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AMERICAN SMELTING AND REFINING COMPANY 
Tucson Arizona 

March I, 1972 • ~ H "~" 

FILE MEMORANDUM 

Safford 
Kennecott Deposit 

Reference is made to Mr. Davis' Memorandum of February 11, 1972 concerning 
the recent deep drilling by Kennecott on the west side of their deposit. 

In questioning John Wilson as to why KCC started deep drilling here, he 
stated that it was based on surface geology, relogging the old core 
(none of which was deep), and ground geophysics. The area being drilled 
is in andesite with quartz-sericite-pyrite alteration and a thin (2'-20') 
chalcocite blanket. This area is also immediately west of the volcanic 
vent as mapped by KCC. Thus, the factors that led to the deep drilling 
probably were: 

I. vertical zoning interpretation, 
2. testing at depth the west side of volcanic vent, 
3. "different" I.P. response at depth than near surface. 

It is rumored that KCC has intersected l,O00 feet of primary ore grading 
0.6% copper. 

W. L. Kurtz 

WLK:Iad 

cc: JHCourtr ight  ~ ~.-'~ 
SRDavis 
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During 1955 Bear Creek Minin~ Company -- the e~plo~'ation sub- ~ - ~  ~ 

sidiary of Kennecott Copper COrDOration -- commenced E~lo~Ical 

~connaissance in the Gila Mountains, qraham County, Arizona. AS 

~ a result of this ,ork ~he Lone Star Minin~ Dis¢rlct ~as sel~c¢ed 

for intensive exDloration because of ehe presence of a series of 

<- Cretaceous (7) andesitic volcanic rocks (named the "Older Volcanic 

Series") that were found to be stronRiy sheared by no~Zh~as~ faul~ 

zones. Plutonic r~x:ks in the form of small ~tocks -- ransin~ from 

quar~z-monz~ite through RranodioriZe -- wer~ also known to inZr~e 
O 

% the Older Volcanics. Still late/" dikes and sills -- and one plug- 

shaped mass -- of acid to intermediate c~position, intersected all 

the older rocks. While the areas in and around some of these in- 

( "\trusives were hydz-otherm%ally altered and mineralized, known copper 

mineralization wins usually confined to shear zones a few fe~ in 

A later Tertiary volcanic sequence, the Inter~a~dlate Series 

I (consistin~ of andesites, latite-flows, flow brG~:cias and ruffs, 

with ~e basalt) and another Younger Volcanic Series (conslstlnE 

0 
of basalt, a~lomer%ate and tuff) were also known to overlle a~d 

largely cower the minsraliz~d Older Volcanic Se~'ies. Neither of 

these upper series of volcanic rocks is mineralized, but the possl- 
[ 

0 

{ 
bility existed that they might overlie a hidden orebod7. 

In 1949 Consolidated Coppermines Corpo~tion and the American 

Metal Company entered the District and commenced drilling a shearod, 

limonite-sTained of rh~olite-latite, owerlaln on its altered plug 

northe~ side by basalt of the YounRer Volcanic Series. Prillln~ 



~sulte shove4 that ~rongly serlci~iz~ and silicifi~ outcrogs 

w~re ~ssentially only minemalized wlth pyrite. O~her holes c o l l ~ N : l  

in the Younger or Inte~Qdlate Serles t o  the north of thQ c ~  Of 

th~ ~ountalns, showQd ~he p~s~ce of dis~mlnazed ox ide ~ ~Iflde 

copper mineralization at depth in th~ Older Volcanic S~PieSo Yalues 

~ e  t o o  low t o  be o f  inte~ at the time and the pro~y ~S 

ab~nd0n~. 

No d~ails of what hmd ~ found in th~ d~illholes ~ 

available to Bear Creek at the time th~ area ~s sel~d am on@ 

~or~h f~ther prospecZinR. I~ was felt, hoover, that th~ ~ 

refill enough az~a unexplor~ ~;o contain a sizeable cop~r dep~slt. 

A. Loca~ ion 

Kanneoott's Saffo~ copper deposit is located in Zh~ 5one Star 

Minin~ Di~rlct, nine milas no~h~a~ of the town of SalloW, county 

seat of G~aham County, Arizona. The o ~ b e d y  lles in ~h~ ~u~ed Gila 

Mountains, mainly in S~cZion 5, To~$hlp 6 S o ~ h ,  Ra~@ 27 East. 

S~rface elevations over th~ or@ vary f~o~ ~,500 fe~ to 5D500 fe~ 

above s~a level, th0~h Web~ Peak, the highest point in th~ Immedi- 

ate vicinity, reaches an elevation of 6,111 feet. Saffo~d IZ~lf 

adJol.s the Gila River at an ~lewatiom of 2,920 fe~. 

Recorded p~oduction fro~ the Lone Star District fro, it~ initia- 

tion in 1886, through 1907 (and also to date) is only Ii0~000 pounds 

of copper. Several mall shafts were sunk on some of the shea~ ~ones 

to a maximum depth of about 500 feet. No ore o~ any con~u~nce, 

q 
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however~ ~ms ever found from the limited emoun'~ of drlf~i~ dane. 

La~er geoloRical mapping by Bear C~k d~n~rated the% ~ of 

the old ~in~ ~orkinRs ~e located on ~all copp~ w~Ins In %he 

pyritlz~d halo adJolnin s the orebo4v. 

The nek~ work done on the prop~y ~s f~om I~9 to 1951 

Ccn~olldated Coppermines Corp~rgtion and the Amerlcan M~al Colp~ny 

en%ered the dig~criCto Bea~ Creak's reconnalssance p~oJ~ w~8 Inltl- 

aEad in 1955, geological mapping being done on aerial photo~aphs on 

a scale of l" = 1/2 mile. In 1956 s~weral groups of clalms owned by 

local residents were optionedo By the e~%d of 1958 o~Q~ 76,000 fee~ 

of diamond and rotary drilling had bean com~)l~d and earl V in 1959 

th~ ovtlong on t ~  p r o p e r t i e s  wer,e e x e r c i s e d .  Development ~ r k  ~ s  

also commenced durin~ this year and by ~he end of 1962 a developmA~nt 

shaft had been sunk To a depth of 80~ fee~ and I~500 fee~ of c~oms- 

cutting and 1,500 feet of drlftin~ had been comple~e~ on ~he 3900- 

foo~ level. Additional surface and underground drillin~ (~alling 

I18,000 fee~) ~ms also dane to further outline the orebodv. 

C. P~vious Work 

Apa~ from a brief reference in 19~8 by Tenney (16) ~o the 

Lone S~ar District, no details of ~he geology of the area were ever 

published until 1962. During this year ~he auZhors of ~him paper 

wrote a brief summary of ~he deposi~ for the Thiz~@~n~h Annual 

G~Jidebook of ~he Mew Mexico Geological Society (5). 

GENERAL GEOLOGY (Figs. i, 2, and 3) 

Ao ~egional Setting 

The deposit lies in the G~la ~ountains -- one of ~he several 



northwesterly t~nding ranges characteri~ic of the Basin-|Lan~ 

province of southeastern Arlzona. This ran~ lles on the ea~e~n 

side of the ~ountain ReRion or ~exlcan Hi~hland~ that separates 

the Colorado PlaZeau from the S~oran Desert. Tertiary basalts 

and a~esites, overlying Cretaceous (?) andasltes ar~ flow b~ccla~ 

~king up ~he fanes , we~ sub~ect~ To Basin-P~ faultlns. As a 

result of ~his faulting (which may have caused displace~nt as ~ch 

as 2,000 feet) and subsequent erosion, the pPesent-day o~tllne of 

the range was formed. 

The hi~hQst parts of the range consist of the Te~iary ¥ounR~r 

and Inte~diate Series of volcanic rocks which dip to the north and 

northeast from 10°-12 °. On the southern flanks of the ~ntains, 

except where covered by terrace ~avels and basin fill, the Cretaceous 

(?) Older Volcanic Series crops out with its attendant intrusive plu- 

tonic and volcanic rocks. Windows in the Tertiary volc~ics ~V expose 

the Older Volcanics in places, but c~ the Kennecott p~operty these az~ 

scarce and are limited to an area of a few square feet over the ore- 

body. 

Because of the nor~hwes~erl y trendin~ Basin end R~nRe fault- 

inR, the predominant and obvious structural trend in the ar~a 

parallels this direction. In the Older Volcanics of the Lone Star 

District, hoover, stron~ northeast faultinR and sh~arlnR--th~ 

appear to have controlled mineralization -- is evident. Dikes follow 

this trend and stocks and plu~s appear to have their lonRer a~es elonRa- 

ted in this direction. 
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Apart from Phelps DodRe Corporation's L~r~e d[~inat~ p~- 

phyry cop~ deposit at 4orenci -- locaZ~d 19 airline ~ile~ to t~ 

nor~heas~ -- the~'e are no acZive mines in Zhe imse4iat~ ar~a. ~r- 

in R 1960 Phelps Dod@e ~quir~d a deeply buried porphy~y~>~ demosi~ -- 

loea~e4 ~ I/2 miles ~st-northwa~ fro~ th~ Kennoco~t orab~y. Mo 

pl~s have, however, b~ announced for b~in~in~ ~his into mreduc~i~o 

Lying bQZ~en the Phelps Dodge and the KonnocoZt dQposlts is 

the property from which ~os~ of the earlv cop~r production of ~h~ 

dis~rlc~ c~ -- the San Juan Mine. Mo~ oT zh~ mineralization is 

confined Zo veins or fr~cZu~s in qua~ts-~on=onit~ porph~y~ alt~h 

s(~s dls~inated sulfides a~ kno~ to be p p ~  (fi@s. I~ 3~ ~ 5~ 

6, i0 and Ii)o 

B. Rock Types 

The sequence of rocks e~os~d in Zh~ a~a Is shown in Zha fellow- 

in s t abulaZ ion : 
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SEDI~I~TARY A~D VOLCANIC ~OCKS 

f o ~ t ¢ ~  

Alluvium, Cerrace 

~avels, hasln fill 

Sand m, ~'avel s, 

ellt rtc~e, con- 

T h i c k n e s s  

O' - 2,500'+ 

- - UWCOMFO~NITY - - 

Youn ~er  Volcanic 

Series 

Upper unit -- 

basalt flo~ and 
turfs. 

O' - 1,000' 

Lower unlt -- 

baealt flo~l, 

agglomrates and 

~uffe. 

- - t~CONFORMITY TO DISCOHFORHTTY - - 

Incez~la~e 

Volcanic Seeles 

L~r unit - -  
andeei~e, fat i~e 

flo~ flow h~eecla 

an~ turfs. 

O' - ?,O00' 

Lower un it -- 
basalt flows. 

O ' - 600' 

- - UNCONFORMITY A - - 

Older Volcan ic 

Series 

L t t h t c  tuff, D~Po- 

cla~Ics, s a n d y  

~p, its. 

2,700'+ 

Upper umt t  -- 

andealte flow 

breccia and mud 
flow, 

Lo~r unlt - -  
p o r p h ~ . I t  Ic 

a n d e s l t e  and 
f l o w  ~ e c c i a .  

- - UWCONFORqT'I~ - - 

PllocQne- 

Recent 

Later Tertl- 
arv (?) 

Earlier T e r ' ~  ~ - 

a r v  

C r e t a c e o u s  ( ? )  

~ r t z i ~ e  ~ a r t z ~ t e  ~ e n o l ~ t h s  r ( ? )  ~ m ~ a n  ¢ " )  
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For~mt  i.on 

Basalt, rhyolite dikes 

Rhyolite, q~artz-lat its, 
latite, daclte and quartz- 
dlorit~ dikes and olugs 

San Juan Stock - quartz- 
monzonlte ~orphyrv, ~rano- 
dlorit~ 

Lone SZar PluZom - qua~Zz- 
dloriZe, qua~tz-~onsonize 

INTRUS ~VE ROCKS 

Po~% -mineral 

~h~e-mlneral -- older ~han 
Unconformity A (i.~ruslve 
Into Older Volcanic Ssr!es 
and Lone Star Flu~on) 

Eocene and older than 
thgconfor~i~v A. (58 m.y,- 
bV R°A deter~inatlon) 

F~ocer~ and older ~han 
Unconformity Ao (58 m,v. 
by K-A dete~ination) 

The old@~% rocks e~o~d consls~c of small ~noli%hs ol ~ qua~z~.te -- 

up Zo 250 feet In len~h and width -- in the Lone Star qua~tsdlor{te 

~tock, The rock reNmbles the Cambrian Coronado quart=Its ~ goFene ~ 

Th~ only other sd~dimen~tary rocks -- terrace ~rawels and bosun i'ill -- 

constltut® the youn~t formation pre~nt, These Ndlmmnts ape ~nter- 

bedded with the so-,:allod r~ila Con~Ic~m~rat@ a few miles east Of the 

propdrtv (8). 

(a) Extrusive Rocks - The Older Volcanic Ser(es, in which the 

orebody occurs, is overlaln by two later volcanlc units -~ the Youn~r 

and the Inte~late Volcanic Series. On the basls of ootasslum-ar~on 

age determlr, ations (58 m.V. or Eocene) made on two stocks (17) -- the 

San Juan and Lone Star -- IntrudlnR only the Older Volcsnlc Series, 

both of these later un't~ are b~l~eved to be. n? ~:ddle or Late Tertiary 

A~e. 
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The Older Volcanic ~lea consls¢~ of dark ~rey maselv@ por- 

phyritic ~ e s i t e  and fine-¢e~tuPod ~1o~ b a ~ c i a  w i th  Lqtee~calated 

t u f f  beds. South of the Lone SCar f ~ l l ~  and notch of  t h e  San a u ~  

Shear Zorm They ape over la in  by s ~ e r a l  h~ndred feet  ~d ~ f l o ~  ~ c i a .  

Near The c~ebody they ape also ~ e r l a i n  by a T h ~  ~ t e s  of  ~priTa,. 

~ndsCon@s and co~g l~ raCQs  10-60 feet  t h i c k ,  which appear ¢0 be 

associated in o r i g i n  w i th  a ser ies of r h y o l i t i c  aM Cuffaceoua rocks 

occurring in  a ven¢-llke structure described below. 

The 01der Volca~ics are overlain unconforlubly by th~ YaTer- 

medlaTe Volcanic Series conslsClng of andeslTes, latite flc~s, fl~. 

bPeccias and t ~ f f s .  They range in Chlckness from 0-020' ove~ tbe 

o~body.  

The ¥ c ~ e r  Vo lcan ic  S e r i e s ,  c c ~ s i s ~ l n ~  of  b a s a l t  ~ l o ~ ,  t u r f s  

and a~loBeraCes® overlies ~be Intermediate Volcanic ~eri®s d i s -  

conformably. This un i t  may ~ach  a thick.sea of 750 feet  o v ~  

the opebody. 

(b) Int~sive Rocks - A~I the known intr~slve rocks,  on and 

adjoining the prophecy, peneCra~ o~lv the Older Volcanic S ~ i e s .  

While a fe~ basalt and rhyolite di~es, a fe~ fee¢ in width, are 

po~C-~tneral, the bulk of ~hem are pre-mineval in a~e. 

Rh~li¢e, q~arCz-lsCite|.. La¢It.e,~ daclte a~d ~a~Zz-dlorlte - 

~ k s  varying in co~osltlo~ from acid t o  intermediate, occur in 

a dime s~ar~ ~ithln the Lone Stpr Shear Zone. Some of the ~ikes 

probably manaZe fro~ a rhyol i t ic p l ~  ~hich~ t~ethe~ ~l¢h py~- 

c l u t i c s ,  cPysCal l ine ~u f f  and t u f f  bP~ccta, f i l l  a ~teep s i d e ,  

• - , .  J qq~*  WD=I t  ~ qm, 



deep ~ t ~  vent a~ l e a ~  2.000 x 10500 f ~  in ~ e a .  D ~ u ~  

of Itm c711~r lc~ l  ~ h 4 ~  steep 81des ~ d  a S s o c ~ t ~  e ~ o s ~ v @ ~ . ~  

deh~ ' i~  t h i s  f ~ u ~  i s  c o r ~ s l d e ~  t o  ~ a nQa~, ~ ' ~ e  pm.tlar~ of  

a volc~mlc vent .  

~hile va~/inR in ~Idth from a fs~ i n c u s  to 200 f~, i~Ivi~al 

d i kes  ~ay h~ Tracod f o r  d i s t r e s s  of  2,000 t o  ~,000 fee t °  Sow are 

found aa such as I0,000 f ee t  southerner of this possible s C ~ e .  To 

the northeast, both the plug and dikes continue under the Younger 

and I n C e r ~ : [ a t e  Yo lcan ics .  ~ 1:he 3900- foo t  l e v e l ,  fo=" InsUrance, 

the orebody lies in porphyritic andesite ~rave~sed by I~ ~o 20 of 

these  dikes. About 25 percent  of ~he ar~a on thls level i s  ~hus 

made up o f  i n t r u s i v e s o  

~ o c k ,  Eocene in a~e~ t n ~ e s  the  p o ~ p h ~ ' i t t c  a n d s , i t s ,  ~t  ~he 

San Juan ~Ine. O~al in outcrop, the di~nsl¢~= a~e 1,500 by l®OOO 

f e e t .  t~@ longer  a~Is b~in~ in a n o r t h e a s t e r l y  d i r e c t i o n .  

~ae t==d io r i t e~__~ra~od to~ l~e  - The Lone ~¢a~ Plu~o~, al~ ~ e  

in  nee . i s  an e l e v a t e d  coapoa[ te  = t ~ k - l l k e  mass ¢ ~ p o ~ d  ma in ly  o f  

q u a r ~ s - d i o r l t e ,  qua~C=-mun~ite a~d 8~an~diori~e at lease 8,000 by 

~,000 fec¢ in  s l x e .  

• t~ue tu~es  a~e f~d near  the o~body~ t ~ ree  intt~us~v@ p ipes ,  up 

t o  50 f~ in d l a ~ e t s r ,  occur  in the Lc~e Star  S~¢k  neae the  At 
= 

Ease Faul~. S~@~al pebble dikes -= a foot or l e s s  in ui~th -- 

also extend a~y from o n e  of the~e pipes. ~ ~he no~h~m~'~ siva 

of  the  S ~  Juan Stock ano the r  ~ e c c i a  p~pe, ~00 f®~¢ in ~ a m ~ e ~  

is surrounded by a narrow daciCe porphy ry  rin~z d i ke .  
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'F~ ~ l ~ l  m:r~ctu~.~l pict~Pe, ~ y  p 6 ~ l y  d ~ ~ o  la  

~p~8~crCed by the ~orChue~ ~ n d ~  Gi la ~ ¢ a i e m  ~ ~he ~ l -  

=Cad a<~Ch~ster ly  d ipp i r~  ~ ¢ t e  FmJl¢. ~ ~ ¢ ~  d f ~ ' t ~  La 

alevaCi~t of the u~o~fov~uLble ~rfae¢ b~twa~n tho O~r aid Ye~=~er 

Volc~aics ¢~ both sides of  tha fault t the throw algh¢ be as ~ h  

20000 f®et. As a Pesult of t h i s  =aJor s t ruc tu ra l  d i s t u r b ,  the 

Glla Rants ~a= t i l t e d  10-12 d~ress to th~ ncetheast. 

(2)  ~ : a l  

in s~sive ~eP~i ~s several t h ~  f~ wi~e, ~ ~- 

She=~ Zone li®s bet~m the Lcme ~tar =~d the A~ Ka~e P~alts ~ ~ 

northeast flank of the Lone SCa~ Plut~ and Is ~ i ~ @ l y  ~ 

feet vide. The ~t~ike l~th is at ~[aa=t 16~000 f~at -- 5,000 f~t 

of which is  covered by t ~  Ter t i a ry  Volcamtcs. I t s  ~tPtke v a P l ~  

f ~  ~50°-~$~E ~hi le  the dip is  e s e ~ t i a l l y  ve~t fca l  op =¢e~p t o  

the nor th .  The s ~ ,  ~hlch co~tatns the oreb~ly,  ~pp~a~s to  c ~ -  

= t i t u t e  an upChPo~ block ~ Is ch~P~c~e~ by a ~a~ au~ 

of shears, faults,- fPacCu~s and =he~t~ ~oaes= g~e~ally stPiklu~ 

in the ~ dlr~ctlon. ~hile the ®~act aa~a~t ~f d l ~ p Z ~ ~  a ~  

the Lone ~¢a~ a~d ~ Ju~ Shear Zo~s is unMao~, I~ c ~  h~ as 

much as SO0 f~ -- ~sed o~ outcrops of the upper ~ flo~-fl~ 

~eccia unit of the Older S~Ples ~xpo~d oa both the f~o¢~ll o~ 

th~ ~e Star Fault a~d ~he north side of the S~m Ju~m Shear, but 
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I I I .  

m:Lssin~ in thQ intes',v~min8 a~'Qa+ 

i8 t ~  ~ o ~ a n  r ~ l t °  Thia bqr~ak i s  a n o ~ l  f4mlt  t ~  d l ~ e ¢  

t im T ~ t a r V  Yman~,ee Volcanic ,~p,+,tes ~eh I:~ scm~ ~® ¢ ~  

A.~)und t ~  S~ Juan Hlne) the S~ Juan ~ ~ h~s a ~rl~h 

of 3,000 f ~  ~ d  • ~Pel~t¢ l~m~th of 9,000-100000 f@~t. ~I:~ 

feom ~h~ ~ ~ e  $h¢~  ~z~¢ by 3,000 to  ~,OOO feet of e e l ~ t i v e l y  

l~s~ ~h~me~d ~ .  ~ San Ju~ S ~ P  ~.,~m ~t:rlkQs ~ d  dlp~ :L~ 

s ~ l ~ e  +mshic~. S~g~aping i+ m m g e s t  in th¢ v i c l . n i t y  of th~ ~a~g- 

~ o ~ z ~ i t e  poephyey s t o c k  ~h~ch £ n ~ d e ~  ~h@ gone.  S h o e  ~o~@m of  

l ~ s s ~  i n t ~ n s ~ y ,  strlklnR n o r ~ h ~ ,  ~ s ~ - ~ e t  a~d n o ~ : h - ~ o ~ : ~  

l n t ® r ~ c ~  ~h~ San Juan S ~ r  a~ ~ ~ock  ~ d  ~ y  ~v® ~Iped 1o¢~11~e 

ira In~eus~o~.  

OREDOOY GEOLOGY (Ftg~. 5~ ?, 9 ~ 9) 

a. H~'turo Cd' O r e b ~  

(1) G~mral - The Saffo~d o~bo4~ occurs in t~ O,Tbdee Volca~.{c 

S~-ies ~r~ nor~:h@~: s h e ~ r s  and fault~" in  th@ po~'ph~Itlc a~e- 

~i~e um~@ i ~ ~  by the ~ c i d - i n t @ ~ i a t @  ~ e i e s  of d i k e e ,  ~ s  

on t ~  v o l t a i c  ~ent and a o s o c ~ t @ d  b ~ d ~ d  ~ t  d ~ b ~  - -  n ~ P  ~ e -  

fmc¢ phmm~na - -  shm11~ ~ e ~ h  o f  b~r ia l  and r~ l~lv@Z~ low ~ u u e ~  

a~ t@~p@~at~ C~ItiO~S O~ OP@ foPmal:~(~ a1~@ pO~tLl~a~Qd. 

This d t ~ : u r b ~  ~on@ ~ s  ~ n  s ~ g l y  hy~Pot~m~rmuslly altes~m| 

~n~ mineral ized with  tr~n s~d cop;mr s u l f l d ~  o v e r  an a ~ a  o f  1206~4) 

by 6+000 f s e ~ .  ~hl l~ ~o~ of ~hls ~e~ ~ s  p y r t ~ l ~ d e  the uxlmm 
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plan  f l a i r s  o f  t ~  or~ ¢ ~ e r  an a r e a  one f ~ h  t h 1 8  s i z e ,  The 

g r e a t e r  t h i c ~ s s  o f  th~  or~ s h o ~  on F i ~  8 ,  ~ l o ~  O-G°® i s  X,~O0 

~ e r  ~ n e ~ X i ~ I o n  t h e  o ~ b c d y  ~ s  exvos~l  t o  o x i ~ t i ~  t X ~ c h -  

Ing and @ n r i c ~ n t .  B~caus~ t h e  v e s u l t l n g  lq~ched capping  i s  t h i c k  

( r ~ g i n g  from 0-950 f®et and averaR£ng .40  f e e t )  t h e  chs lx :~)ye i t@-  

0 
p y r i t e  ~ a t i o  was p r o b a b l y  f a v o r a b l e  f o r  the removal  of  copper. In 

@ 

t h e  priory o r e  =one t h i s  r a t i o  i s  approxi~telv 2 : I  by v o l u ~  - -  

2% c h a l c o p y T l t e  and 1% p y r i t e .  In t h e  cappinR,  h o ~ e r ~  move p y r l t e  

~ y  h a v e  ~ n  p r e s e n t  - -  because o f  ~ v e r t i c a l  p r i o r y  zonln~ - -  

r e ~ I t l n g  in move f a v o r a b l e  cond i t ions  f o r  ! e ~ c h ~ g ,  

T ~  c ~  r®~ved f ~  th~ l ~ c h ~ d  cappln~ formed ~ c ~ i ~ o °  

c i t e  blanket on the prlma~y =one~ where the ch~ Icop~ ' i~e-py~ i~e  ~ t l o  

was h i R h ~ .  ~c~use  o f  the r e l a t i v e l y  low p y r i t e  c o n t ~ t  of t h i s  =one, 

l i t t l e  of  e i t h e r  t h e  s e c o n d a r y  or  t h e  p r imary  copper  ~ s  veeoved du~Ing 

l a t e r  p ~ i o d s  o f  u p l i f t  a s ~ l a t ~ d  wi th  movement a long  t h e  Eu~te F a u l t .  

Onl___~y rum~n~s of t h e  enriched secondary zone now e x i s t ,  h o ~ v e ~ ,  be -  

cause of ~zldltional deep oxidation resultin~ f~eo~ these uplli~tSo 

As a ~esult= th ree  types o f  or~ are present - -  oxtde~ mixed ox ide -  

s u l f i d e  and s u l f i d e ,  

Chrysocolla~ the silicate and b~ochantite, the b~sic m~Ifa~e, 

were the main minerals developed during this time. In the mi~d zone 

these overlap with and replace chalcocite and covellite, while in the 

primary zone chalcopyrite, pyrite and molybdenite ape present. Oxi- 

dation and en~-ichment is known to have commenced befo~'e the la~@~ 

Ter~iar~ volcanic r~cks cove~-ed the mineral deposit, because f~-ag- 
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m~n~s of oxidized ore are found in ~e of ~he owerlvi~ p~-~olc~mic 

basal cc~glc~erates. Althc~Eh no ~ter table ~s been f~nd to be 

~res~t in the ~e~ of ~he deposit, c~, mu~ l '~ve e ~ l ~ t : ~  dUri~ the 

time of the fetich o f  t l ~  chalcoclte bLmnke~. 

( 2 )  Leeched  C.appin E - Apar~ fro~,  a r e -  s q u a r e  f e e t  o f  l e a c h e d  

cappir~ e x p o s e d  in a window in the Yc~nRer Volcanics~ the c~ebody 

does not crop cut. ~os~ of the ad~oininR pyritlzed area is, ho~wer, 

exposed on the .southern slopes of the Gila Mountains. Alt~gh 

largely leached and oxidize, sulfides are ~o~ to occur at suz~face 

in a few instances. Leachin8 and oxidation of the hurled o~e zone 

has, however, taken place ~o ~t depths. ~" The sub-outc~p - -  com- 

sisZinR pr~dominantlv of brown-red-maroon (and occasionally black) 

"llmomite" stained ~desites or intrusiwes, with minor ~r~en (malnl7 

chryso~olla) stainin E -- aver~Res 0.17% total c o p D e r  over %he flr~ 

I0 feet. Overall awer~ge Rmade of the leached zone is sllg~lW 

lass and averases 0.13____%__% toZal copper. The ferric iron ~Ine~als 

p~esent are Ec~Zhi~e or h~atite, ~ith rarer ~arosi~e, di~ri~Z~ 

abundanZly in veinlets, fractures, or leached cavities ~h~c~ 

the cap rock. 

B. Mineralization (3, ~ I0 and II) 

(1) P ri~ar~ Mine~Is. - Primary minemals consist mainly of pyri%e 

and chalcopyri~e wi~h lesser amounts of boz.nlte and ~olyb~eni~e and 

rare ~etrah~i~e, galena and sphaleri~e. 

Pyrite is the ~osZ ah~ndanZ sulfide pmesen~. Conten~ of ~ha 

primary ore varies from 0.2-i.0% by volume while in the adJoln~n~ 

pyritic halo zone it ranges from ~-8%. Occurrin~ in veins a,d 

y . 
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dlsaeminazions, p y r i t e  i8 moro resistS=hi to replac~nZ by chalce- 

cite and covelliZe and to ox/datlon zo "limoniZe~" than chal~.opyrlZe. 

Chalcop3mlze also occurs in veins and disseminaZions and ts  t~e  

most abundanZ priory copper minera l .  In t h e ~  ore t he  c h a l c o -  

p y r i t e  conten t  approaches 2%. In the  p~.oto~,  only 0.7% is  p ~ s e n t  

while the pyritic halo averages 0~% chalcopyrite. 

Bornite occurs in veins and disseminations but is much less 

common than chalcopvrite0 Molvbdenite occurs in quarZz veinl~s and 

is more abundant in the deeper sulfide zones. 

Ma@netlte is also fairly common in qua~z veins ca,~rving sul- 

fides. T~rahedriZe, ~alena and s_2halerite have been idenzlfied 

within the pyritlc halo in veins. Gold has noZ boen id®ntifled in 

the orebody ~at iS known to occur in small frac%u~'Qs in a S-fooZ 

shear zone in p~opylitic andesite 0 2,000 feet to the southes~. 

Mo silver-bearin@ minerals were ~er found to be p r e ~ n Z .  

(2) Secondary Minerals- Secondarv minerals (ncl~de tha sulfides 

chalcocite and covellite° Chalcocite may completely reDlace chalco- 

pyrite, bornite or covellite --the latter derived frora th~se two 

primary sulfides; pyrite is Usually only coated. Bz~h the "steely" " 

and "sooty" varleties are present. Covellite replaces chalcooyrlte 

and bornite and is itself replaced by chalcocite. 

(3) Oxide Minerals 

Chrysocolla is the mos~ abundant copper mine~l p~sen~ ~n ~he 

deposit and makes up 50-85% of all the oxide aine~-aliza~iono I% 

occurs as veins, blebs or coatings on fractures, or as inteP~Pow~hs 

w~th kaolinite or kaollni~e-nal]ovsite. 
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occ~ in close a~cia~ien u i t h  ¢h~oAl~. 

~¢~ch~t~te Is  leu aM~aat ~ c h ~ 2 ~  e ~  e~ti~ee 

5=~$% of ~ =  o=~di=ed s i d e , i s .  I t  a p e s  ~lly t o  b~ l a t e r  

t~a~ the c ~ y ~ c o L t a  and perkap= ~=plac=a i t .  

te~orite_, a~d c _ _ ~ c o l l a  u=ually ~epla¢® c~Icocite° 

eccur= e~aticallv =loa~ thin vei~lets or f~aC- 

r u r e s  and is ~ually as=ociated with ~ or c~ua____=~r/chlZe. 

Minor mounts of ~ (a copper phosphate), c~ lc~m~ 

thite, a~atlerlte and ~ are also k~o~n to occur. 

Go, tR i t e  and ~ma~ite occur in the rock r ~ p l ~ i ~  ~Iglr, al 

aul~ide= and primary Iz~n-b~arins mineral=. ~ o~@-z~ t ~ = -  

~orZ~ limo~i~e is al~ fo~Ar~ filllnK fractures and ~pe~i¢~lly 

co, t i n  R th~ ~ocks yel low to  brown. 

Jae~L te  occu~  i~ f r ~ ' t u r ~ e  a~l v~i~s eeplae|a~ ~ A ~ V  

aAa~a l= ,  ~ l t  ~e~e and c lay  =~d i s  c lo~=lV a=eocAate~ u i t h  t ~ -  

quoise and a lun i t e .  

ghgNirS. 

C. Air erat ion 

( I )  H~fd~the~a4A A l t e ~ t i o ~  (F'[~,. $ and 3~ ~o 7t lOe 2Is [2® 
13 ~ 1~) 

(a) ~ =  6 Dis~.. rIMuZlo. - ~ alz~adV ~e~PIM~d, ae area I~0000 

by ~.000 f'eet uas s,:h~ecT ~ e=,1"en.|ve hwl,~thez~,~l a ~ ' ~ | ~ .  NeJLf 

of th l~  ~ s  l= expo.~Ad, while ~h~ h41~ce is covered by the l~¢@r 

Ter t i a ry  vnlc~n[cN .~nd ~ =  nu + . ! in~  by dr~l ! ine,  . ~  u ~ @ ~ ~  de- 
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velopment. The orebodv occurs ~o~Iv in the buried poz~ioa 

the altered area. 

A central area of intense alteration is composed of a srtrangly 

dQveloped quarZz-sericite zone on the southwest which adjoins and Is 

partially superimposed upon a large area of oerwslve slco~ary bio- 

titization on the northeast. The orebodv lies within these t~o so~as, 

around which arm arranRed the chloriZic and oropylitic zones in a 

roughly concentric pattern. Part nf the quarZz-s~icite and the 

chloritized zones lie within essentially pyrizized areas. The pPopy- 

litic zone is, however, unmineralized excep~ where travers~ by she~r 

zones, veins or dikes that may be accompanied by ~Ifides (p~ite a z ~ / o r  

chaloopyriZe). Alteration boundaries are r~ther arbitrarV, in Z~ 

aineralo@ical c~ges are tranei~ional and overlapplng, par¢Icularly 

in the porphyritic andesize host rock. The influence of ~ck ¢~ 

~cture is also impo~ant ~ u ~  the quartz-sericite zc~e 

corres~x>nds ~ainlv with the posZ-andesite intrusive complex and al~ 

with the pyroclas¢ic lithic tuff and volcanic vent debris. $erieltic 

alte~ti~ not only occurs in all the dikes bu~ also alonR their co,- 

tact zones with the porph~nPitic andesite -- in both ~he chloritlc and 

propylizic z~es -- as much as i0,000 feet souZh~es~ of the oreh~y. 

SericlZi~ation is clearly later ~han bio~izizaZion In gr~ss field 

pattern -- ~herein the bioZitized Pock contains sheaves of ~rlci- 

zized rock alon@ veins, shears and contacts. Microscoplcallv i~ is 

c l e a r  t h a t  b i o t i t e  i s  a l s o  a l t e r e d  t o  s e r i c i t e  a l ~ n ~  t h e s e  ~Oneso 

In ~ost of t h e  inzz~usives K feldspar, Oro~blv p~imary, makes" 

up 15-20~ of the Rround~ss° ~n some cases, ho~e~, ~re is a 
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acr~e~rtra~i~ of K feldspar along veins~ i ~ i c ~ i ~  either a4dltle~ 

~o the rock or possibl® ~ r ~ a ~ i o n  of prlmary K ~eldspar du~Inl 

a l t o ~ t i ~ .  In the andesites a~=c~dary K f@Ids~,  with as~ci~ed 

q~ar~: and s~riclte, is abundant alanR veins. 

Prior to the develop.wmt of sericite, t ~  plaRiocla~ in the 

andesiz®s -- andesine -- had larRely been altsrod to oligocla~ or 

slbite. In the Intrusives~ alblti%aZion had also tak6n place at 

early sta~e. 

Qua~z-sericlte zone - Rocks which have underRone this type of 

alte~tio~ (occurring mainly over ~ area 79000 × 5,000 feet ) are 

cb~racZeris~Ically bleach@d to s ~hize or ll~h~ grey color. This 

al~e~a~ion staSe appears to have been later than the other ~a~es, 

The ~ocks of acidic to inter~edlate co~positio~ composln~ ~ dikes, 

plugs and volcanic ~mt debris ~ere the mo~t se~e~ly affectS. 

~ h  pla@ioclass ~ h ~ n ~ r ~ s  ~ ola~iocl~se in the ~ a s s s  were 

thoroughly converted ~o ~ricite and quartz -- largely al~ velnle~s. 

Marie minerals were similarly affected. Tb~ blozi~ized andesi~e, 

~b~-e ad~scent ~o faults, veins, In~ruslve contacts ~ s~rs, ~as 

also al~ered by conve~slon of ufics and pla~ioclase Zo serici~e~ 

q~artz ~nd minor sphene. Those zones are relatively narr~ and 

e~hibl~ ~r~dational boundaries f ro=  ~ervaslve serlcitlc con~enZ into 

the bioZi~iz~d andesits. The ~u~eri~osition of the q~r~-~erlciZe 

~one o~ ~he bi~iZized ~one is t~.~s clearly d~r~Zed. A si~ilar- 

relationship of this ZVI>~ of alteration to ~he chlor l t lc  and ~ y -  

litlc ~ones is also apparent. At the San Juan ~ine the quar~z-~m~o~ite 

~orphyrv ~tock is similarly altered° 



It Is of IntQre~ t o  note thee the pcCa~i~-ez%~e an= d~¢~ 

of  the serlclte l= S3 =.y. (17) -- or s l i ~ l y  ~ g e a  ~ t ~  t ~  ~m 

Juan and ~a SCar Stocks. 

BtoCtte ¢~ne ° The rocks ~ l n l v  affected by t h i s  tvPS of  a l t e r s °  

t l o ~  ave the p o r p h y r i t i c  and=si tes .  Hornblende and aug l t@ ~ VQ- 

placed by brown b loCi=e  in flakes, c~¢s ~d mor~ ra~IV, in velnlaCs 

cart-ling aulfides. Th~ strongest bJoCitizaClon (I0-50% and averaRin~ 

about 20~) is d~elopod around ~he in ,  rus ty= pluRs and dikes in a~d 

adJo ln in  R the o r e b o d y .  The a c i d i c  ¢o i n t e ~ e d i a t e  i n tPus ive  rocks 

have secondaPy b i o t i t e  developed in only  minor a~oun=s (a Pry p e ~ c ~ t )  " 
( 

al~g quartz veinl~s. OCher occurrences in =hems intPusive== if ever 

p r e ~ t .  ~ r e  probably  destroyed by =he l a t e r  s e r i c i t l c  a l t e ~ i ~  

p h a ~ .  At the S~m Ju~ Mine a cone of bioCltis~d po rphy~ i t i ¢  ~d®ai t@ - -  
J 

2eO00 f ~ t  wide - -  a lso  ~J r~unds  the l n t ~ s i v e  stock.  

C h l o r i t e  zone - C h l o r i t e  is  the most wide ly  d i s t r i b u t e d  = l t e ~ -  

tion mineral and occurs in all stages of alteration. Ho~er, as 

sho~ ~ the map, a pP~do~in~tlv chloritlc gone (I,000-2,000 f~ 

wide) s~P~ound= end over laps the b l o t t t i z e d  and ~ e r i c l t i s e d  ~ s  o~ 

t h e  m o u C h ~ s t  o f  t h e  o r = b o d y .  A slmILmr zone  o c c u r s  a r o u n d  t h e  

bioCltl~d ~¢~e on the Sa~ Juan. The boundaries of the chlorltlc 

• ¢~e are arbitrarily d~a~ when m~flcs are ~re pc~d~i~antly ~- 

p l ~ d  by c h l o r i t e  ~ h ~  by se¢oc~ar¥ biotite. 

P ~ y l ~ t i c  ~o~e - This i s  the most w i d e s p r ~ d  s e r e  and repPe- 

sent= the area of lowest a l t e r a t i o n  i n t e n s i t y .  Epidote,  and t o  a 

lesser extent  chlorite, are the eo~a~on secondary mlnerals. Th~ 

P~lation~hlp of ¢hJs =one ~o minePalization and ocher a l t e ~ t l ¢ ~  

Y 
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~ ~  i s  ~ ~ 1 ~  ~ t  i¢ e p ~ r Q  t o  h ~ e  ~ v e r y  e~arly 

possibly d ~ t e r l c  in or igin .  

(b )  C:~m~[e.al A ~ t s  - I t  i s  ap~,~mZ tha t  the ~ k s  u n d o °  

~ t  c~s id@rabls  c ~ i e . . a l  ci%~n~es du~,in~ ] ~ r d r o t h o ~ l  ~ . t@~ l l : i ~  

and m i n e r a l i z a C i ~ .  A ~  aJ..1 of the s u l f u r  pit@mint ~ s  in t~o -  

¢L~cm:i at  thJ.s t ~ e °  CI"d~ical analy~es of  fPesh and sleeted poPphy~l- 

do~bled while ~ll quan~iziee of silica ~e added. L~s Incl~e 

calei~, MII a~nZs of sodium, m~esi~ and al~in~. While 

t hez~  appears to have b~en a m a l l  loss of L ~ n ,  S t~Ln in  f @ ~ o u s  

iron almost balances a loss in f ~ r r i c  iron. Si~ilap chan@os ape 

described by C~usey in a paper in which nine ~h~iss a~e dis- 

cussed (7). 

A~ al~e~y ~e~Zioned, al~e~Zion c~ the ~¢cr~ and ~b-Te~ZLa~y 

volcanic o~tcvop has produced a zyplcallv c~splcu~s colord cap 

rock ~ e r  ~ o~bo~y as well as over the miner~lised veln~ and s~ 

~ o s .  The colo~ of ~he ~ock is  PelaZed in tn te~st~y dlPecZly ~o ¢~e 

~mo~n¢ of ~or~er ma!f ids co~¢en¢ and toZh~ de~P~@ of ox lda t lo~  a~4 

weathering ¢o whi©h i¢ has been s~b~ecZe~. 

The dikes ~d plugs which have ~nde~e s~iciZic hydroZher~al 

alZe~aZi~, am~ inher~n¢ly bleached, weaZherinR of ¢he sulfides has 

also prc~uced  oxidised compounds which have sZalmsd Zhe~e li@hZ- 

¢~loP~ z~ocks varies hues of ~llow-b~own-~d-m~Poom ~d black. 

The b i o t i ¢ i s e d  and ch lo r t¢ iz~d  p o r p h y r i t i c  a~d@sites ¢~md ¢0 b~ 

relaZlvely d a r k e r  in color, although oxida~i~ of Z~ lyon c~nds 
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tog~her wlth l~chlng, h=s ~tually produced a llghter c o ~  eoek 

in Zh~ zone of ~QEChe~Ing. This g~des into dark grey, black o~ 

~een rock in th@ primary zone below. While ~ of the micacsous 

mine~al8 in t ~  ~umthered blotlZe =one may actually be ~rlclte. i t  

is thou@hi that most of this material is biotite from which the iron 

has ~ l~ched by weathering. 

The alnQr=la which create th~ conspicuous color in the l~h~i 

rock over the ~a~y are predominant ly  the ferric iron com~ds 

p t h i t e  ~ d  h a ~ t i c e ,  3a ros i t e  and a l u n i t e  =re mo~ abundant ~ e r  

the pyritic halo. 

Kaolin, el=hire and ~tmorillo~Ite a~ d~elopod to the 

g~aZe~ e~t al~g lar~er sh~r=~ faults and ~l~es ~ con- 

tacts where ~ n Z  haa occurred.  A p p a ~ t l y  the  m~ed® f n~c -  

tg~d and cruahed rock was ex~n~Ively co~vert~ to kaolin alo~ 

the channels follou~d by acld=cha~1~ed g~ -ound~e r ,  ~ e ~  the~e 

C~l= kaolin is d~elop~d to only a minor d~ee. 

~ p e  j ~ t e  alteratlo~ over the bur ied orebcx~y ham tak®n piece 

Zo m averse d~p~h of about ~0 f~, although numerous oxidlS~ 

¢~el= l~mve be~ e~vcounte~d at depth= of 2,000 feet below the 

a~rface, Th~ do not e~hiblt bleached or leached haloem mlmilar 

t o  thorn= ~cco~p~n~in~ the h y d r o t h e n ~ l  channels,  In the e x p o ~  

p ~ i t i = e d  area a u p e ~ e  e f f e c t s  are much a h ~ l l o ~  - -  avera@in~ 

o~ly ahoY: 2~0. f e e t  in depth. 

T~I~ ~J~de~lZe and the i n t r u s i v e  c~lex ~ r e  alter~i ~ Zh~e 
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~a~es" (I) an ~ r l y  ~ditlve ~age of Int~ h ~ r ~ : ~ l  altera- 

ti~ (2) a l a t e r  1 ~  temperature ~age of hy~Joth~l alt~ati~ 

(3) a ~aSe of oxldatlan and leachln~. TI~ fi~,st t~ s%ages wen 

contlm~ous and have beam dlvid~ arbltrarily at that po£~ ~ blo- 

tita was alt~ ~ssly to chlorite and ~iciCe. T~mse ~ag@s of 

alt~tl~ ~e acco~pani~i by a i n e ~ l i s i n g  solutlons whlch deposit~i 

~allic sulf[das in a s~quance whlch varied with ~he chanEes in  eom- 

posl~i~ of tha h)~i~o~l ~ o ~ i ~ n s .  In co~traa~ ~l~h ~ d~si~s, 

~ha ore e~hibl~ ab~lan~ e~id~:@ of ~h~ c lo~  as~o~iatl~ of ~Lfl~e 

ainerallsa~ioa ~i~h h~Ir~rmal al~eratio~, Tha relative ~a~es of 

~h~sa al~e~a~:icas, s~wlng ~ha alne~al ~ab~li ty r~m~es ta ~ a e ,  

is shorn below: 

:,17 ~ ..... 

,•!i ~ :~ ! 
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p~ i~e 

LATE ~'T~E 
C ~  friars 

--cla~ ( k m o l I n i ~ e )  

- -- ? ~ c a l c i % e  __? __ 
q~a~a 

c~ .oP i '~e  
mm~itm, mriclte 

cbalcopyr Ire 

? ~.~lyb~en it • -- 
? . . . . .  te~rahedri~e, ~alena, 

sp~aleri~e ? -  

~r~e~  i ~  

cRr~ella 
--ferric exldes ~ 

~se~omlachi~e- 
na~ lye co~er - -  

--c~alco~richi~e -- 
- -  ? - c h ~ I c o c l t e - ? -  
-- ?-covelli~®- ? - -  

Tho l ~ l , ~ r ~  minovQl l .  D_w'lte. ~ n ® t  i tQ ( ? ) .  ¢ h a l o o p ~ l t e  a ~  

b o r . t t ®  ~ d e ~ s l t e d  In t h a t  o ~ e r .  b~t some o~e~laD In d e ~ s i t t ~ n  

I s  indie.~t@d b 7 polish@d ~ c l : i o ,  s tudy.  P~n.Lte ~ e  bot:h 1:~ e a r l i @ ~  

and late81: p r l ~ r ) ,  sull~Id® ~o b~ e ~ l a c e d .  The I 'e la~ io~ of  ~ l d .  

~lerlts, plena and ~e~rahedr~te ~o the ~Qt~te and earller 

f o r ~  ~lPidea ~a~ no~c been dlrec~Iv obeerv~d ~ ~r~blv, ~ e l ~ -  

where. 1:h~y ~re deposi ted la~er. Th~ w b~le ~n~ o f  ~Iflde de~os~- 

~Aon ~a~ acco~nled by q~r~s and calci~e ~n~e -- ~i~h th~ ~ @ r  

s~artin~ a l i ~ l e  la~er ~han the qu~r~s and ~e~Ina~in~ a~ an ~a~l~.e~ 

TRe e~li~ mode of sulfide e,~1~ce~ ~ as di~m~na~io~s 

and in ~hi~, i~ular quartz ve~nle~s. I~ a~pears t h a t  ~he hi~Re~t 

pe~centa~ o f  dies®mlna~ed c~alcopyri~, b c ~ n i t e  -,, and ~oosibl~ 

p~r~i~e -- ~s ~e~oei~ a~ ~is ti~, ~Icularlv in ~he blo~i~Is~ 

an~esi~e. A clo~e ~a~ial aee~cla~on wi~h clots ~nd bleb~ of 
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s e c o n d a r y  b i ~ i t e  a ~  the d l s ~ m i ~ a t ~ d  m~l~Ide i s  a v l d ~ t .  Th i s  

f e a t u r e  ~ s  a l ~  been ~ e ~ r ~ e d  s t  t h e  B a ~ a d  c ~  d e . s i t  b~ C. A. 

Amlerson and o ~ h e r s  (1 and 2), 

In a later ]~rlod clo~Iv assoclat®d with quavts-serlclt@ alZsva- 

Zion, su l f ld@ emplacement was pmi~rilv in later .einl~s an(] i'~ac- 

Zure fillinss wiZh quartz and carbonate ~an~e. At this ti~ oVr~te 

~s deposited in t~'eater amounts than the cc~r ~Ifides. In thll 

later ~age molyhdenlte -- with or ~thout wm~etlte --also occurs 

in quarts-carbonate veinlets and replaces chalcoDvrite. 

Tb4 relationshi~ of the h vdrothermal alteratlon zeroes an4 ~rlumrV 

alneral sorting can be noted by coffering Fi~res 5 and 6. T~e cen~l 

cop~e~ ~one containin~ ~he ÷0.~% c~er oveb~y occurs a~ride the 

conta~ bet~en the ~es of ~e~vasive se~Iclti~ation and hi, it ~- 

• ation. ~ o f  It l[e~ in the ~Dhvrltic a~esi~es that have 

been e~ensively intruded by se~!cit{~ed dikes and olu~ of acid ~!~2 

to inter~la~e co~1)oaltion. In this central ~one chalcoov~ite ~ : ~ '  

and pyrite a~e concentrated in the earle of aSout 2:1 and ~ha total 

sulfide content r~n~ee f~o~ 1.5 to 3.'0 ~cent by volu~. At d®~h -- 

In the pmoto~'e -- the chalcopyrlte/pyrlte ratio drops to I:I -- the 

~al sulfide conte~ averaging a~t I. 5% and t h e  grade of c~e~ 

droppin~ off to 0.2% a,~ fen. The h~Ik of the ~Ivhden!te also 

occurs ,i~hln the ce~r~l c~er ~e. 

Out,r4 f~ ~hls central sone. the ~itlc haloes (~Ith very 

io~ cop~er values) embrace the u~or ~ar% of the se~icltic and 

chlo~itic ~onea. ~Ithln these zonee the t~al ~ulfi~e c~ntent bY 
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v o l ~  ra~@s ~ e e a  ~ and 8 perceat and che pyrlCe/chalcopy~lCG 

r a t i o  varieB ~ t ~ a ~  10 amd 21:1. WlChin Che ~ r l c i ¢ l ~ 0  ch l cc i¢ l c  

~ d  ~ ~ i ~  ~e~pyl l¢ lc z o o 8  m a l l  ~ Z m  of fo14, g a l ~ a  a~d 

Cecrah~drlta (c¢ Cheir oxidtced equival~mtm) are found to  cccur. 

Th~ s e c t a r y  I~ l f t de¢  chalcec i te  and co,  e l i t e 0  ~ s  p~bab ly  

~p laced before thQ f i r s t  u p l i f t  of che GiLa ~ g e  a ~ g  the ~¢¢s 

flul¢. In "thin and polished secZien chelcociCe is seen ¢o rep~lJce 

co~e l l t teo  ChalcociZo also p r e f e r e n t i a l l y  replaces chalcopyriZQ 

~ d  hot ,  iCe and ¢o a l e s ~  s x ¢ ~ .  pFriZe. In the p~r i¢ lc  halo 

on ¢he ~ slope -- mo~ pec~n¢ly sxpo~d by upllf¢, ¢II¢in@ and 

a~si¢~ -- oKid~¢i~ haa b~ P~e~d and thin~ iaclpl~t eh~ic~clte 

cca¢In~ are formla~ cm pFri~e b~a~a~h ~h~ ~hall~ l~ach~d so~. 

The pa~a@e~eClc ~la¢ioaship~ o f  t ~ e  o~Ide mi~rals a~ com- 

e,Is is b~¢~ tb~ fo~ ch~l~cclZe blanket -- as ~II as ¢h~ 

prima~y su l f i de  ~o~e - -  ~ s  aff~cCed by one or ~ove  ~b~quea¢ 

upllf¢¢. OxidaZlc~ of ]>o~:h th~se z o ~ 8  ~ y  ¢hea ha~  t ~ k e a  p1~ce  

s ~ l Z ~ a e o ~ y .  C ~ y ~ c o l l ~  ~ d  cup,iCe are c o ~ l y  noted %o 

~l~ce c~I¢~cit~, but the primary sulfide ~ine~als ar~ no¢ o~- 

~ d  to ~ dir~cZly replaced by the oxide zone alne~Is. ~m~- 

c h ~ n t l t e ,  ch~y~ocolla, i~ o~[des® ~aPosite, ps~ud~alachiZe,  

ch~IcoZ~ichlZ~ ~d ~ati~e cc~pp~ ~ y  have f ~  es~Zially c~- 

~. Ore C~¢ro l s  

(1) ~ ( f i gs .  3 and ~) 

The northeast she~rinR of the CreZaceous (7) Oldec V o l c ~ i c s  - -  
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~eck~. ? o l l o ~ l ~  ~his ~R~ v~icanic ve~Z -- ~l~h aec~yIn@ dtk~  

~ -- i~e~ ~he Oldee Volcanlce ~inly in t~e ~e ~Zer S h ~ P  

~ e .  ~ ~  ~ ¢ r e ~ s  re~c~Ivate~ t h e ~  = ~ s r  s~es ~ Cbe ~ 

fracture s~o~ ~ s  ~eri~posed upon the volcanic ve~ debris a~ 

dike swarm. 

In co~Z~a~ to the ~oPitv of z~e ~rph~v copper ~poeits, 

t l ~  p~Inclple i~tr~Lve . m u  at S~l'fo~l - -  th® Lone Star Pl~t~ - -  

i s  ,aZ closely ~elate~ ~o the h~c~h~l ~ ~in~r~llzlnR ~r~ces~I. 

A p ~ e ~ l y  th i s  i n t ~ l i ~  resJste~ ~ e s ~ s  as~ciaZed wi~h a l t e ~ t i e ~  

a~ ~i~e~li~ic~ and r~i-~ i~i~m t o  t l '~  acc~nyinK f l u i d s  

at Zb~ criZlcal ~ri~ while the ~r zo~®s on both  ?lanks ~e 

heine r~m4ered hl@hly per~ble. 

H y d r o t h ~ P ~ l  f l u i d s  f o l l o ~  Zhe shoa~' so~@s and c ~ : e c ¢ 8  Of 

t~ San J ~  SZock and che later i ~ r ~ a i ~ s  in tb~  Lone SZ~ $ ~  

Z ~ e .  a l z e r ~ i  zbe  hoot Pocks and deDos lzed  I r ~ ,  c o ~ r  and ~ o l y b -  

d~nu~ ~if/des in variable quaatltles. At tb~ Sen ~n R/he ,  t h e  

f~able ~ea ~ the sh~tZer~d contact ~e of the ~o~k 

~e ~I ~r~ ire volcanlc plu~ verr~ and a~ociatod dike I ~  s~e 

~e~aZ~ ~e ~ l y  s~ear~ a~esit®s. 

A~ ~Ir~7 mentioned, several ~a@e~ of uplli~ p r o b a b l y  ~:oo~ 

place al~n~ the B~t~e fuult, ~ wlth c~e~entlal ~e~Ic~llc lo~rln~ 
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of t~ ~ter table and re~IZlng oxldatic~ of tb~ origlnal ¢Ralco- 

elte ~anket In place. Wh®~e the r~llc~ prrite content ~e low~ 

~ a ~  ~Iflde8 ~e o~Idised %o c ~ o c o l l a ,  brochma%ite, etc. 

in place. ~e ~fficlenz pyrice az~ priws~,y ~Ifldee remmi~ 

in thQ b l a n k e t ,  an ~dltlo~al oec~arv s~e D~obably ~or~ed a% a 

l o~z "  elevati~, Tb~ s c a ~ t e ~  chalcoclZe zones, IntePfinprln@ 

wlZh oxide  and p r ' l ~ r y  zonea, are thus p r o b a b l y  due to ~oradlc 

uplifts and tiltin 8 of ~he ~ila ~ounZain~. ~ Is ~nZer~clnR 1:o 

note ~ha~ no ~er ~abl@ has ever been enco~n~a~ in any of  t h e  

drilling. 

r .  ~ e o l o ~ i c  Hi~o~v]~ 

~-C~ab~len rocks of  A~i~o~a b~v® d e v e l o p e d  a ~e~i~l 

n~a~erly ~ L n .  A ~ ,  ~l~e Cr~Zace~8 (? )  aa~e~i~ea a~ a~gl~r- 

at@~ ~e~e ~ @ d  in ~he 5a~for~ ar~a, t~ ~ ~  ~earln@ a~ 

~a~IZln~ ~Z Zook place in Early Tertiary ~i~s -- along the 

$~ar a~ San J,~an $beaz Zoner - -  ~ ~ o b ~ b l y  s ¢ ¢ ~ l ~ a ~ i o n  o f  

~ ~ Z  along ehlg old  dlrecZion of ~Mneu. In ~e E o ~ n ~  peelo~ 

both ~he Lone S~ar a~d 1:ha San J ~ n  S~ock~ ~ i r ~ r ~ @ d  in  ~h@ ~ -  

ly sheared ~olcanlc ~ocks In ~h Zhese sonar. ~s ~ no~Rea~ shea~- 

ins co~inu@d, plug8 ~d dlk@~ ~e i ~ e d  ~long ~ same d t r ¢ c ~ i ~  

e~ ~h~ f~Ion o~ a volcanic ven~ ~ook place. ~e~cc~in@ ad~u~- 

~n~ also ~ e ~ l ~ e ~  in the ehe~Ing of ~ incisive b~iae ~ v ~ l -  

c~aic v e ~ .  l a z a r .  ~ of  z~e diMe~ and pluge and adjoining pe~- 

phTriZic andeaLt®~ 1~,e alZ®red a~ oln®~llsed by o~e-fc~uin| ~lu- 

~ic~s. T~ ~ ¢  S~ar SZock i~If ~s no~, hoover, a~p~-eciably 

sh~ed~ ~rac~ed, al~er@d or  ~In®raliaed by ~he~e ¢~al a ~ u ~ -  
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m4~t~. 

OXldati~, leaehlnt and enrichment ~hen ~ook Dlace -- ~o be 

foll~ again by one or mor~ perils of uol~ft a~d oxidation of 

t~ enr iched zo~es, The major part of the u~llft iS e ~ s i d e ~  to  

have tak~ place al~g t~ northwe~erly tre~inR 8asln-Range t~ 

Butts ?aul~. Du~Ing one of these oerloda of adjustment the ~nter- 

~late Volcanic Serles were e~cruded. The D~,ogr@sslve overlap and 

pinching out of this unlt aga~n~ the preset ea~ flank of  the 

mountains I m R p ~ : o  t h a t  a~ th~ ~[~e ~he too of ~be ~ila ~an~e lay 

~ of the p~eHnt crest. 

A s l ~ h ~  disc~fora~ty bergen the ~nter~diete Volcanic Series 

and the overlyin[[ Y~unR~r Series, ~gRes~s a slight ~r~c~ of erosion 

b~een the ex~r~1~ of the~e two units. The ]~r~J~ area of ~he 

Y o u n ~ r  Series along the wst flank of the ran~ also indicates T~at 

ere old c ~ " ~  of the ran~ warn covered durln~ the last ~er~ of ex- 

trusion. 

Pollo~ia~ these t~o periods of volcanic actlvitv t~ aa~c~ 

~o~nt al~ the B~te Paul~ took pl~c®, re~l~In~ in a po~mlble 

do~th~ow of  2,000' on ere ~ u ' t h ~ s t ~  o~' han~n~all si~e, 

Pu~r ero~i~ t~ to~k place and the hi~ e~Ing p~al- 

~t of the valley ~as formed. ~ Inor  n~t~ea~ faultia~ - -  tha~ 

all,laces ere Y ~ r  Volcanic  Series - -  con~Inu~, and ~ f o l l O ~ i  

by ~ r ~  p ~ r i o d s  o f  upl£i '~ and e r o s i o n  t h a t  f o u n d  th~ ~ a t  day  

topo ~p-apby. 
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£ ~ a ~ t a a  a~l  d~~t of  t ~  S a f f ~  ~ r  dQ~,eb~it 

t ~  t ~ o e k : @  o f  a ~ r y  l a r E e  ~ w  to  ~ i ~  g ~ e e  ~ t ~ h y r y -  

type e~ppe~ dapoait ~lag In po~hyri~tc mu~eeiza, Intvud,d by 

~ I d  to  inZ~iaZe vole~ic diked mui p l u p .  IZ is of ~ r ~ l ~ t l a r  

Irrt~eft polo~Ically b~ca~aa, a l though ~o lcan lc  r~>cks adjacent t o  

aala porphyry ~posiTm have ~ alneralized (@.8- at Cananoa, 

S~nora, MarCO and AJo, A~igona), IZ is The amly k1~own p, orl)h~ry-%ylm~ 

coppa~- deposit in Moz-th ~'Ica %ha~ o~cu~'s ~[~,al 7 in volcanic ~.ocks, 

In S~u~h ~Ica, ~Q~,~ %he oPebodi@m a~ Emad~n and r.l Salwa4o~ [,. 

Chil@ are asmocia~d wi~h and~sltlc volcamic8 a~d both ~h@sa ~op@m-- 

~ioa h~ve ~rk~d ai~dl~rltia8 with  Saffor4. 

AZ ~ a d a n  t ~  principal host rock of the  oreb~dy c o n a i ~ a  of  

an ~ar ly  T e r t i a r y  a~m~slv~ a n d u ~ e  ~ a~dee ize  flow-~.cia~ in 

p l a c ~  1 ~ : ~ : ~  by g~ar%s-41oPiZa (9). Both t h e ~  Pock ~y~@~ ad- 

Join ~.~ ~ a ~  ~ l a  pip~ ~hlc~ f ¢ ~  the  ~oW~: sp~ctacul~P 

ft~e~:~u-al f~tume of ~hm t~em. T ~  m~®sl~e i8 floode~ wlth ~a~- 

dary biotite u4~ile th~ g~a~-Z=-dlorlte is la~ly al~r~ to  a fine- 

~p~aln~ aSg~gaZe of m@mlclt® an(] s4~.ondary q~ar£~. A~ K1 Salvado~ 

oopp~r mln~-alisa~i~ i~ ~o~ ~~at~d in ~h~ pa~iphamal a~eas 

of acid In~alwe porgh~ and in C~ataceo~s (7) a~es i%as ~ar- 

81~al tO th~ c~tac%s (15). As at Saffo~d dad ~ d ® n .  alte~Zion 

%~ a@i~in~l ~ I c s  tO biotite is ~Ideapre~d in th. ~de~ize~ 

in %h~ v i c i n i t y  of ~he o ~ b o d y .  Seeic i t® i s  a l s ~  fovw~i in %ha 

intrualves ~dJac~nt to  younger sulfida-q~ar~z veinl~s which ~ade 

ou~ through narrow bands of arEilllc alZePa~i~n into fmesh ~>ck. 
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i t s  o c c u ~  a t  ~ f c ~ d  i s  ~ in ~ y  ~ y  u ~ .  ~ ¢ . ~ l a r y  

blo~ite ia a1~ ~ a  to ~ r  m% ~Lng~ (i~) a~ ~a~ed (I a~ 2), 

: ']~t n4~,er in th~ vOi~ ~ e l o p ~ [  w ~  <~e o f  t ~  ~ :  r o c k s  i s  aa 

a r~@sl t e  -- as at ~ f f o ~ .  ~ m ~  o r  E1 Salvador° 

ACKN~WTS 

In ~dltlo~ to the ~rk dom~ on the p~o~y d%u'Ing the e~lo~a- 

Zion and d ~ v e ~ t  s~a~ by th~ t~ muz~rs, ~h o~ = t h e  d~:a  e~n- 

tai~@4 in ~his ~a~ ~e based ~ ~l~ical mappln~ d~ by Bear 

D. M~:k~ns ~md ~. W. ~:~=,~ ~m4 fo~ @~sine®rlnE ¢~ta am~l~ b~] Sa~ 

the p~r~y ~ d~e ~ i n l y  ~ H. jaeob~n~ 

in the @~l~aJ~o~'v stage Din. Colin HU~:ton c~' ~l; |mfer~ Umi~em- 

sli:y, ~. Re L. Du~ols, University of Arlsoaa, a~ Dr. R. Ly~n am~ 

Dr. Jam~ S~>h~ms~ ~th of th~ Ke.n@co¢t ~e~a~ch C~ter= assi~ 

O~on, 9zanfo~d l~iversi~y, has r~nd~ very valuable assi~m~e 

uith similar ~robl~a=~ incl~dln~ alZeraZiom studies. 

Thanks for map p~aratlon s~ due ¢0 Messrs. W. Re~dy, A. 

Cuellar of th~ ~affo~d P~oJ~:~ and to Trawls ~ayhall and John Kelly 

o f  t'he SouZh~ Dls~rl~, Bear Creek Minin~ C~y. 

Thanks ~r~ also due ~o the M~la~w~n% o~ K~n~o~t Co~ C.or- 

poratlon f o r  per~Issi4h to ~ubl~sh this paper. 



°~  

I 

I 

/ ! 

~ ) - -  / / 

:; ..%" 

I ~ • ~ ' ....'~,~;: ., ..':'~:; .... , , , 
., . #~ L I 

- ~ -- .~.;,.; • • 

PZ (.;~ ~-~.-', ,. ~ _ ~ ' - ~ " - ~  ,, , ~ '  ' 

- ~ ~ i  G . , '  , - ' .  ~ " . _ .  -~'" 
D f?' SAN JUAN ~ - - - - ~ _ ~ [ -  ' 'e :~" ~ W e  bet  P e a k  

, i " /  .... L O N E  S T A R  ! 

' / ~- .~ '  " ; ~  P R O S P E C T  

E X P L A N A T I O N  ~_ . / ' ~  
L ~ . . .  / f " ' '  / i :  1~ 

[ ~  P o s / - m t n e r ~ l  Cover  l .'~ ,~ 
• L / , ,  

AUeroUo. Note°, ~; ( ~  , - ~  : ~ .,-" 

' 4  ",_,.. >" 

1 

, .  ::v..~.¢f,,,~..L 

; I ~ L q  Z ,  1 9 ~ 0  .... 

. "~..J.. 14...~-aur+r~gh~ L .... 

MINERALIZATION MAP 
L O N E  S T A R  D I S T R I C T  
G r a h a m  Counfy ,  A r l z o n a  

S C A L E  l I N C H  - I M I L E  

E X A M I N E D  F O R  A M E R I C A N  S M E L T I N G  A N D  R E F I N I N G  

J .  H .  C o u r } r i g l ' l }  

O /o . , 
• \ 

*o ,,=P 

i o - 

c3o ~ 
• ~ 

"{.. 

• ',,I . 

A p r i l ,  1 9 5 0  f- ° ~ , { ~  

'~ M A P  N O .  8 9 5  
A T T A C H M E N T  C 




