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PE T ROGRAPHY AND STRUC TURE OF A PAR T OF THE GNEISSIC 
C OMPLEX OF T HE SAN TA C AT ALINA MOUNT AINS, ARI ZONA 

Rob e rt L. DuB o i s  
Univ e r s ity o f  Arizona 

INTR ODUC T ION 

The g eneral g e ology of the Santa C atalina Mountains ha s been de s c r ib e d  b riefly by 
DuB o i s  ( 1 9 ) .  Refe renc e i s  made to that paper  for de s c ription of the princ ipal feature s 
of the rang e and fo r a s ummary of p r evious g e ologic work. 

G eneral G eologic Setting 

The gne i s sic  rocks c alle d  the C atalina gne i s s ( DuB o i s ,  1 9 )  are in the southe rn 
part of the Santa C atalina Mountains and are bounde d  on the north and east  by s e di
mentary and metamorphic r ocks . Meta s e dimentary units c rop out locally along the 
we ste rn front of the rang e .  The orig inal c ontact betwe en the gne i s s ic g r anitic rocks 
and meta s e dimentary units wa s cons ide r e d  by Peirc e ( 1 9 58)  to be depo s itional in the 
Summe rhaven area.  Els ewhe r e  the contact i s  faulte d  o r  unknown.  

The di stribution and occurrenc e of  the meta s e dimentary rocks  a r e  important 
clue s to the nature  of the o r ig inal mate rial and the characte ri stic s of the m e ta 
mo rphi sm of the gne i s s .  Immediately to the north of the area of gnei s s  ( fig . 46 ) , 
P eirc e ( 1 9 58 )  mappe d  a s e rie s of s chi sto s e  metamo rphic rocks that rang e from 
quartzite to quartz- mu s c ovite - plagiocla s e  s chi st and loc ally c ontain epidote,  biotite, 
or garnet.  The s e  metamo rphic rocks are stratig raphic e quivalents of all the forma
tions of the P r e c ambrian Apache g roup exc ept the Me s c al lime stone . Metamo rphic 
e quivalents of the Sc anlan and B arne s c onglome rate s a r e  e specially valuable in s trati
g raphic control becau s e  of their di stinctive pebble s .  

M e tamo rphic rocks de r ived from the C ambr ian T roy and Santa C atalina forma
tions rang e from quartzite to quartz - biotite - mu s c ovite schist and, no rthwe s t  of 
Summe rhaven, to quartz -biotite - mu s c ovite - staurolite s chi st.  Lowe r Paleozo ic lim e 
stone i s  al so pr e s ent in e a st-we st tr ending units o n  Ma rble Peak and in a r e a s  t o  the 
e a s t . The metamorphi sm of the s e  units  include s local development of tremolite and 
epidote and g ene ral r e c rystallization of c alc ite and dolomite . 

The area mapp e d  by Peirc e ( 1 9 58 )  c ontains ,  in addition to the meta s e dimentary 
rock s ,  me tamorpho s e d  intrusive igneous rocks of the po st- C retac eous Leathe rwood 
quartz dio rite . In addition, two larg e bodie s of  g ranite c rop out in  the c entral part  of 
the area ( fig . 4 6) .  P e i rc e  c onside r s  the northe rnmo s t  of the s e  to be equivalent to the 
P r e c ambr ian O racle g ranite and the we stern body to b e  post-C retac eou s  in ag e .  In the 
extr eme northe rn part of Peirc e l  s area ( 1 9 58 ) ,  outc rops of the Apache g roup and of 
lowe r Paleozoic formation s a r e  repeated by faulting . The s e  rocks a r e  only weakly 
metamorpho s e d, and in thi s r e spect c ontrast  to the meta s e dimentary rocks near 
Summe r ha ven.  

In the g ene ral vic inity of Ric e  P e ak (fig s .  l 8C ,  4 6 ) ,  Wallac e ( 1 9 54) mapp e d  the 
Apache g roup, including lime s tone he c on s ide r s  to be the Me s c al formation. In this 
area the rock s of the Apache g roup a r e  unmetamorpho s e d  and c rop out in two broad 
no rthwe st-tr ending belt s ,  one of which i s  a c ontinuation of the weakly metamo rpho s e d  
Apache rocks mapped by Peirc e .  The two belts a r e  g enerally s eparate d by meta 
dio rite but merge  immediately south o f  whe re  they a r e  cut off b y  the Mogul fault. 
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B oth of the s e  broad b elts c ontain, in addition to rocks of the Apache g roup,  e s s en
tially urunetamorpho s e d  Pal e o zoic l im e s tone, quartzite,  and othe r clastic roc k s .  

Near Re dington, s imilar s e quenc e s  o f  meta s e dimentary rocks may be  meta 
morpho s e d  unit s o f  the Apache g roup and r emetamorpho s ed Pinal schi st.  O n  the 
we ste rn side of the Santa C atalina Mountain s ,  meta s e dimentary rocks of unknown ag e 
al s o  c rop out as s epta in g ranite.  

PETROGRAPHY 

The south- c entral part of the Santa C atalina Mountains ( fig . 4 6) is compo s e d  of a 
gnei s  sic c omplex that ha s a g ene rally unifo rm mine ralog ical compo s ition. The rocks 
for  the mo st part a r e  phacoidal (Heinrich, 1 9 5 6) and can be divided into thr e e  broad 
g roup s - - banded aug en gne i s s , aug en gnei s s ,  and g ranitic gne i s s -gne i s sic g ranite . 
T he t e rm g ranitic gne i s s i s  applied to rocks of g ranitic c ompo sition in which the 
gne i s sic structu r e  i s  vi s ible meg a s c opically. The te rm gneis  sic  g r anite i s  appli e d  to 
rocks of a s imilar c ompo s ition in whic h the gne i s s ic struc tur e  i s  di s c e rnible only by 
c a r eful meg a s c opic or mic r o s c opic examination. 

The c ontacts betwe en the variou s typ e s of gnei s sic rocks are g radational, and 
outc rops of one type a r e  c ommonly p r e s ent in areas  in which a diffe r ent type p r e 
dominate s .  The diffe r ent typ e s  of gnei s s  are not mappable on the s cale of figur e s  20 
and 4 6 .  

Bande d Aug en Gne i s s  

B ande d rocks p r e dominate in the s ou the rn part of the area shown in figure  2 0 .  
T hey c rop out along the Mount Lemmon road, along the Sabino C anyon road, and fo rm 
the high hill s b etwe en the two road s .  Northwar d, the banded feature s dec r e a s e  g rada
tionally and the banded aug en gnei s s  g rade s into aug en gne i s s .  

The banding of the s e  rocks varie s c on side rably. In g ene ral, it consi sts  of parall el 
alte rnating l ight and dark bands which in most plac e s  are parallel to the tr end of the 
r e g ional struc ture .  Locally, howeve r ,  the l ight - c ol o r e d  bands tran s e c t  the dark bands 
and the r e  a r e  all deg r e e s of angular inte r s ections . In some areas  the r e  even a r e  
ptygmatic fol ds .  T h e  thickne s s of the l ight- c olo r e d  bands rang e s from a frac tion o f  an 
inch to s eve ral feet. Planar struc tu r e  i s  shown by o riented c onc entrations of b iotite ,  
of she a r e d  and streaked zone s of fel s ic min e ral s ,  and of  aligne d ellip soidal c ry stal s 
( fig . 2 1 A) .  binear structu r e  i s  shown by the o rientation of ell ip soidal g rains and by the 
distribution of micac eous mine ral s ( fig . 2 1 A) .  The planar s tructu r e  i s  aligned in the 
" a-b" plane,  and the l ine ar s tructu r e  i s  c on side r e d  to be a "b" lineation. 

The bande d  aug en gnei s s  i s  c ompo s ed mainly of quartz,  plag iocla s e ,  orthocla s e ,  
b iotite , and mus c ovite.  Some rocks al s o  contain varying amounts of s taurolite , 
tourmaline , g arnet, epidote , zirc on, o r' " opaque" . The wo rd I l opaque" i s  he r e  u s e d  
a s  a c ommon noun to de sc ribe  unspec ifie d  opaque mate rial p r e s ent in thin- s e ction s .  
Ellip s oidal c rystal s of plagiocla s e  and orthocla s e  a s  much a s  6 inche s long and 3 
inche s wide a r e  g ene rally p r e s ent in the dark bands of the gne i s s .  They we re o rig i 
nally po rphyroblasts  but mo st of them have been c onve rted to po rphyrocla sts by 
c atacla s tic action (fig s .  2 1 B ,  C ,  D) . Only in a few a r e a s  have the o r iginal po rphy
robla s tic characte r istic s been p r e  s e rved. In the l ight- col o r e d  band s the r e  a r e  s imilar 
po rphyroblasts  and po rphyroclasts of orthocla s e ,  plag iocla s e ,  and quartz. Minor 
mine ral s ,  such as staurolite , tourmaline , and zircon, g enerally occur as rounde d 
g rains but epidote , a s  s ingl e  c rystal s o r  a s  inclu s ion s in plag iocla s e ,  occur s in 
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subhe dral to euhedral fo rm s .  The ga rnets are anhedral to euhedral and occur pr ima 
rily in the light - c olored zone s or  along the ir margin s .  

The biotite ha s been drawn out and c onc entrate d locally in bands as  a re sult of a 
metamorphic diffe r entiation promote d by bo th mechanic al and chemical action. The 
qua rtz ha s b e en sheared in zone s that I I  {lowl I around the r emaining feldspar po rphy
rocla sts  ( fig s .  2 1  C ,  D) . Locally, the c atacla stic deformation ha s been s o  inten s e  that 
mylonitic rocks have fo rmed. The mine ral s  have reacte d  diffe r ently to thi s  deforma 
tion. In a r e a s  whe r e  strain wa s lea st,  the mica minerals are  o r i ente d and the quartz 
c ry stal s are elong ate d. The effect of further defo rmation wa s to draw out the biotite 
and shear the quartz.  Unde r the s e  c onditions  the feldspar po rphyroblasts show evi
denc e of becoming ellip s oidal . Still furthe r defo rmation ha s tho roughly she ared the 
quartz and developed ellip soidal o r  rounde d forms in the feldspar s .  Mo r e  inte n s ive 
deformation has c ru shed and abraded the feldspar s until only fine -g rained, c ompletely 
shear e d  material r emain s .  

T he occur rence o f  rounded zirc on, staurolite and a high perc entag e o f  quartz 
s ugg e sts that the banded gne i s s  wa s de rived in part from se dimentary rock s .  Othe r 
parts of the gnei s s ,  such a s  tho se  in Molino C anyon, may have been de rived from 
igneou s ma s s e s .  In one area in Molino C anyon, the dark bands contain plag iocl a s e ,  
epidote , and biotite , and only mino r amounts o f  quartz and orthoclas e .  In part, the 
plagiocla s e  c rystal s have a di stribution of fine inclus ions wi thin their c entral c o r e ,  
sug g e  s ting a n  earli e r  euhedral form that predate s thei r  pr e s ent highly anhe dral shape 
( fig s .  2 2A, B ) .  Some plagiocla s e  c ry stal s have a faint zoning and abundant inclus ion s 
of epidote within thei r  c entral c o r e s .  The high perc entag e of plag iocla s e ,  the low 
quartz content, the relict euhe dral fo rm of the plag iocla s e  and the a s s oc iate d epidote 
inclus ions sugg e st meta somatic metamo rphi sm of an igneous dio r ite o r  quartz - dioritic 
rock.  

It  is  po stulate d that the o r ig inally more ba s ic plag iocla s e  unde rwent c ry stal g rowth 
in the s olid state and became mor e  s o dic . The relea s e d  c alc ium fo rm e d  epidote inchr
s ion s .  T h e  chang e from an o r ig inal c alcic mafic mineral t o  biotite plu s  epidote r e 
qui r e d  the introduction of pota s s ium. 

T he light bands parallel to or tran s ecting the struc tu r e  we r e  fo rmed by meta s o 
matic metamorphi sm. Introduction o f  pota s s ium, s o dium, and s ilica would explain 
thei r  mine ralog ical compo sition. Under meta s omatic action the biotite wa s r e duced 
in  volume and partly conve rte d to  mu s c ovite , with the r el ea s e  of  magne sium and iron. 
The s e  element s  are now tied up in the garnets occurring in and along the light bands .  
Such meta s omatic metamo rphi sm, occurring c ontempo raneously with defo rmation, 
c ould al s o  b ring about the formation of feldspar po rphyroblasts  in the dark bands .  

Aug en Gne i s s 

Aug en gnei s s  occur s mainly no rth of the bande d aug en gne i s s  and s outh of the 
g ranitic g ne i s s - g ne i s sic g ranite . T he aug en gne i s s g r ade into the se  othe r unit s ove r 
di stanc e s  of s eve ral hundr e d  fe et.  Loc al zone s of the othe r rock type s occur in the 
c entr al area  of aug en gnei s s  and zone s of aug en gnei s s  are  pre s ent in the other  units .  

T he s e  r ocks lack the pronounc e d  banding of the bande d aug en gne i s s ,  but in most  
a r e a s  have equally well - developed planar and linear structure s .  T he planar featu r e  is  
evidenc ed by c oncentrations of  mineral s and by an o rientation of  ellip soidal feldspar 
c ry s tal s .  As in the banded gnei s s ,  the linear structure is o riente d along the " bl !  axis  
of  lineation. The linear element consists  of string s of  mica c ry stal s alte rnating with 
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s tring s of feldspar c ry stal s ( fig . 22D) . 

The mine ralogy of the aug en gne i s  s i s  s imilar to that of the light - c olo r e d  bands of 
the banded gne i s s .  Quartz, mu sc ovite , biotite, o r thocla s e ,  and plag iocl a s e  p r e 
dominate, but mino r amounts o f  epidote, garnet, zircon, and opaque a r e  al s o  p r e s ent. 
In mo st of the s e  rocks the quartz and mica c ry stal s have been sheared and c onc entrated 
in elongate zone s .  The o rthocla s e  and plag ioclas e  po rphyrocla sts have ellip s oidal 
outline s (fig . 22E) . Locally, the r e  are  two g enerations of plagiocla s e .  The olde r 
g eneration ha s a more c alcic c ompo sition and tends to be small e r  in size  and mor e  
euhe dral in outline than the young e r  (fig . 2 2E ) .  The o rthocla s e  c ry stal s a r e  larg e r  
than the plag iocla se  c rystal s o f  eithe r g ene ration and frequently include plag ioclase  
of  the fir st g ene ration. 

The effe c ts of c atacla s tic defo rmation on the aug en gne i s  s are  s imilar to tho s e  on 
the rocks of the bande d aug en gneis s .  Aug en and the a s s o c iated sheared matrix of 
quartz fo rm the p r edominate part of the rock.  Local zon e s  of mylonite are al s o  
p r e  s ent. 

The s imilarity of mineralog ical c ompo s ition and textural featu r e s  of the banded 
aug en gne i s s to the aug en gnei s s  and the local pre s e r vation of area s of banded mate 
r ial s in the aug en gnei s  s sugge  st that the o r ig inal mate rial of the aug en gnei s s  i s  
p robably s imilar to that o f  the bande d g nei s s .  The aug en gnei s s  may r ep r e s ent a more  
advanc e d  development of  the s ame meta s omatic transformation that fo rme d the light
c olored band s of  the bande d gne i s s .  The early g eneration of  plag ioclas e  has  textural 
feature s that sugg e st an igneou s o r ig in fo r at least  a part of the aug en gnei s s .  C on 
clus ive evidenc e fo r the o r ig inal r o c k  type s i s  lacking becau s e  the meta somatic effec t s  
have alte r e d  the o riginal c hemic al c ompo s ition and mo st  of the p r imary textu r e s .  

G ranitic Gneis  s - Gne i s  s ic G ranite 

Rocks of thi s unit c rop out no rth of the augen gneis s .  The g r anitic gne i s s - gnei s sic 
g ranite lack the well - developed s truc tural featu r e s of eithe r of the aug en gne i s s e s .  
In c ontr a s t  to the aug en gne i s  s e s ,  the g r anitic gne i s  s -gnei s s ic g ranite doe s  not every
whe r e  show both planar and linea r  featu r e s .  Locally in the no rthe rn part of the a r e a ,  
two structural trends may oc cur i n  a s ingle outc rop and the earlier  tr end i s  c ommonly 
ob scured by the young e r .  The late st  structu r e s  are parallel to tho s e  ob s e rved in the 
aug en gne i s  s and in the banded aug en gneis s .  

The mine ralogy o f  the g ranitic gne i s s -gne i s s ic g r anite i s  s imilar to that of the 
rocks alr eady di s c u s  sed .  Quartz, plag iocla s e ,  o r thoclas e ,  and mic rocline a r e  the 
maj o r  c on s tituents ,  but al s o  p r e  s ent a r e  mino r amounts of mu s c ovite , biotite ,  g arnet, 
zirc on, and opaque ( fig . 24C ) .  The plag ioclase occur s both a s  euhe dral inclus ions in 
the pota s s ium feldspar s and as larg e anhedral to subhedral c ry stal s .  Mic rocline and 
o r thocla s e  have formed po rphyrobla s t s  that are locally up to I inch in maximum di
mension. They g enerally have i r r egular border zone s c ontaining abundant inclu s ion s .  
A s  in the aug en gneis  s ,  the re a r e  two g enerations o f  plagioclase and the pota s  s ium 
feldspar s  po stdate both g enerations . 

The fo rmation of the se  rocks involved, during the la st  pha s e ,  a p eriod of pota s 
sium meta s omati sm to bring about the fo rmation and c ry stal g rowth of pota s sium 
feldspa r s .  The plag iocla s e  c ry s tal s show evidenc e of c ry s tal g rowth eithe r j u s t  p r e 
c e ding pota s s ium feldspar g rowth o r  c ontempo raneous with it, and s ome s o dium 
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C .  

A. Aug en gne i s s  c ontaining 
larg e porphyrocla sts  of 
feldspar with euhedral in
clusions of feldspar s et 
in a sheared matrix of 
m o s tly quartz.  x 1 2 , 
c ro s s ed Nicol s .  

Aug en gne i s  s (lower part) in con
tac t  with pegmatite (uppe r  part) . 
Pegmatite and aug en gnei s s  show 
the s ame l inear structu r e .  

D .  

B .  G ranitic gneis s lacking 
the prominent c ataclastic 
feature s  prevailing in 
othe r gne i s sic rock s .  x 1 2 , 
c r o s s e d  Nic ol s .  

Pegmatite cutting Leathe rwood 
quartz dio r ite . Dark bands to l eft 
of fountain pen ar e string s of g a r 
net c ry stal s .  

FIGURE 2 2 .  Photomic rographs o f  C atalina gne i s s  and photog raphs o f  pegmatite 
c ontacts  with C atalina gneis  s and Leathe rwood quartz dio r ite . Photo s by R. L. 
DuB o i s .  
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tran sfe r i s  infe r red.  Only partial evidence i s  available a s  to the o r ig inal ITlate rial of 
the s e  rock s .  T extural featu r e s  sugg e st that, prior to the ITlain pe riod of ITletaITlor 
phi sITl and ITletasoITlatic activity, the s e  rocks had a ITletaITlo rphic fabric that wa s in 
part  o r iented.  SOITle petrog r aphic feature s of the fir s t  g eneration of plagiocla s e  sug 
g e st igneous o r ig in and po s sibly an earlier pe riod of ITletaITlorphi sITl ac ted on an 
igne ous or partially ITlobiliz e d  g r anitic rock.  This hypothe s i s ,  of cour s e ,  do e s  not 
nec e s sarily sug g e st an o rigin for all of the rocks of the g r anitic gne i s s - gnei s s ic 
g ranit e .  

P egITlatite 

PegITlatite dike s ( fig s .  2 2D ,  E) in the area  rang e in width froITl a few inche s to 
hundreds of fe et .  Not only do  they rang e widely in  width, one froITl anothe r ,  but the 
width of a s ingle dike ITlay vary. SOITle of the pegITlatitic zone s are  parallel to the 
structu r e  of the ho st  rocks and othe r s  eithe r tran s e c t  the structu r e  o r  spre ad out to 
forITl larg e i r regular bodie s .  A zone parallel to the structu re in one plac e ITlay cut 
a c r o s s  the s tructure i r r eg ularly in othe r plac e s .  

The dike s are  c OITlpo s e d  ITlainly of quartz,  o r thocl a s e ,  ITlic rocline, plag iocla s e ,  
and ITlu s c ovite , with ITlino r aITlounts o f  biotite and g a rnet. The c ry stal s a r e  up to 
several feet in length.  B iotite and/ or  g a rnet i s  c onc entrated along the ITlargins of 
S OITle of the pegITlatite dike s ( fig . 22E ) .  A few of the pegITlatite s show c atacla s tic 
effe c t s ,  evidently p r edating the c atacla stic pha s e  of the ITletaITlo rphi sITl .  But the 
ITlaj o r ity show no c atacla s tic effe cts  and a r e  the refo r e  young e r .  

An o r ig in b y  r eplac e ITlent i s  sugg e sted by off s e t s ,  b y  sITlall - sc ale ba s ic front s ,  
and b y  r etention o f  c ry stal o r ientation parallel with tho s e  o n  the nearby ho s t  r o c k s  in 
dike s of p o s t - defo rITlational age . 

STRUC T URE 

The gne i s sic  rocks of the Santa C atalina Mountains in ITlo st  a r e a s  have a s ingle 
p r onounc ed planar and linear s tructu r e .  Locally, the r e  is al s o  a s ec ond, le s s  p roITl
inent, planar and linear o r ientation. F o r  the purpo s e  of di scus s ion the le s s  p r o 
nounc e d  s tructur e s  are  de s ignated I I  stage - one i l  and the ITlo r e  pronounc e d  structu r e s 
a r e  de s ignated I I  stag e - two . I I  

Stag e - One Structu r e s 
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Stag e - one s tructu r e s a r e  vi s ible ITlainly in the g ranitic gnei s s - gnei s sic g r anite , 
S OITle parts of which al s o  exhibit supe rpo s e d  stag e - two s tructur e s .  The s tag e - one 
structu r e  i s  both a planar and a linea r  type and i s  evidenc e d  by o r iented ITlica and 
feldspar c ry stal s .  In g ene r al the planar s truc tur e strike s e a s t-we s t  and dip s to the I 
north, and the linear struc tu r e  trends ea s t- we st .  l 
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P etrog raphic feature s of rocks exhibiting well p r e s e rved stag e - one structu r e s  
sug g e s t  a pe riod of metamorphi sm p r e c e ding the metamo rphi sm a s s o c iate d  with 
stag e - two structu r e s .  It i s  likely that the stag e - one struc ture s we re develop e d  
during thi s early pe riod o f  metamorphic activity. Howeve r ,  it is po s s ibl e that the 
stag e - one struc tu r e  s may have been formed during mobilization, may be  relict s  of a 
pha s e  of igneou s ac tivity, o r  may have developed during the same g ene r al period of 
deformation that r e sulted in stag e - two structure s .  

Stag e - T wo Structure s 

Stag e - two structu r e s are  p r edominant in the area .  They are  both planar and 
linear and are  mainly evidenc ed by o riented c ry s tal s ,  string s of c ry s tal s ,  and ellip
s oidal feldspar c ry stal s .  Loc al a r e a s  of mylonitiz ed mate rial s al so show the s e  
o r ientations.  

The trends of  the planar elements c hang e direction conside rably and are  ex 
p r e s s e d  a s  anticline s ,  syncline s ,  and dom e s  ( fig . 1 8 B ) .  The structural plane s un
dulate and in many a r e a s  form small folds o r  dome s .  The se undulation s make int e r 
p r e tation s  o f  outc rop data difficult, and their  p r e s enc e sugg e sts the u s e  o f  di stanc e 
ob s e rvations in wo rking out broad structur e s .  The linear trends of stag e - two s truc 
tur e s  g enerally rang e from N.  50 0 E .  to N.  600 E .  but locally swing to e a s t-we st  
( fig . 20 ) .  

Stag e - two s tructu r e s  partly p r e c e de d  pegmatite fo rmation. Stag e - two struc tu r e s  
a r e  al s o  pr e s ent i n  the post-C r etac eou s Leathe rwood quartz dio rite , and the stag e - two 
struc tu r e s in the C atalina gnei s s  are c on s ide r e d  to be the same ag e .  

PETROGENE SIS 

The gne i s s ic rocks of the Santa C atalina Mountain s appar ently have been meta 
mo rpho s ed at two diffe r ent time s .  The effects  of the earli e r  metamo rphi sm ar e le s s  
pronounc e d  than tho s e  of the late r metamo rphi sm, which fo rme d  the p r e s ent gne i s  s ic 
struc tu r e .  

The C atalina gnei s s  wa s derived from both igneou s and s edimentary mate r ial s .  
The o r ig inal s edimentary rocks were probably argillac eou s and deficient in c alcium. 
T he strata be s t  c onfo rming to the se  r equi rements are olde r P r e c amb rian P inal s chi st, 
young e r  P re c ambrian Apache g roup, and C retaceous ( ? )  rock s .  T he lack of meta
s omatic effects in the metamo rpho s e d  Apache and Paleo zoic rocks in the Summe rhaven 
a r ea,  s ugg e sts that the o riginal mate r ial s of the C atalina gnei s s  may have b e en p r e 
Apache in ag e and that the P inal schist  wa s the r o c k  tran sfo rmed. 

The synkinematic metas omatic metamo rphi sm of the post-C retac e ou s  Leathe r 
wood quartz dio rite and the strong development of stag e - two structure s within it, 
indicate that the princ ipal pe riod of metamo rphi sm and c ataclastic defo rmation wa s 
p o s t - C  retac e ous . The occur renc e of peg matite dike s cutting Leathe rwoo d quartz 
dio r ite al s o  sug g e  sts  a po st-C retac eou s ag e fo r the p egmatite .  
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During the main p e r iod of metamo rphi sm of the C atalina gnei s s ,  pota s s ium, 
s o dium, and s ilica we r e  introduc ed.  Thi s  activity wa s c ontemporaneous with defo r 
mation, and forme d porphyrobla sts in the bande d and aug en gneis s e s .  At the same 
time ,  c onc entrations of quartz and feldspar forme d light- colo r e d  bands in s om e  a r ea s .  
A s  the intens ity of deformation inc r e a s e d, the c atacla stic structure s were  develope d. 
T he r e  may have been some a s s o c iate d  metas omatic activity during thi s time.  Afte r 
the formation of c atacla stic structu r e s ,  the rocks were fractured and pegmatite s we r e  
formed b y  r eplac em ent. 

The ag e of the earlier pha s e  of metamorphi sm noted in the g ranitic gneis s - gne i s  s ic 
g ranite c ould be early P r e c ambrian. Thi s  age i s  sug g e sted by a lack of polymetam o r 
phic effects in Apache o r  P aleozoic rock s .  The metamorphi sm c oul d have b e en a s s o 
c iated with the metamo rphism that formed the Pinal schi s t  during early P recambr ian 
time . 
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