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INTRODUC T ION 

The maj o r  subdivi s ion s of P r ecambrian rocks in southeaste rn Arizona include 
an olde r c rystalline c omplex, c on s i sting dominantly of the Pinal s chi st  and as s o c iate d  
g ranitic bodie s ,  and a n  ove rlying s equenc e o f  s e dimentary rocks ,  the Apache g r oup. 
T he two divis ions a r e  s eparated from each other  and from the Paleo zoic s e c tion by 
maj o r  unc onfo rmitie s .  The Pinal s c hi s t  and Apache g roup have b e en c o r r elated 
with Archean and Alg onkian rocks el s ewhe re,  but currently they a r e  u s ually de s ig ­
nated a s  olde r and young e r  P r e c ambr ian in ag e .  

OLDER PREC AMBRIAN PINAL SC HIST 

D i stribution 

The olde r P r e c ambrian Pinal schi s t  wa s named by Ran some ( 1 9 0 3) fo r expo sur e s  
in the Globe di strict. T he formation wa s extended to the B i sb e e  area (Ran s ome, 
( 1 904) ,  the Clifton- Mo renci a r ea ( Lindg r en, 1 9 0 5) and into the Ray area ( Rans ome,., 
1 9 1 9 ) .  Rec ent wo rk has c ontinue d  to u s e  the name to de s c ribe  P r ecambrian s c hi s t  
in the Little D ragoon Mountains ( Ande r s on, 1 9 5 1 ;  C oope r  and Silver,  1 9 54 ;  C oope r ,  
2 3 ) ,  c entral C oc hi s e  C ounty (Gilluly, 1 9 5 6 )  and in the Do s C ab e z a s  and C hiricahua 
Mountains ( Sabin s ,  1 9 57b) . The location of maj o r  outc rop s c on sider e d  to be olde r 
P re c ambrian a r e  shown by Ande r s on ( 1 9 5 1 ) but some of the outc rops shown have 
b e en r efe r re d  to the Pinal on the ba s i s  of litholog ic similarity and may be young e r  
and s o m e  may r epre s ent g ranitic gnei s s  which i s  in part o f  debatable ag e .  

De s c ription 

T he Pinal schi s t  rang e s  in textu r e  from aphanitic to c oa r s ely c ry s talline and 
the over - all c olor  is light g r e eni sh g r ay, with frequently a satiny lu ste r .  The fo rma­
tion c on s i s t s  chiefly of mus covite - quartz and chlorite-mu s c ovite- quartz s c hi s t  with 
local units c ompo s ed of quartzite, amphibolite,  and feldspathic s c hist. Mineralogi­
c ally, most of  the Pinal c on s i sts  of quartz and s er ic ite o r  mus covite with zirc on, 
tourmaline . hornbl ende , biotite,  magnetite and c hlorite p r e s ent as acc e s s o ry mi­
neral s .  Locally, gnei s sic fac i e s  and andalus ite and s illimanite o c cur near g ranitic 
intrusion s .  

In the D o s  C abezas  Mountains ,  Sabins ( 1 9 57b) mappe d  one prominent quartzite 
m embe r s eparately to show detail s of P r e c ambrian s tructure .  Thi s  quartzite b e d  
i s  s e en a t  mile 220 . 3 o n  the s e c ond day road log for Field T rip V, whe r e  i t  define s 
a steeply plunging syncline in the olde r P r e c amb rian rock s .  

Orig in and Thickne s s  

The P inal s chi st i s  g enerally c on s ide r e d  to b e  the metamo rpho s e d  e quivalent 
of a s e quenc e of s e dimentary rocks with mino r amounts of volc anic material. Ran­
some ( 1 9 04)  sug g e sted that the Pinal in the B i sb e e  area wa s o r ig inally c ompo s e d  of 
arko s ic s and and s ilt. The thickne s s e s  of the o r ig inal s e quenc e of rocks making up 
the Pinal schist  are g ene rally de s c r ibed a s  in the magnitude of "many thous ands of 
feet" ( G illuly, 1 9 5 6) . C oope r and Silver ( 1 9 54)  c onclude d from their wo rk in the 
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D ragoon quadrangle that the Pinal s c hi s t  o riginally c on si sted of 9 , 0 0 0  to about 2 0 , 0 0 0  
feet o f  s e dimentary and volcanic rocks that repre s ent a eug eo s ynclinal accumulation 
in a maj o r  g eo synclinal trough who s e  limits have not yet been dete rmined. 

Ag e and C o rr elation 

The P r e c ambr ian ag e of the Pinal s chist  is demonstrated by its p o s ition beneath 
Apache g roup o r  early Paleozoic s e diment s . The P inal s chi st  of s outhe a s te rn Ari­
zona is  s imilar in many r e spects  to the Y avapai s chis t  of c entral Arizona and the 
Vishnu s c hi s t  of the G rand C anyon district,  although le s s  amphibolite and gnei s s  
a r e  reported from the P inal .  The thr e e  formations al s o  c ontain evidenc e of s imilar 
structu ral his to rie s and in each area a long period of accumulation of s edimentary 
and volcanic rocks was te rminated by a maj o r  c ompr e s s ive o rog eny accompanied 
by the implac ement of g r anitic intrusions.  

Many bodie s of s c hi s t  have b e en r efe r re d  to the P inal on the bas i s  of litholog ic 
s imilarity. B utl e r  and W il s on ( 1 9 38 )  pointe d  out that s c hi s to s e  rocks a r e  not ne ­
c e s s ar ily of olde r P r e c ambrian age and als o  that the c oar s e  texture  of igneous r o c k s  
was not nec e s s arily a n  indic ation o f  pre - Paleozoic ag e .  Gilluly ( 1 9 5 6 )  points out 
that s everal expo sur e s  mappe d  a s  Pinal s c hi s t  in c entral C ochi s e  C ounty may r ep re ­
s ent metamorpho s e d  s e diment s of C retac eous ag e .  T he ag e o f  strongly banded 
gnei s s, often c onside re d  to be P re c ambrian, is dis c u s s ed in conne ction with F ield 
T rip III ( DuBo i s ,  �; 20) . 

Intru s ive Rocks 

Igneous b o die s of old e r  P r e c amb r ian ag e intrude the Pinal s chi s t  in many a r ea s .  
T he se bodie s include albite g ranite ,  g ranite , quartz monzonite,  quartz diorite , and 
dior ite , and most  were  emplac e d  afte r the P recambrian o rog eny. Some are gnei s so s e  
and in the Do s C abezas  Mountains ,  Sabins ( 1 9 57b) c oncluded that the P r e c ambrian 
gnei s s o s e  g ranite wa s defo rmed c ontempo raneou sly with the Pinal . Aplite dik e s  of 
olde r P r e c ambrian ag e cut all of the other P r ecambrian rocks in many area s .  T he 
olde r P re c ambrian intrusive bodie s are g enerally smalle r than the intrusive bodie s 
of pos t - Paleo zoic ag e .  

Struc ture  

The s tructu ral trends  in  the Pinal schi s t  a r e  dominantly no rthe a st (Ran s om e ,  
1 9 04 ; C oope r  and Silv e r ,  1 9 54) although G illuly ( 19 5 6) r epo rts po s sible east  t o  north­
e a st trend s in c entral C oc hi s e  C ounty and in the C hiricahua and Do s C ab e z a s  Moun­
tains the dominant s tructural trends a r e  no rthwe st ( Sabins ,  1 9 57b) . Ran s om e  ( 1 9 04) 
and Sabins ( 1 9 5 7b) report that the foliation of the schist  is apparently parallel to the 
o rig inal stratification. 

The o rog eny that defo rmed the olde r P re c ambrian in c entral Arizona is te rmed 
the Mazatzal Revolution ( Wil s on, 1 9 39 ) .  He sug g e sted that the Mazatzal Revolution 
was r e sponsible for the metamorphi sm of the Vishnu and Pinal s chi sts  and Ande r s on 
( 1 9 5 1 ) suppor t s  thi s view. The detailed histo ry of the olde r P r e c ambrian rocks in 
s outhe a s te rn Arizona i s  not s o  well known a s  i s  that of s imilar rocks in c entral and 
no rthern Arizona becau s e  expo sur e s  are smalle r  and more di s c ontinuou s ,  sub s e ­
quent s tructu ral and igneous events have b e en mo r e  c omplex and fewe r detail e d  
s tudie s have b e e n  made . 
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E P - ARCHEAN U NC ONFORMIT Y 

The Pinal schi s t  i s  s eparated from young e r  Precambrian rocks by a nearly 
featurele s s  surfac e .  In c e ntral and no rthern Arizona the ep-Archean surfac e ( Hinds ,  
1 9 3 6 ;  Sharp, 1 9 4 1 )  rarely ha s more than 5 0  feet o f  r elief in many m ile s ,  and c o r ­
r elation of thi s surfac e throughout the state appears t o  b e  justified.  The p robable 
thic kne s s  of ove rbur den through whic h  thi s  pe rio d of e r o s ion penetrated and the r e ­
markable lack o f  r elief of the final surfac e sug g e st a long and unique period of e ro ­
s ion who s e  s ignificanc e ,  i f  not its featu r e s ,  i s  anything but monotonous .  

Y OU NGER PRE C AMBRIAN ROCKS 

The younge r  P r ecambrian Apache g roup of c entral and southeastern Arizona was 
nam ed by Ran some ( 1 9 0 3) from the Globe quadrangle.  The Apache g roup r e s ts on the 
ep -Archean surfac e and c on s ists  of c onglomerate, shale ,  quartzite, lim e stone and 
tuff, locally ove rlain by basalt flows .  The s e  rocks are expo s e d  in a belt trending 
g enerally north from no rthern C oc hi s e  C ounty to the Mogollon Rim, with i s olated 
outc rops a s  far we s t  a s  the Vekol Mountains ( Mc C lyrnond s ,  1 6) .  No young e r  P re ­
c ambrian rocks  a r e  p r e s ent in the Pine - Payson area o r  in the few drill hol e s  that 
have p enetrated g ranite between the Mogollon Rim and the G rand C anyon. 

D e s c r iption 

The Apache g roup i s  r elatively unifo rm throughout its areas of expo s ur e ,  al­
though individual fo rmation maybe mi s s ing due to faulting, e r o s ion, o r  non- depo s ition. 
F ive fo rmations are r ec ognized in the g roup, from olde st to young e st, the Scanlan 
c onglom e rate , Pionee r  shal e ,  B arne s c onglome rate, D ripping Spring quartzite and 
M e s c al lime stone ( Ransome, 1 9 0 3, 1 9 1 5, 1 9 1 6) .  T he T roy quartzite was o r ig inally 
a s signed to the Apache G roup ( Rans ome.  1 9 1 5, 1 9 1 6) but wa s later s eparated on the 
basis  of C ambrian fo s s il s  ( Darton, 1 9 3 2 ;  Stoyanow, 1 9 5 6 ) .  Shride ( 1 9 58 )  sug g e s t s  
that quartzite o r ig inally c alled T roy i n  s o m e  o f  the northe rn areas  of Apache g roup 
expo sur e s  may actually be P r e c ambrian. 

The Scanlan c onglomerate c ontains imp e rfectly rounded pebble s  s et in an arko s ic 
o r  micac e ou s  matrix and g rade s  upward into the Pion e e r  shal e .  Locally, the Scanlan 
c onglomerate i s  ab s ent and its  thickne s s rarely exc eeds  1 5  feet.  

T he Pion e e r  shale is c ompo s ed of maroon shale and g rayi sh- r e d  purple to light 
browni s h  g ray, me dium to fine - g rained quartzite . Individual beds rang e in thick­
ne s s  from one to s ix fe et and ar e  s eparat e d  by shaly parting s or thin, rippl e -marked 
laye r s  of silts tone. Light - c olored bleached spots are typical in the Pione e r  in many 
expo sur e s .  G a s til ( 1 9 54)  r eports  rhyolite tuff and tuffac e ou s  s iltstone in 9 out of 1 2  
s ec tion s measured betwe en the Ray and P ine -Payson areas . Rec ently, the Pion e e r  
shale has b e en r e de s ignate d  the Pion e e r  fo rmation ( P ete r son and othe r s ,  1 9 5 1 ) .  It 
rang e s  in thic kne s s  from about 1 50 to 4 0 0  feet. 

The B arne s c onglomerate i s  typically c ompo s e d  of well r ounded, ellip s o idal 
p ebbl e s  of quartzite. quartz, and r e d  jasper ,  c ommonly 2 to 4 inche s in diameter .  
T hey a r e  s et i n  a coar s e ,  arko sic , s ilica - c emented s and that g rade s upwar d  into 
the D r ipping Spring quartzite. The B a rne s rang e s  from 0 to 50 fe e t  in thickne s s .  

The low e r  part of the D ripping Spring quartzite i s  typically light to b rownish 
g ray, with alte rnating beds of quartzite and s ilts tone above in  r e d, purple ,  and black 
bands .  The formation is typically feldspathic ,  ranging from arko sic  quartzite to 
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s andy silts tone, and i s  thinly to thickly bedded. The Dripping Spring quartzite 
rang e s  from l e s s  than 400 to about 8 0 0  feet in thickne s s .  

T h e  Me s c al lim e s tone i s  the top s e dimentary fo rmation of the Apache g roup. 
B romfield and Shride ( 19 56) r e c ognized 3 member s  in the M e s c al lime stone on the 
San C a rlos Indian Re s ervation. G ray to buff cherty lim e s tone and dolomite fo rm 
the lower memb e r ;  the middle m emb e r  is made up of mas s ive,  cliff- forming algal 
lim e stone ; and silty and silic eous beds  with thin-be dded g ray lim e s tone c ompo s e  
the upp e r  memb e r .  O n  the San C arlo s  Re s e rvation, the fo rmation i s  up to 3 5 0  fe et 
thick. 

An unnamed sandstone betwe en the D ripping Spring and C ambrian T roy quartzite s 
in the S anta C atalina Mountains was believe d by Stoyanow ( 1 9 3 6) to o ccupy the po s ition 
of the Me s c al lim e stone.  Sub s equently, the sandstone wa s a s s igned to the C ambrian 
by Wallac e ( 1 9 54) . The M e s c al lime stone i s  mi s sing in many area s in c entral Ari­
z ona. Locally, the M e s c al is ove rlain by a thin ba salt flow or a s erie s of flows,  typi­
c ally 5 0  to 1 0 0  feet thick. The basalt is of young e r  P r e c ambrian ag e and may b e  
ove rlain b y  the T roy quartzite.  In s om e  plac e s ,  the M e s c al lime s tone has b e en split 
and dil ated by diaba s e  s ill s which have localize d  the c omme r c ial a sb e s to s  dep o s it s  
typic al o f  the region. Larg e b o die s o f  the diaba s e  may b e  Me sozoic o r  T e rtiary in 
ag e ( Pe te r son, 1 9 54) , o r  may b e  p re - Devonian ( B romfield and Shride , 1 9 54 ;  Shride , 
1 9 58 ) .  

C ondi tions of Depo sition 

The extent of the basin in which the Apache g r oup wa s depo s ited is not known, 
but from the Globe and Salt Riv e r  C anyon a r e a s  the s e quenc e thins in all dir e c tions 
exc ept we st.  The g roup thins rapidly east  and s ou th of the Salt Rive r area by e r o ­
s ion at the top and b y  thinning o f  some individual units ( B  romfield and Shride, 1 9 54 ) . 
Among the m o s t  s outhe rly expo sur e s  of the g roup are tho s e  in the Santa C atalina and 
Little D rago on Mountains wher e  the s e c tions are about 7 0 0  and 600 feet thick, re s ­
pectively. In the Little D ragoon Mountains ,  Enlows ( 1 9 39 )  note s a g ene ral thinning 
of e ac h  formation to the s outhe ast.  

In a r e connai s sanc e of s everal of the s outhe rly expo s ur e s  of the Apache g roup, 
B ruhn ( 1 9 2 7 )  c oncluded that the ba s in in which all the units were  depo s ited slop e d  to 
the nor thwe st. In the Vekol and Slate Mountains ( Mc C lymonds, 1 6) .  the Apache 
g ro up is about 1 ,  500 feet thick and no limit c an be  s et to the Apache basin on the 
we s t. 

PRE - MIDDLE C AMBRIAN U NC ONFORMIT Y 

In mo s t  plac e s  in c entral and s outhe rn Arizona, s e dimentary rocks of Middl e 
C ambrian ag e r e st with eith e r  an e ro sional di s conformity o r  a slight angular dis ­
c ord-anc e o n  an e r o s ion surfac e of low r elief cut o n  the Apache g roup. Local p r e ­
P aleoz oic bas alt flows and diabas e  intru sions sug g e st s ome pre -Paleozoic defo r ­
mation o f  the Apache g r oup, but in g ene ral the r e  appea r s  to have b e en no maj o r  o ro ­
g eny in c entral and southea s t e rn Arizona c o r r e sponding t o  the G rand C anyon dis tu r ­
b anc e i n  the no rthe rn part o f  the state . 
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