
A. View looking no rthea s t  up Pima C anyon and showing exp o s ur e s  of gnei s s 
along Pusch Ridg e ,  at the s outhwe st end of the Santa C atalina Mountain s .  

B .  View of northwe st side o f  Santa C atalina Mountains showing overturned 
a s ymmetrical anticline in gnei s s .  C athedral Rock i s  high peak on left 
c ente r  skyline . 

C .  View of northeast  side of O racle Ridg e ;  Alde r C anyon in c ente r ;  Marble 
P e ak i s  to right of the Alder C anyon g ap ;  Rice Peak on far right. Late 
C eno zoic alluvial depo s it s  in foreground; O racle Ridg e c ompo sed of olde r 
s edimentary and c ry stalline rock s .  

FIGURE 1 8 .  Ae rial view o f  the Santa C atalina Mountains ,  Pima C ounty, Ari
zona. Photo s by R .  L .  DuB o i s .  
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Santa C atalina s - DuB o i s - 1 9  

GEOLOGY O F  T HE SAN TA C ATALINA MOUNTAINS 

R ob e rt L. DuB o i s  
Unive r s ity o f  Ariz ona 

INT RODUC T ION 

T he Santa C atalina Mountain s ,  imm ediately no rth of T uc son, Arizona,  a r e  the 
northe rn part  of a larg e r  g roup of rang e s  that include s the Tanque Ve r de and R inc on 
Mountain s to the southea s t.  The se mountains are bounde d by broad vall e y s  to the 
northea s t  and s outhwe st .  Mount Lemmon, altitude 9 ,  1 5 0 fe e t, i s  the highe st point 
In the s e  r ang e s and is about 6 ,  7 0 0  f e e t  highe r than Tuc son .  

The c o r e  of the Santa C atalina Mountain s is  a g ranitic - gnei s s ic complex ( fig . 
1 8A) , b ounde d on the no rth by a s e rie s of s e dim entar y  r o ck s ,  part of which ha s b e e n  
m etamo rpho s e d.  The O r acle g ranite i s  expo s e d  north of  the s e dim entary r o c k  out
c rop s .  Y oung e r  P r e c ambr ian, P aleo zoic , and C r etac eou s ( ? )  s e dim entary r o c k s  a r e  
expo s e d  along the e a s t  flank. M e ta s e dim entar y  rock s c rop out l o c ally along the w e s t 
e rn and southwe s t e rn flank s .  The ag e s  of  the s e  gnei s s ic and m e ta s e dimentary r o c k s  
and the ir r elationship s t o  r o c k s  of  known ag e s  have b e e n  l ong a matt e r  of di s cu s s ion 
in s ou the rn Arizona . Thi s pap e r  summariz e s  the r e s ults  of r e c ent inve s tig ations 
r eg a r ding the structu r e  and ag e s  of the rocks in the Santa C atalina Mountain s .  

In one of the earlie  s t  r ef e r e nc e  s to the metam o rphic r o c k s  of the Santa C atalina 
Mountain s ,  Blake ( 1 9 0 8 )  s tate s that l i the c ropping s appe a r  like o r dinary stratifi e d  
s and s tone s and shal e s "  when v i e w e d  f r o m  a di stanc e .  He p r opo s e d  the name " Ariz 
onian" fo r the g ne i s s ic and s c hi sto s e  rocks  which he c o n s i d e r e d  to be P r e c amb r ian.  
Ran s om e  ( 1 9 1 6 ) reports  that l i the c entral featu r e  of  the rang e a s  wo rke d out by M r .  
C .  F .  T olman, i s  a g r eat p o s t - C a rbonife rous intru s ive ma s s  o f  s ilic eou s mu s c ovite 
g r anite mo difie d  to a gne i s sic  rock near it s marg in s ,  s u r rounded by a zone of in
ten s e  c ontact metam orphi sm in which rocks of widely diff e r ent kinds have b e en c o n 
spicuou sly affec te d .  I I  

R o c k s  of  the Apache g roup along the e a stern flank s of the mountain s we r e  r e 
p o rted  by B ruhn ( 1 9 2 7 ) .  Davi s ( 1 9 3 1 ) made a phy s iog raphic study of the late s truc 
tural hi sto ry of the C atalina s and inte rpr eted them a s  part  of the ba s in - and- r ang e 
structu r e . Studie s  of the peg matite s by H e rnon ( 1 9 3 2 )  include d data on the " inj e c 
tion" g ne i s s  and othe r m etamorphic and s e dim entary r o c k s  of the a r e a .  A s tudy of 
the g eology of the Tuc s on qua drangle wa s started by Moo r e  and othe r s  ( 1 949 ) but wa s 
not c ompleted .  Da rton ( 1 9 2 5) de s c rib e d  b r iefly a numb e r  of  small a r e a s  in the C a 
talina s ,  and Sto yanow ( 1 9 3 6) dis c u s s e d  the Pal e o zoic s e ction in Pepp e r sau c e  C anyon, 
s outh of O r acl e .  

B romfield ( 1 9 5 0 )  and Ludden ( 1 9 50 )  mapp e d  a part o f  the a r e a  betw e en the O racle 
g ranite and P epp e r s auc e C anyon . In the Mineta Ridg e a r e a  near Re ding ton, C hew 
( 1 9 5 2 )  mappe d  a g roup of nar row,  no rth - t r ending fault blo c k s  of T e r tiary s e diments 
in c ontac t with m e tamo rphic rocks on the we st and T e r tiary -Quate rnar y  b e d s  on the 
e a s t .  Data on the Santa C atalina Mountain s available up to 1 9 5 2 w e r e  summ a r i z e d  
by B r omfield ( 1 9 5 2 ) . R e c ent w o r k  i n  four a r e a s  c ove r s  a nor th - s outh s tr ip through 
the rang e ( fig . 4 6) .  B an e rj e e  ( 1 9 57 )  de s c r ib e d  the struc ture  and petrog raphy of the 
O racle  g ranite no r th of the Mogul fault. W allac e ( 1 9 54 )  made a s tructu ral study of  
the s e dimentary and meta s e dim e ntary rocks  s outh of  the Mogul fault. P e i r c  e ( 1 9 58 )  
s tudi e d  the s tructu r e  and petro g r aphy of the s e dimentary,  m etamo rphi c ,  and igneous  
r o c k s  in the Summe rhaven area .  The petrog raphy and s tructu r e  of the c o r e  of the 
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rang e are di scu s s e d  by DuB ois  ( 2 0 ) . 

GE OLOG IC SE T TING 

The olde st ITleta s e diITlentary rock ITlappe d  in the Santa C atalina Mountain s is the 
olde r Prec aITlb rian Pinal schi st ( fig . 4 6 ) .  Unc onforITlably ove rlying thi s unit are 
rocks of  the young e r  P r e c aITlbrian Apache g r oup, and the Apache g roup is  unc on
forITlably ove rlain by the Paleozoic s ection. C retac eous( ? )  c ongloITle r ate,  s iltstone , 
sand stone, and liITle stone unc onfo rITlably ove rlie the Paleo zoic strata and are in turn 
unc onfo rITlably ove rlain by, or faulte d  against, m i ddle T e rtiary rock s .  T e rtiary 
and Quate rnary detrital depo sits  occupy the ITlarg inal vall eys . 

The P rec aITlb rian and Pale ozoic s e diITlentary rocks are ITletaITlo rpho s e d  in the 
vic inity of Mount LeITlITlon and Marble Peak (fig s .  1 8C ,  4 6 ) .  T o  the no rth and east  
of thi s area the deg r e e  of ITletaITlo rphi sITl g ene rally dec rea s e s ,  and e s s entially un
ITletaITlorpho s e d  Apache and Paleo zoic strata are exp o s e d  a few ITlil e s  s outh of O racle 
and no rthwe st of R e dington. Locally, sITlall exp o su r e s  of intens ely ITletaITlo rpho s e d  
rocks l i e  within the le s s  ITletaITlorpho s e d  area s .  

Gnei s  s ic rocks forITl the c o r e  of the rang e froITl it s s outhe rn end to the vic inity 
of Mount LeITlITlon. G ranitoid rocks are well rep r e s ented in the O racl e g ranite,  
SaITlaniego g r anite,  Leathe rwood quartz dio rite,  and C atalina g ranite . Diaba s e ,  
quartz latite,  latite , and othe r intru sive rocks al s o  c rop out in s eve ral a r ea s .  P e g 
ITlatite s a r e  abundant s outh and east  o f  Mount LeITlITlon. 

Rock unit s s iITlilar to tho s e  in the Santa C atalina Mountain s extend southea s tward 
into the adj oining T anque V e rde and R incon Mountain s .  

A well- developed no rthea ste rly lineation i s  pre  s ent throughout ITlo s t  of the 
gne i s s ic c OITlplex. Although in detail the pattern of folding of the foliation i s  intricate ,  
b road g entle anticline s and syncline s a r e  p r e s ent, and west  of  Mount LeITlITlon the re  
are la r g e  ove rturned a SYITlITletric structu r e s  ( fig .  1 8B ) .  T he r e  a r e  ITlany faults in 
the north part of the rang e and aITlong the ITlor e proITlinent are the ea st-we st-tr ending 
Mogul and the no rth- s outh- trending Pirate faults . Mo st faults are high- angle no rITlal 
fault s ,  but thru st faults  a r e  al s o  p r e s ent. 

SE DIME NTAR Y  ROC KS AND THEIR METASE DIMENTARY DERIVAT IVES 

Pinal Schi s t  

The P inal schi s t  in the Santa C atalina Mountains c rop s out a s  a wide band extend
lng southea s twa rd froITl th� vic inity of the C oppe r  Hill ITline , in sITlall expo sur e s  along 
the Mogul fault, near G ol d  Mill , and north of the Palisade s R ang e r  Station ( fig . 4 6 ) . 
The expo sur e s  of Pinal schi st  no rth of the Mogul fault g rade into the O racle g ranite 
over distanc e s  of s eve ral thou sand feet.  The g radational zone is characte riz e d  by 
inc r e a s ing nUITlbe r s  of plag iocl a s e  po rphyroblasts  in the Pinal schist a s  the g ranite 
i s  approached. The c ontact of the Pinal schi st  with the SaITlaniego g r anite i s  sharp,  
steep,  and i r r egular ,  and the contact zone contains abundant aplite ( Wallac e ,  1 9 54) . 

The Pinal schi st c on s i st s  of phyllite and quartz - s e ricite schi st, de rived by ITlet
aITlo rphisITl of quartz- rich s e diITlents that include d both argillac eous and a r enac eous 
band s .  The schists  a r e  g ene rally ITlade up of  abundant s e r icite and quartz with local 
ITlu sc ovite , biotite, and chlorite . Se ric ite p s eudoITlo rph s afte r andalu site have been 
repo rte d froITl zone s near contac ts with Oracle g r anite o r  diaba s e  ( B ane rj e e ,  1 9 5 7 ) .  
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F eldspar oc cur s a s  po rphyroblas t s ,  mainly in the g radational zone near the O racle 
g ranite . 

The metamorphi sm of the Pinal s c hi s t  has b e en g ene rally low g rade and belong s 
to the g r e en - schi s t  faci e s  ( Fyfe and othe r s ,  1 9 58 ) . In the vicinity of Summe rhaven, 
higher m e tamorphic g rade s ,  a s s o c iated with the development of the C atalina gnei s s ,  
have b e en supe rpo s ed on the g r e en - s chist  facie s .  The no rthwar d  extent o f  the se  poly
m etamo rphic effects is not known. Near Oracle,  the Pinal s chi s t  c ontains relict bio
tite,  mic rocline,  and oligocla s e  ( Bane r j e e ,  1 9 57 ) .  The s e  mine ral s  sug g e st to me 
that, in thi s area, an earlier g re en- s chis t  facie s of the Pinal schi st  may have b e en 
locally remetamorpho s ed during the fo rmation of the Oracle g r anite ; and that a s e c 
ond, m o r e  wide spread, pe riod o f  metamo rphi sm, a s s oc iate d  with C atalina gnei s s  
development, formed the pr e s ent g re en - s chis t  facie s a s s emblag e .  The mine ral a s 
s emblag e a s s o c iate d  with the supe rpo s e d  metamo rphi sm in the northern area i s  
i s og rade with the earlier g r een- s chi s t  a s s emblag e .  

Apache G roup 

T he P r e c ambrian Apache g r oup g enerally ove rlie s unc onformably the Pinal s chi s t, 
although in the c entral part of the area the Apache g roup locally r e s t s  on Precambrian 
g ranite ( P eirc e ,  1 9 5 8) .  Individual units of the Apache occur in the north and c entral 
parts of the Santa C atalina Mountains ,  and their di stribution ha s b e en mappe d  in de 
tail by W allac e ( 1 9 54) and Peirce  ( 1 9 58 ) .  Some of the formations of the Apache g r oup 
occur near R e dington. 

The Scanlan conglome rate rang e s  in thickne s s  from 1 0  to 50 fe et and i s  c ompo s e d  
a t  s om e  plac e s  o f  quartzite pebble s 1 / 2  inch t o  6 inche s in diameter ,  s et in a s andy 
.1natrix ; el s ewhe r e  the formation i s  a coar s e  sandstone.  Metamo rphi sm of the Scan
lan in the vic inity of Mount Lemmon has produc ed o riented s e ric ite and mus covite , 
r e c ry s tallize d quartz, and elongated pebbl e s .  

T he Scanlan c onglomerate g rade s into the ove rlying Pione er  shale which i s  an 
arenac e ou s  mudstone with inte rbedded s andstone, about 2 50 fe et thick. The northern
most  exp o su r e s are apparently unmetamorpho s e d, but southward metamo rphi sm has 
formed mus c ovite schi s t s  with various amount s of quartz. 

T he B arne s c onglomerate overlie s the Pionee r  shale and rang e s  in thickne s s  
from 2 5  to 7 5  fe et. T hi s  fo rmation i s  distinc tive becau s e  it c ontains easily r e c o g 
nized, wel1,,- rounded quartzite and j a sp e r  pebbl e s  a s  much a s  8 inche s i n  diam ete r .  
T h e  matrix,  g enerally s e ricite and quartz, i s  c ommonly stained reddish-brown by 
hematite . Near the c r e st of the Santa C atalina Mountains and near Redington, m eta
mo rphi sm ha s transfo rmed the s e  rocks into mica schists  with loc ally pr e s e rved 
ellip soidal pebble s .  In s ome areas the pebbl e s  have been elongated and transformed 
into nar row quartzo se string e r s  or band s .  Mine ral s in the metamo rpho s e d  B arne s 
include mu sc ovite , biotite , garnet, epidote , sphene, and feldspar.  

The D r ipping Sp ring quartzite lie s above the B arne s c onglome rate and include s 
about 3 50 feet of g ray s ands tone and siltstone, with s 3.ndstone mo re p r edominant near 
the b a s e  ( P eirce ,  1 9 58 ) . Metamorphic e quivalents near Summe rhaven include quartz
ite in the lowe r part and quartz -mu s covite s c hi s t  in the uppe r  part. 

The M e s cal lime s tone , which el s ewhe re ove rlie s the D ripping Sp ring quartzite,  
is  g ene rally mi s s ing in the nor the rnmo st Santa C atalina Mountains ( Wallac e ,  1 9 54 ) .  
Peirce  ( 1 9 58 )  sug g e sted that in the Summe rhaven area,  marble compo s e d  o f  c alc ite , 
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tremolite , quartz,  and diop s ide may be metamo rpho s e d  Me s c al lime stone b e c au s e  
the marble i s  a s  s o c iate d  with metamorpho s e d  Dripping Spring quartzite . 

Paleo zoic Rocks 

The Middle  and Upp e r  C ambrian strata in the no r thern Santa C atalina Mountains 
include the T roy quartzite , Santa C atalina formation, Southe rn B ell e quartzit e ,  and 
Abrigo fo rmation ( Stoyanow, 1 9 3 6 ;  Dickin s on, 6) . The latte r thr e e  unit s are shown 
a s  undiffe r entiate d Abrig o  formation on figure  46 .  

W e akly metamo rpho s e d  to  unmetamo rpho s e d  T roy quartzite consists  locally of 
3 1 0 fe et  of white to browni sh- r e d  qua rtzite , c ompo s e d  mostly of inte rlocking quartz 
g rains with mino r amounts of s e ricite ( P eirc e ,  1 9 5 8 ) . The metamorpho s e d  e quiva
l ent of the T roy in the Summe rhaven area is a ma s s ive g ray to white quartzite that 
c ontain s or iented quartz,  mu sc ovite , and biotite . Mino r amount s of mic ro cline , 
tourmaline,  magnetite , and sphene a r e  locally p r e s ent. A p r edominanc e of qua rtz 
in the T roy readily di stingui she s it from o ther nearby m etamo rpho s e d  formation s .  

The Santa C atalina fo rmation r e sts  on the T roy quartzite and cons i sts  of mud
stone near the base ,  calc ar eous mudstone in the middl e ,  and sandstone near the top. 
The Santa C atalina fo rmation is 300 fe et thick. Metamo rphi sm has forme d tr emolite , 
epidote , clinozoi site ,  and diop side in the mo re c alcareous  membe r s .  Staurolite , 
musc ovite ,  and biotite occur in the metamorpho s e d  rocks derived from the mo r e  alu
minous parts of the fo rmation . The mine ral as s emblag e s in the aluminous roc k s  of 
the Santa C atalina formation demonstrate the g radational nature of metamo rphic ef
fects  from the vic inity of Mount Lemmon northward.  Near Mount Lemmon, the Santa 
C atalina equival ents a r e  a s s igned to the staurolite - quartz subfac i e s  of the almandine 
amphibolite facie s ( Fyfe and othe r s ,  1 9 58 ) .  No rthwar d  the equivalent rocks a r e  met
amo rpho s e d  to the g r e en- schi s t  facie s .  

A 3 0  - foot s e ction of Southe rn B elle quartzite ove rlie s the Santa C atalina fo rma
tion and unde rlie  s the Ab rigo formation. The Abrigo is  about 3 5 0  feet thick and c on
s i s t s  of b rown lim e s tone with inte rbedded sandstone . Whe re  the Abrigo i s  m e ta
morpho s ed, it rang e s  from ho rnfel s to  marbl e compo s ed of  calcite,  quartz,  tr emo 
lite,  and clinozoisite . Dolomite i s  locally pre s ent in both the metamorpho s e d  and 
unmetamo rpho s e d  section s .  

Metamorphic e quival ent s  of Devonian and young e r  Paleo zoic fo rmation s have not 
b e en r e c ognized  in the more metamorpho s e d  ter rain s ,  although we st of Mount Lem
mon the r e  are rathe r pure marbl e s  which probably a r e  uppe r Pal e o zoic . In areas of  
r elatively weak metamo rphi sm, Peirce ( 1 9 58 )  ha s mapp ed 1 8 5  fe et  of  Martin lim e 
stone,  an unmea su r e d  thickne s s  of E s cab r o s a  lim e s tone, a s ection of the Hor quilla 
fo rmation about 1 , 0 0 0  feet  thick, and approximately 2 0 0  feet of the lowe r part of the 
And rada fo rmation. T he s e  units are not diffe rentiate d on figure  4 6 .  The s e  fo rma
tion s p robably are all p r e s ent in the weakly metamo rpho s e d, undiffe rentiate d s e c tion 
of Marbl e  P eak, and mo s t  have b e en metamorpho s e d  loc ally by c ontact with the 
L eathe rwood quartz dio rite . 

IGNEOUS AND ME T AMORPHIC GRANIT OID ROC KS 

C atalina Gnei s  s 

T he t e rm C atalina gne i s s  de s c r ibe s the gne i s s ic rocks that make up the c o r e  of 
the Santa C atalina Mountains and extend s outhea s twa rd from Mount Lemmon into the 
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Tanque Verde and Rincon Mountains. The contacts between the gneiss and the sur
rounding rocks have not been studied in detail. Peirce (1958) infers that in the Sum
merhaven area the contact between the metasedimentary rocks and the gneiss was 
originally a depositional contact between younger Precambrian sedimentary and older 
rocks. Locally, the contacts between the gneiss and the sedimentary and metasedi
mentary rocks are probably faulted. 

The gneis sic rocks may be divided into three general types (DuBois, 20) --banded 
augen gneiss (fig. 21), augen gneiss (fig. 22A, C), and granitic gneiss-gneissic gran
ite (fig. 21B). The banded augen gneiss crops out mainly in the southern part; the 
augen gneiss, in the central part, and the granitic gneiss-gneissic granite, in the 
northern part of the exposures of Catalina gneiss. All possible gradations occur be
tween the se type s, and it is impracticable to depict contacts between them on the scale 
of figure 46. The three types of gneiss have similar mineral compositions --large 
feldspar crystals set in a matrix of quartz, feldspar, and biotiteo In the banded augen 
gneiss, the large crystals are porphyroclasts set in a sheared matrix (fig. 21B, C). 
Light and dark bands alternate as an expre s sion of relative difference in biotite con
tent. The occurrence of porphyroclasts as single crystals, or as strings or bands of 
several crystals, is a striking feature of these rocks. The augen gneiss is similar in 
cataclastic and other general feature s to the light-colored zone s in the banded gneis s. 
The granitic gneiss-gneissic granite is similar to the augen gneiss but has undergone 
Ie s s extensive cataclastic deformation. 

The gneissic rocks in the southern part of the range were derived from sedimen
tary and igneous materials (DuBois, 20) and the gneisses in the northern part of the 
area were derived from granitic rockSTPeirce, 1958; DuBois, 20). Peirce considered 
the pre-metamorphic material to be older Precambrian Oraclegranite or its equiva
lent that became mobilized during the main period of metamorphism; whereas I sug
gest that this portion of the gneiss is a polymetamorphosed granitic rock of igneous 
origin, formed by metamorphism during older Precambrian and post-Cretaceous 
times. These two apparently different conclusions are in part compatible. 

Oracle Granite 

The older Precambrian Oracle granite forms the northernmost part of the Santa 
Catalina Mountains, and areas of granitic rocks in the north-c entral part of the range 
were considered to be Oracle granite by Peirce (1958). The Oracle granite is in 
fault contact with Precambrian and Paleozoic sedimentary rocks, or grades into the 
Pinal schist. At the north end of the range, it is overlain by Tertiary and Quaternary 
alluvial rocks, 

The Oracle granite is a coarse-grained porphyritic quartz monzonite with local 
granite to granodiorite phases. The main minerals are quartz, plagioclase (An22- 34), 
microcline, perthite, biotite, and chlorite, Minor minerals include magnetite, il
menite, epidote, sphene, tourmaline, and zircon. Large crystals of microcline, 
which appear subhedral to euhedral in the field, have xenomorphic forms in thin sec
tion, suggesting crystalloblastic growth, and other main minerals have anhedral 
forms with crystalloblastic characteristics. Banerjee (1957) considers the biotite 
to have been derived from an original hornblende. 

Banerjee interprets the preferred northeast orientation of biotite and feldspar 
crystals and of schlieren and inclusions to be a deformational feature related to the 
Mazatzal orogeny (fig. 19). He also states that the rock was originally a granodio
rite and was changed to quartz monzonite by K-metasomatism. Banerj ee (1957, p. 
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9 8 )  attribute s the pre s enc e of inclus ions and s chlie ren to r emnants of Pinal s chi st 
and s ay s  that the s e  and other featu r e s " strongly sugg e st that much schi st  ha s b ecome 
g ranite by r e c ry s tallization and meta somati sm. " Although petrog raphic evidenc e 
do e s  not p r eclude the po s sibility that the g r anite may have b e en partly mobile during 
emplac ement, structural feature  s do not support thi s inte rpre tation ( B anerj e e ,  1 9 5 7 ) . 

B ane r j e e  c ons ide r s  the Oracle g ranite in its p r e s ent fo rm to b e  of P re c ambr ian 
ag e ( Damon, 5) , but sug g e st s  the po s s ibility of movements along the Mogul fault dur
ing " Laramide" o rog ency which may have produc e d  local o r ientation s within the 
g ranite along the fault. 

It is  al s o  po s s ible that this  g ranite might have b e en empla c e d  into the Pinal schist  
dur ing P r e camb rian time as  a magma, o r  a s  mobiliz e d  g ranitic material, which 10 -
cally feld spathi z e d  the Pinal schi st near its margin s .  Po st-C retac eous metamorphi sm 
and meta somati sm may have then brought about struc tural orientation, c ompo sitional 
chang e s ,  c rystallobla stic texture  s, and the development of mic rocline po rphyroblasts  
in  the olde r g ranite . Such post-C retac eous chang e s  formed the gnei s s e s  of the main 
mountain ma s s  to the south ( DuB o i s ,  �) o 

This hypothe s i s  of the o r ig in of the Oracle g ranite i s  supported by the parall el
i sm of structu r e s  in gne i s s e s  ( DuB oi s ,  20)  and in the Oracle g r anite ( B an e rj e e ,  19 5 7 )  
and by petrog raphic featu r e s  o f  the rock s .  

The early pha s e  of feldspathization of the Pinal schi s t  by Oracle mate rial s fits 
well with B anerj e e ' s conc ept of an ea rly stag e of plagiocl a s e  po rphyroblast  fo rmation. 
The chemi stry of thi s  feld spathization would further ag r e e  with B ane rj e e ' s idea of an 
o rig inal g r anodiorite . The later meta s omatic action i s  in ac c o rd with the suppo s e d  
mic rocline porphyroblast  development in the Oracle g ranite and the Pinal schi s t, and 
with B ane rj e e ' s c onclu sion of g rano dior ite chang ing to quartz monzonite . 

Samaniego G r anite 

G r anitic rock s ,  which Wallac e ( 1 9 54 )  call e d  the Samaniego g ranite and conside r e d  
t o  b e  P r e c ambr ian, c rop out along the w e  ste rn side of the no rthern Santa C atalina 
Mountain s .  Thi s unit i s  in fault contac t with late C eno zoic s e diments on the we st and 
with Pinal schi s t  on the ea st.  Wallac e ( 1 9 54 ,  p. 1 3 ) state s that the easte rn c ontact  
" i s  sharp, steep,  and i r r egular ,  and the c ontact zone contains abundant aplite" with 
local inclu sions of P inal schi st. In c ompo sition, the rock rang e s  from g ranodio rite 
to quartz monzonite and contain s large mic rocline c ry s tal s as sociated with quartz,  
plag iocla s e ,  and ho rnblende . 

W allac e sugg e sts that thi s " g ranite" is  not the Oracle g r anite b e c au s e  it contains 
a mo r e  calcic plag io cla s e ,  a ho rnblende in stead of biotite as the mafic mine ral, and 
a primary magnetite . The Samaniego g ranite appea r s  to b e  s imilar in c ompo s ition 
to the g ranodiorite p o s tulated by B ane rj ee ( 1 9 5 7 )  to be the o riginal c ompo s ition of the 
O racl e g r anite . 

L e athe rwood Quartz Dio rite 

The Leathe rwo o d  quartz dio rite is a stock on the northea s te rn slope of the Santa 
C atalina Mountain s ( Peirc e ,  19 58 )  that intrude s C r etac eou s  rocks ( B  romfield, 1 9 5 2 ) . 
Peirce  note d  that its we ste rn contact is  locally conc o r dant whe r e  it intrude s P r e 
cambr ian and Pal e o zoic rocks a t  Marble P eak, and el s ewhe r e  the we ste rn c ontact i s  
di s c o r dant. The ea s te rn contact is  exp o s e d  only whe re  the stock intrude s the lowe r 
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part of the Andrada formation. A few feet of c ontact- metamorphic lime - silicate s 
were  formed whe r e  the stock intruded lime stone . 

The Leatherwood quartz dio r ite rang e s  from mas sive to gnei s sic in textu r e  and 
the Leathe rwood i s  g enerally c ompo s e d  of biotite, quartz, oligocla s e ,  and epidote . 
Minor minerals include ho rnblende, sphene,  and apatite . An o riginally hypidiomo r 
phic g ranular textu r e  i s  sug g e sted by the mine ral arrang ements s een in thin s ections .  
A supe rpo s ed c ry s tallobla stic textu r e  ha s b e en formed unde r  c ondition s of metamor 
phis m  which have chang ed the plagioclas e  to a more s odic c omp o sition and fo rmed 
epidote from the r eleas ed c alcium. Loc ally, hornblende was the primary mafic min
e ral . S ome of the b iotite may be  igneou s ,  but a larg e part of it was fo rme d  from the 
ho rnblende during metamo rphi sm.  

The inclus ions and mine ral o r ientation s  in the L eathe rwood quartz dio rite are  
parallel to  each other and both are  parallel to  the planar structure of the nearby 
gnei s s e s .  P eirc e ( 1 9 58 )  c on s ide r s  thi s paralleli sm of structu r e s within the Leather
wood and between the Leathe rwo o d  and the gneis s  to indicate that the intrusion of the 
Leatherwood i s  c ontempor aneous  with some of the early kinematic pha s e s  of the m eta
morphi sm.  

C atalina G ranite 

P e i r c e  ( 19 58)  has mapp e d a body of g ranite north of Mount L emmon which Moore 
and other s ( 1949)  named " C atalina g r anite" . Dik e s  and apophy s e s  from thi s  rock in
trude the p o s t - C  retac e ou s  Leathe rwood quartz diorite.  C hille d  contact s  in this north
e rn area clearly sugge s t  a hot mobil e intrusive o rigin .  The c ontact with the meta
s e diments on the south has not been obs erved, but near the area of contac t, about one 
mile north of Mount Lemmon, the re  a r e  numerous large inclus ions of meta s ediments 
with an o rientation parallel to a foliation locally p r e  s ent in the g ranite in thi s area .  

T wo different facie s characterize  the C atalina g ranite . The northe rn expo sur e s , 
a c c o r ding to Peirc e ,  are  g ranodio rite in compo sition, hypidiomo rphic g r anular in 
texture,  and c ontain mainly quartz, orthoclas e ,  and olig ocla s e .  Outc rop s on the 
south are  of a g ranite with a c ry s talloblastic texture,  c ompo s ed of abundant quartz 
and o r thocla s e  with s ome plagiocl a s e  and biotite . 

The C atalina g ranite appear s to have had a c omplex o rigin. F e atur e s  of the s outh
e rn portions sug g e st meta somatic r eplac ement of meta s e diments fo rming g ranite,  and 
featur e s  of outc rops to the north s e em be st r elate d to mobilization of g ranitic mate r -
ial s that may o r  may not have b e en c ompletely molten. 

. 

Pegmatite 

P e gmatite dike s and irregular b o die s tran s ect the rocks of the Leathe rwoo d  quartz 
diorite ( fig . 2 2D ) ,  the C atalina gnei s s  ( fig . 2 2C ) ,  and the metamorpho s e d  P r e c ambrian 
s e diments . P e gmatite dike s c ro s s  each other and we re emplac e d  at diffe rent time s ,  
p r obably within a s ingle g ene r al p e riod. The pegmatite s have i r regular widths but 
a r e  g enerally l e s  s than 2 fe et wide . A replac ement o rigin i s  sug g e sted (He rnon, 1 9 3 2 ;  
P e irc e ,  1 9 58 )  by the p r e s enc e within the pegmatite of books o f  mica aligned parallel 
to the s tructure of the c ountry rock ( fig . 2 2C ) .  Off s e t s  are c ommon whe r e  pegmatite s 
c ro s s  one anothe r,  but some small di splac ements along fracture s  may have occurred 
befo r e  the emplac ement of  the pegmatite . The  c ontacts are  g ene rally sharp but locally 
they are  g radational, and in s ome a r e a s  they are  paralleled by string s of g arnet c ry s 
tal s ( fig . 2 2D ) .  At many plac e s ,  frag ments o f  the c ountry rock p r oj ect into a dike and 
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the s tructu r e s  and trends in the country rock on both side s of a dike a r e  continued in 
fragments of country rock c ompl etely sur rounded by pegmatite .  

Quartz,  orthocla s e ,  albite , and mu sc ovite make up mo st of  the pegmatite s ;  mino r 
mineral s  include biotite , mic r ocline, and g a rnet. R a r e  earth mine r al s  have been r e 
po rte d from the pegmatite s of the Santa C atalina and R incon Mountains .  

Misc ellaneous Igneous Rocks 

In the no rthe rn end of the Santa C atalina Mountains the r e  is a large expo s u r e  of 
metamo rpho s e d  hypaby s s al rock s .  Moo r e  and othe r s  ( 1 949)  c onside r e d  the s e  rocks 
to b e  ande site of  po s s ibl e C r etac eous o r  T e rtiary ag e .  Wallac e ( 1 9 54 ) ,  howeve r ,  
c on side r s  them to be T e rtiary metadio rite , and P e i r c e ( 1 9 58 )  sugg e sts  they are  p r e 
dominantly quartz latite of po s t - P r e c ambr ian ag e .  Rocks of this unit s eparate the two 
belts of s edimentary rocks no rth of C opp e r  Hill mine ( fig . 4 6 )  and occur a s  s ill s in 
the Apache g roup near Stratton C anyon and a s  a small body in P r ecambr ian g ranite 
farthe r s outh. The original po rphyritic textu r e  is evident in most thin s ection s and 
ha s not been completely de s troyed by supe rpo s e d  low-g rade metamo rphi sm.  Quartz 
and feldspar phenoc rysts a r e  partly p r e s erved,  but the mafic mine r al s  have b e en 
chang ed to chlo r ite ,  tremolite, and epidote . 

Sill s and dike s of diabase  a r e  intru sive into P r e cambrian and Paleozoic strata, 
and Moo r e  and other s  ( 1 949 ) mention diab a s e  cutting C r etac eou s r ocks .  In mo st 
a r e a s  the diaba s e  i s  aphanitic and in thin s e ction show s partially p r e s e rved o r ig inal 
igneou s textur e s .  In the Summe rhaven a r e a  diaba s e  ha s b e en metamorpho s e d  to 
ho rnblende and biotite schi st s .  

Dike s and othe r small po st-metamo rphic intru sive bodie s tran s e c t  many rock 
units in the area  and rang e in compo sition from lampr ophyre to rhyolite .  Some of 
the s e , c omp o s e d  of ande s ite,  a r e  charac te rized  by the p r e s enc e of exc eptionally 
larg e pheno c rysts  of plag iocla s e .  

STRUC T U RAL GEOLOGY 

The no rthwe st s ide of the Santa Catalina Mountains is tran s e cted by the no r th
t rending Pirate fault ( Wallac e ,  1 9 54 ) ,  and the nor th part of the rang e is cut by two 
maj o r  ea st-we st faults --the Mogul fault and the G e e sman fault ( P e i r c e ,  1 9 58 ) . Along 
the Mogul fault, which dip s ste eply to the s outh and i s  downthrown to the south, P r e 
c ambrian and Paleo zoic rocks a r e  in c ontact with the P r e cambrian Oracle g ranite on 
the no rth. Farthe r south, the G e e sman fault, which al so dip s ste eply and is down
thrown to the s outh, ha s a vertical di splac ement of 3 , 0 0 0  feet .  Thi s  fault b r ing s P r e 
c ambrian and Paleo zoic g r anitoid and meta s e dimentary rocks into contact with Paleo
zoic  rocks  and with Leathe rwoo d quartz dio rite . Many small high- angle no rmal faults 
off s et the s e dimentary and meta s e dimentary unit s .  In s ome a r e a s ,  as near R e ding 
ton, thru s t  faults have b e en mappe d. B road anticlinal and synclinal struc tu r e  s exist  
in mo st parts of  the area ,  and asymmetrical, ove r turned anticline s exi st in plac e s ,  
e sp e cially along the we s te rn front. The s e  structu r e  s a r e  evident in tr end s of be dding 
and foliati on. Within the gne is sic  c omplex an e arli e r  foliation and lineation with an 
ea st-we st tr end exi s t s ,  which ha s supe rpo s e d  upon it a foliation with var iable tr ends 
and with a N.  500 E .  lineation. The superpo s ed lineation is mo st e a s ily r e c ognized 
in outc rop s of gne i s s  ( DuB o i s ,  �, fig . 20 ) ,  

The s e quenc e of defo rmation producing the structure s of the rocks in the Santa 
C atalina Mountains i s  not entir ely unde r stood. P r e camb r ian movement s a r e  evident 
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in exp o su r e s  of Pinal schi st,  and po st- C r etac eous structu r e s  have been fo rrned in 
young e r  meta s e dimentary and igneo u s  unit s .  It i s  po s sibl e that the faults  and folds 
e stabli shed by P r e c amb rian deformation in part c ontrolle d  the trends of adjustments 
during po st-C retac eou s  defo rmation. Movement along the maj o r  faults ,  such as the 
Mogul and G e e sman, ha s occurred  during both P r e c ambrian and po st-C retac eous 
time s.  

Offsets  and folding of late C enozoic beds show that at least some defo rmation 
ha s o c c u r r e d  in late T e rtiary or Quate rnary tim e .  Metamorphi sm as s o c iate d  with 
the post-C r etac eou s defo rmation did not affe ct middle to late C enozoic rocks mapped 
to date ( C hew, 1 9 52) . Thi s  sug g e  sts  eithe r a separate period of C enozoic defo rma
tion or a continuation of po st-C retac eous defo rmation after the c e s sation of meta
mo rphi sm .  

SU MMARY OF METAMORPHISM AND METASOMAT IC AC T IVIT Y 

At l e a s t  two pe riods of metamo rphic activity are  r e c o r de d  in the rocks of the 
Santa C atalina Mountains .  The earlier  one metamorpho sed s edimenta ry and po s s ibly 
volc anic rocks into the P inal s chi st  dur ing P r e c ambrian time.  Defo rmation developed 
s chi sto s ity mo r e  or  Ie  s s parallel to be dding plane s and metamo rphi sm was g ene rally 
low-g rade , belong ing to the g r een- s chi st  fac ie s .  The late r metamo rphi sm, dated as  
po st- C retac eou s becau s e  of  its effects on the Leathe rwood quartz dio rite , developed 
the C atalina gnei s s  in its p r e s ent form and al so fo rmed schi sto se  rocks ne ar Mount 
L emmon. The p r e s enc e of s taurolite - quartz subfac ie s of the almandine - amphibolite 
fac i e s  near Mount Lemmon and g r een- s chi st  fac ie s fa rthe r no rth (Fyfe and othe r s ,  
1 9 58)  sug g e sts  that the effects  of thi s metamorphi sm we r e  more intense  nea r  Mount 
Lemmon than to the no rth. During thi s pe riod of metamo rphi sm, synkinematic meta 
s omatic feld spathization formed feld spar po rphyroblasts  a s  s ingl e  c rystal s and a s  
string s of c rystal s in the gnei s s .  C ontinued meta somati sm of the gne i s s dev eloped 
synkinematic and post-kinematic quartz -feldspar pegmatitic zones  roughly parallel 
to the linear struc ture of the gnei s s .  P o s t-kinemati c ,  c ro s s - cutting r eplac ement 
pegmatite dik e s  were al s o  fo rmed throughout m o st of the gne i s s  in the southe rn part 
of the Santa C atalina Mountains .  

C atac1 a s tic action a s  soc iate d with the po st-C retac eous metamo rphi sm fo rme d 
po rphyroc1asts  and aug en structure s in the gne i s  sic rocks . Locally defo rmation ha s 
b e en suffic iently inten se  to fo rm mylonite s .  
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