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WISSER AND COX 
CONSULT I NG GEOLOG I STS 

NOT S £! !!Ii IVJJfP6Jj R GIO , !!!ti BERN RDINO coUwtY, ,CAb! I. 
INTRODOCTION 

I l) eemb r, 1955,the writer \}.b itt d an office r port on 

tb eo p r deposits ot e tern ~ B rnard1no Cc ty. Sine I h d 

a few d ysava11able fo"r field ork in Janus. y .. J'ebl'u ry_1956,1t .. 

5 sted th tIt ke look t some ot the area,wh1ch I had not 

vtel ted 8inc I "as. $UP rin.t cdent of th ' V . erb11 t m1ne,neal' I ... 

vanpah,1n 1923-4. 

The r ion 1s 1 rg one,an4! had to deo1d whether to look t 

the 0 tbe port1on ,v1 R1ahway 1-48S,or ~l ~o.th rD,vl Hi h­

way 66. ot having Jeep I 4ec1ded on th no~~herD rea, h r cam­

p 111 geolog1 ts were working . Untortun tely the company jeep piokup 

lett for San Francisoo the d y I rr1v d in ker. Inability to t 

tar of f 1 prove4 ro$da greatly ~n41c pped y 1n p etloh, nd com­

bin d with lac of a auld rnd red my tt pt to reach the C 'pp r 

orid mine fruitless . 

Tbe £0110 1nl report dee.erlbwhat I did s& ,witb further d (l,ta ,:-;' 

from the 11 t(~ ratl.lre ., The aeco (Jellying map combine ,for the ftl' t tim . 

geol0 Yi od l'Xl r(:led,topogr phy and or deposlts, and shQuld be of 

u to the D in the 1"1 14. ucb o.f the eo10 y 1 in ccur te;I h ve 

few cor-r et1011S froll f1 14 ob erv t1oD,but it 1 unfortun te 

th t tt •• tt' frot~,ssional Patter Qtl the Invanpah quadran 1 1$ 10 

1 w in appeartns-

Publications ret rre4 to l" 11 ted t end of repo-rt • 



··e FIELD WORK . 

un January 28 the area of the Mount in Pass rare-earth ine wa 

examine ,including the P·recambri n complex east of th Clark lit. 

t ult, the fault zone,and the Paleozoic sediments west of th, fault. 

The Teutonia Pe k ss s also exa lned,along the ection 

betw~en Valley ells and C a, swell s the re of the Standard o. 

2 and Copper King mines. 

'On Janu ry 29 an attempt w s made to re ch the intrusives of the 

New York Mount Ins,from th Ivanpah-B rn.-ell ro d,but I got tuck 

in a sandy w sb and had to turn b ck. Driving to e1ma I succeeded 

in seeing part of the larger intrusive at the Death Valley s11ver­

lead .m1ne. 

On January 30 I tn1 d to reaoh the Copper orld mine, but had to 

leave the ern &r the Mohawk mine.Not being able to see the Copper 

Wo ld dump from afar,! dId not know in which direction to it, 

so I spent h If th day examining the Mob)! wlt min ,8 lead ... zino mine 

whioh produc d scm oopper. In the afternoon I naged to f1nd the 

ast Camp poss1bl porphyry oopper now b 1ng Inapped,and spent sever 1 

houre there • . 
On January 31 I returned to the East C mp prospect 1th r. 

Rust,who W s very helpful 10 sho ing me the principal features. In 

the afternDon I left for B~rk ley • . 

GENERAL FEATURES 0 

The best desoriptions are by H w tt (195 ,1954b),and fer the 

Cl rk Kt. rea,by 01 111 (1954). Although th site of he vy 
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.d1 entary d 

which lnclu4 s th 

rost D fro th 1 te 
,I 

(long period the block ro o:cslbly 

the 1l1ddl 

look, 
o 

to vi rou 

th1 

1 thouch 1 ts r ... 

face nay any s ch h 1 ht,tbe rOc s be1n r 0 th 

block ros " 

This t cton1c b~$torl , xpl 1 h bun ant oatcops of p~ cam­

br1 u,a.n tb t only r mnent se~! nts 

re in. 

he Ivan hr. to h v und r one thr~e .~j r period of 

d~ fol" . p.t1on since Pl"ec brian tl as. (1). In the lr.te Cretace()u I 

£01<:11101, th'Mlst1n ,normal r ult1ng nd intrusion, Wl. tb oop tlr-l:e d­

a1nc metal1Cl.za.tlon. The Cl rk llt. t ult,whioh is ir, l'alh:ed,cuts 

the ltesc 1. t~ t but its l! cI1 p1 oed by &. thru t paral~el to 

the me o~,north 0 th p r a. the esc 1 thru t hove P 160~olc 

rock oVfr volcanic .hleh ar prob bly of Cret ceou! 

( 

th 1 thrult,being th refore,ltke t Clark t.no m 1 t ult, 

Y tb thru t. 

( 5 this pooh of' aefor tfoIi,int 

t ~111Q,t101'1 1 t \ire eou ft 1thln the p rio of L.r 1de 

pr .ent wr1t8~fbe11 ve that t 1 at orOleny~. Others, including' th 

one major orogeny preceded tbe truu Laramide., oecu ,.. -in in ~ 1 ... Cretace-ou. 

tl , and th t it was most strongly ~velQp.d lone b It contain1n 

Good pring I Pioch, ly and r b bly int1c. South est of Goo s r1n s 
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th 8110 enetlc belt trrough teo • r ion 

nd travers Calltorn1 • 

It is rob biG th y-K 1111,S n 

nu 1, jO, Ko no! d Sant we e etal 1z~d 1th coppe~ 

1n th p r1od, 1. , 1& e t Cret Qua -~.rly 

! rti ry. But fo t on 04 
, 

fin~<d to that periodi 1 t is 

1), ' re s~oc1 

rlngton as 

Cr tao nus oro ente belt. It rollo ~h t 

Iv np h oro 

not con-

that the d po it t 

t 

t or the 

ar11st' 

ml11t t lnst the po 1b111ty r finding p<'-rphyry copp r d~po-

it th ref 

(S). TIl fl cond major period ot deform ti'on in the Ivan ah re ion 

tODk pl .ce in th 11oene,at h1ch ti m 30r thr sttn a ctive 

in a nor - outh b 1t xt ndln down the eu tide 0 th V 11ey 

nn extend1n sou.ttb 1'd into 'the tvanpah q,u,adr II l' • 11 \W tt (1 54b) 

_hows ~afiY ~11ppen in th no h t portion ~f tie Iv~npah qu a~ J 

a. Th 

. f Preo mbr1~,r.mn nt of the up,·~ plate ot a 

ha hove t i ry dod r 

P 

tl t of 

turu61 e-copper $ho 1n 

tn the are of Pliocene thrusts. btl the 1d-Cretae ou 

y h v haa 1nfl~ nee on b a&- etal loe 11~at1OD,the Pl1o-

thru t 14 otJbut th ir pr of possible 

b tn! ma ped ml ht inT 11 at tb 0 -
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pect1v8 iu of uch to 

ttl 0 t pro lsi portiQn or th 8 to 

be de up ot Prec brian rook • It this ho th1 

above a Plioa ne thrust,th in ma oopper 

dpO$lt tT."O 

n th d st Que qu 1-

tio..1'l,for hOY1ed it to ,at a dlstanc • 

orth-

t b It,o bleb the Cl rk Mount in pran'l1n . r l .. ! \llt fo th 

n rthe t bounda:ry .. that t "it ith the . tbru.sts j~ ;t lest of it, 

to b port&nt or oontrola. 
1 . "\ 

y pr ,sent op1nit·on,ho eYe!' 
, . ~ 

i that the d 0 it or thl ireplaoements\' 1n c rbollat 

roeks, t f r .... 11 oban1oe. of ukin 1 r, :ll1ne '11 

should be u.,ende Until gub11catlon of Re. tt' 
per. Jh n that ap ears,any po ibl1itl 

hould b Q rerully ap ra1. 
~ho1)..l be at Pr"' "ent,o po 
po!1ts. 

Y f.1:$ld work __ done 
$1 e 

Teuto1'l1 

CaB 1'0 d 

1ned er~ d c:r1bed balo • 

1 r xpoe d lon th 

roc 1 m d1uLi... in d, 1th • 

a-

, 
,< \ 
f , 

. , 

nd 10 11 e blot! rani e. H w tt a 11 it u rt~ 'monzo.lte. 
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WISSER AND COX 
CO N SULTI NG GEOLOGIST S 

A epicans. hile many opencuts nd s.all d1t ,presumably driven 

in search or turquo1 ,11 in the granitic a s north of th 

Arohe n complex. oat of the turquol e see 8 to h Va co from 

the complex not £1" south of the granite. 

The granitic intrusive oontrasts strong13 ~1th the t~esh and 

barren-looking Temton1a Peak and New York Mountains intrusives. Sof~ 

tened by alter tlon the East Cam.p intruslveJ We there to subdued 

hilloeks,exoept wbere proteoted by a flow of Plelstooetre'basal t on 

the west (see map). The granite is xtensively bleached .nd lron­

stained in various t1nts"from yello lsh,Qchery to bt"o'ill'l and red­

dish brow. It is irl mny p1 cas intens ly jo1nted,although the 

degree of jointing se ~ms to val'''! considerabl,. 

Caste representing former sulphides are not lacking,but they re 

far from. universally distributed. While some are euble,free from 

. indigenous 11lDQn1te l1d, represent f<lrmer pyrite,tn ny are irregul r 

in outline and contain d,ark brown indigenous I1monlte,8uggestlve of 

chalcocite or chalcopyrite. 

Alteration 1s strong,obliteratlng oat of the pr'imary rock mi ... 

nerals 111 the hand spec! en,except the quartz phenocryst • It 1s 

mo t11 pi ttl argill1c, ty'pe.f'orming v~lous clay mlnerals,,1ncludlng 

probably alun1te. Little serloit was een, but sericite 1$ Qften li:tH 

difficult to dIstinguish til t..l\e hand specimen. 
\ 

Sou.th of the 111 11'1 granitic intru51ve,and . t th1n the Archean 

well-mineralized aresher$ granitic material 1s 

intensely mix-ed in with metasedlment.,whlch include mica $ohi .• t 

&ndquartsite. The i,gneous reek are probably Prees brian in e , 

b !t the metallizatlon i very likely associated i ttl the Cretaceous 

(?) granite jU!,t north of th area. The tIliner lized .rea show 

sericite and rather abundant casts till d .1th dark brom indigenous 

- 10 ... 
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I1mQD1t • Siliceous septa in thea casts ugge t to me former 

cha.lcQcite. 

COlAPstison or EAst Camp Prospect .!.Uh '[(Dam PorpQyry Copne!: 

DtROslts.- Salient featur of the East C ~p prospect, 0 far a 

I tlould see them during my hort inspeotion t"et (1) locally in­

tense but variable JointingS(2) dominantly ag1111c lterat10UJ 

(3) exten lve but arlabl 11 on1tl0 at ining!(4) presence of ex­

sulphide casts, any with. indigenous broQ I1mon,lteJ(5) all .saUl:ple. 

taken by Rust sho. t least a few tenths of a percent of copper, 

some giving 8S much as 1,,(5) presence of some ahry ocolla and 

abundan t tul'Q,uol,se, (7) the 1ner l1zed gran! t1c area is only a 

portion of a much larger intrusive mass,and. mineralIzation "spills 

over- into the adjacent Archean complelt. 

1. Intense jointIng or "Qraok11ng" is typ1c 1 Qf all porphyry 

copper deposits. 

!. While ser1c1t1e alteration 1& ssociated with ore d post ion 

in many porph.yrY coppers,th relationship i by no means universal. 

ThUS at Santa .Rlta,New eli100 and Silver Bell,A,r1~onatthe r 11-

lie stage o.f a1 tel' tioll 1s the most closely eontleQted with the cop­

per 4eposit1on (P.F.Kerr,1951 ,p.470 .. ) The same holds for Castl 

Dome, Arizona (N.P.Peter on et a111,lS46, p.600-Abstraot). 

3. Iron-staining 1s characteristic of the leached capping ovel" 

all porphyry coppers. The following d ta &r$ from LoCke,1926,p.114f 

L1mon1tes over ,P,ritlc nrelts very low in copper 1:'0 comm.only 

brIght red or br1ek red, or yel lowish brown . Since 11~onlte from 

highly pyritic deposit$ m1gr" tea tar and fast,eapp1ng over such de· 

posit 1s usually tnten ely colored. 

.. 11 -
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Highly colol"ed red outc,rop" ay overlie pyrl tic m ter1. 1 cont 1n1ng 

a .$ mucb I!' .~op;per (N<>rth Hill. 1aml,At-lzon .) but 1 th hIgher grade 

chalcooite or _odle. the capp! 

1,. $ meon plcuous, aroon- oolored specks and ve1nlets. . 

The East Ca p outcrop is not, in eneral , highly colored. It is 

in places yel10w1 h browD, suggest1ng cons1derabl pyrit ' b low.But 

with enough tonn ge,l$ copper cont nt might m e o1'e,50 that n 

outcroJ) indictive mainly of pyrite might be orth dl"il11ne . 

4 . Ex-sul hide ce.sts,many filled ·wi th L"ld1genous dark Dr wn 

11u'lonlte , re fa1ly common, lthough less common than I shoul 

ish. 

s . Cap ing over 'l!any porphyry co-ppers average less than O.l~ 

copper , so that 'higher copper 'in the East C mp xposure 1s not dis-

couraging. 

6 . TUrQuoise is Ii J' re but pel"f~ctlY 1egi t1mate ox1ciat1.on pro-

duct of copper d DO 1 t~ . At Tyrone , Ne eJdco, tur<\uo1se occurs in 

the Preeambt'l n granitic complex just north. of t he quartz monzonite 

v/u1e'h conta1ns the porphyry copper depo 1 ts . P ige (1912) believ a 

the turquoise to ha.ve formed !H~ a product of norntal wee thElring of 

cOl-rper- bes,r1ng rock. }.t Tyrone , s a.t ~ast en p t turqu.Q1se g1v & Qut 

go1ng down a short dl t nce belo , the present surface.Both dlstr~ct . , 

have beeh fiubject d to er '>sion "for i~enBelY long l>er1ods. . 

7. At BingharA the Otnh Oo"1'e1' ore hody 1s rou :tbly coextensive 

t th t.he Ut h Co'pper $took. , bout 1 mile in d.iam ter . The aae 

hold$ for Santa R1t&, ·here the stock 1 ~~en saller. Sut at Ajo 

the Cornelia quartz mong6n1t e is iP-t Ie at 6 miles long and"a 

miles wide ,but the ore body tits southea$ 't end i!'> only '4000 fe t 

by 000 fGet in area . At Uigm1 porphyry copper depOSita are · ssoc1 

- 12 -
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with the extreae north . rn lobe or the Schultze granite porphyry 

an 1rregul r ss 8 11etr by 6 miles 1n xium d1 nsion J 

but most ¢f the ore i$ in th adjoining refie n schist. 

At Ray 90~ of the dl&sem1nated ore 1s in the sehlst,an~ 

1 55 than lO~ in the Ray uartz monzonite pcrphyry stock. 

There 1s nothing opposed, therefore, to a possible porphyry 

copper at. E st CS.11lp,1nsofal" ~ ' tha rook torma,tione and their dis 

tribution are oon,eerned. Such a deposit 01 11.9 at the south 

end of the gr~11tle tntrusive,it roey "spill ov rn into th Ar­

ahean complex,or it m~y lie atnly in the latter. 

Ther~ 1s n,cthing Wl"C~ , 1thct , with the intr.usive be1ng(pro­

bably) granlteinstead <'f monzonita,with which ,0 mnny pcorphyry 

eoppeJ's are assoc:iat~d. At .Miami , the igneous rock r~l ted: to ore 

de .oosi t10n is gre.nl te pc'rphyry;and ,h11e .t Castle Dome, in the 

same reg1on,nmch ore C'C'curs in quartz"tno:ozoni te, or depo 1 tlon 

1s relat .a , in t$me,and largely in space, to granite porphyry . 

5uggest1on~ tOrr Detail StuclY .Q! Ea,~ £!.G Prospect,- I be ... 

l1eve , this a'rea well -orth the det 11 study no\\· oQlng given it. 

(The same may ply tolddle Camp and West Camptllthere turquoise 

elso occurs). 

Geology is presently be1ng apped i thout a topog!'~Pt' 1c ba eo. 
This should be BU'P .. lled,prob .bly by aeria.l '!J,ing , which at s'mall ,,< 

add! tlono.l expense might take in the :Middle and W~st C,amps a . ~,. "'" , 

well . Full color a.tal photo,; might be or aid in reve-aling alter. 
, 

s.tion zones . 

The following features ~}hould be mapped: 

- 13 -
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1. jor rock formations,m jor . tructur s. 

2. De rend trends of' jo1Ilt1ng;relat1on to In jor faults,1! 

ny. 

3. Hydroth rmal a1 teratlon, ,by types. :uch bas been done late-

~Y on gen tic relatIons bteen varian typ of 1-

ter tlon and at 11iz tion. East Camp i teration lneral s should 

be identIfied. For the e1 y minerals,thls 1 be 't done by differ­

enti 1 thenal &nalY$is 'a~d/or 1:=-1"&1 dIffractIon. 
';.1.. .. 

For an ex pl of . this :·~ typ of app1ng e Kerr.19.60 (8 ta Hi .... 

ta) ~ Typ of a1 ~~l'a t~¢1'l ma be shown by various color , ,g . yellow 

for kaol1nlte,plnk for lunlt te. Dots or tippling 1 used,lntens1-
, 

ty of alterat10n shown by tnt ~ij, of the dot pattern. 

4. Limon! t. and copper tnin 1" • .,11l' .. , D1s,t}"1butlon and int nsi ty of 

it anita p tnt and generl' st , inin -should be shown by some conven­

tio., nd th s me done for es- ulphld c sts,with or without indigen­

ous limon1te, 
, The be t man liv:1ng on the interpretat10n ·of 1 aoh d outcrops 1s 

Roland Blanchl"d,1558outh Her oas Ave. , S1err adre,Calif . H 1s in 

delicate health and might not stand t t e.ld trip, but prQb bly wo~ld 

be gl d to 1nsp at and report on a suite of sp cimens. 

5. The comp ny geochem1cal un1t ~hould be called tn to e 

inasmuch s the B$t Camp terrain eem ide '1 for this method. Ralph 
l 

,Holmer of th~. orlan1~atlon han just sent m hi$ program for the 

Geophl tea Sub41"ls1on, AIM , . '" ssions at th coming Annu 1 Meeting . 

A paper by G.t . 8 yer,the bstr ct of hlch 1s g1ven,descr1bes a 

ne rub an1c o1d spot te t ror detection of trace amount of eop-

per in leacbed outcrops. The thod is very r at nd the fteld kit 

- 14 ... 
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o ontained in 'box a ur1ng 8" %4" x .... 

It ,. 1~ hoped that such cQu:sb1ned a.ttack as that outline4above 

at Y furnish . 

. . 
Ideally,lt1ght .b pos 1bl to d 11alt one or more areas which 

aho'll max1wia , jo1nt1.ng,mostintens hydrothermal alteration of Ii type 

probably reI ted to. etalllzatlon"greatest concentration of eX-5ul­

phide e eta and. 1nd1gen OU8 I1mon1te,in C ts nd v inlets,and h1Ch-
. . . 

est eoneentr tion of copper sho n by leoch 1eal e.X'ploration. Su h 

an area would naturally er1t drilling. 

It dr1lling 18 d aid d on, I augge&t that use of a rotary rig , 

drilling dry lth air under pressure,du t belng recovered by a 

cyclone du t colleeter,be cons1de:red. One such rig 1s tbe Mayh W 

SOOmede in Dall s . The method is extremely fast and may bused 

down to water level;1t i$ ideal for prellmin ry, wIldcat holes . 

COftP~tATION STUDY OF PORPHYRY COPPER DtPOSITS 

A critical correlation study of known porphyry copper *epo its 

would be xtre ely valuable in a $ystematl0 EJxploratlon eampa1ga 

such as th t no being conducted by Bear Creek lIning Co. in tne 

southwest.I h v made a t rt alan these 11nea,o~ re ult bein 

the d1scovery of the importance of rg111ic alter tlon mention d abo., 

The study bowever Should be muoh aore therough he ever a~d should 

Include,not only analysis ot the literature but field trips to known 

depo lta,study of leehed capp ings and ore in the £1 ld,and by la ... 

boratDry work on sp cimens. 

Berkeley , Callfornia 
FebrUary la, 1966 
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WISSER AND COX 
C ONSULTI N G G E O L O G I S T S 

NOTES .Q£! THE IVANP Ali REG I ON, .§1l4i BERNARDINO COON TY, CAIJIF. 

INTRODUCTION 

I~ December, 1955,the writer submitted an office report on 

the copper de-posits ot eastern S~n Bernardino County. Since I had 

a tew days available for field work in Jt~nuary-E'ebruary ,,1956 1 1 twas 

suggested t..'1at I take a look at some of the area, which! had not 

visited since I was superintendent of the Vanderbilt m1ne)neal." I-

vanpah,1n 1923-4. 

The region is a large one-,and I had to decide whether to lock at 

the .. nor:the'rn portion, via Highway 91-466,or the sO"Uthern,via High­

way 66. Not having a jeep I decided on the norlhhern a:rea, where com­

pany geologists were working. Unfortunately the co~pany jeep pickup 

lett for San Francisco the day I arrived in Baker. Inability to get 

far off improved roads greatly ttandicapped my 1nspect1on,and com­

bined with lack of a guide rendered my attempt to reach the C(:pper 

World mine fruitless. 

The following report describes what I did see,with further d (:"l,te. :: -::: 

from the literature. The accompanying map combines,for the flrst time, 

geology, modern rr,;ads,topo,graphy and ore deposits"and should be of 
"" 

use to the men in the field. Much of the geology is inaccurate;I have 

made a few corrections from field observat1on,but it is unfortuna~ 

that Rewf)tt' $ iSrofe.ssional Paper on the Invanpah quadrangle is so 

slo':1 in appearing. 

Publications referred to are listed at end of report. 

1 -



F'IELD WORK . 

On January 28 the area of the Mountain Pass rare-earth mine was 

examined, including the P.rec8nlbrian complex east of the Clark Mt. 

fault, the fault zone land the Paleozoic sediments wezt of the fault. 

The Teutonia Peak granitic mass was also exemined,along the section 

between Valle'y Wells and Cima,as well as the area of the Standard No . 

2 and Copper King mines. 

On January 29 an attempt was made to reach the intrusives of the 

New York Mountains~fro:n the Ivanpah-Barnwell road,but I got stuck 

in a sandy wash and had to turn back. Driving to Cima I succeeded 

in seeing part of the larger intrusive at the Death Valley silver-

lead mine. 

On January 30 I tried to reach the Copper World mine, but had to 

leave the car near the Mohawk mine.Not being able to see the Copper 

World dumps from afar,! did not know in which direction to walk" 

so I spent half the day exa.mining the Moh}{awk mine"a lead-zinc mine 

which produced some copper. In the afternoon I managed to find the 

East Camp possible porphyry copper now being l1lapped,and spent/ several 

hours there • 
. 

On January 31 I returned to the East Camp prospect with Mr . 

Rust,who was very helpful in showing me the principal features. In 

the af'ternDon I left for Berkeley. 

GE:NERAL FEATURES 01<' TaE !VANPAH REGION 

The best descriptions are by Hewett (1954a,1954b),and for the 

Clark Mt . area,by Olson ~t alii (1954). Although the site of heavy 

- 2 -



sedimentary deposition 1n the Paleozo1c j the entire Mojave block, 
o 

which includes the Ivanpah quadrangle,was subjected to v1grous 

erosion from the late MesoZoi!lC into the miadle 1:ert1ary.During this 

.-{ong; period the block rose po~slblY 20.,000 f'oet,al though its sur-

face never attained any such he1ght,the rock~ being removed as the 

bloc.}: rO!3C. 

This tectonic h&storY ,explains the abundant outcrops or Pr~cam­
brian",and the fa.ct that only remnant are~s of. Paleozo1,c s0dimonts 

remain. 
The !vanpah region Se<iil.u$ to ha.ve U!.l.dergone th!,e'~e m~~ jor periods of 

derO!"1112. tion gin~e Precambrisn times.. (1).. I11 the l~ .. te Crotaceous j 

zinc tc.etal1t.za tion. The:: Clark Mt. fault, which is mtntrrs:,l1.zed, cuts 

the Mescalt?'lrust but 1s itself displaced by s. thrust parallel, to 

the Mesc~,north of the map ~rea. lhe Mescal thrust shoves Paleozoic 

rocks over ,volcanics which are probably of Cretaceou~ age.Hewett 

(1954a ;y.12) statesthrlt 'tJ.'1.e 1:eutoni& Pekk quartz monzonite irr~aded 
the l!eSC,~llthrust 1 'beint~ therefore ,like tbe Clarl~ hlt .. norr.m-:~l fault, 

younger. than the thrust. 
!h::'wett (1954a,p .12) phHtCS this epoCh of defortnGltion, intru::.ion [mc 

tn~1tr..ll1zs.t1on in the late (,;retnceous ttwi thin the period of 1&ramide 

orogeny". Others,including the pre:~e-nt writer,be11e.ve that at least 
, 

one m::tjor .orogeny preceded. the true Lararui(6)oC(:tu" -~"ing in M.id-Crf~taee o 

time, 8.,\'1d that it was most str'ongly developed &lone ~ .belt containing 

Goodsprings, Pioche, Ely and probably Xlntic . Southwest of Goodsprings 

... .. D 
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D the ol"genic-metallog~netic belt passes through the Mojave region 

an.d traverses Baja Califol'uia. 

Manuel, Ajo, Morenci and Santa Rita, Wt"l"'e metallized with copp1::rr 

Tertia.ry. Eut forf.il.ation of porphyry copper deposits was not con-

f"inEld to that pe riod: it is highly ~robable that the deposits a.t 

Ely are as~ociatp.d with the i1[id-Cretaceous orogen~r'.~t.l1d that at 

Yerington as well,altllough ~erington l1es well west of' the ~tid­

Cretaceous orogeniC belt. It follows t.hat the dating of the earlier 

IV5,npah orogenYI that ju;zt descri'bed,as Mid-Cretaoeous,does no't 

:ni11 tate against the possib11i ty or finding p(:'t'phyry copp6r depo-

s.its there. 

(2). The second major period of deformation in the Ivanpah region 

took plf.1.ce in the P11ocene,at which time 1!l!;,jor thrusting was active 

in 8. nOT'th-1Jouth belt extending down the east side of Death Valley 

nnd extending scut,th'l..'ard into 'the Ivanpah quadrl:lng ~ e. Hewett (1954b) 

!:ihows ffi<:lny Klippen in the northwest portion of the Ivanpah qu~\drangle; 

.the56 are, patches , f Precambr,1an."remr.l.ants of the 'Llpp(~r plat.e of a 

! (p'eat t.~t'ust which r.£ s shoved Precambrian over Tertiary a,nd older 
,"" , . . 

/~ ,- rocks. TilE; ~ccompanying map sl'loW's only one of' these~ the isolated 

/ /,:} /" ~ 
J" exposure 01 Archean west , of Clark Mountain. 
,I OJ. "' .. 

, / ) '.," The East ,Canrn , Middle Camp and West Camp turquo1se- co,pper showinas 'I' ' /" it:' ~ , " , / A \li8 within the area of Pliocene thrusts. ~hi1e the Mid-Cretaceous .J ;' ~h."tlsts may have had influence on base-metal localization, th~ Plio-

.:. ,:I'/" ::,/?"ne thrusts did not;but their presence within the area of possible 

_ porphyry copper deposits now being mapped might invalidate the pros-

/ ' 
. :f ' ./ .' .. 4 ..... 
;/ 
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poct! va value of such a deposi&. Fcr~:1exQ.mple, what seemed to me 

the most promising portion c,r the ar~a. now being mapped s,eems to 

be made up of Precruabrian rocks. If this showing is merely a thin 

plate J,ylng above a Pliocene thrust, the main mnss of the copper 

deposit trom which the plate came may lie-miles away,probably buried 

beneath desert wash . At least one thrust lies nea,!' the arell in ques­

tion,for M~. Rust showed it to ne,at a distance. 

(3). The final major period of deformation was in the Pleistocene, / 

and was charl1cjterized ma1nly by block ... faulting~ The Ivanpah fault 

cate~ from this period. 

SUGGESTED F..xPLORATION IN TIIE IVA1~PAH iiIWIO}~ 
,,' 

The major kno\",n copp€r anCl 1€h9.d-zinc deposits ,1\10 .in a north-

W€st bel'~.tof which the Clark YOUL'1.tain pTeminel"alt~ult forms the ' 

northeast boundary. That tault,with the , thrusts just ',.\¥est of it, 
; .1 

I ' , 

a ppear to be important ora oont'rols .. My pre,sen.t ' opin~,onJho'.vever 
, " 

, " 
is tl1e:t the deposits of this beit,mainly 'replacem~nts\in ,carbonate 

. ~ ~ 

. rocks,offel" sma.ll chan'cos of tuaking ' It;! rge ,mines .. F'inal \'J,udg:nent 
t 

should be sus,ended until publication of Hewett. s .i?rQtes ~:'i.ontd Pa-
, '\ 

'\ 
'per. When tha..t a'ppeur.s,~r~y pos~ibili ties sU$gested fer .. ~ase;'::~etal 

, '", 
exploration should be c arefully apprais.ed. , M.eel1Whi16~e~'p:torati6~ 

, , . , . " " \ '~" 
shQl.l .. ld be ccnt6rad"as at present,on possible, porphyry,' ,co}Jper- dc- ' :: .. 
posits. ' , ; ' \ ', 

" ~, " ... \ 

.My field work wag d.one mainl" with that, 1A .,. ... 1 ' 4 " \ 
oJ '-' ... ca , n m.J.nd ~ ~e 1ntru~~.",~·e 

sives exa.mined Eire described below. ' \\ . 

T tiP , , '", 
eu on n, eak Intrusive, - Where expose~ ~tlon;g , thleV.r~11ey wehs-

elms road ,the rock is medlu:.;l-gra1ncd~ wi th l.arg~ quartz p~enocrysts 
, ' 

and loolts lilta biotite i'lranlte . H""'Fett '1 it "" "".. c:a~ s . . quartz, '.p1onzoni te. 
" \ ... 5 - . '\. 
\\ 

\ \ ' 

'\ 



, 
1( .... -

Wh(~re seen, this rock was unaffected by hydrot.'I1ermal a1 tel"ation and 

showed no trace of metallization. While the rest of the intrusive 

should be inspe,cted, '1 t seems to offer 11 ttle ~"!'omise of a porphy­

ry type c09PI;~r deposit,exce-pt, perhaps,at its norther,st end.This 

p::n't of tt1e 1ntru~ion lies wiihhln the main mineral belt IJl.entioned; 

it adjoins the pl'eminere.l Mescal and. Clark Mt .faults , and it 1~J. sur-

./ 

! 

~hYW York Mount::"'!,j,n3. Intrusive .. - The !lJajor intrusive here was ey.ar~inad ' 
only at the Death Valley (now Dolly Varden) mine. 'This silver-lend 

rounded by small copper deposits in the in.truded carbone..te roc~~S. 

mine is noW beil1g drilled by' !rven Bntes .. who hns it optioned. A diorite 

dike,about 10C ft.wids,strikes northea.st and dip$ 450southeast.Each 

wall of the dike ca.rr ies a q1.1artz-al'"!senti te-gal en& vein.1fhe main nhaft 

was sunk o'n the footwall' ve1n,about 4 ft .. widcsbut at the 200 ft. 
I 

level this vein stec,pe.ned in dip} the shaft was continued stratgh.t, 

leaving the vein below it.At the 400 ft. level a crosscut was driven 

to tho h(inging wall vein, said by Bates ,:to be 17ft. wide but lower In 

grade than the footwall vein. 
Although the i'oot'{;all vein was stoped to the 2.00 ft.level,1t re:nuins 

unex;>lored below that level. Bates is testing it there by an inclined 

hole with collar about :?.t tho outcrop of the h&ngin~(V'~all vein. The 

~)ina gi vee promise of, further pr(;duct100 but i~ too small to be of 

The country ;;7,Tock 1nV'!uled by the diorite dike is in ,part med1um­

grained biotite granite ( qua.'!.~tz monzonito?) but an igneous complex 

seems to be in'1ol'1ed,some of the rocl< baing coarsely porphyriti~,Some I 

interest. 

nearly aphanitic. Hydrothermal alteration is slight or !acl<ingjand 
.~ ----

/ . ". 

..._. ,"I 

"4 
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n(.~ si.gns of dmsser'!lina ted me tall iza'tion wore seen. HE':!'e again, 

however, the Vinole intrusive rn.as~ should be l(,wk(:~d over ,especiallY 

its nOTtheast end, wh€re it butts against the premineral Clark Mt. 

fault. The sma.llel" intrusive near the Tr.io mine is marked Jurassic 

(1) but is probablY of late Cretaceous age end · should be examined. 

Mohawk Mine.- The Mohawk lead-zinc mine occupies the western 

port1on of the east"west Mohawk ridge,the Yucca Metals mine,the 

ea.st.ern part. The ridge is sharp and na.rrow;mine workings exist 

en both slopes. 
Quartz monzonite intrudes moderately thick-bedded ltmestcne and 

black dolomite ~p!'obablY the C~mibrian Goodsprings dolomite. The 

quartz. monzo!lite"shown on the accompanying !UB.p,f'orms the lower 

half of the south slope of the ridge. The mass mr-:y extend. ncuth>i;tltrc1,~m 
under al1uv.iUtl> a. cOTIBiderab1.e distance. T.-1.e contact with the 

sediments strikes east-west and is intrusive,but is modified by 

faul ting on trt'U'lsverse (roughly north-south) raul ts ,arid probably 

on lOngitudinal (e,,\st-west) fuults as well. 

Ore bodies occurred. in the sedin10nts,wlthin a zone bordoring 

the contact,half a mile or mOl"e in length"f.ll1d perhaps 500 

wide"extending from the contact on the south slope of the ridge 

over the crest and part way dovm the ncrth slope. Four O~ five 

small shafts were put down on this siope,and Yucca Meto.ls drove 

an a.u1 t from that slope southWt.n:·ds. 

One of the shsft$ was sunk on s. small carbonate ore body 

~tr1.k1ng east- west and dipping 560 S,.probably conforming to the beds 

here. The ore body Y\'as localized along the intersection of the 



.' 

ore bed with north-south vertical sheeting. 

F'a1"ther west, another st.'tsll ore body W~lS localized by a. roll 

in the dolomite beds, which strike north-south in this area.larrd 

dip west. -the roll consists of a small ant 'icline sup7&rimposed on 

the general structure and plunging southwest. 

Another shaft on the· nort..'tt slope was suuk on an oxid:'zed showing 

strik1ne N20W ~nd dipping vertically. 

Several dumps on the north slope show ex-chalcopyrite limonite, 

taS well as limonite derived from galena and sphalerite. 

'three adits have been d-ri von northward. frow the south slope of 

MOfillWk ridge. The ~'Jeste-rmn.ost adi t started em a well-d.efined oxide 

vein striking N20E and dipping 73E. At the portal the vein is four 

feet wide and consis.ts mainly of limonite. i'he he.n.ginz wall is 

quartz monzoni to porphyry" the footwall, marblE?lzed limestone. 'fhe 

vein 1s along one of the transverse raul ts !nentioned. 
I 

Undiscovered ore pods probably exist in the ~cht\wk and Y1ll.ce& 

~etals m1ne,but there is nothing here to suggest a good-sized mine. 

The ql.Jartz monzon:t te pol"phyry may be big eb.ough to contain a porphyry 

coppor daposit,but it is ge:ner311y fresh,and while showing in :places 

ex-pyri t tl! pits ,now,!here 8w:.:geste dis, semin~t ted copper mine,ra11zs ticn. 

H.owever,$.s st(ltcd in my report of Decem.ber 14.,1955 (p.20,liundar 

"Yucca qu~t.Z·nJI (Yucca Metals) tlllinen ) Annex Tunnel No.6 \tIel!) driven ~OO 

fest in lTcl10ri te porphyry\'! (quartz monzorii te porphyry) uw1 th lew 

copper vnluesn• This ad1t should be enter0ct if pos~ible and the cop­

per-bear.tog porphyry Glxa.;nlned.. The porphyry exposure on the south 

slope of the ridge should be look~d at with more care than I bad 

titne for. 



F;ast C.~tn.'Q.- This possibl~~ porphY'ry copper area 1s noW being 

map})ed in detail by Mes ~il·S.. Rust and ~a.ltzahn. 
1 ... large body of granitic rock lies north of a. belt of Archaan 

me tas ad lmen ts (se" !!'.!l p). The metasediments h& ve been in tim .. te 11 in­

"aded by granite and diorite , probably also of ,\rchean age (W.:. 

Miller~1946, p.499) . Miller points ont thHt near Halloran Sprj.ng. 

and for se"eral miles west of it the metasediments are nearly cbli-

t.crated by diorit~ and grunite"which. he bolieves to be Archean. 

11" points out that the st!!.te 1938 8eologic msp (from .. 11.lch my map s" 

was m.a,de) shO\'Ij~$ this ar~a. a.s an early Tertiar:T gra,nitic intrusion 

(ns! shOW it). This J)oi~t should be kept in mind by the men in 

tru;~ field,lQr copper, doposi trs would prssUl.'1a.bly be aS5cc111ted only 

wi tr. late cretaceous intrusions. 
:-diller states thn.t the .. I),rcheen igneouS co~plex near Ha110ran 

Spring i. cut sharply by aplitic granite dikes that may be late 

Mesozoic,n.pd adds that the·ra may be larger bodles of q,uartz monzo-

nit" northeast or east of Halloran Spring. Such a body is probably 

-

orosion better th~ the grunito,and st~nds up a3 a fairly high 

The Archean complex sou.th of thifl grc·tni tic intrusi va resists 

eest-west ridge. High up on this ridge is the Yucca Grove talc 

::nine of Pomona Tile Co. The comploz:: here consists of 11m est one, 

lllicz:4. $ch1st and. quartzite. T~~ t!"!.1..~ rle:pos1te conform to the meta-

sediments, dipping steeply southwest. 
, ; 

. i \ 

The south contact of the Cl'stacec'l.ls(?) grant te h~~S 'been "the 



... -, 
,I i 

"" ". / 

\ 

WISSER AND COX 
f.: 
:~. CO NSUL..TING GE O LOGISTS 

Americans. V;hile many opencuts and small adi ts ,presumably driven 

in search of turquoise,11e in the granitic lllass north of the 

Archean complex,most of the turquoise seems to have come from 

the complex not far south of the granite. 

The grani tic intrusive contrasts strcngl~¥ with the f .resh and 

barren-looking Xe~tonia Peak ~~d New York Mountains intrusives. Sof­

tened by alteration the East Camp intrusive)! weathers to subdued 

hillocks,except where protected by a flow of Pleistoceqe basalt on 

the west (see map). The granite is extensively bleached and 1ron­

stained in various tints,from .yellowish,ochery to brown and red­

dish brown. It is . in many places int.&nsely jointed,s.lthough the 

degree of jointing seems to vary conslderablsr. 

Cast~ rcpres(mting former sulphides are not lacking ,but they ere 

fur from universally distributed. While some are cublc,free from 

. indigenous limonite end, represent f{)rmer·p~rrite,mallY are irregular 

in outline and conta.in dark bro\'in indi~enous limonite,suggestive of 

chalcocite or chalcopyrite. 

,/ilteraticn is strong,oblltcratlng m.i.n~t of the' primary roele mi-

nera-Is in the hand speclm.en,except the Quartz phenocrysts. It 1s 

mostly pf the argillic type,forming various clay minarals,includlng 

probably alunite. L1 ttle sericite was seen .. b'ut sericite? is often oct.xxiro 
difficult to distinguish in the hand specimen. 

\ 

South of the main granitic· intruslve,and ~W i thi:L"l the Arche~n 

complex,ls a well-mineralized area where granitic material is 

intensely mixed in with metasediments,which include mica schist 

and quartzite. The igneous rocks are probably Precambrian in age, . 

but the metallization is very likely ~ssocisted with the Cretaceous 

(7) granite just north of the area. The mineralized area shows 

sericite· and rather abundant casts filled with dark bro~m indigenous 

- 10 - ' 
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(" limonite. Siliceous septa in these cests suggest to me former 

chalcocite. 

Compartson of Eas t Car:lD Pronpect wi th Kno'"i\71'l Pornh'(ry CODner 

Deposits.- Salient features of the East Camp prospect,so far as 
,I. " 

I could see them during my short inspection fire: (1) locally in-
tense but variable jointing;(2) dominantly agillic alteration; 

(3) extensive but variable limonitic stuinlng;(4) presence of ex­

sulphide casts,many with indigenous broVill limonite;(5) nIl samples 

taken by Rust show at least a few tenths of a percent of copper, 

some giving as much as 1%;(6) presence of some chrysccolla and 

abundant turquoise; (7) the mineralized granitic t1rea. is only a 

portion of a much larger intru£ive mass,&nd ntineraliz&tion "spills 

over" into the adja.cent Archean complex. 

1. Intense jointing or ucrackling" ·is typical of all porphyry 

copper deposits. 

2. While serici tic al tera tion is a $sociated with OJ'e de posi tion 

in many porphyry coppers,the relationship iE; by no mean~ universa.l. 

Thus at Santa Rita,New Meltico and Silver Bell"Arizona,the argil­

lic stage of al teraticn is the most clo5ely connected wi t.'l the cop­

per deposition (P.F.Kerr,195l,p.470 .. ) Ttw same hold~; for Castle 

Dome, Arizona (N.P.Peterson et alii,1946,p.S20-Abstract). 

3. Iron-staining is characteristic of the leached capping over 

all porphyry coppers. The following da ta ~re from Locke,1926 t p.114: 

Limonites over p~ritic ~re[IS very l ow in copper are commonly 

bright red or brick red,or yellowish broym. Since limonite from 

highly pyritic deposits migrates far and fast~capping over such de­

posits 1s usually intensely colored. 

- 11 -
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Highly colored red outcrops ma.y overlie pyritic material containing 

as llluch as 1%· .copper (North Hill. Miami,l\rizona.) but with higher grade 

chalcocite ore ~odies the capping is much paler,wlth limonite ma.in-

ly as inconspicuous,maroon-colored specks and veinlets. 

The E~st Camp outcrop is not, in general, highly colored.It is 

in places yellovi ish brown,suggestin.g considerable pyrite' beloW.But 

with enough tonnage,l% copps::- content might make o1"e,50 that an 

Qutcro}) indicativa ro.ainly of PY'ri te mis ht be worth drilling. 

4 . Ex-sulphide casts,!flrulY filleu with indigenous dark brown 

liL1onite,are fairly cQt'umon,although le~s corrunvl1 than I should 

'1.dsh. 

5. Capping over many porphyry CO'ppers averag es less than 0.1% 

cOJ.i'jler,so th<:lt higher cc?per "in the East Camp exposure is not dis-

coursging. 
6. TUrGlloise is a Tare but pG:rfGctly' legitimate oxidation pro-

duct of copper deposits •• 4. t Tyrone, NGw Meldco, turQ.uoi:::e occurs in 

the Precambrian gra.nitic complex just north of t he quartz monzonite 

V/hich contair.s the porphyry co ppe r c';6 posits. P~ige (1912) believes 

the turquoise to have formed as e. product ;j f !10T uIS'1. weathering of 

co ppc:r"-beZiring rock. At Tyrone,as at Eas t Catllp,turquoise gives out .' 

going do·v.n a short distance be:Io1l!' the :)resent surface.Both dlstrict$!!' 
, . . 

have beah f;\;.bjected to art:sion ifo1' 5.b1.1ensely , long periods. 

'I. At Bi11gham the Dtnh Copr er ora body is rou:,:?, hly coextensive 

"tift th the Utah Copper stock, about 1 inile i.n d.inm~ter. The sane 

holds for Santa Rita,¥ihere the stock is ~v€n ~I.laller. Sut at Ajo 

the CorneliE:. quartz monzd'm.ite is li.t least 6 miles long and ,2 

miles wide,b':.t the ore body 'at its southe·as 't end is only e·OOO feet 

, \ 

by 2000 fset in area. ilt Miami por.phyry cCPI)er deyosits zre associated \ 

\ 
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wi th the extreme n l)rthern lobe of the Schultze granite porphyry 

an irregular mass 6 miles ' by e miles in maximum dimensions; 

but most of the ore is in the adjoining Archean schist. 

At Ray 90% of the disseminated ore is in the schlst,and 

less than 10% in the Hay quartz monzonite porphyry stock. 

There is nothing opposed,therefore, to a po~sible porphyry 

copper 'at East Camp,lnsofar as'th€ rock formations and th0ir dis 
I 

tribution are concerned.. Such a deposit l:16Y 11e at the south 

end of the granItic intrusivc"it ':IJ,ft,Y «Sfdll over" into the Ar-

cheall complHx,or it mfJ-Y lie u::;1nly in the latter. 

'ihel"e is nothir..g "i'!'c:::tg,either,with the int;.~usive belng(pro-

bably) granite instead of monzonito;with. 'ifhlch ~o many porphyry 

eoppers are associatud. At Miami,the ie~cous rock rula ted to ore 

c.e position is granite pc':rphyry;and while :J.t Castle DOllle,in the 

sa.r.1e rcgion, ::lUch ere c'ccu.rs l.n quartz:' r;lonzoni t 'e 10re clr;posi tion 

is relatea , in time,f~nd largely in sp&ce, to granite l)Ol"phyry. 

Su.~u!'E'stions ill Detrdl Study Qf. East ga:!n!1 Prosr-ect.- ! be­

lieve this ~'rea . ..,.ell worth thed.:sta:Ll study no"A' being given it. 

(The same may apply to Middle Camp a.11d West Campt where turquoise " 

Zllso occurs) . 

Geology is presently being mapped without a topog·ta:pr)ic base. 

This should be ~ul;l pl:'i.od$p!'obebly by aerial me~);1ing ,'which at small .­

~ddl tion31 e-xpens.e ~ight take in the Middle and W~st Camp~ as 

well . Full color e.0e14~1 photos might be of aid in revealing al teriO~! 

~t1on zones. 

The following features should be mapped: 

13 -
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1. Major rock formations,major structures. 

2. Degree and trends of jolnting;relation to ma.jor faults,if 

any. 

3. Hydrothermal alteration" ,by types .. Much has been done late-

~y en genetic relations between various types of hydrothe~~al al­

teration and metallization. East Camp alteration minerals should 

be identified. For the clay minerals, this is best done by differ­

ential thermal analysiS -a~d/or X~ray diffraction. 
~:.>,. . 

For an example of . this -::: type of mapping see Kerr,1950 (Santa Ri-

. ta)~Type of alteX';:lt:+on may be shown by va.rious colors,e.g. yellow 
.. .. , .' , 

for kaolin1 te ,pinlc for alunite etc. Dots or stippling is used, intensi­

ty of alteration sho\',rn by intensity~ of the dot pc-lttcrn. 

4. Limonite and copper miner;~lp;., Dist.ribution und intensity of 

limonite paint and general staining · should be sho~1-n by some conven­

tion-,and the sa.me done for ex-sulphide casts,with or without indigen-

ous limonite. 
The best mun living on the interpretation of leached outcrops is 

Roland Blanchard,153 South Hermosa Ave.,Sierra Madre,Calif. He is in 

delicate health and migbtnot stand a f i e;d trip,but probably would 

be glad to inspect and report on a suite of speci~ens. 

5. The company geochemical unit should be called in to make a. survey. 

inesmucb 5S the East Camp terrain seems ideal for this nlethod. Ralph 
\ 

.Holmer of th4>s organization has just sent me his program for the 

Geophysmcs Subdivision, AIME,sessions at the coming Annual Meeting . 

A paper by G.L.Sawyer,the abstract of which is given,describes a 

new rubeanic acid spot test for detection of trace amounts of cop­

per in leached outcrops. The method· is very fast and the field kit 

- 14 -
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contained in a 'box mea.suring 8" x4" :go; 4". 

It is hoped that such a combined attack as that outlined above 

m.ay furnish.-a f.';:.nvergen,ce c Q:f.;~evidence answering the questions 
. • .' _. ,I' ~ 

(1) shoulq. the Ea:5t :C.c;~~~p~-·~~.p~~t be drill~d at. all; (2) if so, where~ 

Ideally,lt might .be possible to delimit one or more areas which 
. . 

show maximum . jOintiDg,most intense hydrothermal alteration of a type 

probabl~t related to metalllzation,greatest concentration of ex-sul­

phide casts. and. indigeneous limonite,in casts and velnlets,and high­

est concentrution of copper shown by geochemical exploration. Such 

an area would naturally merit drilling. 

It drilling is decided on, I suggest that use of a rotary rig, 

drilling dry with nir under pressure,dust being recovered by a 

cyclone dust collecter,be considered. One such rig is the Mayhew 

500 made in Dallas. The method is extremely fast and may be u~ed 

down to water levelilt is idea.l for preliminary, wildcat holes. 

CORRELATION STUDY OF PORPHYRY COPPER DEPOSITS 

A critical correla.tion study of known porphyry copper lieposits 

would be extremely valuable in a systema.tic exploration campaign 

such as that now be~i.ng conducted by Bear Creel-c Mining Co. in the 

.southwest.r have made & start along these Itnes,oue result being 

the discovery of the importance of argillic alteration mentioned abo, 

The study however should be Much mOre th~rough however and should 

include,not only analysis of the literature but field trips to kno~n 

depos1ts,study of leached CB.ppings and ore in the fleld,and by 1a­

boratDry work on specimens. 

BerkeleYtCa1iforn1a 
February 16 t 1956 
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