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A B S T R A C T

S u lfid e  m in e ra liza tio n  and ir r e g u la r ly  zoned a lte ra tio n  

assem blages hosted by P re ca m b ria n  g ran o d io rite  a re  associated w ith  

an ir r e g u la r ly  s e r ia te  L a ra m id e  (?) q u artz  m onzonite porphyry  p lug.

A n in n er zone o f p y rite -c h a lc o p y rite -m o ly b d e n ite  concentration , 

q u a r tz -s e r ic ite  a lte ra tio n , and w eak ly  developed secondary b io t ite -  

orthoclase a lte ra tio n  s u b -c o n ce n tric a lly  surround the s u lfid e -d e fic ie n t  

po rp h yry  s to ck . An e r r a t ic  o u te r zone o f w eak pervas ive  c h lo rit iza tio n  

and v e in -c o n tro lle d  q u a rtz -e p id o te -c h lo r ite —K -fe ld s p a r-c a lc ite  

a lte ra tio n  envelopes the s tro n g e r a lte ra tio n  and m in e ra liza tio n  along 

n o rth w est-tren d in g  p re -m in e ra liz a t io n  fra c tu re s . Th e  a lte ra tio n  and 

geochem ical anom alies a re  elongate in  a n o rth w e ste rly  d ire c tio n .

The Squaw P eak deposit is g e n e ra lly  s u lfid e -d e fic ie n t and 

po orly  developed in te rm s  o f in ten s ity  and extensiveness o f m in e ra l­

iza tio n  and a lte ra tio n . A lte ra tio n  and m in e ra liza tio n  o ccu rred  in a 

re la t iv e ly  continuous phase in  response to the p o rp hyry  in tru s io n . 

L a te ra l and v e r t ic a l m in e ra l assem blage re la tionsh ips  suggest the  

deposit is a m o d era te ly  to deeply eroded rem nant o f a s m a ll po rp hyry  

s ys tem .

v i i i



Geologic re se rv es  at Squaw Peak a re  estim ated  at 20 m illio n  

tons averag ing  0 .3 6  p er cent copper w ith  substantia l m olybdenum .

Th e potentia l fo r  additional copper o re  re se rv es  in the Squaw Peak

ix

a re a  is  re m o te .



C H A P T E R  1

IN T R O D U C T IO N

T h is  investigation  deals w ith  the geology o f the porphyry  

copper-m olybdenum  occurrence n ear Squaw P eak , in c e n tra l A r iz o n a ,  

and its  surrounding a re a . P a r t ic u la r  em phasis is given to  the m in ­

e ra liz a tio n  and a lte ra tio n  zonal re la tionsh ips  o f the Squaw Peak  

deposit its e lf , and to the potentia l fo r  base m eta l re s e rv e s  in  the  

a re a . Speculations a re  m ade regard ing  the s ize  o f the o r ig in a l Squaw  

P eak deposit and regard ing  the geologic evolution o f the Squaw P eak  

a re a .

Volum inous data concerning "porphyry  copper" deposits have 

accum ulated in  recent y e a rs , c reatin g  som e confusion regard ing  the  

c r ite r ia  w hich a re  used to define a "porphyry  copper" depo sit. A  

porphyry  deposit as defined by Low ell and G u ilb e rt (1970 , p . 374 ) is 

" . . . a  copper a n d /o r  m olybdenum  su lfide  deposit consisting o f d is ­

sem inated  and s tockw ork ve in le t su lfide  m in e ra liza tio n  em placed in  

various  host rocks that have been a lte re d  by h yd ro th erm al solutions  

into roughly concentric  zonal p a tte rn s ,"  fea tu res  c e rta in ly  app licab le  

to the Squaw P eak deposit. O th er c h a ra c te ris tic s  o f the Squaw Peak  

deposit which un ify  it  w ith  o ther recognized porphyry  deposits include: 

1) re la t iv e ly  homogeneous d is trib u tio n  o f su lfide  m in e ra liza tio n ;

1
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2) association o f the m in e ra liza tio n  and a lte ra tio n  w ith  a passive ly  

em placed q u artz  m onzonite porphyry  stock; 3 ) g radation al d is tr ib u ­

tion of m in e ra liza tio n  and a lte ra tio n ; 4 ) lo ca lly  sh attered  areas  o f 

s tru c tu ra lly  w eak host rock  w hich appear to have been influenced by 

the porphyry  in tru sion  and m in e ra liza tio n ; 5 ) presence o f s ig n ifican t 

m olybdenum  apparently  g en e tica lly  associated w ith  the copper m in ­

e ra liz a tio n ; 6 ) a d ire c t re la tio n sh ip  between the in ten sity  o f su lfide  

m in e ra liza tio n  and the fra c tu re  density o f the host rock; and 7 ) re la ­

t iv e ly  low concentrations o f copper at less than 1 p e r cent but g re a te r  

than 0 .3  p er cent p ers is tin g  o ver a re la t iv e ly  la rg e  volum e involving  

m ore  than 20 m illio n  tons. In the ligh t o f these o b servations , the  

Squaw P eak deposit adequately rep resen ts  a s m a ll porphyry  deposit, 

according to con tem porary  usage of the te rm  "porphyry  copper. "

P revious W o rk

P rev io u s  published w o rk  concerning the Squaw P eak a re a  is  

lim ite d . T h e  a rea  is  covered on the A rizo n a  S ta te  Geologic Map  

(W ilso n , M o o re  and C o o p er, 1 969) and the Geologic M ap o f Y avapai 

C ounty, A r iz o n a  (A riz o n a  B ureau o f M in e s , 1 9 58 ). P ortio ns  o f the  

Squaw P eak a rea  a re  m entioned by T w e n te r  and M e tzg e r (1963 ), who 

deal w ith  som e o f the reg ion al geological aspects, s p e c ific a lly  w ith  

the m a jo r acqu ifers  and dra inage c h a ra c te ris tic s  o f the a re a . An 

A rizo n a  S ta te  U n iv e rs ity  M a s te r  o f Science thesis  by W ad e ll (1972)
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deals p rin c ip a lly  w ith  the late C enozoic h is to ry  o f the V e rd e  V a lle y .

A  thorough geologic investigation  o f the no rthern  B la c k  H ills  by  

A nderson and C reasey  (1958) involves the geology o f the United V e rd e  

Extension orebodies in the context o f the reg ional geology.

E xp lo ra tio n  and m ining endeavors at the Squaw P eak deposit 

have produced m ost o f the data u tilize d  in th is  in ves tig atio n . These  

data a re  la rg e ly  owned by the Squaw P eak Copper M in ing Com pany and 

w e re  m ade ava ilab le  by Essex In te rn a tio n a l, In c . M ost o f the un­

published data used fo r  th is  re p o rt w e re  in h erited  fro m  d r il l in g  and 

geochem ical and geophysical surveys produced by and fo r  the P h illip s  

P etro leu m  C om pany.

Methods o f Investigation

T h is  study encom passes both the geology o f the Squaw Peak  

a re a  and the m ore  deta iled  geology of the Squaw P eak deposit. A  

genera l lith o lo g ic  and s tru c tu ra l study o f the Squaw Peak a re a  is sup­

plem ented by a sp e c ific  analys is  o f the Squaw P eak d e p o s it. The  

extent o f the m in e ra liza tio n  and a lte ra tio n  a re  the basic ob jectives  fo r  

the investigation  o f the porphyry  deposit. The o v e ra ll s tru c tu re  o f  

the a re a  is  s ig n ifican t on a reg ional s c a le , and m ay have an im po rtan t 

bearing on the em placem ent and p o s t-m in e ra liza tio n  h is to ry  o f the  

Squaw P eak d ep o s it. It was the intent o f th is  investig ation  to synthe­

s ize  aspects o f the Squaw Peak deposit w ith  the geologic evolution o f
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the surrounding a re a . A  to ta l a re a  covering 15 square m ile s  was 

mapped a t a scale  o f one inch equals 1000 fe e t, o r  1 :12 ,0 0 0 . A p p ro x i­

m a te ly  60 p e r cent o f the a re a  was covered by a e r ia l photographs o f 

various  s c a le s , usu a lly  between 500 feet and 1000 feet to the in ch .

T h e  rem ain ing  a re a  was mapped on enlarged topographic m ap s . A  

m o re  d eta iled  geologic map o f the Squaw P eak deposit was com pleted  

at a scale  o f one inch equals 200 fe e t, o r  1 :2 4 00 . T h is  mapping was  

done using topographic sheets provided fo r  P h illip s  P e tro le u m  in 1967  

by In term oun ta in  A e r ia l  S u rv e y . T h e  fie ld  w o rk  was accom plished  

during F e b ru a ry , M a rc h , and A p r il  1974 . A n approx im ate  to ta l o f 20 

days was consumed by fie ld  m apping.

D r illin g  o f the Squaw  P eak deposit and its  im m ed ia te  a rea  

provided o v e r 1 6 ,0 0 0  feet o f d r i l l  co re  and o v e r 8 ,0 0 0  feet o f ro ta ry  

d r i l l  rep res e n ta tiv e  ro ck  c h ip s . C o re  fro m  p ertin en t d r i l l  holes and 

ro c k  chips fro m  m ost ro ta ry  holes w e re  m esoscop ically  inspected  

and sam pled fo r  th is  study. T h in  sections fro m  42 core  specim ens  

and 13 ro ck  outcrop specim ens w e re  studied w ith  a L ie tz  O rtho lux  

petro g rap h ic  m icro sco p e . Polished blocks o f 8 m in e ra liz e d  d r i l l  core  

specim ens w e re  observed in v e r t ic a l ly  incident lig h t. D eta iled  lab ­

o ra to ry  w o rk  was not used to any g rea t ex ten t. Som e X - r a y  w o rk  was 

p e rfo rm e d  to  assis t in  the ana lys is  o f the a lte ra tio n  m in e ra lo g y .

F ie ld  and petrograph ic  observations w e re  applied to d e term in atio n  o f 

th re e -d im e n s io n a l c h a ra c te r is tic s  o f the m in e ra liza tio n  and a lte ra tio n
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o f the Squaw P eak deposit to o th e r known porphyry  occurren ces  and 

to speculate on the genesis o f the deposit.

G eochem ical sam pling data gathered by P h illip s  P e tro le u m  

was used fu r th e r  to analyze the nature  o f the Squaw  P eak  m in e ra liz a ­

t io n . C o p p er, m olybdenum , and z in c  geochem ical contour m aps a re  

p resen ted . S e is m ic  evidence supplied by P h illip s  P e tro le u m  aided  

in  the d e te rm in a tio n  o f the approx im ate  m agnitude o f s tru c tu ra l d is ­

turbance in the Squaw Peak reg io n . The geophysical in fo rm atio n  is 

also useful in  speculation concerning the fu tu re  exp lo ra tio n  potentia l 

o f the a re a .

r' Location and Geography

T h e  Squaw  P eak deposit is located ap p ro x im ate ly  s ix  m iles  

south o f C am p V e rd e , Y avap a i C ounty, A rizo n a  (F ig u re  5 ). Cam p  

V e rd e  is a p p ro x im ate ly  35 m ile s  east o f P re s c o tt, A r iz o n a , and 75 

m ile s  no rth  o f P hoen ix . Th e  a re a  studied covers  parts  o r  a ll o f 

Sections 2 4 , 2 5 , and 3 6 T . 1 3 N . ,  R .4 E . ;  S e c . 1 9 , 2 0 , 2 9 , 3 0 , 31 , 

and 32 T . 1 3 N . , R . 5 E . ; and S e c . 1 T . 1 2 N . , R . 4 E . ; in addition to  

land o f unestablished status w ith in  the P resco tt N ational F o re s t . T h e  

a re a  is  contained in  the C am p V e rd e , H o rn e r M oun ta in , A rn o ld  M e s a , 

and M id d le  V e rd e  7 .5  m inute s e r ie s  topographic m ap s .

Th e Squaw  P eak deposit m ay be reached fro m  Cam p V e rd e

by tra v e lin g  south on M a in  S tre e t  to  the S a lt M in e  R oad , then w est
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F ig u re  5 . L o c a tio n  M ap  o f  th e  Squaw  P eak  A r e a  (1 :2 5 0 ,0 0 0 ) .
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and south on the S a lt  M ine Road fo r  ap p ro x im ate ly  eight m iles  to the  

Squaw P eak M ine  ro a d . T h e  Squaw P eak M in e  road is  one and o n e -  

h a lf m iles  long and te rm in a te s  in a netw ork o f d ir t  roads in the v ic in ity  

of the old Squaw P eak M in e . Th e  Squaw P eak a re a  is  on the eastern  

flank  o f the B lack  H i l ls ,  a n o rth w est-tren d in g  range w hich bounds 

the V e rd e  R iv e r  v a lle y  on the southwest and ris e s  2 ,0 0 0  to o v e r 3 ,5 0 0  

feet above the v a lle y  f lo o r in  the Squaw  Peak a re a  (F ig u re  6 ) .  Squaw  

P eak is the highest point in  the southern B la c k  H ills  and reaches an 

elevation  o f 6525 fe e t. The B lack  H ills  a re  d issected by steep canyons 

and washes w hich d ra in  eastw ard  to the V e rd e  R iv e r .

E xp lo ra tio n  H is to ry

Th e  e a r lie s t  recorded  m ining c la im s  on the Squaw Peak  

prospect w e re  located in  1877 by M . L . O lden , a H a rv a rd  U n iv e rs ity  

m in era lo g y  p ro fe s s o r. O lden d iscovered  co p p er-s ta in ed  outcrops o f  

g ran ite  below Squaw P eak and began prospecting in an a re a  now 

occupied by the M a in  Tunnel leve l p o rta l. O lden contended that the  

Squaw P eak deposit "would one day prove one o f the g rea tes t copper 

p ro p erties  in the country" (A rizo n a  Bureau o f M ines m ine f i le s ) ,  and 

was rep o rted  to have turned down an o ffe r  o f $ 5 0 ,0 0 0  fo r  his c la im s . 

Follow ing O lden’s death , s e v e ra l ind iv iduals  attem pted to  continue the  

exp loration  o f the deposit but w e re  d iscouraged due to lack  o f w o rk in g
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c a p ita l, in s ta b ility  o f the ro c k , and the rem oteness o f the  a re a .



Squaw  P eak

C hasm  C re e k Squaw  P eak  Canyon

F ig . 6 .  S quaw  P eak  A r e a .

Note d r i l l  roads below  and to the r ig h t o f Squaw  P e a k . V ie w  southw est fro m  
V e rd e  V a l le y .
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S e rio u s  in te re s t in the p ro p erty  was renewed in 1916 w ith  

the in co rp oration  o f the Squaw P eak M in ing  Com pany under the d i­

rec tio n  o f J .J .  C a in , H .W . T h a c k e r, Edison T h a c k e r, and R . T h a c k e r. 

Edison T h a c k e r la te r  becam e the p res ident o f the com pany and in it i­

ated an aggressive  prom otion cam paign. S am ples  o f Squaw P eak o re  

w e re  displayed in J e ro m e , A rizo n a  and New Y o rk  C ity  to encourage  

the purchase o f Squaw  P eak M in ing  Com pany s to ck . A ssays as high 

as 29 .5%  Cu and $4 p er ton in  gold w e re  rep o rted  (A rizo n a  B ureau o f  

M in es m ine  f i le s ) .

M ost o f the underground w orkings w hich ex is t today w e re  

developed in the la te  1920 's  and e a r ly  1 9 3 0 's , a t w hich t im e  the deposit 

was considered to be a potentia l gold producer as w e ll as a p rom is in g  

copper and m olybdenum  p ro p e rty . P rom otio n  and developm ent o f the  

deposit seem s to have subsided during the re m a in d e r o f the 1 930 's  and 

e a r ly  1940 's . W o rk  was resum ed during W o rld  W a r  I I ,  when the  

underground d r ifts  and som e diam ond d r illin g  w e re  com pleted w ith  

the help o f a $ 2 0 ,0 0 0  fe d e ra l governm ent loan .

Underground w orkings at the Squaw P eak M ine constitu te  

about 4160 feet o f d r ifts  and about 200 feet o f ra is e s  (F ig u re  7 ) . Tw o  

leve ls  o f d r if ts  known as the M a in  Tunnel leve l and the H aulage Tunnel 

le v e l w ere  d riv e n  a t e levations o f 4150 feet and 3850 fe e t, re s p e c tiv e ly . 

T h e  M a in  Tunnel leve l consists o f 2175 feet o f d r if ts ,  and the Haulage  

Tunnel leve l is  ap p ro x im a te ly  1985 feet lo n g . O nly about 500 fee t o f



P C g j(? ) a

(A ve ro g e  g ra d e , e x t lv d ln g  
Squaw Peak !n frv s lv *{? ) 

. =  0 J 8 % C v )

CAVED

F ig u re  7 . P lan  o f Squaw Peak M in e  M a in  
Tunnel L e v e l. D r i l l  ho le and 

ossoy va lue  
(* C u )

A verage  grade computed fro m  a ll  c ro s s -c u t w a lls  and d r i l l  ho les. 
D ata fro m  Squaw P eak C opper M in ing  Com pany file s  .
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the M ain  Tunnel a re  now access ib le . The f ir s t  reco rd ed  o re  ship­

m ents w e re  in  1944 . P roduction at the Squaw P eak M in e  during  1 944 , 

1945 , and 1946 (Squaw P eak C opper M in ing C o . f i le s )  am ounted to  

5 .4 0  tons o f concentrate containing 98.82%  m olybdenite and 3 6 .0 3  

tons o f concentrate  containing 22 .85%  copper, 1 .9 2  ounces p e r ton o f 

s i lv e r ,  and 0 .0 1 6  ounces p e r ton o f go ld . Th ese  concentrates w e re  

produced fro m  ap p ro x im ate ly  one thousand tons o f o re , m ost o f w hich  

was rem oved fro m  ra is es  on the M a in  Tunnel le v e l .

O nly m in o r e x p lo ra to ry  d r illin g  was undertaken fro m  1947 to  

1 9 6 7 . In term oun ta in  E xp lo ra tio n  Com pany d r il le d  two diam ond d r i l l  

holes to ta ling  601 fee t fro m  the M a in  Tunnel le v e l about 450 feet fro m  

the p o rta l during June and J u ly , 1961 . In  A ugust, 1963 , Boyles  

B ro th e rs  D r illin g  Com pany com pleted a 7 2 3 .6 -fo o t v e r t ic a l hole fro m  

the surface  northeast o f the m in e . D uring M a rc h  and A p r i l ,  1964 , 

C allahan M in ing  Com pany d r ille d  an angle hole fro m  the Haulage  

T u n n e l. Th e  hole (F ig u re  7 ) was d r ille d  at 4 0 ° to the w est to a depth  

o f 1132 fe e t .

In M ay  1967 P h illip s  P e tro leu m  Com pany optioned the p ro ­

p e rty  fro m  the Squaw  P eak Copper M in ing Com pany fo r  a te rm  o f ten  

y e a r s . P h illip s  conducted an exp lo ra tio n  p ro g ram  w hich included  

1 6 ,2 0 6 .5  feet o f diam ond core  d r i l l in g , 2756 feet o f ro ta ry  d r i l l in g ,  

4 3 ,0 0 0  lin e -fe e t o f induced p o la riza tio n  s u rv e y s , and 6500 feet o f
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re fle c tio n  s e ism ic  lin e s . P h illip s  te rm in a ted  th e ir  option on the  

p ro p erty  in M e y , 1973, a fte r  a to ta l exp loratio n  expenditure o f  

$ 2 6 9 ,7 3 6 .0 0 .

In A ugust, 1973 , an option agreem ent was reached between  

the Squaw P eak C opper M in ing  Com pany and Essex In te rn a tio n a l, In c . , 

w hich p e rm itted  Essex to exp lo re  the p ro p erty  fo r  s ix  m onths. Essex  

conducted an exp lo ra tio n  p ro g ram  w hich y ie ld ed  5380 feet o f ro ta ry  

d r il l in g . A  ten y e a r  lease—option agreem ent was m ade in F e b ru a ry , 

1974 , w hich gave Essex sole exp lo ratio n  righ ts  w hich a re  annually  

renew able u n til 1984 . E ssex c u rre n tly  (M a y , 1975) owns exp loration  

righ ts  to 153 unpatented c la im s  on the Squaw Peak p ro p e rty . Essex  

has com m itted  a p p ro x im ate ly  $ 6 0 ,0 0 0 .0 0  on the p ro p erty  to  date

(M a y , 1975 ).



C H A P T E R  2

G E O LO G IC  S E T T IN G

Th e Squaw P eak a re a  lies  on the n o rth eastern  p e r im e te r  o f 

the B asin  and Range physiographic province w ith in  the m ountain region  

o f A rizo n a  as defined by Ransom e (1903). T h e  M ogollon R im , approx i­

m ate ly  seven m iles  east o f Squaw P eak and on the no rth eas te rn  flan k  

q f the V e rd e  V a lle y  rep resen ts  the southw estern e x tre m ity  o f the  

C olorado P lateau p ro v in ce .

The m ountain reg ion  is a broad zone o f s h o rt, s u b -p a ra lle l,  

north  to northw estw ard  trending  m ountain ranges extending fro m  the 

C olorado R iv e r  so u th easterly  to the southeastern  c o rn e r o f the s ta te , 

and c h a rac te rize d  by re la t iv e ly  extensive exposures o f P re c a m b ria n  

c ry s ta llin e  g ran ito id  and m etam orphosed vo lcan ic  ro c k s . T h e  region  

geo log ica lly  rep resen ts  a tra n s itio n  phase between the C olorado P lateau  

and the B asin  and Range P ro v in c e s . S tru c tu ra l d e fo rm atio n  has 

separated  the m ountain region in c e n tra l A riz o n a  fro m  the C olorado  

Plateau (L in d b e rg , 1974 ), and subsequent erosion  has c rea ted  va lleys  

w hich have been p a r t ia lly  f il le d  by flu v ia l and lacu s trin e  sedim ents  

(A nderson and C re a s e y , 1958 ). Th e  southern B la c k  H ills  a re  bounded 

by southeastw ard flow ing drainages o f the V e rd e  R iv e r  on the eas te rn  

side o f the range and the Agua F r ia  R iv e r  on the w e s t.

13
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Rocks o f P re c a m b ria n  to  Q u a te rn a ry  age crop  out in ce n tra l 

A riz o n a . P re ca m b ria n  rocks a re  subdivided into O ld e r P re c a m b ria n  

and Younger P re ca m b ria n  units (B u tle r  & W ils o n , 1938), the O ld e r  

P re ca m b ria n  in A rizo n a  being represented  by a th ick  sequence o f  

m etam orphosed fe ls ic  to m a fic  vo lcan ic  ro c k s . Th ese  rocks under­

went m ild  to intense s tru c tu ra l de form ation  and g e n e ra lly  g reensch ist 

fac ies  reg ional m etam orph ism  during the M a za tza l R evolution which  

ended the O ld e r P re ca m b ria n  (W ilso n , 1963). Th e  M a za tza l d is ­

ruption cu lm inated  in  a batho lith ic  invasion o f rocks o f g ra n itic  to 

gabbro ic com position . T h is  in tru s ive  a c tiv ity  probably produced a 

huge mountainous reg io n , the roots o f which a re  unconform ably o v e r -  

la in  by P a leozo ic  s tra ta  (W ilso n , 1963 ).

The P a leo zo ic  rocks in c e n tra l A rizo n a  g e n e ra lly  dip gently  

to the n o rth e a s t. The P a leo zo ic  se.ction atta ins  a to ta l th ickness of 

thousands o f feet on the M ogollon R im  side as opposed to hundreds o f  

feet in the B lack  H il ls .  L o w er P a leozo ic  rocks in the B lack  H ills  a re  

h o rizo n ta lly  opposite fro m  upper P a leozo ic  rocks on the M ogollon R im , 

thereby  crea tin g  the illu s io n  that the B lack  H ills  have undergone sub­

s ta n tia lly  m ore  u p lift than the edge o f the C olorado P la te a u . A  long 

hiatus separates  P a leozo ic  sed im en ta ry  rocks and T e r t ia r y  rocks o f 

sed im en ta ry  and vo lcan ic  o r ig in . In tru s ive  dikes and plugs o f 

L a ra m id e  (? ) age a re  exposed lo c a lly . W idespread la te  T e r t ia r y  

a lk a lio liv in e  basalt flows cover the region south o f the C olorado
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P la te a u . Tw o periods o f extrusion  a re  separated  by a period o f fau lting  

and u p lift o f the C olorado P lateau  province (M cK ee  and A nderson ,

1971 ). C onsiderab le  u p lift o f the B lack  H ills  during th is  period  is  

dem onstrated by T e r t ia r y  m ovem ent along the V e rd e  fau lt zone along 

the no rtheastern  fro n t o f the ra n g e . The V e rd e  R iv e r  v a lle y  was ' 

created  during th is  p e r io d . Th e  developm ent o f the v a lle y  was in te r ­

rupted by the fo rm atio n  o f a vo lcan ic  dam and the subsequent accum u­

lation  o f lake deposits o f the V e rd e  fo rm atio n  (Jen k in s , 1923).

The p rin c ip a l s tru c tu ra l fea tu re  o f the reg ion  is the V e rd e  

fau lt zone w hich extends fro m  Jero m e southeastw ard through the  

Squaw P eak a rea  to a p p ro x im ate ly  fifteen  m iles  south-southeast o f the  

Squaw P eak deposit. The V e rd e  fau lt is  a n o rm a l fau lt w hich p a ra lle ls  

the n o rtheastern  base o f the B la c k  H ills  and dips eastw ard  into the  

V e rd e  V a lle y .

Copper m e ta lliza tio n  is  known to occur at s e v e ra l locations in 

the Squaw P eak re g io n , notably at J e ro m e , A r iz o n a . The P re c a m b ria n  

United V e rd e  m assive su lfide  orebody at J e ro m e  has y ie ld ed  o ver 1 .8  

m illio n  tons o f copper in addition to substantia l quantities  o f go ld , 

s ilv e r ,  lead , and z in c . O th er P re c a m b ria n  m in e ra liz a tio n  in the B lack  

H ills  include the Iron  King m assive su lfide  le a d -z in c  m ine at H um boldt, 

co p p er-b earin g  q u artz  veins at the Y a e g e r M in e  southwest o f J e ro m e , 

and the C h e rry  C re e k  a u rife ro u s  veins ap p ro x im ate ly  tw e lve  m iles  

northeast o f the Squaw P eak deposit. The n eares t known o ccurren ce
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of a m a jo r  "porphyry  copper" deposit is  at Copper B as in , A r iz o n a ,  

ap p ro x im ate ly  40 a ir l in e  m ile s  w est o f the Squaw P eak deposit. The  

Bagdad p o rp hyry  copper m ine is ap p ro x im ate ly  80 m ile s  w est o f Squaw  

P eak , and the G lo b e -M ia m i po rp h yry  copper d is tr ic t is  90 m ile s  to the  

southeast.

G enera l Geology o f the Squaw P eak A re a

T h e  oldest exposed rocks in the Squaw Peak d is tr ic t  a re  a 

m etam orphosed andesitic  to b as a ltic  vo lcan ic  sequence o f the O ld er  

P re c a m b ria n  A sh C re e k  G roup. T h e  Ash C re e k  Group was o r ig in a lly  

described  fro m  exposures in the n o rth ern  B lack  H ills  by Anderson and 

C re a s e y  (1 958 ). In the Squaw P eak a re a , the A sh C re e k  Group was 

in truded by a portion o f a la rg e  P re c a m b ria n  bat ho l it h w hich ranges in 

com position fro m  g ran ite  to  q u artz  d io r ite  w ith  a probable average  

com position o f g ra n o d io rite .

Th e  g ran o d io rite  is  in truded about 300 feet w est o f the old  

Squaw  P eak M in e  p o rta l by a q u artz  m onzonite po rp h yry  stock w hich  

fo rm s  an ir r e g u la r  outcrop 300 to 400 feet in  d ia m e te r  (F ig u re  2 , in  

p o cke t). A t least 13 dikes o f q u artz  m onzonite po rp h yry  extend n o rth -  

south fro m  the parent s to ck . Surrounding the in tru s iv e  q u artz  

m onzonite p o rp hyry  is  a zone o f strong to m oderate  a lte ra tio n  and 

associated lo w -g rad e  copper and m olybdenum  m in e ra liz a tio n . 

P o rp h y r it ic  q u artz  m onzonite rocks w hich a re  te x tu ra lly  and
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com positionally  s im ila r  to the q u artz  m onzonite p o rp hyry  stock a re  

exposed as n o rth -w e s t-tre n d in g  dikes n ear the contact o f the P r e -  

cam b rian  g ra n o d io rite  and the A sh C re e k  m etavo lcan ics . Local 

b re c c ia tio n , q u artz  s to ckw o rks , and co p p er-b earin g  q u artz  veins and 

fra c tu re s  a re  s p a tia lly  re la ted  to these dikes in two a rea s  along the  

g ra n o d io rite /m e ta v o lc a n ic  contact.

N e a r ly  h o rizon ta l C am b rian  and Devonian s ed im en ta ry  rocks  

o ver 200 feet in th ickness a re  exposed at the w este rn  m arg ins  o f the  

P re c a m b ria n  exp o su res . Th e  base o f the P a leo zo ic  section  w est o f 

the V e rd e  fau lt zone is in m ost places a t about 5000 feet e levation; 

how ever, a s e rie s  o f step fau lts  in the southern portion  o f the mapped 

a re a  have low ered  the section o f P a leo zo ic  rocks by ap p ro x im ate ly  600  

fe e t . L arg e  blocks o f the P a leo zo ic  section in contact w ith  P re — 

cam b rian  rocks a re  also exposed on the eastern  m arg in  o f the V e rd e  

fau lt zo n e . P a leo zo ic  rocks in  the hanging w a ll o f the fau lt range up 

to 1500 feet th ic k . Th e  v e r t ic a l separa tio n  o f the P a leo zo ic  rocks by 

the V e rd e  fau lt exceeds 1000 feet throughout the a re a  and lo c a lly  m ay  

exceed 4000 fe e t.

The lowest P a leo zo ic  un it in the Squaw Peak a re a  is  the  

C am b rian  Tapeats  (? ) fo rm atio n  (F ig u re  1 , in  po cket). The Tapeats  

is a c o a rse -g ra in ed  sandstone w hich is o v e rla in  by d o lo m itic  lim e ­

stone o f the Devonian M a rt in  fo rm a tio n . S e v e ra l hundred feet o f 

basalt flows o f the T e r t ia r y  H ickey  fo rm atio n  a re  deposited on an
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eros ional surface  upon the M a rt in  lim esto n e . The th ickes t exposure  

o f the basalt fo rm s  the prom inent pinnacle known as Squaw  P eak . The  

H ickey  basalt is exposed to a lim ite d  extent east o f the V e rd e  fa u lt ,  

w h ere  it  o v e rlie s  the M a rtin  fo rm atio n  in the downthrown b lock o f the  

fau lt zone.

A  s e rie s  o f low -rounded h ills  w hich lie  on the east side o f the  

V e rd e  fau lt in the Squaw Peak M ine a rea  (F ig u re  12 , p. 4 3 ) a re  com ­

posed o f sub-rounded lim estone fragm ents  (up to boulder s iz e )  o f the  

M a rtin  fo rm atio n  and le s s e r amounts o f unconsolidated T e r t ia r y  b asa lt, 

Tapeats  sandstone, and P re c a m b ria n  ro c k s . Th ese  rocks probably  

rep resen t a m a rg in a l fac ies  o f the P lio c e n e -P lie s to c e n e  V e rd e  fo rm a ­

tio n . W eak ly  to m o d era te ly  consolidated lim es to n e , s ilts to n e , and 

cong lom eratic  lim estone and s ilts ton e of.the V e rd e  fo rm atio n  a re  ex­

posed lo c a lly  in the drainages east o f the V e rd e  fa u lt. Th e  V e rd e  

fo rm atio n  was deposited as lake beds and associated flu v a tile  deposits  

throughout the upper V e rd e  R iv e r  V a lle y .

T h e  youngest un it in  the a re a , o th e r than a llu v iu m , is  a la rg e  

rh yo d ac itic  ex tru s ive  ro ck  w hich crops out in a group o f prom inent h ills  

in the n o rtheastern  portion o f the mapped a re a . Th e  vo lcan ic  c en te r  

penetrates an exposure o f the V e rd e  fo rm atio n  in Squaw  P eak Canyon . 

E ls e w h ere , rh y o lit ic  flows up to 300 feet th ic k  o v e r lie  the V e rd e  fo rm a ­

tio n . T h is  occurren ce  constitutes the only known Q u a te rn a ry  vo lcan ic  

rocks in the upper V e rd e  V a lle y  reg ion  (T w e n te r  and M e tz g e r , 1963 ).



C H A P T E R  3

L IT H O L O G Y

The geology o f the Squaw P eak region presents a d iv e rs ity  o f  

igneous, m e tam o rp h ic , and sed im en tary  ro c k -ty p e s , the study o f which  

has provided a deta iled  p ic tu re  o f the events w hich have created  ce n tra l 

A rizo n a  geology. The ro ck  units o f the Squaw P eak a re a  a re  presented  

here  in the in fe rre d  o rd e r o f th e ir  chrono log ical succession .

P re c a m b ria n  Rocks 

A sh C re e k  (? ) M etam orphosed V o lca n ic  Rocks

The Ash C re e k  group is  the lowest s tra tig ra p h ic  un it o f the  

Y avapai S e r ie s , a sequence o f O ld e r P re c a m b ria n  m etam orphosed  

sed im en ta ry  and vo lcan ic  rocks exposed in  c e n tra l A r iz o n a . The group  

has been divided into seven form ations  (Anderson and C re a s e y , 1958 ). 

T h e  A sh C re e k  group is  a sequence o f m etam orphosed b a s a ltic , 

a n d es itic , d a c itic , and rh y o lit ic  flows and p y ro c la s tic  ro c k s , lo c a lly  

in terbedded w ith  tuffaceous sed im en tary  ro c k s . T h e  rep res e n ta tiv e  

section o f the A sh C re e k  group is  exposed in A sh C re e k , ap p ro x im ate ly  

15 m ile s  w es t-n o rth w es t fro m  Squaw P eak . The s tra tig ra p h ic  sequence  

o f the A sh C re e k  group , fro m  youngest to o ld e s t, is : the Gaddes 

b a s a lt, the B u zzard  rh y o lite , the Shea b a s a lt, the  B u rn t Canyon

19
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d a c ite , the B rin d le  Pup an d es ite , the Deception rh y o lite , and the  

G rapevine Gulch m etasedim ents (Anderson and C re a s e y , 19 58 ). T h e  

S h e a , B urnt Canyon and B rin d le  Pup units a re  o f a p p ro x im ate ly  the  

sam e age (Anderson and C re a s e y , 1958). Z irc o n  dating o f the C leo ­

patra  m em b er o f the Deception rh y o lite  at J e ro m e , A r iz o n a , has shown 

the unit to  be 1820 +  10 m illio n  y e a rs  o ld . M etam orphosed andesitic  

and b asa ltic  vo lcan ic  rocks crop out north  o f the Squaw  P eak deposit 

on the w este rn  s ide o f the V e rd e  fau lt and fo rm  a b road , northw est­

trend ing  belt along the eastern  flan k  o f the B lack  H i l l s . The rocks  

a re  bounded on the south by g ra n o d io rite , to the w est by P a leozo ic  

sed im en tary  ro c k s , and to the north  and east by T e r t ia r y  b a s a lt. 

P aleozo ic  lim e s to n e , and Q u a te rn a ry  a llu v iu m  on the downthrown side  

o f the V e rd e  fa u lt . These ro c k s , te n ta tiv e ly  assigned to the A sh C re e k  

group, a re  perhaps Shea basalt and B rin d le  Pup an d es ite .

S tra tig ra p h ic a lly  above the Ash C re e k  group in ce n tra l 

A rizo n a  is the B ig Bug grou p , fo rm e r ly  assigned to  the A ld e r  group  

(Anderson et a l . ,  1971 ). T h e  B ig  Bug group fo rm s  extensive  outcrops  

w est o f Squaw  P eak in the Je ro m e  and P resco tt a reas  but does not 

crop  out in the Squaw  P eak a re a . Th e  type section  o f the A ld e r  group  

is  in the M a z a tz a l M ountains about 40 m iles  southeast o f Squaw  P eak .

T h e  m etavo lcan ic  rocks in  the Squaw P eak a re a  (F ig u re  1 , in  

pocket) consist p r im a r ily  o f andesite and basalt flows w hich have been
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m etam orphosed to a greensch is t fa c ie s . T h ey  a re  g e n e ra lly  poorly  

fo lia ted  to  n o n -fo lia ted  and ap h an itic . The andesite is  d a rk  green to  

greenish  g ra y  w eathering  to a light brown su rface  and c h a ra c te rize d  by 

abundant fra c tu re s  and v e ry  w eakly  developed fo lia tio n . T h in  sections  

(F ig u re  8 ) revea l that the fo lia tio n  is probably d e rived  fro m  s m a ll,  

s u b -p a ra lle l flakes  o f c h lo rite  in a m ic ro c ry s ta llin e  base o f epidote (?) 

and s e r ic ite  (? ). The fo lia tio n  is  cut at random  o rien ta tio n s  by 

num erous c a lc ite  and q u artz  v e in le ts . Local outcrops o f n o n -fo lia ted  

dacite  m ay rep resen t in terbedded o r  sep ara te  flow  units w ith in  the  

an d es ite . The andesite un it is  cut by s e v e ra l n o rth w est-tren d in g  dikes  

o f fin e -g ra in e d  g ran ite  o r  q u artz  m onzonite w hich a re  s p a tia lly  associ­

ated w ith  an ir r e g u la r ,  fau lted contact between the m etavolcan ics and 

the g ra n o d io rite  to  the south. The fo lia tio n  in the andesite n ear the  

contact is destroyed , and the constituent m in e ra ls  a re  s h a tte re d . 

Exposures o f the contact exh ib it considerab le  m ix ing  o f the m e ta -  

vo lcan ic  rocks and the g ra n o d io rite  o ver a d istance o f s e v e ra l m e te rs  

fro m  the fre s h  g ra n o d io r ite .

N orth  o f the andesite is a m assive basa lt un it w hich fo rm s  

a p p ro x im ate ly  80 p er cent o f the exposure o f the A sh  C re e k  (? ) group  

in the Squaw  P eak a re a . T h e  basalt is  a d a rk  g re e n is h -g ra y  to  b lack  

ro ck  w hich w eathers  to  a g ray ish -b ro w n  s u r fa c e . Th e  exposed basa lt 

is  c h a ra c te rize d  by m a ss iv e , blocky o u tc ro p s . P o rp h y r it ic  tex tu res  

a re  com m on, w ith  s ca tte red  p lag ioclase phenocrysts up to 1 m m  long



F ig . 8 .  P h o to m ic ro g rap h  o f Ash C re e k  (? ) M etam o rp h o sed  
V o lc a n ic  R o ck .

F in e  g ra in s  o f c h lo r ite  a re  o rie n te d  h o r iz o n ta lly  in  
m ic ro c ry s ta llin e  m a tr ix  o f b io t ite , q u a r tz , s e r ic i te ,  
and c a lc i te . C ro s sed  n ic o ls , x 3 . 5 .
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in a dense aphanitic  groundm ass. The rock  is lo c a lly  cut by s trin g e rs  

o f q u a rtz , c a lc ite , o r  q u a rtz -e p id o te .

N orth  o f the basalt outcrop and extending into A lle n  Canyon 

is a w eak ly  schistose andesite w hich is  v e ry  s im ila r  to the andesite  

exposed at the m etavo lca n ic -g ran o d io rite  contact. These rocks a re  

ch a rac te rize d  by d a rk  g re e n is h -g ra y  outcrops and by poorly  developed  

fo lia tio n .

Absence o f w e ll-d e fin e d  fo lia tio n  p e rm its  only approxim ations  

of the th ickness o f the m etam orphosed vo lcan ic  rocks in the Squaw  

P eak a re a  a t s e v e ra l thousand feet o f the sequence. Th e  A sh C re e k  

group section exposed at Je ro m e  (A nderson and C re a s e y , 1958) m ay be 

2 0 ,0 0 0  feet th ic k .

P re c a m b ria n  G ran o d io rite

Th e  dom inant in tru s iv e  ro ck  in  the Squaw P eak a re a  is  g ra n itic  

ro ck  o f elongated exposure cropping out in a n o rth -sou th  d ire c tio n  

through the c e n tra l portion  o f the a re a . Th ese  rocks range in compo­

s itio n  fro m  q u artz  d io r ite  to g ran ite  (F ig u re  9 ) , w ith  an averag e  com ­

position o f g ra n o d io rite , and h ere in  a re  re fe r re d  to  as g ra n o d io rite  

o r  as P re c a m b ria n  g ra n o d io r ite . T h e  g ra n o d io rite  exposed a t Squaw  

P eak is  p a rt o f a la rg e  P re c a m b ria n  pluton w hich crops out in a b ro ad , 

n o rth w est-tren d in g  belt across c e n tra l A r iz o n a . It in trudes the m eta ­

m orphosed vo lcan ic  rocks north  o f the Squaw P eak deposit (F ig u re  1 ,
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Quartz

Q M  ‘ G ran

Plagioctase K-Feldspar

F ig u re  9 . R e la tiv e  Com positions o f 45 Specim ens o f P re c a m b ria n  
G ran o d io rite  fro m  T h in -S e c tio n  P e tro g ra p h ic  and . 
B in o cu la r M icroscope  E stim ates  o f Rough"and Saw ed  
S u rfa c e s . •



in pocket). A n ir r e g u la r  contact between the g ran o d io rite  and the  

m etavolcan ics extends fro m  the V e rd e  fau lt w es t-n o rth w est fo r  a d is­

tance o f about 1 .5  m ile s , w h ere  it  is  covered by P a leo zo ic  and 

T e r t ia r y  ro c k s . The g ran o d io rite  exposure te rm in a tes  to the east 

against C enozoic sed im en ta ry  rocks and g ra v e ls  in the eastern  block  

of the V e rd e  fa u lt . The g ra n o d io rite  is  a lso exposed in the upper 

drainages o f Chasm  C re e k , w est o f the V e rd e  fa u lt .

E levations o f g ra n o d io rite  exposures g e n e ra lly  range fro m  

o v e r 5000 feet on the ridges overlooking the V e rd e  V a lle y  to  ap p ro x i­

m a te ly  3800 feet at the V e rd e  fau lt zo n e . Th e  un it is  w e ll-exp o sed  and 

fo rm s a m o d era te ly  to deeply w e a th ered , ligh t b ro w n , g rusy  e ro s io n a l 

s u rfa c e . L a rg e , rounded o r  blocky outcrops occur lo c a lly , p r in c ip a lly  

in d ra in a g e s .

Th e g ran o d io rite  is  a u n ifo rm ly  m ass iv e , h o lo c ry s ta llin e , 

p h an eritic  ro c k , composed predom in an tly  o f m ed ium -gra ined  anhedra l 

q u artz  and subhedral p lag ioclase fe ld sp ar w ith  subord inate am ounts o f  

fine  to m edium  gra ined o rth o c lase , b io tite , and ho rn b lend e. A p a tite  

is  ubiquitous as m ic ro sco p ic  p r is m s . M u sco v ite , m ic ro c lin e , and 

pyroxene a re  r a r e .  Th e  p lag ioclase is  p r im a r i ly  o lig o c las e , and is  

usually  in te rn a lly  zoned. P o lysynthetic  a lb ite  tw inning appears in m ost 

c ry s ta ls , lo c a lly  appearing to  cut r e lic t  "shadow" zo n in g . C a r ls b a d -  

tw inning and som e p e ric lin e  tw inning a re  less com m on. The p lag io ­

clase g ra in s  range in  s ize  up to 5 m m  in leng th , c rea tin g  local

25
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p o rp h y ritic  phases in  the ro c k . Q u artz  is g e n e ra lly  equal in  abundance 

to p lag ioclase (F ig u re  4 , in pocket). The m ost common mode o f o ccu r­

rence of q u artz  in the g ra n o d io rite  is as in terlo ck in g  aggregates o f 

anhedral g ra ins  in te rs t it ia l to the p lag io c lase . Undulose extinction  o f 

q u artz  g ra ins  is  r a r e .  O rthoclase  usua lly  occurs as subhedral 

c rys ta ls  w hich tend to be m uch s m a lle r  than the p lag ioclase c ry s ta ls . 

The orthoclase content occasionally  exceeds o n e -th ird  o f the to ta l fe ld ­

s p a r v o lu m e . M uch o f the orthoc lase  in  the c e n tra l portion  o f the  

Squaw P eak deposit is  in te rs t it ia l .

T h e  m a fic  m in e ra l content o f the g ra n o d io rite  r a r e ly  exceeds 

15 p e r cent o f the to ta l volum e o f the ro c k . Throughout m ost o f the  

exposed g ra n o d io rite , am phibole— dom inantly  hornblende— is ap p ro x i­

m ate ly  equal in abundance to b io tite . B io t it e is anom alously high w ith  

respect to  am phibole in the v ic in ity  of the Squaw P eak d ep o s it. The  

abundance o f m a fic  m in e ra ls  in the g ran o d io rite  in creases  to 10 to  15 

p e r cent n ear its  contact w ith  the m etavo lcan ic  ro c k s .

In g e n e ra l, the southern h a lf o f the exposed g ra n o d io rite  

ranges in com position fro m  q u a rtz  d io r ite  to  g ra n o d io r ite , and the  

no rthern  h a lf is p redom inantly  g ra n o d io rite , w ith  local v a ria tio n s  to  

q u artz  d io r ite , q u artz  m onzon ite , and ra re ly  g ra n ite . N e a re r  the  

contact w ith  m etavo lcan ic  ro c k s , the g ran o d io rite  contains in ­

creased am ounts o f subrounded gabbro ic  to d io r it ic  in c lu s io n s . The
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northern  edge o f the exposed g ran o d io rite  m ass is  a lso  d is tin c tly  

c o a rs e r gra ined  w ith  resp ect to the m edium  gra ined southern portion  

o f the u n it.

Th e  g ran o d io rite  exhib its  at least th re e  m a jo r  jo in t o r ie n ta ­

tio n s . These a re : 1 ) a N N E  s t r ik e , dipping gently  eastw ard; 2 ) an 

E N E  s tr ik e , dipping m o d era te ly  to s teep ly  northw estw ard; and 3 ) a NW  

s t r ik e , dipping v e r t ic a lly  to s teep ly  sou th w estw ard . Th e  jo in t attitudes  

v a ry  g re a tly  throughout the Squaw  P eak  a r e a , but a t least two o rie n ta ­

tions a re  p re fe re n tia lly  d isp layed . In the v ic in ity  o f the Squaw Peak  

deposit, the predom inant jo in t s tr ik e  d ire c tio n  is no rth  to  no rth w est, 

dipping steep ly  to the southw est.

A  sam ple  o f m in e ra lize d  g ra n o d io rite  was dated fo r  P h illip s  

P etro leu m  by T e le d y n e , In c . , using the p o tass ium -argon  m ethod, at 

1 ,6 4 3  m illio n  y e a rs  o ld . T h is  age presum ab ly  rep resen ts  the t im e  o f 

P re c a m b ria n  plutonism  in the Squaw Peak a re a . C o rre la tio n  o f the  

Squaw P eak  P re c a m b ria n  g ran o d io rite  to o th er rocks o f the c e n tra l 

A riz o n a  batho lith  is  u n ce rta in . It  is  p e tro g ra p h ica lly  s im ila r  to the  

"quartz  d io r ite "  described  by Anderson and C reasey  (1958 ) and by 

A nderson and B lacet (1 9 7 2 ).

P a leo zo ic  Rocks  

C am b rian  Tapeats Sandstone

A  basal P a leo zo ic  sandstone un it unconform ably  o v e rlie s

P re c a m b ria n  ro c k s . The Tapeats  fo rm atio n  crops out on the high
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no rtheastern  flanks o f the southern B lack  H ills  (F ig u re  1 , in pocket) 

at an a ltitu de  o f a p p ro x im ate ly  5000 fe e t. S m a ll exposures o f "T^apeats 

(? ) a re  also exposed on the eastern  s ide o f the V e rd e  fau lt at e leva ­

tions o f 3800 to 4100 fe e t. In the w estern  end o f C hasm  C re e k , the  

Tapeats  (?) has been downdropped by e a s te r ly -s tr ik in g  faults  to  

elevations o f 4000 to 4800 fe e t .

In the Squaw P eak a re a , the Tapeats  (? ) consists o f two  

d is tinc t lith o lo g ic  m e m b e rs . A  lo w e r m em b er o f m edium  to co arse ­

gra ined sandstone is  g e n e ra lly  30 to 35 feet th ic k , and is  o v e rla in  by 

an upper ca lcareous s ilts to n e  m e m b e r, v a ry in g  fro m  10 to 15 feet in  

th ick n e s s . Th e  upper m em b er lo c a lly  appears to  grade into the ovei—  

lying M a rtin  lim esto n e .

Th e co lo r o f the lo w e r m em b er ranges fro m  d a rk  reddish  

brown to  light ye llo w ish  g ra y . Th e  reddish c o lo r , w hich appears to  be 

due to ferrug inous cem ent, g e n e ra lly  decreases fro m  north  to south 

across the Squaw P eak a re a . Th e  lo w er un it consists o f th in  beds o f  

po orly  s o rte d , subrounded to subangular g ra ins  o f v a ria b le  d iam e te rs  

up to 3 cm  in a ca lcareous to s iliceo u s  cem ent. The sandy la ye rs  a re  

in terbedded w ith  th in  , ca lcareous s ilts to n e  la ye rs  w hich a re  lith o ­

lo g ica lly  s im ila r  to the upper Tapeats  (? ) m e m b e r. Th e  lo w er sand­

stone la ye rs  a re  c h a ra c te rize d  by deep reddish  c o lo r and abundant 

cro ss-b ed d in g . The upper m e m b er grades fro m  a redd ish  s ilts ton e

which conform ably  o v e rlie s  the basal m em b er to  a ligh t y e llo w is h -g ra y
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shaley la y e r . Th e  upper m e m b er is  e a s ily  recogn izab le  as a s lope­

form ing  un it between the c lif f—form ing  lo w e r Tapeats  (? ) m em b er and 

the c lif f - fo rm in g  basal m em b er o f the M a rtin  fo rm a tio n .

The basal Tapeats  (? ) m em b er fo rm s  conspicuous c liffs  which  

o v e rlie  a w eathered  P re c a m b ria n  s u rfa c e . T h e  upper m em b er fo rm s  

a sloping surface  between the lo w er Tapeats  (? ) m em b er and the M a rtin  

fo rm a tio n .

T h e  attitude o f the Tapeats  bedding is  n e a rly  random  and 

h o rizo n ta l, w ith  dips r a re ly  exceeding 15 d e g re e s . D ire c tly  w est o f 

the Squaw Peak a re a , the un it dips gently  to the northeast (F ig u re  2 ,  

in pocket).

T h e  to ta l th ickness o f the Tapeats  (? ) in the Squaw Peak a rea  

is  g e n e ra lly  consistent at 35 to  55 fe e t. Th e  unit is  s lig h tly  th ic k e r  in  

Chasm  C re e k , w h ere  up to 65 feet a re  exposed. V a ria n c e s  in the  

th ickness o f the unit a re  a ttrib u ted  to  ir re g u la r it ie s  in  the eroded  

P re ca m b ria n  s u r fa c e . One prom inent an ces tra l h ill o f P re c a m b ria n  

g ran o d io rite  protrudes through the P a leozo ic  and T e r t ia r y  rocks w est 

o f Squaw P e a k . T h e  re la tiv e  consistency o f the th ickness o f the  

Tapeats  u n it, h o w ever, suggests that the e a r ly  C am b rian  su rface  was 

n e a rly  le v e l.

Th e  Tapeats  (? ) fo rm atio n  appears to  be lith o lo g ic a lly  con­

s is ten t and re la t iv e ly  continuous throughout the B la c k  H i l ls .  D e s c rip ­

tions of the un it in  the  J e ro m e  a re a  (Anderson and C re a s e y , 1958) a re
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equally  applicab le  to outcroppings o f the Tapeats  in  the Squaw Peak  

a re a . The un it is lith o lo g ic a lly  and s tra tig ra p h ic a lly  s im ila r  to  the  

L o w er C am b rian  Tapeats  sandstone exposed in  the Grand C anyon, and 

is  te n ta tiv e ly  assigned to the Tapeats fo rm a tio n .

Devonian M a rtin  L im estone

Th e  Devonian M a rtin  fo rm atio n  is p resen t throughout the

B lack  H ills  and is w e ll exposed in  the Squaw P eak a re a . Th e  basal

m em b er o f the M a rt in  fo rm s  a continuous a p p ro x im ate ly  200 fee t high

c l i f f  fronting  m ost o f the high ridges below Squaw  P eak at e levations

o f ap p ro x im ate ly  5000 fe e t. Exposed sections o f the M a rt in  range

lo ca lly  fro m  n il north  o f Squaw P eak , w h ere  the un it is obscured by

boulders o f the o verly in g  H ickey  b as a lt, to o v e r 600 feet th ick  in the

upper drainages o f Chasm  C re e k . V a r ia tio n  in th ickness is  due to
/

cover by e ro s io n a lly  tran sp o rted  boulders and d ebris  fro m  the o v e r -  

lying H ickey  basalt and by faulting in the southern portion  o f the a re a .  

The th ickness o f the M a rt in  in the Jero m e a re a  ranges fro m  441 to  505  

feet (Anderson and C re a s e y , 1958 ). A p p ro x im a te ly  390 feet o f the  

M a rtin  w e re  m easured  by Huddle and D obrovolny (1945) in the head­

w aters  o f the East V e rd e  R iv e r  about 30 m ile s  east-sou theast fro m  

Squaw  P eak . Th e  fo rm atio n  also outcrops at tw o lo ca litie s  east o f the  

V e rd e  fa u lt , two m ile s  north  o f Squaw  P eak in the downdipped b lock  

of the fau lt on slopes o f low r e l ie f  and in  s m a ll canyons and two m iles
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southeast o f Squaw Peak w h ere  a m assive fau lt block o f M a rt in  lim e ­

stone is w e ll exposed in  a deep gorge cut by Chasm  C re e k .

Th e M a rtin  fo rm atio n  consists o f lim es to n e , d o lo m itic  lim e ­

stone, s ilty  lim es to n e , and sandstone. In the B la c k  H ills  i t  has been 

divided into as m any as s ix  sub-un its  (T w e n te r  and M e tz g e r , 1 963) 

w hich appear to c o rre la te  w e ll throughout the V e rd e  V a lle y . A  lo w er  

light g ra y  d o lo m itic  basal m em b er composed o f fine to coarse g ra ined  

beds com m only fo rm s  n e a rly  v e r t ic a l c liffs  o f up to 30 fe e t. T h is  

lo w e r m em b er d ire c tly  o v e rlie s  an apparen tly  unconform able Tapeats  

s u rfa c e . The upper Tapeats  m em b er and th is  basal M a rt in  m em b er  

a re  re a d ily  d istingu ishable by the s ha ley c h a ra c te r  o f the Tapeats  and 

the g re a te r  density o f the M a r t in . The dense ind iv idual beds o f the  

basal M a rt in  m em b er range fro m  less than one inch to th re e  to  fo u r  

feet in th ic k n e s s . F ra g m e n ta l beds in the basal M a rtin  m em b er appear  

lo c a lly , p a r t ic u la r ly  in the southern part o f the Squaw  P eak a re a .

O verly in g  the lo w er M a rt in  m em b er is  a p inkish g ray  to v e ry  

light g ray  d o lo m itic  lim estone ranging in th ickness fro m  100 to 150  

fe e t. T h is  m em b er is  c h a ra c te rize d  by p la ty  beds less than one inch  

in th ick n e s s , and by steep to m o d era te ly  steep slopes above the c liffs  

of the basal m e m b e r.

A p p ro x im a te ly  150 to 200 feet above the base o f the M a rt in  

is a d is tin c tive  brow n to brow nish g ra y  sandstone m em b er two to fo u r  

feet in th ic k n e s s . Th e  sandstone consists o f th in  beds o f m edium  to
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c o a rse -g ra in ed  calcareous sandstone. T h is  m e m b er was recognized  

as a key bed in  the M a rt in  sequence in the Je ro m e  a re a  (A nderson and 

C re a s e y , 1958); it  appears to be continuous throughout the Squaw Peak  

a re a .

Above the sandstone m em b er is  a th ic k  sequence o f light g ray  

to ligh t brow nish g ra y  lim es to n e , d o lo m itic  lim e s to n e , and d o lo m ite , 

w ith  m in o r in terbeds o f ca lcareous s ilts ton e and s h a le . These  beds 

a re  p a r t ia lly  exposed o r  absent throughout m ost o f the no rth ern  tw o -  

th ird s  o f the Squaw  P eak a re a  due to  erosion and cover by rubble fro m  

the o verly in g  H ickey  b a s a lt. Local fo ss ilife ro u s  beds containing  

abundant s ilic if ie d  compound co ra ls  a re  exposed.

L a ra m id e  (? ) Rocks

A  L a ra m id e  age o f the Squaw  P eak In tru sion  and ap p aren tly  

re la ted  rocks is  u n co n firm ed . U n til a positive date is  de term in ed  fo r  

the age o f these ro c k s , they a re  assumed to be L a ra m id e  o r  ap p ro x i­

m a te ly  65 m illio n  y e a rs  old based on in terpo la tion s  o f L iv ingston 's  

(1 973) t re n d .

Squaw P eak In trusion

Th e  P re c a m b ria n  g ran o d io rite  is in truded by a s m a ll q u artz  

m onzonite porphyry  s tock , re fe r re d  to h ere in  as the Squaw Peak  

In tru s io n . The Squaw  P eak In tru sion  crops out ap p ro x im a te ly  100 to  

300 feet west o f the M a in  Tunnel (F ig u re  2 , in pocket) as an ir r e g u la r
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m ass w ith  approx im ate  su rface  dim ensions o f 400 feet by 250 fe e t.  

D rillin g  at the Squaw P eak deposit indicates tha t the stock plunges to  

the southwest at a m oderate  to  steep angle (F ig u re  4 , in pocket). The  

Squaw P eak In trusion  is m o re  re s is ta n t to eros ion  than the enclosing  

P re c a m b ria n  g ran o d io rite  and stands as a conspicuous, b u ff-co lo red  

o u tc ro p . Num erous n o rth -tren d in g  dikes o f q u artz  m onzonite po rp hyry  

extend fro m  the parent in tru s iv e . A  g radation a l s ilic if ie d  contact 

between the P re c a m b ria n  g ran o d io rite  and the Squaw P eak In trusion  

exists  at the w este rn  end o f a s m a ll rav in e  w est o f the M a in  Tunnel 

p o rta l o f the Squaw P eak M in e . E ls e w h ere , the contact is s h a rp e r.

Th e  Squaw P eak In tru s io n  is  a h o lo c ry s ta llin e , p o rp h y ritic  

ro ck  containing anhedral to subhedral p lag ioclase fe ld sp ar phenocrysts  

up to 0 .5  cm  long in a fine gra ined  p h an eritic  to lo ca lly  aphanitic  

groundm ass o f e s se n tia lly  anhedral q u artz  and subhedral o rth o c las e , 

w ith  m in o r b io t ite . V e r y  m in o r d issem inated  apatite  and p y r ite  a re  

presen t. S econdary  s e r ic ite ,  k a o lin ite , ep idote , c h lo r ite , and le u -  

coxene a re  lo ca lly  abundant. The orthoclase  also appears as pheno­

crys ts  w ith  p lag io c lase . The Squaw Peak In trusion  g e n e ra lly  is  

composed o f 35% to 50% q u a rtz , 20% to 35% p lag io c lase , 20% to 30% 

o rth o c las e , and less than 5% b io tite . The ro ck  is  c h a ra c te rize d  

m ic ro s co p ic a lly  by a v e ry  fine  m a tr ix  o f in te rlo ck in g  q u artz  and 

orthoclase (F ig u re  2 3 , p. 6 8 ). T h e  Squaw P eak  In tru s io n  is  

re la t iv e ly  unoxidized and u n frac tu red  except at its  m arg ins  and along
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at least one n o rthw est-trend ing  sh ear plane which cuts the s to ck . An  

a re a  o f high fra c tu re  density in the g ran o d io rite  surrounds the edges 

o f the body (F ig u re  15 , p. 5 3 ) .  A  th re e -d ire c tio n a l jo in t p a tte rn  is  

re flec ted  in a "blocky" appearance o f the Squaw Peak In tru sion  out­

c ro p .

A  su b e llip tica l zone o f h ydro th erm al a lte ra tio n  and su lfide  

m in e ra liza tio n  surrounds the Squaw P eak In tru sion  stock (F ig u re  2 ,  

in pocket). These aspects a re  dealt w ith  in a la te r  section en titled  

"M in e ra liza tio n  and A lte ra t io n . " Q u a rtz  m onzonite po rp h yry  dikes  

usually  less than one foot in w idth  a re  abundantly exposed in th is  zone, 

g en era lly  s trik in g  northw est and dipping gently  to s teep ly  southw est.

The age o f em placem ent o f the Squaw P eak In trusion  is 

undeterm ined . T h e re  a re  no age d eterm inations  on the Squaw Peak  

In tru s io n . Based on the assum ptions tha t the copper-m olybdenum  

m in e ra liza tio n  at Squaw Peak is  ap p ro x im ate ly  the sam e age as o th e r  

porphyry  deposits o f ce n tra l A riz o n a  and that the Squaw P eak  In trusion  

is  g en e tica lly  re la ted  to the m in e ra liz a tio n , the age o f the Squaw Peak  

In trusion  is in fe rre d  to be L a ra m id e . The m in e ra liz e d  host granod i— 

o r ite  dated by P h illip s  P e tro leu m  using the po tass iu m -arg o n  method 

is  1 .643  b illio n  y e a rs  o ld . T h is  age is  not be lieved to  be the age o f 

m in e ra liz a tio n , in  w hich case the Squaw P eak deposit would be con­

s id ered  a g eo log ica lly  unique occu rren ce  w ith  resp ect to  the ages o f  

other porphyry  deposits in the southw estern United S ta te s .



35

Q u artz  M onzonite D ikes

Num erous fine g ra ined  q u artz  m onzonitic  to g ra n it ic  dikes  

crop out n ear the contact between the P re c a m b ria n  g ran o d io rite  and the  

A sh C re e k  (? ) m etavo lcan ic  ro c k s . Tw o a reas  re fe r re d  to la te r  in th is  

re p o rt as "a p litic  sh attered  zones" a re  p re fe re n tia lly  invaded by these  

d ikes . . Th e  dikes g e n e ra lly  fo rm  d is tin c t ligh t p ink to buff co lored  

ir r e g u la r  o u tc ro p s . The dikes range up to 20 feet in w id th , although  

m ost o f them  a re  less than two fee t w id e .

The q u artz  m onzonite dikes a re  p e tro g ra p h ica lly  s im ila r  to  

the Squaw P eak In tru s io n , except that the dikes a re  n o n -p o rp h yritic  

and less s iliceo u s  than the Squaw P eak In tru s io n . Th e  q u artz  mon­

zonite dikes a re  h o lo c ry s ta llin e , aphanitic  to fin e ly  p h a n e ritic , and 

g e n e ra lly  composed o f 35 to 40% q u a rtz , 30 to 50% o rth o c las e , and 

tra c e  am ounts to 30% p lag io c la s e . NAinor b io tite  and ve in le ts  o f zo is ite  

o r  epidote a re  com m on. The p lag ioclase content appears to  in crease  

fro m  the cen te r o f the dikes to th e ir  contact w ith  the country  ro c k .

The p lag ioclase also appears to be m ore  abundant in  the q u artz  m on­

zonite dikes w hich in tru de the m etavo lcan ic  rocks than in  dikes  

in trud ing  the g ra n o d io r ite . Th e  dikes usu a lly  appear to becom e p ro ­

g re s s iv e ly  c o a rs e r  outw ard fro m  the dike cen te r to the m a rg in .

Tw o dom inant o rien ta tio n s  o f q u artz  m onzonite dikes a re  

trending  northw est, dipping v e r t ic a lly  to s teep ly  southwest and tren d in g



east-w est + 2 0 ° ,  dipping gently  to s teep ly  south . M any o f the d ik e s , 

p a rt ic u la r ly  those w hich a re  exposed in the v ic in ity  o f the Squaw  P eak  

deposit, a re  c h a ra c te rize d  by close p ro x im ity  to  fra c tu re s  and q u artz  

veins containing copper m in e ra liz a t io n .

Pebble D ike

A  s m a ll pebble dike is exposed in  a road cut ap p ro x im ate ly  

500 feet north  o f the Squaw P eak In tru sion  (F ig u re  1 0 ). T h e  dike is  

th re e  to four feet w ide and s tr ik e s  n o rth w e st, dipping gently  to  the  

southw est. A  s im ila r ly  o rien ted  s m a ll d ike o f q u artz  m onzonite poi—  

phyry is  exposed 50 feet south o f the pebble d ik e .

Th e pebble d ike contains abundant s u b -s p h e ric a l to s u b - 

angu lar fragm ents  o f P re c a m b ria n  g ran o d io rite  up to two inches  

a c ro s s . T h e  fragm ents  a re  w eak ly  epidotized and m in e ra liz e d  by 

green  copper m in e ra ls , and a re  cem ented by a sh attered  g ra n o d io rite  

m a tr ix .

L a tite  P o rp h yry  D ikes

. S e v e ra l n o rth w est-tren d in g  la tite  p o rp hyry  dikes a re  exposed 

southeast o f the Squaw P eak In trusion  (F ig u re  2 ,  in  pocket). T h e  dikes  

g e n e ra lly  dip sou th w esterly  at m oderate  an g les . Th e  s tr ik e  length o f 

the dikes ranges up to  a lm ost 2000 fe e t, and th e ir  w idth  v a r ie s  fro m  a 

few  inches to five  fe e t . Th e  la tite  p o rp hyry  dikes consist o f p lag io— 

clase phenocrysts up to tw o -th ird s  o f one inch in  length in  a p inkish

36
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F ig . 1 0 . E xposure o f P ebb le  D ike  in  Road C u t.

Note the rounded fra g m e n ts  o f P re c a m b r ia n  g r a n o d io r ite . 
V ie w  w e s t .



g ray  to  brown aphanitic  m a tr ix . A m phibole c rys ta ls  up to  o n e -th ird  

inch and ir r e g u la r  q u artz  phenocrysts a re  lo c a lly  abundant. The  

contact between the dikes and the enclosing g ran o d io rite  is  usua lly  

sh a rp . Th e  phenocrysts in the dikes a re  g e n e ra lly  s m a lle r  n e a r th e ir  

contacts than at th e ir  c e n te rs .

A s the dikes approach the Squaw P eak d epo sit, they appear  

to ra m ify  (F ig u re  2 , in pocket) into m any s m a lle r  d ike s . Th e  dikes  

in  the v ic in ity  o f the deposit a re  s tro n g ly  sheared  in  a d ire c tio n  

p a ra lle l to th e ir  s t r ik e , and a re  c h a ra c te rize d  by w h ite  a r g i l l ic  ro a d -  

cut exp o su res .

38

C enozoic  Rocks

T e r t ia r y  H ickey  B asa lt

O verly in g  the M a rt in  lim estone in  the Squaw Peak a rea  a re  

up to 1200 feet o f T e r t ia r y  (P lio cen e? ) vo lcan ic  basalt flo w s . These  

rocks crop  out at e levations o f 5000 feet to  o v e r 6500 feet about two  

m ile s  w est o f the Squaw  P eak  deposit and at e levations o f about 3800  

fee t to 4300 fee t on the east s ide o f the V e rd e  fau lt (F ig u re  1 , in  

pocket). A nderson and C re a s e y  (1958) apply the nam e "H ickey  

F o rm a tio n "  to these rocks in the no rthern  B la c k  H i l ls ,  and include  

50 fee t o f C enozoic s ed im en ta ry  rocks underly ing  the basalt in the type  

s ec tio n . T w e n te r  and M e tz g e r (1963 ) noted that o v e r 1000 feet o f  

C enozoic sed im en tary  rocks lo c a lly  u n d e rlie  the basa lt in  the V e rd e
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V a lle y , and did not recognize the nam e "H ickey  F o rm a tio n "  in th e ir  

in vestig ation . The te rm  "H ickey  F o rm a tio n "  is used in th is  re p o rt in 

re fe re n c e  to the basalt in ligh t o f the nam e’s g en era l acceptance in  

ce n tra l A rizo n a  geology.

T h e  H ickey  basalt in  the Squaw P eak a re a  g e n e ra lly  fo rm s  

re la t iv e ly  h o rizo n ta l c lif f - fo rm in g  flow  u n its , lo c a lly  exh ib iting  

crude ly  defined v e r t ic a l colum ns on the steep upper slopes o f Squaw  

P eak . The basalt is  fu r th e r  c h a ra c te rize d  by dense d a rk  redd ish  

brown to d a rk  brown o u tcrop s. W est of Squaw P eak the basa lt is  

lo c a lly  in terbedded w ith  tuffaceous sed im e n ta ry  rocks up to  s e v e ra l 

feet th ic k .

P a leo zo ic  rocks in the southern po rtion  o f the Squaw  Peak  

a rea  a re  lo c a lly  cut by basa lt dikes w hich have re c ry s ta lliz e d  the  

M a rtin  lim estone in  p la c e s . A  s i l l  ap p ro x im a te ly  15 feet in  thickness  

exposed in  C hasm  C re e k  on the east s ide o f the V e rd e  fau lt is p e tro -  

g ra p h ic a lly  id en tica l to  the H ickey  b asa lt.

T h e  H ickey  basalt is a f in e ly  p o rp h y rit ic , a lk a li o liv in e  

b a s a lt, containing phenocrists o f o liv in e  and m in o r augite in a dense, 

aphan itic  m a tr ix . The m a tr ix  is m ic ro s c o p ic a lly  revea led  to be a v e ry  

fine m esh o f s u b -p a ra lle l p lag ioclase laths in a subm icroscop ic  m a fic  

base (F ig u re  1 1 ). A  s lig h tly  p o ik ilit ic  te x tu re  is  c rea ted  by s c a tte re d , 

f in e , subhedral m agnetite  g ra in s .



F ig . 11 . Photom icrograph o f H ickey B as a lt.

T h e  la r g e ,  tw inned  o liv in e  c ry s ta l at le ft  is  su rroun ded  
by t in y  p la g io c lase  la th s . C ro ssed  n ic o ls , x 1 0 .
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The th ickness o f the H ickey  fo rm atio n  in the Squaw  P eak a re a  

is  v a r ia b le , p resum ab ly  due in p a rt to an ir r e g u la r  p re -H ic k e y  s u rfa c e . 

A ccu ra te  m easurem ent o f the basalt is im peded by recen t e ro s io n .

Up to 1400 feet o f the vo lcan ic  sequences w e re  m easured  by A nderson  

and C reasey  (1958 ) in the Je ro m e  a re a .

V e rd e  F o rm atio n

A  th ic k  m ass o f w h ite  to ligh t g ra y  la c u s trin e  and flu v a tile  

deposits blankets m ost o f the V e rd e  V a lle y  in  the Squaw  P eak a re a . 

These deposits w e re  nam ed the V e rd e  F o rm atio n  by Jenkins (1 9 23 ).

Th e  V e rd e  fo rm atio n  occupies a n o rth w est-tren d in g  e llip t ic a l a re a  o f 

about 325 square m ile s  in the V e rd e  V a lle y  (T w e n te r  and M e tz g e r ,

1963 ). T h e  un it is  cut by the present V e rd e  R iv e r  d ra in a g e , and fo rm s  

conspicuous la rg e  w h ite  c l i f f s .

F o u r m a jo r  s tra tig ra p h ic  m em b ers  w ith in  the V e rd e  F o rm a ­

tio n  have been distinguished by W ad e ll (19 72 ). These a re : 1 ) a basal 

and b a s a l-m a rg in a l sandstone and cong lom erate  m em b er; 2 ) a lo w e r  

m u d sto n e-evap o rite -carb o n ate  m e m b er; 3 )  an upper carb onate -sand­

stone m em b er; and 4 ) a vo lcan ic  m e m b e r . T h e  depositional fac ies  o f 

the V e rd e  F o rm a tio n  v a ry  la te ra lly  as w e ll as v e r t ic a lly  (T w e n te r  and 

M e tz g e r , 1 9 63 ). In the Squaw  P eak a re a , the V e rd e  F o rm a tio n  is  

rep resen ted  by coarse gra ined  cong lom erate and ca lcareous s ilts to n e . 

Th e best exposure o f the fo rm atio n  in  the a re a  is  in  Squaw  Peak
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C anyon, w h ere  up to 75 feet o f poorly  consolidated s tra tif ie d  co n -
/

g lo m era te  and s ilts to n e  a re  exposed. T h in ly  bedded s ilts to n e  and 

lim estone a re  exposed in  m in o r drainages w hich cut the pedim ent in  

the n o rtheastern  portion o f the Squaw P eak a re a .

S e v e ra l la rg e  h ills  (F ig u re  12) o f low topographic r e l ie f  on 

the east s ide o f the V e rd e  fau lt contain po orly  sorted  and p o o rly  con­

so lidated boulders and s m a lle r  p a rtic le s  o f Tapeats  sandstone, P re — 

C am brian ro c k s , M a rt in  lim e s to n e , and H ickey  b a s a lt. These rocks  

a re  regard ed  as a m a rg in a l fac ies  o f the V e rd e  F o rm a tio n . The  

bedding dips consistently  to  the n o rth e a s t.

T h e  th ickness o f the V e rd e  F o rm atio n  in  the Squaw Peak a rea  

m ay be as much as 3000 feet (C o o ks ley , 19 71 ). Th e  fo rm atio n  appears  

to be much th ic k e r on the southwest s ide o f the v a lle y  than on the north ­

east (W a d e ll, 1972 ). S e v e ra l ro ta ry  d r i l l  holes com pleted by P h illip s  

P e tro le u m , the deepest o f w hich reached a depth o f 972 fe e t, fa iled  to 

penetra te  the V e rd e  s e d im e n ts .

A n d es itic  and B a s a ltic  V o lc a n ic  Rocks

Num erous m in o r exposures o f m a fic  vo lcan ic  rocks a re  found 

in  the Squaw P eak a re a  in addition to the volum inous H ickey  b a s a lt. 

Outcrops o f m assive g ra y  to redd ish  brown basalt and an d es itic  basalt 

a re  s p a tia lly  re la ted  to  the V e rd e  fau lt zone. Tw o la rg e  outcrops o f 

d a rk  reddish  brown andesite (?) a re  exposed in low  h ills  ap p ro x im a te ly
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F ig . 1 2 . V e rd e  F a u lt .

V e rd e  fa u lt is  at the c e n te r  o f the photograph, at the  
b re a k  o f the s lo p e . T h e  V e rd e  fo rm a tio n  is at the le ft  
s ide  o f the fa u lt ,  w ith  P re c a m b r ia n  g ra n o d io r ite  on 
the  r ig h t.  Fo reg ro u n d  is  h il l  com posed o f unconsolidated  
m a te r ia l o f the V e rd e  fo rm a tio n . A t the le ft  c e n te r  is  
the dum p fro m  the H aulage T u n n e l.
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one m ile  northeast o f the Squaw P eak deposit. These rocks appear to  

in trude sedim ents o f the V e rd e  fo rm a tio n . C ore  d r il l in g  by P h illip s  

P etro leu m  established that th is  un it p ers is ts  to a depth o f o v e r 950  

fe e t .

P le istocene (? ) R hyodacite

A  m assive rhyodacite  vo lcan ic  dome in trudes the V e rd e  

fo rm atio n  about one m ile  northeast o f the Squaw  P eak deposit (F ig u re  

1 , in pocket). T h e  ir r e g u la r  outcrop covers an a rea  ap p ro x im ate ly  

4500 feet long and 3000 fee t w id e . The un it fo rm s  p ro m in en t, b u ff-  

colored  outcrops at e levations ranging fro m  3100 to 3750 fe e t. T h e  

rhyodacite consists o f fine  gra ined  q u artz  and K -fe ld s p a r , w ith  m in o r  

am phibole and p lag ioclase p h en ocrysts . Local vugs a re  lined w ith  

c a lc ite .

Tuffaceous rh yo d ac itic  rocks a re  exposed in m in o r dra inages  

w hich penetrate  the rhyodacite  m a s s . F rag m en ts  o f the ro ck  up to  

boulder s ize  a re  found in tuffaceous sed im en ta ry  rocks adjacent to the  

rhyodacite exp o su re .

The rhyodacite is the youngest known vo lcan ic  o ccu rren ce  in  

the Squaw P eak re g io n . No age date had been de te rm in ed  fo r  the u n it, 

but since it  in trudes the V e rd e  fo rm atio n  (P lio cen e—P le is to cen e ) the  

rhyodacite  dome n ear the V e rd e  fau lt and re la ted  faults  (F ig u re  1 , in  

pocket) suggests that it  was extruded a fte r  the m a jo r  V e rd e  fau lt

m ovem ent.
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Pleistocene (? ) G rave ls

A  th in  veneer o f unconsolidated g ra v e l and sand blankets m ost 

of the V e rd e  V a lle y  in the Squaw P eak a re a  fo rm in g  an eastw ard  

sloping pedim ent o verly in g  the V e rd e  fo rm a tio n . The th ickness o f the  

g rave l cover v a rie s  fro m  ze ro  to a few feet th ick  on the easte rn  side  

of the V e rd e  fau lt to a probable th ickness o f 100 to 300 feet between  

the fau lt zone and the V e rd e  R iv e r . The g ra v e ls  a re  d erived  p r im a r ily  

fro m  P re ca m b ria n  ro c k s , w ith  m in o r am ounts generated  fro m  P a leo ­

zo ic  and C enezoic ro c k s . The s ize  o f the g ra v e l frag m en ts  g e n e ra lly  

decreases tow ards the c e n te r o f the V e rd e  V a lle y .

Q u atern ary  R iverw ash

The te rm  " riv e rw a s h "  is used in  th is  re p o rt to define s e d i­

m ents deposited by the V e rd e  R iv e r  w hich o v e r lie  the Q u a te rn a ry  

g ra v e ls . Unconsolidated g ra v e l, sand, and s ilt  d erived  fro m  num erous  

sources a re  present on the flanks o f the V e rd e  R iv e r  in the n o rth ­

eastern  c o rn e r o f the a re a  in vestig ated .



C H A P T E R  4

S T R U C T U R E

S tru c tu ra l e lem ents in  the Squaw P eak a re a  a re  separated  

into p re -L a ra m id e , L a ra m id e , and p o s t-L a ra m id e  d e fo rm a tio n . 

C e rta in  assum ptions a re  n e c e s s a rily  m ade reg ard in g  the age o f som e  

s tru c tu re s , although it  is fe lt  tha t these assum ptions a re  reasonab ly  

c o r r e c t .

T h e  dom inant s tru c tu ra l e lem ent in the Squaw  P eak  a re a  is  

the V e rd e  fa u lt . T ra d it io n a lly , the V e rd e  fau lt zone has been 

in te rp re te d  to have been ac tive  since P re c a m b ria n  (Anderson and 

C re a s e y , 1958 ). Num erous recent investigations o f c e n tra l A rizo n a  

(L in d g re n , 1974 , and o th e rs ) have suggested that a ll  o r  m ost o f the  

m ovem ent along the fau lt zone has o ccu rred  during  the C en ezo ic  e ra  

and a f te r  the deposition o f the H ickey  b a s a lt . F ie ld  data fro m  the  

Squaw P eak a re a  do not support any substantia l p re -H ic k e y  d is ­

turbance along the fau lt zo n e, although the p o s t-H ic k e y  defo rm ation  

m ay have obscured any e a r l ie r  m ovem ent. In  th is  re p o rt the V e rd e  

fau lt w i l l  be regard ed  as a post—L a ra m id e  fe a tu re . Fau lts  w hich cut 

the Squaw P eak In tru sion  and associated m in e ra liz a tio n  a re  assum ed  

to be p o s t-L a ra m id e . M in o r  s tru c tu re s  w hich rece ived  Squaw Peak  

m in e ra liza tio n  a re  in te rp re te d  as p re -L a ra m id e  fe a tu re s .
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Th e  rhyodacite  is  the youngest known vo lcan ic  occurrence  

in  the Squaw  P eak reg io n . No age date has been determ ined  fo r  the  

u n it, but s ince it  in trudes the V e rd e  fo rm atio n  (P lio c e n e -P le is to c e n e )  

the rhyodacite is  younger than 5 m .y .  The location  o f the rhyodacite  

dome n ear the V e rd e  fau lt and re la ted  faults (F ig u re  1 , in  pocket) 

suggests that it  was extruded a f te r  the m a jo r  V e rd e  fau lt m o vem en t.

P re -L a ra m id e  S tru c tu re

L ack  o f w e ll-d e fin e d  fo lia tio n  in  the A sh  C re e k  (? ) m eta ­

m orphosed vo lcan ic  rocks re s tr ic ts  s tru c tu ra l ana lys is  o f these rocks  

beyond a few g enera l o b servatio n s . V a r ia b le  o rie n ta tio n  o f fo lia tio n  

w h ere  the m etavo lcan ic  rocks a re  m o re  schistose suggest that the  

sequence m ay have been s tro n g ly  folded at leas t once a fte r  its  

deposition . Th e  ex tre m e  ir r e g u la r ity  o f the contact between the P r e -  

cam b rian  g ran o d io rite  and the m etavo lcan ic  rocks m ay re fle c t fu r th e r  

P re ca m b ria n  d is tu rb an ce , although the g ra n o d io rite  is  not c a ta c la s ti-  

c a lly  d e fo rm e d .

The dom inant s tru c tu ra l g ra in  o f the P re c a m b ria n  g ra n o d io rite  

trends n o rth w est. M in o r  fau lts  and fra c tu re s  g e n e ra lly  tren d  N . 1 0 °  W .  

to  N . 7 5 °  W . and dip m o d e ra te ly  to s teep ly  southw est. G ra n itic  sh ear  

d ikes , sh ear b re c c ia  d ik e s , and la tite  po rp h yry  dikes surrounding the  

deposit tren d  north  to N . 2 5 °  W . Jo in t fra c tu re s  in m in e ra lize d  and 

u n m in era lized  P re c a m b ria n  g ran o d io rite  a re  g e n e ra lly  s trongest in a
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N . 4 0 °  W . to N . 70° W . d ire c tio n , w ith  sou th w esterly  dips to 6 0 °  to  

8 0 ° . Th e  northw est tre n d in g , southwest dipping o rien ta tio n  is m ost 

stro ng ly  re flec ted  in the m in e ra lize d  veins and fra c tu re s  w ith in  the  

Squaw P eak deposit (F ig u re  1 3 ). Th e  average m in e ra lize d  plane in  

the deposit s tr ik e s  N . 3 3 °  W . and dips 6 9 °  to  the southw est.

Q u a rtz  m onzonite p o rp hyry  dikes em anating fro m  the Squaw  

P eak In tru sion  tren d  roughly n o rth -so u th . Th e  deposit its e lf  is  a lso  

elongate to the n o rth . No north  tren d in g  s tru c tu ra l fea tu re  is  recog­

nized as the lo ca liz in g  m echanism  fo r  the Squaw P eak In tru s io n .

L a ra m id e  S tru c tu re

S e v e ra l s tru c tu ra l fea tu res  appear to be g en e tica lly  re la ted  

to the Squaw P eak In tru s io n  em p lacem en t, and a re  in te rp re te d  as 

L a ra m id e . These  s tru c tu re s  a lm ost c e rta in ly  fo llow  p re -L a ra m id e  

s tru c tu ra lly  w eak zon es, but in te rn a lly  they exh ib it apparent L a ra ­

m ide shearing  and b re c c ia tio n .

"A p lit ic  S h a tte red  Zones "

T h e  te rm  " a p lit ic  sh atte red  zones" in th is  re p o rt re fe rs  to  

two s tru c tu ra lly  w eak  a reas  along the contact o f the P re c a m b ria n  

g ra n o d io rite  and the A sh C re e k  m etavo lcan ics . These zones a re  

c h a ra c te rize d  by local b recc ia tio n  (F ig u re  1 4 , p . 5 0 ), m oderate  

fra c tu r in g , loca l s tockw orks o f q u artz  v e in s , abundant " a p lit ic ,"  o r
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F ig u re  1 3 . Poles to M in e ra liz e d  F ra c tu re  P lanes and V e in s  a t the  
Squaw  P e a k  D ep o s it» ' •

P lo tted  on a W o lfe  equal—angle n e t, taken fro m  31 fie ld  
m e as u re m en ts . Contours re p res e n t re la tiv e  concentra­
tions o f points . A verag e  o rien ta tio n  o f m in e ra lize d  
plane is : s tr ik e  N . 3 3 °  W . , dip 6 9 °  S W .
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F ig . 1 4 . O u tcro p  in  A p lit ic  S h a tte re d  Z o n e .

R ock is  m o s tly  g ra n o d io r ite  (P C g ), w ith  la r g e , an g u la r  
b lo ck  above the p ick  o f g reen  m etam orphosed  vo lc a n ic  
ro c k  (P C a c ).  Both the g ra n o d io r ite  and the m e ta -  
v o lc a n ic  ro c k  a re  cut by ir r e g u la r  q u a rtz  m onzon ite  
(" a p li te " )  d ikes exposed in the lo w e r le ft  and c e n te r  o f 
the p ic tu re  as a lig h t tan ro c k  w ith  sm ooth  s u r fa c e s .
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fine grained q u artz  m onzonitic  d ike s , and sparse  copper m in e ra liz a ­

tio n . The zones fro m  e x tre m e ly  ir r e g u la r  in d is tin c t outcrops w hich  

v a ry  fro m  o ver 1500 feet in  length to less than 200 fee t in  w id th , 

g en era lly  elongate p a ra lle l to the P re c a m b ria n  contact.

Th e  easternm ost a p lit ic  shatte red  zone is the la rg e r  o f the  

two zones, and is  truncated  on its  eastern  m a rg in  by the V e rd e  fau lt 

(F ig u re  1 , in pocket). Th e  zone contains dozens o f fin e  gra ined  

q u artz  m onzonite to g ran ite  dikes w hich n o rm a lly  s tr ik e  north  to  

northw est and dip m o d era te ly  southw est. M ost o f the dikes a re  less  

than one foot in  w id th . The dikes a re  com m only ir r e g u la r ly  in truded  

in  areas  o f w eakly  shattered  ro ck  containing an g u la r blocks o f 

g ran o d io rite  and m etavo lcan ic  ro cks . The southw estern  c o rn e r o f the  

zone is c h a rac te rize d  by lo c a lly  strong q u artz  ve in in g . The q u artz  

veins g e n e ra lly  occur as b a rren  "bull q u a rtz"  veins w hich d isp lay  

random  s tr ik e s  and m oderate  to steep d ip s . Th e  veins v a ry  in  s ize  

fro m  s m a ll s tr in g e rs  to veins o f s e v e ra l cen tim e te rs  in w id th .

Epidote and pink fe ld sp ar a re  lo ca lly  com m on accessory  m in e ra ls . 

Copper m in e ra liz a tio n — m alach ite  and m in o r chryso co lla— is 

p r im a r ily  re s tr ic te d  to a reas  o f strongest fra c tu r in g .

The w estern  a p lit ic  shattered  zone (F ig u re  1 , in pocket) is  

s im ila r  in  m ost respects to the eastern  zo n e . The q u artz  m onzonite  

dikes in the w estern  zone appear to be la r g e r ,  often o ver one foot
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w id e . Copper m in e ra liza tio n  in the w estern  sh attered  zone is less  

abundant than in the eastern  zo n e .

G ra n itic  S h e a r Zones

Extending southward fo r  1500 to  2000 feet fro m  the Squaw  

P eak In trusion  a re  two s u b p ara lle l zones (F ig u re  15 and F ig u re  16) 

h ere in  re fe rre d  to as g ra n itic  sh ear zo n es . The zones s tr ik e  north  

to northw est and dip s teep ly  to the southw est, and range in  w idth  

up to 30 feet in road cut exposures n ear the Squaw  P eak In trusion  

and g rad u a lly  d im in ish  southward to  an in d is tin ct sh e a r zone only a 

few inches w id e . The zones coalesce at one point ap p ro x im ate ly  

850 feet south o f the Squaw P eak In tru s io n . These g ra n itic  sh ear  

zones a re  in tense ly  sheared in the v ic in ity  o f the Squaw  Peak  

deposit fo rm ing  d is tinc t w hite  to ligh t g ra y  exposures in road cuts 

(F ig u re  1 5 ). Southw ard the zones a re  c h a ra c te rize d  by m ass ive , 

d a rk  g ray  to brown outcrops w hich exh ib it m oderate  s h e a rin g , 

p a rtic u la r ly  at the m a rg in s . The less sheared  portions o f the zones  

consist o f a shattered  lo ca lly  p o rp h y rit ic , g ra n itic  ro c k  w hich is  

cpm positiona lly  s im ila r  to the P re ca m b ria n  g ra n o d io r ite . The ro ck  

is  composed predom inantly  o f m edium  gra ined  q u artz  and p lag io c lase , 

w ith  m in o r K -fe ld s p a r and b io t ite . T ra c e  am ounts o f c h lo r ite , 

epidote, lim o n ite , p y r ite , and cha lcop yrite  a re  m eso scop ica lly  v is ib le  

on m in o r fra c tu re s . F ragm enta tion  o f q u artz  and fe ld sp ar c rys ta ls
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F ig .  1 5 . An E xposure  o f a B leached  G ra n it ic  S h e a r  Zone South o f 
the Squaw  P e ak  In tru s io n . A t the r ig h t and le ft  o f the  
zone is  consolidated  g ra n o d io r ite . V ie w  s o u th .

F ig . 1 6 . G ra n o d io r ite  E xposure  at C ontact w ith  G r a n it ic  S h e a r  
Z o n e .

N e a r  south edge o f Squaw  P eak In tru s io n . Rock is  
w e a k ly  b re c c ia te d  and r e -h e a le d . V ie w  w e s t.
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is m ic ro sco p ica lly  e v id e n t. S e r ic ite  is com m on both in  ve in le ts  and 

as c o arse -g ra in ed  m a ss e s .

Th e g ra n itic  sh ear zones a re  m in e ra lize d  by c h a lc o p y rite , 

p y r ite , m olybden ite , and secondary copper m in e ra ls  fo r  up to one 

thousand feet south o f the Squaw P eak In tru s io n . T h e  su lfid e  

m in e ra liza tio n  is  com m only lo ca lized  by q u artz  veins up to  th re e  fee t 

w ide and by fra c tu rin g  w ith in  the d ikes .

Post—L a ra m id e  S tru c tu re

V e rd e  F au lt

Th e  p o s t-m in e ra liza tio n  d e fo rm atio n a l h is to ry  o f the  Squaw  

P eak a rea  is dom inated by the developm ent o f the  V e rd e  V a lle y  graben  

and by m ovem ent along the V e rd e  fa u lt . The V e rd e  fau lt in th is  

re p o rt re fe rs  to a conspicuous sh ear zone o f about fo r ty  feet in  w id th  

w hich is e ith e r  exposed in drainages o r  is in tr in s ic a lly  obvious above 

covered exposures . The V e rd e  fau lt at Squaw  P eak is  the w e s te rn ­

m ost b re a k  o f a s e rie s  o f n o rm a l fau lts  w hich tren d  northw est at the  

base o f the B lack  H ills  (C ooksley , 1971 ). It tren ds no rth  to  northw est 

through m ost o f the mapped a re a  and p a ra lle ls  the base o f the  B la c k  

H il ls .  T h e  V e rd e  fau lt zone consists o f the V e rd e  fau lt and s e v e ra l 

s u b -p a ra lle l and hinge fa u lts . M ost o f the subord inate fau lts  a re  east 

o f the m ain  zone, and som e a re  obscured by recent vo lcan ic  rocks and

a llu v iu m .
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The V e rd e  fau lt is  a n o rm al fau lt w ith  the east fau lt b lock  

displaced downward w ith  respect to  the rocks on the w e s t. W h ere  

exposed, the dip o f the V e rd e  fau lt is  4 0 °  to 7 0 ° to the e a s t.

S ed im en ta ry  rocks o f Q u ate rn a ry  age a re  g e n e ra lly  exposed 

on the east s ide o f the V e rd e  fau lt and a re  in fau lt contact w ith  P r e -  

cam b rian  rocks on the w es t. N orth  o f Squaw P e a k , P a leo zo ic  sed i­

m en ta ry  rocks and T e r t ia r y  basalt a re  exposed to  the east o f the V e rd e  

fau lt and in  contact w ith  P re c a m b ria n  m etavo lcan ic  rocks on the w est 

side o f the fa u lt . In the Chasm  C re e k  a re a , P a leo zo ic  rocks a re  

exposed east o f the fau lt zone in contact w ith  P re c a m b ria n  g ra n o d io rite  

and lo w er P a leozo ic  units on the w e s t.

The m ost conspicuous d isp lacem ent on the V e rd e  fau lt zone in  

the Squaw Peak a rea  resu lted  fro m  m ovem ent a f te r  the d isp lacem ent . 

o f the T e r t ia r y  H ickey  basalt w hich blankets the h ig h er ridges in  the  

w estern  portion o f the mapped a re a . W here  the H ickey  basalt is  

exposed on the east s ide o f the V e rd e  fa u lt , the base o f the  un it is  

1100 to 1300 feet lo w er than the base o f the basalt w est o f the fau lt 

S e is m ic  evidence (C ooksley , 1971) indicates that the to ta l v e r t ic a l d is ­

p lacem ent east o f the Squaw Peak deposit m ay be o v e r 4000 feet 

(F ig u re  3 0 , p . 93 ).

S tru c tu re s  Cutting the Squaw P eak In trusion

A n o rth w e s t-s tr ik in g , southw est-d ipp ing fau lt cuts the Squaw  

Peak In trusion  su rface  exposure a lm ost in h a lf . M in e ra liz a tio n  and
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a lte ra tio n  appear to p e rs is t to  a lo w er depth on the southwest s ide o f  

th is  fau lt (F ig u re  4 , in  pocket), suggesting that the southwest s ide has 

been dropped w ith  respect to the northeast s id e . The econom ic s ig ­

n ificance o f th is  s tru c tu re  is discussed under the heading "E xp lo ra tio n  

P o te n tia l. " S e v e ra l o th er s u b -p a ra lle l, s teep ly  dipping fau lts  cut the  

Squaw P eak In tru s io n .

S h e a r B re c c ia  and S h e a r B re c c ia  Zones

T h re e  sh ear b recc ia  zones and one ir r e g u la r  w eak ly  b r e c c i-  

ated zone outcrop east and northeast o f the Squaw P eak d ep o s it. The  

dikes (F ig u re  17 ) s tr ik e  northw est and dip v e r t ic a lly  to s teep ly  north ­

east . Th e  w idth o f the zones ranges up to  n e a r ly  20 fe e t . The shearing  

is s p a tia lly  re la ted  to the V e rd e  fa u lt , and the tren d  o f the zones is  

sub—p a ra lle l to the tren d  o f the V e rd e  fa u lt , although the zones a re  

possibly re la ted  to the Squaw  P eak m in e ra liz in g  even t. Th e  sh ear  

b recc ia  is  c h a rac te rize d  by ir r e g u la r ,  ru s ty  brown ou tcrop s , a sheared  

g ra n itic  te x tu re , and sh attered  q u artz  and fe ld s p a r c ry s ta ls . M a fic  

m in e ra ls  a re  com m only a rg ill iz e d  and c h lo r it iz e d .

The V e rd e  F au lt R ela ted  to R egional S tru c tu re

The V e rd e  fau lt is located in the cen te r o f a la rg e -s c a le  n o rth -  

w est-tren d in g  fra c tu re  system  w hich divides the C o lo rado  P la teau  fro m  

the B asin  and Range P ro v in ce  (F ig u re  1 8 , p . 5 8 ) . T h is  s tru c tu re  is  

considered (Jero m e and C ook, 1967 , and o th e rs ) to  be p a rt o f a m a jo r
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F ig . 17 . S h ear B re c c ia  Zone.

Outcrop is approxim ate ly  1 500 feet northeast of the  
Squaw Peak In tru s io n . V iew  no rth .

I*



F ig u re  1 8 . T h e  V e rd e  F a u lt  in  its  R eg io n a l T e c to n ic  S e tt in g .



59

c ru s ta l b reak  w hich trends w e s t-n o rth -w es tw a rd  fro m  Texas through  

southern A rizo n a  and northw estw ard  fro m  A riz o n a  to  Nevada (Jero m e  

and C ook, 19 67 ). The system  has long been acknowledged as a potent 

lo c a liz e r  o f copper depo sits , possib ly active  as e a r ly  as the 1680  

m ill io n -y e a r -o ld  United V e rd e  deposit a t Je ro m e (L o w e ll, 1974 ).

On a reg ion al s c a le , the V e rd e  graben is  p a rt o f  a n o rth w est-tren d in g  

b e lt in  A rizo n a  w hich is  composed o f a s e rie s  o f grabens extending  

fro m  the upper V e rd e  V a lle y  through the southeast c o rn e r  of the  

s ta te . The graben system  has an apparent r ig h t - la te r a l d isp lacem ent 

o f la rg e -s c a le  m agnitude. D eviations in the dra inage patterns o f m a jo r  

r iv e rs  in A riz o n a  (F ig u re  1 8 , p . 58 ) suggest a C enozoic r ig h t - la te r a l  

disrup tion  o f 45 to  50 m ile s . P ossib le  d isp lacem ent o f the C am b rian  

A b rig o  fo rm atio n  across the fra c tu re  system  m ay be as much as 30  

m ile s  in a r ig h t - la te r a l sense (P e irc e , 1974 ). As much as 45 m iles  

to r ig h t - la te r a l d isp lacem ent m ay have o ccu rred  along the Las Vegas  

sh ear zone (A nderson , 1973 ), a possible extension o f the c en tra l 

A rizo n a  graben s y s te m .



C H A P T E R  5

M IN E R A L IZ A T IO N  A N D  A L T E R A T IO N

S u lfid e  m in e ra liz a tio n  and cru d e ly  zoned a lte ra tio n  assem ­

blages in the P re c a m b ria n  g ran o d io rite  a re  s p a tia lly  associated w ith  

the Squaw  P eak In tru s io n . A n in n e r zone o f s trong  to  m oderate  su lfide  

m in e ra liza tio n  occurs w ith  q u a r tz -s e r ic ite  a lte ra tio n  and loca l o r th o -  

c la s e -b io tite  a lte ra t io n . Th e  in n er zone is  s u b -c o n ce n tric  around the  

Squaw P eak In tru sion  stock (F ig u re  2 , in pocket). A n  o u te r zone o f  

vein  and fra c tu re -c o n tro lle d  q u a r tz -o r th o c la s e -c h lo r ite -e p id o te -  

c a lc ite  a lte ra tio n  and su lfide  m in e ra liz a tio n  encloses and o verlaps  the  

in n e r zo n e . O re  re se rv es  a re  es tim ated  at a p p ro x im a te ly  20 m illio n  

tons averag ing  0 .3 6  p e r cent Cu (Jones, 1974 ).

In ner Zone A lte ra tio n  and M in e ra liz a tio n

T h e  in n e r zone o f a lte ra tio n  and m in e ra liz a tio n  is  developed  

in a n o rth -tre n d in g  s u b -e llip t ic a l su rface  ou tline  around the Squaw  

P eak In tru s io n . In  c ro s s -s e c tio n  the strongest su lfide  m in e ra liza tio n  

assum es the shape o f a s teep -s ided  bowl (F ig u re  4 , in  pocket). The  

zone is c h a ra c te rize d  by a m oderate to high fra c tu re  density  (F ig u re  

1 9 ) and lo c a lly  substantia l m in e ra liz a t io n .

Th e  p r im a ry  econom ic m in e ra ls  in the Squaw P eak deposit 

a re  ch a lco p yrite  and m olybden ite . C h a lco p yrite  n o rm a lly  occurs in
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F ig . 19 . High F ra c tu re  D ensity Zone in P recam b rian  G ra n o d io rite .

Outcrop is about 150 feet southeast o f the Squaw Peak  
In tru s io n . Copper content is 0 .4  to 0 .5  per cent, as 
chalcopyrite  and oxidized copper m in era ls  a fte r  cha lco - 
p y r ite . V iew  south.



62

qu artz  v e in le ts , in fra c tu re  coating , and as d issem inated g ra ins  o r  

m asses w ith in  s m a ll m a fic -r ic h  pods, p a rtic u la r ly  in the P re c a m b ria n  

g ran o d io rite  and the contact zone between the g ran o d io rite  and the  

Squaw P eak In tru s io n . B o rn ite  is  r a r e .  M olybdenite  occurs w ith  

ch a lco p yrite , m ostly  in q u a rtz—su lfide  v e in le ts . The strongest m olyb­

denite m in e ra liza tio n  is at the m arg in  of the Squaw  P eak In tru s io n . 

P y rite  occurs ubiquitously w ith  cha lcop yrite  and m olybdenite in  q u artz  

ve in s , along fra c tu re s , and d issem inated in  m a fic  m asses . D is ­

sem inated su lfid e  m in e ra liza tio n  is s p a tia lly  re la ted  to m in e ra lize d  

frac tu re s  and ve in s . The existence o f c h a lc o p yrite , m o lybd en ite , and 

p y rite  w ith in  com m on veins suggests that re la tiv e  continuous su lfide  

m in e ra liza tio n  occu rred  in a s ing le  phase. No consistent c ro ss-cu ttin g  

vein re la tionsh ips a re  ap p aren t. M in o r am ounts o f go ld , s i lv e r ,  

tungsten, and rhenium  w e re  geochem ica lly  de term ined  to be present 

w ith in  the in n er zonal m in e ra liz a t io n . M a la c h ite , ch ry so co lla , a z u r ite , 

and an kerite  (? ) a re  present as secondary w eathering  products o f  

chalcop yrite  in a re la t iv e ly  shallow  zone of o x id a tio n . The oxidation  

zone v a rie s  in th ickness fro m  0 to 100 fe e t, usually  not exceeding 50 

fe e t. C halcoc ite  and fe rr im o ly b d ite  w ere  not observed to  be p re s e n t.

M o d era te  su lfide  m in e ra liza tio n  is  exposed in  a n o rth -tre n d in g  

zone ap p ro x im ate ly  1200 feet long and 800 feet w ide (F ig u re  2 , in  

pocket). T h e  c en te r o f th is  zone is  occupied by the Squaw  P eak  

In tru s io n . The Squaw P eak In tru sion  its e lf  is  su lfid e —d e fic ie n t, except
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at its  p e r im e te r , w h ere  a gradational contact w ith  the P re c a m b ria n  

g ran o d io rite  is abundantly m in e ra lize d  by up to 0 .8%  copper (F ig u re  

20 ) and 3-4%  p y r ite . M olybdenite is concentrated in  a reas  o f s tro n g e r  

frac tu rin g  n o rth , south, and southeast o f the Squaw  P eak In trusion  

(F ig u re  2 1 , p . 65 ). Thus a b a rre n  core  is  enveloped by a c h a lc o -  

p y rite -p y r ite -m o ly b d e n ite  assem blage w hich y ie ld s  outw ard to a 

p y rite -c h a lc o p y rite  assem blage (F ig u re  2 9 , p . 7 9 ). The su lfide  con­

tent is re la t iv e ly  low throughout the d ep o s it. Th e  p y r ite  halo com ­

m only associated w ith  southw estern p o rp hyry  deposits is  not evident 

at Squaw P eak , w h ere  p y r ite  seldom  exceeds tw o p e r cent by vo lu m e .

M in o r  s p h a le rite  occurs in a reas  o f s tro n g e r fra c tu re  den­

s ity . Z in c  in su rface  g eo ch em is try  is  c ru d e ly  haloed around the  

deposit (F ig u re  2 2 , p . 6 6 ). The z in c  concentrations appear to be 

s p a tia lly  m ore  re la ted  to the m olybdenum  than to  the copper m in ­

e ra liz a t io n .

A lte ra tio n  w ith in  the in n e r zone is c h a ra c te rize d  by p ervas ive  

s ilic if ic a t io n , q u artz  and q u a rtz -s u lfid e  ve in s , m oderate  to  strong  

s e ric it iz a tio n  o f fe ld s p a rs , secondary b io tite  m asses , lo ca l secondary  

orthoclase flood ing , and lo ca l c h lo ritiza tio n  and ep idotization  o f m a fic  

m in e ra ls . A  c e n tra l core  o f q u a r tz -s e r ic ite  and s tru c tu ra lly  

lo ca lized  q u a rtz—b io tite —o rth o c lase—s e ric ite  a lte ra tio n  is  surrounded  

by a zone o f q u a rtz —s e r ic ite  a lte ra tio n  (F ig u re  2 9 , p . 7 9 ).
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COrPCft G lO C H tM IC A l CONT OUR M A P  O f THE S QU AW  PEAK P O S P H T R V  D E P O S I T  

C O N T O U R  I N T U V A V  0 I X  <e

500 IOOOH.

F ig u re  2 0 . C opper S o il G eo ch em is try .
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F ig u re  21 . M olybdenum  S o il G e o c h e m is try .
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ZINC O fO C H fM IC A l CONTOUR MAP 

O f THE SOUAW PEAK DEPOSIT

CONTOUR INTERVAL lOOppmZn

____I -------1

F ig u re  22 . Z in c  S o il G eo ch em is try .

i
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Th e  Squaw Peak In tru sion  form s an ir r e g u la r  outcrop in  the  

center o f the deposit. A lthough much o f the su rface  exposure o f the  

in tru s ive  appears to be u n a lte re d , i t  is  d iffic u lt to d e te rm in e  the extent 

to which secondary effects  o f hydro th erm al a lte ra tio n  w e re  developed  

w ith in  the s to ck . T h e  p lag ioclase phenocrysts in  the Squaw Peak  

In trusion  a re  ty p ic a lly  w eak ly  to m o d era te ly  dusted by s e r ic ite  and 

som e kaolin  (? ). A lb ite  r im s  around p lag ioclase c ry s ta ls  a re  com m on  

(F ig u re  2 3 ). Q u artz  and o rthoclase  a re  m a jo r  constituents o f the ro c k , 

o ccu rrin g  as in te rlo c k in g , subhedral c ry s ta ls  in a c o arse ly  sucrose  

m a tr ix  (F ig u re  2 3 ). B io tite  is the only m a fic  m in e ra l in the Squaw  

Peak In tru s io n , although b io tite  r a r e ly  co m p rises  m o re  than five  p e r  

cent o f the ro c k . B io tite  occurs m eso scop ica lly  as co m p act, shiny  

crys ta ls  o r  "books" n o rm a lly  less than two m ill im e te rs  in  any  

dim ension .

Enveloping the Squaw P eak  In tru sion  is  a s m a ll,  n o rth -  

tren d in g , s u b -e llip t ic a l su rface  exposure o f q u a r tz -s e r ic ite ,  o r  

"p h y llic "  a lte ra tio n , c h a ra c te rize d  by abundant q u artz  veins and 

q u a rtz—s e r ic ite  veins and by p ervas ive  s e r ic it iz a t io n  o f fe ld s p a rs . 

P lag io c lase  is  the m ost susceptib le  m in e ra l to the s e r ic it iz a t io n .  

S e r ic ite  u su a lly  rep laces  40 to 80 percent o f the p lag ioc lase  in  the  

in n e r a lte ra tio n  zo n e. The lo ca l o r th o c la s e -b io t ite -s e r ic ite , o r  

"potassic" a lte ra tio n  is c h a ra c te rize d  by shreddy m asses o f fine  

grained b io tite  surrounded by in te rs t it ia l blebs o f anhedral o rth o c lase
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F ig . 2 3 . P lag ioclase C ry s ta l w ith  A lb ite  Reaction R im , in Squaw  
Peak In tru s io n .

Surrounded by qu artz  and K -fe ld s p a r. C rossed n ico ls , 
x 3 .5 .
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F ig u re  2 4 , and F ig u re  2 5 , p . 71 ). S u lfid e  m in e ra liz a tio n  is often  

s p a tia lly  associated w ith  the b io tite -o rth o c la s e  aggregates (F ig u re  2 4 ).

In the p o tass ica lly  a lte re d  P re c a m b ria n -g ra n o d io r ite  sec ­

ondary orthoclase  and b io tite  ty p ic a lly  occur as ir r e g u la r  patches o f  

in terlo ck ing  g ra in s . O rthoclase less com m only occurs in ve in le ts  

w ith  qu artz  and som etim es s e r ic ite  and su lfide  m in e ra ls . B io tite  in  

vein lets  is  r a r e ,  although elongate aggregates o f b io tite  a re  often  

localized  along m inute fra c tu re s .

P otass ic  a lte ra tio n  fea tu res  a re  p ro g re s s iv e ly  less abundant 

outward fro m  the Squaw P eak  In tru s io n . Flooding o f K -fe ld s p a r  

appears to be contro lled  la rg e ly  by fa u lts , and the d isappearance of 

fra c tu re -re la te d  secondary orthoclase  w ith in  the Squaw P eak a lte ra ­

tion  system  m ay never be a tta in ed . A  ce n tra l zone o f b io tite  s ta b ility  

and am phibole in s ta b ility  appears to be roughly coincident w ith  the  

in n e r zone o f a lte ra tio n . Ragged aggregates o f b io tite  g ra in s , how­

e v e r , g rad u a lly  decrease w ith  distance fro m  the Squaw  P eak In tru s io n  

as hornblende in c re a s es .

The tra n s itio n  fro m  predom inantly  potassic to  q u a rtz—s e r ic i te , 

o r  "p h y llic "  a lte ra tio n  in the g ran o d io rite  is  in d is tin c t. S e r ic it iz a t io n  

o f p lag ioclase in the p o tass ica lly  a lte red  g ra n o d io rite  is as strong o r  

s tro n g e r as in the p h y llic  zo n e . Q u a rtz , q u a r tz -s e r ic ite  and q u a r tz -  

s e r ic ite —su lfide  ve in le ts  g ra d u a lly  decrease  in abundance w ith  distance  

fro m  the Squaw P eak In tru s io n . The p r im a ry  d is tin c tio n  between
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F ig . 2 4 . P h o to m ic ro g rap h  o f D issem in a ted  S u lfid e s  in  a P o tas s ic  
A lte ra tio n  A s s e m b la g e .

B la c k  s u lfid e  g ra in s  a re  enveloped by an aggregate  o f 
b io t ite , K - fe ld s p a r , and q u a rtz  in a m a t r ix  o f s e r ic it iz e d  
p lag io c lase  and q u a r tz .  S p ec im e n  fro m  p o ta s s ic a lly  
a lte re d  P re c a m b r ia n  g ra n o d io r ite . P lan e  lig h t , x 3 . 5 .
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F ig .  2 5 . An E longate B io tite  A g gregate  A ccom panied  by S e co n d a ry  
O rth o c la s e .

O rth o c la s e  is  s ta ined  y e llo w . A g g reg ate  is  su rro u n d ed  
by q u a rtz  and p la g io c la s e . F ro m  p o ta s s ic a lly  a lte re d  
P re c a m b r ia n  g ra n o d io r ite . P lane  lig h t , x  1 0 .
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potassic and p h y llic  a lte ra tio n  in  the g ran o d io rite  is the lack  o f  

secondary o rthoclase and less common occurren ce  o f shreddy b io tite  

m asses in the p h y llic a lly  a lte re d  ro c k .

P r im a ry  b io tite  in  the g ran o d io rite  appears to be unstable in 

the in n er a lte ra tio n  zone, o ccu rrin g  as la rg e  corroded  c ry s ta ls  p a r t i­

a lly  rep laced by s e r ic ite  (F ig u re  2 6 ). S econdary  shreddy b io tite  is  

m ore p revalen t in  the in n e r zone. The secondary b io tite  m ay have 

resu lted e n tire ly  fro m  rep lacem ent o f o th er m a fic  m in e ra ls , p r in c i­

p a lly  hornblende, by b io tite  and subsequent m ig ra tio n  o f the b io tite  

through fra c tu re s  and pore spaces in the g ra n o d io r ite .

A lb it iz a tio n , a com m on fea tu re  o f the in n e r zon e, is  developed  

both in the Squaw  Peak In tru s ive  and in  the P re c a m b ria n  g ra n o d io r ite . 

P lag ioc lase  fe ldspars  a re  often a lb itized  around the edges o f c r y s ta ls . 

M o re  com m only , the a lb ite  occurs in tin y  q u a r tz -a lb ite  v e in le ts , w ith  

a lb itiza tio n  developed in p lag ioclase cut by the v e in le ts . T ra c e  

amounts o f anhydrite  and m agnetite  occur w ith in  the in n er a lte ra tio n  

zo n e .

V e r t ic a l a lte ra tio n  changes a re  o b scu re . No substantia l v a r i ­

ations in a lte ra tio n  appear to ex is t w ith  depth; h o w ever, a few  deeper  

holes in  the deposit d isplayed w eak c h lo r it ic  a lte ra tio n  o f secondary  

b io tite , suggesting that potassic—p h y llic  a lte ra tio n  assem blages m ay  

y ie ld  to p ro p y litize d  ro ck  at g re a te r  depths . Th e  c h lo rite  m ay o th e r­

w ise rep resen t a la te —stage p ro p y lit ic  a lte ra tio n  p h ase.



F ig u re  2 6 . P h o to m ic ro g rap h  Showing Tw o M odes o f B io tite  in  
A lte re d  P re c a m b ria n  G ra n o d io r ite .

A  shreddy secondary  (? ) b io tite  c ry s ta l is  at the upper 
le f t ,  in c o n tra s t to  the la r g e , co rro d e d  p r im a ry  (? ) 
c ry s ta l at the lo w e r r ig h t .  S u rro u n d ed  by s e r ic it iz e d  
p lag io c lase  and q u a rtz . P lane lig h t , x 3 . 5 .
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D issem in ated  su lfid e  m in e ra liza tio n  is  d is tin c tly  re la ted  to  

aggregates o f m a fic  m in e ra ls . Ir re g u la r  m asses o f p y r ite , c h a lc o - 

p y r ite , and m olybdenite  a re  com m only contained w ith in  o r  a re  p e rip h ­

e ra l to shreddy aggregates o r  s ing le  g ra ins  o f b io tite  o r  c h lo rit iz e d  

b io tite . T y p ic a lly , the su lfide  m in e ra liz a tio n  fo rm s  the c e n tra l co re  

of the a lte ra tio n  assem blage composed o f v a r ia b le  am ounts o f b io tite , 

c h lo rite , epidote—z o is ite , o rth o c las e , and c a lc ite  (F ig u re  2 4 , p . 70 , 

and F ig u re  2 7 ). A p a tite , an ubiquitous constituent o f the P re c a m b ria n  

g ra n o d io rite , exh ib its  a m arked  a ffin ity  fo r  re c ry s ta lla t io n  w ith in  o r  

around the m a fic  a lte ra tio n  assem b lag e . A lthough the d issem inated  

sulfides a re  a lm o st a lw ays s p a tia lly  associated w ith  th is  assem b lag e , 

the sulfides a re  not essen tia l fo r  the fo rm atio n  o f the m a fic  a lte ra tio n  

c lo ts .

D issem in ated  su lfid e  m in e ra liz a tio n  in  the in n e r zone is  out­

w a rd ly  succeeded by v e in -re la te d  m in e ra liz a t io n . C h a lco p yrite  is  

ty p ic a lly  developed in  q u a r tz , q u a r tz -o r th o c la s e , o r  q u a r tz -s e r ic ite  

veins as anhedra l patches, usu a lly  elongate in the s tr ik e  d ire c tio n  o f  

the v e in . S u b h ed ra l to euhedral p y rite  and curved p lates o r  p o o rly  

developed ro s e tte —shaped aggregates o f m o lyb d en ite , a re  com m on con­

stituents o f q u a rtz -c h a lc o p y rite  v e in s , although m olybdenite  appears to  

be s p a tia lly  m o re  re la te d  to  ch a lco p yrite  than to  p y r ite . M a fic  a lte ra ­

tion patches in the w a llro c k  o f the s u lfid e -b e a rin g  ve ins  a re  susceptib le  

sites  to su lfid e  m in e ra liz a t io n .
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F ig u re  2 7 . A m p h ib o le  C ry s ta l R ep laced  by C h lo r ite ,  C a lc ite ,  and 
E p id o te .

S u rro u n d ed  by q u a r tz ,  K - fe ld s p a r ,  and p la g io c la s e . 
P la g io c la s e  is dusted by fine  g ra in ed  s e r ic ite  and 
k a o lin ite . F ro m  p ro p y litiz e d  P re c a m b ria n  g ra n o -  
d io r ite ,  d r i l l  hole D D H  1 3 . C ro s sed  n ic o ls , x  3 . 5 .
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O u ter Zone A lte ra tio n  and M in e ra liz a tio n

Enclosing and overlapping the in n e r a lte ra t io n -m in e ra liz a t io n  

zone is  a la rg e  "p ro p y litize d "  a re a  containing a q u a r tz -c h lo r ite -  

e p id o te -o rth o c la s e -c a lc ite  assem blage and w eak  su lfid e  m in e ra liza tio n  

w hich is  confined p r im a r ily  to  veins and fra c tu re s  w hich s tr ik e  p re ­

dom inantly  northw est and dip s teep ly  southw est. T h is  zone is a 

m axim u m  o f 4600 feet long in a n o rth -n o rth w est d ire c tio n , and up to  

2500 feet w id e . S p arse  q u a rtz -c h a lc o p y rite  o r  q u a r tz -c h a lc o p y r ite -  

m olybdenite veins occur in a 1500 foot by 3500 foot a re a  w ith in  the  

zo n e . Th e  Squaw P eak In trusion  is  at the southeastern  end o f the  

o u ter zo n e .

Th e  coincident occu rren ce  o f su lfide  m in e ra liz a tio n  w ith  

a lte ra tio n  does not appear as g e n e ra lly  in  the o u te r zone as in the  

in n er zo n e. A lthough the q u a rtz -s u lfid e  veins o ccu r w ith in  the sam e  

a re a  as the q u a rtz -e p id o te -o rth o c la s e  ve in s , su lfide  and a lte ra tio n  

m in e ra liz a tio n  a re  not n e c e s s a rily  present in  the sam e v e in . T yp ica l 

a lte ra tio n  veins a re  composed o f q u artz  and e pi dote w ith  an a lte ra tio n  

envelope o f s a lm o n -co lo red  K—fe ld s p a r . C a lc ite  is  p resen t in the  

w a llro c k  as th in  film s  on m ic ro fra c tu re s . Th e  e n tire  assem blage  

seldom  p ers is ts  o v e r a w idth o f five  inches. The o u te r assem blage  

veins occur w ith in  the frin g es  o f the in n er a lte ra tio n  zon e, as close as 

250 feet fro m  the Squaw P eak In trusion o u tc ro p .
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Local a reas  o f pervas ive  c h lo rit iz a tio n , c a lc it iz a t io n , and 

ep idotization  o f am phibole and b io tite  occur in the o u te r zone in  m o re  

s tro n g ly  frac tu re d  ro c k . L o ca lly  p ervas ive  e p id o te -c h lo r ite -c a lc ite  

a lte ra tio n  o f am phibole (F ig u re  2 7 , p . 75) and b io tite  and s e r ic it iz a tio n  

of p lag ioclase fe ld sp ar (F ig u re  2 8 ) p e rs is t to depths o f o v e r 1000 feet 

in d r i l l  core  fro m  the northw est s ide o f the Squaw  P eak depo sit. 

Epidote is flooded up to a w idth  o f s e v e ra l c en tim e ters  and is s p a tia lly  

associated w ith  lo c a lly  com plete c h lo r ite -c a lc ite  a lte ra tio n  o f am phi­

bole and b io tite  (F ig u re  2 7 , p . 7 5 ). S e r ic ite  is a com m on a lte ra tio n  

product o f p lag ioclase in the  p ro p y litize d  a r e a s , but the p lag ioclase is  

seldom , m o re  than one—th ird  rep laced  by s e r ic ite  in  the o u te r zo n e .
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F ig u re  2 8 . Q u a rtz -E p id o te  V e in  in R re c a m b ria n  G ra n o d io r ite .

Ep idote  and z o is ite  a re  rep lac in g  p la g io c la s e . S o m e o f 
the d a rk e r  g ra in s  at lo w e r le ft  a re  p y r ite .  S p ec im e n  
fro m  d r i l l  c o re  in DDH 1 3 . C ro ssed  n ic o ls , x 1 0 .



A L T E R A T IO N PO TA S S IC P H Y L L IC P R O P Y L IT IC

P r im a ry
m in era ls :
quartz
plagiociase
orthoclase
biotite
hornblende

M a jo r a ltera tio n  assem ­
blage:

q u artz  (flooded, veins) 
biotite  (secondary in te r­

s tit ia l masses and 
re p l. amphibole) 

orthoclase (ve ins, re p l. 
plagiociase)

s e ric ite  (re p l. p lagiociase, 
ve ins).

M in o r a ltera tion  m in era ls : 
apatite , anhydrite , ch lorite

M a jo r a lte ra tio n  assem ­
blage:

s e ric ite  (ve ins, re p l.
plagiociase) 

qu artz  (ve ins, flooded)
Py (with quartz ve ins , 

dissem inated).
M in o r a lteration  m in era ls : 
b io tite , apatite

M a jo r a ltera tion  assem ­
blage:

epidote, zo is ite  (ve ins, 
re p l. m afics and 
plagiociase) 

ch lorite  ( r e p l. m afics , 
veins)

K -fe ld sp ar (envelopes on 
quartz-cp idote veins) 

calc ite  (ve ins, re p l. 
m afics ).

M in o r a lte ra tio n  m in era ls : ' 
s e r ic ite , apatite

S u lfide
M in era ls

Cpy py mb py cpy m oly py cpy moly

A - C - K - F
D iagram s

A  = A I2O3 
C ~~ CaO  
K = K20  
F  = FeO , MgO

A ,
scr onh.op

•'^~Kspar

bt - ^ x j > ^ < h l o r
p----"—cpy. py. mb

A

K \  /  c

jr— — py.cpy.mb

KC^Kjpar 3«C ^

p ---- py.tpy, mb

R em arks
Enclosed in phyllic  zone. 
C hlo rite  possibly a  la te -  
stag c o ve rp rin t.

Overlaps potassic zone. S trong ly  v e in -co n tro lled . 
W eak pervasive c h lo r it iz a -  
tion of m afics ,

F ig u re  29 , S um m ary  o f A lte ra tio n  Types in P recam b rian  G ranodiorite



C H A P T E R  6

IN T E R P R E T A T IO N

The sp a tia l and g e o m e tric a l association o f the m in e ra liza tio n  

and a lte ra tio n  w ith  the Squaw Peak In trusion  indicate that i t  is respon­

s ib le  fo r  the Squaw P eak deposit and suggest that the presum ption that 

the m in e ra liza tio n  is  P re c a m b ria n  is in c o rre c t . L o c a lly  p ervas ive  

and fra c tu re -re la te d  a lte ra tio n  and m in e ra liza tio n  w e re  introduced into  

the P re ca m b ria n  g ran o d io rite  in response to the th e rm a l effects  o f the  

Squaw P eak In tru s io n . O verlapping o f the a lte ra tio n  zones ind icates a 

gradational decrease  in h yd ro th erm al a c tiv ity  w ith  t im e  and space. 

W e a k , s tru c tu ra lly  lo ca lized  potassic a lte ra tio n  fea tu res  suggest a 

low K+ a c tiv ity  in th e rm a lly  d riv e n  solutions surround ing  the Squaw  

P eak In tru s io n . Im p rin tin g  o f p ro p y litic  ve in  assem blages upon the  

in ner a lte ra tio n  assem blage indicates that w eak th e rm a l a c tiv ity  p e r­

s is ted  a fte r  the m ain  m in e ra liz in g  event.

Th e  lack  o f s tro ng ly  pervas ive  m in e ra liz a tio n  and a lte ra tio n  

in the Squaw  P eak system  m ay be due to the fa ilu re  o f h yd ro th erm al 

solutions to fre e ly  c irc u la te . The Squaw Peak In tru s io n  m ay have 

been in truded in  a re la t iv e ly  anhydrous s ta te , th e reb y  preventing  

extensive crack ing  and fra c tu rin g  in the host rocks (B u rn h am , 1967 ). 

High fra c tu re  densities  a re  observed around the edges o f the Squaw

80
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P eak In tru s io n , but the extensive shatte ring  ty p ic a l o f productive  

porphyry  copper deposits was not achieved a t Squaw  P eak . T h e  b ro ad , 

a lb e it w eak , p ro p y litic  zone extending northw ard  fro m  the Squaw Peak  

deposit m ay be a ttrib u ted  to  g re a te r  s tru c tu ra l a c c e s s ib ility  tow ard  the  

P re ca m b ria n  g ra n o d io rite -m eta v o lca n ic  co n tac t. A  n o rth -n o rth w est  

p re -m in e ra liz a tio n  s tru c tu ra l g ra in  fa c ilita te d  the m ig ra tio n  o f h y d ro -  

th e rm a l flu ids tow ard  the contact.

Th e  m in e ra lize d  zone at Squaw P eak appears to  resem b le  a 

s teep -s ided  bowl in c ro s s -s e c tio n  (F ig u re  4 , in  pocket). T h e  0 .1%  

copper " s h e ll” is  a p p ro x im ate ly  4200 feet long in  a n o rth -n o rth ­

w estw ard d ire c tio n , 1900 feet w ide in  an e a s t-n o rth eas tw ard  d ire c tio n , 

and 900 feet deep at the c en te r o f the d e p o s it. In o rd e r  to es tim ate  the  

o rig in a l dim ensions o f the Squaw Peak deposit, an analogy is  draw n to  

the San M a n u e l/K a lam a zo o  orebody described by L o w ell and G u ilb ert  

(1970 ). The S an  M an u e l/K a lam azo o  orebody is  c y lin d r ic a l in  shape,

+ 8000 feet h igh, and 2500 -5000  feet w ide (L o w e ll and G u ilb e r t, 1970) 

w ith  a p p ro x im ate ly  a 2:1 height to w idth r a t io . In a cross section  

n o rm al to the dom inant s tru c tu ra l g ra in  o f the Squaw  P eak a re a , the  

Squaw P eak deposit is  1500 fee t w id e . A ssum ing a c y lin d r ic a l shape 

and a 2:1 ra tio  o f h e ig h t/w id th  fo r  the o rig in a l Squaw  P eak depo sit, 

o ver 2000 feet o f the m in e ra lize d  body m ay have been e ro d e d . E s ti­

m ates o f the o r ig in a l s iz e  o f the Squaw P eak deposit a re  e x tre m e ly  

sp ecu la tive . Th e  deposit bears  num erous s im ila r it ie s  to those o f
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documented porphyry  copper-m olybdenum  d epo sits , as w e ll as s e v e ra l 

deviations fro m  the " typ ica l"  porphyry  deposit. The gross s im ila r it ie s  

and d is s im ila r it ie s  m ay help in te rp re t the nature  o f the Squaw Peak  

m in e ra liz a t io n . Th e  e r r a t ic  in ten s ity  and extensiveness o f the m in ­

e ra liz a tio n  and a lte ra tio n  at Squaw P eak a re  ty p ic a l o f s m a lle r  p o r­

phyry occurrences (G u ilb ert and L o w e ll, 1974 ). Th e  la te ra l a lte ra tio n  

sequence in the Squaw  P eak deposit— grading outw ard fro m  p o ta s s ic / 

ph yllic  to p h y llic  to p ro p y litic  a lte ra tio n — g e n e ra lly  c o rre la te s  w ith  

the a lte ra tio n  schem e o f the San M an u e l/K a lam azo o  orebody presented  

by Low ell and G u ilb e rt (1 9 70 ). The obvious deviations fro m  the San  

M a n u e l/K a lam azo o  m odel a re  the low pervasiveness o f m in e ra liza tio n  

and a lte ra tio n  and the much s m a lle r  s ize  o f the Squaw P eak d ep o s it.

Th e  p e rip h e ra l q u a rtz -c h lo r ite -e p id o te -o rth o c la s e -c a lc ite  

assem blage o f the Squaw P eak deposit bears a strong s im ila r i ty  to the  

ou ter a lte ra tio n  zones o f deeper portions o f o th e r po rp h yry  copper 

o reb o d ies . A  p e rip h e ra l q u a r tz -K -fe ld s p a r-e p id o te -c h lo r ite  assem ­

blage exists  at depth in  po rp hyry  copper deposits a t S ie r r i t a ,  A rizo n a  

and B eth leh em , B r it is h  C olum bia  (G u ilb e rt and L o w e ll, 1974 ). A t 

Squaw P e a k , h o w ever, the p ro p y litic  a lte ra tio n  is re s tr ic te d  p r im a r ily  

to fra c tu re s , fu rth e r  suggesting that the Squaw  P eak deposit was 

o rig in a lly  a s m a ll s y s te m . x

L a te ra l and v e r t ic a l zoning o f the m in e ra liz a tio n  at Squaw  

Peak also im p ly  that the deposit is  m o d era te ly  to  deeply e ro d ed . The
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zin c  m in e ra liza tio n  is haloed around the strongest copper concentration  

(F ig u re  22 , p . 6 6 ), a c h a ra c te r is tic  o f ou ter m in e ra liza tio n  assem ­

blages (L o w e ll and G u ilb e rt, 1970 ). The M o:Cu ra tio  at Squaw  Peak  

appears to in crease  and s ta b ilize  w ith  depth. It  has been noted (L o w e ll 

and G u ilb e rt, 1970) that the highest m olybdenum  contents o f porphyry  

deposits a re  concentrated in  the c en te r o r  lo w e r portion  o f the deposit.

In  s u m m a ry , the lack  o f extensive and p ervas ive  a lte ra tio n  

and frac tu rin g  at Squaw P eak indicate that the system  fa iled  to develop  

to the extent that is observed in  m ost productive p o rp h yry  s y s te m s . 

M in e ra l assem blages and la te r a l-v e r t ic a l zoning o f these assem blages, 

how ever, a re  typ ic a l o f m ost porphyry  deposits in g ra n itic  host ro c k s . 

Th e sp a tia l fea tu res  o f the m in e ra liza tio n  and a lte ra tio n  at Squaw  Peak  

suggest that the deposit is a m o d era te ly  to deeply eroded rem nant o f a  

s m a ll L a ra m id e  p o rp hyry  s y s te m .

Genesis o f the Squaw Peak Deposit 

A tten tion  in th is  study has centered on aspects o f the m in ­

e ra liza tio n  and a lte ra tio n  zoning at Squaw P e a k . In the lig h t o f recent 

studies o f p o rp hyry  copper d epo sits , som e g en era l th e o re tic a l in te r ­

pretations a re  m ade w ith  re fe re n c e  to the Squaw  P eak deposit.

O bservation  o f re la t iv e ly  uneroded po rp hyry  system s  

(S il l ito e , 1973) ind icate  that p o rp h y ritic  bodies associated w ith  po r­

phyry copper system s a re  em placed at re la t iv e ly  sha llow  depths. The



84

Squaw P eak In tru sion  at its  present exposure probab ly  rep resen ts  a  

surface  about 2500 to 3000 feet below the L a ra m id e  s u rfa c e , assum ing  

a P a leozo ic  and M esozo ic  depositional h is to ry  in fe rre d  by M cK ee  

(19 51 ). A  sudden drop in w a te r  p ressu re  in the Squaw  P eak  In tru sion  

m agm a as it  neared the su rface  is  probably responsib le  fo r  the  

c ry s ta lliza tio n  o f a fine g ra ined  groundm ass (F o u rn ie r , 1968 ). 

G radational contacts between the Squaw  P eak In tru s io n  and the P re — 

cam b rian  g ra n o d io rite , the presence o f p o rp h y rit ic  q u artz  m onzonite  

d ik e s , and the re la tiv e  lack  o f b recc ia tio n  s e rv e  to ind icate  that the  

Squaw P eak In tru sion  was pass ive ly  in truded into the g ra n o d io rite .

A  s m a ll portion  o f fo rc e fu lly  re leased  res id u a l m ag m atic  flu ids  m ay  

have created  the g ra n itic  sh e a r zones and the pebble dike a t the Squaw  

Peak deposit and caused som e shattering  as they invaded s tru c tu ra lly  

w eak zones at the P re c a m b ria n  g ra n o d io rite -m eta v o lca n ic  co n tac t.

Th e  in n e r zone o f the Squaw P eak deposit is c h a ra c te rize d  by 

q u a r tz -s u lf id e -s e r ic ite  v e in le ts , by s e r ic it iz a t io n  o f p lag io c lase , and 

by poorly  developed secondary b io tite -o rth o c la s e  a lte ra t io n . Lead and 

s u lfu r isotope d a ta , as w e ll as zon ing , suggest th a t o re  flu ids involved  

in porphyry  copper fo rm atio n  t ra v e l outw ard fro m  the p o rp h yry  at high  

K + /h + ra tio s  in the potassic fie ld  (R o se , 19 70 ). H yd ro th e rm a l a lte r a ­

tion  in s ilic a te  rocks is  co n tro lled  by v a ria tio n s  in  the m e ta l /H + ra tio  

in the o re  so lu tio n , and g e n e ra lly  proceeds in  the d ire c tio n  o f hydro ly ­

s is  , consuming H *  ions and re leas in g  m eta l cations to  the solution
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(H em ley  and Jones, 1964 ). Low a c tiv ity  o f K *  at Squaw P eak m ay  

have resu lted  in a low K+/H ^ ‘ ra t io , thereby  prom oting s e r ic it iz a t io n .  

F ine  grained s e r ic ite  a lte ra tio n  extends w e ll into the p ro p y litic  zone 

at Squaw P e a k , a com m on fea tu re  o f porphyry  system s (G u ilb e rt and 

L o w e ll, 1974).

The highest copper content o f porphyry  deposits n o rm a lly  

occurs w ith in  the b io tite -o rth o c la s e  zone o r  at its  o u te r b o rd ers  w ith  

q u a r tz -s e r ic ite  a lte ra tio n  (R o se, 19 70 ). G eologic and e x p erim en ta l 

data suggest that m eta ls  in  m ost o re  deposits a re  tran sp o rted  as 

ch lo ride  com plexes stable  in the presence o f su lfide  (W h ite , 1968 ). 

M ixin g  o f o re  flu ids w ith  cool m e te o ric  w a te r  m ay bring  the solution  

into the q u a r tz -s e r ic ite  s ta b ility  range and cause su lfide  p rec ip ita tio n  

(R ose, 19 70 ). These th eo ries  m ay be app licab le  to  the Squaw Peak  

deposit, w h ere  the bulk o f the su lfide  m in e ra liza tio n  is w ith in  the  

ph y llic  zone and w h ere  the strongest copper and m olybdenum  values  

occur n ear the p o ta s s ic -p h y llic  a lte ra tio n  in te r fa c e .

T h e  re la tiv e  absence o f a r g i l l ic  a lte ra tio n  at Squaw P eak m ay  

be due to a lack  o f in te rac tio n  o f groundw ater w ith  the o re -fo rm in g  

f lu id s . The w eak c lay  a lte ra tio n  w hich does ex is t at Squaw Peak  

appears to be the rep lacem en t o f p lag ioclase by kao lin ite  ra th e r  than  

by m o n tm o rillo n ite , suggesting a low Na+/ H + ra tio  (H e m le y , M e y e r ,  

and R ic h te r , 1961 ).
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The o u te r a lte ra tio n  zone at Squaw P eak is  c h a ra c te rize d  by 

a m o d era te ly  w idespread  but c e rta in ly  not in tensive q u a rtz -e p id o te -  

c h lo r ite -o rth o c la s e -c a lc ite  assem blage. The H"*" ion consumed in the  

e p id o te -ch lo rite  rep lacem ent o f p lag ioclase m ay have s u ffic ie n tly  in ­

creased the ra tio  to produce orthoclase envelopes around the

q u artz -ep id o te  v e in s .

The w eak m in e ra liza tio n  and a lte ra tio n  at Squaw P eak m ay  

re fle c t the s m a ll s ize  of the Squaw Peak In tru s io n . D r i ll in g  and geo­

logic mapping indicate that the Squaw Peak In tru sion  is a re la t iv e ly  

s m a ll plug w hich does not appear to expand w ith  depth. S ta t is t ic a lly ,  

productive porphyry  copper deposits a re  associated w ith  la rg e  p o r­

phyry in trusions (S tr in g h a m , 1966 ).

Th e  chem ica l s im ila r ity  between the Squaw P eak In trusion  

and the P reca m b ria n  g ra n o d io rite  c e rta in ly  prom oted a re la t iv e ly  

subtle a lte ra tio n  change in the g ra n o d io rite ; w ith  the a lte ra tio n  

expressed m ost ex ten s ive ly  in v e in s , p a r t ic u la r ly  in the o u te r zone.

In porphyry  system s in which the p re -p o rp h y ry  rocks a re  the m a jo r  

hosts fo r  a lte ra tio n , the degree o f a lte ra tio n  depends heav ily  upon the  

d ise q u ilib riu m  between the a lte r in g  flu id  and the host ro ck  (T it le y ,  

1972).
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C om parison to P o rp h yry  Deposits o f the P resco tt A re a  

T h e  nearest occurrences o f porphyry  copper m in e ra liza tio n  

a re  about 40 m ile s  w est o f Squaw Peak at Copper B as in , C opper 

C re e k , and P ine F la t in Y avap a i C ounty. Although the deposits v a ry  

w ith  reg ard  to s iz e , host ro c k s , types and extent o f a lte ra t io n , and 

m any o ther fa c to rs , a few unifying c h a ra c te ris tic s  do appear to e x is t.

Copper B a s in . Phelps Dodge's C opper B asin  orebody, 

ap p ro x im ate ly  five  m ile s  southwest o f P re s c o tt, is by fa r  the la rg e s t  

porphyry  copper deposit in  the a re a  and is  the only eco nom ica lly  

m ineable deposit at the t im e  o f th is  w r it in g . The la te ra l dim ensions  

of the C opper B asin + 0 .1  p er cent Cu a re a  a re  about 1000 by 4000 feet 

(C h ris tm a n , 1975 ), about eight tim e s  la rg e r  than the +0.1  p er cent Cu 

area  exposed at Squaw P eak (F ig u re  2 0 , p . 6 4 ).

A t C opper B as in  P re c a m b ria n  g ra n o d io rite  and a L a ra m id e  

qu artz  m onzonite stock a re  in truded by a L a ra m id e  la tite  po rp hyry  

plug and associated p o rp h y ritic  d ik e s . T w e n ty -fiv e  co llapse b recc ia  

pipes outcrop and appear to  coalesce w ith  depth (C h ris tm a n , 1975). 

A lte ra tio n  is  c h a ra c te rize d  by a potassic assem blage o f p ervas ive  

q u a rtz , K -fe ld s p a r , and s e r ic ite ,  a ph y llic  assem blage o f pervas ive  

s e r ic ite  and q u a rtz , and a broad p ro p y litic  assem blage o f c a lc ite , 

c h lo r ite , and epidote w hich is  im p rin ted  upon the e a r l ie r  potassic  and 

ph y llic  a lte ra tio n  (C h r is tm a n , 1 9 75 ). B io tite  is  the only s tab le  m afic  

m in e ra l w ith in  about 3000 feet o f the c en te r o f the d epo sit, except
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w here i t  has been rep laced by s e r ic ite  (C h ris tm a n , 1 9 75 ). C h a lc o -  

p y rite  follow ed by m olybdenite a re  the m a jo r econom ic m in e ra ls , and 

a re  associated w ith  the potassic and p h y llic  a lte ra tio n  s tag es . B o rn ite  

is r a r e .  Gold m ay be anom alous in the o reb o d y . S u lfid e  m in e ra liz a ­

tio n  is dom inantly  in  v e in s . F o rm atio n  o f the co llapse  b recc ias  p r e -  

ceeded the bu lk  o f the su lfide  m in e ra liz a tio n , and probab ly  enhanced 

the p e rm e a b ility  o f the host rocks (C h ris tm a n , 1975 ).

Copper C re e k . Less in fo rm atio n  is  a v a ila b le  concerning the  

porphyry  occurren ce  at C opper C re e k , about ten m iles  south o f  

P re s c o tt, than fo r  the o th er deposits . P re ca m b ria n  g ran ite  and a p lite  

a re  in truded by a L a ra m id e  (? ) la tite  o r  fine  gra ined q u artz  m onzonite  

porphyry  dike com plex in a h ighly p y r it ic  system  o f about 5000 feet by 

2500 fe e t .

Th e  L a ra m id e  (? ) dikes at C opper C re e k  contain im p re s s iv e  

stockw ork ve in le ts  o f q u artz  w ith  p y r ite , ch a lco p yrite , and m olyb­

d en ite , w ith  v e ry  l i t t le  d issem inated  s u lfid e . Local su lfide  m in e ra li­

zation occurs in the P re c a m b ria n  g ra n ite , m o s tly  as d issem inations  

x o f p y rite  and c h a lc o p y rite . B o rn ite  again is r a r e .  S p o tty  secondary  

chalcopyrite  m in e ra liza tio n  is  exposed. A lte ra tio n  o f the dikes is  

c h a rac te rize d  by a rg ill iz a t io n  and s e r ic it iz a tio n  o f fe ld sp ars  and c la y -  

s e r ic ite  a lte ra tio n  o f the groundm ass. T h e  P re c a m b ria n  g ra n ite  is  

p ro p y litized  by a c h lo rite -e p id o te  assem blage w hich rep laces  m a fic
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m in e ra ls  and cuts the ro c k  in v e in le ts . T h e re  appears to  be an 

undeterm ined a re a  o f b io tite  s ta b ility  in the g ra n ite .

P ine F la t . The Pine F la t porphyry  copper o c c u rren ce , about 

12 m iles  southeast o f P re s c o tt, contains a p p ro x im ate ly  20 m illio n  tons 

averaging 0 .3 6  p e r cent copper w ith  m in o r m olybdenum , go ld , and 

s ilv e r  (S p a tz , 1974 ). P re c a m b ria n  m etam orphosed rocks a re  in truded  

by a L a ra m id e  (? ) q u artz  la tite  porphyry  co m p lex . S u b stan tia l co l­

lapse and in tru s ive  b recc ia ted  preceeded m ost o f the m in e ra liz a t io n .

C opper is  concentrated in brecc ias  and is associated w ith  a 

m ain -s tag e  a lte ra tio n  phase c h a rac te rize d  by K -fe ld s p a r  v e in le ts , 

shreddy secondary b io tite , and s e r ic it iz a t io n  o f p lag ioclase (S p a tz , 

1974 ). The m a jo r  econom ic m in e ra ls  a re  ch a lco p yrite  and m olyb­

den ite . B o rn ite  is  r a r e .  A  q u a r tz -s e r ic ite -p y r ite  a lte ra tio n  zone  

encloses a c e n tra l potassic a lte ra tio n  zone. N e a r-s u rfa c e  copper 

values o f 40 .1  p er cent a re  in  a s u b -c irc u la r  zone ap p ro x im ate ly  

1000 feet by 900 feet (S p a tz , 1974). As at Squaw  P eak , a poorly  

defined p ro p y litic  zone at P ine F la t is c h a rac te rize d  by a vein  assem ­

blage o f q u a r tz -c a lc ite -c h lo r ite -p y r ite -K -fe ld s p a r -e p id o te  w ith  m in o r  

cha lcop yrite  and by w eak , pervas ive  c h lo ritiza tio n  o f m a fic  m in e ra ls . 

A lso  like  Squaw P e a k , P ine F la t appears to be a re la t iv e ly  deeply  

eroded rem nant o f a la rg e r  p o rp hyry  copper system  (S p a tz , 1974 ).

S u m m a ry  o f P o rp h yry  D eposit F ea tu res  o f Squaw  Peak  

R eg io n . T h e  p o rp hyry  occurren ces in the P re sc o tt a re a  b e a r s e v e ra l
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possibly s ig n ifican t c h a ra c te r is tic s  which a re  s im ila r  to fea tu res  

found at Squaw P e a k . These include: (1 ) a substantia l m olybdenum  

content; (2) possib ly anom alous gold concentrations, at leas t at 

Copper B as in , P ine F la t ,  and Squaw Peak; (3 ) a re la t iv e ly  high  

ch a lco p yrite ib o rn ite  ra tio ; (4 ) a c e n tra l zone o f b io tite  s ta b ility ,  

g e n e ra lly  coincident w ith  h igher grade a lte ra tio n  and m in e ra liz a t io n , 

the s ize  o f w hich v a rie s  p ro p o rtio n a te ly  to the s ize  o f the deposit; and 

(5 ) in the cases o f C opper B as in , P ine F la t ,  and Squaw  P eak , a 

genera l a lte ra tio n  schem e w hich grades ou tw ard ly  fro m  q u a r tz -K -  

fe ld sp ar to q u a r tz -s e r ic ite  to c h lo r ite -e p id o te -c a lc ite  a lte ra tio n  

assem b lag es . The sp a tia l geochem ical re la tio n sh ip s  at P ine F la t and 

Squaw P eak a re  m ost s im i la r ,  w ith  a c e n tra l, re la t iv e ly  b a rre n  core  

succeeded by highest copper values w hich then y ie ld  to  h igher p y rite  

and g rad u a lly  decreasing  co p p er. The porphyry  occurren ce  at C opper 

C re e k  bears  only a few featu res  found at the o ther th re e  deposits . The  

s ize  o f the L a ra m id e  in trusions and the m u lti-p h ased  potassic and 

p h yllic  a lte ra tio n  at C opper B asin m ay be s ig n ifican t fro m  an econom ic

standpoint.



C H A P T E R  7

E X P L O R A T IO N  P O T E N T IA L

C u rre n t in fo rm atio n  indicates a p o rp hyry  copper-m olybdenum  

deposit o f low tonnage and grade at Squaw P e a k . E xp lo ita tio n  o f the  

Squaw P eak deposit is  subject to fu ture  econom ic c irc u m sta n c e s . 

Geologic and d r illin g  data have defined a s te ep -s id e d , bow l-shaped  

m in e ra lize d  zone and suggest that s ig n ifican t copper m in e ra liz a tio n  

te rm in a tes  both la te ra lly  and at depth. W eak copper and m olybdenum  

m in e ra liza tio n  p e rs is t northw estw ard  fro m  the deposit to the contact 

of the g ran o d io rite  w ith  the m eta v o lca n ic s . W eak s e r ic it iz a t io n  o f 

fe ld sp ar extends o v e r 1000 feet below the su rface  in  P h illip s  P e tro leu m  

d r i l l  holes 13 and 14 (F ig u re  2 , in pocket). The s tru c tu ra lly  w eak  

n o rth w est-tren d in g  zone provides the m ost favo rab le  s ite  fo r  igneous 

a c tiv ity  at depth in the Squaw  P eak v ic in ity ; how ever, the w eak a lte ra ­

tion  and m in e ra liza tio n  probably re fle c t the s tru c tu ra l co n tro l o f the 

p re -m in e ra liz a tio n  fra c tu re  pattern  upon the Squaw  P eak s y s te m .

A  n o rth w est-tren d in g  fau lt w hich post-dates the Squaw P eak  

In trusion  cuts the deposit ap p ro x im ate ly  in h a lf (F ig u re  4 , in pocket). 

Both a lte ra tio n  and m in e ra liza tio n  a re  s tro n g e r at depth on the south­

w est side o f th is  fa u lt , suggesting that the fau lt has low ered  the  

southw estern portion o f the deposit. A  s m a ll vo lum e o f low grade
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m a te r ia l m ay be present in  the hangingwall o f the fa u lt. It is  doubtful 

that a s ig n ifican t amount o f m in e ra lize d  ro ck  has been p reserved  by 

the fa u lt, due to the sp a tia l re s tr ic tio n s  im posed by decreasing  la te ra l  

a lte ra tio n  and m in e ra liza tio n  and by pro jectio n  o f the fau lt its e lf  at 

depth (F ig u re  4 , in p o cket).

Th e  p o ss ib ility  that a fau lt-d isp laced  portion o f the Squaw  

P eak deposit ex ists  in the eastern  b lock o f the V e rd e  fau lt is  geo­

lo g ica lly  in tr ig u in g . Exam ples o f fa u lt-o ffs e t portions o f porphyry  

copper deposits a re  the Lakes ho re  o rebody n ear C asa G rande, A rizo n a  

and the K alam azoo orebody a t San M an u e l, A r iz o n a . The post­

m in e ra l V e rd e  fau lt passes about 1800 feet northeast o f the Squaw  

P eak deposit. The potentia l presence of a fa u lte d -o ff portion  o f the  

deposit in the downdropped block o f the fau lt is  subject to: (1 ) the  

o rig in a l v e r t ic a l extent of the Squaw P eak deposit and (2 ) the dip o f 

the V e rd e  fa u lt .

The exp loration  potentia l o f the hangingwall o f the V e rd e  fau lt 

was considered by P h illip s  P e tro leu m  geolog ists . R o ta ry  d r illin g  con­

ducted by P h illip s  fa ile d  to penetrate  the th ic k  C enozoic basalt and 

sedim ents in the upper portion  o f the downthrown block (F ig u re  3 0 ). 

The deepest d r i l l  hole east o f the fau lt zone went to 972 feet and bot­

tom ed in T e r t ia r y  basalt o f the H ickey fo rm a tio n . Induced p o la riz a ­

tio n , ground m ag n etics , and s e is m ic  surveys  conducted by P h illip s  

o ver the hangingwall b lock w e re  in co nclus ive . S e is m ic  data in d ica ted .
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ho w ever, that o v e r 2000 fee t o f a llu v iu m , lake beds, and vo lcan ic  

rocks o v e rlie  the top o f the P a leo zo ic  and P re c a m b ria n  units east o f 

the fau lt zone (C ooksley , 1971) .

R egard less o f the p o s t-m in e ra liza tio n  cover on the east s ide  

of the V e rd e  fa u lt , it  is doubtful that a s ig n ifican t segm ent o f the Squaw • 

P eak system  extended across the fau lt zone (F ig u re  3 0 , p . 93 ). Unless  

the tra c e  o f the eastw ard  dip o f the fau lt is  m o re  gentle than that p re ­

dicted by observations o f the p resen tly  exposed fau lt zon e, only a 

s m a ll portion o f m in e ra lize d  P a leozo ic  sed im en ta ry  rocks  could pos­

s ib ly  have been dow n-faulted assum ing that the o r ig in a l re la tiv e  

dim ensions o f the Squaw P eak deposit did not deviate  fro m  those o f 

other observed porphyry  sys te m s .

Th e existence o f o th e r p o rp h yry -typ e  a lte ra tio n  is  not in d i­

cated by geologic exam ination o f the d is t r ic t . The presence o f another 

deposit m ay be obscured by T e r t ia r y  Volcanic and s e d im en ta ry  rocks  

and recent a llu v iu m . The V e rd e  fau lt zone and re la ted  fra c tu re s  m ay  

have been s tru c tu ra lly  w eak during the L a ra m id e  orogen ic  p e rio d , 

creatin g  a favorab le  s ite  fo r  p o ten tia lly  econom ic igneous a c tiv ity , but 

the detection o f an orebody beneath the th ick  p o s t-m in e ra liza tio n  cover 

would be both u n lik e ly  and e x tre m e ly  d if f ic u lt .

Th e  two broken zones located at the contact between the P re ­

cam b rian  g ran o d io rite  and the A sh C re e k  (? ) m etam orphosed vo lcan ic  

rocks have in sp ired  m in o r exp lo ra tio n  in te r e s t . Th e  inhomogeneous
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nature o f the rocks and the im p e rs is te n t copper m in e ra liza tio n  suggest 

that no substantia l m in e ra l re se rv es  a re  present in  these a re a s . The  

absence o f strong a lte ra tio n  argues against the zones as potentia l 

porphyry  copper ta rg e ts .

The P re ca m b ria n  A sh C re e k  (? ) m etavolcan ics m e r it  fu r th e r  

consideration as a potentia l host fo r  m assive su lfid e  deposits . The  

A sh C re e k  group hosted the h is to ric  United V e rd e  and United V e rd e  

Extension orebodies located n ear the V e rd e  fau lt a p p ro x im ate ly  25 

m iles  northw est o f Squaw P e a k . Th e  m ost extensive su rface  exposure  

of m in e ra liza tio n  w ith in  the m etavolcan ics at Squaw P eak is im m e d i­

a te ly  west o f the V e rd e  fa u lt, ap p ro x im ate ly  3000 feet n o rth -n o rth eas t  

of the Squaw  P eak deposit. The rocks here a re  s tro n g ly  fra c tu re d ,  

w ith  s e v e ra l tens o f n o rth w est-tren d in g  q u a rtz  veins containing tra c e  

amounts o f m a la c h ite , ch ry so co lla , a z u r ite , and local native copp er. 

Th e w eak m in e ra liza tio n  in  th is  a re a  m ay be re la ted  to h yd ro th erm al 

a c tiv ity  fro m  the Squaw  P eak d e p o s it. P h illip s  P e tro le u m 's  601 - fo o t -  

deep d r i l l  hole DDH 19 was d r ille d  in the cen te r of th is m in e ra liz a tio n , 

but it  fa iled  to encounter s ig n ifican t m in e ra liz a t io n . M o re o v e r , such  

recognized m assive  su lfid e  o re  guides as banded iro n  fo rm a tio n , 

stratabound su lfid e  m in e ra liz a t io n , tight fo ld in g , b lack  shale  u n its , 

p y ro c las tic  flow  u n its , and fe ls ic -a n d e s it ic  flow  contacts do not appear

to be present in  the m etam orphosed vo lcan ic  sequence at Squaw P eak .
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C O N C L U S IO N S

The g e o m e tric a l zoning o f a lte ra tio n  and m in e ra liza tio n  

assem blages around the Squaw P eak In tru sion  suggest that the deposit 

developed in response to the em placem ent o f the L a ra m id e  (?) porphyry  

and associated h yd ro th erm al a c t iv ity . Th e  d is trib u tio n  and re la tiv e  

abundance of su lfide  and a lte ra tio n  m in e ra ls  a re  ty p ic a l o f s m a ll p o r­

phyry copper sys tem s . A lte ra tio n  and su lfide  m in e ra l assem blages  

and th e ir  la te ra l p rogression  fro m  the po rp hyry  in tru s io n  a re  s im ila r  

to those observed in g ra n it ic  host rocks o f productive  po rp h yry  copper 

d epo sits . The m a jo r  deviations o f the Squaw P eak deposit fro m  p ro ­

ductive porphyry  orebodies a re  the e r r a t ic  in ten s ity  o f m in e ra liz a tio n  

and a lte ra tio n  and the s m a lle r  dim ensions o f the Squaw P eak deposit. 

D r i l l  hole geochem is try  has documented the te rm in a tio n  o f m in e ra liz a ­

tion  at depth, and the potentia l fo r  additional econom ic base m eta l 

deposits in the Squaw Peak a re a  is  re m o te .

G eologic H is to ry

Th e  evolution o f the Squaw Peak a re a  and deposit is the re su lt  

o f a long and eventful geologic h is to ry . Th e  fo llow ing g en era lized
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sequence o f events is fo rm u la ted  fro m  fie ld  observations and fro m  

l i te ra tu re  re la ted  to the Squaw  P eak re g io n :.

1 . The accum ulation o f m afic  vo lcan ic  p iles  (1 700 to 1900  

m illio n  y e a rs (? )) , m ark in g  the e a r ly  orogen ic  s ta te  o f the  

M a za tza l R evolution (W ils o n , (1 936);

2 . M etam o rp h ism  of the vo lcan ic  rocks during the height o f the  

M a za tza l R evo lu tion , and the epe irogen ic  b a th o lith ic  in trusion  

o f g ran o d io rite  (1643 m illio n  y e a rs );

3 . The developm ent o f a n o rth -n o rth w est tren d in g  s tru c tu ra l  

g ra in  due to ea s t-w es t com press ional fo rc e s , possib ly con­

tinuing through C retaceous tim e ;

4 . E rosion  and beveling o f the P re ca m b ria n  s u rfa c e , and deposi­

tio n  o f the C am b rian  Tapeats  (? ) sandstone;

5 . T ran s g re ss io n  o f the e a r ly  P a leozo ic  sea and subsequent 

deposition o f the M a rt in  lim estone and succeeding sed im en tary  

u n its , possib ly  through P erm ian ;

6 . E ros ion  and beveling o f the P a leo zo ic  rocks during the M eso­

zo ic  e ra ;

7 . L a ra m id e  (? ) in tru sion  o f the Squaw P eak In tru s io n , w ith  

associated p o rp h yry -typ e  a lte ra tio n  and m in e ra liza tio n ;

8 . A  w idespread extru sion  o f .the H ickey  basalt during  m id d le -

la te  T e r t ia r y ;
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9 . Developm ent o f the V e rd e  r i f t  zone, including m a jo r  d is ­

p lacem ent along the V e rd e  fa u lt, and concom itant u p lift o f the  

B lack  H ills ;

10 . V o lcan ic  dam m ing o f the southern end o f the V e rd e  V a lle y ,  

and subsequent fo rm atio n  o f Lake V e rd e ;

11 . Deposition o f the V e rd e  fo rm atio n  and continued subsidence  

o f the V e rd e  V a lle y  (P lio c e n e -P le is to c e n e );

12 . R hyodacitic  vo lcan ism  northeast o f Squaw Peak;

13. M in o r re v e rs a l o f the V e rd e  fau lt; and

14. Recent rap id  eros ion  o f the B lack  H i l ls ,  re s tr ic tin g  oxidation  

o f the Squaw P eak d ep o s it, and deposition o f sand and g ra v e l

in the V e rd e  R iv e r  V a lle y .
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GEOLOGIC MAP OF THE SQUAW PEAK PORPHYRY COPPER DEPO SIT
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GEOLOGIC SECTIONS OF THE SQUAW PEAK AREA,  

YAVAPAI COUNTY, ARIZONA
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