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THE GEOLOGY OF THE CALIFORNIA MINE AREA 

PIMA COUNTY, ARIZONA 

by Thomas E. G illingham  J r .

ABSTRACT

This th e s is  p re sen ts  the r e s u l t s  of f i e ld  work in  the 

C a lifo rn ia  mine area  during 1935 and 1936#

The o ld es t rooks in  the area are  Paleozoic sedim ents, 

m ostly lim estones. Mesozoic rocks, c o n s is tin g  o f Cretaceous (?) 

red  sha les  and a g rea t th ickness of u n d iffe re n tia te d  Cretaceous 

roeksj were deposited  unconformably on the eroded su rface  of 

the Paleozoic rocks. G ranite in tru s io n  domed and fa u lte d  

Paleozoic and Cretaceous (?) rocks in  Laramide tim e. T e r tia ry  

conglomerate was deposited  upon the eroded dome# O verthrust 

fa u lt in g  and In tru s io n  of g ra n ite  porphyry followed the de­

p o s itio n  of the  conglomerate; but o v e rth ru s t fa u lt in g  i s  

be lieved  to  be le s s  ex tensive in  th is  a rea  than previous in ­

v e s tig a to rs  have in d ic a te d . Alluvium has been deposited  in  

the  lower p o rtio n s  o f the a rea  since the o v erth ru st fa u lt in g .

Two periods o f m in e ra liza tio n  are  in d ica ted ; the f i r s t  

accompanied the  ea rly  g ra n ite  in tru s io n ; the second followed 

the in tru s io n  o f  the  g ra n ite  porphyry.

The to ta l  m ineral production o f the Santa R ita  reg ion  

to ta l s  perhaps #20,000,000, bu t the C a lifo rn ia  mine a rea  has 

produced only a few tons of copper-gold o re .

.
lv
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INTRODUCTION

Fieldwork and Acknowledgments

The f i e ld  work upon which th i s  th e s is  is  based was 

done during the months frcta O ctober,1935 to  May, 1936. The 

author i s  indebted to  Drs. B. S, B u tle r , A. A. Stoyanow, 

and F. W. G alb ra ith  fo r suggestions in  the  f i e ld  and o f f ic e , 

and to  Dr. M. N. Short fo r  a ss is tan ce  w ith the petrograph ic 

work. Dr. B. N. Moore of the U. S. G eological Survey, and 

Mr. R. E. S. Heineman of the Arizona Bureau of Mines o ffe red  

suggestions and supplied inform ation o f  va lue . F in a l ly , the

cooperation  o f h is  fellow  s tu d en ts , p a r t ic u la r ly  Mr. Frank
. . . ; v- " ' ' * .
Fruitm an, Mr. Ifelcolm R oberts, and Mr. A lfred Rasor, deserves 

the thanks of the au th o r.

Previous In v e s tig a tio n

Inform ation concerning the a re a l geology of the Santa 

R ita  and Empire ranges and the ad jacen t reg ion  has been 

accumulating since F. C. Schrader made a reconnaissance su r­

vey of th e  area  in  1909. Sketches of in d iv id u a l d i s t r i c t s ,  

concerned m ostly w ith economic fe a tu re s , preceded S ch rader's  

work and have been l i s t e d  by him in  the re p o r t  re fe rre d  to  

below. Surface geology has been stud ied  in  more d e t a i l ,  and 

some c a re fu l re p o rts  have been w ritten  on sc a tte re d  a reas by 

studen ts o f the U n iversity  of Arizona, b u t th is  work has not 

advanced to the po in t where c o rre la tio n s  are p o ss ib le .
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Mr. Schrader, obviously handicapped by the,m agnitude 

o f h is  assignment -  1400 square m iles to  be completed in  

le s s  than fou r months, pointed out the e s s e n t ia l  fe a tu re s  

of the a rea , and f i r s t  recognized g re a t o v e rth ru s t fa u lt in g  

in  the H elv e tia  camp. The escarpment of th e  Empire Mountains, 

which was given a cursory  examination only , was a t t r ib u te d  to 

a h ig h -an g le , eastw ardly dipping reverse  f a u l t .  Mr. Roy A. 

Wilson, who examined the d i s t r i c t  in  g re a te r  d e ta i l ,  recog­

nized a compound, low-angle o v e r th ru s t, s im ila r in  magnitude 

to  the  H elve tia  th r u s t .  Work by Thomas in  the  Roaemont a rea , 

by Moore in the Rincon Mountains, and by Brown in  the Tucson 

Mountains has d isc lo sed  in  recen t years th e  re g io n a l ex ten t 

o f the  o v e rth ru s t f a u l t s .

Ho attem pt has been made to  c o r re la te  in  d e ta i l  the 

s tra tig ra p h y  of the Santa R ita  reg io n , and a s tra t ig ra p h ic  

column i s  not d e f in i te ly  e s ta b lish e d  fo r the a rea . The 

reco g n itio n  by Dr. A. A. Stoyanow of the Snyder’s H ill  lim e­

stone has furn ished  a u se fu l marker fo r th e  s t ru c tu ra l  geo­

lo g i s t .

B ibliography

Schrader, F. 0 , ,  M ineral d ep o sits  of the Santa R ita  and 

Patagonia Mountains, Arizona: TJ. S. Geol. Survey

B u lle tin  582, 1915.

B arton , N. H ., A resume of Arizona geology: U n iv e rs ity  o f 

Arizona B u lle tin  119, pp. 276-279, 1925.



F e is s , Ju lia n  W., The geology and ore deposits  o f the H iltano  

camp, Arizona: M s t e ^ s  T h esis , U n iv ersity  o f  A rizona,

1929. ' '

Thom s, W alter L . ; Geology and ore deposits  of the Rosemont

a rea , Pima County, Arizona: M aster 's  T hesis, U n iversity

of A rizona, 1951. .

Wilson, Roy A ., Thrust fa u lt in g  in  the Empire Mountains of

Southeastern  Arizona: Jour. G eo l., v o l. 42, pp. 442-
\
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B orland, G. C. and Lee, C. A ., The geology and ore deposits  

o f the C uprite mining d i s t r i c t : M aster 's  T hesis ,

U n iversity  o f Arizona, 1935.
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GEOGRAPHY

. Location , - -

The C a lifo rn ia  mine l i e s  on the northw est slope of the 

Empire mountains, 27 m iles sou theast of Tucscn, Pima County, 

Arizona. The general reg ion  has been designated by the United 

S ta te s  Geological Surrey as the Patagonia Quadrangle, and the 

mines w ithin the Empire Mountains have been included in  the 

Empire Mining D is t r ic t .

The area stud ied  l i e s  e a s t of the Sonoita road in  Town­

ship  17 South and Range 17 E ast, measured from the G ila and 

S a lt River Guide M eridian and the Phoenix Base L ine. I t  ex­

tends 1 .5  m iles south from Andrade * s Ranch and about the same 

d istan ce  e a s t from the Sonoita road . About 2.5 square m iles 

are thus included. • '

A c c e ss ib ility

An e x c e lle n t g ravel road knom as Arizona Route 83 or 

the Sonoita road forms the w estern boundary o f the a re a . Four 

m iles northw est o f the C a lifo rn ia  mine th is  road jo in s  United 

S ta te s  Route 80 lead in g  sou theast from Tucson. The n e a re s t 

ra il ro a d  s ta t io n , T a i l ,  l i e s  9 m iles northw est o f the a rea , 

on the main l in e  of the Southern P a c if ic  Railway. '

Topography

The northw est slope of the Empire Mountains descends
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I r r e g u la r ly , as a no rth -sou th  l in e  o f high f o o th i l l s ,  towards 

the broad and shallow  Davidson Canyon. . Three o f the fo o th i l ls  

• occupy the eas te rn  th ird  of the mapped a rea . From th e i r  west­

ern base they r i s e  sharp ly  500 fe e t  to  a maximum height o f 4567 

f e e t  above sea le v e l .  The ea s te rn  slopes of these f o o th i l l s  are 

more g radual; they  reach to  the v a lley  separa ting  the  mapped 

area  from the  main ridge  of the Empire Mountains. The two th ird s  

o f the area  west of the f o o th i l l s  i s  divided by the no rth -sou th  

trend ing  arroyo known as Davidson Canyon, which i s  the main 

drainage a r te ry  o f the  d i s t r i c t .  The gentle slopes surrounding 

the Canyon are  deeply d issec ted  by tr ib u ta ry  arroyos, but th is  

p a r t of the area by reason of i t s  lower r e l i e f  co n tra s ts  strong­

ly  with the h igher land  to  the e a s t .

To a la rg e  ex ten t the topography has been influenced by 

the s tru c tu re  o f the rocks. The sm aller arroyos and Davidson 

Canyon i t s e l f  a l te rn a te ly  cross and run p a r a l le l  to  the s tr ik e  

of the r e s i s ta n t  beds or otherw lse follow  l in e s  of weakness.

The h igher p o rtio n s  o f the area are g en e ra lly  the zones having 

the more r e s i s ta n t  rocks -  lim estones and q u a r tz ite s ;  whereas 

the lower po rtions are  c h a ra c te r is t ic a l ly  underla in  by s o f t  

shales or g ra n ite .

Climate end V egetation
t

Excepting a few mountains th a t  r i s e  above 7000 f e e t ,  the 

country has a sem i-arid  c lim ate . R a in fa ll averages about 15
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Figure 1 .

Figure 2 .

C a lifo rn ia  Mine Area looking north from H i l l  No. 10. H i l l  No. 5 a t  r ig h t . 

Davidson Canyon in  middle d is ta n ce .

Empire Mountains looking south from H i l l  No. 5 . H i l l  No. 10 in  r ig h t

middle d ista n ce
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inches a y ea r, according to  the F o rest S erv ice , hut th e  f a l l  

i s  confined mostly to  th e  w inter months end to  Ju ly . P re c ip i­

ta t io n  during the "summer ra in s"  i s  sometimes to r r e n t i a l ,  and 

erosion  then becomes im portant. Daytime summer tem peratures 

reach 120° F, n ig h t b rings lower SeapilPStwes both in  summer 

and in  w inter , and in  bo th  seasons the appearance or d is ­

appearance of the sun i s  followed by sudden changes in a i r  

tem perature. Such changes are  im portant fo r  th e i r  re la tio n  

to w eathering and th e  re s u l t in g  physiographic forms.

Fieldwork i s  possib le  throughout th e  y ea r, fo r  even in 

th e  w in ter months freez in g  tem perature i s  seldom reached and 

the days are p lea sa n tly  warm. The Weather Bureau a t Tucson 

g ives the average maximum tem perature over a period  of years 

as 108° F, and the average minimum for th e  same period  as 17°F.

V egetation of a su b -tro p ic a l a r id  type c h a ra c te r is t ic  

o f A rizona’ s in term ed iate  a l t i tu d e s  i s  found in  the  a re a . Trees 

include m esquite, palo verde, d e se rt buckthorn, ju n ip e r , pinon 

p in e , greasewood, and b lack  oak; bushes are rep resen ted  by 

catclaw , o c a t i l l a , . and c a c t i ;  and bear g rass  i s  f a i r l y  abund­

a n t. The follow ing l i s t  of spec ies has been presen ted  to "the 

w rite r  by Dr. F. W. G alb ra ith :

D esert Broom
Mesquite
Cat-claw
Mescal
O c a tilla
Creosote bush
Cacti

Baecharis sa ro th ro id es  
Proeopls v e lu tin a  
Acacia g re g g ii 
Agave chrysantha 
Fouquiera splendens 
C ovillea g lu tin o sa
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C acti (coat 'd)  
Chollas

P rick ly  pears

Sahuaro
Rainbow
Strawberry

B arrel
Pincushion

Opuntia aoanthocarpa 
Opuntia b ige low li 
Opuntia v e rs ic o lo r  
Opuntia s a n ta - r i ta  
Opuntia d is e a ta  
Opuntia engelmannii 
Carnegia g igan tea 
lohinooereus rig id !ss im u s 
Eohinocereus f e n t l e r i  
Bchinocereus engelmannii 
Ferocactus w is llzen l 
HecmaBiaillaria m icroearpa
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HISTORY OF. MINING ACTIVITY IN THE SANTA RITA AREA

The Santa R ita  Mountain a rea  has produced m etal valued a t  

n early  $20,000,000. I t  i s  no t known what p ro f i t  can be c r e d i t ­

ed to  th e  area  as a whole, but c e r ta in  p ro p e r tie s , includ ing  

the Total Wreck mine In th e  Empire Mountains, have been moder­

a te ly  su ccessfu l.

Production began befo re  the Spanish Conquest of Mexico. 

Mining was c a rr ie d  on successive ly  by th e  ancesto rs of the 

Papago Ind ians, by the Papagos them selves under the d ire c tio n  

o f th e  Spanish J e s u i t s ,  and, f in a l ly ,  by Americans. The min­

ing in  the a rea  during the 17th and 18th ce n tu rie s  was n a tu ra lly  

a p a r t of the g rea t in d u stry  c a rr ie d  on by the Spanish through­

out Durango, Chihuahua, and Sonora, in  which s i lv e r  was the 

main m etal produced. The mines during  th i s  period  were sm all, 

and only the  r ic h e r  o res were removed. E x p lo ita tio n  on a some­

what la rg e r  sca le  marked the  l a t e r  Spanish period up to  1820.
' ' ' : n

By crude sm elting methods r ic h  copper o res l ik e  the 75 per cent 

ore of the Santa R ita  del Cobre d ep o sit were t re a te d , and the 

presence of o ther base m etals was e s ta b lish e d . The e a r ly  Span­

ia rd s , i t  should be noted , had the advantage of slave labo r th a t 

made possib le  the rempval of ores from many sm all, is o la te d  de­

p o s its  not o rd in a r ily  considered v a lu ab le♦ The to ta l  m etal 

production of the area  p r io r  to  the'G adsen purchase of 1855 is  

not known, bu t presumably sev era l hundred thousand d o lla rs  worth 1 

of s i lv e r ,  copper, and lead  were e x tra c te d .
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The Gadsen a c t followed by m ili ta ry  p ro te c tio n  from the 

ra id in g  Apaches opened the Santa R ita  and ad jacen t areas to  

in ten siv e  prospecting* Considerable development re s u l te d .

Rich s i lv e r - le a d  ore was mined a t  the Mbwry mine in  ihe P ata­

gonia Mountains about 1858. At the same time s i lv e r  ore aver­

aging §1400 per ton was taken from a sm all p i t  n o rth  o f Tubae, 

c a lle d  the Heintzelman mine. The encroachments of the Apaches 

and other v ic is s i tu d e s  of G iv il wartime closed a l l  the mines 

of the area in  the e a r ly  s ix t ie s .

Resumption of a c t iv i ty  a f t e r  the C iv il War was slow, but 

searches of the e a s t  slope of the Santa R ita  Mountains gave 

prom ising re  s u i ts  a t  the  Rosemont and G re a te rv ille  camps. The 

proxim ity  of the Empire Mountains to the Southern P ac ific  R a il­

road , which was 'f in ish e d  in  1879, encouraged prospecting  of 

the country around the T otal Wreck mine. The T o ta l Wreck de­

p o s i t ,  s ix  m iles  sou theast o f th e  C a lifo rn ia  mine, was d iscov­

ered in  1879: during the next few years i t  produced about one-

h a lf  m illio n  d o lla rs  worth of s i lv e r  and le ad . By 1895 the 

Santa R ita  area  was ac tive  from north  to south; Patagonia,

Earshaw, G re a te rv i l le , H e lv e tia , and Empire camps were producing.

The f i r s t  decade o f th e  20th cen tury  saw continued a c t iv ­

i ty  in the re g io n , and the World War period was one of unpar- 

a lle d  production of copper, le a d , and s i l v e r , p a r t ic u la r ly  from 

the H elve tia  and Patagonia d i s t r i c t s .  C onsiderable manganese 

was mined a t  Patagonia during the war. Copper and molybdenum 

ores were mined a t  H elve tia  u n t i l  a few years ago. Since 1930,



however, the .area has been g en e ra lly  q u ie t.

The fo llow ing ta b le s  p resen t production f ig u re s  of various 

d i s t r i c t s  in  the  Santa R ita  a rea . The f ig u re s  were made a v a i l ­

able through th e  co u rtesy  of Mr. R. E. S. Selaeman of the A riz­

ona Bureau o f Mines and w i l l  soon be pub lished  in  B u lle tin  140 

o f th e  Arizona Bureau of Mines,



MSmL PRODUCTION OF THE SANTA. RITA ABB. -  (Arlsona Bateau t f  M ines).

Table I

D is t r ic t P r in c ip a l M etals Value o f  Production

Patagonia Copper, le a d , z in c , s i lv e r #6 ,815 ,000
Harshaw Lead, s i lv e r 3 ,835 ,0 0 0
H elvetia  and Rosemont Copper, s in e ,  le a d , s i lv e r 3 ,320 ,000
Palm etto Copper, lea d , s i lv e r 2 ,500 ,000
Oro Blanco Lead, z in c , g o ld , s i lv e r
Empire Lead, copper, s i l v e r ,  gold 1 ,050 ,000
Tyndall . Lead, z in c , copper, s i lv e r 355,000*

fe& h t3 0 n _ ----------------------------- -----------------

T otal prodw Worn $19,320,000

.
• •

I
*

'

.■ :

; <
* :

' ' '
(1880 ■-  lesol"

♦Approximated by w r iter .

* * * * *

Table II

Gold ( in  d o lla r s )  
Silver ( in  d o lla r s )  
Copper (in pounds) 
Lead ( in  pounds)

#18,000
2 520,000  

110,000 
6, 000,000

* * * * *



Table III

DETAILED PRODUCTION OF EMPIRE DISTRICT 1915 -  1933

Tear
N O . O f  

Producers
Tone
ore.

Gold
|

S liv e r
ounces

Copper
lb s .

Lead
lb s

Zinc
lb s .

T ota l
Value

S
1915 4 100

r i  ; :
800 i. 20,000

j"
j  $ 2 .1 4 4

I1916 3 6,000 i 8 1 1 .............. ! 38 ,000
1917 . 5 1.528 76 9 .015  ! 1,323 i 326,799 i L 35,970
1918 4 469 64 i . 8 ,785  j 1.371 iI 165,093 ii 50,864: 19,478
1919 1 , 2 150 8 ,000  ! 1,500 !! • 30,000 iL _ _ _ ...  _ i 53,000
1920 1 ' 2 i 60 1 .000  ! . 1 ,500 ! 13,000 j' ■ " - " :i ! 14 ,000
1921 1 . ' ./ 1 . . . ! i . . . i . :
1922 !1 ...  7_____ 746 620 7,988 1 9,310 i 178,188 i i 19,780
1923 !! 4 665 1 691 1 4 ,952  • 5,809 1 177,057 ! -1 17,912
1924 !! 5 466 157 ' 2,352 ! 2,262 1 183,215 i !- 16,686
1925 I 6 . 1  # S 0 6 I  ■ _ .8 3 3  1 5,684 i 5 ,662 i 560,344 i 33,750 ! 56,188
1926 7 3 .461 2.764 84.983 i . 32.066 ! 1 .566 ,372  'i; . i! 148,144
198? , 4 2.366 1 2.226 10,948 i 15,680 ! 1 ,1 6 8 ,0 0 0  , ii 84,071;
1928 6 1.435 — - 1.662 5,770 i 14.825 i 645,641 ! ! 44,619
1929 1 . . . . . . . . ? ...... 1 .067 56? 4 .518  ! 17,038 ! 438,339 ! !1 33,579;
1930 5 i 356 262 8 .843  ! 6 ,804 I 164,852 ! ! 10,254:
1931 1 i 62 : . . : 1,36?!
1932 : ! ' 1
1933 1 . ! 5 93 3 • ! _ ....  94

T ota ls
i  1

1.13,989 |
1

#10,815
_______ __ _ _ _ _ _ _ !

96,981 j 114,550 ! 6 ,223 ,700 74,614
• i

#595,166
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STRATIGRAPHY 

S e d im e n ta ry  Rocks

A b rig o  L im esto n e

Rock th o u g h t  to  be  th e  m etam orphosed  e q u iv a le n t  o f  th e  

A b rlg o  l im e s to n e  o c c u rs  in  D av id son  Canyon a b o u t o n e - h a l f  m ile  

so u th  o f  th e  C a l i f o r n i a  m in e . S im i la r  r o c k  o c c u rs  one m ile  

e a s t  o f  t h e  a r e a ,  in  c o n ta c t  w ith  a  g r a n i t e  i n t r u s i o n .

L i th o lo g y  an d  s t r a t i g r a p h i c  p o s i t i o n  a re  th e  b a s e s  f o r  

th e  c l a s s i f i c a t i o n .  P o s i t i v e  i d e n t i f i c a t i o n  i s  n o t  p o s s ib l e  

b e c a u se  o f th e  e x tre m e  m etam orph ism . The ro c k  i s  d i s t i n c t l y  

b a n d e d •

A b rlg o  l im e s to n e  show ing  bands o f  c h e r t  and l im e s to n e .  

O u tc ro p  o n e - h a l f  m ile  e a s t  o f  H i l l  No. 5 .
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Y ariegated la y e rs  ©f brown to b lue lim estone, limy 

•h a le , and h ard , brown to b lack  ch e rt a re  c h a ra c te r is t ic  of 

the form ation. There seems to be no marked uniform ity  in  the 

bands, /which are g en e ra lly  © ne-half to  two inches th ick ; but 

the rock gives the general im pression of a lte rn a tin g  beds of 

c h e rt and lim estone or limy sh a le . . Q u an tities  o f a rg illace o u s  

m a te ria l as im p u ritie s  make the rook d i r ty  in  appearance and 

incompetent to  s t r e s s e s .  Drag fo ld in g  and o th er i r r e g u la r i t i e s  

in  s tru c tu re  are common in  the metamorphosed a reas . This i s  in  

sharp co n tra s t to the purer and more massive lim estones over- 

ly in g  the Abrigo which are  le s s  sub jec t to fo ld in g . There i s  

a suggestion  a t  severa l p laces th a t  a narrow q u a r tz ite  band may 

form the top of the Abrigo.

As the Abrigo has bean id e n tif ie d  north  of Pantano, a t  

Tombstone, and a t Rosemont, th e re  i s  reason to th in k  th a t  the 

form ation should be p resen t in  the Empire Mountains.

M artin Limestone

The M artin lim estone has been id e n tif ie d  a t severa l p laces 

in  the a rea , as near the n o rth ea s t corner o f  the a rea , where 

unmetamorphosed fo s s i l i f e ro u s  M artin lim estone occurs in the 

o v e rth ru s t b lock . I t  i s  ra th e r  f in e ly  c r y s ta l l in e ,  g ray  in  

c o lo r , and th in  to m oderately th ick-bedded. The lower p a r t  of 

the form ation is  very pure and co n ta in s  few f o s s i l s .  Hear the 

top o f the sec tio n  is  a c h a ra c te r is t ic  fo s s i l i f e ro u s  zone com­

posed almost e n t i r e ly  of the f o s s i l  c o ra l Cladopora p r o l l f ic a .

1 6 .
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Even in  the metamorphosed rock th i s  zone stands out in  s tr ik in g  

co n tra s t to the lower p a r t  of the form ation, and i t  i s  th e re fo re  

a valuable mapping u n i t .  By metamorphio ac tio n  the fo s s i l i f e ro u s  

zone, which appears to  con tain  o r ig in a l im p u ritie s , i s  indur­

a ted ; weathering darkens i t  through the o x ida tion  of iro n . P a rts  

of th is  zone are somewhat arenaceous and give the im pression of 

sandstone len ses  of sm all e x te n t.

B. N. Moore* has found the  Devonian lim estones in  the 

Tucson Quadrangle north  of the Empire Mountains. In th a t area 

th e  Devonian i s  remarkably pure, and, as Moore suggests, i t  

should produce a pure marble by metamorphism. In  the Empire 

Mountains the  lower pure p o rtio n s  do metamorphose to ra th e r  v 

pure marbles with ealcit®  c ry s ta ls  measuring up to one inch in  

maximum dimen si on. -

Id e n tif ic a tio n  is  based on the f o s s i l s  Cladonora p r o l i f i c a . 

Escabrosa Limestone

The Escabrosa lim estone has no t been: mapped as a separa te  . 

u n it  in  the a rea , though an attem pt has been made to in d ica te  

i t s  probable boundaries a t  some p lace s . The form ation i s  no 

doubt p re sen t in  the a re a , though evidence c o n s is ts  only of one 

unnamed c o ra l , suggestive ly  M ississipp ian  in  age , which was 

found by F. W. G alb raith  and the w rite r  in  the extreme n o rth - . 

west com er of the a rea .

* Moore, B. N ., o ra l  communication.
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The tex tu re  and bedding of th is  rock  d i f f e r  very s l ig h t -  

ly  from those o f the lower p a r t o f the M artin . The Iscab rosa  

i s  equally  p u re , le s s  fo m e ilife ro u e , and s l ig h t ly  b lu er in
■ • . . . .; . / ■■■ • . v . " • ' : . ' ' .

e o lo r . The con tac t between the M artin and the Escabrosa has
■ . ■ : ■ : : ■ ■ . . '  ' '  - •■■■>■> ;

been assumed to  l i e  ju s t  above the fo s s i l i fe ro u s  zone in the
' ■ . ■ : :  • ■ - ’ ' ' ; .

M artin. The con tac t between the Eaeabrosa and the Naco is  not

d i s t in c t ,  bu t in  the metamorphosed m a te ria l i t  has been assumed 

to l i e  on the lin e  sep ara tin g  a ra th e r  pure marble from d is ­

colored and le s s  uniform  lim estone .

Naco Limestone

Naco lim estone, which has no t been d if fe re n t ia te d  from 

the Escabrosa form ation in  mapping, i s  w ell exposed on the 

. ea s te rn  f la n k  o f the dome below the f o o th i l l s .  I t  occurs in  

sev era l o th er p a r ts  o f the a re a , as on the west flank  of the 

dome between Davidson Canyon and the Sonoita road and in  the 

o v e rth ru s t block on H i l l  No. 5.

The Naco form ation c o n s is ts  of th ick-bedded, l ig h t-c o lo re d , 

massive lim estones and extremely f in e -g ra in e d , s o f t ,  p in k ish - 

white to g reen ish -w hite , calcareous sh a le s . The lim estone beds, 

which are  g en e ra lly  about 10 f e e t  th ic k , a re  more r e s i s ta n t  than 

the sh a le s  and stand above the so fte r  members. F o ss il  b rach io- 

pods, c r in o id s , and co ra ls  are abundant in  the shaly zones, but

f o s s i l s  are  no t abundant in  the massive lim estone. I r re g u la r
*

masses of ch e rt a re  p resen t th a t  may re p re se n t f o s s i l s .
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In p laces the form ation has malwgone such in tense  

metamorphism th a t  bedding and the blm«-gray c o lo r , ch a rac te r­

i s t i c  of the f re sh , u n a lte red  rock , are almost obscured. 

S il ic if ic a tic m  i s  in ten se  lo c a l ly  along c e r ta in  ho rizons, as 

along the ridge  ju s t  southwest of the dentW  "of the area* In 

co n tra s t to the brownish-yeilow to  gray or white shades of the 

m arble!zed lim estone, the s i l l e l f i e d  zones are  dark broad or 

brow nish-black in  co lo r . , _  . ,

A zone of cu rio u sly  p i t te d ,  dense, s il ic e o u s  m a te ria l 

about 100 f e e t  th ic k  occurs near the top o f the Naco form ation. 

This rock has undergone s i l i c i f i c a t i o n  somewhat unequally , so 

th a t  areas of u n s i l ic i f ie d  lim estone averaging about one inch 

in  diam eter are  s c a tte re d  through the dense groundmass. These 

re s id u a l lim estone f ra g m n ts  have been d isso lved  by atmospheric 

water to produce a p i t te d  su rfa ce . ;

The Naco lim estone was id e n tif ie d  by the f o s s i l s  Axouhyllum 

rude and Lonhonhvllum nrofundum.

Pennsylvanian (?) Shales and S ch is ts

A roughly le n t ic u la r  bed o f dark shale  l i e s  between the 

Naco lim estone and the aayder*s H il l  lim estone cn the ea s te rn  

flan k  of the dome. A quartz-m ica s c h is t ,  which is  be lieved  to  

be the metamorphic equ ivalen t of the sh a le , l i e s  no rth  of the 

C a lifo rn ia  mine.. • ' '■ : ■ . v-. -"V ■ ' - ' • - :

The shale member shows a f a i r ly  sharp upper con tac t with 

the Permian lim estone and a g ra d a tio n a l lower con tac t with the
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H&co lim estone. The th ickness o f the shale member ranges from 

about 50 f e e t  to about 200 f e e t .  I t  i s  exceedingly v a ria b le  in 

co lo r and apparen tly  in com position. In some p laces the rock 

is  b lack ish -g ray ; in  o ther p laces i t  i s  g re m , or b ro m , or 

brownish red ; but everywhere i t  i s  more o r le s s  ca lcareous and 

fin e -g ra in ed . Some q u a r ts ! te  bands are included w ith the sh a le .

The s c h is t  i s  a g ray ish -b lue  rock composed of l ig h t  gray 

to  w hite, sugary q u a r tz ,and m atted , g lis te n in g , micaceous m ater­

i a l .  The co lo r and the appearance of t h i s  rock  a re  d i s t in c t ­

iv e . The q u a r ts , which makes up a r e la t iv e ly  sm all po rtion  of 

the form ation, occurs as len ses  and ir re g u la r  bands, g en e ra lly  

le s s  than one Inch wide, w ith in  the sch is to se  m a te r ia l. In 

th in  sec tich  the darker p o rtio n s  of the rock a re  seen to  be 

composed of c h lo r i te ,  s e r i c i t e ,  and m agnetite , in order of ab­

undance. The s e r ic i t e  and c h lo r i te  are  in tim a te ly  in te r  grown 

in  zones which are broken and i r re g u la r .  Ind iv idua l quartz  

g ra in s  show anhedral o u tl in e s  and are uniform ly about 0 .1  m i l l i ­

m eter in  d iam eter. Harrow s tr in g e rs  of c h lo r i te  and s e r ic i t e  

extend in to  the quartz bands and surround some of the quartz  

g ra in s . The q u artz , which appears to  be a cementation of sand 

o r ig in a lly  deposited  as a p a r t o f th e  sh a le , i s  most abundant 

near th e  co n tac t with the Naco lim estone. The micaceous m ater­

i a l  and the m agnetite were probably formed by the ad d itio n  of 

m a te ria l from th e  magma and by reworking of o r ig in a l  components 

of the  s h a le .
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Gradations of s c h is t  in to  shale  are not c le a r ly  exposed
- ' - • ' ^  : i t:- . . ' '

hu t are  suggested by the  s tru c tu ra l  r e la t io n s  along the f a u l t  

a t  the ea s te rn  end of the s c h is t  zone* C la s s if ic a t io n  o f the  

s c h is t  as Carboniferous in  age i s  based on an in te rp re ta tio n  of 

the s tru c tu re  and on the c o r re la tio n  of the s c h is ts  with the 

sedim entary sh a le s . , ?. .

■ ' ' ■ ' ■ r
Snyder1s H il l  Limestone

Snyder's  H i l l  lim estone is  widespread in  the a rea . I t  

outcrops most conspicuously on H i l l  No. 10, along the base 

o f H il l  No. 5, and in  the o v e rth ru s t b lock capping H il l  No. 5. 

The lower lim estone member o f  the  form ation a lso  occurs ju s t  

sou th east of Andrade's Ranch and near the Sonoita road in  the 

southw estern p a r t o f the a re a .

The form ation c o n s is ts  of th ree  thiok-bedded lim estone 

members separated  by two q u a r tz ite  members.

The lim estone i s  ty p ic a lly  d a rk -b lu e , gen era lly  f in e ly  

c r y s ta l l in e  with yellow to white o a lc i te  developed in  sm all 

cracks. F o ss ils  are abundant in a few zones, p a r t ic u la r ly  in  

the lower lim estone member. The fo s s i l s  are s i l i c i f i e d  and 

many are a l t e r e d •to  b lack  or darkrbrpim eherty  m asses. Abundant 

ch e rt in  c e r ta in  zones may not rep resen t s i l i c i f i e d  f o s s i l s .

The rook weathers f a i r l y  uniform ly. The th ree  lim estone members 

are s im ila r in  te x tu r e , in  co lo r, and in bedding.

The q u a r tz ite  members are  composed of pink or redd ish -p ink
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to w hite, medium-grained, f a i r ly  pure q u a r tz i te .  The upper member 

ahows cross-beading d i s t in c t ly ,  but the lower q u a r tz ite  i s  a 

more m assive, homogeneou#^# ek , Both q u a r tz ite s  break with 

sharp f ra c tu re s  and both weather brow nish-red.

The two upper lim estone members and the q u a r tz ite  members 

a re  eroded from most of th e  a re a , la  the o v erth ru st block the 

q u a r tz ite s  are  apparen tly  th in ,  averaging about th ree  or four 

f e e t  in  th ick n ess . I t  i s  p ossib le  th a t  some .of th e  m a te ria l 

mapped as q u a r tz ite  in  tiie over th ru s t  block i s  s i  l i e  i f  led lim e­

s to n e .

m e re  the lower lim estone member alone rem ains, i t  i s  

o v e rla in  by red  sh a le s  or by conglomerate of l a t e r  age.

The age of the Shydef*s H i l l  form ation was e s tab lish ed

through the id e n tif ic a t io n  o f the  follow ing Permian f o s s i l s :
m

Composite Jfexicana. A rchaeoeldaris sp. ,  Productus m erld lo n a lia . 

and Camerophoria deloL l*. , , .. ' .. ....

C retaceous (?) Red Shale

A d is t in c t iv e  red  shale member, ly in g  uneonformably upon 

the Snyder1s H i l l  lim estone , occurs in  the n o rth eas t and in  the 

southwest p o rtio n s  of the area  and in  the  Andrade f a u l t  zone 

northwest of the C a lifo rn ia  mine. This fo m a tio n , m ich  was 

apparen tly  deposited  in  v a lley s  in  the Permian lim estone, ranges 

in exposed th iekness from about 450 fe e t  to zero . The rock, as 

exposed on the west slope o f H i l l  No. 5, shows ir re g u la r  beds



of volcanic e l a s t i c s ,  ranging in  ch a rac te r from thin-bedded, 

f in e -g ra in e d , dense, b ro m ish -re d  shales  to coarse , arkosle  

g r i t s  and conglom erates composed o f pebbles o f a n d e s ite , of 

ja sp e r , and of dark b lue lim estone . A few narrow beds of dark 

lim estone a re  in te rc a la te d  w ith th e  conglomerate and the shale  

about 150 fe e t above the base o f the form ation .

L a te ra l changes in the ch a rac te r of th e  form ation are 

notew orthy. At the Montana mine the equivalent, of the red shales 

i s  a muddy-brown, tu ffaceous sediment includ ing  tin y  pebbles of 

ja sp e r and arkose.  ̂ u

The form ation i s  generally  o v erla in  nnoonformably by 

T e r tia ry  conglom erate. Without th is  p ro te c tin g  eover the red 

sh a le  would no doubt have been completely eroded from much of 

th e  area .

As no f o s s i l s  were found in  th is  form ation, the assig n ­

ment to  the Cretaceous is  based on s tra t ig ra p h ic  r e la t io n s  and 

on lith o lo g y .

U n d iffe ren tia ted  C retaceous Rock

In  the western p a r t  o f  th e  a rea , bordering  the Sonolta 

road and extending eastw ard to  the  Andrade f a u l t ,  i s  a s e r ie s  

of Cretaceous rooks which s tr ik e  g en era lly  no rth  70° west and 

dip a t  low angles to the  n o r th e a s t. These rocks have no t been 

d if fe re n t ia te d  in  mapping, bu t a sec tio n  of the  ty p ic a l Cretaoe-



PLATE 4.

.............Typieal Cretaceous Seetion

Formation Thickness in  f e e t
i

Dark arkose ................................ . . ................. ... 80

Andesite flow ** 10

Dark blue lim estone ...........................   5

Fine greenish  arkose . . . . . . . . . 4 . . . . . . 2 5

L ight arkose . .  . . . . . . . .  . .  100

Light a rk o se , q u a r tz i te ,  and shale in te r bedded *«..* 30

White lim estone ^ , 6

Brown limy shale  . . . . . i . 5

Dark g reen ish  shale i .#  45

Blue lim estone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4

Black sha le  # . i . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . .  10

White coarse arkose 35

Coarse dark arkose . . . . .  . . . . . . . i .  . . . . . .  40

Brown and b lack  shale . . . . . . . . . . . . . . . 1 0 0
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ous form ations as exposed along a sm all arroyo west of the 

Sonoita road is  shown in P la te  4 .

Arkosio sandstone is  the predominant rook in  th i s  sec tio n . 

I t  outcrops conspicuously along the Sonoita road and forms r e ­

s is ta n t  radges and escarpm ents along the arroyo which p a ra l le ls  

the ro ad . A fre sh  specimen of th is  rook has much the appear­

ance of g ra n i te ,  but c lo se r examination shows th a t the compon­

en ts  are  g ranu lar and th a t  th e  d is tr ib u tic n  of the  g ra in s  i s  

not uniform . P ortions o f the rock mass are coarse enough to  be 

ca lled  conglom eratic; in  these po rtions pebbles exceeding one 

centim eter in  leng th  are  numerous. The main rock mass and the 

m atrix  of the conglom eratic p o rtio n s  a re  composed of q u artz , 

fe ld sp a r , and b i o t i t e .  The fe ld sp a r i s  almost com pletely kaol- 

in ized  and the b io t i t e  i s  a l te re d  to  lim o n lte . Quartz con­

s t i t u t e s  s ix ty  per cent o f the rook , a lte re d  fe ld sp a r t h i r t y  

per c e n t, and a lte re d  b i o t i t e  ten  per c e n t. The g ra in s  are 

f a i r ly  uniform In s i z e , averaging about one m illim e te r in  d ia ­

m eter, and are in v a riab ly  rounded. The rock i s  bedded with 

ra th e r  obscure cross-bedding . The composition, of the arkose 

shows d e riv a tio n  from a g ra n ite ,  and the roundness of the g ra in s  

in d ic a te s  tra n sp o r ta tio n  fo r  a considerab le d is tan ce .

Thin beds of b lu ish -b lack , dense lim estone, showing no 

f o s s i l s ,  and beds of b lack , brown, and greenish-brown sha les  

are in te rc a la te d  with the arkosio sandstone. One an d esite  flow 

l i e s  conformably with the sedim entary beds, near the c u lv e r t 

along the Sonoita road.
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C re ta c e o u s  l im e s to n e  d ip p in g  N o r t h e a s t .

T e r t i a r y  C o n g lo m era te

A c o n g lo m e ra te  com posed o f  p e b b le s  o r  b o u ld e r s  o f  m a rb le -  

iz e d  l im e s to n e  and  q u a r t z i t e  i s  th e  p red o m in an t s u r f a c e  ro c k  

i n  t h e  s o u th w e s te rn  p a r t  o f  th e  a r e a .  I t s  e x te n s io n  i n t o  

o th e r  p a r t s  o f  t h e  E m pire M o u n ta in s  i s  n o t  known to  th e  w r i t e r , 

b u t  i t  i s  w e l l  e x p o sed  a t  th e  M ontana m ine to  th e  s o u th  and 

in  th e  v a l l e y  to  the  e a s t  o f th e  a r e a .  B. N . M oore* s u g g e s t s

* M oore, B. N . , o r a l  c o m m u n ica tio n .
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i t s  c o r re la tio n  with the Pantano form ation of T e rtia ry  age, 

which i s  found a few m iles to the n o rth . I t  may he the 

equivalen t of th e  G ila  conglom erate, fo r  i t  appears to have 

been deposited  under t e r r a s t i a l  cond iticn s  from the erosion  

of lo c a l form ations. B. S. B utler* p o in ts  out the p o s s ib i l i ty  

th a t  the form ation may be a fanglom erate deposited  lo c a lly  in  

advance of m o v e rth ru s tin g  block which l a t e r  covered i t .

Within the mapped area  th is  conglomerate in v a riab ly  

l i e s  on the Cretaceous red sh a les  o r on the Permian lim estone; 

s im ila r  r e la t io n s  ob ta in  to  the e a s t  and to  the sou th . The 

lower con tac t i s  an erosion surface and i s  nowhere conformable. 

The conglomerate has undergone only s l ig h t  fo ld ing  or f a u lt in g . 

The appearance of the conglomerate v a r ie s  w ithin sh o rt d is ­

tan ces . The le a s t  a lte re d  rock  contains w ell rounded pebbles 

of white lim estone or m arble, or pebbles of lim estone and 

q u a r tz i te .  Almo s t everywhere q u a r tz ite  pebbles are absent a t  

the b a se , but they begin to appear about twenty f e e t  from the 

bottom and increase  ra th e r  uniform ly u n t i l  they are preponder­

a n t. In a sec tio n  one-heIf m ile e a s t  of the area the to t a l  

th ickness of the form ation i s  about 75 f e e t .  Where lim estone 

pebbles are predominant they  are elongated p a r a l le l  to  the

* B u tle r , B. S . , o ra l  communication
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b e d d i n g .  In  p l a c e s  t h e  p e b b l e s  o f  p u r e  l i m e s t o n e  a r e  so w e l l  

c o n s o l i d a t e d  and cem en ted  by  l im e  t h a t  t h e  c o n g l o m e r a t i c  

a p p e a r a n c e  i s  m asked.  Thus a t  th e  Montana mine  t h e  conglom­

e r a t e  n e a r  th e  i n c l i n e  l o o k s  much l i k e  a m a s s iv e  l i m e s t o n e .  

Where the  l i m e s t o n e  p e b b l e s  a r e  a s s o c i a t e d  w i t h  q u a r t z i t e  

p e b b l e s  t h e  c o n g lo m e r a t e  i s  s t r o n g e r  and th e  l i m e s t o n e  p e b b l e s  

a r e  n o t  e l o n g a t e d .

Two e x t r e m e s  o f  p e b b l e  s i z e  h av e  b e e n  f o u n d .  On t h e  

t o p  o f  H i l l  No. 11 d i s t o r t e d  l i m e s t o n e  p e b b l e s ,  m e a s u r i n g  

a b o u t  one i n c h  i n  d i a m e t e r ,  a r e  cem ented  i n t o  a  t w e n t y - f o o t  

c a p p i n g .  T h is  r o c k  w e a t h e r s  i n t o  s h a r p ,  i r r e g u l a r  s u r f a c e s .

'
i

C o n g lo m e ra te  o n e - h a l f  m i l e  e a s t  o f  a r e a
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The other extreme i s  w ell exposed about one-ha lf mile 

eas t of the a rea  where an abendanee of g ra n ite  pebbles in  

ad d itio n  to  the q u a r te tte  and lim estone c h a ra c te r iz e s  the 

rock. The g ran ite  i s  no doubt the same as th a t  in the la rg e  

stock  to the south and to the west of the outcrop. Hear the 

top of the conglomerate a t  t h i s  outcrop the pebbles approach 

boulder s iz e ,  m easuring up to  tea  inches in  diam eter. The 

lim estone pebbles are  rounded, but th e  g ran ite  and the qu artz ­

i t e  are  qu ite  angular, suggesting  a very lo c a l  o r ig in .

Red shale pebbles are absent from much of th e  eonglom- 

e r a te , bu t along the Sonoita road ju s t  west of th e  mapped area 

a b re c c ia - lik e  m a te r ia l, which i s  te n ta t iv e ly  c o rre la te d  with 

the conglom erate, con tains numerous pebbles o f brownish s h a le , 

p o ss ib ly  thebleached equ ivalen t of th e  red  sh a le .

Nowhere in  the area  has m ateria l o lder than  re c e n tly  de­

posited  alluvium  been found ly in g  above the conglomerate in  

sedim entary con tac t.
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Igneous Roeto
f

E arly  G ranite - ' f  ̂ : ■ ••
. • ' a : . . . .  ■ . . ■ . , ■ ' ■ ■ . - ■ .

A medium-grained, dark g ra n ite  i s  exposed in  the C a li­

fo rn ia  mine a re a . The type specimen was obtained 800 f e e t  

west of th e  C a lifo rn ia  mine, but id en tica l rook and sev e ra l 

fa c ie s  of th is  granite are exposed along Davidson Canyon, 

along the northern  boundary o f . the a re a , and in  the  v a lle y  

ea s t of the a re a . I t  has border fa c ie s  of more basic  natu re  

and a few apophyses of pegm atitic  and a p l i t i c  m a te r ia l. Thus 

north  o f the C a lifo rn ia  mine a roughly banded rock of grano- 

d io r l te  i s  in truded  along the lim esto n e -sch is t c o n ta c t. D io rite  

d ikes in  the northern  p a r t  of the area and pegm atite s i l l s  in  

the Abrigo form ation along Davidson Canyon are  regarded as 

d e r iv a tiv e s  of the g ra n ite . This g ra n ite  appears to  be re la te d  

to  the more ac id ic  g ra n ite  stock south of the a rea .

In a l l  exposures th e  g ra n ite  i s  considerab ly  a lte re d  and 

d is in te g ra te d , so th a t  the o r ig in a l  composition i s  p a r tly  

masked. Typical rock i s  s l ig h t ly  porphyritie witii a dark gray 

m atrix  of q u a rtz , b i o t i t e , and fe ld sp a r and sporadic pheno- 

c ry s ts  of white fe ld sp a r which measure up to  f iv e  m illim ete rs  

in  len g th . In th in  sec tio n  the m atrix  i s  seen to  be composed 

of about equal amounts of a lte re d  p la te s  of b i o t i t e , anhedr&l 

g ra in s  of quartz , and subhadral g ra in s  of fe ld s p a r , a l l  aver­

aging about 0 .1  m illim e te r in  d iam eter. The b io t i t e  has been



almost com pletely o h lo r l t lz e d . Th# which i s  andesine

Â 6SAn3 4> ha® b<>®a la r s e ly  s e r i c i t i z e a .  P a r t ic le s  o f secondary 
c a le ite , averaging 0 .1  m illim ete r in  diam eter a re  sc a tte re d  

through the s e c tio n .
■■■ ... .. .  ' :  ; , •  : - - .  .  - :  :

Pejg n a tite  ■ - v^.v:..J. '

A lig h t-c o lo re d  pegm atite s i l l  about one foo t th ic k  l i e s  

in  the Abrigo lim estone along Davidson Canyon about th re e -  

fo u rth s  of a m ile south of the C a lifo rn ia  mine. Pegm atitic 

m a te ria l a lso  forms a dike with an outcrop about 150 f e e t

long and s ix  f e e t  w ide, northw est of th e  C a lifo rn ia  mine.
■ . • ' :  . . :  . . - ■ ■ ■ ' .  .. ■'  . '  ■ . '  - ' '

The. pegm atite in  the Abrigo lim estone e x h ib its  graphic 

in terg row ths of m io roperth ite  and anhedral q u artz , in d iv id u a l 

b lebs of e i th e r  m ineral ranging up to  th re e  m illim ete rs  in  

d iam eter. The absence o f ferrom agnesian m inerals makes the  

rook conspicuously l ig h t  co lo red . The m io ro p e rth ite , which 

is  in c lp ie n tly  k ao lln lzed , i s  s l ig h tly  more abundant than 

quartz . In th in  sec tion  a few .tin y  veins of anhedral quartz  

are seen to cut the graphic in terg row ths.

This rock is  regarded as  an apophysis of the e a r ly  

g ra n ite .

Andesite

Andesite, d ikes in tru d e  the sedimentary rocks in the 

northern  p a r t of the a rea . Northeast of She C a lifo rn ia  mine *



a dike follow s the m ineralized  eo n tae t hetwem the Pennsyl- 

vanian lim estone and the Pennsylvanian sch is ts*  Along the. , - : ; : ■ ■ ■ - ■ *" : ■ f ■ !
no rthern  base of H i l l  No. 5 s im ila r  d ikes a re  found.

The an d esite  i s  a dense, greenish  rock , so fin e -g ra in ed  

th a t  macroscopic reco g n itio n  of the component m inerals i s  not 

p o ss ib le . M icroscopic exam ination of th e  rock in  th in  sec tion  

shows th a t  th e  prim ary m inerals in  th e  rock are  anhedral 

p lag ioc lase  in g ra in s  up to  one m illim e te r in leng th  and eub- 

hedral hornblende measuring up to  0*75 m illim e te rs  in le n g th .

Some of the fe ld sp a r, determined as &nde#lne Ab_^An_^, is
: 1. ■ : ■  . . T :  ■ 68  32  • ......

r e la t iv e ly  fre sh  and c le a r ,  bu t most cf th e  fe ld sp a r has been 

a l te re d  to ep ido te , vfcich shows some e x c e lle n t r a d ia l  groupings 

up to  0 ,5  m illim ete rs  in  d iam eter. Secondary c a l  c i te  in  

v e in le ts  tra v e rse s  th e  s e c tio n . The hornblende has been com­

p le te ly  c h lo r it iz e d  bu t the forms of the hornblende c ry s ta ls  

are p reserved . Some ep ido te  has developed along the cleavage 

p lanes of the hornblende, probably by replacem ent o f ch lo rite*  

Andesine c o n s ti tu te s  about tw o-th ird s  of th e  o r ig in a l rock; 

hornblende about o n e - th ird .

These dikes are  regarded as apophyses of th e  g ra n ite .

Andesite Porphyry

A sm all plug o f andesite  porphyry outcrops o n e-h a lf m ile 

south of the C a lifo rn ia  mine, on the west bank of Davidson 

Canyon. This ro ck , which has been found nowhere e lse  in  the
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area  i s  obviously an apophysis o f th e  g ra n ite  th a t  outcrops 

nearby. This fa c ie s  of the  g ra n ite  i s  d i s t in c t iv e .  Horn­

blende phenocrysts ranging from 0.5 m illim ete rs  to one c e n ti ­

meter in  leng th  l i e  in a groundmass of f in e , white m a te ria l 

' resem bling c h e rt. The phenocrysts, arranged very ir re g u la r ly  

in  the groundmass, c o n s ti tu te  about f i f t y  per cent o f th e  rock .

In  th in  sec tio n  the phenocrysts are  seen to be f r e s h , 

euhedral and subhedral hornblende th a t  shows i n f i l t r a t i o n s  of 

qu artz . The groundmass i s  composed of equal p a r ts  o f anhedral

quartz and subhedral andesine Ab An , in  g ra in s  averaging
65 55

0.02 m illim e te rs  in diam eter. Sporadic, diamond-shaped c ry s ta ls  

of sphene, and sc a tte re d  g ra in s  of epidote are the accessory

m inerals . " ’ ; ' :: - ' - ' ■ ■

G ranite Porphyry ,

G ranite porphyry forms the dike which follow s the  Andrade

f a u l t .

The rook i s  medium gra ined  and d is t in c t ly  p o rp h y ritie . 

I t s  most conspicuous fe a tu re  is  th e  presence of phenocrysts 

of g lassy  q u artz . I t  is  d is tin g u ish ed  from th e  e a r ly  g ra n ite  

by i t s  l ig h te r  c o lo r , though a few ac id ic  phases of the e a r ly  

g ra n ite  resemble th e  g ra n ite  porphyry. Southwest of the C a li­

fo rn ia  mine area  the  porphyry apparen tly  merges in to  a g ra n ite  

stock .
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In  th in  se c tio n  the g ra n ite  porphyry i s  seen to co n s is t 

of r a th e r  abundant, anhedral quartz  phenooryats, measuring 

up to th ree  m illim e te rs  in d iam eter, and sm aller .euhedral and 

subhedral fe ld sp a r phenocrysts, la rg e ly  a l te re d  to kao lin  and 

s e r i c i t e ,  embedded in  a f in e  groundmass of q u artz , f e ld s p a r , 

and a l i t t l e  a lte re d  b io tit® . Many of the quarta  phenocrysts 

show rounding and embayments due to  re so rp tio n  by the magma 

which c ry s ta l l iz e d  as the groundmass. The fe ld sp a r of both 

the phenocrysts and th e  groundmass i s  o rth o c lass  or san id ine; 

fe ld sp a r phenocrysts, measuring up to  one m illim ete r in  d ia ­

m eter, show ir re g u la r  b lebs of kao lin  surrounded by s e r i c i t e ,  

and th e  fe ld sp a r o f  the groundmass i s  la rg e ly  s e r ic i t i z e d .  No 

fre sh  b io t i t e  is  p re sen t, but th e re  are  a few pseudo morphs of 

s e r i c i t e  a f te r  b i o t i t e .  The quartz phanobrysts compose about 

o n e-th ird  of th e  rock. Feldspar phenocrysts and the few b io t i t e  

pseudomorphs compose another th i rd ;  and th e  groundmass, con­

s is t in g  of about equal amounts o f quartz and fe ld sp a r , makes 

up the rem ainder of th e  ro ck .

4
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STRUCfOlM. SBOLOGfy 

General Feature#

The s tru c tu re  of the C a lifo rn ia  mine a rea  i s  moder­

a te ly  complexv Igneous rocks have in truded  and deeed the 

sedim entary ro ck s♦ The dome i s  w ell exposed in  the a rea , 

though i t  i s  unsymmetrical and somewhat obscured by f a u l t s , 

f o ld s , and l a t e r  in tru s io n s • F au lts  are  more numerous than 

fo ld s , but moderate fo ld in g , even of the competent beds, i s  

conspicuous a t  some p laces in  the a rea .

The probable sequence of events th a t have a ffe c te d  the 

area  i s :  .

1. G ranite in tru s io n  accompanied by doming, fa u lt in g , 

in tru s io n  of pegm atite , and fo ld in g .

2. O verthrust fa u lt in g  accompanied by in tru s io n  of 

g ra n ite  porphyry and minor h igh-angle fa u lt in g .

G ranite In tru s io n

The e a r l i e s t  recorded s t ru c tu ra l  event in  the C a lifo rn ia  

mine area  was in tru s io n  of the ea rly  g ra n ite ,  accompanied by 

d iastrophism  and metamorphism of the in truded  form ations.

An ea rly  stage  of th is  d iastroph ism  was s l ig h t  fo ld ing  

of the deeper beds, probably by s tre s s e s  s e t  up by the approach 

ing magma. The g ra n ite  in tru s io n  was accompanied by emplace-
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ment of pegm atite s i l l s  and a t  a l a t e r  stage lay the in tru s ­

ion of andesite  d ik e s .

On the west bank of Davidson Canyon, one-half m ile 

south of the C a lifo rn ia  mine, a pegm atite s i l l  about s ix  

inches th ic k  is  in truded  in to  the Ib rig o  lim estone. I t  was 

in truded  before the Abrigo form ation had been in te n se ly  

fo lded , fo r ,  although the pegm atite i s  frac tu red  and fa u lte d , 

i t  i s  uniform in  th ickness on a l l  p a r ts  of the fo ld , a con­

d it io n  th a t would not be expected o f an in tru s iv e  follow ing 

zones of weakness in  p rev iously  fo lded , incompetent beds.

A fter the in tru s io n  of the pegm atite the main" mass of 

g ra n ite  was in je c te d . Doming, f a u lt in g , metamorphism of the 

lim estone , and some m in e ra liza tio n  accompanied th is  in t ru s ­

ion . Folding along g en e ra lly  northwest axes and in tru s io n  

of andesite  dikes in  the no rthern  p a r t of the area followed 

as l a s t  stages of the in tru s io n . The andesite  d ik es , un lik e  

the pegm atite s i l l s ,  are not in ten se ly  folded and f ra c tu re d . 

These events w il l  now be considered in  g re a te r  d e ta i l .

The most conspicuous s t ru c tu ra l  fe a tu re  of the area  i s  

an elongated dome or northward p itch in g  a n t ic l in e  th a t in ­

volves the e n tire  Paleozoic and a p a r t of the C retaceous 

se c tio n s . The core of th is  dome i s  marked by th e  outcrops of 

the trunca ted  g ra n ite  stock  in  Davidson Canyon, south of the 

C a lifo rn ia  mine. The flan k s  are o u tlin ed  approxim ately by
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t h e  o u t c r o p s  of t h e  v e r y  w h i t e  Z s c a b r o s a  l i m e s t o n e .  The l o n g e r  

a x i s  of t h e  dome seems t o  l i e  be tw een  a  n o r t h - s o u t h  l i n e  and 

a n o r t h w e s t - s o u t h e a s t  l i n e .  E a s t  o f  D a v id so n  Canyon t h e  r o c k s  

sw ing  a ro u n d  t h e  c o r e  w i t h  g e n e r a l l y  e a s t e r l y  d i p s ,  a v e r a g i n g  

t h i r t y  t o  45 d e g r e e s , w h e re a s  w e s t  o f  the  Canyon n o r t h w e s t  

o r  s o u t h w e s t  d i p s  p r e v a i l , th o u g h  the  b e d s  do n o t  s t r i k e  a s  

r e g u l a r l y  i n  t h a t  s e c t i o n . To the  n o r t h w e s t  the  dome a b u t s  

a g a i n s t  n o r t h e a s t - d i p p i n g  C r e t a c e o u s  r o c k s  a l o n g  t h e  Andrade 

f a u l t .  To t h e  s o u t h w e s t  t h e  c o n t a c t  o f  t h e  Naco l i m e s t o n e  

w i t h  t h e  P e rm ia n  l i m e s t o n e  seems to  be a b e d d in g  f a u l t  o f  

unknown m a g n i t u d e .  S o u th  o f  t h i s  th e  f o r m a t i o n s  a r e  f l e x e d  

i n t o  a s h a l lo w  s y n c l i n e  w i t h  a  n o r t h w e s t  a x i s .  On t h e  s o u t h ­

w e s t  f l a n k  o f  t h i s  s y n c l i n e  t h e  S n y d e r ' s  H i l l  l i m e s t o n e  i s  

e i t h e r  i n  c o n t a c t  w i th  t h e  g r a n i t e  p o r p h y r y  o r ,  a s  a t  t h e  

Montana  m in e ,  i s  t h r u s t  o v e r  u n d i f f e r e n t i a t e d  C r e t a c e o u s  r o c k s .

P e rm ia n  l i m e s t o n e  t h r u s t  over  u n d i f f e r e n t i a t e d  C r e t a c e o u s  r o c k s .  
100 y a r d s  w e s t  o f  t h e  Montana Mine.
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On the no rth  a lso  the dome appears to  f l a t t e n  in to  a shallow 

syncline with a general east-w est a x is , bu t th is  syncline i s  

not as c le a r ly  o u tlined  as th e  one t o ' the southwest, th is  

northern  syncline is  bordered on She north  by ano ther g ra n ite  

s tock , probably connected a t  no g rea t depth with the igneous 

core of the dome. The rocks o f the e a s te rn  flan k  of the dome 

m aintain e a s te r ly  d ips to  a g ra n ite  stock  ju s t  e a s t  of the 

mapped a rea . Southeast of the dome is  another stock of gran­

i t e  toward which the Paleozoic rocks, according to  th e i r  

lo c a tio n , e i th e r  dip or s t r ik e .  The dome as a whole, th e n , 

i s  surrounded on a t  le a s t  th re i  sides by g ran t te o f the same 

age. I t  is  p la u s ib le  th a t  the e n tire  done i s  underla in  by 

g ra n ite  a t  com paratively s l ig h t  depth, g iv ing  to th e  s t r u c t ­

ure the ch a rac te r of a roo f pendant. Reference to  the map 

(P la te  l j  w ill  show th a t the symmetry of the dome is  destroyed 

by the Andrade f a u l t  on the northw est and by a number of 

o ther i r r e g u la r i t i e s  in  s tru c tu re  in  a l l  p a r ts  of th e  a rea . 

Future work in  the reg ion  may show the northw est f lan k  of 

the Empire Mountains to be a monocline w ith d ip s to  the ea s t 

or to  the no rth  and w ith minor domes contained w ith in  i t .

S teep-angle fa u lt in g  accompanied the doming. Thus 

f a u l t  No. 2 , which p a ra l le ls  the s t r ik e  of the E scabrosai?) 

lim e stem®, has th ru s t  in ten se ly  metamorphosed Sseabrosa(?) 

beds ag a in s t le s s  a l te re d  rock of the same age. The ex ten t 

o f th is  type o f fa u lt in g  is  probably g re a te r  than  the map
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In d ic a te s . The la rg e s t  f a u l t  o f th i s  type is  th e  Andrade f a u l t .  

At the northern  end the f a u l t  has the c h a ra c te r is t ic s  of a 

f a u lt  zone. The ax is  of the break runs about S 30° W from 

th e  h i l l  ju s t  e a s t of A ndrade's ranch, c rosses Davidson Canyon 

about 250 yards northw est of th e  C a lifo rn ia  mine, and there  

bends s l ig h t ly  westward toward the Sonoita road . I t s  course 

i s  h y p o th e tica l through some of the a rea  near the road , and 

apparen tly  i t  becomes weaker toward the south . In the south­

w estern p a rt o f the area the course of the f a u l t  i s  believed

to  be marked roughly by the g ra n ite  'porphyry dike which has
' ' : ; - ' , ' ' - - 'J-, - : - ■ ' :

been in truded  along the f a u l t  plane as explained l a t e r .  The 

movement along th i s  f a u l t  was re v e rs e , b ring ing  the Paleozoic 

lim estones up ag a in s t the Mesozoic beds. The maximum throw 

of the f a u l t  has not been determ ined. Movements have doubt­

le s s  been renewed along the  f a u l t , even a f te r  the in tru s io n  

of the g ra n ite  porphyry.

Folding has followed th is  doming. In Davidson Canyon 

about 250 yards southwest o f the C a lifo rn ia  mine is  a f in e  

exposure of fo ld ed , m arb leized , Esoabrosa (?) lim estone r e s t ­

ing near th e  g ra n ite .  This fo ld  i s  be lieved  to  have been 

p a r tly  formed sh o rtly  a f te r  the g ra n ite  had s o l id i f i e d , though 

l a t e r  movements have fu r th e r  warped the fo ld . The Abrigo 

lim estone and the pegm atite s i l l  were bent into.unsym m etrioal 

a n t ic l in e s  and sy n c lin e s , which lo c a l ly  measure from c re s t  to  

trough 100 fe e t  v e r t ic a l ly  and f i f t y  f e e t  h o r iz o n ta lly , The



g re a te r  fo ld in g  of the Abrigo lim estone was due to the in ­

competence o f th a t formation* The more m assive, s t r a t i -  

g rap h io a lly  h igher M artin and Escabrosa (?) lim estones were 

a lso  folded during th is  period  in to  r a th e r - sharp flex u re s  

which are b e s t seen on the r id g e  sou theast o f the C a lifo rn ia  

mine near the ce n te r o f the a re a .I ; e '
' . - . ' ' -- . ' - . r, ' : . . . y ,  :

O verthrust F au ltin g  "

■ ■ '  ■ ■ ■ : : : ' .  ̂ '  * >'■ ? ■ ' '

O verthrust f a u lt in g  i s  of fundamental importance in  the
' . ■ ■ . ;::r- - v / ' . ■

C a lifo rn ia  mine a re a . I t  cannot be understood com pletely u n t i l  

s tud ied  over a wider a re a , bu t some progress has been made 

by study of the C a lifo rn ia  mine a re a .

Schrader recognized low-angle o v e rth ru s t fa u lt in g  of 

g re a t magnitude in'- the H elve tia  d i s t r l e t ,  where gouge and 

b recc ia  zones beneath the o v e rth ru s t b lock are f i f t y  o r  more 

f e e t 't h i c k .  Thomas mapped a continuation  of the H elve tia  

th ru s t  in  the losemont camp. In the C uprite a re a , which l i e s  

between H elve tia  and the C a lifo rn ia  M m , Borland and Lee 

found no o v e r th ru s tin g , but B. E* Koore has found Paleozoic 

rocks th ru s t  over Cretaceous rocks in  the Tucson quadrangle 

near Pantano. B. S. B u tle r and the w rite r  have traced  an 

o v erth ru s t block from Pantano south toward the Empire Moun­

ta in s .  R. A. Wilson, who f i r s t  repo rted  o v e rth ru s t fa u lt in g  

in  the Empire M ountains, p o stu la ted  a compound o v e rth ru s t by 

which Paleozoic rocks f i r s t  th ru s t  from the sou theast over



e r .ta o .o u s  rooks were l a t e r  covered, In  p a r t ,  a t  l e a s t ,  by
V ,  ;  ■ ■ ,aao ther block of overrid ing  Paleozoic form ations. The e f fe c t

was regarded as a s o r t  o f  im bricated  s tru c tu re  w ith a ra th e r

h o rizo n ta l so le to  each th ru s t .  Wilson believed  th a t  the

g re a te r  westward ex tension  o f the lower block in d ica ted  a
■

la rg e r  movement fo r th a t b lock than fo r  the upper b lock; p re -
■' ..

sumably, the up p .r blook had reached only as f a r  westward as 

the c r e s ts  o f  the foot 5 ■] te rn  p a r t  of the a rea . 

Wilson in d ica ted  in  h is  sec tio n s  th a t  the lower th ru s t  block 

had been In truded  and metamorphosed by g ran ite  before the 

f a u l t in g ,  though he regarded the g ra n ite  in  Davidson Canyon 

as ly in g  below the lower f a u l t .  In o ther words, the g ra n ite  

exposed in  Davidson Canyon and the presumably Cretaceous - 

rocks which i t  in truded  th e re  have been covered by metamorph­

osed lim estone of the Sower f a u l t  b lock . This in te rp re ta t io n  

o f the o v erth ru s t fa u lt in g  was based in  p a r t on the assignment

of the limy and shaly  m a te ria l below the lim estone a t  th is
: . . . .  ' •

po in t to the Cretaceous th a t  is  considered by the p resen t 

w r ite r  to be of Cambrian age. Wilson believed  the lower th ru s t  

b lock extended westward to  near the Sonoita road and, p o ss ib ly , 

f a r th e r .

The opinions o f the p re se n t w rite r  do no t com pletely 

accord w ith  those expressed by Wilson.

The g reen ish  m a te ria l exposed 350 yards southwest of the 

C a lifo rn ia  mine and a lso  one-half m ile south of the mine un-



questionably  l i e s  below metamorphosed lim estone and above
' ■ ' isomewhat fra c tu red  and b re cc ia ted  g ra n ite . P a r t ic le s  of

■ ,

A

Folded and fa u lte d  metamorphosed lim estone above greenish  
shale  and limy m a te ria l.

250 yards southwest o f the C a lifo rn ia  mine, looking northw est.

g ra n ite  and much limy m a te ria l are included in  the green zone, 

but th e  g ra n ite  fragments appear only near the massive gran­

i t e  a t  the easte rn  end of the exposure. , The limy m a te ria l in  

the  zone resem bles some o f the Abrlgo rock , b u t . the general 

g reenish  co lo r suggests Cretaceous fo rm ations. Movement since 

the in tru s io n  of the g ra n ite  has fo lded and frac tu red  the rock 

considerab ly  as shown a t  the exposure in  Davidson Cany cm.



m oderately h lg h -an g le , reverse  f a u l t  ex-

d in  Davidson Canyon, 

of Cambrian age, as 

believed  by the w r i te r ,  th e re  is  no n eeese ity  fo r  a low-er.Gle ,

described in  the preceding pa
• ' ' ' - ,

reg io n a l o v erth ru s t f a u l t  to  exp lain  the re la t io n s  in  th is  

p a r t  o f the a rea .

J
::6

.

Along the Sonoita road ju s t  west of the a rea  and thence/- ' ' ,

south to the Montana mine the Snyder's H i l l  lim estone i s
, - .. ■ .

th ru s t  upon the Cretaceous form ations ly in g  to  the w est.

This re la t io n  i s  apparen tly  in c o n s is te n t with the conception 

of the  h igh-angle Andrade f a u l t ,  bu t the  r e la t io n  can be

lo g ic a l ly  explained by westward s lip p in g  over the Cretaceous
 ̂ " ''' ' ' '

form ations o f the domed Permian and younger rocks, during
■ ■  '  • ■ '

the la rg e r  O T erth rustin f on H il l  No. 5, and during the in ­

tru s io n  of the g ra n ite  porphyry. This apparent anomaly w il l  

be explained l a t e r .

An o v erth ru s t block of lim estone and interbedded
' ■ ■ ■ : : .

q u a r tz ite s  caps H il l  No. 5. This block may have been eontin-

i s  s t ru c tu ra l ly  complex, w ith  bands of q u a r tz ite  in fo lded  with 

the massive b lue lim estones. F o s s ils  o f  both Pennsylvanian 

and Permian age have been found on H ill  No. 5, and Devonian
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f o s s i l s  have  b e e n  f o u n d  a few h u n d re d  y a r d s  f a r t h e r  e a s t ,  

a p p a r e n t l y  i n  t h e  same o v e r t h r u s t  b l o c k .  The t h r u s t  p l a n e  

i s  w a r p e d , b u t  gouge and b r e c c i a ,  nowhere  e x c e e d i n g  t e n  

f e e t  i n  t h i c k n e s s ,  a r e  i n  p l a c e s  a b s e n t .  On t h e  s o u t h e r n  

f l a n k  o f  H i l l  No. 5 t h e  t h r u s t  s u r f a c e  o v e r l i e s  t h e  T e r t i a r y  

c o n g l o m e r a t e .  A long  t h e  w e s t e r n  edge o f  t h i s  h i l l  a 25 f o o t  

to  f i f t y  f o o t  c l i f f , above  t h e  C r e t a c e o u s  r e d  s h a l e s , i s  

formed by  t h e  o v e r t h r u s t  b l o c k .  On th e  n o r t h w e s t e r n  s l o p e  

o f  t h i s  h i l l  C r e t a c e o u s  r e d  s h a l e s , d i p p i n g  t o  t h e  n o r t h e a s t , 

a r e  t r u n c a t e d  by  t h e  o v e r t h r u s t  f a u l t .  The l i m e s t o n e s  o f  t h e  

o v e r t h r u s t  b l o c k  a l s o  d i p  t o  t h e  n o r t h e a s t  a t  a  s t e e p e r  a n g l e .  

A long t h e  n o r t h e r n  s l o p e  o f  t h i s  h i l l  t h e  P e rm ia n  l i m e s t o n e s  

seem t o  be  t h r u s t  o v e r  s i m i l a r  P e rm ian  l i m e s t o n e s ,  b u t  t h e  

f a u l t  c o n t a c t  i s  n o t  c l e a r  t h e r e .

The o v e r t h r u s t  b l o c k  may have e x t e n d e d  a s  f a r  w e s t  a s  

D a v id so n  Canyon. A b l o c k  o f  s l i g h t l y  m etam orphosed  l i m e s t o n e  

o f  unknown age o v e r l i e s  t h e  C r e t a c e o u s  r e d  s h a l e s  a l o n g  D a v id ­

son Canyon j u s t  n o r t h w e s t  o f  t h e  C a l i f o r n i a  m in e .  The l i m e s t o n e

L im e s to n e  o v e r t h r u s t  on r e d  s h a l e s  i n  D a v id so n  
Canyon n e a r  t h e  C a l i f o r n i a  m in e .

L o o k in g  n o r t h .
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i s  c le a r ly  o v erth ru s t upon these  red s h a le s , but both the 

lim estone and th e  red  shales  have been dropped down by 

movements along th e  M dtade f a u l t  zone. This o v erth ru s t 

block, then , apparen tly  tru n ca ted  the northern  slope of the 

dome. ' ' ' ■ '

Folding and fa u lt in g  accompanied the o v e rth ru s tin g . 

Assuming th a t compressive fo rces  ac t a t  r ig h t  angles to  the 

trend  of a fo ld , i t  appears th a t  the fo rces  resp o n sib le  fo r  

these fo ld s  acted  along northeast-sou thw est l in e s .

The ra th e r  anomalous th ru s tin g  o f the Snyder’ s H il l  

lim estone over the Cretaceous rocks west of th e  Sonoita ro ad , 

which has been mentioned p rev iously , was ho doubt a r e s u l t  

o f these  same s t r e s s e s .  A block composed o f th e  competent 

Snyder’ s H il l  lim esto n e , Cretaceous red  s h a le s , and T e rtia ry  

conglomerate was moved l a t e r a l l y  westward fo r  sev e ra l hundred 

yards over u n d iffe re n tia te d  Cretaceous rocks, the  movement 

e a s t  of the  Andrade f a u l t  tak ing  place along the bedding of 

the  weak Pennsylvanian sh a le s . At sev e ra l p laces south o f 

the area  a dense, s i l ic e o u s  m a te ria l th a t i s  be lieved  to  be 

rep laced  ca lcareous sha les  u n d e rlie s  the  Permian lim estone , 

bu t along F au lt Ho. 1 the shales  are recognizable  though 

severely  crumpled. The block probably overrode the Andrade 

f a u l t  in  the southern p a r t  o f the a rea , bu t the f a u l t  was 

preserved in  the under b lock and no doubt determined a l in e  

of l a t e r  f ra c tu re  in  the  upper b lock.
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As a la te  stag® of th i s  d iastreph lsm  g ra n ite  porphyry 

was in truded  along th@ AjjArade f a u l t .  I t  spread out l a t e r ­

a l ly  beneath the Snyder * s H il l  lim estone, broke through the 

o v erth ru s t block as a d ike , and in  p laces i t  spread out l a t e r
\  . T' : .  I . ; ' "  ' . :

a l ly  above the Snyderrs H il l  lim estone, as shown north  of the 

Montana mine. At some p laces along the Andrade f a u l t  the 

porphyry dike i s  no t p resen t but a t  o th e r p laces i t  widens 

to  sev e ra l hundred f e e t .

The in tru s io n  of the porphyry was accompanied by some 

fu r th e r  doming of the area  and by some fa u lt in g . The main 

o v e rth ru s t b lock  on H il l  No. 5 has been broken by a number 

of ra th e r  sm all f a u l t s .  Fresh s lick en s id es  near the C a lif ­

o rn ia  mine in d ic a te  movement along th e  Andrade f a u l t  a f te r  

the in tru s io n  o f  the  porphyry. At the exposure near the 

pipe l i n e , lead ing  from the C a lifo rn ia  mine to  Andrade's 

ranch , the over th ru s t  lim estone has been in truded  by the 

porphyry and bo th  rocks a re  cu t by f a u l t s .
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IvETMORFHISM/AHD WEATHERING 

General Statem ent

Metamorphism In  the C a lifo rn ia  mine area  Includes re -  

c r y s ta l l iz a t io n  of lim estone to  m arble, s i l i c i f io a t io n ,  s e r i -  

c i t i z a t io n ,  con tac t metamorphism, and development of s c h is ts  

from sh a le s .

Conaplettous co lo r changes have been produced by the 

metamorphism; o r ig in a lly  dark lim estones have been bleached 

to  white marble or darkened by con tac t a c tio n  to  g ray ish - 

b lack  bands; and g reen ish  to  b lack  shales have been tra n s ­

formed to  s te e l-g ra y  eeh lsts#

presumably, w ater or w ater vapor was the p r in c ip a l 

emanation from the  in tru d in g  g ran ite  magma, b u t s i l i c a ,  alum­

in a , and iro n  were added in  considerab le  amount, and some 

o r ig in a l im p u ritie s  in  the lim estones were reworked to form 

quartz" and s i l i c a t e s .  The metamorphism la rg e ly  attended the 

in tru s io n  of the ea rly  g ra n ite ;  the in tru s io n  o f the l a t e r  

g ra n ite  porphyry was no t accompanied by moeh a l te r a t io n  in  

the in truded  rocks.

Weathering of rooks con tain ing  iro n , such as the a rk o se s , 

the q u a r tz i te s , and c e r ta in  o f the in trusive®  has produced 

red cappings over much of the a re a .
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A lte ra tio n  o f . th e  Limestone to  Marble

The M artin lim estone , the  Escahrosa (?) lim estone, and 

some of th e  Naeo lim estone have been a l te re d , com pletely or 

in  p a r t ,  to  w hite , c r y s ta l l in e  m arble. The c o ra l zone a t  the 

top of the M artin lim estone and the impure beds in the Naco 

lim estone have re s is te d  m arb le iza tion , though they have been 

la rg e ly  s i l io i f i e d  and s e r ic i t i z e d .  The externt of the marble

iz a tio n  was contro lled , by the p u r ity  of the lim estone and by
' ■: ■ ■ : ' .: ■ i ; - : - ' - ' ■ . .. .

i t s  r e la t io n  to  the igneous body. Emanatims and hea t from 

the magma were the d ir e c t  causes of th e  metamorphism. Fold­

ing and fa u lt in g , which are as conspicuous in  unmetamorphosed 

rooks as in  metamorphosed ro c k s , e ffec ted  only s l ig h t  meta- 

morphism. M arb le ization  i s  most in ten se  near the g ra n ite  in ­

tru s io n , and a l l  of the lim estones in  in tru s iv e  con tac t w ith 

the g ra n ite  are m arbleized.

The p u re s t marble i s  m ilky white in  c o lo r and coarse ly  

c r y s ta l l in e .  Rhombohedrons of tra n s lu c e n t, m ilky-w hite c a l­

o tte  , measuring two cen tim eters a c ro s s , are conspicuous in  

p lace s . The c ry s ta ls  are g en e ra lly  d is to r te d  and im perfec t. 

The cleavage faces of the p o s itiv e  rhombohedron in v a riab ly  

show tra c e s  of th e  negative rhombohedron.

S i l io i f i c a t io n  and S e r te i t la a t io n  
of the  Limestone

Much o f the Kaco lim estone has been a l te re d  to  a very
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dense, exceedingly f in e -g ra in ed  rock utiielt weathers reddish  

brown and forms r e s i s t a n t  r id g es  over much of the a rea . In 

th in  sec tio n  th is  rock shows complete replacem ent of lim estone 

by quartz and s e r i c i t e .  Ind iv idua l g ra ins are  almost sub- 

m icroscopic. ®ie p roportions of s e r i c i t e  and of quartz  a re  

about equal.

Another type of s i l i c i f i c a t i e n ,  w ell shown on a h i l l  

n o rth east of the C a lifo rn ia  mine, resem bles q u a r tz ite  in  

appearance but i s  d is tin g u ish ab le  from q u a r tz ite  by the p re s ­

ence of re s id u a l lim estone . In c o n tra s t to  q u a r tz i te , t h i s  

s il ic e o u s  m a te r ia l does no t weather red  bu t m aintains a l ig h t  

blue to  white co lo r. I t  i s  medium g ra in ed , forms ir r e g u la r ,  

hackly ou tcrops, and i s  r e s i s ta n t  to  e ro sio n . This type of 

s i l i c i f io a t io n  appears to  be widespread in  th e  a re a , but 1 t  

i s  b es t developed near g ra n ite  masses.

Contact Metamorphism

Contact metamorphism has produced specu lar hem atite , 

ep ido te , w o lla s tc n ite , and p y r i te  in  zones u su a lly  le s s  than 

ten  fe e t  th ic k  on the lim estone side  of lim esto n e -g ran ite  

c o n tac ts . 100 yards e a s t  o f the  C a lifo rn ia  mine a 25-foot 

zone of iro n -s ta in e d , ep id o tized , and g arn e tized  C arbonifer­

ous lim estone c ro sses Mine Gulch. Along Davidson Canyon, 

one-half mile south of the C a lifo rn ia  mine, a sm all con tac t 

zone has formed in  the Abrlgo lim estone .
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Devdlopgant of S o h ls t .

The Pennsylvanian s c h is ts  in  th e  no rthern  p a r t  o f the

area have apparen tly  been formed by the in tru s iv e  a c tio n  o f
. : ; /. : ■ - - ‘ ‘ : • " ' . ' , . " " ‘V- ' -

the ea rly  g r a n i te , which outcrops north  and south o f the s c h is t ,
' ' . ::'v f ,  \  - . , '  " '  ‘ '

C onsiderable quartz  has been in troduced in to  p a r ts  of the

form ation and a d e f in i te  s c h is to s i ty  has been developed.
’ ' : ... . ■ ■ : • ... C ' - I '
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PHYSIOGRAPHIC DEVELOPMENT 

General Statem ent

Southeastern  Arizona i s  a d e se rt region marked by a 

s e r ie s  of iso la te d  mountain ranges and broad, f l a t  v a lle y s .

The trend  of the topographic fe a tu re s  i s  in  general n o rth - 

northw est. The Santa R ita  and the Empire Mountains are in  

the Basin and Range province th a t l i e s  southwest of the Mex­

ican  highland province. This i s  a lso  known as the Sonoran 

D esert province. The land to  the ea s t r i s e s  very  g radually  

to the  C ontinental Divide in  New Mexico; the country to  the  

west slopes s t i l l  more g rad u a lly  to  the Colorado r i v e r .and 

to  the Gulf of C a lifo rn ia .

The Santa R ita  Mountains, to which the Empire Mountains 

by s tra tig ra p h y , s t r u c tu r e , and p o s itio n  are lo g ic a lly  r e ­

la te d , extend fo r  25 m iles in  a g en e ra lly  north -sou th  zone 

from the  C uprite a rea  on the  no rth  to  Patagonia v i l la g e  on 

the sou th • From moderate r e l i e f  a t  the northern  and south­

ern  e x tre m itie s , the  c r e s t  o f th e  Santa R ita  Mountains becomes 

h igher toward the middle p o rtio n  of the ran g e , where Mt.

Wrightson has an e lev a tio n  of 9432 fe e t  above sea le v e l  and 

6000 f e e t  above the ad jacen t Santa Cruz v a lle y  to  the  w est.

The no rthern  th ird  o f th e  ran g e , from Mt. Fagan a t  the n o rth ­

ern end to  the fo o t of Mt. W rightson, m ain tains a remarkably 

uniform c re s t  l in e  a t  about 6000 fe e t  e le v a tio n , from which 

very steep  slopes descend westward to  the Santa Cruz v a lley





and more gen tle  slopes lead  eastward to  the Empire Mountains 

or to  the v a lle y  o f  Cienega oreek. The p o rtio n  of the range 

near Mt. Wrlghtscm, comprising th e  ce n te r th i rd  of the moun­

ta in s ,  i s  extrem ely i r r e g u la r ,  bu t the western slopes are 

s teep er than the ea s te rn  s lo p es . Sharp, deep rav in es  lead  

from the c re s t  of Mt. Wrightson to  the v a lley s  below, and 

sharp peaks are conspicuous. The southern th ird  of the range 

i s  likew ise i r re g u la r  and descends g radually  southward to  the 

v a lley s  of the Santa Cruz r iv e r  and i t s  t r ib u ta r ie s .  As 

pointed out by previous in v e s tig a to rs , the physiographic 

development of the range as a whole has been co n tro lled  

c lo se ly  by geologic s tru c tu re .

The Empire Mountains conform g en e ra lly , though on a 

sm aller s c a le , to  the  Santa R ita  Mountains. Western slopes 

in  the Empire Mountains are conspicuously s teep e r than the 

ea s te rn  s lopes. The c re s t  l in e  of the range r i s e s  ra th e r  

ab rup tly  from the v a lle y  to  the n o rth , m aintains a f a i r ly  

uniform e lev a tio n  fo r  about fou r m iles , r i s e s  to Empire Peak, 

and thence leads southward to  the v a lle y  o f Cienega creek .

Development of Topography in  the C a lifo rn ia  Mine Area

V aria tions in  the  re s is ta n c e  and a t t i tu d e  of the form­

a tio n s  have co n tro lled  almost e n t i r e ly  the physiographic 

development o f the C a lifo rn ia  mine a re a . The presen t fe a tu re s  

are the r e s u l t  of Paleozoic d ep o sitio n , l a te  Paleozoic or 

e a r ly  Mesozoic e ro sio n , Cretaceous d ep o sitio n , Laramide d ia s-  

trophism , post Cretaceous e ro sion , T e r tia ry  deposition  and

5 1 .
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diastrophism , and re c e n t ero sion .

Weathering under the sem i-arid  conditions which have 

p revailed  in  the Santa R ita  area during recent g eo log ica l 

h is to ry  tends to d is in te g ra te  rocks o f non-uniform compos­

i t io n  and to  a f fe c t  only s l ig h t ly  rocks of homogeneous com­

p o s itio n . P re c ip ita tio n  under a r id  cond itions i s  in s u f f ic ie n t  

to  d isso lve  lim estcues a t  the same ra te  th a t  erosion  removes 

d is in te g ra te d  g ra n ite ; g ra n ite s  thus form the lower a reas , 

and lim estones stand  as rid g es and escarpm ents.

During Paleozoic tim es sedimentary beds of d i f f e re n t  

te x tu re s , of v a r ia b le  com position, and of unequal hardness 

were formed. C ertain  o f these beds by reason o f th e i r  g re a te r  

indu ra tion  and re s is ta n c e  to  w eathering and erosion  stand 

conspicuously above s o f te r  or le s s  r e s is ta n t  beds. The 

fo s s i l i f e ro u s  zone in  the M artin Limestone thus forms a prom­

in en t c re s t  in  the lower p a r t  of the a rea , and v a r ia tio n s  in  

the hardness of Pennsylvanian form ations have caused small 

ridges to  a l te rn a te  w ith shallow  depressions on the eas te rn  

flank  of the dome.

Erosion previous to  the deposition  o f the Mesozoic rocks 

l e f t  h i l l s  of Permian lim estone and q u a r tz ite  separated by 

shallow v a lle y s . H il l  No. 10 was thus a h i l l  during ea rly  

Mesozoic tim e, though i t s  p resen t form i s  the  r e s u l t  of recen t 

erosion  of the so f t  red shales which flanked and probably 

covered i t  during Cretaceous tim e.
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• . . . '

Gretaeeeus depoalts  hare been almost e n t i r e ly  eroded 

from the lim estones and where they are p resen t beneath over- 

t h r o a t  lim estcnes, as on H ill  No. 5 , they produce steep  slopes.

laram lde d istu rbances formed a dome in  th e  a rea . The 

igneous core of th is  dome weathered and eroded e a s ily , and

the flanks have formed g en tly  curving rid g es of moderate
. . . . . .

e lev a tio n . F au lts  and minor fo ld ing  have determined the
. - ' '  - ' '  . : ■ ■ .

courses of sev e ra l arroyos and the l in e s  of small escarpm ents.

Fost-G retaoeous erosion  was followed by deposition  of 

a conglomerate which i s  very r e s i s ta n t  to  e ro sio n . This 

conglomerate forms the  l in e  o f h i l l s  th a t  borders the Sonoita 

road in  the southern p a r t o f  tl» ’ a rea j i t  has p ro tec ted  

H ill  No. 11 from erosion  and no doubt re ta rd ed  erosion  in  

o ther jmirts of the area before i t  was f in a l ly  removed.

Thrust fa u lt in g  in  T e r tia ry  time placed blocks o f lim e­

stone above le s s  r e s i s ta n t  red sh a les . These blocks have 

p ro tec ted  the red shales and have formed steep  c l i f f s  l ik e  

th a t  on H ill  No. 5. .
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C lif f  formed by o v erth ru s t block of lim estone above the le ss  
r e s i s ta n t  red shales on the  west slope of H ill  No. 5.
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HISTORICAL GEOLOGY

There is  no reeord  in  the immediate area  of the con­

d itio n  of the land a t  the beginning of Paleozoic tim e. In 

surrounding d i s t r i c t s ,  however, the Bolsa q u a r tz ite  r e s t s  on 

pre-Cambrian g ra n ite s  or upon the P in a l s c h is t .  I t  i s  supposed 

th a t the e a rly  Paleozoic cond itions in  the Empire Mountain 

area were about the same as elsewhere in  southeastern  Arizona 

- namely, the extension of shallow , muddy seas over the p re - 

Cambrian peneplain . The Abrigo lim estone, which i s  the o ld es t 

form ation exposed in  the  a rea , was deposited in  these seas 

in  la te  Cambrian tim e. There i s  no evidence of deposition  

in  the region during the Ordovician and S ilu r ia n  p erio d s , 

nor i s  there  evidence o f much erosion  during these  periods.

The in g ress  of the sea in  Devonian time s ta r te d  the deposition  

of predominantly ca lcareous sediments th a t  continued almost 

u n in te rru p te d ly , bu t w ith s l ig h t ly  changing c h a rac te r , u n t i l  

the close of Carboniferous tim e. The r e la t iv e ly  pure Martin 

lim estone o f Devonian age was followed by the Escabrosa lim e­

stone o f M ississipp ian  age, by the Haeo lim estone o f Pennsyl­

vanian age, and by the  Snyder*h H ill  lim estone of Permian age, 

a l l  in  conformable sequence. With the exception of some shale 

and q u a r tz ite  la id  down in  Pennsylvanian and in  Permian tim es, 

which rep resen t in te rv a ls  o f near-sho re  d ep o sitio n , a l l  of 

the sediments were formed in  r e la t iv e ly  deep, qu ie t seas in  

which the waters were g en e ra lly  warm enough to  m aintain  abund­

ant marine l i f e .  Between 2500 and 3000 fe e t  of sediment was
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deposited  in  the a rea  during the Paleosbio  e ra .

The recessio n  of the seas a t  about the c lose  of Carbon­

ife ro u s  time was followed by a long period  of erosion  th a t 

carved the Permian form ations to  varying depths or removed 

them com pletely. In p laces w ith in  the mapped area  a l l  of 

the Permian q u a r tz ite  and nearly  a l l  o f the lower lim estone 

member o f the  Snyder * s H il l  form ation were removed. An 

ir re g u la r  erosion  surface was thus p resen t when Mesozoic de­

p o s itio n  began. V ariegated vo lcan ic  e la s t ic s  were la id  down 

upon th i s  su rface . The source of these  sediments i s  not 

known. L ater in  the Cretaceous period  g rea t q u a n tit ie s  of 

sh a le s , arkosic sandstones, and th in n er beds of lim estones 

and vo lcan ics were la id  down, g iving a known to ta l  th ickness 

of sev e ra l thousand fe e t  of Cretaceous rocks in  the reg ion .

During the Laramide rev o lu tio n  the  rooks were in tru d e d , 

fo lded , domed, and fau lted*  Contact metamorphism accompanied 

th i s  a c t iv i ty  and some m in e ra liza tio n  probably followed the 

metamorphism. •

In Taajilary time the dome was eroded and reduced lo c ­

a l ly  to  a ra th e r  le v e l  su rfa c e , upon which m a te ria l from the 

surrounding h i l l s  was deposited  as a conglom erate. Low- 

angle o v erth ru s t fa u lt in g  and in tru s io n  of g ra n ite  and gran­

i t e  porphyry took place l a t e r  in  T e r tia ry  tim e. This orogeny 

was accompanied by considerab le  displacem ent o f the  o ld er 

s tru c tu re , including  fu r th e r  doming and fa u lt in g . M inera liza tion
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followed the in tru s io n  of the g ra n ite  porphyry.

Weathering and erosion  w ith the development of the 

p resen t physiographic forms have marked re c e n t geo lo g ica l 

h is to ry  in  the a re a . The stream  g rad ien ts  are s t i l l  steep  

enough to  prevent accum ulation o f g re a t th icknesses of 

alluvium .
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MINERAL DEPOSITS

H isto ry  o f Mining

. . .  . ; ;  ■ ■ : ;  :
Two m ineral deposits  of economic value have been found 

in  the general area  covered by # 1 8  paper. The C a lifo rn ia  

mine, discovered about 1880, l i e s  200 yards ea s t of Davidson 

Canyon in  the northern  p a r t o f the a rea . The Montana mine, 

discovered about 1890, l i e s  ju s t  no rth  of Davidson Canyon 

near the Sonoita ro a d , one and one-half m iles south of the 

C a lifo rn ia  mine* Both p ro p e rtie s  are now in o p e ra tiv e .

For sev e ra l years a f te r  i t s  d iscovery , the C a lifo rn ia  

mine, a lso  c a lle d  the Mann m ine, produced some n ea r-su rface  

ore contain ing  copper and gold . In 1904, the mine was bonded 

to  the Bradford Development Company of Los Angeles bu t was 

re lin q u ish ed  in  1905. Ore from the C a lifo rn ia  mine was shipped 

to  Tucson or to  El Paso. I t  averaged about 21.5 per cent 

copper and #6 in  gold (gold a t  $20.67 p er ounce).

The Montana mine was o r ig in a l ly  ca lled  the Black Diamond. 

In  1894, John Dement and Otto Schley of Tucson developed the 

deposit by a n in e ty - fo o t, 30° in c lin e  and shipped about ten  

tons of ore averaging nine per cent copper.

The surface o f the genera l area  has been thoroughly 

prospected . Trenches and p i t s  have been excavated on every 

spot where m in era liza tio n  i s  in d ica ted ; sev e ra l sh a fts  ex-

58.
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oeeding f i f t y  fe e t  in  depth have been sunk on the more fav o r­

able outcrops.

General Nature of the M inera liza tion  ,

The C a lifo rn ia  mine i s  a con tac t metamorphio d ep o sit; 

the Montana mine i s  le s s  c le a r ly  of the con tac t type.

The con tac t d ep o sits  occur a t  or very  near the con tac ts  

of lim estone and g r a n i te , though the g ra n ite  i s  no t everywhere 

exposed w ith the m in e ra liz a tio n . The stock  ju s t  south o f the 

C a lifo rn ia  mine i s  composed of the ea rly  g r a n i te , and the 

m in era liza tio n  a t  the C a lifo rn ia  mine c le a r ly  accompanied or 

followed the in tru s io n  o f th is  g ra n ite . G arnet, s p e c u la r ! te , 

w o lla s to n ite , and epidote are developed in  varying amounts 

along the g ran ite -lim esto n e  co n tac t, bu t copper m in e ra liza tio n  

i s  no t always v is ib ly  p re se n t. At the C a lifo rn ia  mine the 

metamorphie m in era liza tio n  i s  in te n se , and copper m in e ra liz a t­

ion i s  ra th e r  conspicuous. Copper ca rb o n a tes , a z u r ite  and 

m alach ite , are the  p r in c ip a l copper ore m inerals a t  the C a lif ­

o rn ia  mine. The su lf id e  was e h a le o p y rite , though specimens of 

the m inera l( are  not abundant. The manner of the gold occu rr­

ence i s  not known. The ore a t  the Montana mine i s  assoc ia ted  

w ith the Permian lim esto n e , Cretaceous e la s t ic s  of volcanic 

o r ig in , and T e r tia ry  conglom erate. The n ea re s t in tru s iv e  is  

g ra n ite  porphyry. Most o f  the m in era liza tio n  here appears to
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be by replacem ent of the Cretaceous sediments beneath a roof 

o f T e r tia ry  ocm gloaerate.

- ; : ■ ' ' : ; . • ,  .

Periods of M in era liza tio n
• ..... .

Two periods o f m in e ra liza tio n  in  th e  area  are in d ica ted . 

The C a lifo rn ia  deposit was undoubtedly formed by the e a rly  

g ra n ite . The m in era liza tio n  a t  the Montana mine accompanied 

the in tru s io n  of the l a t e r  g ra n ite  porphyry. The T e rtia ry  

conglomerate i s  m ineralized  a t  the Montana mine, but one- 

h a lf  mile e a s t  of H ill  No. 5; th i s  conglomerate con ta ins 

pebbles of the early , g ra n ite . This co rrobo ra tes  the s ta te -
. . ■ . \ 7 ' ' •

ment of Schrader* th a t  two periods of m in e ra liza tio n  are in ­

d ica ted  in the Santa B ita  a rea , the e a r l i e r  probably Laramide 

in  age, the l a t e r  probably middle T e r tia ry .

D escrip tion  o f Mines .

The C a lifo rn ia  mine i s  in acc ess ib le  below the water 

le v e l;  the Montana mine i s  p a r tly  a c c e s s ib le . When Schrader 

v is i te d  the p ro p e rtie s  during the course of h is  work in  the 

Santa R ita  area cond itions fo r  examination were b e t te r  than 

in 1936, and the follow ing d esc rip tio n s  are  based la rg e ly  on 

Schrader’s observa tions.

* Schrader, F. C ., op. c i t . , p . 87.



61

C a l i f o r n i a  K ine

The d e p o s i t  a t  the  C a l i f o r n i a  mine o c c u r s  i n  C a r b o n i f e r ­

ous l i m e s t o n e  a t  o r  n e a r  th e  c o n t a c t  w i t h  t h e  e a r l y  g r a n i t e . 

The l i m e s t o n e  h a s  been  m a r b l e i z e d , and m a s s e s  o f  c o n t a c t  

m i n e r a l s  have  b e en  d e v e l o p e d .  Three  m i n e r a l i z e d  z o n e s  a r e  

d i s t i n g u i s h a b l e .  A n o r t h e r n  zone e x t e n d s  g e n e r a l l y  n o r t h -

Mine Gulch  l o o k i n g  s o u t h e a s t .
Dumps o f  C a l i f o r n i a  mine i n  l e f t  and r i g h t  c e n t e r s .

e a s t w a r d  f rom  t h e  main  s h a f t  a  d i s t a n c e  of  a b o u t  800 f e e t ,  

d i p p i n g  a b o u t  60° n o r t h w e s t . T h i s  zone  f o l l o w s  t h e  c o n t a c t  

be tween t h e  P e n n s y l v a n i a n  l i m e s t o n e s  and t h e  P e n n s y l v a n i a n  

s c h i s t s ,  b u t  t h e  m i n e r a l i z a t i o n  i s  c o n f i n e d  t o  th e  l i m e s t o n e .  

No g r a n i t e  i s  ex p o sed  a l o n g  t h i s  z o n e ,  b u t  a d i o r i t e  d i k e  h a s  

been  i n t r u d e d  a t  p l a c e s  a l o n g  t h e  c o n t a c t .  The zone  v a r i e s  

i n  w id th  f rom  two f e e t  to  t w e n ty  f e e t ,  b u t  c o p p e r  m i n e r a l ­

i z a t i o n  i s  c o n f i n e d  t o  a few i r r e g u l a r  b a n d s ,  e ach  l e s s  th an  

t h r e e  i n c h e s  w i d e . I r o n  and manganese  s t a i n s  a r e  c o n s p i c u ­

o u s  i n  the  o u t c r o p  o f  t h i s  z o n e ,  and  m a l a c h i t e  and  a z u r i t e
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form secondary coatings on the  w alls o f shallow  p i t s .  A 

c e n tra l  zone extends 300 fe e t  eastward from the main s h a f t , 

follow ing the  g ran ite -lim esto n e  contact along the north  bank 

of Mine Gulch* This zone has a v a r ia b le , n o rth e rly  dip and 

is  not continuous along the co n tac t. I t  term inates ag a in st 

or ra th e r  bends in to  the th ird  or southern zone, developing 

a t th i s  junction  in to  a mass of con tac t m in era liza tio n  

th i r ty  f e e t  wide. This c e n tra l  zone shows fewer copper 

s ta in s  than e i th e r  the no rthern  o r the southern zone and 

appears to  be mostly iro n -s ta in e d , metamorphosed lim estone. 

The southern zone s tr ik e s  south  30 west from the junction  

w ith the c e n tra l  zone and dips 70° northw est. I t  l i e s  on 

the contact between white m arbleized lim estone to  the south­

e a s t and a metamorphosed lim estone to  the northw est. A few 

narrow s tr in g e rs  of copper m inerals l i e  conformably w ith the 

lim estone bedding along th is  zone. South of the main sh a ft 

across Mine Gulch a number of p i t s  have been sunk cm a mass 

of metamorphosed, ferrug inous m a te ria l which shows a few 

copper s ta in s .  This mass l i e s  along the southern ex tension  

o f the northern  zone, though i t s  connection with th a t zone 

i s  not c le a r .  The deposit as a whole i s  very  i r r e g u la r .  I t  

appears to  be co n tro lled  by a sinuous lim esto n e-g ran ite  

co n tac t.

G haloopyrite i s  the hypogene copper m inera l. Quartz, 

sp e o u la r ite , e p id o te , and rad ite  g a rn e t, w o lla s to n ite , and



63

calc  it© are the p r in c ip a l gangue m inera ls . A zurite and 

m alachite have developed by o x id a tim . The manner of gold 

occurrence i s  not known.

The deposit was developed by a v e r t ic a l  sh a ft sunk 

from a p o in t about 35 fe e t  above the le v e l  o f Mine Gulch.

A 30-foot a d i t ,  driven  in to  th e  north  bank of the gulch, 

joined the sh a ft 25 fe e t  below the sh a ft c o l l a r . Water 

flows from th i s  a d i t  a t  a ra te  of 25 gallons per m inute. On 

the south side  of Mine Gulch, 150 fe e t  southwest of the main 

s h a f t , i s  another group of workings which include an in c lin e  

sloping 65° n o rth e a s t, and an a d it  connecting the in c lin e  

w ith the g u lc h . ' A pparently , there  are  no stopes in  the 

mine. Along the north  bank o f the gulch and e a s t  of the 

main s h a f t , two sho rt a d its  were driven in to  the m ineralized  

zone. The flow of w ater probably d e te rred  fu r th e r  work on the 

d ep o sit.

Montana Mine

This d eposit i s  sm aller than the C a lifo rn ia  deposit and 

the m in era liza tio n  i s  le s s  in te n se . The Snyder’s H il l  lim e­

stone beneath the d ep o sit i s  not b leached , the outcrop of the 

orebody i s  not conspicuous, and the overly ing  conglomerate is  

only sp a rse ly  m inera lized . The conglomerate appears to  have 

lo ca lized  so lu tio n s  r is in g  through the Cretaceous e la s t ic s  

from the g ra n ite  porphyry. The m in e ra liz a tio n  was p a r tly
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s u l f id e , possib ly  ohalcopyrite  and p y r i te .  Carbonates are 

not conspicuous. The gangue a t  the bottom of the in c lin e  

was sa id  to  be limy ta lco se  or k a o lin - lik e  m a te r ia l.

o
The d ep o sit was developed by a n in e ty -fo o t, 30 in -  

o
o l in e , descending 30 n o rth e a s t. No w ater was encountered ' 

in  the  in c l in e .  .

Economic P o s s ib i l i t ie s

N either the C a lifo rn ia  mine nor the Montana mine i s  

l ik e ly  to  become a producer while copper p r ic e s  are low. The 

only economic p o s s ib i l i ty  fo r  e l th e r  p roperty  is  a sm all 

production of gold-copper o re . The a lleg ed  presence o f  gold 

in  ore from the  C a lifo rn ia  mine seems to  w arrant sampling of 

the d ep o sit. The ore was reported  to  have c a rr ie d  twenty 

per cent o f copper and 0 .3  ounce o f gold. I f  a considerable 

tonnage o f m a te ria l of th is  grade could be proved, p ro f i ta b le  

e x tra c tio n  could be expected.

S tru c tu ra l cond itions a t  both the C a lifo rn ia  mine and the 

Montana mine in d ica te  shallow ex ten t of the favorable lim estone, 

so th a t any operation  should be on a sm all sc a le .



PLATE 6

Figure 1. Photomicrograph of andesite  porphyry.

The dark phenocrysts are hornblende, the l ig h t  

m ineral i s  mostly quartz .

Crossed n ic o ls  x 33

Figure 2. Photomicrograph of pegm atite.

The dark m a te ria l i s  kao lin ized  fe ld sp a r.

Crossed n ic o ls  x 33
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PLATE 7 .. ■ • ' :

' ' ' ■ . ■ ' . : - , • - - . ■ ■ '■
' : . . .  : . ' '
Photomicrograph of granite porphyry, showing
-- : V . ; ■■■ . • .. ■■ ■' ■ . . ■■ ■ :
t h e  ocm t j ra s t  i n  s i z e  b e tw e e n  t h e  q u a r t z  p h e n o -
■ .V . /■. ■,.■■■ . ,, - . , . ■ :

e r y s t s  a n d  t h e  p a r t i c l e s  o f  oLuartz and  f e l d s p a r  

i n  t h e  grotmdmasa*

C r o s s e d  n i o o l s  x  33

'Figure .'g. . Photomicrograph of Pennsylvanian (?) sch is ts*

The white m a te ria l i s  q u a rtz , the dark m a te ria l
■ ' . , ' ' , - y ' '• ' ^

i s  c h lo r i te ,  s e r i c i t e ,  and magnetite*

Crossed n ie o ls  x 33
. ' ' 'V'. - ' " " ' . ; '•
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