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AREZONA GEOLOGICAL SOCIETY 
/ /Jy ','. 1, 1- . - ~ ~ x . T  . i \ P.O. BOX 40952, UNIVERSITY STAT ION 

TUCSON. ARIZONA 85719 

To: Registrants f o r  AGS Field Trip #7, South Mountain-Vulture-Harquahala- 
L i t t l e  Harquahala Mountains 

As f i e l d  t r i p  chairman f o r  the Arizona Geological soc ie ty ,  I \\rould l i k e  1 .: t o  take th i s  opportunity t o  welcone you t o  the Southr\rest and thank you f o r  
regis ter ing for  t h i s  f ie1  d tr ip.  Your overwhelming i n t e r e s t  i n  t h i s  symposium 

. ~. 
z and for  the f i e l d  t r i p s  in  pa r t i cu l a r  has provided the Society and our p ro fe s -  

sion a unique opportunity t o  observe, examine, and discuss on a f i r s t  hand :I -' . basis the geology of a number of diverse  s t ruc ture- tec ton ic  s e t t i n g s  s ca t t e r ed  
throughout Arizona and adjoining southwestern New 14exico. 

The central  theme of the  s$nposium i s  tectonics  and i t s  r e l a t i onsh ip  to  
ore local izat ion;  however, as f o r  spec i f i c  trip content ,  this must necessar i ly  
remain i n  the able hands of each respect ive f i e l d  t r i p  leader.  T h i s  pa r t i cu l a r  
excursion will  take you t o  South Mountain, Vulture, Harquahala, and L i t t l e  
Harquahala Mountains i n  west-central Arizona. I t  will  provideyou with a look - ,  a t  timing and s t ruc tura l  cha rac t e r i s t i c s  of Precambrian vs. Mesozoi c-Cenozoic 

1 : tectonic fabr ics .  Sevier-Laramide t h r u s t s ,  and l a t e  Cretaceous-Tertiary meta- 
~. . niorphic core complexes wil l  be examined as well as  middle Ter t iary l i s t r i c  

norma? f au l t s ,  and l a t e T e r t i a r y  basin and range tectonism. 
I 

-{ ...; .. Our 6ppreciation i s  extended t0 .S .  Keith and S. Reynolds of the  Arizona 
Eureau-of Geology and Mineral Tech., and W .  Rehrig of Conoca f o r  t h e i r  par t s  

, I  in  leading t h i s  f i e l d  trip. Our  g ra t i tude  i s  a l s o  extended t o  t h e i r  respec- 
t i v e  employers f o r  providing ample time and resources t o  prepare t h e i r  rnateria:~.  

.The continual e f f o r t s  of the  t r i p ' s  l o g i s t i c s  coordinator,  Parry Willard from 
Gulf Mineral Resources Co., a r e  s imi la r ly  appreciated. 

I - :  

I . -  Again, welcome t o  the American Southwest, happy rock knockin', and here ' s  
hoping t h a t  each of you wil l  take t h e t i m e  to  contr ibute  t o  the t r i p ' s  success 
by par t ic ipat ing in many stimulating discussions of the rocks a t  hand on t h e i r  
t e  rnls . 

Sincerely,  

e ld  T r i p  Chairman 



The Arizona Geological  Soc ie ty  would l i k e  t o  t a k e  t h i s  o p p o r t u n i t y  t o  
acknowledge the  f i n a n c i a l  suppor t  p rov ided by t h e  B a r r i n g e r  Group, who 
'underwrote most o f  t h e  expenses r e l a t e d  t o  ou r  b r i n g i n g  toge the r ,  p r i n t i n g ,  
and b ind ing  these handout m a t e r i a l s  f o r  AGS f i e l d  t r i p  #7 r e g i s t r a n t s .  

BARRINGER RESOURCES INC. I U S A .  

LABORATORIES: 

5161 Mkrd  Road, Unit t14 1455 ~ e m i n g  Way # I 5  
Whea! Ridge, Colorado 80033 Sparks, Nevada 89431 
Phone: (303) 423-2220 Phone: (702) 3581 158 
Telex: 045810 

. . .~. .i :- 

Ray Siery James Lee 

1626 Cole Boulevard 
Bld. #7, Suite $120 
Golden, Colorado 80401 
Phone: (303) 232-881 1 
Telex: 025610 
Erick Weiland 

BARRINGER MAGENTA LIMITED I CANADA 

LABORATORIES AND OFFICES: 

304 Carlingview Drive 3750 - 19th Street, N.E. P.O. Box 4510 
Rexdale, Ontario h49W 5G2 Suite 105 Whitehorse, Yukon 
Metropolitan Toronto Calgary, Alberta T2E 6V2 Y I A  - 2R8 
Phone: (416) 6753870 Phone: (403) 276-9701 Phone: (403) 657-2694 
Telex: E-939183 Telex: 03.827584 

Andy Murray Doug Read 
Ray Lett 



SOU-[It MOUNTAIN-VULl'UI1E-tlARQUAHALA-LITTLE HAHQUAHALA MOUNTAINS 

General Leader: Stan Keith (626-2733) 
Coordinator: Parry Wi 1 lard (882-4030) 

March 20, 1981 

7:30-9:OOPM Geology and overview t a l k s  on campus of 
University of Arizona Room 110, Economic Bldg. 
(see campus loca t ion  map) 

March 21, 1981 

6: 30AM 

7:OO-7:20AM 

7:40-8:OOAM 

8: 45-9: 00AM 

. 9: 30AM-2 : 3OPW 

4:OO-6:OOPM 

6: 30PM 

Lodging: 

Leave U of A campus 

Catalina - ~ o r t o l i t a  geologic overview 

Picacho Flountains geologic overview 

South Mountain overview 

Geology of South Mountain w i t h  lunch break 

Geology of Vulture Mountains 

Steak f ry  and beer b u s t  a t  Hassayampa 
picnic ground 
Rancho Grande Motel , Nickenburg, Arizona 

March 22, 1981 

6: 30AM Depart from motels a t  Wickenburg 

7:OO-7:45AM Eagle Eye Peak detachment f a u l t  and 
underl'ying inyloni t i  c basement 

- 8:30-12:OONoon Stacked Laramide over thrusts  a t  White 
Marble mine w i t h  1 unch break 

12: 30-1: 30PM Geology of 'S '  Mountain window 

2: 00- 3: 00PI.I Thrust f a u l t s  and gold mineralization 
i n  t he  L i t t l e  Harquahala Mountains 

7 : OOPN Arrive a t  U of  A campus i n  Tucson 
. . 

Drivers: Parry Willard (support vehicle) and Don Gest 
AGS member (support vehicle)  - John Hoyt 

U of A Vans:',. Nancy Riggs 
2. John Berkley . . 

3. Debbie Courier 
,,:,4. Tom Young 

5. Barb Phi l l ips  
d . Stan Keith . Steve Reynolds 

8. 6 i l l  Rehrig 
,/g. Sandy Ballard 
10. Beverly Everson 

Alternate-Joan Spiess 



Campus map of the University of Arizona showing the  locat ion o f ' t he  Economics Building 
where the pre-f ie ld  t r i p  overview ta lks  wil l  be presented. 
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LO!bANGLE TECTONIC PHENOMENA 

BETWEEN TUCSON AND SALOME, ARIZONA 

ROAD LOGS AND DISCUSSIONS 

Stanley B. ~ e i t h l ,  Stephen J. ~ e ~ n o l d s l ,  

William A. Rehrigz and Stephen M .  Richards3 
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INTRODUCTION 

It i s  becoming i n c r e a s i n g l y  c l e a r  t h a t  Ar izona's  Basin and Range 

Province conta ins an abundance o f  low-angle t e c t o n i c  phenomena t h a t  a r e  

d i ve rse  i n  space, t ime and tec ton i c  s ign i f i cance .  It i s  the  purpose o f  t h i s  

f i e l d  t r i p  t o  examine a  rep resen ta t i ve  sample o f  these t e c t o n i c  phenomena, 

emphasizing t h e i r  geometry, t im ing ,  k inemat ics and reg iona l  s i g n i f i c a n c e  t o  

Arizona's t e c t o n i c  and minera l -depos i t  framework (F igure 1) .  Wi th  t h i s  goal 

i n  mind we w i l l  d iscuss from a  d is tance the  complex low-angle f a u l t ,  

m y l o n i t i c ,  and p l u t o n i c  te r ranes i n  the  eastern T o r t o l i  ta ,  Santa Catal  ina,  

and Picacho Mountains (DAY 1: STOPS 1  AND 2). These Mountains c o n t a i n  

Laramide through mid-Ter t ia ry  m y l o n i t i c  phenomena t h a t  geo log i s t s  have 

v a r i o u s l y  r e l a t e d  t o  e a r l y  Larmamide nor theast-vergent  t h r u s t i n g ,  l a t e  

Laramide southwest-vergent t h r u s t i n g  and two-mica g r a n i t e  magmatism, mid- 

T e r t i a r y  reg iona l  c r u s t a l  extension. These stops w i l l  be p r i m a r i l y  l e a d  

by Stan Keith. 

We w i l l '  n e x t  v i s i t  South Mountains (STOPS 3, 4 AND 5) ,  where 

Steve Reynolds wT l l  show us a  comparat ive ly  simple assemblage o f  Precambrian 

amphibol i te  grade gne iss ic  rocks ove rp r i n ted  by c h i e f l y  l a t e  Ol igocene 

m y l o n i t i z a t i o n  2nd plutonism. We w i l l  a l s o  see how t h i s  m y l o n i t i c  assemblage 

has i n  t u r n  been ove rp r i n ted  by t h e  r e c e n t l y  much discussed and debated 

c h l o r i t i c  b recc ia  phenomena and accompanying d i s l o c a t i o n  tec ton i cs .  Then 

i t  i s  o f f  t o  the  Vu l tu re  Mountains (STOP 6) where B i l l  Rehr ig w i l l  l e a d  us 

through an impressive a r r a y  o f  low-angle normal f a u l t s  t h a t  have e f f e c t e d  

wholesale b lock  r o t a t i o n s  o f  mid-Miocene vo l can ic  rocks and an under l y ing  

c r y s t a l 1  i n e  complex c o n s i s t i n g  o f  a  Laramide g r a n o d i o r i t i c  p l u t o n  t h a t  

has i n t ruded  Precambrian p l u t o n i c  and amphi bo l  i te-grade metamorphic rocks. 



-BUCKSKIN 

HARQuAI.,ALA 0 -VULTURE 
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WHITE TANK 

BUCKEYE-> & 
SOUTH MOUNTAINS 

SANTA TE 
DURHAM-SUIZO d R E S A  

Finurc I. iiap of southern Arizona showing location o f  sclccted nountain ranws  l t i t h  
low-angle tectonic  phenomena. Dot pattern shows nountain ranges t h a t  will bc 
examined o r  discussed on t h i s  f i e ld  t r i p .  



- Day 2 w i l l  c a r r y  us f u r t h e r  west t o  t h e  Harquahala Mountains where 

we w i l l  use another assemblage o f  m y l o n i t i c  gneisses separated from a  Niocene 

vo l can ic  cover by another d i s l o c a t i o n a l  zone (STOP 1 ) .  Then we w i l l  s t r u c t -  

u r a l l y  descend i n t o  the i n t r i g u i n g  Laramide t h r u s t  f a u l t  geology t h a t  p re -  

vades t h e  " c r y s t a l l i n e  core" o f  t h e  Haruahala Mountains. We w i l l  i n v e s t i -  

ga te  a  ser ies  o f  stacked ove r th rus ts  t h a t  a r e  b e a u t i f u l l y  exposed a t  t h e  

White Marble Mine (STOP 2 )  and l o o k  a t  t h e  basal ( ? )  t h r u s t  o f  the  r e g i o n  a t  

"S" Mountain (STUP 3 ) .  F i n a l l y ,  we w i l l  show how the  Laramide t h r u s t  f a u l t  

system has l o c a l i z e d  probably Miocene copper-gold m i n e r a l i z a t i o n  i n  t h e  L i t t l e  

Harquahal a  Mountains (STOP 4 ) .  . . 

During the  t r i p  i t  w i l l  become ve ry  obvious t h a t  t h e  f i e l d  t r i p  

leaders have many d i f f e rences  (as we l l  as some agreements) about  the  t im ing ,  

kinematics, an3 regional  s i g n i f i c a n c e  o f  the  var ious  low-angle t e c t o n i c  

phenomena. This was done i n t e n t i o n a l l y  so t h a t  t h e  p a r t i c i p a n t s  w i l l  g e t  

as f a i r  an i n s i g h t  as poss ib le  i n t o  what we know and d o n ' t  know about these 

important ,  provocat ive and complex phenomena. We a l s o  s t r o n g l y  urge as 

much p a r t i c i p a n t  p a r t i c i p a t i o n  as poss ib le ,  f o r  t he re  i s  a  l o t  your  leaders  

d o n ' t  know! The p a r t i c i p a n t  w i l l  n o t i c e  t h a t  t h e  road l o g s  c o n t a i n  a 

se r ies  o f  mini-papers sp l i ced  i n t o  them, each w i t h  i t s  own s e t  o f  f i g u r e s  

and author(s) .  This was done t o  g i v e  each author  a forum t o  a i r  h i s  own 

observat ions and opinions. We hope you f i n d  t h i s  format  u s e f u l ,  d i v e r t i n g  

and s t imu la t i ng .  



Leaders: 

Assembly 
Po in t :  

Time: 

stops: 

FIRST DAY 

ROAD LOG FROM TUCSON TO WICKEXBURG VIA SOUTH MOUNTAINS. 

Stanley B. Keith, Stephen J. Reynolds and W i l l i a m  A. Rehrig. 

Saturday, March 21, 1981 

I n  f r o n t  o f  Student Union Bu i l d ing ,  U n i v e r s i t y  o f  Ar izona campus. 

6:30 a.m. 

6 

Distance: Approximately 200 mi les.  





Begin road l o g  a t  m j l e  pos t  255 on 1-10 I n t e r s t a t e  freeway 
a f t e r  e n t e r i n g  1-10 northwest bound f o r  Phoen ixa t  t h e  Speedway 
onramp. Cumulative mileage w i l l  o n l y  be used f o r  roads t h a t  
l a c k  mi leposts;  a l l  o the r  e n t r i e s  w i l l  be keyed t o  mi lepos ts .  
The c lock  system w i l l  be used f o r  geographic re fe renc ing .  Un- 
l e s s  o therwise  ind ica ted ,  12:OO i s  de f ined as t h e  d i r e c t i o n  o f  
t r a v e l ,  w i t h  3:00 t o  the  t r a v e l e r ' s  r i g h t  and 9:00 t o  h i s  l e f t .  - - 

1 .u 
Grant Road br idge.  

1 .o 
Centra l  Tucson Mountains a t  9:OO. Wasson Peak (e l .  4587) i s  
t h e  h ighes t  p o i n t  i n  the  Tucson Mountains. A Mountain capped 
by l a t e  Oligccene vo lcan ics  i s  a t  7:30. About 40 percent  o f  
t h e  rocks cropping o u t  i n  the  Tucson Mountains a r e  r e d d i s h  
brown c l i f f s  and slopes o f  s teep ly  d ipp jng  Cat Mountain (8:OO) 
Rhyo l i t e  a new nor theast  t i l t e d  i g n i m b r i t e  dated a t  70  m.y. 
(Bikerman, 1962; Bikerman and Damon, 1965) t h a t  comprises 
t h e  main r i d g e l i n e  o f  The Tucson Mountains a t  9:OO. The 
eastern f o o t h i l l s  (5:00 t o  10:OD)consist o f  70 t o  56 m.y. 
r h y o l i t i c  ash- f low t u f f s  t h a t  unconformably o v e r l i e  t h e  
e a r l i e r  Laramide Cat Elountain r h y o l i t e  sequence. Cheniical 
analyses (Dewhurst, 1976) o f  the  two groups i n d i c a t e  t h e  
post-Cat blountain vo lcan ics  rocks are  more c a l c i c .  The 
Laramide vo l can ic  i n t e r v a l  i s  i n  t u r n  angu la r l y  t runca ted  
and o v e r l a i n  by r e l a t i v e l y  f l a t - l y i n g  l a t e  Dl igocene-ear ly  
Miocene vo lcan ics  a t  A-Mountain (7:30) and S a f f o r d  Peak 
Cl1:OO). 

2.0 
Santa Cata l ina  Mountains a t  3:OO; T o r t o l i t a  Mountains 
comprise t h e  l o w - r e l i e f  Mountains w i t h  accordant sunmiits 
a t  1;OO. 

3.0 
Br idge over  Orange Grove Road. Sa f fo rd  Peak now ' i s  a t  10:30? 
From t h e  work o f  Lonswi le r  (1959) and Bikerman and Damon (1966), 
Sa f fo rd  Peak i s  a 25 m.y. o l d  d a c i t e  neck i n t r u d e d  i n t o  a ,se uence 
o f  a n d e s i t i c  flo:.ts and r h y o l i t i c  t u f f s  and t u f f  b r e c c i a  date] - 
by t h e  K-Ar method as 39 t o  26 m.y, o ld .  

3.0 
 ort taro Road e x i t .  Bear r i g h t  onto o f f  ramp and proceed t o  -- - 
Cortaro  Road i n t e r s e c t i o n .  Turn r i g h t  and then l e f t  onto- 
frontage road and cont inue uorthbound. 

2.7 
~ u l i . b f f  t o  l e f t  f o r  STOP I. 



STOP 1 

OVERVIEW OF PLUTONIC GEOLOGY A N D  LOW-ANGLE MYiONITIC PHENOMENA 
IN THE CRYSTALLINE CORES OF THE SANTA CATALINA A N D  TORTOLIT4 
CRYSTALLINE COMPLEXES. 

by Stanley B. Keith 

Orientation: 

Define 12:OO as  the  frontage road northwest bound.  Tor to l i t*  
Mountains a re  low range of accordant peaks and summits a t  1:OD 
to  3:OO. Santa Catalina Mountains comprise the high range in  
distance a t  2:30 t o  3:30. The main feature  of the Santa Catalina 
Mountains in  view i s  the  Pusch Ridge segment of the  Santa Catar 
l ina  forerange. Peaks on Pusch R .  a r e  M t .  Kimball and Cathedral 
Peak. The c i t y  of Tucson i s  now a t  3:00 t o  6:001 Tucson 
Mountains a re  now a t  9:00 t o  6;30. 

General Geology of the  Santa ~ a t a l  ina- inc con-~&tsllta CrystaTlf ne Complex 
(from Keith and others,  1980). 

General geology of the  Santa Catal ina-Rincon-Tortol i tq  
c ry s t a l l i ne  complex i s  presented in simplified map form i n  
Figure 1 and depicted diagrammatically i n  four cross sect ions  
(Figs. 2, 3, 4 and 5) .  Readers a r e  directed t o  discussions 
and references c i ted  i n  Creasey and others  (1977). Budden 
(1975). Shake1 (1974. 1978). Davis (1915. 1917a. 19776. 1978 . - 
dnd 1480l , nrewes (19771, ihorman and ~ r e w e s  (1978 
Thorman 19771, Davis arid Coney 9 and Banks 11980) 
f o r  other recent perspectives. 

In  a general way, the Santa Catal ina-Rincon-Tortol i ta  complex is 
: composed of a c rys t a l l i ne  core t h a t  i s  dominated by Phanero- 
zoic plutonic rocks. w 5 %  of outcrop). The remainder of the  
c rys t a l l i ne  core consis ts  of middle Proterozoic plutonic rocks 
@20% of outcrop) and subordinate amounts of middle Proterozoic 
and Phanerozoic inetasedimentary rocks. The crysta l  1 ine. core 
i s  mostly fault-bounded, except fo r  segments of i t s  north and 
northeast margins which a re  in t rus ive  i n  nature. 

The Phanerozoic plutonic rocks f o n  a large composite batho1i:th 
within which a t  l e a s t  10 and possibly 12 or more individual plutons 
(Fig. . l )  have been delineated (see App. 1 f o r  discussion of nomen- 
c l a tu re  of these bodies). Individual plutons a r e  generally 
compositionally zoned and commonly have asymmetric l a cco l i t h i c  
shapes. The tops of many of the  lacco l i th ic  bodies and s i l l s  
occur j u s t  below o r  a t  the  Precambrian A ache Group unconformity I with older Precambrian rocks o r  within t e Apache Group (Figs. 
3,  4).  The asymmetric l acco l i th ic  geometry i s  spectacularly 



Figure 1. Gmrnlizcd geologic map o f S m t s  Cntalins-Rincon-Torlolita crystalline complex showing locnlions 
of cross scclionr and plulonr diwusxd in trxl. Sources or map data arc as follows: for Tortolira Maunlains- 
Buddrn (1975). Banks and others (1977), and Keith (unpub. rnrppinp); for Sanln Calalinl Mountains-Tolrnan .. - 

(1914, unpub. mspping sr presented in Wilson and olhers, 1969), Crease? (1967), Shnkrl (f974), Crrasey and 
Theodore (1975). Bmkr  (1976). Hoelle (1976). Surrnnirht (1977), Wilron (1977). snd Keith (unpuh. mspping); for 
Rincon Mounlsinr-Drcwrs (1971, 1977) and Thorman and Drewcr (1978). Aligned pstkrnr in Late Crrlsceous 
through Oliporrne inlrurionr show deformed areas of mylonilic gneiss, and random paltrrnr rhon. unddormrd 
arras. Fist-nonhrssl-trmding ruled lines rho* areas of rn?lonifically drlormrd porphyrilir rneracmlic gneiss 
brlirvrd l a  hmve been prcriourls undeforrnrd 1,400- lo 1.450-rn.]~,-old biotilr pranitic racks (shown by random 
prltern). Barbed hmvy lincrnre low-nnxlr isulls will, barhsin vpperplrlr, Heavy l inaarc  high-angienormnl lsulls . 
with bar and ball on downlhroxn ride. 



EXPLANATION 



displayed i n  the western end of the  Santa Catalina Mountains 
(Fig. 6 )  where a bathol i thic  s i l l  of Wilderness gran i te  ex- 
tends southward into  the Catalina forerange from i t s  root zone 
i n  Cargodera Canyon. The a syme t r i c ,  f la t - lying par ts  of the 
various intrusions occupy large areas throughout the com lex i and, together w i t h  t h e i r  host rocks, have been affected p a  
conspicuous mylonitization which has imposed on the rocks 
a penetrative,  gently inclined mylonitic fo l ia t ion .  Although 
a l l  three  ranges of the complex have these general a t t r i b u t e s  
i n  comon, enough differences e x i s t  to  merit  Grief discussions 
of the  geology of each range. 

Plutonic Geology of the  Tor to l i t a  Mountains (from Keith and others ,  19801, ii 
The northern par t  of the  c rys t a l l i ne  core in the  Tortol i ta  

Mountains consis ts  of the Chirreon Wash granodiorite,  an east-  :-* 
northeast-to-due-east-trending composite pluton w i t h  quartz 
d i o r i t e ,  granodiorite,  and quartz monzonite phases {Fi'g. 2) .  
Intruding the granodiorite i n  i ts  western exposures a r e  abundant 

1 1  
tabular  bodies of granite,  pegmatites, and a l a sk i t e  herein 
referred t o  as  Derrio Canyon granite.  These plutons a r e  
local ly  mylonitic and bordered by east-trending schis tose  

i; 
bands on both the north and south. To the north, the schis tose  
rocks a r e  in  contact with mylonitized Oracle Granite. Farther 
t o  t he  northwest, both Oracle Granite and the schistose rocks 
a r e  chl o r i  t ized,  brecciated, and over1 a in  by a d-isl ocation 

I-l 
surface (Guild Wash f a u l t ) .  The schis tose  band t h a t  6orders 
the Chirreon Wash pluton on the south i s  intruded on i ts  south 

1.1 
s ide  by an east-northeast-trending mass of quartz monzonite 
which i s  i i tho logica l ly  s imi la r  t o  and correlated by us w i t h  
the Catalina quar tz  monzonite of the northwest Santa Catalina 
Mountains. The Catalina quartz monzonite l oca l ly  contains la rge  

I-: 
quartz d i o r i t e  inclusions of presumed Chirreon Nash granodiorlte 
and truncates pegmatite apophyses of Derrio Canyon grani te  
i n  the  east-central Tort01 i t a  Mountains. In t u r n ,  the Catalina 

li 
quartz monzonite i s  intruded by numerous apophyses of the 
Tortol i ta  quartz monzonite pluton tha t  crops out t o  the south- 
southeast. Both the Catalina and Tor to l i t a  int rusions loca l ly  

I I 
contain a low-angle mylonitic fo l ia t ion .  The mylonitic 
fo l i a t i on  in  a1 1 plutons i s  crosscut by northwest-striking, 
high-angle normal f a u l t s  and shears t h a t  i n  many places a r e  

I i I 
intruded by northwest-striking, undeformed t o  l o c i l l y  fol ia ted 
granodiorite,  quartz monzonite, and quartz l a t i t e  dikes. 1 1  

I I 
Plutonic Geology of the Santa Catalina Mountains (from Keith and Reynolds, 19801, 

. . The plutonic geology of much of the  Santa Catalina Mountains 
~ 

. .  can be viewed i n  terms of a stacked s i l l  complex tha t  consis ts  
I !  

of f i v e  major l i tho logic  pseudo-stratigraphic assemblages which : 
have gently inclined tabular  forms and boundaries, (see Figure I)., 

. ~ The f ive  assemblages a r e  described below from s t ruc tura l ly  ! i 
~. lowest t o  highest levels.  . . 

. . . . 

. . 
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TABLE 1 
AVERACE CHEMICAL COMPOSITION OF COMPONENTS 

WITHIN THE WILDERNESS GRANITE STACKED SILL COMPLFX 

.. 
increasing s t r u c t u r a l  l e v e l  e 

MAIN RAXE SILL 

Lower Fort  ion Upper Portion 

3 Element o r  Seven F a l l s  Fol ia ted  Tw-mica Lemon Rock Gnrnet 

Element Oxide Fol ia ted  g r a n i t e  b i o t i t e  g r a n i t e  g r a n i t e  leucograni te  sch l i e ren  
n1 n n n n 

Si02 64.88. 1 70.6 1 74.05 13 75.2 2 70.63 1 

AL203 16.6 1 14.5 1 14.61 1 3  13.1 2 13.5 1 
Fe O3 .81 1 1.01 1 .50 10 .29 4 1.51 1 2 

Fe8 1.42 1 .68 1 .39 10 . I95 4 1.39 1 2 

HgO .59 1 .32 1 .19 13 .06 2 .17 1 
-0 3.14 1 1.81 1 1.3 13 .44 5 .25 1 

:;a0 5.61 1 3.51 1 3.92 13 4.04 2 2.08 1 
2.09 1 4.23 1 3.62 13 4.48 5 1.92 1 

F2°5 .14 1 .10 2 .C41 1 3  .09 2 .03 
U .90 1 .90 2 - 1.37 14 - 3.5 2 28.5 1 

Notes: 1 )  n- number of samples - 
2 )  Leas than s inn (<) i nd ica te s  some eamoles f o r  t h e  element 

i n  question we& below t h e  de tec t ion ' l imi t  f o r  t h a t  element. 
3) Element a n a l y t i c a l  value8 a r e  i n  ppm. 
4) Element oxide values  a r e  in weight percent. 







Seven F a l l s  F o l i a t e d  B i o t i t e  Grani te.  A l e u c o c r a t i c  f o l i a t e d  
b i o t i t e  g r a n i t e  named t h e  Seven Fa1 I s  Gneiss by Petersen (1968) 
i s  exposed a t  t h e  lowest  s t r u c t u r a l  l e v e l  of  t h e  N i lderness  
stacked s i l l  complex. Ue h e r e a f t e r  r e f e r  t o  t h i s  u n i t  as t h e  
Seven F a l l s  f o l i a t e d  g ran i te .  Chemical analyses and model data 
f o r  t h e  Seven F a l l s  f o l i a t e d  g r a n i t e  a r e  presented i n  Tables 
1 and 2 respec t i ve l y .  

Forerange banded gneiss complex (nor th  f a c i n g  s lope f o m e r  
below c l i f f s  on pusch Ridael .  A banded aneiss comolex o v e r l i e s  * - -  . . 

t h e  Seven F a l l s  f o l i a t e d  g r a n i t e  throughout t h e  S a h a  Ca ta l i na  
forerange. This  gneiss complex cons i s t s  o f  a l t e r n a t i n g  l i g h t -  
and dark-colored l i t h o l o g i e s  which a r e  i n t e r l a y e r e d  on a wtde 
v a r i e t y  o f  scales.  The dark components a r e  r i c h  i n  b i o t i t e  
(20%) and a r e  predominant ly composed o f  m y l o n i t i c a l l y  deformed 
Oracle Gran i te  (1.45 b.y. B.P. emplacement age). Kefth. and 
o the rs  (1980) have i n t e r p r e t e d  most o f  the  ' l igh t -co lo red corn? 
ponents o f  t h e  gneiss complex as s i l l s  o f  Eocene Wilderness 
t h a t  were i n j e c t e d  i n  l i t - p a r - l i t f a s h i o n  i n t o  darker  phases 
o f  1.45 b.y. B.P. Oracle Granite. Petrographic data (Sherwonit, 
1974; see Table 1 )  i n d i c a t e  t h a t  Wilderness equ igranu lar  
b i o t i t e  g r a n i t e  s i l l s  which a r e  s t r u c t u r a l l y  low i n  t h e  
banded gneiss complex a r e  more b i o t i t e - r i c h  than those h ighe r  
i n  t h e  banded gneiss complex. 

Pegmat i t i c  Wilderness phases con ta in  muscovite o n l y  i n  
t h e  upper two - th i rds  o f  t h e  bznded gneiss complex and a r e  more 
b i o t i t e - r i c h  i n  the  lower t h i r d .  We b e l i e v e  the  forerange 
banded gneiss complex extends northward beneath a l a r g e  
h ighe r - l eve l  s i l l  o f  Wilderness g r a n i t e  i n  the  Santa Ca ta l i na  
main range as a la rge ,  t abu la r ,  h i g h l y  i n j e c t e d  sheet (refer 
t o  F igu re  7). 

Main Range Wilderness Gran i te  S i l l .  ( C l i f f  former t h a t  caps 
Pusch Hidae).  A b a t h o l i t h i c .  l a c c o l i t h i c  s i l l  o f  Eocene w i l d e r -  
ness g r a n i t e  o v e r l i e s  t h e  banded gneiss complex. This 2.5 km- 
t h i c k  i n t r u s i o n  e x h i b i t s  an asymmetrical l a c c o l i t h i c  geometry. 
The M i  lderness  l a c c o l  i t h i c  s i  11 i s  composed o f  equi g ranu lar  
g r a n i t e  and i n t e r l a y e r e d  pegmatite, a p l i t e ,  and a lask i t e .  
Throuqhout most o f  the  l a c c o l i t h i c  s i l l ,  t h e  equigranular  
g r a n i t e  conta ins  b i o t i t e ,  muscovite, and garnet.  However, 
near  t h e  base o f  t h e  l a c c o l i t h ,  t h e  equ igranu lar  g r a n i t e  
con ta ins  b i o t i t e  and sparse garnet,  b u t  no muscovite. We 
r e f e r  t o  t h e  gradat iona l  zone between t h e m a i n  two-mica phase 
and t h e  s t r u c t u r a l l y  lower, b i o t i t e - o n l y  phase as the "rnuscovite- 
i n  boundary". Pegmati t ies, a p l i t e ,  and a l a s k i t e  w i t h i n  t h e  
Wilderness main range l a c c o l  i t h  g e n e r a l l y  con ta in  muscovite 
and garnet.  Modal analyses and average chemical data f o r  t h e  
main range l a c c o l i t h i c  s i l l  a re  presented i n  Tables 1 and 2 
r e s p e c t i v e l y .  



Lemon Rock Leucogranite. -- ( j u s t  below top of f i t .  Kimball). 
Late-stage pegmatite, ap l i t e s ,  and leucogranjtes a r e  espec ia l ly  
abundant near the top of the main range Wilderness laccol i th .  
In many places, alasko-pegmatitic rocks form a leucogranite 
"cap" named Lemmon Rock leucogranite by Shake1 (1978). This 
"cap" grades dowward into the main range laccol i th ic  s i l l  of 
equigranular two-mica granite and intrudes upward in to  t he  
l a t e  Cretaceous Leatherwood quartz d i o r i t e  and younger Precam- 
brian Apache Group. Garnet i s  loca l ly  abundant ard in  places 
forms spectacular " r s i l road  track" bands of garnet schlieren. .  
Representative modes and chemical analyses of the Lemmon Rock 
leucogranite and the l i tho logica l ly  unusual garnet schl ieren 

, leucogranite a r e  presented i n  Tables 5-4 and 5-5 respectively.  

Sedimentary "cover" and Leatherwood Quartz Diorite. ( top 
of Mt. Kimball). The uppermost of t h e f i v e  major pscudostrati-  
graphic assemblages i s  composed of Precambrian Apache Group 
sedimentary rocks, Precambrian diabase, Paleozoic sedimentary 
rocks, and s i l l - l i k e  apophyses of Late Cretaceous Leatherwood 
quartz d i o r i t e  which have chief ly  intruded between the Apache 
Group and Paleozoic sedimentary rocks. The sedimentary rocks 
a r e  highly metamorphosed d i rec t ly  above t h e i r  contact with the 
underlying Wilderness grani te  laccol i th  and adjacent t o  the 
quartz d i o r i t e  s i l l s ;  they a re  less  metamorphosed u p  s t ruc tu ra l  
section to the north. 

Geochronology of the  plutonic rocks 

Geochronology of the  complex has been a l i ve ly  topic  of 
debate. My present interpreta t ion of t h a t  geochronology 
follows Keith and others (1980) who presented an extensive 
discussion and review of the avai lable  geochronologic data.  
Participants should re fe r  to  t ha t  paper f o r  a more in-depth 
discussinn of the geochronology which i s  only summarized below. 
According t o  Keith and others (1980): 

Recent f i e l d  work and accumulated Rb-Sr s tudies ,  when 
combined w i t h  previous U-Th-Pb and K-Ar invest igat ions ,  
allow a new synthesis of the c rys t a l l i ne  terrane within the 
Santa Catalina-Rincon-Tortolita c rys t a l l i ne  complex. Xhen 
a l l  the avai lable  data are  integrated,  i t  i s  apparent t h a t  
the crysta l1  ine core is  mainly a composite batholi th t h a t  
has been deformed by variable amounts of ca tac las i s .  The 
bath01 i t h  was formed by three episodes of geologically,  
mineralogically, geochemically, and geochronologically 
d i s t i n c t  plutons. The f i r s t  episode (75 t o  60 m.y. B . P . )  
consisted of a t  l e a s t  two (and probably th ree)  ca lc -a lka l ic ,  
epidote-bearing b i o t i t e  granodiorite plutons (Leatherwood 
s u i t e ) .  The Leatherwood s u i t e  i s  intruded by d i s t i nc t ive  
leucocratic muscovi te-bearing peraluminous gran i te  plutons 
(Wilderness s u i t e ) ,  which a re  44 to  50 m.y. old. A t  l e a s t  
three Wilderness s u i t e  plutons a r e  known, and t h e i r  o r ig in  
has been much debated. Leatherwood and Wilderness plutons 
a r e  intruded by a t h i r d  s u i t e  of four b i o t i t e  quartz 
monzoni t e  t o  gran i te  plutons (Catalina s u i t e )  t ha t  mark 
the f ina l  consolidation of the batholi th 29 t o  25 m.y. ago. 



Mylonitization of the  plutonic rocks 

Descri t ion.  The following i s  a descrjption f ron  Keith and 
Reyno lds+m)  of n~yloni t ic  rocks from within the blilderness 
stacked s i l l  complex outl ined previously. 

Rocks in  f i v e  major pseudostratigraphic assemblages 
loca l ly  exhib i t  a gently inclined mylonitic fo l ia t ion .  The 
banded gneiss complex of the forerange, and the lower half of 
the Wilderness gran i te  laccol i th  a r e  generally mylonitic; 
rocks higher i n  the mountain range a re  generally not mylonitic 
( see  Figure 7 ) In the context of t h i s  project ,  James 
DuBois has examined many thin-sections of mylonitic and 
undeformed phases of Wilderness grani te ,  
and has established the following generalized deformation 
sequence in  muscovite-bearing, equigranular phases of the  
Wilderness pluton: 

( 1  quartz r ec rys t a l l i ze s ,  becoming amoeboid; 
) quartz becomes finer-grained and feldspars  become 

somewhat rounded; 
( 3 )  quartz forms streaked lenses, and coarse green 

muscovite begins t o  break down to  fine-grained, 
- 

white muscovite; fine-grained b i o t i t e  a l so  develops; 
fe ldspars  become cracked both paral le l  t o  and per- 
pendicular t o  the fo l ia t ion  w i t h  quartz f i l l i n g  the 
f rac tures ;  

( 4 )  , b i o t i t e  f o r m  fo l ia ted  laminae through the rock which 
a re  wrapped around feldspar grains;  feldspars become 
more rounded; pressure solution deposits  of quartz 
form adjacent t o  fe ldspars ,  forminy small augen; and 

(5) t o t a l  rounding of feldspars takes place; b i o t i t e  
becomes millimeter-scale bands through the rock; 
magnetite and sphene appear intergrown with the b io t i t e ;  
c h l o r i t e  develops on  the  b io t i t e .  

This general sequence mainly applies to  the  muscovite-stable, 
equigranular phases of Wilderness grani te  above the "muscovite-in" 
boundary i n  Figure 7. 

Mylonitically deformed Oracle Granite i n  the Santa Catalina 
forerange banded gneiss coniplex comprises the d i s t i nc t ive  
mesocratic augen gneisses (informally referred t o  as 'dark bands') .  
Where the coarse-grained augen gneiss i s  concordantly in te r -  
layered with the Wilderness leucocratic component, contacts 
a r e  commonly marked by a zone of mylonite sch is t .  Some of the  
leucocrat ic  s i l l s  o r  l i g h t  bands a r e  completely encased i n  a 
sheath of mylonitic sch is t .  Zones of mylonitic s ch i s t  may vary 
from one t o  several meters in thickness; away from the contact ,  
they progressively grade in to  coarse-grained augen gneiss. In 
thicker  exposures of augen gneiss,  there  a r e  comparatively non- 
rounded, rectangular 'box ca r '  c rys ta l s  of potassium fs ldspar ;  
these are  typical of undeformed Oracle Granite. Bio t i te  i s  the 
only mica present i n  the dark component of the forerange banded 
gneiss. However, muscovite becomes common and loca l ly  i s  t he  



dominant mica in areas  of mylonitic Oracle Granite t h a t  a r e  
intruded by equigranular muscovite-bearing - Wilderness phases, 
K-feldspar augen in the deformed Oracle Granite a r e  enveloped 
by a fine-grained matrix of fe ldspar  and quartz.  Fol ia t ion 
surfaces a r e  undulatory and contain a l l igned aggregates of 
b i o t i t e  and recrys ta l l i zed  quartz.  Elongate aggregates of 
quartz w i t h  sutured boundaries or with ribbon textures  a r e  
common within the  plane of f o l i a t i o n  and a r e  expressed a s  
a rod-1 ike 1 ineation which resembles "hot" s l  ickensides.  

Relationship of low-angle mylonitization t o  the plutonic 
episodes (from Keith and o thers ,  1980). lrrthin the bath01 i h i c  
complex of the  Santa Cata l i na -R incon -To r to l i t a  c r y s t a l l i n e  
complex. Plutons of each s u i t e  have been deformed t o  varyinq . . 
degrees by d i s t i nc t i ve ,  gently inclined niplonitic f o l i a t i o n  
w i t h  conspicuous l ineat ion t ha t  plunges east -nor theast  and 
west-southwest. A t  l e a s t  three  episodes or  events of 
mylonitization (and probably more) a re  recorded i n  r e l a t i on -  
ships where undeformed par ts  of younger plutons cu t  deformed 
par ts  of older plutons. 

The o ldes t  mylonitic event i s  post-75 m.y. B .P .  because i t  
deforms Leatherwood quartz d i o r i t e .  This fabr ic  must be pre- 
50 m.y. because mylonitic fo l i a t i on  in Leatherwood i s  intruded 
in  many places by dated 44- t o  50-m.y. old undeformed muscovite 
pegmatities e a s t  of Mount Lemon (Iianson, 1966). In a well-  
exposed roadcut along the  new paved-highway access t o  the  Mount 
Lemmon ski area 2 .5  km east-northeast  of Mount Lemon, several 
ins t ruc t ive  re1 ationships may be observed between mylonitic 
events i n  the Leatherwood quartz d i o r i t e  and muscovite pegmatites 
of the Lemmon Rock leucogranite. Here, an o lder ,  coarser-  

. . grained mylonitic fo l i a t i on  i s  cu t  a t  a low angle by a younger, 
fine-grained, more intense mylonitic fo l i a t i on .  Two generat ions  
of pegmatites a r e  present. The older gene ra t i onzons i s t s  
of shallowly inclined sheets about 0.1 t o  0.2 m th ick which 
cut the older ,  coarser-grained mylonitic f o l i a t i o n  b u t  a r e  
conspicuously boudined where they cross the younger, f ine-  
grained mylonitic fo l i a t i on .  The two fo l i a t i on  events and the 
shallowly inclined pegmatities a r e  c l ea r ly  crosscut  by l a rge ,  
s teeply incl ined,  undeformed pegmatite dikes t h a t  c o n s t i t u t e  
90% of the pegmatite exposed in  the  roadcut. 

Similar re la t ionships  occur 20 km t o  the east -southeast  of Mount 
Lemmon (l~lilson, 1977; Ted Theodore, 1979, oral commun.) where 
undeformed pegmatite apophyses of the Wilderness pluton discord- 
an t ly  cut mylonite s c h i s t  derived from Leatherwood. In addi t ion,  
equigranular main-phase Wilderness grani te  may int rude mylonit ic 
Leatherwood quartz d i o r i t e  ea s t  of Green Mountain, about 12 km 
east-southeast  of Mount Lemmon (Pi1 kington, 1962). The southern 
par t  of the Leatherwood pluton i s  continuously deformed along 
i t s  east-southeast-trending margin f o r  more than 20 km. As 



such, mylonitic fabr ic  i n  the Leatherwood const i tutes  a  major 
pre-50 my .  B.P. and post-75 n1.y. B.P. mylonitic event i n  the 
Santa Catal ina-Rincon-Tortol i ta  c rys t a l l i ne  complex. 

Orientation of mineral l inea t ion  in mylonitic Leatherwood 
quar tz  d i o r i t e  i s  d i s t i n c t  from tha t  i n  main-range-exposures 
of mylonitic Wilderness grani te .  Based on 116 measurements 
mean l inea t ion  i n  Leatherwood quartz d i o r i t e  exposures along 
theoOracle road 3 t o  6  km northeast  of Mount Lemmon i s  16O 
N85 E (Tom Heidrick, 1979,' writ ten comun). Lineation on low- 
angle mylonitic sorfaces i n  the  deformed Glilderness int rusion 
i n  the Windy Point and Spencer Peak areas about 5 and 15 km., 
respect ively,  southeast: of Mount Lemmon i s  more northeasterly 
(about ~ 3 5 ' ~  t o  N65oE). The difference i n  l ineat ion or ien ta t ion  
suggests t ha t  mylonitic f o l i a t i o n  in  the Leatherwood and 
Wilderness int rusions may have formed during two d i s t i n c t  
episodes of ca tac las i s .  

The next major mylonitic episode deformed the s t ruc tu ra l ly  
lower par t s  of the  Wilderness gran i te  and i t s  wall rocks i n  the 
Santa Catalina forerange. Analogous deformation may be 
represented by widespread mylonitic fabr ic  i n  the mineralogi- 
c a l l y  s imi la r  b!rong Mo11rltain gran i te  (Drwes,  1977) of the 
Rincon Mountains. This mylonitization deformed and therefore  
postdated the 44- t o  50-m.y. old muscovite granites b u t  pre- 
dated t h e i r  cooling between 31 and 25 m.y. B.P. a s  defined by 
K-Ar arid f iss ion- t rack ages. Keith in fe rs  t ha t  re la t ionships  
between deformed and undeformed pegmatites in  the Santa Catalina 
forerange suggest t h a t  the niy1onit.i~ f ab r i c  exposed there  formed 
curing the emplacement of Uilderness equivalent pegmatites. 
Myloni t i za t ion  i n  the  forerange must have been conipl e t e ly  over 
by the time of int rusion of an undeformed 21'-m.y. -old t rachyte  
dike (Shakel, 1974; Damon and others ,  1981). 

One of the  above two episodes may be widespread throughout 
the  northwestern Tor to l i t a  i.lountains where the Chirreon Lalash 
(Leatherwood s u i t e )  and Derrio Canyon (Wilderness s u i t e )  
in t rusions a r e  strongly mylonitized - part icular ly  so i n  t he  
area of the  Derrio Canyon gran i te  s i l l  sequence (Figs.2 and 
5).  A t  l e a s t  par t  of t h i s  deformation predated emplacement 
of the Catalina pluton as  evidenced by large,  strongly deformed 
and 1 ineated inclusions of ouar tz i  t e ,  Pinal Schis t ,  stretched- 
pebble cietaconglomerate and Oracle Granite in  r e l a t i ve ly  less-  
deformed Cataiina quartz monzonite. Presence of mylcnitic 
inclusions of Leatherwood quartz d i o r i t e  i n  Catalina quar tz  
monzonite i n  the Santa Catalina Mountains (Suemnicht, 1977) 
a l so  indicates  a  rnylonitic event t ha t  predated emplacement of 
t he  Catalina quartz monzonite. 

In the  southwestern Tor to l i t a  Mountains t h e  youngest episode 
of mylonitization c lear ly  a f f e c t s  to  varying degrees the  Catalina 
quartz monzonite and the e n t i r e  western half of the Tor to l i t a  
quartz monzonite. This episode must postdate the two--26-m.y. 
old plutons but predate cooling of the mylonitic rocks between 
17 and 20 m.y. B . P .  a s  defined by f iss ion- t rack a p a t i t e  ages. 
An addit ional m i n i m u m  age f o r  t.his episode i s  provided by a  
s e r i e s  of northwest-trending dikes which discordantly int rude 
nrylonitic fo l i a t i on .  One of these dikes which cuts  mylonitic 
Chirreon Wash grandior i te  has yjelded a 24-m.y. K-Ar b i o t i t e  
date. Thus, a  s ign i f ican t  rnylonitic episode i s  



I " bracketed very c lose t o  25 m.y. B.P.  In the South Mountains near 
Phoenix, Reynolds and Rehrig ( 1980 \ have documented almost 

I exactly the same age for  mylonitic fabr ic  t ha t  deforms a pluton 
which resembles phases of Tor to l i t a  quartz monzonite i n  rock type, 
texture ,  and s t y l e  of mylonitic deformation. 

I In the Tortol i ta  Mountains, several events of mylonitization 
a r e  recognizable w i t h i n  the youngest episode of mylonitization. 
For example, near the  mouth of Wild Burro Canyon, strongly 

I 
mylonitized inclusions of Oracle Granite t ha t  were deformed 
during an e a r l i e r  episode a r e  included i n  the coarsely porphyri t ic  
phase of Catalina quartz monzonite. This phase in turn contains 
a younger, much weaker mylonitic fo l i a t i on .  These a r e  both cross- 

I cut  by low-dipping sheets of the gran i t ic  phase of Tor to l i t a  
quartz monzonite which has been strongly rnylonitized by a s t i l l -  
younger mylontic event. This youngest mylonitic event may be 

I re la ted t o  a widespread s e t  of shallow-dipping, r e l a t i ve ly  wide- 
spaced shears t ha t  cu t  older,  more steeply inclined f o l i a t i o n s  
(some of which a re  mylonitic) i n  the Chirreon and Catalina in t ru-  

r sions. 

I Summary and conclusions (from ~ k t h  and o thers ,  1980). 

I Various rocks within the Santa Cata l ina-Rincon-Tor to l i ta  
c rys t a l l i ne  complex can be correlated w i t h  rocks inside and 
loca l ly  outside of the complex by u t i l i z ing  f i e l d  re la t ion-  

I :  ships and l i tho logic ,  trace-element, and isotopic analyses. 
I Deformed Precambrian, Paleozoic, Mesozoic, and Cenozoic rocks 

a l l  occur within the complex, b u t  i t s  geology i s  don-kci-ed 

I ;I by a s e r i e s  of Late Cretaceous(?) through middle Ter t iary 
plutonic and deformational episodes. Major plutonism was 
apparently episodic and produced three d i s t i n c t  ages and 

I ~ 

su i t e s -o f  int rusions.  The Laramide (75 t o  64 m.y. B.P.) 
quartz d i o r i t e  and granodiori t e  (Leatherwood s u i t e )  were 
emplaced e a r l i e s t .  These were followed by Eocene (44 t o  
50 m.y. B . P . )  muscovite g ran i t e ,  pegmatite, and a l a s k i t e  

I ~: 

(Wilderness s u i t e ) .  Finally,  quartz monzonites (Catal ina 
s u i t e )  were intruded i n  middle Ter t iary time (27 t o  25 m.y. 
B .P . ) .  A t  l e a s t  three episodes of mylonitic deformation 

I .  occurred between 75 and 20 m.y. B . P .  Although the plutonism 
was episodic, i t  cannot be de f in i t i ve ly  demonstrated t h a t  
the mylonitic deformation was a l so  episodic ra ther  than 

L~ . 

part  of a pi-olonged continuum. However, the c lose spa t i a l  
and temporal association of mylonitization with plutonism 
suggests a genetic re la t ionship between the two, and 
therefore supports episodici ty  of mylonitization. 

[ -: 



SOME SPECULATIONS CONCERNING REGIONAL SW-DIRECTED OVERTHRUSTING 

by 
Stanley B. Keith 

Keith ( t h i s  conference) has offered a somewhat d i f f e r en t  view 

of how the Santa Catalina Mountains f i t s  i n to  the regional tectonic  his tory 

of southern Arizona. The question has been asked by many geologists i n  t he  

past a s  t o  i n  what way the d ra s t i ca l ly  d i f f e r en t  appearing geologies of the 

Tucson Mountains and Santa-Catalina Mountains a r e  re la ted - i n  par t icu la r  - 
how do the two geologies s t ruc tu ra l ly  f i t  together.  My current approach t o  

the problem i s  t o  suggest t ha t  the geology of the Santa Catalina and Tor to l i t a  

Mountains may r e s t  t ec ton ica l ly  beneath the Tucson Mountains. A low-angle 

f a u l t  s imi la r  t o  the  Catalina f a u l t  at. the southern margin of the Catalina 

Mountains may separate the two t e r r a in s .  Kinematic indicators in both upper 

and lower p la tes  of the  Catalina f a u l t  in  the Santa Catalina and Rincon 

Mountains indicate  a major episode of southwest vergent,low-angle tectonic 

t ransport  (southwest upper p la te  motion r e l a t i ve  t o  lower p la te  motion). 

I believe much of t h i s  t ransport  occurred in  the Eocene concurrent w i t h  

the emplacement of the  Wilderness peraluminous muscovite-bearing granitoid 

s u i t e  i n  the Santa Cata l i na -R incon -To r to l i t a  c rys t a l l i ne  core. 
. . ~ .  .. .. .. . . , 

Evidence fo r  the  synkinematic re la t ionship between the 

peral umi nous-muscovite gran i te  and the event of southwest-directed low- 

angle tectonic  t ransport  may be present i n  Redington Pass, the low w a i l  

t h a t  separates  the Santa Catalina and Rincon massifs. Here, mylonitic 

fo l i a t i on  probably re la ted t o  the second mylonitic episode discussed e a r l i e r  

occurs i n  1.4 b.y. g ran i t i c  rocks, contains an anomalous north-northwest 

trending l inea t ion ,  and i s  chief ly  truncated a t  i t s  northern contact by 



the undeformed Youtcy pluton (pluton number 8 on Figure 1).  However, the  

f i r s t  few meters of the Youtcy intrusion a t  i t s  contact with the mylonitic 

gneiss contain a mylonitic fabr ic  tha t  i s  paral le l  to  and ca r r i e s  a northwest- 

trending l inea t ion  l i k e  t ha t  in  the mylonitic 1.4 b.y. grani te .  To the 

eas t ,  the myloni t ical ly  deformed 1,4  b.y. grani te  i s  separated from highly 

deformed, metamorphosed, and tectonical ly  thinned Apache Group and 

Phanerozoic sedimentary rocks by a northwest-striking northeast-dipping 

low-angle f a u l t .  The metasedimentary rocks also contain a northwest- 

trending l ineat ion.  Lineated fo l i a t i on  in  the metasedimentary rocks and 

the northwest-striking low-angle f a u l t  also appear t o  be truncated by the 

east-west-striking southern boundary of the Youtcy intrusion.  The most 

accurate map portrayal of these phenomena is tha t  of Thorman and Drewes 

(1978) who also br ie f ly  discuss the above relationships (Drewes and 

Thorman, 1979). In summary, a major tectonic event which includes formation 

of mylonitic gniesses pre-dates andlor overlaps w i t h  the emplacement of the 

Youtcy pluton. I f  the Youtcy pluton i s  an undeformed eastern extension 

of the  Wilderness int rusion,  then the deformational event i n  eas tern 

Redington Pass i s  pre- and/or syn- 50 m.y, B . P .  I t  i s  t h i s  event t h a t  

I believe i s  re la ted  to  the SW-vergent transport because folds i n  the  

rnylonitic 1.4 b.y. grani te  a r e  SW vergent (Keith and Reynolds, unpublished 

data).  

Overlap of upper and lower p la te  l i tho logies  i n  the  Rincon' 

Mountains suggests a t  l e a s t  30 miles of SW transport  occurred. I believe 

th i s  t ransport  was the tectonic  r e su l t  of compressively induced SN vergent 

thrusting re la ted t o  anomalously low-angle subduction and c rus ta l  anatexis 

i n  the  Tucson area i n  ear ly  Eocene time. I t  was a t  t h i s  time t h a t  the Tucson 

Mountains became detached front t h e i r  basement and a re  now allocthonous. 



The current  eleyational difference between 'upper p la te '  or s t ruc tu ra l ly  

higher b u t  e leva t iona l ly  lower Tucson Mountains r e l a t i ve  to  the Santa 

Catalina Mountains has been produced by l a t e  Oligocene through l a t e  Miocene 

post-mylonite arching around both NW-trending and ENE Wending fold axes.  

In e f f ec t ,  the Santa Catalina,  Rincon, Tor to l i t a  and Picacho Mountains 

represent a ' l o c a l '  uparched s t ructural  window into an extensive mylonitized 

and loca l ly  plutonized tec ton i te  basement terrane tha t  may underlie a l a rge  

portion of  southern Arizona's Basin and Range Province. 



Tangerine Road bridge and in te rsec t ion .  Return t o  I n t e r s t a t e  10 
Northwest bound. 

0.5 
240 Baboquivari Peak (Jurass ic  gran i te )  i n  view a t  8:30. Roskruge 

Mountains are  range on low skyline a t  9:OO. The Kit t  Peak Ob- 
servatory complex bu i l t  on Jurass ic  gran i te (~axe1  and others  1980) 
i n  the  Quinlan Mountains is  a t  8:45. Safford Peak i s  now receding 
t o  our rear  view a t  7:OO. Notice tha t  Safford Peak appears t o  
s i t  on a synclinal dish of cliff-forming basa l t ic  andesi tes .  

6 , s  
233.5 Marana overpass. Si lver  Bell Mountains a t  9:30 on skyl ine w i t h  

t a i l i n g s  from ASARCO's Si lver  Bell Mine operations a t  9:15 t o  
9:30. Samaniego Hi l l s  a t  10-11:OO. The prominent peak between 
the S i lver  Bell Mountains and Samaniego Hill complex is Ragged 
Top a quartz l a t i t e  int rusive complex dated a t  25 m.y. (Mauger 
and others ,  1965). The Samaniego Hi l l s  consist  of a 16 t o  26 
m.y. volcanic complex that  overlays a probably Precambrian 1.4 
b.y. old granitoid basement (Eastwood, 1970). Picacho Peak a t  
11:55 i s  l i ke ly  an extension of t h i s  geology (SEE STOP 2) .  

The Samaniego Hil ls  geology i s  separated from the S i lver  Bell 
Mountains block by d major IJNW t o  E-W s t r ik ing  f a u l t  named the 
Ragged Top f a u l t  zone by Banks and Dockter (1976). South of 
the Ragged Top f a u l t , a  thick sequence of Laramide volcanics 
and intrusions w i t h  complex cooling ages ranging from 68 m.y. 
t o  19 m.y. (Mauger.and others ,  1965; Bank and o thers ,  1978) 
a r e  present. The volcanic section r e s t s  d i r ec t ly  on 
a typical SE Arizona Paleozoic section and gives generally younger 
ages than the plutons which i n t r u d e t h e  v37canics. Bath 
intrusions and volcanics have yielded 19 t o  22 m.y. f i s s ion -  
track a p a t i t e  ages. Regional s t ra t ig raphic  
correla t ions '  by Docktor (1977) suggest the ~aramide-volcanic  
s e c t i o w a t  Si lver  Bell cor re la tes  with the 75 t o  70 m.y. old 
Laramide volcanic section i n  the Tucson and Roskruge Mountains. 
3anks and o t h x s  (1978) suggest the reduced K-Ar and f iss ion- .  
t rack ages represent thermal rese t t ing  by middle Ter t ia ry  
bathol i thic  masses i n . t h e  Tortol i ta  and Picacho Mountains 
north and eas t  of the Si lver  Bell Mountains. S. Keith suggests 
these ages are  i n  some peripheral way rela ted t o  the  reduced 
radiometric ages in the  c rys t a l l i ne  cores of the  Santa 
Catalina,  Tor to l i t a ,  and Picacho Mountains. However, because 
most of the  magmatism i n  these mountains i s  pre-40 m.y. in  age,  
S. Keith prefers the idea tha t  the reduced Laramide volcanic 
ages i n  the  S i lver  Bell represent the termination of a complex 
thermal his tory tha t  i n i t i a t ed  under t h i s  region i n  Laramide 
time pr ior  t o  40 m.y. ago. 



Regardless of t h e i r  regional s ignif icance,  the Si lver  Bell 
Mountains a r e  the s i t e  of one of Arizona's important porphyry copper 
deposits ( t he  mines are  west of the t a i l i ng5  pi les  a t  9:15 to  
9:3O). The Laramide volcanics i n  the S i lver  Bell Mountains 
have been intruded by an impressive swarm of east-northeast 
trending dikes and west-northwest elongate plutons (Watson, 
1964; 1968). Extensive porphyry copper mineralization docu- 
mented by Richard and Courtwright (1966) and Galey (1979) i s  
present where the east-northeast-str iking dike swarm in te rsec ts  
the west-northwest s t r ik ing  chain of plutons along the southern 
margin of the range. Several potassium-argon dates on a l te ra -  
t ion minerals by Mauger and others (1965) indicate the mineraliza- 
t ion a t  Si lver  Bell i s  about 65 m.y. o ld .  Cumulative reported 
production from the Si lver  Bell d i s t r i c t  from 1901-1979 i s  about 
1.06 b i l l i on  pounds of copper, 4.4 mill ion pounds of lead, 
40 million pounds of zinc,  4.8 million ounces of s i l v e r ,  and 
1900 ounces of gold from 77 mill ion shor t  tons of ore. Also, 
some 6 mill ion pounds of molybedenum have been produced. 

1 .5  
235 Tort01 i t a  Mountains a r e  in view from 3:00 t o  5:OO. Cochie 

Canyon (4:OO) separates the Laramide pa r t  of the Tortol i ta  
c rys t a l l i ne  core i n  the northern Tor to l i t a  mountains from 
the mid-Tertiary plutonic portion south of the  canyon. The 
light-colored outcrops in the northwestern Tortoli ta Mountains 
(3:00) a r e  of Derrio Canyon gran i te ,  one of the muscovite- 
bearing peraluminous granitoid members of the Eocene aged 
Wilderness s u i t e  according to  Keith and others (1980) (REFER 
TO STOP 1 ) .  

7 .7  
232.3 pinai'county Line. 

0.3 
232 Marana Air Park Road overpass. The i n t e r s t a t e  i s  now crossing 

the Red Rock basin of Eberly and Stanley (1978), a north trendin 
Basin and Range, graben s t ructure .  Dri l l ing (Eloy Dev. #1 s t a t e  
indicates the central par t  of the graben south of In te rs ta te  10 

7 
i s  a t  l e a s t  5000 f e e t  deep and contains a t  l ea s t  some evaporites. 
Drilling (Berry Dev. No. 1 Federal) on the west side of the basin 
south of In te rs ta te  10 encountered a probably mid-Tertiary 
volcanic section a t  about 3300 f e e t ,  These resu l t s  suggested 
t o  Eberly and Stanley (1978) t h a t  the deepest par t  of the 
Red Rock graben i s  about 8 km wide. Recent d r i l l i ng  by the 
Anschutz-Buckhorn-Phillips consortium off the  north end of the 
Picacho Mountains (1:00) entered Precambrian granite beneath the 
north end of the basin a t  about 4000 f e e t .  These resu l t s  com- 
bined w i t h  gravity data suggest the Red Rock basin closes about 
12 miles north of th i s  point. 



1 .o 
231 Desert Peak (1:OO) contains a gneiss ic  quartz d i o r i t e  (Leatherwood 

su i te? )  intruded by abundant pegmatites (Wilderness s u i t e ? ) .  
Hence, much of the Cenozoic pediment and val ley f i l l  alluvium 
north of i n t e r s t a t e  10 between the Tor to l i t a  and Picacho Mountains 
may be underlain by mylonitic granitoid rocks s imilar  t o  those i n  
the Picacho and Tortol i  t a  crysta l  1 ine complexes. 

Owl Head Buttes (3:OO) is  composed of ea r ly  Miocene volcanic 
rocks dated a t  26 t o  22 m.y. old (Banks and o thers ,  1977, 1978) 
t h a t  r e s t  unconformably on largely  non-reset Precambrian c rys t a l l i ne  
rocks (Banks and others ,  1978). This assemblage i s  juxtaposed 
against  tectonized and plutonized basement in  the  c r y s t a l l i n e  core 
of the  northern Tor to l i t a  Mountains (3:30) by a low-angle f a u l t  
named the  Guild Wash f a u l t  by Banks and others  (1977). The 
Guild Wash f a u l t  i s  probably a Catalina f a u l t  analog and 
points t o  the regional d i s t r ibu t ion  of these low-angle s t ruc tures .  
We will view from a distance another similar s t ruc ture  in the 
southeast Picacho Mountains ahead (STOP 2) .  

3.0 
228 Newman Peak (12:30) i s  the highest point i n  the  Picacho Mountains 

( e l .  4508 f e e t ) .  Picacho Peak looming in to  view a t  11 :30. 

229.3 Red Rock e x i t ,  Merge r i g h t  on to  off  ramp. Turn r i g h t  a t  Red Rock 
Road intersect ion and make quick l e f t  tuFn onto 1-10 frontage road 
northwest bound. 

3.0 
The 96 Hil ls  (3:OO) a r e  composed of a peraluminous two-mica 

grani te  (wilderness equivalent?) t h a t  intrudes Precambrian 1.7 b.y. 
old Pinal Schis t  and 1.4 b.y. old Oracle Granite. Bradfish (1979) 
has presented numerous chemical and isotopic  data f o r  the  two-mica 
grani te  which he regarded a s  a d i f fe ren t ia ted  product of a hornblende 
granodiorite phase. Both rock a r e  regarded by Cornwall (1975) and 
Bradfish (1979) as comagmatic phases of a composite pluton named the 
Teacup granodiori te by Cornwall (1975). A Rb-Sr isochron t h a t  
includes both phases gives a 70. 'm.y..isochron w i t h  an i n i t i a l  r a t i o  
in tercept  of .7086. Keith and 

In l i g h t  of the work by Keith and Reynolds (1980) and%thers (1980) 
i n  the  Santa Catalina and Tortoli  t a  Mountains, another in terpreta t ion 
(S. B.  Keith 's)  of Bradfish's data i s  ~ o s s i b l e .  I f  the  aranodiori te . . 
point i s  omitted from the data and on14 the  three  muscovite-bearing- 
phases are considered, a 64 m.y. isochron may be constructed. The 
i n i t i a l  r a t i o  fo r  t h i s  isochron i s  about .7100. If the  pegmatite 
point is omitted, a 43 m.y. two-point isochron may be constructed 
and the  two points plot  very near the  Keith and others  (1980) isochron 
fo r  the  Wilderness Granite. These younger ages a r e  more consis tent  
w i t h  other data such a s ,  (1)  regional east-west s t r i k ing  dike swarms 
dated a t  62 t o  63 m.y. which intrude the hornblende granodiori te 
phase and may be truncated by the two-mica garnet-bearing phase 
(2) The f a c t  t h a t  the  two-mica gran i te  intrudes the  hornblende grano- 
d i o r i t e  phase in several places (Cornwall, 1975; Bradfish, 1979) 
( 3 )  The chemical and isotopic s imi la r i ty  of the two mica grani te  phase 
t o  Wilderness s u i t e  rocks in  the  Santa Catal ina and Tort01 i t a  Mountains, 



and ( 4 )  The chemical and isotopic s imi la r i ty  of the hornblende grano- 
d i o r i t e  phase t o  Leatherwood s u i t e  plutons i n  the Santa Catalina and 
Tortol i ta  Mountains. 
In summary, the Teacup pluton i s  a small composite batholi th t ha t  
consis ts  of two chemically, i sotopical ly ,  and geologically d i s t i n c t  
plutons. One i s  an older calc-a1 ka l ic  hornblende granodiorite s imilar  
t o  the Leatherwood s u i t e  and other  calc-alkal ic  plutons i n  the Tor t i l l a  
and Ray areas ,  35 miles northeast  of 1-10. The other pluton i s  a 
younger muscovi te-bearing peral umi nous grani te  similar to  the Wilder- 
ness s u i t e  of Keith and others (1980) i n  the Santa Catalina-Rincon- 
Tortol i ta  complex. The name "96 Hi l l s  granite" i s  proposed for  t h i s  
e ran i te  beacuse of the  excel lent  exposures of t h i s  grani te  i n  the 96 
Hi l l s  ( the  96 Hi l l s  lobe of Bradfish, 1979). 

7 . 5  
~ u l i - o v e r  t o  the  r i gh t ,  across the road from the BINGO gas s ta t ion  on 
the l e f t  and park for  STOP 2.  

STOP 2 

LOW-ANGLE TECTONIC PHENOMENA AN0 GEOLOGIC OVERYIEW OF THE PICACHO 
MOUNTAINS. 

by Stanley B. Keith 

Introduction: 

Picacho Pass i s  a famil iar  landmark i n  Arizona's cultural  history 
as  well as  i t s  geologic his tory.  Near here, Arizona's only Civil War 
Batt le was fought i n  1862. According t o  Barnes (1960), the following 
events took place: 

On April 15, 1862, sixteen Confederate cavalrymen of Capt. 
Sherod Hunter's command were with L t .  Jack Swilling when 
they were overtaken by L t .  James Bzrrett  and a dozen 
soldiers .  During the skirmish, Barret t  was ki l led,  as were 
P v t .  George Johnson and P v t .  William S. Leonard of the Union 
forces. Two Confederates, whose names a re  not known, were 
ki l led and two others taken prisoner. (Not a l l  accounts 
agree concerning the Confederates.) 

In recent years ,  major new insights  i n to  the geology of the Picacho 
Mountains have been obtained by a number of workers. On the Arizona 
S ta te  Geologic map (Wilson and others ,  l969),  the Picacho Mountains 
( i n  view t o  your north) a r e  shown a s  Precambrian gneisses, whereas 
Picacho Peak, the prominent Peak t o  the south of In te rs ta te  10, is 
depicted a s  a Cretaceous-Tertiary intrusion.  I n  recent years,  work 
by numerous workers has vast1 y changed tha t  interpretation.  Undoubtedly, 
t h a t  in terpreta t ion will  continue t o  evolve s ignif icant ly .  



Geology: (Refer t o  Figure 1) 

The present geologic interpreta t ion,as  I can piece i t  together, i s  
as  follows: The northern Picacho f4ountains (north of 1-10) i s  d iv i s ib l e  
into  two major terranes.  These terranes a r e  separated by a major WNW- 
s t r ik ing  f au l t .  The terrane north of t h i s  f a u l t  (not in  view) consis ts  
mostly of a s ch i s t  tha t  strongly resembles Pinal Schis t .  The s c h i s t  
is intruded to  the ea s t  by a porphyritic grani te  t h a t  strongly resembles 
Oracle Granite (Yeend, 1976; Banks, 1980). A more gneiss ic  rock loca l ly  
occurs between the gneiss and the s ch i s t .  The above assemblage i s  
cu t  by a s e r i e s  of WNW-trending shear zones t ha t  loca l ly  contain dikes 
of probable Precambrian-aged diabase tha t  a r e  l i tho logica l ly  s imilar  
t o  the well-known younger 1200-1100 m.y. diabase i n  the Sierra  Ancha 
Mountains th i r ty - f ive  miles north of Globe, Arizona. The extreme north 
end of t h i s  terrane contains a d i o r i t e  t o  granodiorite pluton of ear ly  
Tertiary age tha t  intrudes the older rocks (Johnson, Masters t hes i s ,  
i n  preparation). All of the above rocks a r e  intruded by an impressive 
NW-striking swarm (especial ly  in western exposures) of intermediate to 
s i l i c i c  dikes. The probable age of t h i s  dike swarm i s  middle Tertiary.  
Copper mineralization a t  the North Star  Mine may be re la ted t o  t h i s  
int rusive event. I t  a lso may be re la ted t o  the ear ly  Tert iary grano- 
d i o r i t e  plutons. 

South of the WNW-striking f a u l t  a much d i f f e r en t  t e r r a in  i s  present. 
Several low north-trending and northwest-trending, rounded, low ridges 
(not viewable from t h i s  stop) occur imed ia t e ly  south of the f a u l t .  
This area of subdued r e l i e f  i s  underlain by a granodiorite pluton of 
middle Tertiary age referred t o  as the North Star  stock. Biot i te  from 
the North Star  pluton has yielded a K-Ar age of 24.35 f 0.73 m.y. 
(Shafiquallah and others ,  1978). The North S t a r  int rusion i s  cu t  by 
numerous northwest to  west-northwest trending dikes of intermediate 
composition. These dikes exhibit  d i f f e r en t  l i tho logies  than those tha t  
intrude the northern terrane.  

About three miles south of the WNW-trending f au l t s , t he  low-relief 
topography gives way to  a noticeably more rugged, high-relief  topo- 
graphy that  comprises the main topographic mass of the Picacho Mountains 
This i s  the topography tha t  dominates our view t o  the north. The high 
point i n  t h i s  topography is Newman Peak a t  the 1:00 posit ion (use 1-10 
NW-bound as the 12:OO reference posi t ion) .  The majority of t h i s  high- 
r e l i e f  terrane i s  underlain by a fo l ia ted  mylonitic, muscovite granite 
pluton. The mylonitic muscovite grani te  pluton i s  intruded by the 
generally non-fol i a ted ,  mid-Tertiary Lone Star  pluton near the topo- 
graphic break mentioned above. The light-colored c l i f f y  outcrops and 
rubble tha t  occupy the exposures t o  our north a r e  of the muscovite 
granite.  Bioti te-rich phases (presumably of the muscovite pluton) 
a r e  local ly  observed ( fo r  example, the  outcrops under the low ledges 
a t  1 :30). Their re la t ionship to  the main phase must s t i l l  be rigor- 
ously determined and awaits someone's mapping. Muscovite extracted 
from t h i s  pluton has yielded a l a t e  Oligocene cooling age (Gary Johnson, 
Master thesis  i n  preparation). This age i s  s imilar  t o  numerous l a t e  
Oligocene ages reported on the Wilderness Granite in  the Santa Catalina 
Mountains (see  Keith e t  a l . ,  1980, for  a review of these apparent ages). 
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The muscovite grani te  of the Pichacho Mountains i s  presumably a member 
of Late Cretaceous to  Eocene peraluminous grani toid  s u i t e  t ha t  has now 
been recognized as  a major new magma type throughout southern Arizona 
(Keith and Reynolds, 1981 ) . 

Another mylonitic l i thology common i n  the  southern par t  of the  main 
Picacho Mountains ( fo r  example, the  inselberg o u t l i e r s  a t  3:00 and the 
slopes below the muscovite g ran i t e  c l i f f s  a t  1:00 low) i s  a porphyrit ic 
augen gneiss.  This l i thology was intruded by the muscovite grani te .  
Yeend (1976) and Banks (1980) believe the  p ro to l i t h  f o r  the mylonitic 
porphyrit ic augen gneiss i s  t he  Oracle Granite dated a t  about 1400 m.y. 
I see  no reason to  doubt t h i s  supposit ion.  Nearly a l l  of the mylonitic 
fo l i a t i on  i s  low-angle and i s  responsible f o r  the  layered aspect of 
the rocks. One hundred seventy-one l inea t ions  measured by George Davis, 
a l l  f a l l  i n  the NE-SW quadrant and average about N 500 E. (Davis, 1980). 

Near Newman Peak these mylonitic gneisses a r e  intruded by a non- 
rnylonitic, north-trending dike t h a t  resembles the  Tor to l i t a  quar tz  
monzonite i n  the Tortol i ta  Mountains t o  the  southeast .  A date on t h i s  
dike could provide a minimum age f o r  the  mylonitic deformation. 

The mylonitic granitoid rocks a r e  over la in  by the curious slope- 
and ledge-forming mylonitic s c h i s t  t h a t  caps the high ridges of the 
Picacho Mountains ( for  example, Newman Peak and the table- l ike  h i l l  
@ 1 :30). A t  Newan Peak, the sch is tose  rocks a r e  abundantly intruded 
by pegmatites and ap l i tes ;  some of these in t rus ions  a r e  folded. Expo- 
sures of the  mylonitic s c h i s t  i n  the  h i l l  a t  1:30, and nearby h i l l s ,  
loca l ly  contain box-fold s t ruc tures .  Geometric data f o r  14 box-folds 

' yie ld  an ENE-WSW axis  of shortening. These folds  fold the older ,  
above-mentioned, l ineation.  Within the same zone, reverse f a u l t s  are  
loca l ly  numerous. Geometric data f o r  25 of these f a u l t s  y ie ld  an 
average s t r i k e  of N 370 W a t  a dip  of about 300 SW. Hence, the  f a u l t s  
show a marked preference f o r  northeast  t ransport  o r  vergence. The 
ax is  of shortening for  these f a u l t s  i s  S 53O W. These f a u l t s  a r e  l a t e  
and cu t  the mylonitic s ch i s t .  I t  i s  i n t e r e s t i ng  t h a t  the axis  of short- 
ening f o r  the reverse f a u l t s  i s  para l le l  t o  l inea t ion  phenomena i n  the 
same rocks. The data seems t o  ind ica te  t h a t  an event of NE-SW shorten- 
ing occurred l a t e  in  the h i s tory  o f ,  o r  post-dates the  mylonite formation. 
I f  the  muscovite grani te  in the  Picacho Mountains correla tes  with similar 
grani toids  in  the Tortol i ta  and Santa Catalina Mountains, mylonitic 
deformation in  the Picacho Mountains is syn- to  post-middle Eocene and 
predates emplacement of the 24 m.y. North S t a r  pluton. 

Close inspection of the conical h i l l  a t  2:00 wil l  reveal a small, 
dark outcrop tha t  caps the very top of the h i l l .  This outcrop is a 
volcanic rock tha t  closely resembles the  ul t rapotass ic  trachytes i n  
the  small ou t l i e r  a t  2:00 and the extensive exposures a t  Picacho Peak 
south of 1-10. The volcanic rock on t h i s  h i l l  r e s t s  t ec ton ica l ly  on 
a highly fractured and somewhat c h l o r i t i c ,  coarse-grained, b i o t i t e  
g ran i te  which in turn r e s t s  t ec ton ica l ly  on mylonitic s ch i s t  ledges 
a t  the  mid-point on the h i l l .  These ledges a l so  contain folds  ( see  
previous discussion). The low-angle tec ton ic  contact  between the 
volcanics and the underlying c r y s t a l l i n e  rocks probably represent a 



low-angle normal f a u l t  or  d i s loca t ion  surface ( i n  the sense of Rehrig 
and Reynolds, 1980) of mid-Miocene age. The age of the trachyte i s  
about 22 m.y. (Shafiquallah and o thers ,  1976). The exposure of this 
f a u l t  occurs only on the small h i l l  a t  2:OO. However, the northeast  - 

I 
dipping volcanic section of Picacho Peak may r e s t  as  an allochthon on 
t h i s  low-angle surface. I f  so ,  the  t r ace  of t h i s  f a u l t  would pass 
between the ou t l i e r  of t rachyte  a t  1:00 low and the c rys t a l l i ne  mylonitic 

I 
rocks underneath Newman Peak a t  1:00 high. I f  the NE di'p of the  volcanic 
sect ion i s  related t o  movement on th i s  d i s loca t ion  surface,  then the 
volcanic section a t  Picacho Peak (which dominates our view from 8:00 
to  11:OO) was transported SW above t h i s  surface.  As previously mentioned, 

I 
Picacho Peak was formerly thought t o  represent  a Ter t iary intrusion.  
Work by Briscoe (1967) and Shafiquallah and others (1976) has shown 
tha t  Picacho Peak predominantly cons is t s  of a 23-21 m.y. p i l e  of north- 

! 
east-dipping, high-K andesites and u l t r apos t a s s i c  trachytes.  The vol- 
canic sec t ion  i s  in tercalated w i t h  conglomeratic c l a s t i c  rocks ( t h e  
Wyomola conglomerate of Briscoe, 1967) i n  the  lower par t  of the section.  

I 
Base and precious metal mineralization i s  l oca l ly  present i n  northwest- 
s t r i k ing  fractures  t ha t  cut  this e a r l y  Miocene section.  I 
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.. ~ 

Return t o  In t e r s t a t e  10 via the Picacho interchanqe and continue,north- 
west, bound f o r  Phoenix. 

1.3 
21 9  A good view of the mylonitic fo l i a t i on  may be seen a t  1 - 2:00. The 

inselberg h i l l  a t  1 :3O i s  tnostly muscovite gran i te  with a southwest- 
dipping mylonitic fo l i a t i on .  . . 

3.0 
21 6 A good view of the rnyloni t i c  s c h i s t  intruded abundantly by low-angle 

pegmatite sheets near the top of Newman Peak i s  seen a t  the 3:00 position. 



0.7 
Subtle dip  i n  i n t e r s t a t e  marks the t r ace  of the  Picacho f a u l t ,  one of 
the  main features  of the Picacho-Eloy subsidence area.  This f a u l t  
exhib i t s  a 0.5 m . ,  west-side down, o f f s e t  over a distance of 11 km. 
Pos t - in te rs ta te  movement on the f a u l t  r e f l e c t s  subsidence i n  the 
Picacho basin due to  ground water withdrawai-for agr icul tural  purposes. 
Steep gravi ta t ional  contours i n  the area  of the  f a u l t  t race and i t s  
posit ion a s t r i d e  the west boundary of the Picacho Mountain block sug- 
ges t  the recent a c t i v i t y  might r e f l e c t  thereac t iva ted  presence of a pre-exist1 
basin and ranqe f a u l t .  I f  so. the Picacho t a u l t  marks the s t ruc tu ra l  
boundary between the Picacho ~ o u n t a i n  blocic and the Picacho basin. 

1 . 3  . .- 
Superst i t ion Mountains a r e  in  view i n  f a r  dis tance from 2:00 t o  3:OO. 
I n t e r s t a t e  10 i s  now crossing the Picacho basin i n  which a thick,  1800 m 
th ick  evaporite section of anhydrite was penetrated by the Exxon S t a t e  
(74) - 1 wel l ,  about 5 km north of 1-10. The anhydrite sect ion con- 
tained only minor interbeds of shale ,  t u f f ,  h a l i t e ,  and limestone nodules, 
according t o  Eberly and Stanley (1978). The well a lso encountered a t  
2765 m. an u l t rapotass ic  t rachyte  flow dated a t  14.9 m.y. by the K - A r  
method. Overlying t h i s  flow a r e  fanglomerates t ha t  grade upward in to  
the Picacho basin evaporites,  beneath the t rachyte  flow. This flow 
i s  contained i n X ? T b r c ~ n A ~ T s e c t i o n  a t  a depth from 2765 t o  2946 m. 
A basa l t  above the t rachyte  yielded an age of 17 m.y. Below the vol- 
canic  sec t ion ,  t h e  well cu t  reddish conglo~nerate from 2946 t o  3001 m 
and then entered a quartz d i o r i t e  gneiss t h a t  yielded highly discordant 
ages of 25 m.y. (K-Ar on b i o t i t e )  and 1275 t o  1540 m.y. (Rb-Sr whole 
rock). The reduced age suggests t h i s  rack i s  re la ted t o  the  mylonitic 
gneisses of the Southern P i c x h o  Mountains which have a l so  yielded 
l a t e  Oligocene retiuced K-Ar ages ( s ee  STOP 2 DISCUSSION). Hence, 
formation of the mylonitic g n e i s s ~ s  predates Basin and Range fdu l t ing  
and the middle 3iocene volcanism (which a l so  pre-date the Sasin and 
Range fau l t ing  because they have been downdropped a t  l e a s t  2700 m 
r e l a t i v e  t o  analogues a t  Picacho Peak and the Samaniego Hil ls .  

4.0 
Table Top Mountain i n  f a r  distance a t  11:30 is  capped by a 21.4 m.y. 
basa l t  t h a t  dips about 250 WSW (Shafiquallah and others ,  1980). 

4.0 
Sawtooth Mountains a t  10:30 a r e  composed mostly of l a t e  Oligocene- 
ear ly  Miocene rhyol i te ,  daci t e ,  and trachyandesi t e  volcanics (Bergquist 
and others ,  1978). One of the rhyodacites from an insellberg 5 km south- 
ea s t  of the Sawtooth Mountains gave a b i o t i t e  K-Ar age of 25.3 m.y. 
(Banks, and o thers ,  1978). 

0.5 
~ a t t a g a l  i a  Road overpass. 

1.5 
To1 tec  Road overpass. 

1 .o 
Toltec Buttes (1:30) a r e  composed of Precambrian 1.7 b.y. old Pinal 
Schis t  and migmatitic q u a r t z - p l a g i o c l a s e - b i o t i t e  gneiss t ha t  contains 
a nor theast-s t r iking,  s teeply southwest-dipping fo l ia t ion .  Casa Grande 
Mountains (10:30 - 11 :30) a r e  a l so  la rge ly  composed of Pinal Schis t  



migmat i t i c  gneisses w i t h  a general eas t -nor theas t  f o l i a t i o n  s t r i k e .  
The s c h i s t  i s  c u t  by several no r thwes t - s t r i k i ng ,  southwest-dipping 
medium-grained equigranular  g r a n o d i o r i t e  d ikes  o f  "probable l a t e  
Cretaceous o r  e a r l y  T e r t i a r y  age", accord ing t o  Bergqu is t  and B l a c e t  
( 1  978) . 

The rock assemblage i n  t h e  Casa Grande Mountains and T o l t e c  Bu t tes  
probably represents upper p l a t e  c r y s t a l l i n e  rocks.  Presumably, the  
tec ton ized basement t e r rane  o f  t h e  Picacho Mountains would r e s t  a t  
some unknown depth beneath t h i s  area (S.B. K e i t h ' s  i n t e r p r e t a t i o n ) .  

2.9 
Sunland Gin Road overpass. 

0.3 
Yuma I n t e r s t a t e  8 e x i t  f o r  G i l a  Bend and Yuma. Continue s t r a i g h t  on 
1-10, northwest bound f o r  Phoenix. 

0.6 
I n t e r s t a t e  8 overpass. 

1 .o 
Br idge over Southern P a c i f i c  r a i l r o a d  t racks .  Town o f  Casa Grande a t  
10:OO. The East Sacaton Mountains a r e  now i n  v iew a t  12:OO t o  12:30 
w i t h  P ina l  Peak, h ighes t  p o i n t  i n  the  P i n a l  Mountains ( e l .  7,848')  
i n  f a r  d is tance a t  t h e  1:30 p o s i t i o n .  

3.3 
Sta te  Highway 287 overpass. 

1 .o 
Storey Road overpass. 

0.9 
According t o  t h e  map by Bergqu is t  and B l a c e t  (1979), Burgess Peak @ 
9:00 i s  composed o f  probably m i d - T e r t i a r y  reddish-brown b i o t i t e  rhyo- 
d a c i t e  aglomerate w i t h  abundant c l a s t  up t o  50.5 m i n  d iameter  o f  
Laramide-age medium t o  coarse-grained b i o t i t e  hornblende qua r t z  mon- 
zon i te  (The Three Peaks qua r t z  monzonite o f  Ba l l a ,  1972). The low 
h i l l s  a t  10:OO c o n s i s t  o f  P ina l  Schist ,  i n t i m a t e l y  i n t r u d e d  and i n -  
j e c t e d  by Oracle Grani te.  Both a r e  i n t r u d e d  by diabase d i kes  (Kei th,  
unpub. mapping and Bergquist  and B lacet ,  1979). 

Both o f  the aforementioned topographic o u t l i e r s  a r e  expressions 
o f  an extensive bedrock bench t h a t  l i e s  underneath a t h i n  cover o f  
a l l uv ium 0 t o  about 600 f e e t  t h i c k  between t h e  Casa Grande Mountains 
(7:30) and the  western extension o f  t h e  Sacaton Mountains (10:30). 
From these observat ions, one can ge t  a b e t t e r  impression o f  j u s t  how 
much pedimentation has occurred i n  t h i s  r e g i o n  s ince  t h e  Basin and 
Range topography was f i r s t  blocked out .  Indeed, pedimentat ion has 
occurred t o  such an ex ten t  t h a t  i t  i s  imposs ib le  on t h e  bas is  o f  topo- 
graphy t o  c l o s e l y  i d e n t i f y  the  o r i g i n a l  p o s i t i o n  o f  t h e  Basin and Range 
s t r u c t u r a l  basins. 

- 

2.0 
The eas t  Sacaton Mountains (12:OO - 2:30) a r e  composed almost e n t i r e l y  
o f  Laramide g r a n i t o i d  rocks, B a l l a  (1972) d i v i d e d  t h i s  sequence i n t o  
two major p lutons.  The r i d g e  a t  12:30 to. 2:3O i s  composed o f  the 
Sacaton Peak g ran i te ,  a medium-grained b i o t i t e  q u a r t z  monzonite accord- 
i n g  t o  B a l l a  (1972). B i o t i t e  from t h i s  rock  gave a K-Ar age o f  about 



62 m.y. B a l l a  a l s o  recognized a core f a c i e s  on the  west s ide  o f  the  
r i d g e  a t  about 1:30 low t h a t  e x h i b i t e d  gradat iona l  con tac t  w i t h  a 
p o r p h y r i t i c  b i o t i t e  g r a n i t e  co re  phase t h a t  l o c a l l y  conta ins  abundant 
a l t e r n a t i n g  bands o f  f e ldspa r  and b i o t i t e .  B i o t i t e  from the  core phase 
gave a K-Ar age o f  50 m.y. which B a l l a  i n t e r p r e t e d  as a reduced age due 
t o  reheat ing  from a nearby a p l i t e .  Both phases o f  the  Sacaton g r a n i t e  
a r e  c u t  by numerous n o r t h w e s t - s t r i k i n g  a p l i t e  and pegmati te d ikes  tha t ,  
i n  turn,  a r e  c u t  by numerous eas t -nor theas t  s t r i k i n g  lamprophyre d ikes.  
Both d i k e  se ts  have y e t  t o  be i s o t o p i c a l l y  dated. 

The 50 m.y. age on the  p o r p h y r i t i c  b i o t i t e  g r a n i t e  core phase i s  
i n t r i g u i n g  i n  l i g h t  o f  the  recen t  d iscover ies  o f  l a t e  Paleocene-early 
Eccene two-mica g r a n i t o i d s .  B i o t i t e - r i c h  phases o f  these peraluminous 
g r a n i t o i d s  a r e  known (Haxel and others,  1980; K e i t h  and Reynolds, 1980) 
and i t  i s  conceivable t h a t  the  co re  f a c i e s  o f  the Sacaton Peak g r a n i t e  
might  be a b i o t i t e - r i c h  end-member o f  the  two-mica c lan .  The age date 
and abundance o f  pegmati tes i n  t h e  area a r e  cons i s ten t  w i t h  t h i s  pos- 
s i b i l i t y .  Obviously, t h i s  o p t i o n  must be tes ted  by c a r e f u l  mapping, 
pe t rograph ic  desc r ip t i on ,  and i s o t o p i c  ana lys i s  o f  t h e  Sacaton Peak 
g r a n i t o i d  complex. 

1.3 
190.7 McCartney Road overpass. 

n 7 -.. 
190 Table Top Mountain i s  now a t  9:OO. See geologic  comment a t  m i l epos t  

21 0. 
1 .o 

189 Small h i i l  w i t h  water tower a t  1 0 : 4  was the d iscovery outcrop f o r  the  
Casa Grande o r  Sacaton porphyry copper depos i t .  I d e n t i f i c a t i o n  o f  per- 
vasive q u a r t z - s e r i c i t e - p y r i t e  a l t e r a t i o n  o f  Oracle Gran i te  i n  the  h i l l  
by ASARCO geo log is ts .  i n  February o f  1961 p r e c i p i t a t e d  all extensive 
exp lo ra t i on  d r i l l i n g  p r o j e c t .  By 1968, ASARCO announced t h e  ex is tence 
o f  two o re  deposi ts .  One conta ined about 17 m i l l i o n  tons o f  ore,  aver- 
aging 0.8% Cu and was amenable t o  open p i t  mining ( the  c u r r e n t  0perati:on) 
and t h e  o the r  depos i t  conta ined about 12 m i l l i o n  tons o f  o re  averaging 
1.5% Cu. This  second depos i t  i s  now undergoing underground development. 
S e r i c i t e  from d r i l l  core' has y i e l d e d  an age o f  about 65 m.y. and r e f l e c t s  
the  age o f  m i n e r a l i z a t i o n  a t  t h e  Casa Grande depos i t  (Pushkar and Damon, 
1974). Product ion s t a r t e d  i n  1971, and through 1979 some 191 m i l l i o n  
pounds o f  copper, 654,000 ounces o f  s i l v e r  and 5,500 ounces o f  go ld  have 
been recovered from 17.6 m i l l F o n  tons o f  ore. The depos i t  i s  l oca ted  
near t h e  southern margin o f  t h e  Three Peaks monzonite a t  i t s  con tac t  
w i t h  t h e  Oracle Grani te.  The eas t -nor theas t  elongate minerali.zed zone 
occurs i n  t h e  Oracle Gran i te  and an i r regular-shaped monzonite s tock 
centered near the  southwest s i d e  o f  the  deposit ,  and i s i n t r u d e d  by post-  
minera l  andesi te d ikes.  The m ine ra l i zed  igneous rocks  are  unconformably 
o v e r l a i n  by a t i l t e d  conglomerate sequence tha t ,  i n  t u r n ,  i s  angu la r l y  
t runcated by a veneer o f  pediment a l luv ium. L i ke  t h e  San Manuel-Kalamazoo 
o re  depos i t  i n  the  southern T o r t i l l a  Mountains o f  P ina l  County, t h e  Casa 
Grande depos i t  and t h e  t i l t e d  conglomerate sequence a r e  c u t  by a major 
no r thwes t - s t r i k i ng ,  nor theas t -d ipp ing  f a u l t  (the Sacaton f a u l t )  t h a t  
has o f f s e t  t h e  eas tern  p o r t i o n  o f  the  depos i t  down 1000 t o  1800 f e e t  t o  
the  east. 

J 
/ 



The Sacaton f a u l t ,  l i k e  the San Manuel f au l t  a t  San Manual-Kalamazoo 
and the San Xavier f a u l t  a t  Twin Buttes, Mission-Pima-Palo Verde, and 
San Xavier deposits ,  i s  probably another example of a mid-Miocene-aged 
1 i s t r i c  normai f au l t .  These f a u l t s  a r e  common throughout centra l  Arizona 
and local ly  have s ign i f ican t ly  o f f s e t  in  a normal fashion pre-existing 
Laramide age porphyry copper mineralization. Whether some or  a l l  of 
these s t ructures  root i n t o  some fundamental d is locat ion zone (see Rehrig 
and Reynolds, 1980, fo r  use of t h i s  term) of regional extent  and exten- 
sional origin i s  a matter of current  l i ve ly  debate. The Catalina f a u l t  
of the  Santa Catalina Nountains, the Guild Wash f a u l t  of the  Tor to l i t a  
Mountains, and the Rawhide-Buckskin-Whipple f a u l t  i n  west-central Arizona 
and southeast California could be examples of such a regional s t ructure .  
I f  such a regional s t ructure  e x i s t s ,  i t  would l i e  a t  depth under the  
Sacaton Mountains (Sacaton Mountain a r e  allocthonous in t h i s  model). 
I f  the s t ructure  e x i s t s ,  i t  i s  a l so  possible (S.B. Keith 's  preference) 
t h a t  the s t ructure  formed i n  the  early- to mid-Eocene a s  a regional 
compressionally-induced SW-directed th rus t .  This t h rus t  then would have 
provided a regional planari ty i n  the  m i d -  t o  upper-crust t h a t  has sub- 
sequently localized and loca l ly  been overprinted the dis locat ionzl  
tectonism of mid-Miocene age. Other views (Davis and Coney, 1979; Davis, 
1980; Rehrig and Reynolds, 1980; Reynolds and Rehrig, 1980) would empha- 
s ize  mid-Tertiary timing and an extensional or igin  f o r  such a s t ructure  
and the underlying mylonites. S t i l l  o ther  views (Drewes, 1976; 1978;' 
1980; Thorman, 1978) would ascr ibe  an older  formation age of ea r ly  
Laramide (80 to  70 m.y.) and a tectonic  context of northeast-directed 
overthrusting t o  these s t ruc tures  and the underlying mylonitic basement. 
Davis and others (1980) and Shakelford {l.%O), in the  Whipple and Rawhide 
Mountains in fe r  a Laramide ancestry f o r  the mylonite b u t  a Miocene age 
for  the Whipple-Buckskin-Rawhide low-angie f au l t .  One can see ,  we s t i l l  
have a l o t  t o  learn and a l o t  t o  resolve!? Whatever those phenomena 
are,  they a re  extremely important to the  unraveling of Arizona's tectonic 
and mineral deposit  framework and history.  

0.6. 
Val Vista Road overpass. -. 

2.9 
erizona S ta te  387 overpass 

0.3 
Pediment on e i t he r  s ide  of i n t e r s t a t e  i s  underlain by Oracle Granite. 
Here the Oracle Granite occurs a s  a septum which separates the  Laramide 
Sacaton Peak grani toid  c o m p l ~ f r o m  the  Laramide Three Peaks monzonite 
in the ridges ahead from 12:OO t o  1:OO. 

About 2 km southwest of our posit ion,  i n  the  pediment (9:OO low) i s  
a low east-west trending ridge of rec rys ta l l i zed  sedimentary rocks 
(south half of Sec. 7,  T.5 S., R.6E). Here, a ridge about 2000 f ee t  long 
and 200 f ee t  wide contains a pure quar tz i te  overlain by a few small 
outcrops of carbonate. Wilson (1969) and Balla (1972) co r r e l a t e  the 
quar tz i te  with the  Cambrian age Bolsa Quar tz i te  and the  carbonate w i t h  
the Devonian age Martin Formation. The outcrop i s  s i gn i f i can t  i n  tha t  
it i s  the only outcrop of Paleozoic rocks in the region. The nearest 
outcrop of similar rocks i s  i n  the  Vaiva Hil ls  over 25 miles to the 
southwest. 

1.2 
Roadcuts here a re  i n  the Three Peaks monzonite pluton of Balla (1972). 
The Three Peaks monzonite underlies much of the southern par t  of the 
western Sacaton Mountains (8:OO - 10:OO) where i t  intrudes Precambrian 



Oracle Granite on the south and north and a muscovite grani te  a t  i t s  
western end. Balla (1972) describes the Three Peaks stock as com- 
positely zoned northeast-elongate pluton. He recognized three major 
phases: a d i o r i t e  border phase; an intermediate monzonite fac ies ;  and 
a central monzonite core fac ies .  Bio t i te  from the core facies  yielded 
a 72 m.y. age. Several fine-grained granodiorite dikes intrude the 
stock as  well a s  a s e t  of lamprophyre dikes.  Both se t s  s t r i k e  N50E 
to  E-W. 

0.3 
183.5 Exit f o r  Roadside r e s t  area. The northern portion of the western 

Sacaton Mountains (8:30 - 11 :00) i s  underlain mostly by Oracle Granite 
which contains a few roof pendants of Pinal Schist  in the northwesterly 
most pediment insel bergs (11 :00). Bio t i te  from the Oracle Granite gave 
an apparent K-Ar dge of 1240 m.  y. @a1 l a ,  1972). This age i s  a reduced 
one and probably r e f l ec t s  r e se t t i ng  by numerous northwest-striking 
diabase dikes tha t  intrude the Oracle Granite. The Oracle Granite is 
also intruded by numerous northwest and east-northeast s t r ik ing  dikes 
of a p l i t e  assigned a Precambrian age by Balla (1972). 

In the southwestern par t  of the Sacaton Mountains the Oracle Granite 
i s  in.truded by a muscovite gran i te  named the Sacaton Granite by Balla. 
Muscovite from t h i s  rock gave a K-Ar apparent age of 860 m.y. Balla 
speculates t h a t  i f  this age is  r e a l ,  i t  could r e f l e c t  a younger Pre- 
cambrian event of muscovite gran i te  magmatism i n  central Arizona. Balla 's  
speculation i s  supported by roughly s imilar  ages on muscovitic granites 
i n  the northern Pinal Mountains (a 619 m.y. K-Ar age on muscovite from 
the Solitude Granite reported by Creasey, 1980) and the Cimarron Mountains 
CHaxel and others,  1980; Haxttl, Personal communication). 

1.5 
182 The western San Tan Mbuntains ( 2 : O O  - 3:00) a r e  composed of more Pre- 

cambrian crystal  1 ine rocks overlain by a l a t e  01 igocene-early Miocene 
volcanic section to  the south. Balla (1972) has mapped an east-northeast 
elongate be l t  of Pinal Schis t  throughout much of the northern San Tan- 
Mountains. This be l t  of s ch i s t  i s  interleaved along i t s  north and south 
borders w i t h  a fo l ia ted  b i o t i t e  quartz plutonic complex named the San 
Tan quartz monzonite by Balla (1972), d i o r i t e  to granodiorite. A b io t i t e  
concentrate from this rock gave an age of 1340 m.y. by the K-kmethod. 
I n  the north end of Table Top Mountains about 35 miles southwest of our 
present position, a s imilar  rock i s  intruded by Oracle Granite equivalent, 
according to  Balla. I t  has yielded a K-Ar age of 1330 m.y. on b io t i t e .  
8al la  considers the two rocks equivalents and correla tes  them with the 
Madera quartz d i o r i t e  of Ransome (1903) fur ther  eas t  i n  the Superior t o  
Pinal Mountain region. The Madera quartz d i o r i t e  has vielded numerous 
older ages ranging from 1695 5.y.  to  1540 m.y. (Damon and others ,  1962; 
Livingston, 1369; Banks and others ,  1972). 
The 1330 and 1340 age probably r e f l e c t  reset t ing by the 1.35 to  1.45 
Oracle Granite which pervades much of the  Precambrian basement through- 
out the region. 

The Precambrian geology i s  overlain t o  the south by a typical section 
of mTd-Tertiary rocks. These cons is t  of a basal conglomerate overlain 



by a s e r i e s  dark-colored basa l t ic  andesites.  These a re ,  i n  turn, over- 
l a in  by a welded tuf f  (conspicuous c l i f f s  a t  2:30). The t u f f ,  named 
San Tan tu f f  by Balla, 7972, thins  markedly from north to  south and has 
yielded a 25.4 m.y. age on phlogopi t e  (Bal l a ,  1972). Balla considers 
the San Tan tuff  to be the most southerly outcrop of the extensive 

.ignimbrite volcanism present i n  the Supersti t ion IMountains 25 miles t o  
the north. 

0.5 
Dirk  Lay Road overpass. 

1 5  . .- 
Directly ahead l i e  the South Mountains a t  12:00, the  object  of our 
scrutiny for  the next several hours. Astride the South Mountains t o  
the soutwest r e s t  the Sierra Estre l la  (10:OO to  11 :00) ,  a spectacular 
northwest-trending jagged spine. The highest spine i s  Montezuma 
Peak [10:30) with an elevation of 4,337 f e e t .  

0.5 
Seed Farm Road overpass. . - 

1 , 1  
Gas Line Road overpass. 

1.4 
pima Butte a t  10:OO low backed by Montezuma Peak i n  southern Sierra  
Es t re l la .  The Sierra Estre l la  are mostly composed of northeast- 
s t r i k ing  steeply-inclined amphibolite-grade gneisses,  intruded by a 
coarse-grained b io t i t e  quartz monzonite a t  the sauthern end of the range. 
A Rb-si-model age reported by Pushkar and Damon (1974) f o r  the grani te  
i s  about 1.4 b.y. This age agrees w i t h  a 1380 m.y. K-Ar age on mus- 
covi te  from a quartz-perthi te-bioti te-muscovite-garnet  pegmatite tha t  
intrudes the gneisses jus t  southwest of the pluton. K-Ar b i o t i t e  ages 
on the  grani te  are about 300 m.y. and are  interpreted by Damon and 
Pushkar as  hybrid ages tha t  r e f l e c t  par t ia l  rese t t ing  of the Precambrian 
gran i te ,  perhaps by subsequent Laramide o r  mid-Tertiary magmatism in 
tRe region. One candidate for  such magmatism would be a two-mica, garnet- 
bearing granite a t  the extreme southernmost t i p  of the Sierra  Estre l la .  

Anotherprovocative item in the Sierra Es t re l la  i s  the occurrence of 
a carbonate section within the gneisses on the west s i d e  of the spine 
a t  about i t s  mid-point (Ralph Rogers, personal ccnununication). What 
ttiose carbonates are  and how they got into  the gneisses i s  unknown. 
Clearly, much more geological work remains t o  be done in t h i s  range as  
i t s  geology has largely evaded any detailed mapping and sampling t o  
date. Pima Butte i s  mapped as Precambrian-aged sch i s t  and pegmatite 
of unknown af f in i ty .  

1.2 
Casa Blanca Road overpass. 

0.8 
Four Peaks ( e l .  7657 f ee t )  i s  the highest point i n  the southern Mazatzal 
Mountains (2:30) which form a backdrop f o r  the Supersti t ion Mountains 
a t  3:OO. The portion of the southern Mazatzal Mountains in  view contains 
an assemblan e of quartzites and shales of the Mazatzal group (about 
1.7 b.y. old? intruded by another batholith of the  widespread 1.4 b.y. 
granitoid group. These Precambrian rocks a r e  unconformably overlain to  



the south by the extensive Oligocene t o  mid-~iocene Supersti t ion 
volcanic f i e ld .  Stuckless and Sheridan (1973) have reported numerous 
f iss ion- t rack and K-Ar ages ranging i n  age from about 29 m.y. t o  15 m.y. 
in age. The San Tan Mountains (now a t  3:OO) are  presumably the southern- 
most extent  of the Supersti t ion volcanic f i e ld .  

0.4 
Nelson Road overpass. South Mountains remain a t  your 12:OO posit ion.  

0.6 
Hill a t  12:30 and roadcuts ahead are  mapped on the 1969 Wilson and 
others  Arizona geologic map as  undivded sch i s t  and grani te  and assigned 
a Precambrian age. The roadcuts are  mostly a coarse-grained b i o t i t e  
grani te .  No radiometric ages on these rocks have been reported i n  the  
l i t e r a t u r e .  

0.6 
Gi.la River bridge. 

0.4 
Roadcuts iil coarse~grai:ned b i o t i t e  granite.  

3.1 
Goodyear Road overpass. - " 

I .L  
Marjcopa County l i ne .  

1.7 '  . . . 
Telegraph Pass is the conspicuous notch i n  the South f4ountains a.t -11:30 
with the T.V. tower complex to  the eas t .  South Mountairis c rys t a l l i ne  
complex, another uparched plutonic and niylonite terrane i s  dead ahead. 

By now, the scenario should be becoming f a i r l y  apparent. Between 
Tucson and Phoenix, two major packages of c rys ta l l ine  rocks are  evident. 
The f i r s t  package (Sierra Es t re l la ,  San Tan, Sacaton, Casa Grande Moun- 
ta ins ,  etc. ,)  contains a heterogeneous assemblage of Precambrian crysta l -  
l i n e  rocks intruded by Laramide-age plutons, some attended by porphyry 
copper mineralization. North of the Tucson, Silver Eel1 and Vaiva Hil ls ,  
t h i s  agglomeration of c rys t a l l i ne  rocks i s  locally unconformably overlain 
by a non-metamorphosed sequence of Oligocene to  mid-Miocene aged volcanics 
and predominantly c l a s t i c  sedimentary rocks. I n  general, isotopic ages 
i n  these rocks are unperturbed and when disturbed o r  reduced can readi ly  
be a t t r ibu ted  to a nearby younger magmatic event. Mylonitic phenomena 
i n  those rocks are  generally absent. 

In contras t ,  the second package (South Mountains, Picacho, Suizo, 
Tort01 i t a ,  Santa Catal ina, and Rincon Mountains) contains highly tec- 
tonized Precambrian c rys t a l l i ne  rocks t h a t  are  corcmonly intruded by 
Laramide through mid-Tertiary plutonic su i tes .  Low-angle mylonitic 
phenomena a re  pervasive and a l l  isotopic systems complicated to varying 
degrees. Inherited zircon problems plague the U-Pb zircon method while 
contamination e f fec t s  a r e  commonplace in Rb-Sr systems. With the excep- 
t ion of some coarse-grained muscovites and hornblendes, a l l  K-Ar clocks 
have been reduced s ign i f ican t ly ;  28 t o  24 m.y, cooling numbers a r e  very 
common. Paleozoic rocks a r e  sparingly present and a re  invariably tec- 
tonized. No former sedimentary contact has escaped a t  l e a s t  some tec- 
tonic  modification and formational protoli th c a l l s  a r e  d i f f i c u l t  and 
sometimes impossible t o  make. Where the two packages are  in contact ,  
t h a t  contact  i s  invariably a low-angle f a u l t  of some kind. The mylonitized 



tectonic  terranes  invariably . . appear beneath, these f a u l t s  a t ' a s t r u c t u r a l l y  
1  ower 1 eve1 . 

3.0 
Bridge over queen Creek. 

1.6 
Maricopa Road Overpass. Imedia te ly  a f t e r  passing under overpass, take 
Maricopa Road E x i t  162 and turn r igh t  on Maricopa Road, which passes over 
the i n t e r s t a t e .  Proceed southwest for  0.5 miles and park i n  wide a reas  
on e i t h e r  north o r  south s ide  of road f o r  STOP 3.  



STOP 3 

GEOLOGICAL OVERVIEW OF THE SOUTH MOUNTAINS, CENTRAL ARIZONA 

by Stephen J. Reynolds 

I n t r o d u c t i o n :  

The South Mountains a r e  l o c a t e d  i m e d i a t e l y  south  o f  Phoenix i n  c e n t r a l  
Ar izona. They a r e  a  no r theas t - t rend ing  range approx imate ly  20 km l o n g  
and 4 km wide w i t h  about 500 meters o f  topographic r e l i e f .  The range 
i s  i s o l a t e d  f rom o t h e r  bedrock exposures, being surrounded by a  low- 
r e l i e f  su r face  u n d e r l a i n  by l a t e  T e r t i a r y - Q u a r t e r n a r y  s u r f i c i a l  depos i t s .  

A l though t h e  South Mountains were b r i e f l y  mentioned by severa l  e a r l y  
geo log i s t s ,  they  were f i r s t  reconnaissance mapped b y  Wilson ( i n  Wi lson 
and o thers .  1957; Wilson, 1969). Avedis ian (1966) s t u d i e d  p e t r o l o g y  
o f  se lec ted  rocks  i n  the  h e s t e r n  h a l f  o f  t h e  range. The f i r s t  d e t a i l e d  
map and d i scuss ion  o f  t h e  geology o f  t h e  range was done by Reynolds 
and col leagues (Reynolds and o the rs ,  1978; Reynolds and Rehrig, 1980; 
Reynolds, i n  progress) .  They recognized t h a t  t h e  South Mountains have 
many c h a r a c t e r i s t i c s  s i m i l d r  t o  metamorphic core  complexes (see Rey- 
nolds and Rehrig, 1980). The f o l l o w i n g  d i scuss ion  o f  geology o f  t h e  
area i s  e x t r a c t e d  f rom pub l i shed  and ongoing s t u d i e s  o f  Reynolds and 
others.  

General Geology: (Refer  t o  f i g u r e s  1 and 2) ' 

Precambrian rocks  exposed i n  the  w s t e r n  h a l f  o f  t h e  South Mountains 
c o n s i s t  o f  amphibo l i te -grade gneiss and s c h i s t  w i t h  l o c a l  i n t r u s i v e  
masses. Almost t h e  e n t i r e  eas te rn  h a l f  o f  t h e  range i s  u n d e r l a i n  b y  - 

m i d - T e r t i a r y  g r a n o d i o r i t e  which g e n e r a l l y  d i s p l a y s  a weakly t o  s t r o n g l y -  
developed m y l o n i t i c  f o l i a t i o n .  I n  t h e  cen te r  o f  t h e  range a  l o c a l l y  
f o l i a t e d  m i d - T e r t i a r y  g r a n i t e  i n t rudes  between - the  Precambrian a m p h i b o l i t e  
gneiss and t h e  g r a n o d i o r i t e .  Throughout most o f  t h e  area, Precambrian 
rocks and t h e  two m i d - T e r t i a r y  p lu tons  a r e  i n t r u d e d  by  numerous nor th -nor th -  
west - t rend ing  m i d - T e r t i a r y  d i kes  -which are,  i n  many places, my lon i  t i c -  
a l l y  f o l i a t e d .  I n  t h e  no r theas te rn  p o r t i o n  o f  the  mountains,, t h e  mylon- 
i t i c  g r a n o d i o r i t e  becomes p rog ress i ve l y  j o i n t e d ,  b recc ia ted ,  c h l o r i t i c ,  
and h e m a t i t i c  up s t r u c t u r a l  s e c t i o n  u n t i l  i t  i s  conver ted  i t i t o  c h l o r i t i c  
b recc ia .  I n  t h e  southern f o o t h i l l s  o f  t h e  mountains, t h e  c h l o r i t i c  
b recc ia  i s  o v e r l a i n  by a  low-angle d i s l o c a t i o n  su r face  above which l i e ,  
Precambrian metamorphic rocks  s i m i l a r  t o  those exposed f u r t h e r  t o  t h e  
west. . , 

S t r u c t u r a l  Re la t ionsh ips :  (Refer  t o  f i g u r e s  2  and 3) 

Most rocks  i n  t h e  range e x h i b i t  a  g e n t l y  d ipp ing  m y l o n i t i c  f o l i a t i o n  
which con ta ins  a  pe rvas i ve  N60E-trending l i n e a t i o n .  The f o l i a t i o n  i s  
de f i ned  by  p lana r  m ine ra l  aggregates and t h i n  bands o f  i n t e n s e l y  granu- 
l a t e d  and r e c r y s t a l l i z e d  rock .  M y l o n i t i c a l l y  f o l i a t e d  rocks c o n t a i n  
j o i n t s ,  q u a r t z - f i l l e d  t e n s i o n  f r a c t u r e s ,  and " d u c t i l e  normal f a u l t s "  



Figure  1. General ized geologic  map o f  t h e  South Mountains, exc lus i ve  o f  t h e  southern f o o t h i l l s .  
PG: Precambrian metamorphic and igneous rocks; GD: Oligocene g ranod io r i t e ;  G: 
Oligocene g ran i te ;  A :  Oligocene a l a s k i  te ;  M: m y l o n i t i c  rocks; CB: c h l o r i  t i c  
b recc ia .  
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F igu re '2 .  Cross-sect ion of t h e  South Mountains. 
, . 





which mostly s t r i k e  N N W ,  perpendicular t o  l ineation.  Inclusions i n  
deformed plutonic rocks a r e  elongated paral le l  t o  l ineat ion and f l a t -  
tened perpendicular to  fo l ia t ion .  Folds a r e  ra re  in mylonitic plutonic 
rocks, b u t  a r e  more abundant i n  rnylonitically deformed Precambrian 
amphi bol i t e  gneiss. 

Gently dipping mylonitic fo l ia t ion  defines an asymmetrical northeast- 
trending, doublY-pluflging arch o r  dome. The fo l ia t ion  generally dips 
l e s s  than 200 where i t  is contained within plutonic rocks, b u t  i s  more ' 
s teeply dipping where i t  a f f ec t s  Precambrian amphibolite gneiss. The 
simple pat tern of the arch i s  interrupted on i t s  northeast end where 
southwest-dipping fo l ia t ion  i s  present. This a t t i t ude  of fo l i a t i on  
i s  r e s t r i c t ed  t o  s t ruc tura l ly  high rocks which a re  c h l o r i t i c ,  jointed,  
and brecciated. 

Excellent exposures i n  the range display the three dimensional dis-  
t r ibu t ion  of mylonitic fabr ic  and variations in i t s  in tensi ty .  Both 
the g ran i t e  and granodiorite are  undeformed i n  the core of the arch 
except fo r  jointing and minor fau l t ing .  However, both plutons exhib i t  
a gradual increase in intensi ty  of mylonitic fabr ic  toward the top and 
margins of  the arch (up s t ructural  sec t ion) .  A s imilar d i s t r ibu t ion  
of mylonitic f ab r i c  i s  revealed where mylonitization a f fec t s  Precambrian 
amphibolite gneiss. In the core of the range near the grani te  contact ,  
the  amphi bol i t e s  possess a Precambrian fo l ia t ion  which i s  generally 
nonmylonit;~, northeast-str iking,  and steeply dipping. The i n t ens i ty  
of mylonltic deformation increases upward from the core t o  several 15 
m-thick zones of northeast-lineated, mylonitic gneiss tha t  c ~ t  equally 
thick zones of much l e s s  mylonitic amphibolite. Importantly, the my- 
o n i t i c  f ab r i c  a lso decreases i n  in tensi ty  upward-from the main zones 
of mylonitic rock. A t  high s t ructural  levels  in the western par ts  of 
the range, fo l ia t ion  in the amphibolite gneiss i s  again nonmylonitic, 
generally east -  t o  nor theast-s t r i  king, and steeply dipping. 

NNW-striking dikes are  likewise undeformed in the core of the arch. 
They a r e  a l so  generally undeformed where they intrude rocks w i t h  moder- 
a t e l y  well-developed mylonitic fabr ic .  However, i n  s t ruc tu ra l ly  high 
par ts  of the range where adjacent rocks a r e  intensely deformed, the 
dikes l oca l ly  exhibi t  a gently inclined mylonitic fo l ia t ion  and ENE- 
trending l ineat ion.  Undeformed dikes are  cormonly near well-foliated 
dikes of s imilar  l i thology and s t r i ke .  

Another important l i thological  and s t ructural  t rans i t ion  is exposed 
along the northeast  end of the range where mylonitic granodiorite grades 
upward in to  c h l o r i t i c  breccia. Structural ly  lowest exposures of the 
granodiorite i n  t h i s  area a r e  noncholoritic and well fo l ia ted .  Up 
sect ion,  c h l o r i t e  and anastomosing, curvi-planar joints  are  present 
i n  the granodiorite.  The rocks are  progressively more jointed and 
brecciated higher in the section where they ultimately grade in to  
c h l o r i t i c  breccia. Remnants of mylonitic fo l ia t ion  i n  the granodiorite 
a r e  preserved i n  the breccia. Relict  mylonitic fo l ia t ion  in  the breccia 
generally dips t o  the southwest, indicating tha t  to ta l  disor ientat ion 



and random r o t a t i o n  o f  the  f o l i a t i o n  d i d  no t  occur, except l o c a l l y .  
Jo in t s ,  b recc ia  zones, and normal f a u l t s  (nor theas t  s i d e  down) have 
v a r i a b l e  nor thwest  s t r i k e s .  S l i c k e n  sides i n  the b recc ia  have sca t -  
tered,  b u t  dominant ly  nor theas t  trends. I n  the  southern f o o t h i l l s  
o f  the  range, the  c h l o r i t i c  b recc ia  i s  o v e r l a i n  by a d i s l o c a t i o n  sur -  
face which d ips  g e n t l y  t o  t h e  nor theas t .  Upper p l a t e  rocks above t h e  
d i s l o c a t i o n  sur face a r e  Precambrian metamorphic rocks which l o c a l l y  
have a m y l o n i t i c  f a b r i c .  

Geological Evo lu t ion :  

Reynolds and Rehr ig (1980) have discussed geo log ica l  e v o l u t i o n  o f  
the South Mountains. Around 1.7 b.y. ago Precambrian sediments and 
vo lcan ics  were deposi ted and subsequently metamorphosed and deformed 
i n t o  a steep n o r t h e a s t - s t r i k i n g  f o l i a t i o n .  G r a n i t i c  rocks i n  the  
westernmost p a r t s  o f  the  range may be representa t ives  o f  t h e  1.65 b.y. 
o l d  s u i t e  o f  g r a n i t e s  which a r e  common i n  Arizona. There a r e  no Paleo- 
zo i c  o r  Mesozoic rocks i n  t h e  range. Around 25 m.y. ago, the Pre- 
cambrian rocks were success ive ly  i n t ruded  by  the  g r a n o d i o r i t e  and 
g ran i te .  A t  t h i s  t ime, the  p lu tons  and the  Precambrian metamorphics 
were subjected t o  deformat ion which formed a low-angle m y l o n i t i c  
f o l i a t i o n  con ta in ing  a nor theas t - t rend ing  l i n e a t i o n .  NNW-str ik ing 
d ikes were i n t r u d e d  bo th  d u r i n g  and a f t e r  m y l o n i t i z a t i o n .  S t r a i n  
i n d i c a t o r s  i n  t h e  m y l o n i t i c  rocks r e q u i r e  t h a t  du r ing  m y l o n i t i z a t i o n ,  
the rocks were v e r t i c a l l y  f l a t t e n e d  and extended p a r a l l e l  t o  the  l i n e a -  
t i o n .  A f t e r  m y l o n i t i z a t i o n ,  t h e  c h l o r i t i c  b recc ia  was formed i n  the  
response t o  no r theas t  movement o f  rocks above the  d i s l o c a t i o n  surface. 
Normal, d i p - s l i p  movement i s  suggested by s t r u c t u r e s  i n  the upper p l a t e  
rocks and under l y ing  c h l o r i t e  breccia.  Arching o f  the m y l o n i t i c  f o l i a -  
t i o n  and c h l o r i t i c  b recc ia  i s  probably one o f  t h e  l a s t  events i n  the  
range. It was fo l lowed by t h e  Basin and Range d is turbance i n  which 
steep normal f a u l t s  down-dropped t h e  adjacent  Phoenix b a s i n  around 14 
t o  8 m.y. ago. Since 8 m.y., the  area has been t e c t o n i c a l l y  q u i e t  
and gea log ica l  developments have been dominated by eros ion  and depos i t ion .  

Features i n  View From STOP 3:  

The main fea tu res  o f  the  geology o f  the  South Mountains t o  t h e  n o r t h  
can be seen f rom t h i s  vantage p o i n t .  The range has a broad a r c h - l i k e  
p r o f i l e  w i t h  a prominent no tch  o r  saddle near the  cen te r  o f  t h e  range. 
West o f  the  c e n t r a l  notch a r e  Precambrian metamorphic and igneous rocks. 
The rocks e x h i b i t  two d i s t i n c t  f o l i a t i o n s :  a n o r t h e a s t - s t r i k i n g ,  s teep ly  
d ipp ing  Precambrian f o l i a t i o n  and a younger (midd le-Ter t ia ry )  myloni  t i c  
f o l i a t i o n  which d i p s  moderately t o  the  west. 

The c e n t r a l  no tch  i s  u n d e r l a i n  by e a s i l y  eroded, Oligocene g ran i te .  
Along i t s  western contact ,  the  g r a n i t e  i n t rudes  the  Precambrian meta- 
morphic rocks.  Along i t s  eas tern  contac t ,  the  g r a n i t e  grades i n t o  and 
l o c a l l y  i n t rudes  an Ol igocene g r a n o d i o r i t e  (25 m.y. o l d )  which occupies 
most o f  the  range eas t  o f  t h e  notch. The t e l e v i s i o n  and r a d i o  towers 
a r e  b u i l t  upon a subhor izonta l  t a b u l a r  body o f  a l a s k i t e  which o v e r l i e s  
and i n t rudes  t h e  g r a n o d i o r i t e .  The pronounced g e n t l e  topographic p r o f i l e  



where the granodiorite has been brecciated i n  the northeastern end of 
the range. The topography of the range i s  controlled by an east-north- 
east-trending arch in the  mylonitic fo l i a t i on  of a l l  rock uni ts .  

The geology of the main range extends in to  the southern foo th i l l s  
which a re  composed of the same three major rock units (Precambrian 
metamorphics, 01 igocene granodiori t e ,  and 01 igocene grani te) .  The 
numerous man-made cuts  in  the  southern f o o t h i l l s  are  part of an Inter-  
national Harvester proving grounds. 

Turn around and head eas t  on Maricopa Kczd - f o r  0.5 miles. Return 
t o  the northbound lane of In te rs ta te  10. 

6.8 
156 Road cc t  on west s ide  of road exposes c h l o r i t i c  and brecciated Oligo- 

cene granodiorite. 
1.0 

157  EXIT-^^^ - Baseline Road. Exit and t u r n  e a s t  ( r i gh t )  on Baseline Road. 

Beuin 
cumulative 
Mileage 

0.2 
0.2 56th St.--Turn r i g h t  and-proceed south through town of Guadalupe. 

56th S t ree t  becomes Avenida del Yaqui. 
1 .o 

1.2 Calle Guaddlupe--turn r i gh t  a n d r o c e e d  west on -- road over In te rs ta te .  
0.8 

2.0 Pavement ends--continue s t r a igh t  on main gravel road. 
0.7 

2.7 Parking area t o  r igh t .  Park and lock cars  f o r  short  hike. 

STOP 4 

TRAVERSE THROUGH THE AHWATUCKEE CHLORITIC BRECCIA.  

Walk approximately 0.4 miles up the rozd to  the west and then slowly 
clinib slopes of small r idge south of the road. In t h i s  slope i s  the 
upwards t r ans i t i on  from nonchlorit ic,  mylonitic, Oligocene granodiorite 
t o  Ahwatuckee c h l o r i t i c  breccia t ha t  was derived from the cjrano- 
d ior i te .  As one proceeds u p  the slope, the granodiorite becomes pro- 
gressively more c h l o r i t i c ,  brecciated and jointed.  The c l i f f y  exposures 
a r e  composed of c h l o r i t i c  breccia. They a re  capped by a meter-thick 
ledge of microbreccia t ha t  was a lso derived from the granodiorite. The 
nicrobreccia weathers tan b u t  exhibi ts  a charac te r i s t ica l ly  gray, f l i n t y  
o r  resinous appearance on fresh surfaces.  Although not preserved here, 
Precambrian metamorphic rocks over l ie  the microbreccia in low-angle 
f a u l t  contact i n  the sout.hern foo th i l l s ,  

Structures within the Ahwatukee c h l o r i t i c  breccia are upon f i r s t  
inspection, chaotic. However, hundreds of measurements of jo in t s  and 



slickensides reveal the s t ruc tures  to  
s t r i k e  direction of jo in t s  i s  N N W  and 
i s  E N E ,  perpendicular to the jo in t s .  
t o  the northeast a r e  loca l ly  present. 

be systematic. The predominant 
the  modal trend of sl ickensides 
Elormal f au l t s  which dip gently 

After inspecting the complete t raverse ,  careful ly  return t o  the  
cars.  

Turn around and  proceed eas t  on the gravel road upon which we entered 
the park. 

1.3 
Avenida del Yaqui (56th S t . ) .  T u r n  l e f t  (nor th) .  

1 .o  
Baseline Road--Turn l e f t  (west) and proceed west on Baseline Road. 
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Underpass beneath In t e r s t a t e  10. 
0.8 

Note destruction of landscape of h i l l s  t o  the south by off-road vehicles.  
2.0 

After 32nd S t . ,  note two h i l l s  on top of range a t  10:OO. They a re  
composed of c h l o r i t i c  breccia. The r e s t  of the rounded outcrops a r e  
Oligocene granodiorite which possesses a mylonitic fo l i a t i on  which 
dips gently to  the north. The topography of t h i s  area mimics the north 
flank of a major fo l i a t i on  arch tha t  para l le l s  the  range. 

3.2 
Central Avenue--Turn l e f t  and proceed south on Central Avenue. 

1 . 5  
Stay on Central Avenue, which curves to  the r igh t .  

0.3 
Small h i l l s  to  the r i gh t  (nor th)  a r e  composed of Precambrian metamorphic 
and 01 igocene gran i t ic  rocks. 

0.5 
Park entrance--Granodiorite dikes have intruded Oligocene granodiorite 
t o  the r igh t .  

0.1 
Road junction a f t e r  dip in road. T u r n  r i g h t  toward Las Ramada picnic 
area. - 

0.4 .. . 

Lower ramadas--continue u p  road t o  west. 
0.1 

Upper ramadas--park cars  for  lunch and an or ientat ion t a l k .  

STOP 5A 

CONTACT BETNEEN LOMITAS GRANITE AN0 ESTRELLA GNElSS 

After lunch and the t a l k ,  walk a shor t  distance up t r a i l  west of 
the ramada. Exposed in t h i s  area i s  the contact between Oligocene 
Lomitas granite and Precambrian gneiss. The grani te  i s  medium-grained, 
1 ight-colored and contains approximately 3 percent b i o t i t e  ( loca l ly  
altered to  s e r i c i t e ) .  In t h i s  h i l l ,  the grani te  i s  undeformed except 



f o r  some exposures near i t s  contact  w i t h  the Precambrian Estre l la  
gneiss where the gran i te  i s  mylonitic. A white, fine-grained a p l i t i c  
phase i s  local ly  present along the contact. The Precambrian rocks a r e  
quartzo-feldspathic gneiss with some amphibolite and deformed porphyrit ic 
grani te .  The Precambrian rocks exhibi t  a steep,  northeast-str iking 
fo l i a t i on  which i s  c u t  by the younger mylonitic fo l ia t ion .  The 
mylonitic fo l i a t i on  dips gently to  the north-northeast and contains 
a conspicuous east-northeast-trending l ineat ion.  This mylonitic fabr ic  
i s  a lso present within several Ter t iary a l a s k i t i c  dikes. 

After inspecting the exposures, return t o  the cars.  Proceed back 
t o  the road junction near park entrance. - - 

0 . 5  
Road junction. .- Turn  r i g h t  towards Summit Lookout. 

0.6 
Hill t o  l e f t  of road contains the contact between Precambrian meta- 
morphic rocks and the Oligocene Lon~itas granite.  

0.2 
Soap Box Derby t rack t o  l e f t  of road. 

0.2 
Mile-post 1.  

0.4 
Junction. -- Bear l e f t  towards Summit. Lookout. Exposures along next mile 
a r e  of Precambrian metamorphic rocks. Both the older (s teep dipping) 
and younger (gently dipping) fo l i a t i ons  a r e  prezent. Ridge south of 
road i s  composed of Precalnbrian metamorphic rocks and Cligocene-Miocene 
dikes. . . - - u.: 
Mylonitic, Oli~ocene-Miocene a l a sk i t e  s i l l  in  Precambrian gneiss. 

0.2 
Note steep fo l i a t i on  i n  Precambrian gneiss. 

0.1 
Grani te-Precambrian contact  t o  r i gh t ,  small parking area t o  l e f t ,  
continue s t r a igh t  on road. 

0.1 
Andesitic dikes have intruded into  the Oligocene granite.  

0.1 
North-northwest-striking fractures  i n  grani te  contain limonite, s e r i -  
c i t e  and very minor amounts of copper. Dark coloration to  h i l l  is 
due t o  a f a i r l y  recent grass f i r e .  

0.5 
Switchback. 

0.1 
contact between Oligocene Lomitas grani te  and South Mountains granodiorite. 

0.3 
Flicrodioritic dikes i n  South Elountains qranodiorite. Road curves t o  the 

I 
- 

l e f t .  
0.3 

Road junction. Turn  l e f t  toward Holbert Lookout. 
0.3 

Parking loop. 



. -~ 

CONTACT BETWEEN SOUTH MOUNTAINS GRANODIORITE AND LOMITAS GRANITE 

Exposed in t h i s  area i s  the contact  between Oligocene South Moun- 
ta ins  granodiorite and Oligocene Lomitas grani te .  The contact here 
i s  mappable, but gradational. The gran i te  i s  more leucocratic while 
the granodiorite has a higher percentage of b io t i t e .  Exposures of 
the gradational contact such as  those present downstream ( t o  the 
north) indicate t h a t  the gran i te  and granodiorite are  nearly con- 
temporaneous and a r e  phases of the same pluton. The contact between 
the two rocks i s  commonly gently t o  moderately inclined, with the 
grani te  on top. In some exposures, the grani te  c lear ly  intrudes 
the granodiorite. Rb-Sr whole rock isochrons on both plutons in- 
dicate  an emplacement age of approximately 25 m.y. ago. 

Return to  cars and proceed back t o  road junction. - 
0.3 

18.6 Road junction. Turn l e f t .  Road t raverses  through h i l l s  of fo l ia ted  
granodiorite. Radio and T.V. towers a r e  b u i l t  upon a subhorizontal, 
tabular exposure of a l a sk i t e .  The a l a sk i t e  i s  most l ike ly  a phase of 
the granite.  

0.1 
18.7 Mile-post 4 .  

0.7 
19.4 ~ o a d -  junction. Bear l e f t  t o  Dobbins Lookout. 

0.3 
19.7 Parking area a t  Dobbins Lookout. Park and lock car.  - 

. 

STOP 5C 

OVERVIEW OF THE SOUTH MOUNTAINS 

The lookout provides a good view of the e n t i r e  range. The look- 
out is bui l t  on a h i l l  of mylonit ically fo l ia ted  a lask i te  s i l l s  t ha t  
over l ie  mylonitic South Mountains granodiorite.  Precambrian rocks 
are  a lso locally present. Lineation i n  both rock types trends east-  
northeast. After examining both rock types and t h e i r  contact re la-  
tionships return to  the cars.  

0.3 
20.0 Road junction. Turn  l e f t  toward Hidden Valley. 
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20.2 Milepost 5. This area of the range i s  composed of a mylonitic South 
Mountains granodiorite and a swarm of north-northwest-trending dikes. 
The dikes are commonly mylonitic and exhibi t  the east-northeast l inea- 
t ion tha t  characterizes mylonitic rocks throughout the range. 

0.6 
20.8 Road junction. T u r n  r i gh t  toward T.V. towers. 

n.1 
20.9 . ~ o l i a t e d  dike north of road. 

0.3 
21.2 Road cuts of a lask i te  injected in to  granodiorite.  Both rock types are 

mylonitic. 



0.2 
21.4 End of road. Park and lock car.  

STOP 5D 

Summary: 

ROOF RELATIONS IN THE OLIGOCENE GRANITOID COMPLEX. .- . 

Exposed in t h i s  area a r e  complex re la t ionships  between mylonitic 
Oligocene granodiorite,  overlying Oligocene a l a sk i t e ,  and a small 
area of Precambrian metamorphic rocks tha t  local ly  occurs as  a subhori- 
zontal pendant above the granodiorite and below the a lask i te .  All 
three rocks a r e  extremely mylonitic. Exposures of a l l  three rocks can 
be seen by walking west of the loop f o r  approximately 0.3 miles. Be 
careful of the  c l i f f  t h a t  i s  f o n d  by the granodiorite. 

SUMblARY AND SOME SPECULATIONS ABOUT THE SOUTH MOUNTAINS CRYSTALLINE 
COMPLEX (from Reynolds and Rehrig, 1980). 

I 

Some of the more important observations should be summarized 
before inferences and speculations can be discussed. 

The coaplex i s  asym~et r ica l  : gently dipping rryloni t i c  granodiori t e  
i s  overlain by ch lo r i t e  breccia in  the northeast half of tha range, 
whereas no ch lor i te  breccia is associated with moderate'ly dipping 
mylonitic amphibolite gneiss on i t s  southwest side. 
Mylonitization in the amphibolite gneiss,  plutons, and dikes 
increases i n  in tens i ty  upward from the nonmylonitic core of the 
arch. 
Mylonitic f ab r i c  cuts  a broad zone through the Precambrian 
amphibolite gneiss . .  Rocks above and below the zone a re  l i tho-  
logical ly  iden t ica l ,  and.most re ta in  t h e i r  Precambrian s t ructure .  
Fabrics i n  a l l  rock types indicate t ha t  mylonitization resulted from 

extension paral le l  to  l ineat ion and f la t tening perpendicular 
t o  fo l i a t i on .  Lineation contained ?within the fol i a t icn  trends 
NGOoE, orthogonal to  dikes,  j o in t s ,  quartz veins, "ducti le normal 
fau l t s , "  and other extensional features  i n  the mylonitic rocks. 
Dikes in  par t icular  a r e  perpendicular t o  l ineat ion,  are  essen t ia l ly  
the same age as mylonitic deformation, and a re  almost t o t a l l y  con- 
fined t o  positions e i t he r  within or  below the zone of mylonitization. 
They presumably represent f i l l  ings of tensional features t ha t  
formed a s  rocks extended paral le l  t o  l ineat ion.  
The ch lor i te  breccia deforms and postdates the mylonitic fabr ic .  
Mylonitization took place under conditions of b io t i t e  s t a b i l i t y .  
l~lylonitizdtion resulted i n ~ r e c r y s t a l l i z a t i o n  and flow of quar tz  
and formed a well-defined fo l ia t ion  and 1 ineation. The deformation 
tha t  formed the breccia occurred under chlor i te-s table  conditions 



and was accompanied by very minor recrys ta l l i za t ion  of quartz. 
I t  destroyed the e a r l i e r  mylonitic fabr ic  and generally formed 
no fo l ia t ion .  The c h l o r i t e  breccia i s  not present everywhere 
tha t  mylonitic rocks a re .  The two clear ly  a r e  d ra s t i ca l ly  d i f -  

...~ - ,  - ferent  i n  s t ructural  s t y l e  and a r e  a t  l e a s t  par t ly  d i f fe ren t  i n  
r e l a t i ve  age. 

(6) f4ylonitization i s  of mid-Tertiary ( l a t e  Oligocene t o  ear ly  
Miocene) age and is exposed in a range characterized by abundant 
evidence of mid-Tertiary plutonism. Mylonization i s  only s l i gh t ly  
l a t e r  i n  age than the plutonism and i s  not a protoclas t ic  phenom- 
enon from the f a c t  t ha t  the  mylonitic fabr ic  i s  superimposed 
across cooling jo in t s ,  dikes,  a p l i t e s ,  and quartz veins which 
postdate so l id i f ica t ion  of the plutons. 

(7) Foliation i n  the Precambrian amphibolite gneiss was apparently 
l i t t l e  affected by Mesozoic and Laramide tectonics.  I t  maintained 
i t s  steep, northeast-str iking or ientat ion from i t s  formation 1.7  
b.y. ago unt i l  mid-Tertiary time, when the plutons were intruded 
discordantly across i t .  

Speculations: 

Some speculations regarding or igin  of the complex can be made a f t e r  
considering the foregoing observations and inferences. The spat ia l  
and temporal association of mylonitization and the mid-Tertiary 
plutons implies a genetic re la t ionship.  However, because mylonitic 
fabr ic  cuts through the amphibolite gneiss,  the event i s  not s t r i c t l y  
a case of "granite tectonics . '  Perhaps mylonitization was f a c i l i t a t e d  
by heat that  the pluton brought in to  upper levels of the c rus t .  As 
the rocks were heated o r  while they were s t i l l  hot, they extended 
parallel  to  the east-northeast-trending l ineat ion and were f la t tened 
perpendicular to  the subhorizontal fo l ia t ion .  This was possibly in 
response to  the regional mid-Tertiary s t r e s s  f i e ld  of rl (maximum 
compression) ve r t i ca l ,  fl north-northwest, and 0- (minimum compression) 
east-northeast t ha t  was p?oposed by Rehrig and ~ e j d r i c k  (1976). Davis 
and others (1975) have documented s imilar  or ientat ions  for  s t r a i n  and 

r possible s t r e s s  axes for  mylonitic rocks i n  the Tor to l i t a  Mountains 
near Tucson, Arizona. 

All evidence indicates t ha t  east-northeast-directed extension s l i gh t ly  
predated, was synchronous w i t h ,  and s l i gh t ly  postdated development of 

.. the mylonitic fabr ic .  Hydrothermally a l tered and mineralized fractures  
- i n  the mid-Tertiary plutons, when interpreted in the manner suggested 

by Rehrig and Heidrick (1972, 1976) indicate tha t  u was east-northeast 
I during l a t e  magmatic t o  postn~agmatic cooling and f r i c tu r ing  of the 

plutons: North-northwest-trending dikes the - same a s  as  mylonitization 
indicate east-northeast-west-southwest extension. Mid-Tertiary dikes 
outside the complex also trend north-northwest and thus indicate tha t  

! . this i s  a regional extension (Rehrig and Heidrick, 1976) and not one 
related t o  local s t r a in s  accompanying mylonitization! Dikes t ha t  post- 
date myloni-ion i n  the complex a l so  s t r i ke  north-northwest and imply 
tha t  east-northeast-west-southwest extension existed a f t e r  mylonitization. 
In addit ion,  fabr ics  i n  the c h l o r i t i c  breccia imply t h a t  some form of 
northeast-southwest extension continued a f t e r  mylonitization ceased. 



I t  i s  important t o  emphasize tha t  the mylonitization i s  not believed 
t o  be a par t  of c l a s s i c  Basin and Range deformation. Mylonitic rocks 
evidently occur both i n  the present-day ranges and the bottoms of the  
basins. Mylonitization c l ea r ly  predates essen t ia l ly  a l l  faul t ing w i t h i n  
the past 14 m.y. which formed the present basins and ranges (Eberly and 
Stanley, 1978; Peirce, 1976; Shafiquallah and others,  1976). Therefore, 
mylonitization i s  believed t o  be a manifestation of a poorly understood 
01 igocene t o  ear ly  Mioce,ne f la t ten ing  and extensional event tha t  took 
place along low-angle surfaces and zones. Mylonitic fabr ic  of t h i s  
type and or ientat ion i n  southern Arizona i s  unrelated to Laramide 
thrusting,  as  has been hypothesized by some workers. 

Exact temperatures of mylonitization a re  not known,  b u t  several 
observations provide some constra ints .  Temperature and f lu id  content 
must have been suf f ic ien t  so t ha t ,  for  the s t r a in  ra tes  involved, 
quartz and some b io t i t e  could r ec rys t a l l i ze  while plagioclase and most 
K-feldspar deformed b r i t t l e l y .  Si 1 ica must have been mobile because 
quartz veins a r e  more abundant where the rock i s  mylonitic than in non- 
mylonitic rocks. 

Confining pressure during deformation cannot have been excessive. 
Plutons s l i g h t l y  predating mylonitization a re  not deep-level stocks 
b u t  a r e  instead hydrothermally a l te red  and fractured i n  a fashion sug- 
gestive of f a i r l y  low confining pressure. Dikes tha t  a r e  the same age 
as mylonitization a re  generally aphanitic;  again th i s  s i tuat ion indicates 
f a s t  cooling a t  shallow depths. These dikes and plutons appear to  be 
the oniy sa t i s fac tory  wsy to  convey su f f i c i en t  heat to  these high crustal  
levels.  

I f  the complex i s  analogous to  s imilar  complexes in southern and 
western Arizona, the chlori  t i c  breccia was formed in association with 
an overlying dislocation surface,  above which would l i e  highly extended 
rocks as young as  ear ly  to  middle Miocene. I n  the South Mountains, 
slickensides, observed displacements of low-angle normal f au l t s  in the 
breccia, and an t i t he t i c  rota t ion of mylonitic fo l ia t ion  i n  the grano- 
d io r i t e  a l i  indicate r e l a t i v e  transport  re la ted to the ch lo r i t i c  breccia 
as being dominantly t o  the northeast .  The ch lo r i t i c  breccia and over- 
lying dislocation surface are  well exposed i n  the southern foo th i l l s  
of the South Mountains. In t h i s  area,  upper-plate rocks above the dis- 
location surface are  f a l ~ l  ted and brecciated amphi bol i t e  gneisses. Re1 i c t  
mylonitic fo l i a t i on  i n  the gneisses dips southwest and i s  cut by north- 
east-dipping normal f a u l t s .  Additional possible upper-place rocks a r e  
brecciated mid-Tertiary volcanic uni ts ,  t i l t e d  and faulted mid-Tertiary 
sedimentary and volcanic un i t s ,  and deformed Precambrian ( ? )  granites 
local ly  exposed near Tempe ( 3  to  10 km northeast of the northeasternmost 
outcrops of mylonitic rocks in  the South Mountains). The sedimentary 
and volcanic uni ts  d i p  moderately to  the southwest; t h i s  i s  consistent 
with a n t i t h e t i c  rotatton t h a t  would have accompanied southwest-to-north- 
east  transport  along lob{-angle, l i s t r i c  normal fau l t s .  

Finally, I would l i ke  t o  emphasize t ha t  rocks w i t h  myloni.tic fabr ics  
nearly identical  to  those i n  the South Mountains compose large par ts  of 



the metamorphic core complexes of Arizona (Dayis, 1980; . Rehrig 
and Reynolds, 1980). Themajority of these ranges a r e  depicted 
on the geologic map of Arizona 
gneiss, but several a r e  shown as  Tertiary-Cretaceous gneiss. However, 
studies on the South Mountains indicate t h a t  .the mylonitic f ab r i c  i n  
many of these ranges may largely be - mid-Tertiary i n  age. 

Return t o  the cars  and e x i t  the park the way we came i n .  
2.3 

23.7 Road junction. Turn l e f t .  
0.8 

24.5 Road junction. Turn  l e f t .  Road t o  the r i gh t  leads t o  Do6bins Lookout. 
0.8 

25.3 Road junction. Eear l e f t .  
2.4 

27.7 Road junction. Bear r igh t .  
1.4 

29.1 Park entrance. 
2.3 

31.4 Baseline Road intersect ion with Central S t ree t .  Continue s t r a igh t  on 
Central S t ree t .  

1 .a 
32.4 southern intersect ion with Central. Continue s t r a igh t  on Central S t ree t .  

0.9 
34.3 Central S t r ee t  bridge over Sa l t  River. During the Sa l t  River floods of 

recent years,  t h i s  and the blill Street  bridge were a t  times the only 
communication 1 inks between metropol i tan Phoenix on e i the r  s ide of the 
Sa l t  River. Traff ic  was l i t e r a l l y  backed u p  f o r  hours during those times. 

0.5 
34.8 Maricopa S t ree t .  I n t e r s t a t e  10 overpass is d i rec t ly  ahead. Proceed 

under bridge and take f i r s t  l e f t  turn immediately a f t e r  passing under 
bridge. Proceed west along frontage road. 

0.5 
35.3 Stop sign. 

0.1 
35.4 7th S t ree t  s top l igh t .  Merge l e f t  onto In te rs ta te  10 freeway onramp 
Return immediately a f t e r  crossing 7th Street  in tersect ion.  
t o  Mile- 
post 
format. - 1:0 
198 Milepost 198 

- 0;8 
198.8 Buckeye Road overpass. . . . . 

1.0 
199.8 Van Buren S t ree t  overpass. . .. 

2.0 
. . 

201.8 Thomas Road ex i t .  We a re  now on In te rs ta te  17 northbind f o r  Flagstaff. 
7~fl 

2 0 3 . 8 .  ~ameiback Road ex i t .  
0.2 

204 . Mflepost.204 
0.5 

204.5 Phoenix Mountains appear over houses a t  3:00. The Phoenix Mountains 
are composed of older  Precambrian aged s c h i s t ,  quar tz i te ,  s l a t e  and 
gneiss overlain unconformably by probably Miocene age, northeast 
t i l t e d  volcanics to  the northwest. 



Glendale Avenue e x i t .  
1 . 3  

Northern Avenue overpass. After passing overpass notice well-developed 
steeply-dipping Precambrian age fo l ia t ion  in the Phoenix Mountains sch is t s .  
Several small mercury deposits composed of cinnabar, metacinnabar, and 
quartz occur in  pockets within quar tz-ser ic i te  sch is t .  These deposits  
were f i r s t  noted i n  1916 and have since had a production of l e s s  than 100 
f lasks  of mercury (Bailey, 1968). 

9 1 
L.  A 

Shaw Butte (2:30) ' i s  a t  the southern end of the Union Hil ls .  North 
Mountain i s  a t  3:00 with Lookout Mountain (3:30) i s  capped by probably 
Miocene-age volcanics. 

2.7 
Be1 1 Road e x i t .  

2.3 
Hedgpeth Hi l l s  (9:30) and Deem Hil ls  (11:30) a r e  a lso composed of 
northwest-striking, northeast-dipping probably Miocene-age volcanics 
on s t r i k e  with those a t  Lookout Mountain. 

1.0 
Pyramid Peak a t  10:30. 

1.0 
Deer Valley Road overpass. Southeast end of Deem Hil ls  a r e  i n  near 
view ( l l : 0 b ) .  

2.0 -. - 
Happy Valley Road overpass. Union Hil ls  (12:OO - 3:OO) consis t  of 
Precambrian sch i s t  in the northern protions and Precambrian gran i te  locally 
overlain by probably Miocene-age volcanics in the southern portions. ,. a 
NW-River Mountains on skyl ine .a t  1:00 a r e  capped by thick f l a t  lying baslats.  
Two of these basa l t  flows have K-Ar ages of 14.7 and 14.8 m.y. 
(Scarborough and Wilt,  1979). The f l a t  lying basal t  section unconformably I 
overl ies  ( l oca l ly  discordantly) a sequence of basa l t i c  flows, white t u f f s ,  
agglofierates, mudstones and some d is t inc t ive  very bright red l i t h i c  
t u f f s .  One of the t u f f s  yielded a 21.3 m.y. K-Ar age and was very n e a r a  
Miocene oreodont fo s s i l  find (Gonez, 1978; Scarborough and Wilt, 1979). 
The Miocene volcanic and sedimentary sequence unconformably over l ies  

I 
older  Precambrian sch i s t s  metavolcanics and granitoid rocks. 

0 . 4  
In t e r s t a t e  crosses aqueduct for  Central Arizona Project (CAP) now under 

I 
construction. 

0.6 
Bradshaw Mountains dominate the sky1 ine a t  11 :00-12:OO and a re  composed . 

. 

almost en t i r e ly  of undivided pre 1.4 b.y. g ran i t ic  rocks. . . 

I 
n F I 
L . 0  

Lake Plasant-Carefree e x i t  (Arizona State  highway 74). Merge r igh t  onto 1 
offramp. 

0.4 
Turn  l e f t  onto S t a t e  highway 74 for  Lake Pleasant and Wickenburg. 

0.1 
I 

~ - 

Overpass over In t e r s t a t e  17. Heiroglyphic Mountains on skyline a t  12:OO. 
Cuesta a t  2:00 consis ts  of a northeast t i l t e d  block of Miocene volcanics' 
and sediments. The base of the cuesta contains poorly exposed sediments 
overlain in  s l i g h t  angular unconformity by a basal t ic  



ledge forming cap dated a t  15.9 m.y. by the  K-Ar methods 
Scarborough and Wilt ,  1979). The underlying predominantly c l a s t i c  
sediments contain a dolomitic u n i t  t h a t  have anomalous rad ioac t iv i ty  i n  
cherty portions of the dolomite. 

1.8 
Pyramid Peak a t  the  northwest end of the  Deem Hi l l s  i s  a t  9:15. 

4 . 3  
' T '  Intersection and stop sign.  Turn r i g h t  and follow signs f o r  Lake 
Pleasant where road curves l e f t  aijbut 0.5 miles ahead. 

1.7 
Road ahead dr ips  off  uppermost t e r race  surface ( t he  one we have been 
traveling on fo r  the  l a s t  several miles) and descends onto lower 
terrace levels  along the Agua Fria r i ve r .  

n 7 
U. 1 

Stop sign. Turn l e f t  fo r  Wickenburg. 
0.3 

~ a k e ~ ~ l e a s a n t  turnoff on r i gh t .  
0.1 

Bridge over Agua Fria r iver .  Roadcuts ahead a re  i n  generally f la t - ly ing  
indurated conglomerates. To the  west the  conglomerate r e s t s  
unconformably on probably Miocene age volcanics. To the  north,  on the 
west s ide  of Lake Pleasant, the  conglomerate r e s t s  in angular discordance 
on a t i l t e d  and folded sequence of tuffaceous sediments, minor f luv ia l  
fine-grained mudstones, loca l ly  interbedded with basal t i c  flows. One of 
the basal t i c  flows gave a K-Ar age of 16.6 m.y. (Scarborough and Wilt,  
1979). The re la t ionship of the  dated sequence a t  Lake Pleasant t o  the 
volcanic rocks extensively exposed i n  the  Hieroglyphic ilountains i s  
unknown. The above re la t ionships ,  however, suggest t ha t  the  conglomerate 
exposed in the roadcuts on highway 74 represents older 'basin f i l l '  i n  
the senge of Scarborough and Peirce,  1978. 

0.8 
Roadcuts here and fo r  next mile a r e  in  probably Miocene age volcanics 
intercalated w i t h  conglomerates. 

1.6 
Roadcut on l e f t  provides a good glimpse of s t ructural  and s t ra t ig raphic  
relat ionships within the Ter t iary  sect ion.  A t  the west end of the  cut  
reworked waterlain sandy tu f f s  a r e  i n t r i ca t e ly  cu t  by small scale  normal 
f au l t s .  The t u f f  sequence i s  overlain by a thin glassy ashflow and 
volcanoclastic rocks tha t  a r e  a l so  cu t  by the normal f au l t s .  The 
en t i re  sequence outlined above i s  juxtaposed against  another section 
of waterlain t u f f s  by a southwest-dipping NSOOU s t r ik ing  f a u l t .  These 
tu f f s  a re  a l so  i n t r i ca t e ly  laced with small-scale normal f au l t s .  

A t  the  ea s t  end of the cu t  the waterlain t u f f s  a r e  overlain by a 
monolighologic andesi t ic  breccia. The andesi t ic  breccia appears t o  
post-date the i n t r i c a t e  normal fau l t ing  t h a t  cuts the underlying tu f f  
because i t s  base truncates the  normal f a u l t s .  

Similar rocks and s t ructural  re la t ionships  a r e  exposed i n  the next 
several roadcuts ahead. 

0.8 
Saddleback Mountain composed 
most southerly and prominant 
highway. 

1.0 
You may have noticed several 
road. These a r e  par t  of the 

of more mid-Tertiary volcanics i s  the  
of the  prominant knobs south of the  

new appearing claim stacks along the 
recent gold rush to the old Pikes Peak 



d i s t r i c t  i n  t h e  He i rog lyph ic  Mountains. I n  January 1180, Ranchers Min ing 
Development Company announced a s i g n i f i c a n t  g o l d  f i n d  i n  the  He i rog iyph ic  
Mountains w i t h  repor ted  g o l d - r i c h  i n t e r c e p t s  i n  d r i l l  core  t h a t  assayed 
as h i g h  as 3.46 oz./T. A l l  o f  t h e  exci tement  i s  c u r r e n t l y  centered on 
t h e  Mys t i c  c l a i m  group (Nsi, SWk, Sec. 12, T5N, RlW) about two m i les  south- 
southeast  o f  Saddleback Mountain. The c la ims  were o r i g i n a l l y  l oca ted  
by A l b e r t  Harding, a r e t i r e d  Min ing  Engineer from Sun City who began 
prospect ing  i n  the  area about 1973. D r i l l i n g  f inanced by M r .  Harding 
has es tab l i shed  an i nd i ca ted  20,000 tons o f  o r e  averaging 0.7 oz. o f  
go ld  per  t o n  w i t h  s l i g h t l y  lower values of s i l v e r .  The b lock  i s  open on 
a l l  s ides and a t  depth (below 500 f e e t ) .  F i v e  f o o t  d r i l l  sec t ions  
assayed as h i g h  as 19.11 oz. o f  go ld  per  t o n  (Harding r e p o r t  on f i l e  a t  
Ar izona Department o f  Minera l  Resources i n  Phoenix). I t  i s  i n t e r e s t i n g  
t h a t  t h e  present  go ld  o re  tonnage has been es tab l i shed  e n t i r e l y  by 
d r i l l i n g ;  t he re  i s  no sur face i n d i c a t i o n  o f  h igh  grade go ld  ore. 

The m i n e r a l i z a t i o n  appears t o  be l o c a l i z e d  along a f r a c t u r e  t h a t  cu ts  
Precambrian s c h i s t .  The f r a c t u r e  zone s t r i k e s  N750E, d ips  about 65 t o  700 
NW and i s  a t  l e a s t  1,200 f e e t  long and t h r e e  t o  f i v e  f e e t  wide. A 
f o l i a t e d  a n d e s i t e - l i k e  d i k e  occupies much of  the  f r a c t u r e .  Apparently, 
ve ry  l i t t l e  t o  no qua r t z  i s  present  a l though c a l c i t e  s t r i n g e r s  and hemat i te  
a r e  common. Ranchers now has several d r i l l  r i g s  operat-ing a t  t h e  proper ty .  
The i - lyst ic  p rope r t y  i s  p a r t  o f  the  o l d  Pikes Peak d i s t r i c t  t h a t  t o  da te  
has y i e l d e d  a comparat ive ly  small amount o f  repor ted  product ion  (10,992 
pounds of  copper, 7,287 pounds o f  lead, 1,118 ounces o f  s i l v e r  and 
i,152 ounces o f  go ld  from 2,147 tons o f  o re ) .  Obviously, the  f u t u r e  
o f  t h e  d i s t r i c t ,  i s  much more golden ( s i c ) .  

1.4 
15.6 Roadcuts on both s iaes  o f  t h e  road expose v e r t i c a l  t o  s teep ly  southwest- 

d ipp ing  fragmental vo lcan ics  and vo l canoc las t i cs  t h a t  have been deformed 
by several  f a u l t s  p a r a l l e l  t o  composi t ional  l aye r ing .  

0.5 
15.1 Roadcut on r i g h t  and most o f  the  roadcuts i n  bedrock ahead a r e  i n  

Precambrian q u a r t z i t i c  sch i s t s  t h a t  u n d e r l i e  t h e  probably Fliocene aged 
vo l can ic  s e c t i o n  i n  the  eastern He i rog l yph ics .  I n  t h i s  area t h e  
vo l can i c  s e c t i o n  d i e s  sha l l ow ly  nor theas t .  F o l i a t i o n  i n  the  q u a r t z i t i c  
s c h i s t  here s t r i k e s  N400E and d ips  650 SW. 

3 . 1  
12 A good view o f  the White Tanks Mountains, another  presumed metamorphic 

core  o r  c r y s t a l l i n e  complex, i s  seen a t  9:00 t o  9:30. 
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GEOLOGY OF THE WHITE TANK CRYSTALLINE COMPLEX 

by Stephen J .  Reynolds 

Introduction: 

The White Tank Mountains a r e  an i r regular ly  shaped range t h a t  i s  
located west of Phoenix in central  Arizona. The base of the range has an 
elevation near 1,500 f e e t  above sea level while several of the highest 
peaks reach elevations of over 4,000 fee t .  The Tonopah Desert and 
ephemeral Hassayampa River valley bound the range on the west and the 
Gila River valley l i e s  irmnediately t o  the south. 

Geology of the range was mapped i n  reconnaissance fashion by Moore 
( in  Wilson and others ,  1957), b u t  no writ ten description of the range 
resulted from tha t  study. Since tha t  time, much of the range has been 
mapped in reconnaissance and de ta i l  by the author. Preliminary accounts 
of the geology of the range are  contained in Rehrig and Reynolds (1980). 
The descriptions included below a re  from the ongoing research of 
Reynolds and others.  

General Geology: 

The c rys ta l l ine  core of the White Tank Mountains i s  composed of 
Precambrian metmamorphic rocks and a s e r i e s  of younger g ran i t i c  rocks 
of Precambrian, Mesozoic, and Cenozoic age. The Precambrian metamorphic 
rocks consis t  of amphibolite-grade, quartzo-feldspathic gneiss and b i o t i t i c  
s ch i s t  derived from sedimentary and igneous protol i ths .  They typical ly  
exhibi t  t h e i r  original  Precambrian fo l ia t ion  which s t r i k e s  northeast  and 
dips moderately t o  the  southeast. In the southern foo th i l l s  of the  range, 
the metamorphics a r e  intruded concordantly by a granodior i t ic  t o  quartz 
d i o r i t i c  pluton. The deformed granodiorite i s  probably Precambrian 
because i t  was evidently intruded during the Precambrian metamorphic- 
deformational event. 

In the northeastern and western parts of the range, equigranular 
granodiorite, b i o t i t e  grani te ,  and muscovite-bearing s l a s k i t e ,  pegmatite 
and a p l i t e  intrude discordantly across the fo l i a t i on  of Precambrian rocks. 
These plutons are  almost assuredly Cretaceous or  Tertiary.  These 
young plutons as well as  t he i r  Precambrian host rocks have been subjected 
t o  an episode of mylonitization which has imported onto the rocks a gently 
to  moderately inclined fo l ia t ion  which contains the famil iar  WSW- and 
WNW-trending dikes of microdiorite, granodiorite and more f e l s i c  
l i thologies .  Intensely brecciated rocks similar t o  the c h l o r i t i c  breccia 
zone of other complexes are  present on the northeast and southern 
extremeties of the range, b u t  no dislocation surface has y e t  been ident i f ied.  
Preliminary geochronologic data of Rehrig and Reynolds (1980 and unpublished) 
document Tertiary cooling i n  some parts of the complex. 

Geological History: 

In the Precambrian, sedimentary and volcanic rocks 
metamorphosed, and intruded by several generations of 
the  Paleozoic, the area was probably par t  of cratonic 
thereby receiving a thin  cover of sedimentary rocks. 

were deposited,  
plutons. D u r i n g  
North America; 
The Mesozoic 



h i s t o r y  o f  the  reg ion  i s  uncer ta in ,  bu t  some g ranod io r i t es  i n  the  range 
may be l a t e s t  Mesozoic (Laramide). I n  t h e  T e r t i a r y ,  several types o f  
g r a n i t e s  were in t ruded and were subjected a long  w i t h  t h e i r  wa l l  rocks t o  
an episode o f  m y l o n i t i z a t i o n .  Middle T e r t i a r y  ( ? )  d ikes  i n  the  range 
were i n t r u d e d  before, dur ing  and a f t e r  m y l o n i t i z a t i o n .  T e r t i a r y  a rch ing  
o f  t h e  m y l o n i t i c  f o l i a t i o n  was fo l l owed  by Basin and Range block f a u l t i n g  
which r e s u l t e d  i n  the  depos i t i on  o f  e v a p o r i t i c  and c l a s t i c  rocks i n  
t h e  ad jacent  Phoenix Basin. The G i l a  and Hassayampa Rivers  ass i s ted  i n  
t h e  s c u l p t u r i n g  o f  the  present  landscape o f  t h e  region.  

2.0 
Wickenburg Mountains (2:OO) are  u n d e r l a i n  by Precambrian amphibol i te-  
grade s c h i s t s  and metavolcanics e x t e n s i v e l y  i n t r u d e d  by undated 
Precambrian g r a n i t o i d  rccks  and pegmatites. Many o f  the  pegmatites 
a r e  complex nature and con ta in  many minera l  species, some 77 species have 
been documented (Jahns, 1952). Many o f  these occur i n  l a r g e  enough 
amounts t o  warrant  economic e x p l o i t a t i o n .  Table 1 sumnarizes some o f  the 
product ion  from the pegmatites and v e i n  m i n e r a l i z a t i o n  i n  the igneous and 
metamorphic rocks. The Precambrian c r y s t a l l i n e  rocks i n  the Wickenburg 
Mountains a r e  unconformably o v e r l a i n  by another  sequence o f  m id -Te r t i a ry  
vo l can i c  rocks. Studies o f  the  vo l can i c  sequence by !&lard (1977) i n  t h e  
Cast le  Hot Springs area i n d i c a t e  the  vo l can i cs  belong t o  an a l k a l i - c a l c i c  
magma se r ies .  Possib ly ,  the  vo l can i c  s e r i e s  i n  the He i rog lyph ic  Mountains 
a r e  age and geochemical equ iva len ts .  

2.0 
Vu l tu re  Peak !11:55) the  most d i s t i n c t i v e  landmark o f  t h e  Vu l tu re  Mountains 
(11:30 - 12:OO) i s  very  c lose  t o  Stop 6. 

1.0 
Arizona 74 i s  now c rds ing  t h e  h ighes t  geomorphic sur face i n  the  region.  
A l l  major  drainages ( f o r  example, the  Agua F r i a  and Hassayampa r i v e r s )  
have c u t  conspicuous i n c i s i o n s  i n t o  t h i s  sur face.  

2.0 
gig-Horn Mountains a t  10:30 c o n s i s t  o f  more m id -Te r t i a ry  vo lcan ics  
r e s t i n g  unconformably on Precambrian amphibol i te-grade gneisses and 
sch i s t s .  

1.0 
The Harquahala f.lountains, o b j e c t  o f  Day 2, loom i n  t h e  f a r  d is tance t o  
t h e  l e f t  o f  Vu l tu re  Peak (11:30). 

2.7 
Junc t i on  w i t h  Cast le Hot Springs road on r i g h t .  

1 ') - L.J 

Terminat ion o f  ~ r i z o n a ~ 7 4  a t  Junc t i on  w i t h  U. S. 60, U. S .  89, 
and Arizona 93. Turn r i g h t  f o r  Wickenburg.. Road ahead t raverses h i g h l y  
d issec ted  topography c u t  i n t o  the  h igh  r e g i o n a l  geomorphic sur face we have 
been, t r a v e l i n g  on. 

1.1 
Vu l tu re  Mountains west o f  t h e  Hassayampa R ive r  a r e  now i n  good v iew . . 

from 9:00 t o  12:OO. 
0.7 

~ o a d & . s  on both sides o f  t h e  highway expose e x c e l l e n t l y  the unconformable 
r e l a t i o n s h i p  between the  veneer 'modern' a l luv iums and the under ly ing  mid- 
Miocene age tuffaceou; vo lcan ics .  Highway f o r  nex t  several m i l es  w i l l  
p a r a l l e l  the  course o f  t h e  Hassayampa River .  

0.4 
Roadcuts on l e f t  con ta in  dramat ic  exposures o f  f l o w  bonded r h y o l i t e s  w i t h i n  
the  mid-Miocene vo lcan ic  se r ies .  We a r e  now cross ing  a  g r a v i t a t i o n a l  low 
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MINERAL PRODUCTION FROM THE WHITE PICACHO DISTRICT* 

Commodity Deposit  

Feldspar Picacho View 

Outpost 

F r i c t i o n  

Midnight  O w l  

Ainbl ygoni t e  North Morning Sta 

Midn igh t  Owl  

Spodumene North Morning Sta 

Lower Jumbo 

Midn igh t  O w l  
. . 

Beryl M idn igh t  Owl 

  is mu ti t i '  outpost  

M&covi t k  Several depos i ts  

Columbi t e - t a n t a l  i t e  Midnight  Owl 

Scheel i t e  I Schee l i te  Reef 

I C l  imax 

I Star1 i g h t  (Buena 
V is ta )  

. ~ 

Copper ~ . va r ious  

Lead var ious  

Gold var ious 

S i lver  . .  var ious 

Q u a n t i t y  I Grade o r  
( tons)  Amount 

a t  l e a s t  No. 1 

2,000 tons 

-20 -5.0 L i 2 0  

55 

nonesh ipped 2 .0-3 .0L i20  

< 1 I n o t  known 

6-7 37 l b s .  o f  I Conc. I3 62% 

Years 

1900-1979 

r e p o r t e d  

p roduc t i on  

L: *Note: Pegmatite minera l  product ion i s  f rom Jahns (1952); Schee l i t e  data i s  from Dale (1961 
Base and precious metal data i s  from BGMT f i l e  data. 



i n  bedrock geology centered southeast  of Wickenburg. Perhaps t h i s  low 
may r e f l e c t  the  prescence of a caldera w i t h i n  the  mid-Miocene volcanic 
f i e l d  we a r e  passing through. 

0.9 
Roadcuts on r i g h t  f o r  next several miles expose northeast t i l t e d  mid- 
Miocene rocks. The lower par t  of the  sequence i s  an interbedded volcanic 
and c l a s t i c  sedimentary sect ion.  Concordantly overlying t h i s  sequence i s  
an indurated conglomerate sect ion.  Roadcuts f o r  the  next mile contain 
spectacular exposures of t h i s  conglomerate. The t i l t e d  volcanic 
sequence i s  angularly truncatedby te r race  gravel veneers related t o  
e a r l i e r  higher base leve ls  of the  Hassayampa River. 

1.5 
115.5 Bridge over Monarch wash. 

4.6 
110.9 Ti l ted Ter t ia ry  volcanics cu t  by numerous low-angle f au l t s  a re  exposed 

in the  roadcuts. The upper congloaerate sect ion i s  jextaposed 
against  the  older andes i t i c  volcanics by a low-angle f a u l t  a t  the 
ea s t  end of the  road cu t  on r i g h t .  A K-Ar date near the top of t h e .  
andesi t ic  volcanics gave 16.5 m.y. (Scarborough and Wilt, 1979). 

0.3 
110.6 Bridge over tlassayampa River. Downtown Wickenburt i s  ahead. 

0.3 
110.3 Road Junction. U. S. 89 and Arizona 93 fo r  Kingman on the r ight .  

Continue s t r a i g h t  ahead on U. S. 60 for  Salome. ~. 
0.1 

110.2 Underpass. 
1.2 

109 Highway i s  crossing dissected alluviums on west s ide  of Hassayampa River. 
1.3 

107.7 Vulture Mine Road intersect ion.  Turn l e f t  onto Vulture Mine Road.- . ' 

Eegin 
Cumulative 
M i  1 eage 

0.1 ~ a i n l y  a l luv ia l  cover. To the southeast i s  the  Vulture Mountain Guest 
I 

Ranch, temporary home fo r  many a Snow-bird. To the west, occupying 
the low ground and th in ly  mantled by alluvium, a r e  ra re  exposures 
of the  68 m.y. Wickenburg bath01 i t h ,  which forms bedrock in  t h i s  area 
and probably underlies the town of Wickenburg. A quarry several 

I 
hundred f e e t  west of road exposes unaltered granodiori te and evidence, - 

of weak copper mineralization. 
1.6 .. 

I 
Traversing poorly outcropping Wickenburg bathol i th  cu t  by swarms o f .  
northerly-trending Miocene dikes  of u l t rapotass ic  rhyol i te  forming 
low, elongate h i l l s .  Higher h i l l s  s t r a i g h t  ahead a r e  Twin Peaks capped 
by 13-14 m.y. o l iv ine  basal t  flows res t ing  i n  marked angular discordance 

I 
upon severely t i l t e d  20-26 m.y. s i l i c i c  t u f f s  and flows. - . .  . 

. . 2.n - I 
Here we cross the unexposed t r ace  of the  Vulture Peak l i s t r i c  f a u l t ,  
upon which l i e  the  t i l t e d  volcanic sections of Vulture and Caballeros 
Peaks. The ridge immediately southwest of t h i s  mileage l oca l i t y  i s  
composed of these volcanics which dip  steeply eastward into  the shallow, 

I 
west-dipping Vulture Peak f a u l t .  

0.2 - . 
A t  low topographic pass, reddish'colored di tch cu ts  expose conglomerate 
uni t  forming base of s i l i c i c ,  tuffaceous volcanic section.  

I 
I 



From th i s  point road proceeds south along t race  of another NS-striking 
l i s t r i c  f a u l t  which places volcanics west of road against  Laramide 
granodicrite east  of road. To the ea s t  ( l e f t )  the ridge exposes 
scattered outcrops of t i l t e d  red c,i,iglomerate ( a t  base of r idge)  and 
overlying volcanics. s 

0.8 
I 

5.6 To the l e f t  a short jeep t r a i l  leads to  base of ridge e a s t  of Vulture 

I 
mine road. Park vehicles along Vulture mine road and proceed eastward 
on foot. 

STC'P 6 

GEOLOGY AND LISTRIC NORMAL FAULTING 
IN THE CENTRAL VULTURE MOUNTAINS 

by William A. Rehrig 
.4- 

A t  s top 6 several key contacts a r e  a c c s s i b l e :  (1) p a r t i a l l y  covered by 
al luvial  debris,  a NE-trending in t rus i se  contact  between the Wickenburg 
batholi th on the north and Precambrian ( ? )  gneisses on the south; 
( 2 )  A t  the base of the ridge, +be Tert iary conglomerate u n i t  
unconformably overlaps both Laramide granodiorite and gneisses.  Clasts 
in the conglomerate are  mainly Precambrian ( ? )  metamorphic rocks although 
gran i t ic  c l a s t s  of undetermined age a re  present; ( 3 )  The upper contact 
of the conglomerate i s  made w i t h  the overlying s i l i c i c  volcanics, the 
lower units of which are we l l - s t r a t i f i ed ,  t h in ,  welded t u f f s  and/or 
base surge deposits. Volcanics f a r the r  up-section cons is t  of more 
tu f f s ,  a grey dac i t ic  flow and, on the steep par t  of the  west-facing 
ridge, a thick,  massive obsidian flow which contains extensive 
devi t r i f i ca t ion  and zeol i t i z a t ion .  Potassium-argon dates  of 26 m.y. 
( b i o t i t e )  and 16 m.y. (whole rock) were analyze& from near the base of 
the volcanic section. 

The section of volcanics and conglomerate dips u p  t o  70' e a s t  
toward the f l a t  Vulture Peak normal f a u l t .  The lower pa r t  of the section 
w i t h  i t s  unconformity and c rys t a l l i ne  basement, i s  repeated j u s t  west 
of the Vulture mine road by another west-dipping l i s t r i c  f a u l t .  

Capping the ridge i s  a tectonic contact  of special i n t e r e s t .  A 
- f la t - ly ing  l i s t r i c  f au l t  and k l ippeo f  u l t rapotass ic  rhyol i te  r e s t  

i 
on the obsidian flow. Wholeirock K-Ar dates  of 16 and 17 m.y. have come 
from the hanging wall rhyoli te.  The f a u l t  i s  beaut i fu l ly  exposed for  
de ta i l  study. . . 

I From the ridge top, a view northwest shows the faul ted and t i l t e d  
i[i. . . s i l i c i c  volcanics overlain by r e l a t i ve ly  f la t - ly ing  basa l t  flows on 
/ . I  ~ . Twin Peaks. Toward the south-southeast, the  imposing Vulture Peak i s  

. seen with i t s  t i l t e d  volcanic section r i c h  in  rhyo l i t i c  agglomerate 

[.i - - ~  

and flows. This section dips 50-700 eas t .  The Vulture Peak f a u l t ,  
along the eastern s ide of the peak i s  so f l a t  t ha t  i t  outcrops o n  both 
ea s t  and west sides of the ridge, south of Vulture Peak. 

. . 



GEOLOGY GEOCHRONOLOGY AND LISTRIC NORMAL 
FAULTING OF THE VULTUKE MOUNTAINS 

MARICOPA COUNTY, ARIZONA 

by Will. iam A .  Rehrig, 
Muhammad Sahaf iqul lah and Paul E. Damon 

The V u l t u r e  Mountains, l oca ted  near Wickenburg, about 50 m i les  nor thwest  
o f  Phoenix, c o n s i s t s  p r i n c i p a l l y  o f  a  fau l ted  and t i l t e d  se r ies  o f  vo lcan ic  
rocks surrounded and under la in  by a  p l u t o n i c  and metamorphic basement. 
I n t e r m i t t a n t  geo log ic  work du r ing  the  past  10 years supported by chemical, 
i s o t o p i c  and r a d i o m e t r i c  age analyses has l e d  t o  a  new apprec ia t i on  o f  
Miocene-Oligene volcanism and a  f a s c i n a t i n g  pe r iod  o f  ex tens iona l  
tectonism e a r l i e r  and more profound than t h e  t r a d i t i o n a l  bas in  and range 
d is turbance.  

Regional Se t t i ng :  

The Vu l tu re  Mountains are  loca ted i n  t h e  Basin and Range ~ e s ' r t  . 

prov ince w i t h i n  a  nor th-nor thwest  t o  northwest zone o f  severe normal 
f a u l t i n g .  Many o f  these f a u l t s  a re  o f  the  l i s t r i c  normal type. I n  . 
t h e  Vu l tu re  Mountains, t i l t i n g  on these f a u l t s  i s  toward t h e  nor theas t .  
These r o t a t i o n s  extend w i t h  p rogress ive ly  l e s s  e f f e c t  t o  t h e  no r theas t  
i n t o  t h e  Bradshaw Mountains. This broad, n o r t h e a s t - t i l t e d  zone represents 
a  major  s t r u c t u r a l  t r a n s i t i o n  between t h e  Mountain and Desert sub- 
provinces. Ro ta t i ona l  normal f a u l t i n g  surrounds the Vu l tu re  Mountains 
on o the r  s ides  as w e l l .  Taken c o l l e c t i v e l y ,  t h e  geometry and displacements 
o f  t h i s  f a u l t  system form an i n t r i g u i n g  p i c t u r e  o f  no r theas t -d i rec ted  
c r u s t a l  extension. ~ ~ . ~ 

Two d i s t i n c t  vo lcan ic  sequences a r e  found i n  the  Vu l tu re  Mountains: 
an e a r l i e r  s i l i c i o u s  sequence o f  f lows and t u f f s  and a  l a t e r  s e r i e s  o f  
basa l t s .  These same sequences crop o u t  i n  surrounding mountain ranges 
across a  broad, southwest- t rending area from t h e  Bradshaw Mountains 
t o  t h e  Colorado R iver .  

Rock Types: 

P re -Te r t i a ry  rocks  i n  the  Vu l tu re  Mountains c o n s i s t  o f  a  Precambrian 
metamorphic-igneous basement in t ruded by a  composite Laramide ba tho l i t h . .  
T e r t i a r y  rocks i n c l u d e  hypabyssal i n t r u s i v e  and ex t rus i ve  rocks (F igu re  1). 

Precambrian r o c k  types e x h i b i t  a  crude nor theas t -or ien ted  ou tc rop  
p a t t e r n  across t h e  range (F igure  1). To the  n o r t h  (and between V u l t u r e  
and Cabal leros Peaks) a  coarse-grained, p o r p h y r i t i c  g r a n i t e  occurs 
which.resembles 1400 o r  1700 m;y. g ran i tes  i n  adjacent areas. A  2-3.mi le 
wide, n o r t h e a s t - s t r i k i n g  zone o f  gne iss ic  g r a n i t e  t o  g r a n o d i o r i t e  w i t h  
minor  amphibo l i te  and pegmati te i s  found south o f  the p o r p h y r i t i c  g ran i te .  
Maf ic  s c h i s t  l i e s  south o f  the gneiss b e l t  p a r t l y  i n  f a u l t  c o n t a c t  w i t h  
t h e  gneiss (F igu re  1). 

A la rge ,  composite g r a n o d i o r i t e  p lu ton  i n t rudes  the  co re  o f  t h e  
g r a n i t i c  gneiss be1 t. The p l u t o n  i s  dated a t  68.4 m.y. I t  forms .a 
h i g h i y  e longate,  d i k e - l i k e  mass extending w e l l  beyond t h e  margins of the 
Vu l tu re  Quadrangle. The b a t h o l i t h  i s  known as the Wickenburg b a t h o l i t h .  



Pos tba tho l i t h  rocks i nc lude  s i l i c i c  and basic  vo l can i c  sequences--the 
former i s  t i l t e d  on l i s t r i c  f a u l t s .  Above a  reddish-colored basal 
conglomerate r e s t  t h e  s i l i c i c  vo l can i cs  c o n s i s t i n g  o f  r h y o l i t i c  l ava  
f lows, welded t u f f s  and pyroclas t ic-volcanic las t ic  rocks in terbedded w i t h  
minor b a s a l t i c  andesi te t o  r h y o d a c i t i c  l ava  f lows.  The basal vo l can i c  
u n i t  i s  a  b u f f  t o  y e l l o w i s h  ash- f low which e x h i b i t s  v o l c a n i c l a s t i c  and 
agglomerat ic f a c i e s  and commonly i s  i n t e n s e l y  z e o l i t i z e d .  Th is  u n i t  i s  
widespread i n  the  Vu l tu re  Mountains and has been recognized (and dated) 
i n  t h e  nearby B ig  Horn, Eagle T a i l  and Kofa Mountains. A  b i o t i t e  age 
o f  26 m.y. and whole rock age o f  16 m.y. has been es tab l ished f o r  t h i s  
i n t e r v a l .  The basal u n i t  dates ( b i o t i t e  a t  about 23 m.y. i n  o t h e r  ranges. 

The s i l i c i c  vo lcan ic  rocks d i s p l a y  r a p i d ,  shor t -d is tance changes i n  
thickness and charac ter  suggest ive o f  nearby source areas. For  example, 
the  sec t ion  on Vu l tu re  Peak c o n s i s t s  l a r g e l y  o f  proximal vent  f a c i e s  o f  
very coarse, tu f faceous,  pumice-r ich, agglomerate and t h i c k  r h y o l i t e  
f lows, whereas, the  sec t i on  near Highway 60 i s  r i c h  i n  b a s a l t i c  andes i te  
f lows and v i t rophyres .  

Chemically, t h e  s i l i c i c  vo lcan ics  a r e  charac ter ized by u l t r a p o t a s s i c  
r h y o l i t e  w i t h  Si02, A1 0  and K2b90%. The K20 content  o f  these rocks 
i s  exceedingly h igh  an5 ?or  s i l  ~ c i c  samples averages 8.1 weight  percent .  
Diagenetic o r  autoal  t e r a t i o n  potash metasomati sm i s  suspected i n  p a r t  f o r  
the  h igh  K20 contents.  Some o f  the  u n i t s  a r e  p e r a l k a i i n e  w i t h  a l k a l i -  
A1203 molecular r a t i o n s  > 1 .  Some more bas i c  f l ow  rocks sandwiched 
between the  r h y o l i t e s  have < 60% Si021, lower  a l k a l i  con tents  and a r e  
basal t i c  andesi tes .  

I n  con t ras t  t o  t h e  s i l i c i c  sequence a r e  t h e  b locky b a s a l t  f lows 
outcropping on Black Mountain a n d o n  Twin Peaks (F igure  1). Chemically 

: t h i s  f low sequence i s  d i s t i n g u i s h e d  by r e l a t i v e l y l o w - a l k a l i  con tent  
(Na > K) ,  h i gh  CaO, NaO and low potash ( -1%).  O l i v i n e  occurs i n  the  

. . basal ts .  A K-Ar da te  o f  13.5 m.y. was secured from a  sample on B lack  
'; Mountain. 

Tectonic Considerations: 

Certa in geo log ic  fea tures  i n  t h e  Vu l tu re  Mountains exempl i fy  
important  t t x t c n i c  r e l a t i o n s h i p s  i n  t h e  southwestern U. S,. These 
features are: 'fl) M s t ruc tu ra?  c o n t r o l  o f  Laramide p lutonism, 
(2 )  NNW c o n t r o l  o f  m id -Te r t i a ry  p lutonism, (3 )  l i s t r i c  normal f a u l t i n g  

- :associated w i t h  m id -Te r t i a ry  s i l i c i c / p o t a s h - r i c h  vo lcan ic  rocks, and 
(4 )  a fundamental change i n  t e c t o n i c  s t y l e  and vo lcan ic  pe t ro logy  t h a t  
took place between about 16 and 14m.y.  B.P. 

~ e l ~ t i d n s h i ~ s  (1) and (2 )  have been discussed by Rehrig and He id r i ck  
(1976). . In  c l o s e  assoc ia t i on  w i t h  t h e  NNW a l igned d i k e  swarms o f  
mid-Ter t ia ry  (-20-30 m.y. B.P.) age i s  the  pe r iod  of in tense l i s t r i c  

f a u l t i n g  which t i l t e d  shal low c r u s t a l  rocks and extended them NE t o  E, 
i n  a  d i r e c t i o n  approximately normal t o  the  s t r i k e  o f  t h e  d i k e  swarms. 
S i l i c i c  vo lcanics i n  the Vu l tu re  Mountains have been s t r o n g l y  a f fec ted  by 

. . t h i s  s t y l e  o f  deformation (F igu re  1). The f l a t - l y i n g  Black Mountain and, 
r e l a t e d  basa l ts  post-date the  deformation, thus, b racket ing  t h e  l i s t r i c  
f a u l t i n g  event t o  the  broad i n t e r v a l  26 ts 13.5 m.y. Undeformed 
u l t rapo tass i c  r h y o l i t e  d ikes i n t r u d i n g  the f l a t  l i s t r i c  f a u l t s  and 
c o r r e l a t e  w i t h  dated 16 m.y. d ikes,  f u r t h e r  narrows the  main extensional 
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- - - Fig. 1 .  Generallzed geologic map and cross section of .the Vulture Mountains. Note a c rude  
northeast-orlented zonal pattern of Trecambrlan rocks. Mafic schists a re  common in the southern 

. part .  SilIcic Tertiary rocks are intruded by a swarm of northerly trending dikes. Structural  graln 

I 
s t r lkes north tonorthwest and is represented by dlkes, normal faults, and tflted elongate fault 
wedges of siUclc volcanic rocks. See explanation on facing page. 



I W  *I 

. . ~  
. . 

Fig. 2. Regional tectonlc set?lrtg of the Vulture Mountalns. Map shows outcroppiny areas  of Ollgo- 
I 

cene.-Miocene volcanlc rocks (ou:llned areas) and their tllted attitudes. Double-bar dip symbols . 
indicate dips > 4S0.  Sources for s t ruc tura l  data include: Arizona county geologic niaps; unpublished 
tectonlc map (Ccoley and o thers ,  n.d.1: Rehrlg and Heldrick (1976. p. 218); and first author 's  
more recent field observations. Information (map and section) on '  Harcuvar metamorphic c.ompiex IS 

I 
from Rehrfg and Reynolds (n .d . ) .  Barbs along eastern front of Harcuvar complex indicate general 
trace of northeast-dlpplng. Tert lary dislocation surface. Heavy-llned, antlcllnal symbols lndlcate .~ 

axial positlon of regional antiform (1.e.. Big Horn-Vulture antlform) of Tert iary tlltlng. Wavy-lined. 
northeast-trending Uneament may dlsplace antlformal axls as  shown (Stewart,  n.d.1. Thls  t rans-  

I 
form(?)  boundary possibly ailowed differential northeast crustal expansion between the Nghly ex- 
tended Harcuvar metamorphic complex (upper cross section) and the Blg Horn-Vulture anuform ' - 

(lower sectlon) . 
Cross sections are  hlghly schematlc and not to scale. The Harcuvar section represents  an ldeallzed 

I 
composite Impression from the Granlte Wash Mountahson the west through the Harcuvar Mountalns. I 



5 1 HARCUVAR METAMORPHIC CORE COMPLEX 

Fig. 3. Working h y ~ o t h e s l s  for  development of Ustric faulting in the Big Horn-vulture antiform 
( a )  and  Harcuvar metamorphic core complex ( b ) .  Large black arrows represent lateral extensional 
s t ress toward  the  northeast or  southwest. -Vertical dashed lines through plates 1 and 2 show 

. - extenslonal s t r a ln i  
. . . . 

(a)  Active lateral crustal extenslon comblnedwlth north-norihwest-northwest-trending, mld-Ter- 
tlary dike swarms (B) allow zone 2 to expand past zone 1. This differential extenslonal straln Is 

. . taken up-by Ustric normal faults I n c h e d  in direction of greatest expansion below (C). Section (Dl 
- . snows symmetrical bilateral development of stages ( A )  through (C) forming reglonal antiform. 

. . 
- (b). More lntense lntruslve activity (dikes,  s tmks ,  sllls) and heat generation In actlve tensional 

s tress  fleld forms flattened and northeast-extended. mylonltic fabrics in subvolcanlc, crystalline 
- rocks (C) .  Contlnued stretching and dilation in :ones 2 and 3 result In Ustric faulting and dlfferen- 

tlnl shear (dlslocatlon surface1 between ductlle plate 2 and rlgld plate 1 (D) (E). Severe thinning In 
plate 2 and tectonic removal of plate 1 inltlate lscslatlc uplift (F) and lead to present  conflguratlon 
of metamorphlc core complex (GI. Figure3b is b u e d  o n t e x t  and f igure 8 of Rehrlg and Reynolds 

, .- (n.d.1. . . . - .. 
. . 
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SECOND DAY 

ROAD LOG FROM WICKENBURG TO I-10-HOVATTER ROAD INTERSECTION VIA SALOME 

Leaders: S tan ley  B. Ke i th ,  Stephen J .  Reynolds and Stephen M. Richards 

Sunday March 22, 1981 

Assembly . . 

Point :  B l a k l e y  ( P h i l l i p s  66) gas s t a t i o n ,  U. S. highway 60, 2.2 m i l e s  west  
o f  Hassayampa R iver  br idge,  Wickenburg ( i n  l a r g e  open area, west o f  
s t a t i o n  on n o r t h  s i d e  o f  highway). 

Time: 6:30 a.m. 

. . Stops: . 4 . 

Distance: Approximately 90 m i l es .  

I SUNDAY START 6 3 0 o m  
~ ~ 

Blakley (Phillips 66) gos 





WICKENBURG TO EAGLE EYE PEAK 

Mile Post 

Vurture Mine road in te rsec t ion .  Begin road log,. 
0.7 

Black Mountain a t  12:OO. 
0.8 

Historical  marker. 
0.3 

Wickenburg municipa. a i rpo r t .  Turnoff t o  r igh t .  
0.5 

Roadcut here and roadcuts fo r  next several miles on south s ide  of road a r e  
in  t e r race  or  basin f i l l  gravels .  

2.4 
Roadcut on l e f t  i s  i n  Precambrian c rys t a l l i ne  rocks of amphibolite grade. 

n .  u. 1 
Black Mountain on r igh t .  

0.5 
Roadcuts in amphibolite-grade ~recarnbrim c r y i t a l l i n e  rocks with s teeply 
inclined northeast  trending fo l i a t i on .  

0.3 
Roadcuts on both s ides  of road expose a spectacular example of a 
low-angle normal f a u l t  placing mid-Miocene age rhyol i t i c  volcanics on 
Precambrian amphilolite-grade c rys t a l l i ne  basement. Foliat ion in the  
dark-colored biot i te-fe ldspar  gneiss ic  basement s t r i ke s  N60E, i s  near 
ve r t i ca l ,  and i s  cu t  by g ran i t i c  dikes and a ch lo r i t e -b io t i t e  
lamprophyre dike ( s t r i k e  N80W, dip  750 NE), 

The~fa t i l t  s t r i k e s  N20W, d ips  15O SW and contains near dip-s l ip  
s l  ickensides t h a t  trend ~ 7 0 ~ ~ .  Precambrian crystal1 ines immediately 
below f a u l t  a re  highly c h l o r i t i c  and epidotized and contains several 
.shears paralleT to  the  main f a u l t .  Tuffaceous rhyol i tes  i n - t h e  upper 
plate. ha-nging wall s t r i k e  N85W and dip  700 N. ~ ~ 

. . 
~ - . .  . 

A n 
U.4 

This roadcut and the  next several roadcuts (mainly on l e f t )  expose 
mid-Miocene rhyodaci t i c  volcanics and water-lain tu f f s .  

0.9 
Roadcuts here and next half mile exDose northeast t i l t e d  andes i t i c  
volcanics. 
. 0..6- . ~ . . 

Enigmatic roadcuts. . . 
. - . . . ~. . . 

Biot i te  grani te  of presumed.~recambrian age crops out i n  the roadcut on 
l e f t .  Near the  west e n d ~ o f  the  cu t  the granite i s  cu t  by N60W s t r ik ing  
rhyodacit ic dikes. In cont ras t ,  the  roadcut on the r i g h t  (nor th)  s ide  
o f  - the  highway contains. highly broken conglomerate with c l a s t s  of the 
b i o t i t e  grani te  and Precambrian amphibolite grade c l a s t s .  T h i s  . '  

conglomerate i s  a l so  cu t  by &N65W s t r ik ing  rhyodacite d i k e .  The two  
roadcuts may be separated by a N80E s t r ik ing  high angle.  f a u l t  t h a t  
dips s teeply SSW and contains shallow eas t  plunging sl ickensides.  . - .  

. . 0.3 
Roadcut and h i l l  right:contain b i o t i t e  granite?.  . . 

0,9. . . . . . 
. . . . . .  . . . . . . . - .. . . . . 

. ~ 



. . 

Middle Mountains are  i n  middle d is tance a t  2:00 t o  3:OO. The weaver 
Mountains a r e  i n  d i s tance  a t  3:30. I n c l i n e d  scar on south fac ing  s l o p e .  . . 
o f  Weaver. Mountains i s  S t a t e  High - 71 t o  Prescot t .  

0.5 ~ . . . 

Roadcuts on bo th  ;ides o f  highway-are i n  h i g h l y  broken g r a n i t e .  :Low h i l l s  
. . 

t o  r i g h t  a r e ~ a i s o  u n d e r l a i n  by t h e  g ran i te .  . ~ . . .~ . .  
~. ~ ~ 0.3 1 - .  . . -. 

Roadside r e s t  o n _ l e f t .  . . 

.0;2 ' . 

East end Harquahala -Mou"tains now e a s i l y  v i ~ d a b l e  t o  the  l e f t  at.11:30. 
r n  . . 
1.u 

Black B u t t e  i n  t h e  west Vu l tu re  Mountains- appear a t  9:301 Black Mountain 
i s  capped by  -a d ipp ing  b a s a l t  dated a t  15 m.y. (Scarborough and W i l t ,  
1979). 

. . 1.0' 
Harcuvar Mountains p i e r c e  s k y l i n e  a t  12:OO t o  1:30. 

3.0 
East end o f  Harcuvar Mountains a r e  a t  1:30 and o f f e r  an e x c e l l e n t  view 
o f  southwest-dipping vo lcan ics  t h a t  form wel l-developed hogback landforms. 
The vo lcan ic  p i l e  i s  dominated by h igh  potassium t rachy tes .  One o f  these 
t rachy tes  has been dated  at 17 m.y. (Scarborough and W i l t ,  1979). . 

. 

1.0 . - 
. .. 

Small butes appear a t  9:00 to . l1 :30 .  .- 
- 5 .0 . . 

Eagle Eye Peak i n  probable mid-Miocene age vo lcan ics  appear a t  !0:00. 
Natch f o r  t h e  eagle eye which w i l l  become more obvious a s y o u  t r a v e l  . ~ 

west. Eagle Eye Peak w i l l  be Gay 2 ' s  f i r s t  stop. 
1.0 

Junc t ion  on r i g h t  w i t h  Arizona S ta te  Highway 71 t o  Prescot t ,  Ar izona. 
Continue west on U. S. 60. 

1.0 
Me t ropc l i s  o f  Agu i la  ahead. Prepare t o  make l e f t  t u r n  onto Eaqle Eye 
Road i n  downtown Agui la .  

Turn l e f t  on to  Eagle Eye road. - 

c u i i u l a t i v e  . . 

M i  1 eage 

1.0 ~ a ~ l e - ~ o o s t  suburban a i r p o r t  on l e f t .  Unnamed peak i n  eastern Harquahala 
Mountains i s  a t  1 :OO.  The eagle Eye i s  now a t  11:45. 

The unnamed peak (1:OO) i n  t h e  eastern Harquahala Mountains i s  p robab ly  
under la in  by  equ igranu lar  banded l e u c o c r a t i c  gneiss ( ledge formers) 
i n t e r l a y e r e d  w i t h  maf ic ,  mesocrat ic,  amphibol i  t i c  gneiss. These rocks  
a r e  o f  probably Precambrian age. The f o l i a t i o n  i s  genera l l y  non-my lon i t i c  
and no l i n e a t i o n  was observed i n  exposures two m i les  eas t  o f  the  unnamed 
peak. The amphibol i t ic -grade rocks, on the  unnamed peak and south 
f a c i n g  slopes o f  t h e  mountain, a re  separated from a m y l o n i t i c a l l y - f o l i a t e d ,  
b i o t i t e  q u a r t z  nionzonite by a zone o f  u l  t ramy lon i te .  This  zone t rends  
east-west and d i p s  about 15 t o  200 south. The u l t r a m y l o n i t e  zone i s  
expressed as a s lope former between t h e  amphibol i te-grade rocks and t h e  
under l y ing  f o l i a t e d  b i o t i t e  g r a n i t e  which forms rugged c l i f f s  and b o l d  
outcrops below the  u l t r a m y l o n i t e  zone. 



Locally, a porphyrit ic mylonitic grani te  occurs between the amphibolite 
grade rocks and the b i o t i t e  grani te .  All of the mylonitic rocks contain 
a pronounced N50 to  65E-trending l ineat ion on fo l ia t ion  surfaces.  T h e  
ultramylonite zone could be the eastern extension of the Harquahala 
Thrust, a regional th rus t  f a u l t  we have been mapping throughout the  
Harquahala Mountains. However, the northeast-trending l ineat ion may 
be a younger l ineat ion superimposed on thrust  which n ~ n n a l f y  contains a 
d i f fe ren t ly  oriented,  older f ab r i c  in  the western Harquahala Mountains. 
We will see t h i s  fabr ic  a t  the White Marble Mine l a t e r  on (Stop 2 ) .  

i 
3 . i  ~ o a d  t o  l e f t .  Continue s t r a igh t .  

3.5 Materials p i t  sign and road on l e f t .  Prepare to  park f o r  STOP 1 a t  
Eagle Eye Peak. 

, . .. 

Eagle  Eye Peak contains the  best exposures of the low-angle'fault 
between the mylonitic basement of the Harquahala Mountains and an upper 
plate o f t i l t e d  Tert iary sedimentary and volcanic rocks. A majority of 
rnylonitic rocks i n  t h i s  a r e a h a v e  been derived from a g ran i t i c  p ro to l i th .  
Foliation i s  gently dipping and defines a broad N60E-trending arch. Eagle 
Eye Peak i s  s l i gh t ly  southeast of the axis of the arch. Dior i t i c  rocks 
are  exposed i n  the footwall of the f a u l t  where they a r e  highly brecciated. 
The low-angle f a u l t  dips gently to  the east  and i s  imnediately underlain 
by  a ch lo r i t i c  breccia. Ter t iary rocks above the f a u l t  include reddish 
sandstone-sil tstone,  conglomerate, sedimentary and volcanic breccia  and^ 
volcanic uni ts .  The Tert iary rocks dip to  the southwest. t-; 3 --. . 
i 
GEOLOGIC O V E R V I E W  OF THE H A R C ~ A H A L A ,  HARCUVAR, BUCKSKIN A N D  RAWHIDE 
MOUNTAINS, WEST CENTRAL ARIZONA' -. 

by Stephen J .  Reynolds 

[ntroduction: 
. . 

. . A northwest-trending zoneof  metamorphic core complexes i n  west-central 
: . - Arizona is  composed of (from southeast to  northwest) the Harquahala, - . 

Harcuvar. Buckskin and Rawhide Mountains. These four ranges have -a -. . . . . . . p r o n ~ ~ n c i d  northeast trend o r  physiographic grain,  i n  contras t  to  the  ' 
north or-northwest trends of most mountain-ranges in western Arizona. 

I :. .. . . The Harcuvar and~Harquahala Nountains a r e  especially prominent in  the  
. .  - . . . . region because they aye r e l a t i ve ly  h igh  (elevations above sea level of- .. .. 

~ . .  ,I:,: : . over 5,000 f ee t  compared to  valley elevations of 2,000 f e e t ) ,  northeast- 
. .. . . trending ranges. - T h e  large northeast-trending McMullen and Butler Valley 

C .  .~ . . -. bound the HarcuvarMountains on the south and north s ides ,  respectively. 
. . 

-The Buckskin and Rawhide Mountains l i e  to  the northwest and a r e  par t s  of 
a single r e l a t i ve ly  low r e l i e f  mountain range. They a re  separated by 

- the Bill Williams River ( t h e  Rawhide Mountains a r e  s i tuated on the 
. . .north s ide  of the r i v e r ) .  1 . .  .- ..: . ~. . . 

$; ' ,  , .' .. ' .  Early geologic works in  the  area were df a reconnaissance nature or  
were concerned w i t h  the d e t a i l e d  geology of small mining areas ( s ee  

. - 
I 
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F igure  1. ~ e n e r a l i z e d  geo log i c  map 0-f t h e  Haquaha la  and Haicuvar Mountains 
- ( f r o m  Reynolds-and o thers ,  1980a). . . 
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references c i t ed  by Stanton B. Keith, (1978) and Reynolds, (1980). 
Lasky and Webber (1947)  napped the geology of the Ar t i l l e ry  Mountains 
located immediately e a s t  of the Rawhide Mountains) and described two 
important Ter t iary sedimentary uni ts :  the Art i l lery and Chapin Wash 
Formations. Wilson (1960; see  a lso Wilson and Moore, 1959; Wilson and 
others ,  1969) mapped the reconnaissance geology of the e n t i r e  west-central 
Arizona region. Shackelford (1976, 1977, 1980) and Gassaway (1972) 
describe the geology of the Rawhide and Buckskin Mountains, respectively.  
Rehrig and Reynolds (1977, 1980) discuss resu l t s  of t h e i r  reconnaissance 
geologic and geochronologic studies of the region. They recognize t h a t  
the Harquahala, Harcuvar, Buckskin and Rawhide Mountains a r e  metamorphic 
core complexes. Davis and others (1977, 1979, 1980) integrated the  
geology of the  Rawhide and Buckskin Mountains with t ha t  of adjacent 
areas. Suneson and Lucchitta (1979) determined the ages of volcanic 
uni ts  and t i l t i n g  in  rocks north of the Bill  Williams River. Reynolds 
(1980) synthesized r e su l t s  of unpublished detailed and reconnaissance 
geologic mapping w i t h  t ha t  of previous workers, and presented a summary 
of the geologic framework of west-central Arizona. Reynolds and others 
(1980) documented major Laramide thrus t  f a u l t s  in the Harquahala 
Mountains, adjacent t o  an area mapped by Varga (1976, 1977). Geologic 
research and mineral exploration i n  the area are  continuing a t  an 
accelerated pace. 

. . . . 

~ G e r a l  ~eo logy :  ( ~ e f e r  . to  f igure  1 ) ~  
. . . . . . 

. . 
The Hai-quahala, Harcuvar, Buckskin and Rawhide Mountains have 

. ~ 

I 
essen t ia l ly  a l l  the charac te r i s t ics  tha t  typify Cordilleran metamorphic 

. ~ . -  corecomplexes .  All four range: are  composed of a basement terrane of 
qua.rtzo-feldspathic gneiss and micaceous sch i s t  interlayered with . . . ~ 

- .  . .  . amphibolite; underformed t o  well-foliated grani t ic  rocks, and  local .  . . 

. . > marble and q u a r t i i t e .  F o l i a t i o n  in the metamorphic rocks i s  gently dipping 1 
. . . : and def ines  large northeast-trending arches which parallel  and control the 

~. 
. . topographic 'axis of each range. Field and isotopic studies def ine a . . 

major.Late Cretaceous t o  ear ly  Ter t iary metamorphic event which is 
~. - probably s p a t i a l l y  -and temporally associated with plutons of the same 

- - age. The metamorphic rocks a r e  most l ike ly  derived from Precambrian 
. I 

p ro to l i ths ,  although Paleozoic and Mesozoic sedimentary rocks a r e  a lso 

. - 
local ly  incorporated into the basement terrane.  Granitic rocks t h a t  a r e  
interlayered with the metamorphic rocks have Precambrian., Mesozoic 

~ . .  . . .. . . .- .and ~ Cenozoic-ages. . .  I 
t The metamor$hic.fabric and' associated .granites a r e  overbrinted by.d :. . . - 

. . gently inclined mylonitic fo l ia t ion  tha t  contains- a conspicuous 
. - - - -  northeast-to east-trending l ineation.  Mylonitic fabr ic  i s  b & t  developed 

. . in s t ruc tu ra l ly  high exposures andconforms t o  the arch defined b y t h e  
non-mylonitic, metamorphic fol ia t ion. '  The mylonitic fabr ic  i s  probably. . . ~. 

- I 
e a r l y  t o  middle Ter t iary i n  age because i t  clearly- postdates Late 

.. Cretaceous - ear ly  Tert iary plutons and metamorphic fabr ic .  I n  addit ion; . . -. 

. '- mylonitic rocks i n  the rangeshave so f a r  yislded early and middle 
.- . 

I 
- . .  .'Tertiary K-Ar b i o t i t e  and hornblende ages. 

. . I 
. ~ 

- .  The metamorphic - plutonic basement of the Harquahala Mountains has a 
- additional s t ruc tura l  complexities that  have n o t  been described f o r   the^ 

other  three^ ranges. For example, much of the r a n g e i s  composed of 
. . . . - fo l i a t ed ,  porphyrit ic Precambrian grani te  which i s  successively overlain .. 

. . by th rus t  s l i c e s  of inverted Paleozoic rocks and Precambrian metamorphic 
, I  
I 



and gran i t ic  rocks (Reynolds and others,  1980). A mylonitic zone 
associated with one of the th rus t s  i s  disconcordantly intruded by 
early Tertiary muscovite-bearing pegmatites. Elsewhere, these 
pegmatites exhibit  a younger mylonitic fo l ia t ion  tha t  contains 
the familiar east-northeast-trending l ineat ion.  I t  i s  uncertain 
whether basement terranes  of the other three ranges were a lso 
subjected to  such co~nplex s t ruc tura l  h i s tor ies .  

In a l l  four ranges, s t ruc tu ra l ly  high exposures of mylonitic rocks 
have been brecciated, jo inted,  faulted and affected by retrograde 
metamorphism or  hydrothermal a l t e r a t ion  which has formed ch lo r i t e ,  
hematite, epidote, su l f ides  and copper minerals. This assemblage 
of rocks and minerals i s  best termed a ch lo r i t i c  breccia. The 
ch lo r i t i c  breccia i s  overlain by a thin (approximately one meter thick)  
ledge of microbreccia. A d is locat ion surface i s  well exposed above the 
microbreccia throughout much of the Rawhide and Buckskin Mountains and 

. . i n  more isolated exposures along the northeastern ends of the Harcuvar 
: . and Harquahala Mountains. The most common allochthonous rocks above 

the dislocation surface a r e  Oligocene ( ? )  - Miocene conglomerate, 
sandstone, s i l  tstone and volcanic rocks. However, Precambrian 
metamorphic and g ran i t i c  rocks, Paleozoic carbonate and c l a s t i c  rocks, 
and Mesozoic igneous and sedimentary rocks are  a l so  local ly  exposed 
in  upper pla te  posit ions.  Upper p la te  rocks dip,  on the average, 
moderately to the southwest and a re  cut  by northwest-striking l i s t r i c -  
normal. f au l t s .  Relative tectonic  transport  of upper plate rocks i s  
mostly t o  the northeast and i s  as  young as 15 m.y. (Davis and others,  
1980; Rehrig and Reynolds, 1980). 

Geological Evolution: 

. . In the ~r.ecambrian, west-central Arizona was the s i t e  of tectonic  
. .  ~ unrest, crustal  construction and s tab i l iza t ion  via a se r ies  of 
. - 
- .  . . deposit ional,  metamorphic and plutonic episodes. Deposition of c l a s t i c  

-and volcanic rocks was closely followed by metamorphism, deformation, and 
.. ~ . plutonism around 1.6 t o  1.7 b.y. Eesides possible emplacement of 

diabasic intrusions i n  l a t e  Precambrian time, the next younger rocks i n  
west-central Arizona a re  Paleozoic. Equivalents of younger Precambrian 
Apache Grouprocks a r e  evidently absent from the area. Paleozoic rocks 
are  a re la t ive ly  t h i n  sequence of carbonate and c l a s t i c  rocks t h a t  

. represent a cratonic platform environment. 
~. 

After the ~ a l e o z o i c  in te rva l  of r e l a t i ve  tectonic quiescence; the 
area experienced major mid-Mesozoic volcanism, plutonism and tectonism. 

'The  mid-Mesozoic plutons and volcanic rocks a r e  parts of .a subduction- 
r e l a t e d  ( ? ) ,  northwest-trending magmatic a rc .  After the mid-Mesozoic 
arc swept or  jumped westward, thick sequences of c l a s t i c  rocks were 
deposited unconformably on the volcanic r o c k s .  Clastic sedimentation 
was followed by plutonismand metamorphism in the Late Cretaceous and 
Early Tertiary as  magmatism swept eastward across Arizona. Metamorphism 
was, i n  par t ,  synchronous with plutonism, and formed high-grade g n e i s s i c ~  
and migmatitic terranes  t h a t  a r e  exposed i n  the metamorphic core complexes. 
This was successively followed by northward-vergent Laramide thrusting 
and intrusion of ear ly  Ter t iary muscovite-bearing granites.  Plylonitization 
in the core complexes postdates these events and i s  ear ly  o r  middle 
Tertiary in age. . . 

. . . . 



A period of widespread ear ly  Tertiary erosion was followed by 
Deposition of middle Ter t iary conglomerates, sandstone, s i l t s t one ,  
lacustr ine un i t s  and volcanic rocks. Plutonism and extensive thermal 
disturbances accompanied the volcanism. Middle Tertiary rocks were 
t i 1  ted and rotated during dislocation and 1 istric-normal faul t ing.  
Final cooling i n  the core complexes occurred a t  t h i s  time. Block-faulting 
formed the present-day basins and ranges between 14 and 5 m.y. Variably 
sized c l a s t i c s  were shed into  the downdropped basins; evaporites were 
deposited i n  some closed basin. The region was moderately tectonical ly  
s tab le  when the Pliocene Bouse Formation was deposited in a par t ly  
marine embayment accompanying development of the Gulf of California. 
Basins t ha t  had e a r l i e r  been characteized by internal drainage 
became interconnected as  par t  of the integrated Colorado-Gila River system. 

Return to 
Mile Post Leave Eagle Eye Peak Stop. Return t o  Aguila and Turn west ( l e f t )  onto 
Format U. S.  60 

9 3 
- .  

L . J  . ~ 

Smith Peak a t  2:34 i s  the highest point ( e l .  5,242') in the Harcuvar 
Mountains. A t  Smith Peak, amphibolite grade (Precambrian?) gneisses 
have been intruded by shallowly-inclined sheets of b io t i t e  grani te  which 
resembles the Tank Pass.pluton a t  the west end of the Harcuvars. The 
b i o t i t e  grani te  contains a penetrative mylonitic l ineat ion tha t  trends 
N60E - S60W. 

2.0.- 
Bullard Peak a t  low 3:00 backed by main mass of eastern Harcuvar 
Mountains. Dark rocks a t  Sullara Peak are  15 m.y. southwest t o  south- 
southwest dipping volcanics. The volcanics a r e  intercalated with coarse 
conglomerates and megabreccias. One of the cornion c l a s t  i n  these 
megabreccias a r epebb le  through boulder-sized class  ofvolcanic-derived 
arkoses and graywackes tha t  strongly resembles the Livingston Hi l l s  
assemb'iage of Mid-Nesozoic age in the Plomosa ivlountains. The c loses t  -.-. 
exposure o f  these rocks to  Bullard Peak i s  in the western Granite Wash 
Mountains 25 miles wert-wouthwest of Bullard Peak. Also, no myloni t i c  
c l a s t s  have been recognized in the Miocene conglomerates. The e n t i r e  
Bullard Peak sequence has been t i l t e d  southwest a n d  r e s t s  as an allochton 
on a low-angle normal f a u l t  tha t  strongly resembles the Buckskin 
dislocation surface summarized by Rehrig and Reynolds (1980) and 
Shakelford (1980). The map t race of the low-angle f au l t  in the eastern 
Harcuvar Mountains suggests i t  has been deformed by the E N E  t rendingfo ld  
tha t  follows the c r e s t o f  the Harcuvar Mountains. - . . 

1.0 . . 
Pioneer Mountain a t  9:OO. pioneer Mountain i s  en t i re ly  underlain by - ' ~ 

a b i o t i t e  g ran i te  which strongly resembles the Tank Pass granite in the 
western Harcuvar Mountains. The granite car r ies  mylonitic f o l i a t i o n .  
tha t  s t r i kes  N W ,  dips N E ,  and contains a l ineat ion tha t  trends:N60E. . - . -  . ,. 

1 .Z 
Dirt road on l e f t  provides access to  Dushey Canyon area a t  9:OO. 

1.6 . . . 

. 76; 2 Berq of Gladden. 
i . 0  . . 

75.2 Medusa-1 i ke mu1 t ip1 elarmed saguaro on l e f t .  . ~ . . 

0.7 
. . 

74.5 . . Yuma County Line. . . . .  
2.5' . . 

- 72 Main physiographic features of - the Harquahala Mountains are  now i n  goo? 
view to  the l e f t .  Harquahala Mountain caps the nigh c l i f f s  a t  9:00 



and i s  the  h ighest  p o i n t  i n  the  Harquahala Mountains ( e l .  5,681'). Sunset 
Canyon and Pass are a t  8:00 and p rov ide  the  bes t  example o f  a very  
common physiographic form w i t h i n  the  Harquahala Mountains. As a t  Dushey 
Canyon, Sunset Canyon trends nor thwest  ( t h e  Canyon d i s p l a y s  a very  sharp.  
nor thwest- t rending l i n e a r  on a e r i a l  imagery o f  va r i ous  k inds  and sca les) .  
Also, as a t  Oushey Canyon, Sunset Pass i s  connected t o  a sha l l ow ly - i nc l i ned ,  
eas t -s lop ing  r i d g e l i n e  t o  the  west and s t e e p l y  i n c l i n e d  west-s loping 
r i d g e l i n e  t o  the east. This  physiography i s  a c l u e  t o  a m a j o r ,  northwest- 
s t r i k i n g ,  nor theast-d ipping f a u l t  zone t h a t  s t r i k e s  through Sunset 
Pass and c l o s e l y  f o l l ows  the  stream bead i n  Sunset Canyon. Th is  s t r u c t u r e  
i s  o n l y  one o f  the b e t t e r  examoles o f  a group o f  n o r t h w e s t - s t r i k i n g  
nor theast-d ipping group o f  f a u l t s  spaced a t  1 t o  3 km i n t e r v a l s  throughout 
the  l e n g t h  o f  the Harquahala Mountains. Our mapping i n  the  western 
Harquahala Mountains has d i sc losed  t h a t  these f a u l t s  o f f s e t  t h e  low-angle 
t h r u s t s  we w i l l  examine on t h i s  t r i p .  Indeed, t h e  t h r u s t  
s t r a t i g r a p h y  provides a datum t o  eva lua te  o f f s e t  on these f a u l t s .  O u r  
mapping i n  the  western Harquahala Mountains revea ls  t h a t  these f a u l t s  
have cons is ten t ,  nor theast  d ips  and reverse and r i g h t  l a t e r a l  
separat ion;  The f a u l t s  con ta in  common,.shallowly-inclined s l i ckens ides  
and l e s s  common d i p - s l i p  s l i c k e n s i d e s .  A reverse  s l i p  and r i g h t   slip^ 
movement h i s t o r y  t h a t  post-dates t h r u s t i n g  seems t o  be requ i red  f o r  
these f a u l t s . .  I t i s  i n t e r e s t i n g  t h a t  the  Sunset Canyon s t r u c t u r e  i s  
v j r t u a l l y  on s t r i k e  'w i th  the L i n c o l n  Ranch f a u l t ,  a major  northwest- 
t rend ing  f a u l t  w i t h  post-mid-Niocene reverse  movement, i n  the  Rawhide ana 
Buckskin Mountains. The L i n c o l n  Ranch f a u l t  o f f s e t s  t h e  'Rawhide-Buckskin ~. 

d i s l o c a t i o n  surface which i t s e l f  has experienced a major  18 t o  15 m.y. 
low-angle normal movement. I f  t h e  n o r t h w e s t - s t r i k i n g  s t r u c t u r e s  i n  the - - 
Harquahala Mountains are c o r r e l a t i v e  w i t h  t h e  L i n c o l n  Ranch f a u l t  and  its^ 
k indred8then the e n t i r e  Rawhide t o  Harquahala r e g i o n  has experienced post-  
mid-Miocene reverse-  f a u l  t i n g  . . . . .  . .  . 

. - 1 . 0  ~ . ~. . .~ 

Harquahala Mountain massi f  now dominates t h e  view t d  the'  l e f t :  - The tr.ace - ~~ 
o f  the  Harquahala t h r u s t  occurs n e a r t h e t o p  o f .  t h e  prominent c l i f f s .  
The count ry  above the  c l i f f s  i s  one o f  l ow- topograph ic  r e l i e f  and i s  ' . 

unde r la in  by amphibo l i t i c  grade metavolcanics-and metasediments o f  probable 
Precambrian age w i t h i n  the  Harquahala p l a t e .  The Harquahala t h r u s t ,  the  
p r i n c i p a l  t h r u s t  w i t h i n  the  main mass o f  t h e  Harquahala Mouptains, i s  
s t r u c t u r a l l y  the h ighes t  f a u l t  o f  t h e  reg iona l  t h r u s t  f a u l t  network 
( r e f e r  t o  Stop 2 d iscussion and f o r  a summary o f  t h e  reg iona l  . ~ 

t h r u s t  network).  The bold. c l i f f s  below Harquahala Mountain a r e  m o s t l y  - . ~ 

unde r la in  by my lon i t i ca l l y -de formed p o r p h y r i t i c .  Precambrian granite.,  ~. 

I n  the  lower slopes t h i s  g r a n i t e  i s  insruded by  numerous d ikes  and.masses- 
o f  garnet-bearing muscovite g r a n i t e  and pegmati tes ( t h e  l i g h t - c o l o r e d  
outcroppings i n  the lower slopes o f  t h e  mountain).  Some o f  the  muscovite 

. pegmatites extend upwards and i n t r u d e  through t h e  Harquahala t h r u s t  i n t o  
t h e  ove r l y i ng  Harquahala p l a t e .  . Thus, the  muscovi te-bear ing pegmatites 
and g r a n i t e  post-date t h r u s t i n g .  A Rb-Sr mineral-whole .rock- isochron f o ~ r  

:.--samples .o f  the muscovite g r a n i t e  c o l l e c t e d  j u s t w e s t  o f  Sunset Canyon has .~ 

- y i e l d e d  an Eocene age and prov ides  a minimum age f o r  t h e  t h r u s t i n g .  
0.3 . . 

Rest area on l e f t .  Canyon t o  the  west o f  Harquahala Mountain a t  9:30 
exposes about 2,5CO f e e t  o f  m y l o n i t i c  g r a n i t e  below the  Harquahala 
t h r u s t s .  We be l i eve  t h i s  m y l o n i t i z a t i o n  was imposed on the  g r a n i t e  
du r ing  an e a r l i e r  episode o f  t h r u s t i n g  (see Stop 2) .  

0.8 . - . ~ . . . . .  
. . 



69.9 Rest area on r i g h t .  
0.9 

69 Socorro Peak a t  10:OO. 



STOP 2 

LARAMIOE THRUST-FAULT SANDWICH, IN THE'SALOYE REGION, WEST-CENTRAL ARIZONA 

by Stanley E. Ke.ftK, Stephen J. Reynolds, 
, and Stephen M. Rlthards 

. . 
. . . . 

. . Introduction: . . . . 

Asone drfves southward on the di'rt road leading to the White Marble Mine 
fn the Harquahala Mountains, tnspecti:on of the slopes t o  the  l e f t  and 
below tfie conspi:cuous coniral peak on the sky1i:ne a t  12:30 to  1:00 
pasft ton,  termed " the hat", reveals an incl Tned ledge (Figure 1 ). T h i s  
ledge marks the t r ace  of ttie Golden Eagle th rus t  (See below f o r  def ini-  
ti'on and geographic dtstri 'bution. 1. 

Twenty kflometerr southwest of the White Marble Mine one may observe 
t h e  same thrus t  1 , 5  h northeast of the Golden Eagle Mi:ne. Here, ver- 
t i 'cally standing Paleozoic formations a r e  spectacularly truncated by 

. . 
a f l a t  f a u l t  tha t  places the Paleozoi'c section on highly hroken, b u t  
recognjzable, porphyritic Precambrian gran i te .  

The Golden Eagle thrust f s  one member of a rnajor , regional ly  d i s t r i -  
buted seri:es of low-angle thrust f a u l t  s l f ce s  fn the Harquahala and 
L t t t l e  Harquahala Mountains Uigures 1. 2 & 3 ) .  ~vi:dence of a former 
widespread Mesozoic event t ha t  completely tnverted much of the  Paleozoic 
section was severely overpri'nted and masked by the great  t h rus t  f au l t s .  
In  e f f ec t ,  the region consts ts  of a vas t  th rus t  f a u l t  sandwich t h a t  
was emplaced on a Mesozoic sedimentary and volcanic "basement" in .  the ~ . .  

western Harquahala and L i t t l e  Harquahala Mountai'ns (Reynolds .and others ,  
14801. As presently conceived, the thrust f a u l t  sandwich is composed 
of t h r e e  major, regionally conti'nuous p la tes  (Refer t o  Figure 3 .for ~. 
nomenclature and l o c a t i o n  of the three plates .  1. . ~ 

The lowermost pla te  i s  separated from the Mesozoic "basement" by the 
Hsrcules th rus t ,  named f o r  exposures near the Hercules. Mine in  t he  
western Harquahala Mountains. The overlying plate  is desfgnated the 
Hercules plate which corresponds to the lowermost Precam6rian sheet 
of Reynolds and others  Cl98O.). The Hercules p la te ,  i n  t he  L t t t l  e and ~. 

westernHarquahala Mountains, consi:sts~entl ' rely of c r y s t a l l f n e  rocks ~ 

. 

of probable Precambrian age. The ml'ddle pla te  ts  separated from the .  
underlying Hercules plate by the Golden Eagle fault , .  nained f o r  excellent 
exposures of the f a u l t  a t  the Golden Eagle Mine and v i c in i ty  i.n t h e  - 

~ 

: Li:ttle Harquahala Mountains. The overlying p la te  is named the Golden .. 

Eagle plate  which-corresponds t o  tfie Paleozoic sheet of Reynolds and 
. . . . 

others (1980).. - . . ~ . . . . . ~. .. . . 
~. . .  - - ~ ~. 

.  he Golden Eagle plate  in t h e  ~ a r ~ u a h a l a  and Li!ttle Harquahala 
Mountains consis ts  almost en t i re ly  of Paleozotc rocks with local areas 
of Precambrian grani te ,  beneath the -lowermost Paleozoic u n i t ,  and local 

. .. 



. . - LOW-ANGLE THRUST FAULT , ' , , 
. . 

0 5KM . . .  
p HIGH-ANGLE FAULT 

Flg. 1. Generalized geologic map of the western HarquahalaMountJins and Llttle Harquahala. Mountains'. Includes data from 
Wllson (1960). Varga (1976. 1977 ) .  Rehrlg and Reynolds (1180),  and new geologlc,mapplng by S .  B .  Kelth and S .  J .  Reynolds. 
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~ i g u s e  2:Proposed terminology f o r  ~ararntde thrust  p la te s  i n  the Harquahala and L i t t l e  Harquahala 
Mountains, west-central Arizona. 



WESTERN HAROUAHALA MOUNT,AINS 
L I T T L E  

HAROUAHALA MOUNTAl N S 

5 - PRECAMBRIAN CRYSTALLINE SHEE T = HARQUAWUA PLATE 
4 -  PORPHYRITIC GRANITE S H E E T  = WHITE W L E  PLATE 0 -5km 
3 -  PALEOZOIC S H E E T =  U)UlW EAGLE PLATE 
2-  PRECAMBRIAN CRYSTALLINE SHEET = HERCULES PLATE 
I  - MESOZOIC ROCKS 

, . 
. . WHITE MARBLE MINE : 

, . N20W ' 
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Flg. 3.  Schematic cross sectlons A-A' and B-B'. See Flqure 2 for locatlon of cross sectlons. Note that A-A* is vlewed 
. t o t h e  south and east.  , . ,  
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, . . . 



imbrications tha t  contain grani te  of probable Precambrian age. The 
uppermost pla te  i s  separated from the underlying Golden Eagle p la te  by 
a f a u l t  designated as  the Harquahala th rus t  because of i t s -  wi,desprea,d 
d i s t r ibu t ion  throughout the Harquahala Mountains. . . 

In general, the Harquahala th rus t  has placed Precambrian(?) age 
amphibol i te-grade metasedimentary, metavolcanic, and 1 eucocratic plutonic 
rocks over Paleozoic rocks in the Golden Eagle plate .  This uppermost 
p la te  i s  named the Harquahala p la te  and corresponds t o  the  Precambrian 
crysta l  l i ne  sheet of Reynolds and others (1980). 

Locally, the Harquahala p la te  r e s t s  d i r ec t ly  on Precambrian c rys ta l -  
l i n e  rocks of the Hercules pla te  or  i t  i s  separated from the Paleozoic 
rocks of the Golden Eagle plate  by a t h i n  th rus t  sheet of porphyrit ic 
grani te  i n  exposures within the Harquahala Mountains ( the  porphyrit ic 
grani te  sheet of Reynolds and others ,  1980). This th rus t  i s  named the 
White Marble th rus t  for i t s  conspicuous presence a t  the Uhite Marble 
Mine and vicini ty .  For reasons discussed a t  Location D, the White 
Marble th rus t  i s  considered par t  of the Golden Eagle plate .  (Fig. 2 1  
' The White Marble Mine complex i s  s i t ua t ed  v i r tua l ly  i n  the middle of 

the thrust  f a u l t  p i le .  A t  the White Marble Mine, an upside-down Paleo- 
zoic section comprises a th in  th rus t  sheet of carbonate rocks which are  
tectonfcal ly  sandwiched between the White Marble and Golden Eye thrus t  . 
sheets. A detailed look will be given t o  t h i s  th rus t  "stratigraphy." 

. - . . 

WHrTE MARBLE MINE ROAD LOG ~ ~ ~ . . - ~ 

Begin . . 

- Curnulathe . .  
. . 

Mileage $om 
U.S. 60 

. . . . 

0.0 Turn south from U.S. 60 a t  Milepost 66.7 .  Marble chip s tockpi le  area 
and t r a i l e r  mark the location of the ex i t .  Road in to  marble stockpile 
area i s  gated. Once into marble stockpile area,  bear s l i g h t l y  r igh t  
through marble stockpiles following worn s e t  of tracks.  Once through 
the marble stockpiles,  proceed down an excellent g r a d e d d i r t  road. 

. . [Cadillac grade, when mine i s  being operated.) 
0 . 4 ~  ' . . . ~ 

As &I" traverse south-southeast down the W h i t e  Marble Mine & i d ,  t he  
following features will be in view: Harquahala Mountain i s  on skyline 
a t  10:30, while the  Marble Mine (white scar  not in f u l l  view y e t )  i s  a t  
12:05 low. Nipple-like f ea tu reon  skyline ridge at:12:30 i s  referred 
to  here as  "the hat." "The hat" i s  i n  the  v ic in i ty  o f  much of t he  more. 
chol'ce t h rus t  f au l t  action in the region. Socorro Peak i s  t h e -  prominent 
peak at-l:OO with Tenahatchapi Pass a t  low spot on the s k y l i n e i n  the 
2:00 positi.on. ~. 

1.7 . - 

Windmfll and water tank on right:  The Harquahala th rus t  forms a sub-  
- horizontal ledge below the sky1 ine ridge a t  11 - 12:OO. The ledge 

. . 



separates ledgy layers  of amphiholitic grade Precambrian rocks i n  the  
Harquahala p la te  ( i n  upper t h i rd  of skyline ridge) from more knobby 
outcrops of my'lonitic g ran i te  i n  lower two-thirds of ridge. Prominent 
c l i f f s  a t  12:OO a re  ~ol3.a Quar t z i t e  within the Golden Eagle plate  below 
the Harquahala plate.  

0.5 
Twin saguaros on l e f t .  "Tne hat" is now a t  1:OO. Below "the hat" 
i s  a prominent-inclined ledge t h a t  from t h i s  view, slopes to the r i gh t  
and passes beneath prominent c l i f f s  (up and t o  r igh t )  composed o f .  
Bolsa Quartzite. The inclined ledge marks the t race of the Golden 
Eagle th rus t .  In this area,  the  Golden Eagle t h rus t  truncates Bolsa 
Quartzite through Supai formation of the Paleozoic section. 

0.4 . . 

Inselberg h i l l  on r igh t  is composed of mylonitically fol ia ted Pre- 
cambrian pcrphyrit ic granzte in  the Hercules pla te .  Foothills a t  
10:OO a re  mainly composed of the above grani te  plus other more equi- 
granular, mylonitic, leucocrat ic ,  a l a s k i t i c  granitoids of presumed Pre- 
cambrian age. I~lylonitic fo l i a t i on  in these~,'rocks s t r i kes  northeast and 
dips northwest. Lineation i n  t he  fo l i a t i on  planes plunges northwest. 
The mylonitic Precambrian rocks a r e  intruded by a prominent mi'crodiorite 
dike swarm of east-west to  west-northwest s t r i k e ,  nearly ver t ica l ,  t ha t  
postdate the mylonitic deformation. Similar dikes elsewhere i n  the 
Harq!lahala Mountains have yielded K-Ar ages of 22.1 m.y. and 28.6 m.y. 
on b i o t i t e  and hornblende respectively (Shafiqullali and others,  1980). 

1 .o . . 

Road to  r i g h t .  This road leads around the ridge to  the west and t o  
the canyon northeast of " the hat" (a two-xile dr ive) .  Four-wheel drive 
i s  required; Tile road does provide good access to  the thrust faul t .  
geology north of the hat. The Khite Marble Mine'is a t  11:45 low and i s  par- 
t i a l l y .  screened from view by a narrow canyon tha t  i s  comprised of steep 
c l i f f s  of Bolsa Quar tz i te  on e i t he r  s ide .  . ~ 

0.3 . . 

Stream crossing. Hill .and.adjacent outcrops on r igh t  contain good .. 
exposures of the mylonitically fo l ia ted  Precambrian granite. Foliation -~ 
s t r i kes  northeast,:dips northwest, and contains a northwest-plunging 
mineral l ineat ion.  S t ruc tura l ly ,  one i s  i n  the upper part  of the Hercules 
plate a t  t h i s  juncture. 

In the  fo l ia t ion  planes of mylonitic va r i e t i e s  of porphyritic &anif@ 
. w i t h i n  the Hercules p la te  north of the!dhite bl.larble Mine, a streaky 

minerdl l ineat ion i s  apparent and. i s  composed of parallel  alignments . 
- ~ 

and t r a in s  of b io t i t e  and quar tz ; .  The mineral l ineation trends WNW to  . . 
NW (see Figure 4 ) .  Linear s t ruc tura l  elements within more mylonitic 
porphyritic- grani te ,  i n  the upper pa.rt of the  Hercules p l a t e ,  have a . ~ ' 

di f fe ren t  or ientat ion;  A t ,  o r  near, the Golden Eagle th rus t  the l inea- 
t ion trends a r e  more northerly tonorth-northeaster ly  and have a s l icken-  
sided aspect [Fig. 5 ) .  This s t y l e  and or ientat ion.of  l ineation is  a l so  
present i n  mylonitic granfte imed ia t e ly  below the Harquahala th rus t  i n  
the White Marble pla te .  It i s  our impression tha t  these two l i n e a t i o n s .  

~ 

represent a difference i n  s t ruc tura l  s ty l e  of l ineation rather than a 
change i n  orientation of the same lineation.  We will inspect the north- 
trending l i nea r  structural  elements i n  mylonitic granite o f .  the White 
Marble Thrust sheet detween Locations B and C. 



~. 

I - . .  1 
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0.2 
4.5 Parking area on right. The road ahead is usually blocked by a locked 

cable. The Fie1d Trip Stop wi11 begin here. The fu11 traverse will 
take about 2 hours so take the usual precautions. From here, navigation 
will be according to the geologic map provided. Participants will con
tinue 100 m up the dirt road to Location A, which is a roadcut exposure 
of the Bo1sa/granite contact. 

WHITE MARBLE MINE TRAVERSE (Refer to figure "7) 

Location A. Balsa Quartzite/Porphyritic Granite Contact . 

The contact between the Balsa Quartzite and porphyritic granite dips 
25 degrees to the south at Location A. The granite beneath thts contact 
is-weakly sheared but not to the degree expected at a major thrust sur
face. The Balsa Quartzite here consists of coarse-grained arkose \'lith 
the feldspar detritus identtcal to that in the underlying granite. The 
basal arkose rapidly grades upward into a well-sorted, medium- to fine
grained, feldspathic quartzite. From these facts, we interpret that 
tnis 1s a deformed depositional contact which is similar to other 
exposures in the Harquahala and Little Harquahala Mountains. 

We have now passed into the Golden Eagle plate. The Golden Eagle 
thrust is concealed by surficial gravel veneer but occurs bet\·teen 
Location A and the parking area. 

Location A to Location B 

From the Bolsa Quartzite-porphyritic granite contact, continue south
east, up the road, towards th~ White Marble Mine. While walking, note 
that the Balsa Quartzite steepens in dfp to a nearlj vertical position. 
Also, notice that a flat-dipping, locally penetrative, fracture cleavage 
is present in the quartzite. We interpret that this fracture cleavage 
formed du.ring thrusting because of its parallel alignment \'lith the major 
thrusts; here, the Golden Eagle thrust occurs about 50 meters beneath 
the road. Prior to leaving the quartzite and entering the White Marble 
Mine area, note· that the Balsa Quartzite is overturned in the wash that 
is \'test of the ro~d. 

The b~lldozer cuts, seen upon entering fhe White Marble Mine area, 
are in metamorphosed, fine-grained dolomites of the ~lartin Formation. 
Walk 100 yards into the mine. area and look west. Climb the hill with 
the prominent subhorizonta1 ledge of Balsa Quartzite; Locati.on B_is 
at the top of thfs ledge. · 

During your C1 imb, 1 oak for purplish, slaty fragments and outcrops 
of phyllitic shale between the light~colored dolomitic marble; these 
rocks are metamorphosed Abrigo lithologies. By the time you have reached 
the quartzite ledge, it should be apparent that you have traversed an 
overturned, lower Paleozoic sectton. · 



. . 

- ~ i ~ u r e 7 .  ~ i o l o g i c a l  map of  w h i t e  ~ a i b l e  mine and v i c i n i t y .  ' symbols  a r e  A s  f o l l o w s :  - ' . 

- p€g = m y l o n i t i c  p o r p h y r i t i c  g r a n i t e  ( p r o t o l i t h  e q u a l s  p r o b a b l e  1400  m.y. b i o t i t e -  g r a n i t e )  

I a n d .  minor amounts o f  p robab le  P r e c a m b r i a n - a l a s k i t i c  g r a n f t o i d s ;  6b  = C a m ~ r i a n  Bolsa  
. Q u a r t z i t e ;  6 a  = Cambrias Abrigo Format ion;  ~m = Devonian N a r t i n  Format ion ;  Me = Hississ- 

. . i p p i a n  ~ s c a b r o s a  Limestone;  PPs = Permian-Pennsylvanian S u p a i  F o r m a t i o n ;  PC = Permian 
Coconino Sands tone ;  Pk = ' p e r m i a n  Kaibab Format ion;  W = u l t r a r i y l o n i t e  a t  Harquahala  t h r u s t .  I. . Diamond-shaped a r r o v s  a r e  s l i c k e n s i d e s ;  a r rows  a r c  l i n e a t i o n  o n  f o l i a t i o n  s u r f a c e s .  

. P € Q  = Precambrian a g e  a m p h i b o l i t e  g rade  m e t a v o l c a & i c  a n d m e t a s e d i m e n t a r y  r o c k s  l o c a l l y  
i n t r u d e d  by p robab ly  Precambrian a g e  a l a s k i t i c  r o c k s .  . . 



Locat ion  B. Recumbant Fo ld  and Harquahala Thrust  Overview. 

From t h e  t o p  of t h e  ledge, look  nor theast  and observe t h e  reason f o r  
t h e  over tu rned ~ a l e o z o i c  sec t ion  you j u s t  saw. Although a f o l d  i s  n o t  
imned ia te l y  obvious, the  f o l l o w i n g  evidence i nd i ca tes  i t s  presence. F i r s t ,  
focus on t h e  over turned Bolsa Q u a r t z i t e  t h a t  you observed west o f  t h e  
road upon e n t r y  i n t o  t h e  White Marble Mine. You w i l l  n o t i c e  a slope- 
forming u n i t  between the  q u a r t z i t e  exposure and t h e  b u l l d o z e r  scars 
c u t  i n  d o l o m i t i c  marbleoof  the  Mar t i n  Formation. There, t h e  Abr igo 
Q u a r t z i t e  d i p s  about 60. NNW i n  . .. lower p a r t s  o f  t h e  h i l l  and f l a t t e n s  
near t h e  t o p  o f  t h e  low-.ridge. The qua r t z i t eAbr igo  con tac t  can be 
t r a c e d  no r theas t  up t h e  low r i dge .  Near t h e  top  o f  t h e  r idge,  t h e  
con tac t  f l a t t e n s ,  as marked by a southeastward d e f l e c t i o n  i n  t h e  Bolsa 
Q u a r t z i t e / A b r i g o  con tac t  on the geologic  map. 

Dozer c u t s  occur  i n  metamorphosed M a r t i n  a t  the  n o r t h  end o f  t h e  
White Marble Mine. There, the  N a r t i n  i s  o v e r l a i n  by overturned, f l a t -  
l y i n g  Bolsa Q u a r t z i t e  and metamorphosed Abrigo t h a t  form t h e  low r i d g e  
above t h e c u t s .  Th is  r e l a t i o n s h i p  i s  i d e n t i c a l  t o  the  i n v e r t e d  Bolsa 
Q u a r t z i t e  t h a t  you a r e  standing on. 

~. 

We have mapped a f o l d  hinge where the  f l a t - l y i n g ,  i n v e r t e d  Bolsa/ 
Abr igo s e c t i o n  g ives  way t o  the  s teep ly  over turned Abrigo/Bolsa 
sec t i on .  The t r a c e  o f  t h e  f o l d  hinge crosses t h e  t o p  o f  the  low r i d g e  
west of  the  ?!bite Flarble i4ine and .Follows the smal l ,  soi.~tnwest drainage 
l oca ted  between the  cu ts  i n  the  marble a ~ d  the nor theas t - t rend ing  Bolsa 
Q u a r t z i t e  r i d g e .  The f o l d  hinge then cont in l ies southwestward up the  
r i d g e  we are  now on and crosses the r i d g e  about 100 m n o r t h  o f  Locat ion  
B. The a x i a l  p lane of  the  f o l d  d ips about 30' south-southeast.  As 
mapped, t h i s  f o l d  represents a recumbant sync1 i n i c a l  f o l d .  Because ' t h e  
f o l d  opens southeastward, i t can be i n t e r p r e t e d  t h a t  t h e  f o l d  represents 
t h e  lower  h a l f  o f  a  g ian t ,  nappe-sized, recumbant f o l d  t h a t  i s  over- 
turned. towards t h e  southeast. As such, the s t r u c t u r e  i n d i c a t e s  t e c t o n i c  
t r a n s p o r t  from nor thwest  to southeast o r  southeastward vergence. This 
f o l d  exposure represents the best l o c a l i t y  we have found thus f a r  f o r  
the  scutheast  vergent  f o l d i n g  formed dur ing  the pre-Laramide, Mesozoic. 
deformation. The top  h a l f  o f  the f o l d  was completely decap i ta ted  b; 
t h e  Harquahala t h r u s t  i n  the klhi te kiarble I l ine  area. 

The ~ a r q u a h a l a  t h r u s t  i s  present on the r i d g e  west o f  t h e  White. 
Marble i i i n e .  T h e  p o s i t i o n  o f  t h i s  t h r u s t  occurs j u s t  above t h e  r o a d  near 
t h e  t o p  o f  the  r i d g e  and above the l i g h t - c o l o r e d  outcrops o f  Paleozoic 
carbonate rocks. The road i s  c u t  i n  slope-forming,mylonitic, p o r p h y r i t i c  
g r a n i t o i d  r o c k s o f  t h e  White Marble sheet. 

. - 
 he base o f  White Marble sheet i s  t h e - w h i t e  Marble t h r u s t  which occurs 

: a t  the  con tac t '  between the brownish slope-former and more i r r e g u l a r .  
l i g h t - c o l o r e d ,  c l i f f y  knobs 0.F the  metamorphased M a r t i n  and Escabrosa .-  

Formations. A s i m i l a r  r e l a t i o n s h i p  occurs west of the  White Marble Mine, 
(southwest o f  Locat ion  A) and W i l l  now be the  o b j e c t  o f .  o u r  s c r u t i n y .  
. . 



Jus t  before you leave Location B and walk southwestwards (Fig. 7 ) ,  the 
following observations will provide perspective f o r  what you a re  about 
t o  walk through. Location B i s  on a f l a t ,  table- l ike  bench a t  the top 
of an inverted Solsa Quartzite section.  The grass-covered slopes,  i m e -  
d ia te ly  southwest of t h i s  bench, are underlain by mylonitic granitoid 
rocks of the White Marble sheet. Hence, the  break in slope between the 
quar tz i te  bench and the grani te  represents the White Marble th rus t .  
I t  should now be c l ea r  t ha t  Location A i s  located v i r t u a l l y  a t  the  White 
Marble thrust  surface. A careful search of the qua r t z i t e  will reveal 
numerous north-south-trending slickensides (Fig. 5 )  t h a t  reveal the 
transport  direction of the White Marble th rus t .  

Above Location B, a conspicuous 5 t o  10 m thick,  dark-green ledge, 
seen above the grass-covered slopes, i s  ultramylonit ic g ran i te  which 
d i r ec t ly  under1 ies the Harquahala th rus t .  Here, the Whfte Marble th rus t  
sheet i s  about 50 to  75 m thick.  The al ternat ing slopes and ledges 
above the ultramylonitic ledge a re  transposed amphibolite-grade rocks 
of the Harquahala pla te .  

W i t h  t h i s  framework i n  mind,  you can make-sense of some of the ledges 
i n  the d i s tan t  main ridge of the Harquahala Mountains located about a 
km northeast of the White Marble Mine. The dark brownish-green ledges 
occur a t  several in te rva ls  on the middle s lopes  of the north-Facing 
s ide  of the main ridge. All of the conspicuous ledges a r e  exposures 
of ultramylonitic, porphyrit ic grani te  t ha t  are  immediately beneath the 
Harquahala thrust .  ~. 

~ u b s e q u e ~ t  o f f se t  of the  Harquahala th rus t  by northwest-trending 
f au l t s  has caused the ledges t o  be a t  d i f fe ren t  elevations ( F i g .  7 ) .  

- . The f i r s t  of the more subdued ledges, above the prominent u!tramylonite 
ledge, contain local ly  abundant ' S '  and 'Z' fold 's tructures.  We will 
see  a good exposure of these folds in  the Harquahala p la te  above the 

. ultramylonite ledge, on the eas t  s ide of the  ridge we a re  now on a t  
Location C. . . . . 

Location B to  Location C 

As you leave Location B and climb the grass-covered slopes,  you will  
encounter poor exposures of the mylonitic granite.  A careful search 
will  reveal the presence of r e l f c t ~ f e l d s p a r  augen. I f  luck prevails ,  
a few "box c a r "  feldspars 'can . be ~ found, espec ia l ly  near t h e  middle o f .  . ~ 

.- the White Marble sheet. . . .  . . . . 

-. . . .  
As you climb towards the ultramylonite ledge, note how the grain s i z e  

, - a n d  distance between fo l i a t i on  planes lessens u n t i l ,  a t  the mylonite 
. - -  ledge, a l l  that  remains of the  original feldspars are- a few strung-out, 

f a i n t ,  light-colored wisps. Lineations trend nor ther ly ,wi th in  the 
shallow, inclined, rnylonitic fo l fa t ion  planes, and a re  paral le l  t o  
s l  ickensides developed i n  the 601 sa Quar tz i te ,  near Location B ,  t h a t  
were formed on the White blarble thrust .  The niylonfte ledge marks the 
position of the Harquahala th rus t  zone located near, o r  a t -  the  top of,  
the  ledge. . . . . . 



Careful inspection of sonie of the ultramylonitic exposures i n  the 
ledge will  reveal two s e t s  of fabr ic .  One fabr ic  i s  composed of micro- 
crenulations with east-west axes. If one inspects th.is fabr ic  from an 
end-on posit ion,  he will notice subcicular cross sections of quartz rods 
t h a t  a r e  elongate i n  an east-west direction.  We in te rpre t  the crenula- 
t ion l ineat ion a s  a ' 6 '  l ineat ion approximately perpendicular t o  t he  
l i n e  of tectonic  t ransport .  I f  one observes the fo l ia t ion  planes t h a t  
contain the crenulation l inea t ion ,  he may see a second somewhat more 
sub t l e  l ineat ion t h a t  resembles f a in t  slickensides. This l ineat ion i s  
ortented about N-S, perpendicular t o  the crenulation l jneat ion.  T h i s  
l inea t ion  i s  paral le l  to  the l ineation i n  the mylonitic grani te  of the 
White Marble sheet and the slickensides i'n the Bolsa Quartzite a t  the 
White i4arble t h rus t ,  now about 75 m s t ruc tura l ly  below our present posi- 
t i on .  We in t e rp re t  t h i s  l ineat ion as an ' a '  l ineat ion tha t  pa ra l l e l s  
t he  direct ion of tectonic  transport .  

Once on top of t he  u l  tramyloni t e  ledge, you a re  a t  the base of 
the Harquahala pla te .  This pla te  i s  widespread throughout the higher 
elevations of the  main mass of the Harquahalas f o r  several kilometers 
e a s t  and northeast of the rrlhite i.larble Mine. 

. . 

From the top of the ultramylonite ledge, one can climb u p  a slope- 
covered interval t o  examine the subhorizontal ledges i n  the lower 
p a r t  of the Harquahala pla te .  The original Precambrian f ab r i c  was 
thoroughly ob l i te ra ted  and transposed by fo l ia t ion  tha t  i s  sub- 
paral le l  with, and probably related to ,  the Harquahala th rus t .  Locally, 

. . t h i s  fo l i a t i on  i s  folded. The rock here i s  an amphibolite-grade, 
aphanitic f e l s i t e  (possibly a s i l i c i c  metavolcanic) inter-fol ia ted w i t h  
darker quartz-feldspar-mica schistose rocks (possibly a rnetasediment). 
Quartz veins and segregations a r e  common and, indeed, characterize many 

: exposures i n  the lower part  of the Harquahala pla te .  ~ ' . . 

. 
once the imphibol i t e  grade r o c k s  have been perus&, contour. around 

the ridge to  the e a s t  staying i n  the Harquahala pla te  about 10 nl above 
the  Harquahala t h rus t .  A study of the more c l i f f y  ledges, a t  Location C ,  
wi l l  quickly reveal numerous folds that  deformed the subhorizontal 
fo l i a t i on  and a re  thought to be related to thrusting.  

Location C. Folds Related to  the Harquahala Thrust. 

The ' folds exposed i n  the c l i f f y  ledge a r e t y p i c a l  of many o f  the fo lds  
found a t  ,- or  jus t  above, the Harquahal a thrust. Twenty-one fold axes ,. 
measured f r ~ m  various l o c a l i t i e s a t  th i s  s t ruc tu ra l  l eve l ,  show a pref- 
e r ence  for  an east-viest di rect ion.  These axes are  nearly orthogonal. . ~ 

to  sl ickensides in qua r t z i t e  a t  the base of the White Marble th rus t  
and to l ineat ion d i r e ~ t i - o n s  in  my1oniti:c granite within the j h i t e  ~ a r b l e  

: pla te  @i.g.  51, - . - . . 
. . 

. . ' ~symrnett~ of IS' and ' 2 ' .  folds  is o~erwh&lmingly northerly w i t h .  ~. 

- - middle limbs di:ppi:ng southerly. However, as you can see a t  this out- 
crop, a few folds exhthi't southerly asymmetry. The middle limbs of. 

- those folds a r e  cormonlydetached from upper and lower hi'nges by small 
. . 



reverse f a u l t s  and, l o c a l l y ,  'S' and ' 2 '  f o l d  p a i r s  a r e  present  which 
e x h i b i t  opposing asymmetries (double vergence) and d i s p l a y  con jugate  
'box'  f o l d  geometries. The box fo lds suggest nor th -south  sho r ten ing  
associated w i t h  the  th rus t i ng ,  whereas the  p r e f e r r e d  nor thward asym- 
metry, o r  vergence, suggests northward t r a n s p o r t  f o r  t h e  t h r u s t i n g .  

A f t e r  v iewing those fo lds ,  move upslope t o  t h e  r i dge1  ine .  

C t o  Locat ion  D. 

Once on t h e  r i d g e l i n e ,  ascend the  r i d g e  u n t i l  you have reached t h e  
top  o f  t h e  main north-northwest t rend ing  r i d g e  west o f  t h e  White Marble 
Mine. On the climb--you w i l l  n o t i c e  t h a t  the  low-angle m y l o n i t i c  f o l i -  
a t i o n  t h a t  we assoc ia te  w i t h  the Harquahala t h r u s t  becomes l e s s  in tense.  
As i t  does, you w i l l  s t a r t  t o  n o t i c e  a h igher  angle nor theas t - t rend ing  
f o l i a t i o n  t h a t  we b e l i e v e  i s  a ' r e l i c  Precdmbrian age f o l i a t i o n  associated 
with t h e  Precambrian metamorphic rocks o f  the  Harquahala p l a t e .  

0;ce on top  o f  the  r idge,  walk south f o r  about 0.5 km. .4s you do 
so,-you w i l l  have an e x c e l l e n t  panorama o f  t h e  complex t h r u s t  f a u l t  
sandwich underneath ' t h e  h a t '  across the canyon t o  you r  south. The 
t i p  of ' t h e  ha t  ' i s  composed o f  carbonate (meta-Devonian M a r t i n  Formation?) 
i n  t e c t o n i c  c o n t a c t  w i t h  a m y l o n i t i c p o r p h y r i t i c  g r a n i t e  ( s lope  former 
immediately beneath ' t h e  h a t '  ) .  The gran i te ,  i n  t u rn ,  r e s t s  t e c t o n i c a l  l y  
on a c h e r t y  carbonate c l i f f - f o r m e r  (meta-Niss iss ip ian Escabrosa Formation?) 
wh5ch we b e l i e v e i s  upside down. The g r a n i t e  sheet c l o s e l y  resembles 
t h a t  i n  the  White Marble sheet and we t e n t a t i v e l y  c o r r e l a t e  t h e  under- 
l y i n g  t h r u s t -  beneath t h i s  g r a n i t e  w i t h  the  White Marble th rus t .  A s  such, 
t h e  h a t  represents an i s o l a t e d  k l i p p e  o f  t h e  White Marble sheet. Be- 
neath t h e  Escabrosa (?) c l i f f  i s .  a  slope former o f  probable meta-Supai 
(also upside down.) This  assemblage r e s t s  t e c t o n i c a l l y  v i a  t h e  .Golden 

~ . 

- E a g l e  l h r u s t ~ o n  p o r p h y r i t i c  g r a n i t e  i n  t h e  Hercules p l a t e  i n  t h e  lower 
slopes. The Golden Eagle t h r u s t  can be - t racked  t o  t h e  nor thwest  i n t o  
the- lower slopes where i t  forms a prominent dark-colored, nor thwest-  ~. 

-d ipp ing  ledge beneath a r igh t -s ide-up Paleozoic sec t i on .  Between t h e  
u p r t g h t  Paleozoic sec t i on  and the  overturned Paleozoic j u s t  n o r t h  o f  
t h e  hat ,  we have mapped a f o l d  a x i s  f o r  a l a r g e  over tu rned s y n c l i n e  
w i t h i n  the  Golden Eagle p la te .  Webe l ieve  t h i s  f o l d  i s  a c o n t i n u a t i o n  
o f  t h e  over turned southeast v e r g e n t f o l d  we observed a t  l o c a t i o n  B. 

- .  

1 t  i s  impdrta 'nt - to  r e a l i z e  how'th&..~olden ~ a g l ' e  thrust :  j&tap&s . . . . . .  

Paieozoic sec t i on  o f  the  Golden Eagle p l a t e  w i t h  p o r p h y r i t i c  g r a n i t e  
i~ the Hercules p l a t e  w i thou t  any regard f o r  the  l a y e r i n g  w i t h i n  t h e  - .  . - 
Pa leozoic sec t ion .  This  i s  best-seen along t h e  northwest-dip ping^ 
segment of the  Golden Eagle t h r u s t  where u p r i g h t  southwest-dipping . - 
Paleozoic s e c t i o n  (Bolsa Q u a r t z i t e  t h r o u g h  Escabrosa fo rmat ion)  d i p s  
down i n t o  t h e  here northwest-dipping Golden Eagle t h r u s t  a n d  i s  complete ly  
t runcated by t h e  t h r u s t .  Th i s  d ramat i ca l l y  i l l u s t r a t e s  t h e  d i s t i n c t i v e  

-.non-decollement s t y l e  o f  t h r u s t i n g  i n  t h e  Salome region.  S t r a t i g r a p h i c  
c o n t r o l  s imp ly  was n o t  a f a c t o r  i n  the mechanics o f  t h i s  t h r u s t i n g .  
Rather, t h e  Paleozoic sec t i on  i s  o n l y  one s l i v e r  w i t h i n  several  s l i v e r s  
of  r e l a t i v e l y  t h i n  predominant ly Precambrian c r y s t a l 1  i n e  rocks  o f  va r i ous  . 
kinds. . . 

. . . . 
. . 



As you continue southward along the r idgel ine,  you will 
- cross back into  the deformed porphyritic g ran i te  of the Nhite Marble 

sheet. The Harquahala thrust is obscured here because of subsequent 
o f f se t  by east-west trending fau l t s  and intrusion by probably ear ly  
Eliocene micrndiorite dikes ( refer  to Figure 7 ) .  West of the ridge, 
the Golden Eagle p la te  carbonate section i s  only a few meters thick and 
ahout 0.8 km to  the northwest on the western slopes of the ridge i s  
absent en t i re ly .  Hence, i n  a real way, the Paleozoic section of the 
Golden Eagle plate  i s  noticeably boudined between the Harquahala and ~ . 

-Golden Eagle thrusts  and i n  some cases i s  not present a t  a l l .  

. - 
About 100 m before the  ridge s t a r t s  t o  climb again ( j u s t  south of 

Location D on the map), t u r n  east  and descend into  the ravine on the 
ea s t  s ide  of the ridge. As youdo so,  you will  notice t h a t  here t he  
mylonitfc grani te  i n  the llhite Marble sheet r e s t s  d i r ec t ly  on meta- 
Escabrosa carbonates ( ra ther  than Bolsa a t  Location 8). You will a lso 
encounter a s l i v e r  of meta-Supai formation (upside down) beneath the 
meta-Escabrosa carbonate rocks. By the time you a r e  in the ravine, a 
brownish-gray, slope-forming uni t  will be seen beneath the prominent 
ledges of Supai. .This rock, and i t s  re la t ionship to  the overlying, 

. . upside-down Supai Formation will be the object  of our scrutiny a t  
Locati-on R. 

. . 

Locatl'on D ,  Golden Eagle .Thrust. 

Ey the time you reacfi Locntion D you probab:.~ guessed tha t  the punky, 
brownish-gray rock you are  walking on i s  mylonitic granite.  Compara- 
t ive ly  undeformed 'box car '  feldspar r e l i c t s  a r e  comon i n  exposures~ 
o n t h e  west s ide of the stream a t  Location D. The mylonitic Precambrian 
grani te  r e s t s  i n  the Hercules pla te  which here i s  tectonical ly  overlain 
by overturned Supai Formation which- r e s t s  i n  the  Golden Eagle plate ;  ... 

. -  . 

The Golden Eagle th rus t  separates the cliff-forming, reddish-brown. 
Supai. Formation from the lower,.slope-forming mylonitic granite.  Here, 
t h i s  th rus t  dips gently to  the north. Paleozoic uni ts  that  comprise 
the Golden Eagle p la te ,  west of Location E ,  t o t a l  100 m thick. Upstream 
from Location E,  a t  the Nhite Marble Mine, the p la te  measures 200 m . 

thick between the Golden Eagle and \lhite Marble th rus t  fau l t s .  The 
Paleozoic th rus t  sheet becomes procyessively attenuated unt i l  i t  t h i n s .  
to  a f e w  meters t h i c k  near the  ridge c re s t  t ha t  i s  west o f  Location 0. - -  

A good view of t h i s  t ec ton ic  thinning i s  avai lable  from the ridge west 
of Location 0. .' '. . -. . . . . 

The ~ a l e o z o i c ' t h i u s t  iheet  i s  absmt  1 k m  n o r t h ~ & s t  of LocationD. .-. 

There, mylonitic Precambrian grani te ,  of the White Marble pla te ,  is- 
separated from mylonitic Precambrian granite,  of the Golden Eagle plate ,  
by a 30 mth ick  zone of ultramylonite. I t  i s  in te res t ing  that  the ul t ra-  
mylonite zones, associated with t h e  Golden Eagle t h rus t ,  are  thin  o r  
absent when that  th rus t  involves Paleozoic rocks, as  a t  1.ocation D ,  while 
t hese  zones a r e  10 to  30 m th ick when the thrust  occurs ent i re ly 'wi thin 
grani te ,  as  seen 1 km northwest of the ha t . ,  ~ . 

. . 

. ~ 



The r i d g e  top  we t raversed west o f  Locat ion D i s  composed o f  my- 
l o n i t i c  Precambrian g r a n i t e  o f  the  White Marble p l a t e .  Although 
t h i s  p l a t e  i s  present  throughout the  White Marble mine area, we 
consider  t h a t  t h e  White Marble p l a t e  i s  an i m b r i c a t i o n  w i t h i n  t h e  
Golden Eagle p l a t e  because o f  r e l a t i o n s h i p s  seen a t  t h e  S i l v e r  Queen 
Mine and a t  the  ha t  which a r e  l oca ted  1% t o  2 km south and southwest 
of the  White Marble Nine. 

Recent mapping between t h e  S i l v e r  Queen and Hidden Treasure Mines 
(Fig. 7 )  d isc losed t h a t  t h e  Harquahala p l a t e  r e s t s  d i r e c t l y  on t h e  
Golden Eagle p l a t e  w i t h  no i n t e r v e n i n g  p o r p h y r i t i c  g r a n i t e  sheet. 
Hence, t h e  White Marble t h r u s t  cannot be t raced r e g i o n a l l y .  Also, as 
po in ted  o u t  e a r l i e r ,  the  geographic feature termed ' t h e  h a t '  i s  capped 
by a small outcrop o f  Paleozoic carbonate (poss ib ly  metamorphosed 

. M a r t i n  Formation) which r e s t s ,  t e c t o n i c a l l y ,  on a t h i n ,  50-75 m t h i c k  
t h r u s t  sheet o f  m y l o n i t i c  g r a n i t e  t h a t  i s  s i m i l a r  i n  s t r u c t u r a l  p o s i t i o n ,  
thickness, and l i t h o l o g y  t o  t h e  f o l i a t e d  g r a n i t e  found i n  t h e  p o r p h y r i t i c  
g r a n i t e  sheet by Reynolds and o the rs  (1900) i n  an area 0.5 km e a s t  o f  
t h e  hat .  The presence o f  a Paleozoic carbonate sec t i on  above t h e  
f o l i a t e d  g r a n i t e  suggests t h a t  small pods o f  Paleozoic rock  might  be 
present l o c a l l y  between t h e  g r a n i t e  sheet and the  Harquahala p l a t e .  

Locat ion  D t o  Locat ion E- 

~. 
From ~ o c a t i o n  D proceed down the  rav ine  northward u n t i l  t h e  Supai 
c l i f f s  on the west s ide  o f  t h e  rav ine  g i ve  way. Here you w i : l l  f i n d  a 
t r a c k  t h a t  ascends o u t  o f  t h e  rav ine  onto i t s  western s ide .  Contour 

. along the slopes u n t i l  you encounter a bu l ldozer  road. When you reach 
t h i s  road, you w i l l  be a t  Locat ion E. . ~ . . 

. ~ 

. ~ 
The geology between Locat ions D and E cons is ts  o f  over tu rned and 

. . - meta~aorphosed u n i t s  o f  t h e  Escabrosa Limestone and the  Supat Formation ~. 

Numerous east-west-trending, pos t - th rus~ t  normal f a u l t s  formed smal l  
h o r s t  and graben s t r u c t u r e s  i n  the  Paleozoic u n i t s .  The Supa? Formation, 

-west  o f  the stream i s  juxtaposed aga ins t  s t r a t a  of t h e  upper Escabrosa 
Limestone by a n o r t h - s t r i k i n g  f a u l t  mapped i n  the rav ine  (F ig.  7 ) .  

H h i l e  the metamorphosed Supai l i t h o l o g i e s  here con ta in  s i l t s t o n e s ,  
q u a r t z i t e s  and abundant p h y l l i t e s ,  much carbonate m a t e r i a l  i s  present;  
much more than i s  t y p i c a l  o f  the  Supai s t ra t i g raphy  present  a long t h e  

- -  southern edge o f  t h e  Colorado Plateau. Carbonatezrich areas i n  many 
o f  the  s i l t s t o n e  u n i t s  have been d isso lved by sur face e ros ion  and con- 
tai.n a d i s t i n c t i v e  t e x t u r e  t h a t  resembles te rm i te  holes i n  r o t t o n  wood. 

.. This ' t e r m i t e  e f f e c t '  i s  d iagnos t i c  o f  Supai and metamorphosed equ iva - -  ~ . 
~. 

. ~ l e n t s  throughout theHarquaha la  and L i t t l e  Harquahala Mountains. . ~ ~. 

-. ~. . . . . . . .~ 
~ o c a t i o n  ~. E. Over tu rned 'contact  Between t h e  ~ s c a b r o s a  ~ i m i s t b n e  a i d  Supai.. . . .  . . . . 

~ . .  
. Formation 

. . 
. . . .~ . . . . .  

  he abandoned road you have reached was c u t a l o n g  t h e  c o n t a c t  between 
Escabrosa Limestone and Supai Formation. Because t h e  o l d e r  Escabrosa 

. 
~ . . . Limestone r e s t s  cn t o p  o f  t h e  Supai, you have t r a v e l e d  through an .: 



oyerturned Paleozoic section.  This reaffirms our in terpreta t ion t h a t  
the Paleozoic section a t  the  White Marble Hine i s  inverted. 

In these road cu t  exposures, the  contact between the  Escabrosa and 
Supai i s  placed where cherty,  thin-bedded carbonate rocks of the upper 
Escabrosa Limestone over l ie  phy l l i t i c  s ch i s t s  of the lowest Supai Forma- 
t ion.  Small pods and lenses of chert-pebble conglomerate and breccia 
occur a t  the  base of the Supai Formation in an area 100 m south o f  
Location E (\Jest Peirce,  1980, oral comunication).  These rocks strongly 
resemble s imilar  l i tho log ies  present in basal Supai uni ts  from l e s s  meta- 
morphosed exposures in  the  L i t t l e  Harquahala Mountains. Although the  
basal contact  of the Supai Formation i s  tectonized a t  Location E ,  we ' 

a re  confident t ha t  only minor tectonic  t ransport  occurred (Fig. 7 ) .  

A t  the  White Marble Mine, a t  l e a s t  1 km of overturned section was  
confirmed along a 1 tne t h a t  i s  perpendicular t o  the  fold hinge described 
a t  Location B.  This inversion involves uni ts  of Bolsa QuartzTte through 
the  Supai Formation. Thus, a fee1,ing for  the dimension of t h i s  large,  
nappe-sized fold can be obtained. 

An even more impressive section of overturned Paleozoic s t r a t a  was 
mapped 2 km south of the  White Marble Mine i n  the v ic in i ty  of the  S i lver  
Queen Hine. Map re la t ionships  here and near the Silver Queen Mine 
suggest t h a t  the length o f  the middle limb of the southeast overtwned. 
nappe i s  between 1 and 2 km. ~. 

  he knob of Escabrosa Limestone, located above t h e  bulldozed road, 
contains a ra ther  picturesque ' Z '  fold i n  the carbonate rocks. This 
fo ld  i s  a good example of inconspicuous, b u t  s ign i f ican t ,  folding t h a t  
local ly  pervades the  carbonate section.  Twenty-three fold axes, . - ~ 

measured from folds  w i t h  defini  t e  asymetry within Paleozoic rocks 
. of the Golden Eagle p la te ,  c lu s t e r  in two populations around an east -  

west axis  (Eig. 6 ) ;  
. . 

Linear fabr ics  from.foTiation surfaces in Paleozoic s t r a t a  s t rongly '  
show a preference fo r  north-south bearings. The phyll i t i c  l i tho log ies  
o f t h e  metamorphosed Supai Formation commonly display these l ineat ions .  
We in t e rp re t  t ha t  the l ineat ion represents the l i ne  of tectonic transport .  

. ~ 

~ s $ m e t r ~  of the folds  shows an overwhelmingpreference f o r  northward 
overturning (look again a t  the  knob). I t  i s  ins t ruct ive  to note . that  
an impressive geometric s imi la r i ty  ex is t s  between s t ructures  in the  

, . 
Paleozoic rocks a f  the  Golden Eagle pla te  and s t ructures  a t ,  or j u s t ;  ~- 
above, t h e  Harquahala th rus t  in the  Harquahala pla te  (compare Figs. 5 
and.6). .: . . . .  . . . 

- ~ o c a t i o n  E to Parking A&; 
. ~ 

. . . . . - 
. . . .  - After i n spec t inc the  bulldoz& c u t s ,  follow the dir t  road back to the  ' ~~ 

White Marble Mine proper. - . 
. . . . 

. . . . 
. - . . 

As you s t a r t  away from Location E, you will notice a prominant knob 
of meta-Escabrosa t o  the north t h a t  i s  juxtaposed against overturned . 



I . Supai by one o f  t h e  nore  prominent e a s t - n o r t h e a s t - s t r i k i n g ,  pos t -  - 

t h r u s t  normal f a u l t s  i n  t he  White Karb le  Fline area. Once pas t  t he  knob, 
t h e  road w i l l  con tour  f o r  a  s h o r t  d is tance along the  !.!bite ;.:arble t h r u s t  
and then drop down i n t o  the main mine area where do lomi . t i c  marble i s  I being mined 'n upside down meta-Mart in and Escabrosa Formations. Marble 
mined here i s  g e n e r a l l y  used f o r  deco ra t i ve  purposes ( roo f tops ,  e t c .  ) 
i n  t h e  Phoenix area. 

I . : 
' F o ~ l o w  t h e m a i n  road bac; down t o t h e  p i r X i ~ g & a  a n d  r e t u r n  t o  U. S. 
'60 westbound f o r  Wenden and Sal~me.  . .  
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WHITE MARBLE MINE TO 'S '  MOUNTAIN 1 
Return to After  r e t u r n i n g  t o  U.S. 60 t u r n  l e f t  (m) onto U.S. 60 f o r  Wenden 

post and Salome. 
format 

0 -7 C 
Cunningham Pass  i n  t h e  western Harcuvar Mountains is a t  3:00. The 
Harcuvar Mountains west of Cunninghm Pass a r e  mainly composed of Tank 
Pass g r a n i t e ,  abundant roof pendants of amphibolite-grade gneiss ,  and 
numerous nor thwest -s t r ik ing d i k e s  of ga rne t i f e rous  pegmati te-apli te ,  . 

~ 

r h y o l i t e ,  a n d e s i t e ,  and microdior i te .  The Tank Pass b i o t i t e  g r a n i t e  

. I 
is undeformed i n  its southwest exposures near  Tank Pass  (1:00),  but  
becomes p ~ o g r e s s i v e l y  f o l i a t e d  and deformed toward t h e  nor theas t  near: 
Cunningham Pass.  The f o l i a t i o n  and i ts  a t t endan t  northwest-trending 

I 
l i n e a t i o n  =e d i f f e r e n t  i n  s t y l e  from t h e  mylonitic f a b r i c s  t h a t  pervade 
t h e  Harcuvar Elountains e a s t  of Cunninghun Pass. Northwest-trending' 
hornblende g r a i n s  from one of t h e  L q h i b o l i t e  roof pendants j u s t  nor th  

I 
of Cunninghm Pass. gave a K - A r  age of 70.3 m.y. B i o t i t e  from f o l i a t e d  
Tank Pass  g r a n i t e  t h a t  contained t h e  northwest-trending l i n e a t i o n  gave . -  

a 51 m.y. aoparent  age  (3ehrig and Reynolds, 1980; Shaf iqu l l ah  and 
o the r s ,  1980). . . 

I 
I 

i I n  Cunningham Pass f o l i a t e d  Tank Pass  g r a n i t e  is intruded -d iscordant ly .  
by numerous l e u c o c r a t i c  ga rne t i f e rous  pegna t i t e s  and a p l i t e s .  Both 
rocks are i n  t u r n  c u t  by a younger mylonitic f a b r i c  t h a t  c o n t a i n s a n  
Em-VSW t rend ing  l i n e a t i o n .  It is t h i s  f a b r i c  t h a t  pervades t h e  e a s t e r n  
one-half of t'ne Haarcuvar iffountains and t h e  eas te rn  one-third of t h e  

I 
Haquahala  ! < m t a i n s .  A K - A r  b i o t i t e  age on one of t h e s e  mylonitic 
gneisses  is 25.7 m .  y. ( ~ e t i r i ~  and Xeynolds, 1930). It i s  i n t e r e s t i n g  
t h a t  i n  t h e  3uckskin, Harcuvar, a?d Harquahala i l o u t a i n s ,  ihe  younger 

I 
mylonitic f o l i a t i o n  occurs i n  t h e  eas te rn  one-half t o  one-third oof the.  
aoun ta in  ranges. Re la t ionsh ips  i n  t h e  Harcuvar and Harq~aha la  r anges :  
suggest t h a t  as one passes  wesward, he descends s t r u c t u r a l l y  i n t o  fol: . .~ 

i a t i o n  and s t r u c t u r e s  a s soc ia ted  with t h e  north t o  n o r t h e a s t ' v z r g e n t ~  
~ ~ 

t h rus t ing  (STO?S 2 ,  3, and 4 ~ ) .  The- younger mylonitic f a b r i c  is ~ - ~ - . 

discordant ly  c u t  by mic rod io r i t e ,  r h y o l i t e ,  and andes i t e  dikes of  . . .  

probable e a r l y  t o  middle Miocene age. One of t h e  microdior i te  d i k e s  
i n  the  Harquzhala Mountains y ie lded  K - A r  ages  of 28.6 and 22.1 m.y. on 
hori~blende -and b i o t i t e  r e spec t ive ly  . 

2.8 . . 
I 

Yuna County dump road on l e f t ,  . . 

2.0 . . . . . . 

Bridge over  Centennia l  Wash -~ . . . ~. 
~ ~ 

0 . 3  . . . . .  . . 
~ . .  

. . . . 

I 
k'enden town limit s ign .  . . - I  - . . . - - .  

0.4 
Road t o   inningh ham P a s s ,  t h e  Buckskin Flountains,.and ~ l & o ? a m  and l a k e  . . 

~ 

- a 
i n t e r s e c t s  from t h e  right.. . . 

0 . 5 .  . ~ . .  - .  / . . 
- .  - 1 Tank Pass  (-2:00) is t h e  type  a r e a  f o r  t h e  Tank Pass b l o t i t e  granite . .  ~ . -  ~. . . Grani te  Wash Mountains (12:00 t o  2:00) conta in  early. Cretaceous ? - - 

~ ~ 

. . . . .  c l a s t i c  sedimentiry rocks  ( ~ i v i n g s t o n  H i l l s  equivalent  ?)  i n t r u d e d  
t o  t h e  e a s t  by a c a l c - a l k a l i c  g ranod io r i t e  pluton r e f e r r e d  t o  as 
t h e  Grani te  Wish Pass  g ranod io r i t e  by Rehrig and Reynolds, 1980.  his 

. 1 
. . . .  

pluton has y ie lded K - A r  b i o t i t e  a e s  of 6 j  m,,y. ( ~ u n o n ,  1968) and 
69 m.y. ( ~ b e r l ~  and S tan ley ,  19787. To t h e  north (1:70) quar tz  d i o r i t e  
border phases of t h e  Gran i t e  !<ash Pass  granodj-orite in t rude  the. Tank.. 

. . Pzss g r a n i t e .  

I 



57.6 I n t e r n a t i o n a l  I n n . i n  t h e  metropoli tan Salome a r e a  is on t h e  l e f t .  
The I n t e r n a t i o n a l  Inn w a s  our  main s taging a r e a  f o r  f i e l d  work i n  
t h e  a rea .  

0.9 
56.7 Salome town l i m i t  s ign .  Cross --  a shor t  bridge j u s t  ahead and make a 

l e f t  t u n  onto Buckeye Road one block beyond t h e  bridge. --- --- - 
Begin 
cumulative 
mileage .- . . . . 

0.3 
0 . 3  : Y i n t e r s e c t i o n  with Harquahala Mine road on r i g h t .  We w i l l  r e t u r n  t o  

. . t h i s  i n t e r s e c t i o n  a f t e r  t h e  'S' Mountain Kindow s top  (STOF 3). 
1.7 

2.0 ' . C r o s s  Centennia l  Wash. Centennial  Wash, from here f o r  t h e  next s e v e r a l  
miles downstream, c r o s s e s  a bedrock sill ( l k e l y  Precambrian g r a n i t e  

. . within t h e  Hercules t h r u s t  p l a t e )  between t n e  Harquahala and L i t t l e  
Harquahala Mountains. This  sill is la rge ly  a pediment su r face  t h a t  
sepa ra tes  t h e  ground water  bas in  i n  !*icMullen Valley from t h a t  under 

- . t h e  Harquahala P l a i n  south and southwest of t h e  Harquahala and B i g  
Horn Mountains. 

0; 1 . ~~ 

2.1 ' .  I n t e r s e c t i o n  on l e f t .  Well graded d i r t  road l eads  t o  Centennia l  Park 
- ~ 

~. 
- . which provides camping f a c i l i t i e s  and t o  Wenden and U. S. 60.  

1.8 . . 

. 3.9 House with t r e e s  on r i g h t .  Look f o r  d i r t  road on l e f t .  ------ 
0.1 . . 

4 0  . .  urn -- l e f t  onto d i r t  road f o r  's '  Mountain s top .  Prominent l e d g e - ~ .  
.~ . ,. . former on t o p  of  and south of 'S' Mountain is a q u a r t z i t e  marker 

ledge. i n  a s t r u c t u r a l  window of  clastic-dominated Mesozoic-aged 
- -  sedimentary rocks.  Poorly preserved cross-bedding i n  t h e  q u a r t z i t e  

~ .. . marker ledge on '3' Mountain ind ica tes  t h a t  t h e  Mesozoic- sedimentary 
. . 

--. . s e c t i o n  i s  r i g h t  s i d e  up. 
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STOP 3 

THE 'S' ElOUNTAIN "'IIINDOW" 

~h approximately one'square mi1.e area of Mesozoic sedimentary 
'basement' crops out a t  'S'  Mountain. The Mesozoic sequence i s  
s t ruc tu ra l ly  overlain on i t s  north, eas t  and southern sides by 
the Hercules t h rus t ,  a major low angle f a u l t  t ha t  places Precambrian 
c r y s t a l l i n e  rocks within the Hercules p la te  over somewhat 
metamorphosed Mesozoic sedimentary rocks. To the west the Mesozoic 
s t r a t a  a r e  juxtaposed against  porphyritic grani te  (probably i n  the 
Hercules P la te )  by a high-angle northwest-trending f a u l t  t ha t  
nearly follows the present-day course of Centennial Wash ( r e f e r  t o  
f igure  3 of Stop 2 ) .  Hence, 'S '  Mountain i s  in  e f f ec t  a window into 
the underlying Mesozoic basement terrane tha t  we infer  may underlie 
a large portion o f t h e  western 'b ig '  Harquahala and L i t t l e  Harquahala 
mountains ( see  f igure  3 ,  Stop 2 ) .  . The basement terrane i s  much more 
extensively exposed i n  the L i t t l e  Harquahala Mountains, 8 km to  the 
southwest. . . 

Intr iguingly,  t h e ~ e s o i o i c  rocks a t  'S '  Mountain a r e  the s t ruc tura l ly  
lowest package tha t  we have mapped to date .  Miller (1970) has a lso 
mapped Mesozoicst ra ta  t ha t  occur beneath several th rus t  sheets i n  
the southern Plomosa Mountains. Hence, i t  i s  possible tha t  a major 
Mesozoic basin of l a t e  Jurassic to  mid Cretaceous age in west central  
Arizona has been s t ruc tura l ly  buried beneath subsequent Laranide age' 
th rus t  sheets: 

~ ~ 

;4esozoic rocks below t h e  Hercules th rus t  a t  ' S t  ~ o u n t a i n ~ c o n s i s t  
of ( i n  order of increasing. s t ra t ig raphic  1 eve1 ) : 1) feldspathic. 
sandstone and g r i t t y  arkose; 2 )  c a l c - s i l i ca t e  beds interbedded with- 

. . qua r t z i t i c  and a r g i l l i t i c  u n i t s ;  3) a ledge-forming quar tz i te  tha t -  i s  
- - capped by a stretched quartz-pebble conglomerate; and 4 )  qua r t z i t i c  

and a r g i l l i t i c  s t r a t a .  Probably Precambrian age~rocks  in the 
overlying Hercules Plate a t ' s '  Mountain include fo l ia ted  quartz : - . 

d i o r i t e ,  d i o r i t i c  gneiss,  amphibolite, quartzo-feldspathic gneiss,  
and a fol ia ted leucocratic g ran i t i c  rock tha t  local ly  immediately 
over l ies  the Hercules thrust .  

- The r.l&ozoic rocks.are loca l ly  highly deformed and exhibit  a northerly 
. trending 1 ineation.  Pebbles in the conglomerate are  elongate para1 l e l  

to  the 1 ineation.  Precambrian rocks imiiediately above the th rus t  f a u l t  
share the same l ineat ion direct ion.  Minor fold s t ructures  ind ica te .  . - 
t ha t  the direct ion of tectonic transport   is^ paral le l  to  the l inea t ion .  
This transport  di rect ion i s  consistent w- i th tha t  documented for  th rus t s  
in t h e  White Marble Mine area (Stop 2 ) .  - - :  . . 

~. - .- . ~ 

. . .~ . . . .~ . . 
- .  

. . ~. .  he Hercules th rus t  i i  e a s i l y  obseriied b i  climbing u p  - t o  the ' . conspicuous ledge tha t  i s  v i s ib l e  on a number of small h i l l s .  .This: 
- ledge i s  composed of the r e s i s t an t  quar tz i te  and quartz-pebble 

conglomerate tha t  immediate1 y under1 ies  the Hercules th rus t .  After . . 
.. . examining the th rus t ,  return to  the cars and drive back t o  the 

intersect ion of the Buckeye-Salome Road and the road to  the 
Harquahala Mine. A t  t h i s  intersect ion,  bear hard to  the i e f t  on to .  ' 

. the  Harquahala Mine Road and begin new cumulative. mileage. . . 
. . . . - ~ 

. . . . 



- .  
Begin new 
Cumulative 
Mileage 'S' MOUNTAIN TO GOLDEN EAGLE MINE 

0.0 Intersection of t he  Buckeye-Salome Road and the Harquahala Mine 
,, road. Facing south-southwest paral le l  to  the road, Harquar Peak 

is the prominent peak a t  12:OO. I t  i s  underlain by an assortment of 
. . Mesozoic sedimentary and volcanic rocks. The Granite Wash 

- -  . Mountains a r e  located a t  3:OO. They a r e  composed of a s imilar  
Mesozoic sequence and tkio l a t e  Cretaceous plutons ( t h e  older Tank 
Pass Granite acd t h e  younger Granite Wash Granodiorite). These 

' -  rock u n i t s  a r e  intruded by an impressive north-northwest-trending 
- swarm of middle Ter t iary dikes. 

- 3 .0  . . 

3.0 ~. Entering t h e '  L i t t l e  Harquahala Mountains. Small h i l l s  t o .  the 
r i gh t  a t  3:00 a re  Precambrian cr 'ys ta l l ine  rocks tha t  occur i n  t he  

. . .upper p la te  of the Hercules thrust .  In these h i l l s ,  loca l ly  
.ifeformed b io t i t e - r i ch  granite i s  the predominant rock uni t .  

. ~ 

. . 
. 0.5 - .~ ... 

3.5 Road t o  r i gh t .  . continue s t r a igh t . .  H i l l s  to. l e f t  and r i g h t  a r e  i n  
Hercules th rus t  p la te .  . . . . 

. . .  . 0.9 . . . .  . .  ~ 

4.4 LOW ridge on the r i g h t  contains theHercules  th rus t  on i t s  west s ide .  
' Rocks v i s ib l e  from the  road consis t  ~. of Precambrian grani te  tha t  . . overl ies  the t h rus t .  . . ~. 

- 0 . 2  
. ~ 

4.6 Cross wash.. ' Road in wash leads to &qoiures of the Hercules t h r u s t .  
Road t o  l e f t  leads t a t h e  Rio Del Monte Minearea.  The Rio Del Monte 
Mine consis ts  of workings within quartz veins. t h a t  cut  the 
upper-plate rocks. . . . .  . . . . . . 

. ~ 
. . .  . . .  . . 

. ~ . 0 . 6  . ~ . . . , . . 
. . .  . 5.2 

. . 
Tra i l e r s  on - r i gh t  s ide  of road.. Rocks in  t h i s  area c o n s i s t o f  1 >; .:; . . . . . . .  

, - a1 tered Precambrian grani te  tha t  occupies the upper p la te  of the 
. . : ,Hercu les  thrust .  T h e  Hercules th rus t  i s  exposed along the break 

. . .  .~ . in  .slope along the ea s t  s ide of Harquar Peak. The  peak i t s e l f  i s  

, :  , -  : ; -  : : . ~ 

: underlain by coarse- t o  fine-grained c l a s t i c  rocks of lilesozoic age 
. .  - 

. . 
along w i t h  fewer exposures of Mesozoic volcanyc rocks. Both s e r i e s  

t i  o f  Mesozoic rocks occur in the lower p la te  of the Hercules thrust .  
. 0.3 

I ~ . - ,  
5.5 ' The Hercules t h r u s t  crosses the road b u t  i s  verypoor ly  exposed and 

, .. d i f f i c u l t  to  t r ace  due to  a l te ra t ion  of both upper and lower p l a t e  
. . . rocks. . Mesozoic rocks occur along the  road^ f o r  the nex t~mi l e  and- 

. . . . . . . - . . . - .  consist, of dark, intermediate volcanics which a r e   locally highly 
. . . . . .  . .  . - a1 t e r e d .  - .  ~. . . . -  . . 

. . . . . . . .  .. . . .  . -  - 1 . 0  . . . .~ 
~ o a d  crosses t h e  t r i c e  o f  a -north-trehdini, .east-dipping, high-angle 
f a u l t  which has  undergone normal and possible s t r i k e - s l i p  movement. 

:This f a u l t  o f f se t s  the Hercules th rus t  and juxtaposes upper and lower 
, plate rocks (lower-plate Mesozoic.rocks- l i e  t o  the west of the faul t ) .  

- .  0.5 . -  . . . . . ~ 

. - .  . . . . ~ 

. ~~ 

prospec t  on : the  r:iiht of t h e  road i s  10.cated along the high-angle 
' f a u l t .  . . .  : -  ... . . . . 

. . 
. . 

0 . 4  - -  . - ,: . . .  
'park cars  for  t raverse  -to Hercules thrust  arid upper and lower p l a t e  
rocks (Stop 4 A ) .  . . . -  . , . . .  - 
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Figure 1. Trend ro se t t e  diagram f o r  l ineat ions  in ~e ' sozo i c  s t r a f a  - - . .  . - . . 

below. Hercules th rus t .  Fold axes a r e  represented by a s t i pp l e  .. . . - . 
. . 

. . pat te rn . .  n, equals sl-ickensides l inea t ion ;  rif equals .fold axes, ~- : 
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STOP 4A 

HERCULES THRUST 

At this stop, we will examine the Hercules thrust and lithologies 
of the upper and lower plates. Lower-plate rocks consist of 
Mesozoic clastic rock~ that range from conglomerate to siltstone. 
Volcanic-derived detritus is locally very abundant. Volcanic rocks are 
also present below the Hercules thrust, but few volcanic rocks will be 
observed along this traverse. In this area the Hercules thrust dips 
very gently to the SSE and projects over the top of Harquar Peak. 
Above the fault are Precambrian granitic rocks \·thich are commonly 
altered. In a few exposures, Precambrian metamorphic rocks accompany 
the granitic rocks in the upper plate of the thrust. Slivers of 
Paleozoic rocks occur in some exposures of the thrust. Minor structures 
in Mesozoic rocks about 30 m below the thrust indicate that transport 
\'tas to the north-northeast (Figure 1). Primary sedimentary structures 
(curled mud chips, cross-bedding, ripple marks, and graded bedding) 
within the Mesozoic strata indicate that the Mesozoic strata at 
Stop 4A are right side up beneath the Hercules thrust. These 
str~ctures also indicate the lower state of metamorphism and 
deformation of the t~esozoic section at Stop 4A compared to that at 
'S' Mountain. 

Return to the cars and continue south. 
0.4 

7.8 Crossroads. Make a sharp left turn onto road heading northeast. 
Proceed about 0.3 miles northeast and park at triangul~~~oad 
intersection for Stop 48. 

STOP 48 

COPPER-GOLD MINERALIZATION ALONG 
THE GOLDEN EAGLE THRUST 

As you leave the cars. you will notice trat you are standing on 
coarse-grained porphyritic granite in the Hercules plate. The 
Hercules thrust is at least several hundred m~ters below you. 
~Immediately east of the parking area are several conspicuous ddges 
that contain steeply-inclined Paleozoic stra:a (Bolsa Quartzite through 
Supai formations) which are dramatically truncated ~t right a~gles by 
the Golden Eagle thrust which contours around the bas~ of the ridges. 
A particularly spectacular exposure of the truncation relationship may 
be observed in the peak two km northeast of Stop 48. 

The Golden Eagle thrust at Stop 48 is high1y mineralized as the 
numerous prospects and tunnels near and alony its .-race attest. 
Particularly, high grade gold with minor copper mineralizat i on was 
mined from shattered Bolsa Quartzite above the Golden ~agle thrust at 
the Golden Eagle {0.2 mile ea~t of the parking area) and Harquahala 
(1 mile south-southwest of the parking area) mines. Minor copper and 
lead sulfide minera1ization occurs in the granite underneath the 
Golden Eagle thrust according to Keith (1978). The Harquahala-Golden 
Eagle mine group is one of Arizona's larger gold mines. Recorded 
production is some 150,000 tons of ore averaging about 0~85 oz. of 



r 
gold per ton and 0.53 oz. of s i l v e r  per ton. The Harquahala Mine i s  
a lso one of the premier col lect ing l o c a l i t i e s  in Arizona for the 
secondary copper s i l i c a t e  mineral dioptose and planchei t z .  Similar 
thrust-controlled mineralization may occur a t  the Socorro Mine, about 
seven miles t o  the northeast. 

In addition to thrust-related occurrences, gold-copper mineralization 
occurs a t  several loca l i t i es  i n  high-angle north-striking and 

. ~ northwest-striking t o  east-west s t r ik ing  f i s su re  veins. Some of these 
contain mid-Tertiary microdiorite dikes t h a t  predate mineralization.. 
The north-south s t r iking mineralized f a u l t  west of Stop 4.4 (see note 
a t  mileages 6.5 and 7.0) i s  one example of t h i s  s t ructural  s ty le .  
Table 1 (from Keith, 1978) l i s t s  some of the more productive 
occurrences in  the 'b ig 'and L i t t l e  Harquahala Mountains. Total .~ 

reported and estimated production from the Harquahala d i s t r i c t  
through 1974 i s  some 160,000 short  tons of ore  containing 90,000 
pounds of copper, 121,009 pounds of lead,  131,063 ounces of gold and 
89,500 ounces of s i lver  valued a t  an estimated 4.8 mill ion dol lars .  

Most of the mineralization in the Harquahala d i s t r i c t  i s  probably 
mid-Tertiary i n  age and associated in some way with the numerous 
mid-Tertiary dike swarms tha t  lace the region. Perhaps the high-angle 
f rac tures  associated with the dikes acted as  conduits f o r  the 
mineralization.  Where these f ractures  in te rsec t  the low-angle f au l t s  
of the region [ for  example the Laramide thrusts  in the Harquahala o r  
the Whipple-Euckskin-Ga,>)tiide detachment f a u l t  30 miles north of Salome, 
Arizona, mineralization from the high-angle f ractures  may have moved 
l a t e r a l l y  along the thrusts.  Uhere i t  encountered reactive o r  
permiable rocks (carbonates o r  fractured quar tz i tes)  r e l a t i ve ly  
large amounts of mineralization may have fornied. 

. From the cars we will walk t o  the thrust  zone and inspect the 
phenomena outlined above. After inspecting the Golden Eagle thrust, 
overlying Paleozoic rocks and mineralization return t o  the cars  and 
return to the cross roads a t  mileage 7.8. Cross s t r a igh t  through 
the intersect ion.  Harquahala (Bonanza) I4ine will be a t  2:00 
behind Elartin Peak. 

GOLDEN EAGLE M I N E  TO IMTERSTATE 10 - HOVATTER ROAD INTERSECTION 

0 . 3  . . - .  

Cemetary on r i gh t .  1:le are s t ruc tu ra l ly  s t i l l  within the Hercu1.e~ .. 

plate. . Paleozoicsection on Martin Peak i s  upside down and in the .. 

Golden Eagle plate.  
. . 

0.4 - -  . . 

Road on r igh t  provides access t o ~ ~ y a n i d e  leaching plant; Tailings ~ 

-. 

from the Harquahala mine a re  beingreprocessed for  gold. ~ 

~. 
~. 

.- 0.4- . ~ -~ ~ ~ 

Road c l imbsa  small' h i l l  and bends to  the r igh t .  On t h e h i l l  t o  .: 

the l e f t  a steeply dipping qusrtz vein about three f ee t  wide 
s t re tches  south into the contact with the Bolsa Quartzite. A -. : .  ~. 

boulder conglomerate a t  the base of the Bolsa Quartzite above 
the vein contains pieces of the fu l l  quartz.  Thus  the Bolsa i s  . 
conformable on the granite in the lower part of the h i l l .  The . . 

contact dips steeply t o  the south. The Silver Queen thrust  which . 
. 

places~Paleozoic rock direct ly  o n  the Hercules plate iu r ther  to  the 
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TABLE 1: SUMMARY OF GOLD-COPPER OCCURRENCES 

I N  THE ' B I G '  AND L I T T L E  HARQUAIIALA I.1OUNTAINS WITH 
REPORTED PRODUCTION ( f r o m  K e i t h ,  1978) 

4N .IY 8w1 As. A t .  PD. CU. Rleb. W d a W  .M n( I ,dl .*b mln.r 
z2. zm- . C r r ~ .  1-• of la r l . > r s .  .,a,mrrd 
N1I 91.n.. c.irtu. .rd m . u n  in ,a 'lid 
21. 

. . 
A". *I. C". h 

Cu. Au. As. h 
. . - ~ 

t r r rwr  tern. of oxat.d corn, m~rrr- -t I ~ ~ . ~ , ~ , . ,  =.* !. 
.k.tlonr(Lh.llr.r "d Pld.  I. brrcrU1Ed 89. *,~.h i9,a. pr*=* 
dlailU. ehmllm.ren id h.~b.rek. mom. 110 b o a  a( o r .  nwnrlr. 
dImmoxl6!.. d o = .  fl..um r s n  b r l h r  .boullWCu. @.IS er. AU/T d 
kzm*lor l (cdke  m r  c - m ~ l r x  Yrer.mbrl.n 0.3 oi. WT. 
t r m n - u b w  LIIC-13- -nr l i m - d  illr- 
Lortrd Ptlcsiolc or hIr.urok I lmcsuw. 
SrC. of Oo"hssl- . l iUIh(:  d ! o r l 1 l l k .  
.low ,,.."re I_. 



1.1 
G l  endal e Avenue e x i t .  

1 .3  
Northern Avenue overpass. A f te r  passing overpass n o t i c e  we1 1 -developed 
s teep ly -d ipp ing  Precambrian age f o l i a t i o n  i n  the  Pheonix Mountains 
sch i s t s .  Several smal l  merculy depos i t s  composed o f  cinnabar, 
metacinnabar and q u a r t z  occur i n  poskets w i t h i n  q u a r t z - s e r i c i t e  sch i s t .  
These depos i ts  were f i r s t  noted i n  1916 and have s ince  had-a  
product ion  o f  l e s s  than 100, f l a s k s  o f  mercury (Ba i ley ,  1968): ~ .. ... . 

2.1 ~ . .  - .  

Shaw Bu t te  (2:30) . i s  a t  t h e  southern end of th$. u n i o n ' ~ i l 1 s .  N o r t h -  
Mountain i s  a t  3:00 w i t h  Lookout Mountain (3:30) i s  capped  by^. .. 

. - 

p robably Miocene-age volcanics.  . . . ~ 

2.7 ~ - . .  . 
- ~ 

B e l l  Road e x i t .  . . . 

2.3 
Hedgpeth H i l l s  (9:30) and Deem H i l l s  ( 1 1 : 3 0 ) a r e a l s o  composed o f  ~ . . 

. 

no r thwes t - s t r i k i ng ,  nor theas t -d ipp ing  probably Miocene-age volcanics on 
~ .~ . . s t r i k e  w i t h  those a t  Lookout Mountain. - -  . . 

1 .0  ~ ~ 

Pyramid Peak a t  10:30. . ~ . .  . .  . . . . 
1.0 

Deer Va l l ey  Road ov&oass. Southeast end o f  Deem H i l l s  a re  i n  near 
view (11:0b). 

. . ,  2.0 - ~ 

%appy Val l e y  Roadoverpass. Union % i l l s  (12:OO-3:OO) c o n s i s t  o f  
Precambrian s c h i s t  i n  the  nor thern  p o r t i o n s  and Precambrian g r a n i t e  
l o c a l  l y  ' o v e r l a i n  by probably Kiocene-age vo lcan ics  i n  the  southern . - 

po r t i ons .  . . 
. . -  2.0 - . . - 

New R ive r  'Mountains o n  s k y l i n e  a t  1:00 a r e  capped by t h i c k  f l .a t  l y i n g  ~, 

basa l ts .  T w o  o f  these basa l t s  f lows have K-Ar ages o f  14:7 and 14;8 ~ . 

m.y. (Scarborough and W i l t ,  1979). TKe f l a t  l y i n g -  b a s a l t  sec t i on  
unconformably over1 i e s  ( l o c a l l y  d i s c o r d a n t l y )  a sequence o f  basal t i c  f lows 
wh i te  t u f f s ,  agglomerates, mudstones and some d i s t i n c t i v e  very b r i g h t  
red  l i t h i c  t u f f s .  One o f  the  t u f f s  y i e l d e d  a 21.3 m.y. K - A r  age and 
:.:as ve ry  near a Miocene oreodont f o s s i l  f i n d  (Gomez, 1978; 
Scarborough and N i l  t, 1979). The Miocene vo lcan ic  and sedimentary 
sequence unconformably o v e r l i e s  o l d e r  Precambrian schis ts , .  

. . 
metavolcanics and g r a n i t o i d  rocks;  

. - 
0.4 . .  . . 

~ n t e r s t a t e c r o s s e s ~ a ~ u e d u c t  f o r  cen t ra l .  ~ r i z o n a  P r o j e c t  (CAP) no* : : 
~. under cons t ruc t ion .  ~. 

~. 0.6 - - ' . . . .. 

Bradshaw Mountains- dominate t h e  sky1 i n e  a t  11 :00-12:OO and are' . 
composed o f  almost e n t i r e l y :  undiv ided p r e  1.4 b.y. g r a n i t i c  r o c k s .  1.: . -  

. 2.6 -: . . ~~~ . . .  -. - ~ 

. - . . . .. ~- . . ~  . . 

~ a k e  Pleasant-carefree-ex. i  . . t ( ~ r i z o &  S t a t e  highway . 74). . ~ e r g e - r i . g h t  :- . . 
~. . -  - onto offramp; .. . . . . .  

.. . . 
0.4 . . . . .  ~ 

Turn l e f t  onto Sta te  highway 74 f o r  Lake Pleasant and Wickenburq. - ~ ~ 

0.1 : 

Overpass over I n t e r i t a t e  17. ' H ie rog l yph ic  Mountains on s k y l i n e a t  1?:'@0. 
C u x t a  a t  2:00 cons i s t s  o f  a nor theas t  t i l t e d  b lock o f  Miocene : :  . . . - 
vo lcanics and sediments. The base o f  the  cuesta conta ins poor ly '  . -. 
exposed sediments o v e r l a i n  i n  s l i g h t  angular  unconformity by a b a s a l t i c  



northeast  here places g r a n i t e  on g r a n i t e .  Above the Bolsa, d ips  
steepen and become over turned t o  the  southwest. 

0 .1  
9.0 Harquar Peak a t  3:30. The sedimented area below the  peak i s  i n  

c r y s t a l l i n e  rocks o f  t h e  Hercules p l a t e .  The Hercules t h r u s t  
approximately f o l l o w s  t h e  sediment-mountain s lope break. The 
low h i l l s  a t  11:30 t o  12:30 are  under la in  by Paleozoic rocks 
r e s t i n g  (probably unconformably) on Precambrian g r a n i t e . .  ... 

n 7 
, u.2 

. -  9.3 The low h i l l  immediately west o f  the  road i s  under la in  by Devonian ~ .~ 
Mar t i n  fo rmat ion .  Upside down M iss i ss ipp ian  Escabrosa Limestone 

i s  v i s i b l e  on M a r t i n  Peak t o  the  l e f t .  
n 7 u.2 

9.6 Courthouse rock i s  v i s i b l e  on the  s k y l i n e  i n  the  E a g l e t a i l  Mountains a t  
9:OO. Courthouse rock  and n e a r l y  a l l  t h e  te r rane  v i s i b l e  t o  the south 
i s  under la in  by m id -Te r t i a ry  vo l can i c  and v o l c a n i c l a s t i c  rocks. 

0.4 ~ . 

' S p e c t a c u l a r  view o f  upside down s e c t i o n  on Mar t i n  peak. (7:00). 
The low r i d g e  extending south from M a r t i n  Peak and the  dark ..; : 
reddish-brown r i bbed  outcrops on M a r t i n  Peak a r e  Supai Formation. The 

.Supai Formation i s  u n d e r l a i n  i n  the  lower slopes by upside down 
. Cocon-ino quartzites. Bold, l i g h t  t an  and grey carbonate outcrops 

- a long r idges  extending southwest from M a r t i n  Peak a r e  Escabrosa _ Formation. The M a r t i n  Formation occupies the  dark brcwn drainage 
. area n o r t h  o f  the  Escabrosa r i d g e s  w i t h  no outcrops.  The 

nor thern  most r i d g e  conta ins  redd ish  ledges o f  Bolsa q u a r t z i t e  
o v e r l a i n  by a t h i n  s lope- forming upside down Abrigo sec t i on  i n   the^ 

: souther ly  . slopes. ~ . .~ : - . . 
. . 

~ ~ - .  0.5 . ~ 

. B!ack Rock h i l l s  (12:OO - 2:30). a r e  composed o f  ~ e r t i a r y  volcanics.  
0.5 . .  - -  . ~ 

.~ 

- ~ o a d  on r i g h t ,  ~ ~ leads t o  Hope and U. .- S-. 60. .- .. . ~ 

2.0 ~- . . ~. , . 
' - - - 13.0 . Pavement s t a r t s .  H i l l s  south o f  1-10 a r e  the   southeast extension .o f  

the  Black H i l l s .  M e s o z o i c s e d i m e n t s i n  low r i dges  a t  1:00 a r e  i n  low- 
angle t e c t o n i c  contac t  w i t h  p o r p h y r i t i c  g r a n i t e  t o  the  nor th .  The 
contac t  l i e s  a t  about 1:30 as you cross the  1-10 overpass. The 

. h i l l s  no r th  o f  1-10 are  under la in  by g r a n i t e  and T e r t i a r y  volcanics.  
Cross the overpassacd t u r n  l e f t  onto 1-10 heading eas t  f o r  

. . Phoenix and Tucson. . . . . .  
. ~ 

. . . . . . . ~. . ~ 

. . - 
. . .- - . . . ~ . . . . 

. . End o f  r o a d l o g .  ~. . .  ~~ 

. . 
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