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ABSTRACT

The Patagonia M ounta ins, Santa Cruz C ounty, Arizona are a 

rugged north -northw est trending  m ountain range formed by a large igneous 

m ass c o n sis tin g  of d io rite , quartz  m onzonite, sy en o d io rite , g ran ite , and 

g ran o d io rite .

Prior to Laramide time a quartz  m onzonite intruded a h ypo the ti- ■ 

ca l to n a li te -a lk a li- sy e n ite  m ass and produced syenodiorite  through a 

p ro cess  of a ss im ila tio n . Dorite resu lted  from the concen tra tion  of the 

residue  w hile the g ran ite  rep re se n ts  the minimum m elting com ponents 

from th is  in tru s io n .

Emplacement of the Laramide granodiorite in trusion  created  

s tre s s e s  w hich resu lted  in strong e a s t-n o r th e a s t and north -northw est 

frac tu ring . The major structure  in the area is  a north -northw est fau lt 

w hich d iv id es barren and m ineralized  fracture d ire c tio n s . These frac ­

ture d irec tio n s are pervasive  in  the m ountain range and provided the 

channelw ays for ascend ing  hydrotherm al so lu tions and the deposition  of 

various m etallic  m inerals during the m agmatic h isto ry  of the g ranod io rite .

Several quartz  m onzonite b recc ia  s tru c tu re s , lo ca ted  w ith in  the 

g ranod io rite , are m oderately m inera lized . These b reccia  s truc tu res  are 

caused  by co llap se  a s  a consequence  of magma w ithdraw al and reaction  

w ith the  residual liq u id s in the magma.

A lteration m inerals include: q u artz , s e r ic i te , and ep id o te , w ith 

quartz  being the most p e rv a s iv e . W est of the front range fa u lt, quartz  

and ep idote are pervasive  w hile  se ric ite  is  confined to  m ineralized

v iii
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f ra c tu re s . E ast of the f a u l t , ep idote is  minor w hile se ric ite  and quartz  

are  confined to  m ineralized  frac tu re  z o n e s .



INTRODUCTION

L ocation and Extent of Area

The area  studied  in th is  th e s is  is  lo ca ted  in the Palm etto M ining 

d is tr ic t on the w e s t-c e n tra l flank of the Patagonia M oun ta in s , Santa Cruz 

C ounty, A rizona. The region l ie s  approxim ately 70 m iles so u th east of 

Tucson and is  s itu a ted  5 m iles south of Patagonia and 14 m iles north of 

N ogales on Route 82 (Figure 1). The a rea  is  loca ted  in the Coronado 

N ational Forest in sec tio n s  3 , 4, 9 , 10, 15, and 16 of T. 23 S, R. 15 E . , 

of the N ogales 15 minute quadrang le . The a rea  is  reached  by an im­

proved d irt road 4 m iles south of Patagonia on Route 82.

Topography

The Patagonia M ountains are a rugged north -no rthw est trending 

chain  of peaks s itu a ted  in the  Basin and Range physiographic  p rov ince . 

Their topography is  ty p ica l of the sem iarid environm ent p resen t in the 

Southw est. The w estern  portion of the th e s is  area  is  a re la tiv e ly  fla t 

pedim ent d is se c te d  by severa l m ajor stream s and numerous tr ib u ta r ie s .

To the e a s t ,  the te rra in  is  dom inated by highly d is se c te d  and s teep  

s lopes and c a n y o n s . The e lev a tio n  in the a rea  v a rie s  from 4 ,160  fee t 

to 6 ,369  fe e t, and although outcrops are sparse  on the pedim ent, the 

s teep e r s lo p es provide e x ce llen t e x p o su re s .

C lim ate and V egetation

The mean annual tem perature is  62°F with the annual average 

extrem es ranging from 45°F to 80°F. The w arm est month is July (94.4°F

1
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Figure 1. Index Map Showing L ocation of T hesis  Area in 
Patagonia M ountains, Santa Cruz C ounty, Arizona
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mean maximum), and the c o o le s t month is  January (30°F mean minimum).

P recip ita tion  in the Patagonia M ountains averages 17.19 inches 

per year, w ith nearly  50 p ercen t of th is  being contributed  by the ra in s  of 

la te  July and A ugust. A minor amount of snow fa lls  during the w inter 

months (H. V. Smith, 1945).

The vegeta tion  in  the area  v a rie s  from the g ra s se s  and m esquite 

in  the low er e lev a tio n s  to  a g rea te r abundance of sem iarid vegeta tion  a t 

the higher e le v a tio n s . The la t te r  type c o n s is ts  of o co tillo , yucca , scrub 

oak , and m anzan ita .

Purpose of Investiga tion

W ithin the p a s t sev era l y e a rs , the Patagonia M ountains have 

been  an extrem ely ac tiv e  area  for geo log ic  exp lo ra tion . W est Range 

Company, a subsid ia ry  of Iso  M in es, L td. and Noranda M ines of C anada , 

and The Anaconda C opper C orporation have conducted recen t drilling  

o p era tio n s . Both of th ese  com panies hold large claim  groups in the 

cen tra l portion of the range as  w ell a s  on the  w estern  flank and p ed i­

m ent.

Two in ten se ly  a lte red  and m ineralized b recc ia  p ipes situa ted  

in Ventura Canyon were d rilled  by W est Range Com pany. The 1966 Iso  

M in es, Ltd. annual report reported the ore re se rv es  of th ese  b recc ia s  

to  be + 3 .6  m illion tons @ 0.402%  MoSg and 0.22%  Cu^

As the Patagonia M ountains are being explored ex ten siv e ly  for 

b ase  m eta ls , d e ta iled  s tu d ies  are n e c e ssa ry . Although the e a s t  flank of 

the m ountains h as  been  stud ied  in d e ta il ,  the w e st flank of the range 

has been poorly s tu d ied .
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Numerous s ilv e r v e in s occur on the w est flank of the Patagonia 

M ountains and are a s so c ia te d  w ith a major struc tu ra l fau lt. M in era liza ­

tion  a lso  occurs near the c re s t  of the range in numerous b recc ia s  a s  w ell 

a s  d issem ina tions in the country rock .

This th e s is  reports the re s u lts  of an in v es tig a tio n  of the re la ­

tionsh ip  of the m ineraliza tion  to the loca l geology and adds to  the g en ­

eral geology of the ran g e .

M ethod of Investiga tion

G eologic mapping of th is  area  commenced in February 1966, 

and approxim ately 40 days w ere spen t in com piling the maps for th is  

th e s is .  The base  map (Figure 2, in pocket) of the area w as made by 

enlarging a portion of the U .S . G eological Survey 15 minute N ogales 

quadrangle to  a sca le  of 1 inch to 1,000 fee t. Aerial photographs were 

used  to  supplem ent the fie ld  m apping, pa rticu la rly  to  aid in some of 

• the struc tu ra l p roblem s. The field  work w as supplem ented by p e tro ­

graphic a n a ly s is  of 50 th in  se c tio n s .

Previous Work

The m ost com prehensive work done on the a rea  is  a report by 

Schrader (1915). This pub lication  sum m arizes severa l years of recon ­

n a issa n ce  work in the Patagonia and Santa Rita m ounta ins. Additional 

a r tic le s  review ed for th is  study include: Brinsmade (1907), Dinsmore 

(1909), Probert (1914), D avis (1926), Butler (1938), C arpen ter (1940), 

Johnson (1941), and G . E. Smith (1956). More recen t works concerning 

the ore d e p o sits  of the Patagonia  M ountains have been  done by 

Kartchner (1944), Baker (1962) , and H andverger (1963).



In add ition  to the above w ork, there have been  numerous o ther 

pub lica tions concerning the ore d ep o sits  a s  w ell a s  the  general geology 

of the Patagonia M o u n ta in s , but th e se  have a lm ost to ta lly  excluded the 

w estern  side of the ra n g e .



IGNEOUS ROCKS

The w est flank and pedim ent of the Patagonia M ountains are 

made up en tire ly  of igneous rocks w hich are mapped a s  Precam brain on 

the Pim a-Santa C ruz county geologic map. Five m ajor rock types were 

mapped in th is  area  (Figure 2, in p o ck e t) . L isted  from o ldes to youngest 

th ese  include: d io r ite , quartz  m onzonite, syenod io rite , g ra n ite , and 

g ranod io rite . W ithin each  unit there  are various com positional and te x ­

tural changes w hich have re su lted  from a com plex o rig in . Although many 

of the c o n tac ts  are sharp and w ell defined , there are many in s ta n c e s  

where the c o n tac ts  are very g radational and d ifficu lt to map p re c ise ly .

D iorite

D escrip tion

The d io rite  is  s itu a ted  in the w estern  portion of the area  and 

. c o n s titu te s  approxim ately 5 percen t of the exposu res in the geologic 

a re a . The d io rite  is  a f in e -  to  m ed ium -grained , inequ ig ranu lar, ho lo - 

c ry s ta llin e , xenom orphic rock which o ccasio n a lly  exh ib its  a porphyro- 

b la s tic  te x tu re . I ts  fresh  surface v a rie s  from a ligh t to dark g ray , and 

it  w eathers read ily  to a ligh t redd ish  brown.

The d io rite  is  em placed where there has been  a great deal of 

com plex in trusive  ac tiv ity  accom panied by strong no rtheast and north- 

northw est frac tu ring . Throughout the diorite  m ass there  are numerous 

pods of rock ranging in  com position  from gran ite  to  m onzonite w hich are 

u sua lly  highly ep ido tized  and s i l ic if ie d . T hese pods w ere too sm all to

6
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map independen tly , and they  are therefore mapped a s  a portion of the 

diorite  com plex (Figure 2, in  p o c k e t) . The quartz  m onzonite in trusion  

has reacted  w ith and a ss im ila te d  the  d iorite  in many a re a s , and thus the 

e stab lish m en t of the ex ac t co n tac t is often  quite  d iff ic u lt.

In using  the term  "assim ila tio n "  throughout th is  paper, I am 

referring to a com plex p ro cess  of rec ip roca l reac tio n  betw een the in tru ­

sion and the country ro ck . W hile some of the m inerals p resen t in  the  

w all.rock  may become p a rtia lly  or com pletely  m elted and in th is  way 

incorporated in to  the  liqu id  frac tion  of the magma, o thers are changed 

by a p ro cess  of ionic exchange (reaction) in to  th o se  c ry s ta llin e  p h ases  

w ith  which the liqu id  w as a lready  sa tu ra ted . I u se  the  term " a s s im ila ­

tion" prim arily in  the  la t te r  s e n s e .

W ithin th is  region there  are numerous fin e-g ra in ed  d ik es vary­

ing in com position from rhyo lite  to  a n d e s ite . These d ik es trend north 

and northw est and p a ra lle l the fracture  pa ttern  in the  a re a . Strong e p i-  

do tiza tion  occurs along the  c o n tac ts  of th ese  d ik es  with the country 

rock , and 1/16 to  1 /8  inch epidote v e in le ts  are commonly lo ca ted  in 

and along the  d ik es a s  w ell a s  in the  w all rock .

M inor m ineraliza tion  occurs along many of the no rthw est­

trending frac tu res and d io rite  d ik e s , and severa l large m ineralized  ve ins 

in the d io rite  w ere the w ite s  of p a s t mining a c tiv ity .

Petrography

The com position of the d io rite  is  quite  v a ria b le . I ts  average 

com position a s  determ ined from the m icroscopic  study and m easurem ent 

of five th in  se c tio n s  is :
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P lag io c lase  . . . . 53% Q uartz . . . .  2%

Andesine An^g Apatite . . . .  2%

B i o t i t e ........................ 19% Sphene . . . . 1%

Hornblende . . .  . 10% O paques . . . ' 1%

O rthoclase  . . . . 6% Epidote . . . . t r

C h l o r i t e ................... 6% Sericite . . . tr

The average d iorite  is  xenom orphic granular and c o n s is ts  of 

more than  50 percen t p lag io c la se  (o ligoc lase -andesine) and 35 percen t 

mafic m inera ls . The p lag io c la se  g ra ins are generally  anhedral and 

exhib it a m osaiclike  te x tu re . The p lag io c la se  o ccasio n a lly  exh ib its  

normal and o sc illa to ry  zon ing . The p lag io c la se  g ra ins are generally  

m oderately se ric itiz ed  and may be w eakly  e p id o tiz e d , particu la rly  where 

they  are a sso c ia te d  w ith  m ineralized  fra c tu re s . Anhedral quartz  and 

O rthoclase are in te rs ti tia l  to  the b io tite  and hornblende which occur a s  

independent anhedral to  subhedral g ra in s . The hornblende v a rie s  from 

brown to  green w hile the b io tite  is w eakly  ch lo ritiz ed .

There are two tex tu ral ty p es of d io rite . The most w idespread  is  

the m assive  fine-g ra ined  type w hich is  common in the highly s ilic if ied  

and ep ido tized  a rea  w e st of the m ajor north -northw est fau lt. Here the 

d iorite  is  genera lly  low in q u a rtz , but near the quartz  m onzonite and 

granite  co n tac ts  the quartz  con ten t in c re a se s  and it approaches the 

com position of quartz  d io r ite . The d io rite  is  high in m afic m inerals, 

particu la rly  hornblende, and has a com position a s  shown in Table 1.

The b io tite  and ch lo rite  are anhedral in  the fine-g ra ined  ty p e , 

but the hornblende may be charac te rized  by th in , 1/16 inch , a c icu la r 

c ry s ta l s . This type of d io rite  is  rich in p la g io c la se , and near the quartz



TABLE 1— C om position of Various Textural P h ases (in M ineral Percentages)

G ranite
Quartz

M onzonite G ranodiorite Syenodiorite D iorite

1 2 3 Av 2 3 Av 2 3 Av 2 3 Av 1 '2 Av

P lag io c lase 1 15 7 12 19 32 29 52 54 53 35 31 33 59 45 53
An% 28 29 28 28 34 31 31 31 32 31 31 34 32 42 38 40

O rthoclase 4 32 39 33 21 26 25 20 14 17 11 11 11 5 8 6
Q uartz 23 40 29 36 40 23 26 17 24 20 2 3 2 2 2 2
P erth ite 3 18 8 2 10 9
M icrocline • 3 2 3
Biotite 2 2 2 2 5 1 2 6 6 6 11 10 11 8 .30 19-
C hlorite 3 3 1 3 3 4 4 6 2 3 30 31 30 10 2 6
H ornblende 2 7 . 2 5 14 5 10
Epidote 64 tr tr tr 1 * tr 1 tr
Sphene tr tr 1 tr tr tr 1 1 1 3 1
A patite tr tr 1 tr tr t r t r 1 tr 1 2 1 1 1 3 2
Zircon
S eric ite . 4 1 3 2 3 tr tr tr  ’ 6 4 4 1 tr
C lay 1 1 4 1 tr tr tr 1 tr
Opaque tr tr 1 1 1 2 2 1 2 1

Explanation of P hases: Phase 1 = fin e-g ra ined  tex tu re; Phase 2 = m edium -grained tex tu re; 
Phase 3 = co a rse -g ra in ed  te x tu re .
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monzonite con tac t the p lag io c la se  becom es co a rse r grained and the 

d iorite  tak e s  on a porphyrob lastic  te x tu re . There does not appear to be 

any apparent zoning of th is  te x tu re .

E pidotization  of the d io rite  is  generally  m oderate excep t in 

a reas  where d iorite  d ikes are p resen t and w here the d io rite  is  in con tac t 

w ith the quartz  m onzonite or g ran ite . There is  a minor amount of ch lo rite  

afte r b io tite  and w eak to  m oderate se ric itiz a tio n  and k ao lin iza tio n  a s s o ­

c ia ted  w ith the m ineralized  v e in s  in the d io rite  w all rock .

The second type of d rio rite  is  medium to  co arse  g ra in e d , e q u i-  

granular, and very sim ilar, te x tu ra lly , to the  sy enod io rite . It is  d is ­

tingu ished  from the syenodiorite  by euhedral b io tite  c ry s ta ls  and by a 

larger percen tage  of both b io tite  (30 percen t in the d io rite  vs 11 percen t 

in the syneodiorite) and p lag io c la se  (45 p ercen t in the  d io rite  vs 35 per­

c e n t in the sy en o d io rite ) . Although th is  type of d io rite  is  r a r e , i t  se rves 

to ind icate  the c lo s e n e s s  in  both the  com position and tex tu re  of the d io ­

rite  and the sy e n o d io rite .

Q uartz M onzonite

D escrip tion

Q uartz m onzonite is  the  m ajor rock unit in th is  region and con­

s titu te s  approxim ately 60 percen t of the rock in the area m apped . It is 

generally  a medium- to  c o a rse -g ra in e d , inequ ig ranu lar, h o lo c ry s ta llin e , 

hypidiom orphic ro c k , w hich lig h t p ink ish  brown on a fresh  su rface . S cat­

tered  agg rega tes of m afic m inerals may give it  a speck led  app ea ran ce , 

w hich is  quite sim ilar to the speck led  appearance  of the g ran ite . The



quartz  m onzonite w eathers qu ite  read ily  to a dull g ray ish  brown and has 

a rounded rubbly tex tu re  much like  the co a rse -g ra in ed  g ran ite .

Petrography

The com position of the  quartz  m onzonite v a rie s  from gran ite  to  

quartz d iorite  owing to  a ss im ila tio n  e ffec ts  during its  in tru s ive  h is to ry . 

Its  general com position a s  determ ined from six  th in  se c tio n s  is  

P lag io c lase  . . .

A ndesine An

O rthoclase

. . 29% S e ric ite . . . .  3%

An3 1 Biotite . . . .  2%

. . 26% C lay  . . . . . 1%

. . 25% A patite . . . . 1%

. . 9% Epidote . . . . tr

. . 4% Sphene . . . . tr

P etrograph ica lly  the  quartz  m onzonite is  very sim ilar to  the 

granite  excep t th a t there  is  a g rea ter percen tage  of p lag io c la se  (ande­

sine) and p e rth ite . The quartz  m onzonite is  Also more highly se ric itiz ed  

than  the g ra n ite .

The quartz m onzonite if generally  fresh . H ow ever, in a few 

minor a reas  it is  rich  in quartz  and e p id o te , and there are  some m iner­

a lized  frac tu res w hich are bordered by m oderate to  strong se lv ag es  in 

the w all ro c k .

There are two ty p es of quartz  m onzonite. The firs t is  a medium­

g ra ined , equ ig ranu lar, xenom orphic rock w hich is  tex tu ra lly  equ iva len t 

to the second phase  of the g ran ite . This type of quartz  m onzonite occurs 

only in  the w estern  portion of the area  in a sso c ia tio n  w ith the medium­

grained granite  and the quartz  and ep ido te  rich g ran ite . The co n tac t
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betw een the firs t phase  of the quartz  m onzonite and the m edium -grained 

granite  is  gradational in the w estern  portion of the a re a , and the quartz  

m onzonite becom es co a rse r grained farther from the c o n ta c t. In the 

w estern  portion of the a r e a , th is  f irs t phase  of the quartz  m onzonite is  

d ifferen tia ted  from the m edium -grained granite  on the b a s is  of a g rea ter 

percen tage  of b io tite  and p lag io c la se  and a sm aller percen tage of o rtho- 

chase in  the quartz  m onzonite. W here th is  m edium -grained phase  of 

quartz  m onzonite is  in co n tac t w ith  the d io rite  com plex, the quartz  mon­

zonite  con ta in s  severa l d io rite  in c lu s io n s . Along the quartz  m onzonite- 

granite  co n tac t there  are severa l g ran itic  d ik es  cu tting  the  quartz  mon­

zonite . -

The second phase  of quartz  m onzonite is  co arse  g ra in e d , in -  

equ ig ranu lar, and exh ib its  subhedral p la g io c la se . Along the w estern  

edge of the map there are exposu res w here the quartz  m onzonite becom es 

pegm atitic  w ith inch -long  fe ld sp a rs . The com position of the second 

phase  v a rie s  a s  it approaches various other rock un its (Table 1).

In the w estern  portion of the area shown in Figure 2, the second 

phase  of quartz  m onzonite co n ta in s  sm all pods of a ss im ila ted  d iorite  and 

is  a lso  cut by numerous g ran itic  and d io ritic  d ik e s . It is  in th is  area 

th a t ep id o tiza tio n  is  s tro n g e s t.

The c o a rse -g ra in ed  quartz  m onzonite con ta in s numerous iso la ted  

inc lu sio n s of d io rite  in the cen tra l portion of the a r e a . The c o n ta c ts  in 

th is  area vary from being very sharp and d is tin c t to  being extrem ely g ra­

da tiona l due to various d e g re ss  of a ss im ila tio n  (reac tio n ). In the cen tra l 

portion of the a rea  where the second phase of the quartz  m onzonite is in 

con tac t w ith the d io r ite , a ss im ila tio n  of the d io rite  by the quartz
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m onzonite has produced a more m edium -grained quartz  m onzon ite . In 

th is  area  the quartz  and p lag io c la se  content of the quartz  m onzonite has 

in c re a se d . The mafic m inerals are generally  anhedral b io tite  and ch lo rite  

if  m edium -grained , but subhedral if c o a rse -g ra in e d . There is  a lso  an in ­

c rease  in hornblende as  the rock becom es more d io ritic .

In g en era l, along the quartz  m onzon ite-syenod io rite  co n ta c t, 

the quartz m onzonite rem ains co arse  grained and the syenodiorite  medium 

to  coarse  g rained . In a reas  where the  quartz  m onzonite has a ss im ila ted  

the  syenod io rite , the  quartz  m onzonite becom es medium g ra in e d , richer 

in  m afics, and le s s  rich  in i ts  quartz  co n ten t.

In the cen tra l portion of the area  shown on Figure 2 and w ith in  

the  main quartz  m onzonite m a ss , there  are sev era l large b locks or in c lu ­

sions of d iorite  and sy enod io rite . The m ajority of th ese  b locks exh ib it 

the  e ffe c ts  of a ss im ila tio n  along th e ir  outer perim eters in th ree  defin ite  

z o n e s . Along the outer edge of the b a s ic  inc lusion  the s ize  of the  quartz  

and mafic c ry s ta ls  d e c re a se s  w hile the  p lag io c lase  c ry s ta ls  m aintain  

th e ir  orig inal s ize  and te x tu re . In the cen tra l zone of a ss im ila tio n  w ith ­

in the  b a s ic  in c lu s io n , there  is  an in c re ase  in the percen tage  of mafic 

m inerals and p lag io c la se  and a d ec rea se  in the amount of quartz  and 

o r th o c la se . The p lag io c la se  m ain tains i ts  s ize  and co arse  tex tu re  w hile  

the quartz  and o rth o c lase  becom e fine to  medium g ra in ed . The inner core 

of the a ss im ila ted  b a s ic  inc lusion  is  e s se n tia lly  a m edium -grained 

d io rite -sy en o d io rite  w ith approxim ately 30 to  40 p ercen t m afic m in e ra ls . 

The b io tite , c h lo rite , and hornblende are u su a lly  a n h ed ra l, but toward 

the  southern  edge of the  mapped a rea  they  becom e subhedral w ith in  the 

core of the in c lu s io n .
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Along the no rtheast and so u th eas t edge of the mapped a re a , the 

second phase  of the quartz  m onzonite becom es mixed w ith  the c o a rse ­

grained g ran ite . The c o n ta c ts  in th e se  a reas  are d ifficu lt to d is tin g u ish  

in the field  b ecau se  of the c lo se  com positional and tex tu ra l s im ila ritie s  

betw een the co a rse -g ra in ed  p h a ses  of the quartz  m onzonite and the 

g ran ite . H ow ever, in th in  sec tio n  a n a ly s is  the quartz  m onzonite is  d is ­

tingu ished  from the g ran ite  on the b a s is  of a larger percen tage  of p lag io - 

c la se  and mafic m inerals and a sm aller percen tage  of o rthoc lase  and 

quartz .

In the e a s te rn  portion of the mapped area  where the quartz  

m onzonite- granodiorite  co n tac t is  approached, the quartz  m onzonite 

exh ib its  a d e c rea se  in  grain size  and in quartz  conten t but an in c rease  

in the percen tage of subhedral m afic m inerals and p la g io c la se . The 

co n tac t betw een the quartz  m onzonite and the granodiorite is  generally  

very d is tin c t, a lthough there  are severa l quartz  m onzonite in c lu s io n s  

w ithin  the younger in trusion  near th is  c o n ta c t. There are only minor 

ass im ila tio n  e ffec ts  on the  quartz  m onzonite in c lu s io n s  in th is  a re a .

In accordance w ith  Bow en's Reaction Series (Bowen, 1956), 

the approxim ate order of separa tion  and the normal c ry s ta lliz a tio n  of a 

magma proceed from the b a s ic  to  the f el s ic  to  the fe ls ic  ro ck s . Although 

the d iorite  w as not su b jec t to com plete m elting a t the tem perature a t 

w hich the quartz  m onzonite w as in a m olten s t a t e , there  w as a g rea t 

deal of ionic reac tio n  betw een the quartz  m onzonite and the b a s ic  com­

p lex . As m entioned ab o v e , large b a s ic  in c lu s io n s  w ith in  the  quartz  

m onzonite exh ib it the zonal e ffe c ts  of a ss im ila tio n . Sm aller b a s ic  in ­

c lu s io n s  have been p a rtia lly  or com pletely  d ig es ted  by the quartz
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m onzonite . There are a lso  numerous diorite  d ik es and apophyses which 

cut the quartz m onzon ite , ind icating  tha t in p la c e s  the  d io rite  p o s td a te s  

the  in trusive  quartz  m onzon ite .

Although the origin of th e se  d io rite  d ik es is  u n certa in , it ap ­

pears th a t they  may be exp la ined  by one of the follow ing: (1) a re a c tiv a ­

tion of a portion of the d io rite  m ass a fte r a part of the quartz  m onzonite 

had c ry s ta lliz e d , or (2) a younger d iorite  in tru s io n .

Syenodiorite

D escrip tion

The syenodiorite  ex tends from the cen te r of the mapped area  

eastw ard  to the c re s t  of the ra n g e . It c o n s titu te s  about 20 percen t of 

the rock in the mapped area  and is  c lo se ly  a s so c ia te d  sp a tia lly  w ith the 

d io rite . It is  a m edium - to  c o a rse -g ra in e d , equ ig ranu lar, h o lo c ry s ta l-  

l in e , hypidiom orphic rock varying in color from a ligh t g ray ish  green to 

a g ray ish  brown. Upon w eathering  it  forms rounded , ligh t gray bou lders .

I ts  con tac t w ith  the quartz  m onzonite and granodiorite  are gen ­

era lly  g rad a tio n a l. The syenodiorite  has two tex tu ra l v a r ie tie s . A 

co a rse -g ra in ed  syenodiorite  seem s to  dom inate the cen tra l portion of 

the mapped a re a , w hil a m edium -grained type p rev a ils  in the e a s te rn  

portion of the mapped a re a .

Petrography

The average com position  of the syenodiorite  as determ ined from 

eigh t th in  se c tio n s  is :
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. . 33% Q uartz . . . .  2%

An32 O paques . . .  2%

. . 30% Sphene . . . . 1%

. . 11% A patite . . . . 1%

. . 11% C lay  . .

. . 5% Epidote . . . . tr

. . 4%

O rthoclase  .

Hornblende .

S ericite  . .

This rock is  genera lly  hydiomorphic g ranu lar, c o n sis tin g  of 33 

percen t sodic p lag io c la se  and 45 p ercen t m a fic s . The p lag io c la se  g rains 

are subhedral and lo ca lly  exh ib it strong se r ic itiz a tio n . Anhedral ortho­

c la se  is  w eakly se ric itiz e d  and k a o lin ized . In te rs titia l quarts is  anhed­

ral and varies  from 0 to  7 percen t but is  u sua lly  le s s  than  5 p e rcen t.

Brown subhedral to euhedral b io tite  is  in  p lac es  w eakly ch lo ritiz ed .

The com position of the two tex tu ra l ty p es rem ains re la tiv e ly  

uniform throughout the en tire  com plex , but toward the a ss im ila ted  borders 

the ir com position becom es sim ilar to the com position of the rock w ith 

which they  are in c o n ta c t . The firs t tex tu ra l type of syenodiorite  is  

medium grained and co n ta in s  o ccasio n a l p lag io c la se  la th s  a s  w ell a s  

subhedral b io tite  and c h lo rite . This type dom inates the c re s t  of the ' 

range where the syenodiorite  is  in con tac t w ith the  younger g ran o d io rite . 

This con tac t is gradational and is  ch arac te rized  in the  com position of the 

syenodiorite  by an increase  in the p lag io c la se  and quartz  and a d ec rea se  

in m afic m inera ls . Along th is  co n tac t the  g rain  s ize  of the syenodiorite  

and the granodiorite  is  s im ila r, but the  granodiorite  ex h ib its  subhedral 

to  euhedral b io tite  flakes w hich are  lack ing  in the m edium -grained syeno­

d io rite .
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The second tex tu ra l phase  of the syenodiorite  is  coarse  grained 

and is  sim ilar in appearance  to the co arse -g ra in ed  quartz  m onzonite.

The con tac t of th is  second phase  of syenodiorite  w ith the quartz  mon­

zonite va ries  from quite  d is tin c t to  very gradational w here a ss im ila tio n  

has taken  p la c e . The g radational co n tac t betw een the second phase of . 

the syenodiorite  and the quartz  m onzonite is  ch arac te rized  tex tu ra lly  in 

the  syenodiorite  by an in c rease  in the  grain s iz e  of b io t i te , c h lo r ite , 

and hornblende and com positionally  by an increase  in  the percen tage  of 

o rthoclase  and quartz  and by an in crease  in the  percen tage  of mafic 

m in e ra ls .

The co arse r-g ra in ed  syenodiorite  is  loca ted  prim arily in the 

cen tra l portion of the mapped a re a . H ow ever, there  is  considerab le  

overlap of the medium- and co arse -g ra in ed  types in  th is  reg ion . In th is  

cen tral a re a , the com position of the syenodiorite  i s  extrem ely v a r ia b le , 

and where a ss im ila tio n  of the syenodiorite  by the quartz  m onzonite has 

o ccu rred , the co n tac t betw een th e se  two rock u n its  is  not d is t in c t .  

Evidence for a ss im ila tio n  of the syenodiorite  by the quartz  m onzonite is  

prim arily in the form of tex tu ra l and com positional changes w ith in  the  

syenod io rite . The syenodiorite  ex h ib its  a marked in c re ase  in quartz  and 

a d ec rea se  in b io tite , c h lo rite , and hornblende as  the sy en o d io rite - 

quartz  m onzonite co n tac t is app roached . The syenodiorite  a lso  becom es 

co arse r grained near i ts  co n tac t w ith the  quartz  m onzonite.
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G ranite

D escrip tion

The granite  is  a f in e -  to  c o a rse -g ra in e d , inequ ig ranu lar, ho lo - 

c ry s ta l l in e , xenom orphic rock and is  re la tiv e ly  re s is ta n t  to e ro s io n . Its  

fresh  surface v a rie s  from a ligh t buff brown" to a ligh t g ray ish  green and 

rev ea ls  a s ligh t p ink ish  tinge due to  the fe ld sp ar c o n ten t. W here the 

m afic m inerals are  abundant, they  tend to aggregate  and impart a 

speckled  appearance to the g ran ite . The w eathered  granite  va ries  from 

blocky in the fine-g ra ined  type to rubbly in i ts  co a rse r p h a se . G enera lly , 

the w eathered  surface appears redd ish  brown.

A lteration of the g ran ite  is  u sua lly  w eak . H ow ever, m oderate 

to  strong se r ic itiz a tio n  of the fe ld sp ars  im parts a s ligh t porphyroblastic  

tex ture  to the rock where cut by m ineralized fra c tu re s . Very w eak c h lo rit-  

iza tion  and kao lin iza tio n  may accom pany the se ric itiz a tio n  along th e se  

m ineralized frac tu re s .

Petrography

Although the g ra n ite 's  com position and tex tu re  vary c o n s id e r­

ab ly , i ts  general com position a s  determ ined from 17 th in  sec tio n s  is :

Q u a r t z ........................36% Biotite . • • • 2%

O rthoclase  . . . .  33% Sericite . . .  1%

P lag ioc lase  . . . . 12% C lay  . . . . .  1%

O lig o clase  Angg O paques . . .  1%

P e r t h i t e ................... 8% Epidote . . . v a ries

M icrocline . . . .  3%

C h l o r i t e ................... 3%

Sphene . 

A patite .

tr

tr
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The g ran ite  is  genera lly  hypidiom orphic g ranu lar. The subhedral 

sodic p lag io c la se  and the anhedral p o ta s s ic  fe ld spar are generally  

coarse  grained and are surrounded by m edium -grained q u artz . Biotite 

and ch lorite  are the only m afic m inerals and occur a s  la rg e , anhedral to 

subhedral f la k e s .

W here the  g ran ite  is  in co n tac t w ith  the d io r ite , the c o n ta c ts  

are generally  easy  to d is tin g u ish . H ow ever, where the granite  is  in con­

ta c t .with the quartz  m onzonite, the co n ta c ts  are more sub tle  and d ifficu lt 

to  reco g n ize . Various p h a ses  of the granite  and quartz  m onzonite are 

sim ilar in both com position and tex ture  and appear to  grade into each  

o ther alm ost im percep tib ly .

The gran ite  v a rie s  in both com position and texture and may be 

separa ted  into th ree  p h a s e s . The f irs t phase  is  rich  in epidote and 

quartz and exh ib its  an a p litic  te x tu re . It is  equ ig ranu lar and phaneric  

and v a rie s  from a ligh t g reen  to a pa le  g ray . The second phase of granite  

v a rie s  from a f in e -g ra in e d , equ ig ranu lar, a p litic - te x tu re d  rock to a med­

ium -gra ined , inequ ig ranu lar g ran itic  ro c k . This second type a c ts  a s  a 

boundary or border phase  betw een the quartz  m onzonite and the  more 

b a s ic  rock un its  in the a re a . This type of granite  is  a lso  a sso c ia te d  

w ith the quartz  m onzonite in the  sm all b recc ia  outcrops in the g rano- 

d io r ite . The third phase  of g ran ite  is  a c o a rse -g ra in e d , inequigranular 

rock w hich ex h ib its  subhedral p lag io c la se  and subhedral to euhedral 

b io tite  c ry s ta ls .

The ep idote and quartz  rich  phase  of g ran ite  is  sp a tia lly  a s s o ­

c ia ted  with the d iorite  and quartz  m onzonite m asse s  in the w estern  por­

tion  of the th e s is  a re a . It is  particu la rly  p reva len t where m ineraliza tion
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occurs in the a re a . The second type of granite  is a sso c ia te d  w ith the 

quartz  m onzonite-d iorite  co n tac t and the quartz  m onzon ite-syenod io rite  

C ontact. The third phase  of g ran ite  is  loca ted  predom inantly in the 

e as te rn  portion o f the mapped area where it is  in con tac t w ith  the g rano- 

d iorite  in tru sion .

The firs t phase granite  is  a ty p ic a l. It is  charac te rized  and 

d istingu ished  from a ll o ther rock un its  by the  large percen tage  of e p i-  

do te.and quartz  (varying from 50 to 90 percen t of the rock) and by the 

minor am ounts of p la g io c la s e , o r th o c la se , and m afic m in e ra ls . The 

second phase  of g ran ite  is  d is tin g u ish ed  in com position from the th ird  

phase by i ts  la rger percen tage  of p la g io c la se , q u a rtz , and m afic min­

e ra ls  (Table 1).

Both the  com position and tex ture of the third phase  of g ran ite  

are sim ilar to  the co a rse -g ra in ed  quartz  m onzonite. H ow ever, the 

co arse -g ra in ed  granite  is  d is tin g u ish ed  from the co a rse -g ra in ed  quartz  

m onzonite by a g rea te r percen tage  of o rthoclase  and quartz  and a sm aller 

percen tage  of p lag io c la se  and m afics . W here the third type of g ran ite  is  

in  con tac t w ith the g ran o d io rite , the granite is ch arac te rized  by an in ­

c rease  in subhedral p lag io c la se  and euhedral b io ti te . Along the g ra n ite 's  

northern con tac t w ith the g ranod io rite , the subhedral p lag io c la se  c ry s ­

ta ls  form a consp icuous porphyrob lastic  te x tu re . This tex tu re  is  most 

pronounced where the g ran ite  is  h ighly se r ic itiz e d .

In g en era l, both the  g ran ite -q u a rtz  m onzonite and the  g ran ite -  

granodiorite co n tac ts  are g rad a tio n a l. T hese c o n tac ts  are rep resen ted  

by sub tle  changes in  the com position and tex ture  of the various rock 

un its  over severa l hundred fe e t . To the north of the  th e s is  a re a , the
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granite  becom es m pnzon itic .in  com position but re ta in s  i ts  co arse  te x ­

tu re .

G ranodiorite

D escrip tion

The g ran o d io rite , loca ted  on the e a s te rn  edge of the mapped 

a re a , is  the youngest in tru sive  rock in the area and rep re sen ts  approxi­

m ately 10 percen t of the area m apped. It is  a medium- to  c o a rse -g ra in e d , 

h o lo c ry s ta llin e , inequ ig ranu lar, hypidiom orphic to  idiom orphic rock . On 

a fresh  surface it  is  ligh t gray and upon w eathering forms brow nish-gray  

rounded b o u lders . It is  generally  ch arac te rized  by subhedral to  euhedral 

p lag io c lase  and b io tite  g ra in s , but the degree of c ry s ta llin ity  v a r ie s , 

depending upon w hether it is  medium or coarse  grained and where it is  

loca ted  w ithin  the in tru s iv e  m a s s .

Although m ost of the granodiorite is  fre sh , there are severa l 

in ten se ly  se ric itiz ed  zones in the n o rth east portion of the a re a . These 

zones follow a n o rtheast fracture trend and are m oderately m ineralized  

w ith copper su lf id e s . In the northern portion of the mapped a re a , the 

granodiorite ex h ib its  a porphyrob lastic  tex tu re  w hich has been  enhanced 

by in tense  se r ic itiz a tio n  of the p lag io c la se  la th s .

Petrography

The com position of the granodiorite  is quite  uniform . The study
i

of eight th in  sec tio n s  g iv es a general com position of:
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P lag io c lase  . . . . 53% C hlorite . . .  3%

Andesine A n^i A patite . . . . 1%

Q u a r t z ........................ 20% Sericite . . . tr

O rthoclase  . . . . 17% Opaque . . . . tr

Biotite ........................ 6%

The average granodiorite  is hypidiom orphic granular and may be 

divided into two ty p es  based  predom inantly on i ts  te x tu re . The firs t is 

fine to medium grained and co n ta in s  anhedral to  subhedral p lag io c lase  ■ 

and m afics . It i s  s lig h tly  rich er in  o rth o c lase  and le s s  rich  in  quartz  

than  the second ty p e . Although there  is  an  overlapping of th ese  two te x ­

tu re s , the f irs t type is  m ost common in the southern  portion of the grano­

diorite  in tru s io n .

To the north of the large b reccia  zone (Figure 2, in pocket) is  a 

co a rse r type of g ranodiorite  w hich is  quartz  rich  and exh ib its  subhedral 

to euhedral p lag io c la se  and b io tite  g ra in s . It is  in th is  area  th a t there 

are several strongly  a lte red  zones and the g ranodiorite  exh ib its  a por- 

phyroblastic  te x tu re .

Petrology

The follow ing d isc u ss io n  w ill be based  on various diagram s 

prepared from modal a n a ly se s  of the d io r ite , quartz  m onzonite, syeno- 

d io r ite , and g ran ite  and a lso  from v isu a l es tim atio n  of the m ineral per­

cen tages in th in  se c tio n s .

There are two p o ss ib le  o rig ins for the rocks in the th e s is  area  

which w ill be co n sid e red . F irs t, it  is  p o ss ib le  th a t a ll rocks are re la ted  

' to  each  o ther in tha t they  w ere derived  from the same magma cham ber.
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Rocks orig inating in th is  manner would be re la ted  in  tim e . From th is  one 

magma cham ber the various rock un its now p resen t in the Patagonia 

M ountains were derived by d iffe ren tia tio n  of a single magma. The 

second p o ss ib ility  is  th a t the rocks have a com pletely  unrela ted  in tru ­

sive  h isto ry  and th a t there  w ere separa te  in tru s io n s unrela ted  in tim e. 

W ithin  the con tex t of the above two o r ig in s , i t  is  p o ss ib le  th a t a ss im i­

la tio n  an d /o r m etasom atic  reac tio n  betw een the early  and la te  rocks may 

have accounted  for some of the various rock un its  in  the a r e a .

For the pu rposes of th is  d isc u ss io n  the  granodiorite  is  excluded 

b ecau se  it is  d e fin ite ly  a younger in trusive  (Damon, 1965).

D ata

H arker V ariation D iagram . This diagram  (Figure 3) w as con­

structed  by f irs t ca lcu la tin g  the w eigh t percen tage  of each  m ineral and 

then  ca lcu la tin g  the modal chem ical com position of each  ro c k . After 

determ ining the chem ical com position of the rock a s  ex p ressed  in o x id e s , 

each  rock w as p lo tted  according to  percen tage  of oxide v e rsu s percen tage 

of s i l ic a .

Owing to the  large  percen tage  of ch lo rite  a lte ra tio n  in the 

sy en o d io rite , I assum ed th a t the  ch lo rite  formed from former b io tite  and 

th u s the  percen tage  of orig inal b io tite  w as taken  a s  41 percen t in the  

construction  of the H arker V ariation D iagram .

A smooth line on the  varia tion  diagram  generally  in d ic a te s  th a t 

the  various rock un its  were probably formed through a p ro cess  of d iffer­

en tia tio n  (Turner and Verhoogen, 1960). The more tha t the line  d e v ia te s  

from a smooth c u rv e , the more like ly  it is  th a t the  rocks were formed by
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some other m eans, perhaps by a ss im ila tio n  and m etasom atic  reac tio n s 

betw een two or more rock u n its . As ind ica ted  on the diagram , there is  

a re la tiv e ly  smooth curve progressing  from the granite  through the  quartz  

m onzonite to  the d io rite . H ow ever, there is  a sharp break in  the curves 

betw een the d iorite  and the sy e n o d io rite . There are not enough po in ts 

to  determ ine w hether the en tire  sequence  of d io rite  —  gran ite  fromed 

through a p ro cess  of m agm atic d ifferen tia tion  or by a ss im ila tio n . How­

ever, b ecause  there  is  such a marked d ifference in the  com positions of 

d iorite  and sy enod io rite , i t  i s  p o ss ib le  tha t the syenodiorite  may not 

have been the re su lt of m agm atic d iffe ren tia tio n .

ACF D iagram . This diagram  (Figure 4) com pares the igneous 

rocks in the th e s is  a rea  to  N ocko lds1 (1954) chem ical a n a ly s is  of igneous 

ro ck s . The diagram  w as construc ted  by firs t c a lcu la tin g  the  chem ical 

com position of a rock from the  w eighted percent of the m inerals and then  

ca lcu la tin g  A (A120 3 + FegOg) -  (NagO + KgO), C (CaO ), and F (MgO + 

FeO ). The re su lts  w ere then  p lo tted  on the ternary  diagram . This p roced­

ure w as used to  c a lc u la te  the  p lo t of the rocks in the th e s is  area  a s  w e ll 

as the average chem ical com position of some igneous rocks a s  analyzed  

by N ockolds. The po in ts rep resen ting  the various rocks a s  p lo tted  on 

the  diagram reveal th a t a ll but one of the rocks in the th e s is  a rea  con­

form re la tiv e ly  w ell to th o se  igneous rocks a s  analyzed  by N ocko lds.

The excep tion  is  the syenod io rite .

The syenodiorite  in the th e s is  area  d iffers  from N ocko lds1 syeno­

d iorite  in th a t it  co n ta in s  a g rea ter percen tage  of m afics . This is  re flec ted  

in the larger percen tage  of MgO and FeO in the th e s is  syenodiorite  as 

compared to  N ockolds' sy en o d io rite . The th e s is  syenodiorite  a lso  ' -



A (AI2 O 3  + F e 2 0 3) -  (N a20  + KgO)

MgO + FeO

Nockolds'  Rocks

1. C a l . -A ik .  Granite
2. Quartz Monzonite
3. Granodiorite
4. Syenodiorite
5. Diorite
6. Gabbro

Thesis  Rocks

#  Granodiorite
# Granite
# Syenodiorite
# Quartz Monzonite
# Diorite

Figure 4. ACF Diagram Showing Nockolds1 Averages as  Com­
pared to Similar Rock Types in the Patagonia Mountains
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con ta in s le s s  p lag io c la se  than  the syenodiorite  analyzed  by N ockolds 

a s  reflec ted  in the low er percen tage  of CaO in  the th e s is  syenod io rite .

Modal D iagram . This diagram  (Figure 5) w as constructed  by 

ca lcu la ting  the  volume p ercen t of p la g io c la s e , o r th o c la se , and quartz  

in each  th in  sec tio n  for each  rock u n it. These various p ercen tages w ere 

then  p lo tted  a s  po in ts on the ternary  diagram .

The rocks in the th e s is  area w hich p lo t a s  granite  lie  ou tside  

the therm al v a lley  of T uttle and Bowen (1958). The triang le  on the d ia ­

gram in d ic a te s  where Tuttle and Bowen's normal g ran ites  generally  l i e .

It is  p o ss ib le  th a t the granite  in the  th e s is  a rea  had a d ifferen t o rig in . 

The fac t th a t the granite  in the  w estern  portion of the th e s is  area  is  low 

in  p lag io c lase  may have som ething to do w ith it having an a ty p ica l h is ­

tory .

Although the quartz  m onzonite in the  th e s is  area  is  not con­

sidered a quartz  m onzonite by Tuttle and Bowen (1958), since  it l ie s  

ou tside  th e ir  quartz  m onzonite fie ld  I assum ed th a t if 33 to  67 percen t of 

the to ta l fe ld sp ar w as p la g io c la s e , the rock w as a quartz  m onzonite 

(M oorhouse, 1959).

Field Evidence Relating to  the O rigin of the Igneous Rocks

In the cen tra l portion of the mapped a re a , the d io rite  and the 

syenodiorite  are sim ilar in both tex tu re  and com position . Both are 

medium to  coarse  grained and the  only apparen t d iffe rences are  euhedral 

b io tite  c ry s ta ls  and a g rea te r percen tage  of b io tite  and p lag io c la se  in 

the d io rite . These two rocks are generally  d ifficu lt to  d is tin g u ish  in 

the f ie ld .
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Figure 5. Diagram Showing Modal Percentages  of Q u a r tz , 
P la g io c la se , and Orthoclase  in Thin Sections of Thesis  Rocks
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In the sy en o d io rite , particu la rly  along the edge of the "syeno- 

d io rite -q u a rtz  m onzonite c o n ta c t , there are num erous o rthoclase  g rains 

w ith g radational borders growing in the sy enod io rite . These suggest 

th a t a ss im ila tio n  of the syenod io rite  by the quartz  m onzonite has taken  

p lace  along the sy en o d io rite -q u artz  m onzonite c o n ta c t.

The granite  occurs in iso la ted  pa tches and is  generally  very 

c lo se ly  a sso c ia ted  w ith  the d iorite  and sy en o d io rite , p a rticu la rly  in  the 

eas te rn  portion of the a re a . It appears th a t the  g ran ite  a c ts  a s  a bound­

ary betw een the  quartz  m onzonite and the more b a s ic  rock u n its  in  the  

area and rep re sen ts  the res id u e  of minimum m elting com ponents from 

the c ry s ta lliz a tio n  of the quartz  m onzonite.

Numerous diorite  in c lu s io n s  and quartz  m onzonite d ik es leave  

l it t le  doubt th a t the quartz  m onzonite intruded the  d io r ite . In the w estern  

portion of the a rea  (Figure 2), there  are  some d io rite  d ik es cu tting  the 

quartz  m onzonite showing th a t there  may have been  a la te r  in tru sive  

phase of the d io r ite , perhaps unrela ted  to the  obviously  e a r lie r  d io rite  

w hich the quartz  m onzonite in truded . T hese d io rite  d ik es p resen t a prob­

lem which has not been reso lved  by the study .

The loca tion  of the co n tac t betw een the  syenodiorite  and the 

quartz  m onzonite v a rie s  depending upon the amount of a ss im ila tio n  th a t 

has  taken  p la c e . As th is  co n tac t is  ap p roached , there is  an in c rease  in 

the grain s ize  of the m afic m inerals v/ithin the quartz  m onzonite but a 

d ecrea se  in th e ir  am ounts. The sy en o d io rite , in g en era l, becom es 

co arse r grained near the  quartz  m onzonite con tac t and the  percen tage  of 

quartz  in c re a se s  w hile the percen tage  of m afics d e c re a se s .
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The d io r ite , sy e n o d io rite , and granite  co n stitu te  approxim ately 

30 percent of the rocks mapped in the th e s is  a re a . In order to determ ine 

the approxim ate chem ical com position  of the o rig inal rock into w hich the 

quartz monzonite in tru d ed , I com bined, in a w eighted p ercen t, the chem ­

ica l com position of d io rite , syenod io rite , and granite  in the follow ing 

proportions: d io rite — 20%; sy enod io rite— 60%; and g ran ite— 20%. These 

proportions rep resen t an e stim ate  of the percen tage  of each  re sp ec tiv e

rock.type constitu ting  the 30 percen t of the rocks mapped in  the  area  a s
*.

d io rite , syenod io rite , and g ran ite . By th ese  ca lcu la tio n s  a rough e s t i ­

mate w as determ ined for the chem ical com position of the orig inal ro c k .

By correlating  the  chem ical com position  of the o rig inal rock w ith 

N ockolds' chem ical a n a ly s is  of igneous ro ck s , i t  w as determ ined th a t 

the orig inal rock w as lo ca ted  chem ically  betw een a to n a lite  and an 

a lk a li sy e n ite .

In terp reta tion

From data  derived from the construction  of the various diagram s 

above and from the field  ev idence  c ite d , the following co n clu sio n s may 

be draw n. The quartz  m onzonite intruded a to n a li te -a lk a li- s y e n ite  m ass . 

A reaction  betw een the quartz  m onzonite in trusion  and the o rig inal rock 

produced the syenodiorite  through a p ro cess  of m etasom atism  and a s s im i­

la tio n . This is  supported by the ACF Diagram , the variab le  com position  

of the syenod io rite , and the m etasom atic  a lte ra tio n  w ith in  the  syeno­

d io rite . The residue  w hich w as le f t over w as then  concen tra ted  and 

resu lted  in the  form ation of the d io r ite . It may w ell be th a t the orig inal 

to n a lite  w as transform ed in to  the now -ex isting  d io rite  through a p ro cess  

of a ss im ila tio n  by the quartz  m onzonite in tru s io n .
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Although the  d io rite  in the th e s is  a rea  is  sim ilar to  N ockolds' 

d io r ite , the syenodiorite  in the th e s is  area  is  not sim ilar to  h is  syeno- 

d iorite  b ecause  of the la c k  of CaO and a lso  b ecau se  i t  has too much 

MgO and FeO . The varia tion  diagram  shows th a t KgO, AlgOg, and MgO 

were lack ing  in the d io rite  a s  compared to  the syenod io rite . The lack  of 

KgO and AlgOg would be expected  a s  they  are the low m elting m inerals 

of Bowen's reac tio n  s e r ie s .  A high percen tage of m afics in the syeno­

diorite  accoun ts for the  low percen tage  of MgO in  the d io rite . The large 

amount of CaO in the d io rite  a s  compared to  the syenodiorite  is  accounted  

for by the great abundance of ep idote in  the  d io r ite . •

The g ran ite  rep re se n ts  the residue  of minimum m elting compo­

nents from the quartz  m onzonite a s  the  la tte r  c ry s ta lliz e d .



STRUCTURE

The Patagonia M ountains are a north -northw est trending moun­

ta in  ra n g e . This d irec tion  is  marked not only by the trend of the m ountain 

range itse lf ,b u t is  a lso  m anifested  in a p rec ip itous fau lt scarp  along the 

ax is of the range as w ell a s  numerous p a ra lle l fau lts  and frac tu res in 

the th e s is  a re a . This north -northw est d irec tion  a lso  corresponds to  the 

trend of the front range fau lt lo ca ted  on the w estern  side of the range 

and is  the m ajor struc tu ra l feature in the th e s is  area  (Figure 6, in  pock­

et) .

A second m ajor struc tu ra l trend is  nearly  normal to the north - 

northw est d irec tion  and is  re flec ted  in the trend of exposu res of se d i­

mentary and vo lcan ic  rocks in the southern  part o f the Patagonia 

M oun ta in s. This n o rtheast trend has been  particu la rly  im portant in 

loca liz ing  m ineraliza tion  in  the w estern  part of the ran g e .

. Types and D istribu tion

In g e n e ra l, struc tu ra l movement in the area has not been  g re a t. 

The major struc tu ra l fea tu res  in the th e s is  area  are fau lts  and frac tu res 

which are concen tra ted  in the northern portion of the area  where m inerali­

zation  has been most in te n se . Shears are not pervasive  in the th e s is  

area but are in ten se  in  c e rta in  a re a s . The front range fau lt is the only 

fau lt of m ajor s ig n ifican ce  in the a re a . N either fau lts  nor frac tu res d is ­

play any preference w ith regard to rock ty p e s , which su g g ests  th a t th e se  

structu ra l fea tu res are not con tro lled  by rock ty p e s .

%»
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The m ajor s truc tu ra l trends in  the th e s is  a re a , a s  ind ica ted  in 

Figure 7, are: N . 33° E . , N . 43° E . , N. 60° E . , and N . 18° W . ,

N. 38° W . , and N . 58° W . The m ajority of the frac tu res recorded strike 

in a northeasterly  d irec tio n  and dip s teep ly  to  the sou th . There are th ree  

prom inent n o rth ea s t-s tr ik in g  fracture  trends and th ree  prom inent north­

w e st-s tr ik in g  fracture tre n d s . Although i ts  m agnitude is  not revealed  

in Figure 7, the major front range fau lt is  rep resen ted  by the N . 18° W . 

tre n d .

S tructural Patterns

The m ajor structure in the  th e s is  a rea  is  the front range fau lt. 

The trace  of th is  fau lt ex tends from the Tres de Mayo group to beyond 

the southern  lim it of the  mapped a r e a . This fau lt zone varies  in strike  

from N. 10° W. to N . 25° W . and varies  in w idth from 100 fee t to  400 

fe e t. This struc tu re  is  revealed  prim arily through the in te rp re ta tion  of 

aeria l photographs (Figure 8), but it is  a lso  recogn izab le  in the f ie ld . 

Although quite  d is tin c t in the southern  .portion of the a rea  where there  

are fewer s truc tu res  and a more uniform rock ty p e , th is  front range fau lt 

becom es obscured by a com plex m ixture of rock types and in te rsec tin g  

struc tu res a t i ts  northern ex trem ity .

The fau lt is read ily  d is tin g u ish ed  both on a e ria l photographs 

and on the ground by d is tin c t changes in topography and drainage p a t­

te rn s . To the e a s t  of the fau lt the topography is  more rugged and the 

ground is  more highly d is s e c te d . To the w est are sm all, gently  sloping 

h ills  of predom inantly quartz  m onzonite.
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Figure 7. Rose Diagram Showing All F ractures in T hesis Area
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Although the front range fau lt is not d is tin g u ish ed  by d iffer­

en ces in  rock ty p e s , field  ev idence  in d ica te s  th a t it is  d is tin g u ish ed  

by the d ifferences in  stru c tu res  on e ith e r side  of the fa u lt. The front 

range fau lt se rv es a s  a p a rtitio n  by not only dividing the fla tlan d s  from 

the m oun ta ins, but by a lso  ac ting  as  a d iv ider betw een barren and min­

e ra lized  fracture d ire c tio n s .

Figure 9 , w hich records barren  and m ineralized  frac tu res e a s t  

of the front range fau lt, in d ic a te s : (1) th a t a lm ost a ll m ineralized  frac ­

tu res  e a s t  of the front range fau lt s trike  n o rth ea s t, and (2) th a t the barren 

fracture maxima are d if fu s e .

Figure 10, showing the barren  and m ineralized  frac tu res  w est 

of the front range fa u l t , in d ic a te s : (1) th a t the m ineralized  frac tu res 

w est of the fau lt strike  predom inantly  no rthw est, and (2) th a t the barren 

fractures show a w e ll-d e fin ed  n o rth east maximum.

O rigin and M ovement of S tructures

The structu ra l contour d iagram , Figure 11, in d ic a te s  th a t there 

are three barren maxima strik ing  no rtheast: (1) N . 35° E. and dipping 54° 

to the n o rth , (2) N . 35° E. and dipping 68° to the sou th , and (3) N . 55°

E . and dipping 65° to the sou th . There is  a lso  one poorly developed 

barren maximum in the northw est d irec tio n .

W ith regard to the m ineralized  frac tu res  (Figure 12), there is  

one w ell-d ev e lo p ed  maximum strik ing  n o rth eas t, dipping so u th , and one 

m oderately developed maximum strik ing  n o rth east and dipping north . It 

is  in te res tin g  to  note th a t the  f irs t m ineralized  maximum m entioned above
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Figure 9 . Rose Diagram Showing Barren and
tures  East of the Front Range Fault Mineralized Frac-
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N N . 35 E.

55W.... ,

N. 6 5 W

— - 181 Barren Fractures 
-----  34 Mineralized Fractures

Figure 10. Rose Diagram Showing Barren and M inera lized  Frac­
tures W est  of the Front Range Fault
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Figure 11. C ontour Diagram Showing.Barren F ractures in 
T hesis A rea, Patagonia M o u n ta in s , Arizona
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Figure 12. C ontour Diagram Showing M ineralized  F ractures in 
T hesis Area, Patagonia M o u n ta in s , Arizona
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corresponds w ith  the N . 55° E. tren d in g , sou th-d ipp ing  barren maximum.

The s tra in  e llip so id  concept w as used  in an attem pt to  formu­

la te  a hypo thesis  explain ing  how th ese  fracture maxima developed . Ac­

cording to  Billings (1954), shear frac tu res may develop  in the s tra in  

e llip so id  a s  a re su lt of com pression , ten s io n , or couple m ovem ent. The 

angle th a t is  b isec ted  by the com pressive force is  a lw ays le s s  than  90 

deg rees and is  u sua lly  around 60 deg rees; th a t i s ,  the angle betw een 

the com pressive force and the shear frac tu res is  about 30 d e g re e s .

The maximum acu te  angle betw een each  of the th ree  barren 

maxima w as ca lcu la ted  with the follow ing re su lts ;

A. Maximum acu te  an g le 'b e tw een  #1 and #2 is  58 d e g re es ,

JB. Maximum acute  angle betw een #1 and #3 is  61 d e g re es ,

C . Maximum acu te  angle betw een #2 and #3 is  20 d e g re e s . 

Although C. does not fit in to  the s tra in  e llip so id  co n cep t, A and 

JB do conform to  th is  co n cep t. It is  my opinion th a t from the above d e te r­

m inations the m ajority of the frac tu res in the  th e s is  area  are shear d ire c ­

tio n s  formed prim arily through v ertica l com pression . A nalysis of the . 

in te rsec tio n  of the fracture maxima #1 and #3 ind ica te  th a t the com pres- 

sional force (the b ise c to r of the maximum acu te  a n g le ) , probably had a 

s teep  no rtheast in c lin a tio n , and w as probably of a v e rtica l n a tu re .

The time a t which th ese  frac tu res developed is  not known p re ­

c is e ly , but it w as probably during the Laramide a g e . I t  is  my opinion 

tha t the frac tu res are re la ted  in time to  the Laramide in tru sion  in the 

cen tra l portion of the m ountain range and th a t the v ertica l com pressive 

forces accom panying the  in trusion  helped produce th ese  frac tu re s .
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Although v e rtica l te c to n ic s  appear to have played a role in the 

developm ent of the stru c tu res  in th is  a re a , there is  a lso  ev idence of 

some s tr ik e -s lip  m ovem ent. The structu ra l map derived from ae ria l 

photographic in te rp re ta tion  (Figure 8) c lea rly  in d ic a te s  the p o ss ib ility  

of s tr ik e -s lip  m ovem ent. Just north of the D enver mine (Figure 8, Area 

1), a fracture nearly  p a ra lle l to the front range fau lt has been  o ffse t by 

a no rtheast strik ing  fra c tu re . The movement in th is  c a se  appears to 

have been  le ft la te ra l w ith no su b s ta n tia l ev idence for v e rtica l move­

m ent.

In an  area  approxim ately two m iles so u th eas t of the Denver 

mine (Figure 8, Area 2), there  appears to have been s tr ik e -s lip e  move­

ment in  both the n o rtheast and northw est d ire c tio n s . The movement in 

th is  c a se  appears to have been le f t la te ra l in  the  no rtheast d irec tion  

and right la te ra l in the  northw est d irec tio n . Further ev idence  for s tr ik e -  

slip  movement in th is  area is  the strong amount of shearing in the ou t­

c rops , pa rticu larly  in the n o rth east d irec tio n .

Although movement of a s tr ik e -s lip  nature is  ev iden t in both 

th e se  a re a s , i t  is  d ifficu lt to determ ine if there  h as  been  any v e rtica l 

com ponent to  th is  m ovem ent.

The ev idence  c ited  for s tr ik e -s lip  movement invo lves rocks 

loca ted  approxim ately th ree  m iles from the front range fau lt zone. It is 

perhaps p o ss ib le  to assum e th a t w ith in  the 100-400 foot front range 

fau lt zone movement has  not only been  v e rtica l but a lso  of a s tr ik e -s lip  

n a tu re . Evidence w ith in  th is  zone for s tr ik e -s lip  movement has been 

obscured by the com plexity  of rock types and structu re  in the a re a . Per­

haps the com plexity i ts e l f  is  ev idence  for m ultid irectional movement
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w ith in  the z o n e . Since the Patagonia M ountains are s itu a ted  in the 

Basin and Range p ro v in ce , i t  may very w ell be that the front range fau lt 

is  a sso c ia te d  w ith the v e rtica l te c to n ic s  accom panying Basin and Range 

block faulting  and m ountain bu ild ing .

It appears th a t v e rtica l te c to n ic s  played the major role and 

s tr ik e -s lip  movement a secondary  role in the struc tu ra l pa ttern  developed 

in the th e s is  a re a .



ECONOMIC GEOLOGY

G eneral H istory  of the Area

The th e s is  a rea  is  s itu a ted  in the Palm etto M ining d is tr ic t ,

Pima C o u n ty , A rizona, w hich ex tends from Sonoita C reek south to  

Paloma Canyon and which is  bounded by the c re s t  of the Patagonia range 

to  the e a s t  and the E strada Ranch to  the w e s t.

The mining h isto ry  of the a rea  d a te s  back to  the turn  of the 

century  when numerous p ro specto rs exp lo ited  the rich le a d -s i lv e r  o res 

a sso c ia te d  w ith d io rite  d ik es and banded quartz  ve in s in the quartz  

m onzonite and the la rg e r, more d issem in a ted  copper m ineraliza tion  

a sso c ia te d  w ith  shear zones in the granite  porphyry. In the th e s is  area 

the le a d -s i lv e r  d e p o s its  are prim arily loca ted  in the w e s t-c e n tra l por­

tion  of the area w hile the d issem in a ted  copper d e p o sits  are situa ted  in 

the so u th east portion of the m ountains.

G eneral M ineralization  of the Area

W ithin the mapped a re a , the le a d -s i lv e r  o res are c lo se ly  a s s o ­

c ia ted  w ith n o rth w est-s trik in g , sou th -d ipp ing  frac tu re s , in tru sive  d iorite  

d ik e s , and quartz  ve ins e ith e r  in the quartz  m onzonite or near the con­

ta c ts  of th e .q u a rtz  m onzonite w ith the d io rite  com plex. T hese d e p o sits  

c o n s is t of argen tiferous g a le n a , c e ru s s i te , and minor am ounts of c h a l-  

copyrite , m alach ite , a z u r i te , and gold . The major gangue m inerals are 

quartz  and p silo m elan e . T hese d e p o s its  postda te  the quartz  m onzonite 

in trusion  and are m ost like ly  a sso c ia te d  w ith the granodiorite  in trusion
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in  the cen tra l portion of the Patagonia M o u n ta in s. Figure 13 show s the 

general m etal d istribu tion  in  the m ines around the granodiorite  in trusion  

and in d ic a te s  sym m etrical zoning of s ilv e r d e p o s its  around the in tru s io n .

A ra ther d is tin c tiv e  zoning pa ttern  rev e a ls  copper a t the core of the gran­

odiorite  in tru s io n , co p p e r-s ilv e r d istribu ted  in the  in term ediate  zo n e , 

and s ilv e r  concen tra ted  in the ou ter fringer.

W ith th is  type of zoning it  appears th a t the s ilv e r- le a d  m ineral­

iza tion  in the area is  c lo se ly  a sso c ia te d  w ith the in tru sion  of the L ara- 

mide g ranod io rite . This in trusion  may have not only produced the v e rtica l 

com pression  w hich accounted  for the various fracture d irec tions developed 

during com pression , but may a lso  have been the source of the flu ids 

which la te r  m ineralized  the n o rth east and northw est frac tu res when 

com pressional fo rces w ere re la x e d .

At the north end of the map shown in Figure 13, the zoning sym­

metry is  lo s t  a s  an irregu lar p ro trusion  ex tends to  the n o rth ea s t. W ithin 

th is  extended pro trusion  l ie s  a cen tra l zone of copper m inera liza tion .

This zone appears to p inch out to the n o r th e a s t. This pro trusion  may be 

explained  by e ith e r a no rth -n o rth east fau lt occurring ju s t  south of the 

Flux m ine, or by the Laramide in tru s ion  plunging to  the n o rth -n o rth e a s t.

In view of the fac t that there  is  no ev idence in the field  or on ae ria l 

photographs ind icating  the p resence  of a fau lt in th is  a rea , the b e s t 

exp lanation  for the northeastw ard ex tension  of the m ineralized  zone is 

th a t the. top of the Laramide in trusion  plunges to  the n o rth -n o rth e as t.

D issem inated  copper m ineraliza tion  occurs in the in tru s io n . 

Pyrite and chalcopyrite  are w eakly  d issem inated  throughout the grano­

d io rite  and are concen tra ted  along no rtheast and e a s t-n o r th e a s t a lte red
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Flux Mine

Harshaw

Silver Zone

Copper Zone

Explanation
■  Silver (lead-zinc)
□  Copper,  Silver (lead-zinc)
■  Copper (molybdenite)

\

O

O
0

C ^  Laramide Granodiorite

Figure 13. Sketch Map Showing Metal Distr ibution in Mines 
Around the Laramide In trusion,  Patagonia Mounta ins ,  Arizona
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fracture zo n es. These n o rtheast and e a s t-n o r th e a s t frac tu res were e ith er 

formed or reopened along p reex is tin g  struc tu ra l w e a k n e sse s  a fte r  the 

em placem ent of the g ran o d io rite . It is  thought th a t ascend ing  m inera liz ­

ing so lu tions deposited  various su lfid es  in th e se  frac tu res and impreg­

nated the surrounding country rock w ith  q u a rtz , s e r ic i te , and a minor 

amount of tou rm aline .

Areal A lteration

The th ree  m ajor.types of a lte ra tio n  p resen t include s i l ic if ic a -  

tio n , se r ic itiz a tio n , and ep id o tiza tio n  (Figure 6, in p o c k e t) . The various 

deg rees of a lte ra tio n  include w eak , m oderate, and strong . W eak a lte ra ­

tion  in d ic a te s  th a t le s s  than  10 percen t of the rock has been a lte re d , 

m oderate a lte ra tio n , 10-50 percen t of the rock has been a lte re d , and 

strong a lte ra tio n , more than  50 percen t of the rock has been  a lte re d .

Q uartz is  the most pervasive  a lte ra tio n  m ineral and overlaps 

se ric ite  and ep idote in both time and sp a c e . W est of the front range 

fau lt, quartz  is prim arily a sso c ia te d  w ith  northw est fracturing and vein  

m inera liza tion . It is  exceed ing ly  strong and pervasive  in th is  area  and 

along w ith the epidote w ill o ccasio n a lly  co n stitu te  over 50 percen t of 

the rock . To the e a s t  of the front range fa u lt, the quartz  is predom inant­

ly  a sso c ia te d  w ith no rtheast m ineralized frac tu res and se ric itiz e d  zones 

and does not perm eate the surrounding country rock to  any large d eg ree .

There are severa l a re a s  of m oderate to  strong frac tu re -co n tro lled  

quartz  a lte ra tio n  a s so c ia te d  w ith the granodiorite  in tru s io n . One area is  

along the northern co n tac t of the g ranodiorite  and g ran ite . In th is  a re a , 

no rtheast and e a s t-n o r th e a s t  strik ing  a ltered  zones are m oderately to
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strongly s i l ic if ie d . Another region of in ten se  quartz  a lte ra tio n  is  in the 

v ic in ity  of the  O 'M aras m ine , and a third lo ca lity  is  in a sso c ia tio n  w ith 

the b re c d a te d  zones in the g ranod io rite .

Although it is  not a s  w idely  d is tribu ted  a s  the q u artz , the e p i-  

dote a lte ra tio n  is  a lso  very strong in the m ineralized area  w e st of the 

front range fa u lt. The ep idote is  pe rvasive  throughout th is  area but is  

prim arily concen tra ted  along quartz  m onzonite-d iorite  co n tac ts  and along 

the  co n tac ts  of the d io rite  d ik es w ith  the country ro c k . W est of the front 

range fau lt, the most pe rvasive  a rea  of ep idote a lte ra tio n  appears to  form 

a core around which severa l of the m ines are lo c a te d . G enera lly , the 

g re a te s t number of m ineralized  fractures occurs w here there  is a d e ­

c re a se  in the in te n s ity  of epidote a lte ra tio n . It appears th a t the epidote 

has healed  many of the frac tu res and is  th u s perhaps an unfavorable in d i­

ca to r of o re .

The ep idote a lte ra tio n  is  considerab ly  le s s  pe rvasive  to the 

e a s t  of the front range fa u l t . This might be explained  by: (1) the fau lt 

acted  a s  a barrier to so lu tions penetrating  to  the e a s t ,  (2) the no rtheast 

frac tu res and channelw ays w ere in su ffic ien tly  open to  perm it penetra tion  

of the so lu tio n s , or (3) the chem ical environm ent of the country rock w as 

incom patible with in ten se  ep id o tiza tio n . It appears th a t the f irs t two can  

be e lim inated  b ecause  they  would be in con trad ic tion  to  the movement of 

m ineralizing  flu ids which accounted  for the numerous n o rtheast v e in s  in 

th is  a re a .

It appears th a t w hen the  d iorite  is in d irec t a s so c ia tio n  w ith the 

quartz  m onzon ite , there  is  pervasive  ep ido te  a lte r ia tio n , but when it is  

in a sso c ia tio n  w ith the syenodiorite  in ten se  ep idote is  lack in g . I
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believe  tha t the chem ical environm ent of the surrounding rock un its 

accoun ts for the accep tance  or re jec tio n  of CaO and the  in ten se  ep id o te . 

On the e a s t  side of the front range fault where there  is  l i t t le  d io r ite , 

there  is  a lso  lit t le  in ten se  ep id o tiza tio n . H ow ever, on the w est side  of 

the front range fau lt, there  is  a g rea te r amount of d io rite  and a lso  a 

g rea te r amount of in tense  ep id o tiza tio n . In ten se  ep ido tiza tion  is  a s s o c i­

a ted  w ith the d iorite  but not w ith the other rock u n its .

Areas of strong se ric ite  a lte ra tio n  are prim arily confined to 

w ith in  the granodiorite  m ass , p a rticu la rly  near i ts  northern con tac t w ith 

the  g ran ite . Here the se ric ite  a lte ra tio n  is  c lo se ly  a sso c ia te d  with the 

no rtheast and e a s t-n o r th e a s t m ineralized  frac tu res and forms a ltered  

zones severa l hundred fee t w ide . These se ric itiz ed  zones trend N. 60° E. 

in  the g ran ite  and then  sh ift to  a nearly  e a s t-w e s t  d irec tion  as  they c ro ss  

the granodiorite c o n ta c t. These z o n es , w hich vary in w idth from 100 to 

400 fe e t, con ta in  m oderate to  strong e a s t-n o r th e a s t and e a s t-w e s t  fau lt­

ing and frac tu ring . Sericite  is  a lso  common in the severa l b recc ia ted  

zones w ithin the g ranod io rite .

W eak to m oderate se ric ite  a lte ra tio n  is  p resen t in the northw est 

m ineralized  fracture zones in the quartz monzonite and in the d io rite -  

syenpdiorite  com plex. In th ese  zo n es , the se ric ite  a lte ra tio n  is  g en e ra l­

ly a sso c ia te d  w ith abundant quartz  and is  confined to the im m ediate 

fracture  z o n e .

In g en era l, the a lte ra tio n  of the b io tite  to ch lo rite  in the d io rite -  

syenodiorite  complex and in the g ranodiorite  appears to be of l it t le  s ig ­

n ificance  w ith  regard to  m in era liza tio n . C hlorite  is  d issem ina ted  w ith in  

the syenod io tite  and does not n e c e ssa r ily  accom pany the no rtheast
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m ineralized f ra c tu re s . M inor ch lo ritiza tio n  occurs in both the d io rite  

and g ran o d io rite . W ithin the  d io rite , ch lo ritiza tio n  is  a sso c ia te d  w ith 

ep id o tiza tio n  of the d io rite  d ik e s , w hile in the  granodiorite ch lo rite  is  

w ell d issem in a ted .

The p resence  of tourm aline is  generally  confined to the b rec - 

c ia ted  a reas  w ith in  the granodiorite  where it  is  an  a lte ra tio n  product as 

w ell a s  a cem enting a g en t. There are a few occu rrences of tourm aline 

in frac tu res w ith in  the quartz  m onzonite, but th e se  occu rrences are 

u su a lly  s itu a ted  c lo se  to the quartz  m onzonite-granodiorite  c o n ta c ts .

In con junction  w ith the  m etal d istribu tion  around the Laramide 

in trusion  (Figure 13), there  is  a lso  a general zoning of a lte ra tio n . As 

the Laramide in trusion  is  approached , there is  an in creased  amount of 

se ric ite  and tourm aline a lte ra tio n  a s so c ia te d  w ith the copper m inera liza ­

tion  and a d e c rea se  in ep id o te .

M ines and P rospects

Sonoita Mine

The Sonoita mine is  loca ted  a t  the n o rth -cen tra l edge of the 

mapped a re a . It is  at an e lev a tio n  of approxim ately 4 ,480  fee t and con­

s is ts  of a sing le  shaft inclined  75° to the sou th . The mine is  s itu a ted  

on the con tac t betw een the  quartz  m onzonite and the d io r ite -sy e n o -  

d iorite  com plex.

A v e rtica l n o rth -n o rth eas t-s tr ik in g  vein  co inc iden t w ith the 

con tac t is  in te rse c ted  by a n o rthw est-s trik ing  fracture in the v ic in ity  of 

the s h a f t . M inera liza tion  is  concen tra ted  a t th is  in te rsec tio n  and con­

s is ts  prim arily of p y rite , c h a lc o p y rite , m a lac h ite , a zu rite , and minor
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am ounts of s ilv e r and gold . Q uartz and psilom elane co n stitu te  the 

gangue which forms a gouge in the co n tac t zone. The a lte ra tio n  w ithin  

the con tac t zone is  generally  w eak , but there  is  m oderate epidote and 

ch lo rite  in  the d io rite  and spotty  se ric ite  in the quartz  m onzon ite .

Recent (1966) opera tions have attem pted to lo ca te  a faulted  

portion of the quartz  vein at a depth  of 125 fe e t.

Robert E. Lee Mine

This mine is  s itu a ted  about one mile sou thw est of the Sonoita 

mine and c o n s is ts  of three shafts  sunk on a n o rthw est-s trik ing  and 

south-d ipp ing  v e in . These sh afts  are lo ca ted  in  both the  quartz  mon­

zonite and the d io rite  com plex. Several n o rth w est-s trik in g  d io rite  d ikes 

cut the country rock in th is  a r e a . If ex tended , the front range fault 

would b ise c t th is  a re a .

The m ineraliza tion  occurs in two primary v e in s , one strik ing  

N . 65° W . and dipping 85° S . , and the o ther strik ing N . 35° W . Ap­

proxim ately 300 fee t a p a rt, th e se  v e in s vary in width from 2 to  5 fe e t. 

The m ineralization  is  c lo se ly  a sso c ia ted  w ith the in trusive  d io rite  d ik e s , 

and the a lte ra tio n  products include quartz  and e p id o te . The principal 

ore m inerals include argen tiferous g a len a , spotty  pyrite and c h a lco - 

py rite , and minor am ounts of gold and s ilv e r .

The Robert E. Lee mine is  loca ted  a t the fringe of the strong 

quartz  and epidote a lte ra tio n . N ear the d io rite -q u a rtz  m onzonite con ­

ta c t ,  both the d io rite  and the  quartz  m onzonite have been w eakly  

ch lo ritized  and m oderately e p id o tized . The ve in s occur in an area  of 

in ten se  shearing  and fracturing and are m oderately a ltered  with quartz  

and ep idote and w eakly a lte red  w ith s e r ic ite .
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Tres de Mayo Group

Three shafts  lo ca ted  1 ,500 to 2,000 fee t south of the Robert E. 

Lee mine co n stitu te  the  Tres de Mayo group. T hese shafts  are situ a ted  

in the quartz  m onzonite betw een the d iorite  and syenodiorite  com plex. 

The front range fau lt ex tends through th is  a re a , and the m ineraliza tion  

in th is  group is  contro lled  in part by N . 60° E. frac tu res  and in part by 

severa l no rthw est-trend ing  d io rite  d ik e s .

A lteration along the m ineralized  v e in s c o n s is ts  of strong s i l ic i -  

fica tion  and m oderate se r ic itiz a tio n . Some ch lo rite  occurs in  the d io rite  

d ik e s .

M inera liza tion  c o n s is ts  of s ilv e r , le a d , and copper, and the 

gangue includes quartz  and p silo m elan e .

Ja rilla s  Mine

The Ja rilla s  mine is  s itu a ted  approxim ately 3 ,500  fee t sou th ­

w est of the Tres de M ayo g roup . It c o n s is ts  of four v ertica l sh a fts  

averaging a depth  of 90 fee t sunk on a N. 65° E. quartz  f issu re  vein  

which d ips steep ly  to the south and is  approxim ately two fee t in w idth . 

This vein p a ra lle ls  an in tru s ive  d io rite  dike in the quartz  m onzonite.

It appears in th is  c a s e  th a t the d io rite  dike con tro ls the m inera liza tion . 

This occurrence is in co n tra s t to the northw est fracture d irec tion  w hich 

con tro ls the m ineraliza tion  of the m ines d escrib ed  e a r lie r .

The vein  a t the Ja rilla s  mine c o n s is ts  prim arily of q u a rtz , 

lim on ite , p s ilo m e lan e , a z u r i te , and m alach ite , w ith  the ore being a 

w ell-banded  quartz  con tain ing  copper and lead  su lfid es  and a minor 

amount of s i lv e r .
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Denver Mine

This mine is  loca ted  about 2,000 fee t so u th east of the Sonoita 

mine and c o n s is ts  of one ad it and severa l sh a f ts . The rocks of th is  

area are w eakly a lte re d , co a rse -g ra in ed  quartz  m onzonite and syeno- 

d io r ite , and unaltered fin e-g ra in ed  g ra n ite . M oderate to  strong quartz 

and se ric ite  a lte ra tio n  is  confined to the m ineralized  fracture zones 

through w hich the  a d it is  d riven .

The D enver a d it is  severa l hundred fee t in length  and tren d s 

N. 60° W . on the quartz  m onzon ite-syenod io rite  c o n ta c t. Several 

N . 65° E. trending  m ineralized fracture z o n e s , dipping south and vary­

ing from 8 inches to  2 fee t in w id th , are cu t by the main Denver a d it. 

These zones are filled  q ith  quartz  and p silom elane , and w ith minor to  

m oderate am ounts of p y rite , ch a lco p y rite , sp h a le r i te , and g a le n a .

Two sh a fts  loca ted  to the e a s t  of th is  ad it are s itu a ted  in the 

quartz  m onzonite and on the g ran ite -sy en o d io rite  c o n ta c t. These are 

loca ted  on a N. 47° E. vein  structu re  which d ips to the sou th . This 

vein  c o n s is ts  of a one to  two foot m ineralized zone con tain ing  q u artz , 

p y rite , ch a lco p y rite , and minor am ounts of g a le n a . A lteration is  genera l­

ly m oderate and in the form of quartz  and s e r ic i te .

O ther a d its  and sh afts  in the v ic in ity  of the  D enver mine are 

loca ted  on northeast m ineralized  frac tu res and are sim ilar to  th o se  ju s t  

described  in th e ir a lte ra tio n  and m in e ra liza tio n .

O 'M aras Mine

The O 'M aras mine is  loca ted  in the g ranodiorite  in trusion  near 

the  quartz  m onzonite co n tac t in the so u th eas t portion of the mapped
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a re a . It is  com posed of severa l sh a fts  w ith ra ther ex ten siv e  underground 

w ork ings. The main shaft is  v e rtica l and is  loca ted  250 fee t so u th east 

of a second shaft which is  a t a h igher e leva tion  and is  inclined  70° to 

the so u th e a s t. This inclined  shaft follow s the m ineralized vein  which 

s tr ik es  N . 70° E. and d ip s  betw een  70°-85O sou th . The country rock is  

a m edium -grained g ran o d io rite , but the mine and vein are c lo se ly  a s s o ­

c ia ted  w ith the quartz  m onzonite con tac t which l ie s  to  the w e s t. The 

quartz  m onzonite is  a medium- to co arse -g ra in ed  rock w hich is  re la ­

tiv e ly  fresh  excep t in the m ineralized  a re a . Here both the quartz  mon­

zonite and the  granodiorite  are m oderately s ilic if ie d  and s e r ic i t iz e d . 

Fibrous b lack  tourm aline is  intergrow n w ith quartz  in th is  m ineralized 

a re a .

M inera liza tion  in the vein  c o n s is ts  of banded quartz  w ith  p y rite , 

c h a lco p y rite , and b o rn ite . M inor am ounts of th e se  su lfides are d issem ­

inated  throughout the country rock in the v ic in ity  of the m ine.

O ther Areas of M ineralization

Along the zone of the front range fau lt, there  are numerous 

p rospect p its  and m ineralized  fra c tu re s . This zone is  severa l hundred 

fee t in width and is  com posed of complex in te rre la ted  rock un its a s  w ell 

a s  in te rsec tin g  s tru c tu re s . W ithin th is  front range fault zone the min­

era lized  frac tu res generally  strike  north -northw est on the w est side of 

the fau lt and no rtheast on the e a s t  side  of the fa u lt.

M ineralized  v e in s on e ith e r side  of th is  fau lt vary from 1/8  

inch to 12 fee t in  w id th . They are im ilar to the m ineralized  frac tu res 

found in the various m ines in th is  a re a . The ve in s may diverge from the
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normal no rtheast and northw est d irec tions and p a ra lle l e ither co n tac ts  

betw een rock un its or the b a s ic  d ik e s . The veins are generally  mod­

era te ly  to  strongly s i l ic i f ie d . M oderate se ric itiz a tio n  and c h lo ritiz a -  

tion  of the d io rite  and b leach ing  of the country rock a lso  accom pany the 

m inera liza tion .

The m ineraliza tion  in th ese  veins u sua lly  c o n s is ts  of copper 

and iron su lfid es  in  m assive  quartz  and various iron and m anganese 

o x id es .

Breccia

There are severa l sm all b reccia  s truc tu res  w ith in  the grano- 

d io rite . The la rg e s t forms a sm all knob lo ca ted  in the approxim ate 

cen ter of the granodiorite m ass and as  seen  from the a ir has a U -shaped  

a p p e a ra n c e . It is  about 800 fee t in leng th  and 400 fee t in w id th . Frag­

m ents are generally  angular and vary in s ize  from le s s  than  an inch to  

severa l fe e t. Some of the fragm ents exh ib it p a rtia lly  rounded edges and 

reveal crude ev idence of flow s tru c tu re .

The b reccia  is  highly s ilic if ie d  and se ric itiz ed  and ca rries  

minor tourm aline . M assiv e  pegm atitic  quartz  in the b recc ia  exh ib it 

various degrees of v u g g in ess . The g re a te s t percen tage  of vugs appears 

along the northern co n tac t of the structure  and occurs in the a re a s  of 

coarse  se ric ite  and abundant s u lf id e s .

Two rock sam ples w ere taken  from the strongly a lte red  and 

m ineralized  zone w ith in  th is  b recc ia  s tru c tu re . These sam ples were 

analyzed  co lo rim etrically  for to ta l copper and molybdenum with the 

follow ing re su lts :  Sample 1, 65 ppm Cu and 6 ppm Mo; Sample 2, 25 

ppm Cu and 11 ppm M o.
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Other sm aller b reccia  s tructures in the a rea  reflec t strong s i l -  

ic if ica tion  and se r ic i t iza tion  and contain  varying amounts of tourm aline . 

Quartz vugs are generally  sparse  in th e se  smaller s t ru c tu re s . These 

breccia  s tructures are probably caused  by co llapse  a s  a consequence  of 

magma withdrawal and reaction  with res idual liqu ids in 'the  magma.

M ineralization  w ith in  these  b recc ia s  is  confined to d is se m i­

nated pyrite and t rac es  of chalcopyrite  and m olybdenite .

Control of M ineralization

M ineralization  in the th e s is  area  is  structura lly  c o n tro l led .

The majority of the m ineralization  c o n s is ts  of ve ins and filled f ra c tu re s , 

and is  structurally  controlled  by northeast and northwest striking frac­

tu res  as  ind icated  on Figure 9 and 10. To the e a s t  of the front range 

fau lt, there is  a strong N . 65° E. m ineralized d irection  but no strong 

m ineralized d irec tion  to  the northw est. However, w est of the front range 

fau lt ,  the preferred m ineralized d irection  is  N. 65° W . The northeast 

d irec tion  on th is  side of the fau lt is  only moderately m ineralized .

•Figure 12 shows a w ell-developed  mineralized maximum s tr ik ­

ing northeast and a moderately developed maximum striking northw est.

A poorly defined maximum str ikes  n o rthw es t . These m ineralized frac­

tu res  are shears  resu lting  from vertica l com pression . Owing to the fact 

tha t  there is  greater m ineraliza tion  in the northeast f ra c tu re s , it follows 

tha t th e se  fractures were opened to a g rea ter degree than the northwest 

fractures during re laxation  of the vertica l com pression .
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Origin of M ineralization

M ineralization  in the diorite  and syenodiorite  c o n s is ts  of le a d -  

silver ve ins  with minor amounts of copper, gold , and m olybdenu. The 

zoning, which has  been d isc u sse d  ea r lie r  (Figure 13), strongly suggests  

tha t  th ese  le a d -s i lv e r  ve ins were derived from the Laramide granodiorite 

in trus ion . This in trusion w as probably responsib le  not only for reopening 

the northeast and northwest shear d irec tions but w as a lso  responsib le  

for the fluids which la te r  m ineralized these  shear d irec tio n s .

The m ineralization  w ithin the granodiorite and the a sso c ia ted  

breccia  s tructures is  charac terized  by the d issem ination  of copper and 

minor amounts of molybdenum. This m ineralization owes i ts  origin to 

the granodiorite in which it o c c u r s .

Economic Potential

The numerous le a d -s i lv e r  ve ins located  in the  w estern  portion 

of the th e s is  area are highly sa turated  with manganese and , a s  suggested  

by Hew ett (1964), th e se  m anganese-s ta ined  ve ins  may converge in depth 

to  yield a h igher grade of s ilver o r e . The black m anganese s ta in  may 

indicate  a tran s it iona l  zone betw een molybdenite and silver ve ins with 

increased  dep th . Although the above is a p o ss ib i l i ty ,  it does not seem 

like ly  as  silver m ineralization  usua lly  d e c re a se s  with increasing  dep th .

In the eas te rn  portion of the a rea , it does not appear tha t  the 

d issem ina ted  copper and molybdenum within the  granodiorite has a great 

deal of economic po ten tia l .  It appears  that the m ineralization  in th is  

area is  too highly d issem in a ted .  The minor amount of drilling that has 

taken  p lace in th is  area has  not been  very rewarding to  d a te .



The author fee ls  tha t the b reccia  s tructures may perhaps offer 

some economic po ten tia l .  These should perhaps be drilled as  there is  

a lw ays the p o ss ib il i ty  tha t  the ir  grade of ore will inc rease  with d e p th .
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