine at which poi nt the fracture is 

heavily gosse.ntzed for a iidth of 10-15 feet~ both in 

·the tact 1 t ·e and in the q_uartz diori te. 

'Ihe ore con.sisted of gale.na ,, eerussite,, 

py:ri te~ and sphalerite wi h ca lei te, quartz, jasper, 

and iron oxides. That chaloopyrite is. a constituent 

of the ore is shown by numerous chrysocolla veinlets 
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in t he out,orop directly over the prineipsl worki ngs. 

Unusually l arge ma sses of ')e lena were encountered in 

the stopes and considerable native sulphur occurs as 

an oxid-stion prl.'Xiuct of the lead ores. Unusually 

coarsely crystalline sphalerite, attaining dimensions 

of sev·erel inches, occurs associated with calcite. 

Fear the end of the Thompson tunnel a 175 

foot raise has been driven to the sur~ace along a 

prominent cross fracture. Ores from small cuts and 

tunnels are dropped through this raise and hauled 

out tt1rough the 'fhoropson tunnel. From their position 

between the Thompson and Independence mines these tun

nels are known as the Intermediate mine. -i·he entrance 

to the main Intermediate tunnel was entirely covered 

by debris from a recent cloudburst at the time of the 

field work. 1~11 of tl1·e Intermediat e workings lie nor-th 

of the cross fracture and they are located on bedding 

plane deposits and s :- . ller cross t"ractures. Several 

small tongues of syenite or alas.kite intrusives occur 

near the workings. 

P:tf1anee ~ine 

The Defiance mine is situated one mile north 

of Darwin at an elevation of' 5250 feet. It is one of 

the oldest mines in the district and as a producer 

ranks with the Lucky .Tim mine. although the ratio or 
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silver to lead in the Defiance mine has not been as 

high as tllat at the l ,ucky .Tim. At the Defiance mine 

two large lens-shaped ore bodies occur parallel to 

the eontact. The prinoipal ore body crops out along 

the intrusive contact for a distance of 215 tee and 

has a maximum thickness of about 40 feet .. At tbe 

I:line the contact of the stock roughly parallels the 

.stratification .of" the tactites which strike 

and dip 35° \~ . The other ore body lies.t about 50 feet 

0 100 200 

Feet 

Figur . 4.. Generali~ed section thro-ug'h the Defiance ore b0d1ee. 
l. ·Quartz dlor1te,. 2. ore ood.y. 3. tratified tacttte. 

above the contact ore body along the bedding of the 

taotites. It ~s 190 feet in length and 30 feet in 

its greatest width. About 100 feet above the upper 

ore body is a sill of quartz d1or-1te 100 f'eet in 

thickness which follows the ~ently arched taotite 1n 

a aurve to the nor'th where 1 t joins the main .stock 

near the cook house 250 feet north of the mine 
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(Plate XXXI-A). fihus • the ore bodies lie in .a 

curved wedge of taot1te between the s tock and. a 

branch 111. 'I'he north ·ard extent of the ore bodies 

is limitea by the sill. It is evident from the un

derground ork1ngs that the orebodies a~e ore exten

sive to the south than the surface outcrops would 

indicate. The mine is open d by an 1ncliued she.ft in 

the rootlall of the ore body o a vertical depth of 

about 30·0 feet . In addition e. tunnel 550 feet in 

length has been driven straight i nto t he hill at the 

surface level of the mine and considerable ore from 

the upper ore body "a s stoped by drifts r 1·o:n this 

level. Drifts north and south from the inclined 

sh.aft have been run at various l evels from \Vhich the 

bul k o~ the ore produced has been stoped. 

~ ost of the veins consist of highly gos

sanized and kaolinitic material ith1n an along 

hieh are found masses of calcite , quartz, pyrite , 

fluorite . and jasper. In addition, large remnants 

of l i mestone and t a etite are included 1n the veins . 

In the early days of mining at the Deriance mine much 

of the hiehlY oxidized mate_rial of the veins ·as 

either lei•t umnined or thrown on the dumps. Hovrnver, 

under present conditions of mining and milling much 

ot this muld undoubtedly form. good milling ore . 
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•rhe o.alci te of' the deposit is exceedingly coarse and 

oleava.ge pieces 12-18 inehes in diameter are common. 

Fluorite is also coarse grained and may be white, 

lavender,. or green. in color. Galena and cerussite 

occur in bunches and small shoots in the highly 

oxidized material or enelos.ed in o,alcite or fluorite 

with p' rite sud dark brown sphalerite. Pyrite crys

tals ranging from a fraction ot· an inch up to two 

inches ar~ very bunda.nt and near the outcrop the 

walls of' the st opes a re in ple ces lined w1 th ps.eudo

morphs of 11 .onite arter pyrite. Chalcopyr1te in 

small quantities is common with the galena, and as a 

result ohrysooolla and me.laconit.e a.re to- b found 

near th e surf'e.ce. In places the tact1 ta walls are 

impTegnated with pyrite and sphalerite, the latter 

often in bands following the stratification. In the 

future, ore found in his mine will most probably 

lie to the south of the entrance shJ. ft and from a 

structural standpoint the ground around the bre-ccia 

tactite south of the drifts on the 215 and 290 levels 

is the best to explore. 

Rip Van ''ii11k).e ~1ne 

'lhe ti ip Van ~ inkle mine is situated on the 

west side of the Defiance ridge a~out 1000 feet south 

ot the Def>ianee mine. It is opened up by a vertical 
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shaft 250 feet 1n depth alon€ a cross fracture strik

ing N 450 E. It is one of the f w producers from 

fissure vein on the west side of the stoc • The ore 

is highly pyritic and is reported to run unusually 

high in silver. Gslena t sphalerite, end pyrite to

gether with consi derable oalci te ar>. d :fluorite impreg

nate the tactitc alls adjacent to the :fissure . The 

mine which is owned by the Der-ry1n lead Company has 

not been orked tor msny years and w- s inaccessible 

at the time of the field ark . 

The mine described under this heading all 

lie south of the highway through the hills. 

Custer E.~ine 

The Custer mine is situated one mile east 

of Dar i n in the canyon next south of Lane canyon, 

\ 
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the one thTough hich the state high ay runs. 'lhe 

elevation is 4700 feet. The deposit ocours near he 

tip of a very prominent cross-cutt1n lobe ot the 

quartz d1or1te protruding from the east side of the 

Da i n s took. I:no r 1 considered the ore to be formed 

i n the broken arch or fold. bS a matter of fact, 

h~··ever, the deposit is locate~ 150 feet est of the 

axis of the fold a long the beddin~ of the taetites 

whioh strike r 25° ·. · snd dip 50° \~ . The stesnly dip

p in~ t ctites in hich the ore chimney hes formed are 

cut off 25 feet south o he inclined shaft in the ore 

by the lobe of ~uartz d1orite. ~nus, the deposit is 

of the bedding plane type loo ted a short dis tance 

from the contact hiob is i this oa.se approxin1ately 

nor mal to the stratification. The inclined shaft is 

535 feet i n dep h with levels at 130, 150, lSb, 230 

and 310 reet. 

The vein mineral s in addition to the usual 

lead ores consist principally of gossany irori oxides, 

coarse c alcite, pyrite, jasper, and fluorite. In 

addition, ~arnet appea s to be one of the vein miner

als and its association ith coarse calcite cementing 

brecciated fragments OJ. the t&ctite was noted by Knopf. 

1. U.S. G. S . Bull. 580A, p. _15. 
2 . Ibid. -
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.Also, a little specularite hematite is to be :eaund 

1 ~ ~ vities in the vein. Coarse ealaite is re"&rkably 

eveloped on the 200 level wbere it is at 1 ast 50 

feet thick and 7 ~ :rest along the strike. This repre-

sent a local s elling in the ve1n, for above end be

lo this level the calcite bod is ot nearly as 

1 rge. Lead ores 'Were scattered through the ealcite 

body in aosoci tion ~ 1th iron oxides. 

' eduction from the mine probably a ounts 

to i250 ,000, ~ost of hioh w s prior to 1900. It has 

not been miried :for several years, but the ch~raeter 

of mineralization is suah as to attract attention and 

it may 'become a producer again in the near future. 

It ls owned by r!heo. Peterson of Darwin. 

Fernando Mine 

'Ihe F'ernando mine is situated in the next 

canyon south of the Custer mine at an elevation of 

4600 feet The deposit occurs at the intersection of 

a prominent cross fracture and the beddin of the te.o

t i t ·e. The mineralization is greater on the cross 

fracture or fissure \"e1n which is rather persistent 

and traceable .on the surface for about 2000 feet 1n a 

direction !-,. 650 E.. The tactites st.rike l'lf u;o ~ - and 

dip 55° w. .tin inclined shaft 125 feet in depth has 

been sunk on the bedd.in ~ and the de osit ope·ned up 
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theretro~ bj numerous hort tunnels nd stopes from 

se~eral levels. The inclined shaft is intersected 

b tunnel driven long the fissure about 30 feet 

belo t he shaft entrance. Along this tunnel consi -

erable displacement is evidenced by brecciation, clay 

·an iron oxide ouge. and ell preserved slickensides. 

Striations on the fault plane dip parsllel to the bed

ding,. i. e., 50-60° w·est , the no1·th side havin11. moved 

do 'n and to the est. i.he mir: rs.11zation along the 

str tificstion is not oonf 1ned to one horizon and 

looally has epread through several closel~ spsoed beds . 

On the 100 level mineralization paralleling the fis

sut·e hes affected a id th of 30-40 feet. The ore 

rnineral.s are galen~ , ceru.ssi t ·e, and Einglesi te and t he 

gangue co ists of jasper, hematit , much gossany 

limonite and a li tle calcite. Galena found in the 

stopes is coarse grained and in pl ces i mbedded in 

jasper. Ore shi pp d from the mine wnen i · s last 

worked in the late t~enties is reported to have car

ried 30 per eent leaa an.d 30 ounces in silver. The 

mine is owned by Theo. Peterson of Dar in. 

roment,ary 1l ine 

'lhe Promentory m1n=:a is situated about a 

mile southeast of Darwi n at an elevation or 5000 feet. 

The deposit is one of the initial discoveries rr.ade in 
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the district. Thr ee closely spaced bedding plane 

veins ar.;; exposed in t he eut behind the shaft. 'Ihese 

are in tactite hich strikes north and dips 35o ~ . 

It is opened up by ,. n inclined shaft dmvn ·the dip of 

the beds to a depth of 320 feet. LTifts not over 100 

reet in length lead to exte~sive stopes north and 

south of the shaft. The veins range fro·m a Traction 

of a foot to 8 or 8 feet and locally more in . idth. 

The veins have been S·Ubjected to considerable slippage 

·~hi oh took place largely along the veins themselves 

ca.using considerable gouge material and sliokensiding. 

5ome of the mover:ients. hmsever , iave been a angles to 

the veins, but th displacements d.o not appear to be 

lar .~ e . Il·on oxides and jasper are the most abundant 

e;~nguc .minerals of the vein. but some caloi te· and 

siderite ere present. t.~ueh secondary calcite in fla t 

rllombohedrons occurs throughout the mine . The usual 

lead ores are present ana some argentite is reported 

to have been round in the mine. The propeTty , which is 

now idle , is olined by the Darwin Lead Company •. 

S11ver ·spoon Mine 

The Silver Spoon mine is situated about two 

miles southeast of Darwin and 3000 feet northwest of 

the Columbia mine at an elevation of 4500 feet. It is 

located on a prominent fissure vein which strikes 
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N 66° E and dips roughly so0 N. The f iasure is 

treoea 'ble f o·r e tout 2SOO :feet and at the mine 1 t bas 

been opened up to a depth of 250 f et by a shaft at 

th bottom of hicb is a drift 125 f et to the west. 

The o~e ia most ly carbonate with a 11 ttle galena in 

hii.;hly oxidized and siliceoue. vein. matter. The vein 

varies from one to four feet in width. Ore shipped 

esrrie .. S5 per eent lead and. 16 ounces of silver p~r 

t on. Some of the ore was evidsn ly crudely cleaned 

a ~d concentrated b screening on the, dump,. The pro

pe~ty is mmed by Thf.:o . Peterson of Darwin. 

Columbia ~1.ne 

'Ihe Columbia mine is the southernmost mine 

1n the Darwin H11ls and 1s about two and one l1alf 

miles fl'"{)m Darlin at an elevation of 4350 feet. It 

is located on a f issura vein hiah strikes N 60° E 

and is atiout 2000 feet beyond the southern end of the 

Darwin stock. · The vein cuts across blue-gray , unsili

cated limestones and the mine is one of t ~ · o in tbe 

district ~hioh is located outside of the silicate 

aureole. The vein, lhich is vertical, has a m imum 

width of 15-20 feet. It bas been worked along the 

strike for about 200 feet and to a depth of about 

225 feet. ~rhe chi&:f feature. of this vein is the 

abundance of dense jasper. 1'he lead ores com=iis t of 
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galena and earbonste . Much of the ore or this vei.n 

is reported to have carried gold values up to ~12. 00 

per ton. 'lhe Columbia clai m is pate.nted and owned by 

t he Darwi n Lead Company. 



FUTUHE EXPLORA1. ION 

'.t·he immediate tuture of the Dsrwin district 

lies aimost ent1rel in mining to greater depth de

posits already discovered. Practically all of the 

production at Darwin has come from within 300 feet 

of the surfsce. Successful mining 111 hsve to be 

carried out on s large scale s.nd it will be necessary 

to ke ep ores blocked out in advance of extraction if 

mining o erations are to be more than sporadic. Ore 

boaies of the contact type are irregular and bunohy 

end they m.ay terminate suddenly. New bodies, unless 

expos Ci at the s ri'aoe, nre diff'icult to .find s.nd 

hence considerable exploration and proving of new ore 

should parallel mining at all times. 

In. regard to future prospecting for deposits 

it should be borne in mind that only the west side or 

t he sto.ok has revealed ore bodies at the immediate con-

taet. Deposits at the west contac t are pod-shaped 

bodies hich are irregularly distributed a long the con

tact surface. fJ:1hey vsry considerably in size but the 
/ 

largest generally exceed the dimensions of fissure or 

bir~dding plane deposits. The entire unexposed contact 

surface is potential ground for such deposits. ome 

deposits, like t he Independence body, may be exposed 
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only sli htly or hidde entirely. In general. it may 

be oun that irregulari t 1 es or protuberance-s or tbe 

s rface o:f the stock,, e·s pecially ~~here paralleled by 

the stratifie tion of the country rock, are favorable 

l oa1 tor deposits along_ he· contact. 

iiost of the ti sure veins are rather per

sistent, but only oerts in stretches or the fissures 

have been sufficiently mineralized to constitute ore. 

The ore in such deposits makes in bunches or shoots. 

In the ease of the Lucky Jim and me Cbrist~as Gitt 

deposits the ore shoots rake to the es • This ma 

or may not he true for other such fis ure deposits. 

To da te the nort easterly trending fissure veins only 

have produced ore. In a fe cases the fissure veins 

have been dislocated. a lthough in m·o·st cases the dis

placements have not been large, 1t is ell to remember 

that the usual direction of di placement is the north 

side --estward. 'I'he fissure veins !:Ire more prominently 

developed in t he tsctite zone . The portions of such 

fi ssures extending into the intrus ive as s rule have 

not oonsti tuted deal :r a ,· le ground . 

In the past ther · has b en considerable ex

perimentation and. money expended ror selecting an en

tree to the ores beneath the Defiance-Independence 

ridge. The Radiore tunnel driven through hundreds of 
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feet of barren ground is one evidence. Most of the 

deposits dip we t ·a.rd under this ridge more or less 

co.ntormable ·1th tbe bedding or the surface of the 

contact of the stock. 

A -0onaidersble amount of geophysical pros

peot1n€ by electrica l methods as carried on during 

tbe late t en ies in an effort to loeate ore. Th 

v1riter has had acces to some of the maps compiled 

from such work and in only very fe · instances ere 

el ctrical indications plotted h1eh ere not evident 

in the outcrop. The electrical indications obtained 

may be from bodies of pyrite. This type or explora-

tion may be succeasrul in locating a few deposits of 

hidden ore. From t he high jasp r content of most of 

the deposits it seems that a magnetometer survey might 

also oo useful . Ho -~ e er , it is felt that a smaller e.x

p.end it ure. in eolog1c advice in oonneotion 1th active 

mi ning and exploration ould be more bene:fieial . 


