
N o o 

o 
0 

. 
0 

. ' 
0 

. o
. 

0 
. '

.0 
.

' 
0 

. 
. 

<:> 
.

'
 0 

'.
. 

• 
0 

• 
• 

. '
0

 . 
0 

: 
0, 

•
•

•
 '. 

'0
' 

. 
o 

' 0
. 

'.
0 

0 
. 

0" 
o 

o 
0 

O. 
a 

. 
0 

. 
0 

0 
0=-

-

o 
. 

� 
Oa

 I. 
. O

·
 

..
 0

 
<:>

. 
: 

• 
O

. 
0 

. 
" 

. 
. .

 .
 <:>

 
O. 

. 
.

.•
. 

. <>
 

'
. 

<::> 
•

•
 0 

o 
.

'.
0 

0 
0 

: :
0.

' .
. :.

.... ca
lic

he
 c

on
gl

 
. 

"
'

0
', 

0 
o

. 

+
 

K
IN

O 

(M
ar

bl
e)

 

B
ot

to
m

 
Th

ru
st

 (7'
) _

 

�
-

-
M

 A
T

IO
N 

F
O

R 
(A

rQ
ili

ite
) 

-

?
-

-
__

__
_

 ..I!l
r.

.!::!..!.tJ:L
 _

?' _
_

 

--
-


. 

R
A

IN
VA

L
LEY-

FO
R

M
A

T
IO

N
 

(L
im

es
to

ne
) 

/'
-

ea
sem

en
t 

Fg
U.:.

..lt .. _
_

 
_

 
¥

 
=r

 �
--

--
--

+
 

+
 

+
 

+
 

-r 
+ 

+
 

+ �
 

IX
 X

I 
�

 
. 

..
, 

+
 

+ 
+ 

+ 
+ 

+ 
S

ie
r

r
it

a
 

G
r

a
n

it
e

 
-

p
r

e
 

£:
 (?

) 
+

 
+

 
+ 

T-
D

IA
G

R
A

M
M

A
T

IC
 

S
E

C
T

IO
N

 
+ 

M
IS

S
IO

N
 

O
R

E
 

Z
O

N
E

 
P

im
a 

M
in

in
g 

D
is

tr
ic

t 
N

O
T

 
T

O
 

S
C

A
L

E
 

+
 

+ 

O
r

e
 

g
r

a
d

e
 

J 
S

u
b

-
o

re
 

g
r

a
d

e
 

H
y

d
r

o
t

h
e

r
m

a
 I

ly
 

a
lt

e
r

e
d

 
r

o
c

k
s

 
c

o
n

ta
in

in
g

 

d
is

s
e

m
in

a
t

e
d

 
p

y
r

it
e

 
a

n
d

 
c

h
a

lc
 o

p
y

r
it

e
 

C
h

a
lc

o
c

it
e

 

+ 
+ 

+ 

+ 
+ 

F
IG

U
R

E
 4

3
. 

D
ia

g
ra

m
m

a
ti

c 
g

eo
lo

g
ic

 c
ro

s
s

 s
e

c
ti

on
 t

h
ro

u
g

h
 t

h
e 

M
is

si
on

 d
ev

el
op

m
en

t,
 

E
a

st
 S

ie
r

ri
ta

 a
re

a
 

(f
ig

. 
44

),
 

A
ri

zo
n

a 
. 

.-
--

--



l 

l 
[ 

Mis s ion Depos it-Richa r d  and C ourtright- 32  

SOME GE OLOGIC FEATURES OF THE MISSION C OPPER DEPOSIT 

Kenyon Richa r d  ane. Jame s H. C ourtright 
Ame rican Smelting and Refining C ompany 

Southwe stern Mining Department 

INT RODU C T ION 

The Mi s s ion o r e  zone, forme rly c all ed East  Pima, i s  situated in the Pima min
ing di strict just  south of the San Xavier Indian Re se rvation and 1 6  airline mil e s  
south- s outhwe st of Tuc son ( fig . 5 5) .  Its c ente r i s  thr e e - fourths of a mile northe a st 
of the Pima open- pit mine . 

Alluvium everywhere overlie s the bedrock fo rmations in the Mi s s ion depo sit 
area ( fig . 44) . Thi s block of g round i s  s eparate d from the ne a r e s t  expo s e d  rocks ,  
in  the vic initie s of  the Pima mine and Daisy mine,  by faults below the alluvium. 
G eolog ical inte rpretations are based on examination of c o r e  from a larg e numbe r  
o f  diamond drill hol e s ,  spac ed at inte rval s of 1 50 to 3 0 0  feet. The core  s tudie s a r e  
s upplemented by ob s e rvations made in a few hundr ed fe et o f  lateral working s from 
the Mi s sion shaft, which is located in the easte rn part of the ore  zone . As a re sult 
of the l imitation s ,  de s c ription s and opinions expre s s e d he r e in are confine d to g en
e ralizations from which more que stion s than an sw e r s  may s e em to ari s e .  Some of 
the g eologic featu r e s ,  however ,  are suffic iently unu sual to war rant the following 
pr eliminary comment s .  The acc ompanying section ( fig . 4 3 )  illu strate s the princ ipal 
r elationship s of stratig raphy, structu r e ,  and mine ralization. 

ST RATIGRAPHY 

The original cha racter of the s e dimentary rocks i s  elthe r oblite rated or obscured 
by r e c  rystallization and meta s omati sm and c o r r elation of fo rmation s i s  unc e rtain. 
The Pe rmian " Rainvalley" fo rmation i s  recognized on fo s s il evidenc e ,  but the " Rain
valley" block is structurally i s olated. For wo rking purpo s e s  all othe r p r e -mineral 
s e dimentary rocks are g rouped into thre e  fo rmations :  " Pima, " " P apag o, " and 
" Kino . " The s e thr e e  formations c annot be c o r r elate d with othe r known fo rmation s 
at this  time and may, in whole or in part, r ep r e  sent units that have not b e en r e c og 
nized he retofo r e .  

" Pima Fo rmation" 

The " Pima fo rmation" is compo s e d  of quartzite and ma rbl e ,  the latter larg ely 
alte red to tactite .  A s e qu enc e of two quartzite unit s ,  s eparated by a unit of tac tite, 
sugg e sts po s sible c o r relation with the Pe rmian Sche r r e r  fo rmation. The ove rlying 
tactite -ho rnfel s may be  the equivalent of the Pe rmian C oncha lime stone, exc ept that 
it c ontain s s ilt and gyp sum. The unde rlying tactite -ho rnfel s may be the equival ent 
of the P ennsylvanian Horquilla and Pe rmo - Pennsylvania Andrada, exc ept that the 
characte r i stic gyp s ife rous beds  of the Andrada fo rmation are  mi s s ing . The s e  and 
othe r appar ent di s c r epanc i e s  may eventually be explained by faulting o r  ove rturning , 
who se  patte rn i s  not p r e s ently r e c ognized from drill c o r e s .  At the pre s ent tim e, 
the Pima fo rmation i s  tentatively c ons ide r e d  to be of Paleozoic ag e .  

" Papago Fo rmation" 

The " P ima fo rmation" i s  apparently trunc ated below the ove rlying " Papago 
fo rmation" (fig . 4 3 ) . The c ontac t is c ons ide r e d  to be an unc onfo rmity becau s e  no 
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3 2 - Richard and C ou rtright - Mi s s ion D epo s it 

e videnc e of faulting on thi s c ontact i s  found in the drill c o r e s .  The " Papag o fo rma
tion" c ons i sts  of a sub stantial thickne s s  of ma s sive argillite . C onglome ratic and 
a rko sic  fac ie s and a few thin, l enticular ,  g arnetized lime s tone beds are r e c ognized, 
but the se  c omp r i s e  only a small part of the fo rmation. The r e  i s  no basal c onglom
e rate.  

Although the " Papago fo rmation" lie s above pre sumed Pale ozoic roc k s ,  it i s  not 
c on s ide r e d  to be C retac eou s  becau s e  it lacks the alte rnation of thin- bedded s and
s tone and mud s tone which characte rize  s C retac eou s  rocks el s ewhe re in the reg ion. 
The " Papago fo rmation" po s s ibly may be of early T e rtiary ag e ,  but no c o r relation 
with any known T e rtiary formation i s  s ug g e s ted. 

, t Kino F o rmation" 

The " Kino fo rmation" unde rlie s the I I P ima fo rmation" but the contac t i s  a fault. 
The " Kino fo rmation" i s  dominantly conglom e ratic with inte r c alate d beds of argillite, 
arko s e ,  and some g r aywacke and pyrocla s tic ( ? ) material .  

Lithologically the " Kino fo rmation" in  g ene ral r e s embl e s  the " Papag o formation" 
and, although they may be parts of a s ingle sequenc e of depo s it s ,  the two units  c annot 
be c o r r elate d at thi s time . Like the " Papago, " the ' I Kino' l lacks the alte rnation of 
thin beds which i s  characte r i stic of mo st C r etac eous rock s .  

IG NE OUS ROC KS 

In addition to P re c ambrian ( ? ) Sie r r ita g ranite which fo rms the basement rock, 
three  igneou s fo rmations occur  within the depo s it. The s e  are  p r e - o r e  monzonite 
porphyry and fel s ite porphyry, and po s t - o r e  ande s ite .  The fels ite po rphyry and 
ande s ite a r e  in the form of dike s ;  the monzonite o c c u r s  in s ill -like bodie s and in 
small, i r r eg ular stocks . 

STRUC TURE 

A nearly flat fault s eparate s the " Rainvalleyl l and I I Kino" fo rmation s from the 
unde rlying P re c ambrian ( ? ) Sie r r ita g ranite . Little i s  known of the nature of thi s  
structu r e ,  although it probably i s  a c ontinuation of the low- angle thrust which c rops 
out a sho rt di s tanc e we st of the San Xavie r mine . 

Larg ely due to the lack of vi s ible be dding within units , struc tu r e  i s  not unde r 
stood i n  detail. Howeve-r ,  g ro s s  patte rn s a r e  apparent. The quartzite beds a r e  
mode r ately folde d and dip a t  low to inte rme diate angle s .  Seve ral low- angle faults , 
such a s  the " Bottom thrust ( ? ) , "  are  trac ed through parts of the mine raliz e d  zone 
and some of the s e  faults are a s s oc iated locally with r epetition and thickening of 
stratig raphic units . As a g r oup, the s e  faults appear to show thrust relationship s .  
Seve ral high- angle,  no rmal faults of app r e c iable di splac ement al s o  a r e  r e c ognized, 
although none of the se  i s  shown on the s e c tion. 

Mo st of the thrust and no rmal faults are probably of p r e - mine r al o r ig in becau s e  
b r e c c ia along m o s t  o f  the faults i s  locally miner al -healed.  Howeve r ,  the faults 
u sually a r e  marke d al s o  by po st-mine ral g oug e and b r e c c ia,  and the r elative mag 
nitude s of the p r e - and the po s t-mine r al movements are  not known. The o r e  zone 
i s  trave r s e d  by numb e rl e s s  faults  and slip s of definite po st-mine r al ag e and of di
ve r s e ,  appa r ently un sys tematic o r ientation. The displac ement and c ontinuity of 
mo st of the s e  faults are probably ins ignificant. A few of them may have importanc e 
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that i s  not now appar ent within the limitation s of the data on hand. 

In the Mi s s ion depo s it, the numbe r  of veins and veinlets of quartz, sulphide,  
feldspa r,  and calcite that are  mo re than an inch in thi ckne s s  i s  small c ompar e d  to 
the numbe r pre s ent in mo st other di s s eminated sulphide depo s its .  Veinlets of one 
fourth inch and smalle r  width s eldom have c ontinuity of mo r e  than a few inche s .  
Mic r o s copic veinlets ,  howeve r ,  are  locally abundant, particularly in the s ilic eous 
fo rmation s .  A system o f  parallel veinlets  i s  expo s ed in a part of the unde rg round 
working s ,  but it is unlikely that such sy stem s are  c ommon within the depo s it a s  a 
whole .  

MINERALI Z A  T ION 

All rocks above the marble of the " P ima fo rmation" are  pe rva sively alte r e d  by 
hydrothe rmal proce s s e s  of meta somati sm and r e c rystallization and c ontain di s s em
inated sulphide s .  C alcareous s edimentary rocks have been conve rted to agg r ega
tion s of  var iou s lim e - s ilic ate mine ral s  and sulphide s .  F o r  wo rking purpo s e s ,  the 
metamorpho s ed c alcar eou s  rocks are g roup e d  into two princ ipal typ e s ,  tactite and 
hornfel s .  In plac e s ,  the s e  two typ e s  refl e c t  the o r ig inal lithology of diffe rent strati
g raphic units ,  but el s ewhe r e ,  the two type s g rade into each othe r through i r r egul a r  
and struc turel e s s  zone s within what appear to be  s ingle stratig raphic units.  The 
tactite is c ompo s e d  p r edominantly of coa r s e -g rained garnet with small amount s of 
diop s ide,  tr emolite, and other s ilicate s and its textu re is g r anoblas tic . The hornfel s 
ha s a fine - g rained g ranobla stic textur e  and its princ ipal mineral i s  diop side,  with 
tremolite, g arnet, wollastonite,  quartz, and c alc ite p r e s ent in small amount s .  I r 
reg ular zone s c on s i s ting almo st entir ely o f  quartz and feldspar occur o c c a s ionally 
in the tactite and hornfel s .  

Silic eou s  rocks such a s  argillite , arko s e , and quartzite are alte r e d  to rocks 
c ompo s ed of  qua rtz, feldspa r ,  s e r ic ite, clay, and sulphide s .  The s e  rocks have v e ry 
fine - g r ained g r anobla stic textu r e s .  

The orig inal mine ral s of the monzonite are  alt e r e d  in part to quartz , s e r i c ite ,  
and clay, and apprec iable amount s of hydrothe rmal quartz and orthocla s e  al s o  a r e  
p r e s ent. Dis seminate d sulphide s occur throughout. 

In the lowe r part of the I I P ima fo rmation, I I  ho rnfels and tactite locally have 
sharp,  c r o s  s c utting contact s with a rathe r pur e  marbl e .  Here it is evident that 
fo rmation of the l im e - s ilic ate mine ral s involved the exchang e of a c ons ide r able 
amount of mate r ial . It is  difficult to dete rmine from drill c o r e  s the extent to which 
thi s replac ement proc e s s was controlle d  by fractu r e s  and it i s  believed that the meta
s omati sm wa s ac c omplishe d  mo stly by diffu sion. 

Pyrite and chalcopyr ite a r e  the pr eponde rate sulphide s .  Molybdenite is spar s e  
and e r ratic ally di stribute d, and sphale rite, bo rnite ,  and g alena occur in plac e s . 
Unde r the mic ro scop e ,  textural relation ship s sugg e st sulphide r eplac ement of the 
s ilicate gangue and a slightly young e r  ag e fo r the sulphide mineral s .  The ag e a s s o 
ciation probably i s  clo s e ,  b e c au s e  the s ilicate s and sulphide s developed without the 
inte rvention of extens ive structural di sturbanc e .  Sulphide depo s ition may be c on
s idered an end- stag e pha s e  of rec rystallization and silic ate meta s omati sm. 

A larg e part of the sulphide s occur a s  di sc rete g rains and small bleb s - - the 
remainde r ,  a s  veins and veinl ets plu s a few sizeable pods of rather mas sive sul 
phide s .  Sizeable zone s exi st  which contain sulphide s only in the fo rm of g rains and 
bleb s .  In the unde rg round wo rking s ,  the r e  is no c onc entration of sulphide g r ains 
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adj a cent to any one veinlet  and the abundanc e of sulphide s doe s  not s eeITl to depend 
on the conc entration of veinl e t s .  

SOITle o f  the p r e -ITlineral zone s o f  fracturing undoubte dly have a c t e d  a s  local 
channelway s .  Thi s i s  evidenc e d  by an occ·a sional sub stantial vein- like conc entra
tion of sulphide s and by the pods of ITlas sive sulphide s .  The fo rITl s and attitude s of 
the sulphide pods are  not clearly known but the pods are  confined to o rig inally c al
c a reous rocks  and u sually occur adjac ent to  p r e - ITlineral faults .  Individually, the 
pods are typical r eplac eITlent ore  bodie s r elated to p r e - ITline ral break s .  C oll ec 
tively, though, they are constituent s of a large zone of di s s eITlinated sulphide s .  

All fo rITlations within the zone of hydrothe rITlal alteration c ontain c oppe r,  but 
S OITle c ontain ITlo r e  than othe r s .  As an ave rag e, the o r ig inally c alcareou s  rock s ,  
tac tite, and ho rnfel s ,  c a r ry the ITlo st  c oppe r per unit voluITl e ;  argillite has le s s ;  
and quartzite and ITlonzonite have the least .  B e dding c ontact s ,  particularly betwe en 
tactite -ho rnfel s and quartzite, often ITlark a sharp chang e 1n c oppe r  c ontent. 

Leaching and enrichITlent of coppe r  are  confined to a thin laye r at the top of 
bedrock ( fig . 4 3 ) . The aITlount of supe rg ene c oppe r  pre s ent i s  trivial a s  c OITlpar e d  
t o  the aITlount o f  chalc opyrite which onc e ITlus t  have exi sted in the e r o de d  p a r t  of 
the ITlineralized zone . 

Although the tac tite -hornfel s i s  of the type C OITlITlonly terITled c ontac t  ITleta
ITlo rphic o r  pyroITle ta soITlatic ,  the ITlineralog ical variations in thi s depo s it show no 
particular spatial r elationship to the ITlonzonite. The ITlonzonite i s  al so hydrothe r 
ITl ally alte red by the saITle proce s s e s  which alte r e d  the s ediITlentary rock s .  The 
infe rence is drawn that the ITline ralization proc e s s  is hydrothe rITlal -ITleta s oITlatic 
r athe r  than pyroITleta soITlatic , and is unrelated to any spec ific contact ac tion of the 
ITlonzonite .  Hydrothe rITlal - ITleta soITlati sITl i s  envi s ioned here a s  involving two ITlech
ani sITl s :  ( 1 ) T ran sportation of ITlate r ial s  in fluids c irculating along fault s and frac 
tur e s ;  and ( 2 ) tran sfe r through unfractured rock by ionic diffu s ion. The latte r ITlay 
have functioned extens ively. 

The Mis  s ion depo sit contain s ITlany of the principal geological eleITlents of the 
socalle d  po rphyry c oppe r - type of depo s it. It diffe r s  only in the ITlagnitude of c e r tain 
feature s .  F o r  exaITlple ,  the ITlonzonite po rphyry body i s  sITlall in propo rtion to the 
s ize  of the ITlineralized zone, and the aITlount of o r e  in the hydrotherITlally alte red 
s ediITlentary rocks i s  larg e in propo rtion to  that in po rphyry. Di s s eITlinated sulphide 
o r e s  in altered s ediITlentary rocks s iITlilar to tho se  of the Mi s s ion dep o s it are  COITl
ponents  of  a nUITlb e r  of  po rphyry copp e r  o r e  bodi e s  -- Ely, Morenci,  Santa Rita, 
and B inghaITl C anyon, fo r exaITlple s .  
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