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PREC AMBRIAN AND PALEO ZOIC SEDIME NTARY ROCKS 
ON THE PAPAGO INDIAN RESERVATION, ARI ZONA 

Neal E .  McC lymonds 
U .  S .  G e ological Survey 

INTRODU C T ION 

P r e c ambrian and Paleozoic s e dimentary rocks c rop out in i s olated areas  in s ev
e ral mountain rang e s  in  the no rtheastern two - thi rds of  the Papag o Indian Re s e rvation . 
The mo st nearly complete stratig raphic s equenc e s  are found in the Vekol , Slate,  and 
Waterman Mountains and in Kohtkohl Hill ( fig . 55) . In many areas  the rocks have 
b e en c rumple d  and alte r e d  or are  too limited in expo sure to pe rmit ac curate identifi 
c ation. In thi s report, the stratig raphic s e quenc e s  in the Vekol and Slate Mountains 
and in Kohtkohl Hill will be outlined and compared ( fig . 9 )  to the s ections in the Wa
te rman Mountains ( McClymonds ,  1i.) and in c e ntral C ochi s e  C ounty (Gilluly, 1 9 5 6) .  

Paleo zoic rocks in the s e  areas  we r e  fir st  r epo rte d on the Arizona State g e olo
g ic map ( Da rton and othe r s ,  1 9 24) and we re de sc ribed briefly, in part, by Da rton 
( 1 9 2 5) .  The rocks in the Vekol , Slate,  and Wate rman Mountains we re de s c ribed in 
unpubli shed the s e s  ( Hogue , 1 94 0 ;  C arpente r,  1 94 7 ;  Ruff, 1 9 5 1 ;  Mc Clymonds ,  1 9 5 7) . 
A partial s ection in the Vekol Mountain s wa s di scus s ed by Hadley ( written c ommuni
c ation, 1 944) . The fieldwork upon which thi s report is b a s e d  was done as a part of 
an inve stigation of the g round-water r e sourc e s  of the Papago Indian R e s e rvation by 
the U .  S. Geological Survey fo r the Bur eau of Indian Affair s .  

S T RATIGRAPHY 

Vekol Mountain s 

The Vekol Mountain s ,  about 3 0  mile s southwe st of C a sa G rande,  Ariz . , c on
s i st of g r anitic , metamo rphic , s e dimentary, and volcanic rocks ranging in age from 
P r e c ambr ian to T e rtiary. The rocks are  expo s ed in a s e rie s of nearly parallel 
no rth- trending ridg e s .  T he larg e st ridg e  fo rms the southwe ste rn half of the rang e 
and c ontains the most complete expo sur e s  of s e dimentary rock s .  

T he olde st  s edimentary rocks in the Vekol Mountains are  the Apache g roup of 
late P r e c ambrian ag e .  In thi s area  the Apache g roup include s ,  from olde r to young 
e r ,  the Pion e e r  shale ,  D r ipping Sp ring quartzite, and Me s c al lim e s tone ,  and is  
more than 1 , 500  fe et thick.  The Pione e r  shale lie s on a beveled surfac e of  the Pinal 
s chi st, and the basal beds are locally a pebbl e c onglomerate a few inc he s thick.  
The Pione e r  shale is  about 350 feet thick and i s  c ompo s e d  of g rayi sh- r e d  and g rayi sh
g reen claystone and s ilts tone c ontaining s eve ral sandstone units near the middl e .  
The D r ipping Spring quartzite i s  8 7 0  f e e t  thick and i s  made up o f  b rowni sh- g ray to 
light-g ray fine - to me dium - g raine d  s andstone , fi rmly c emente d by s ilic eous mate
rial .  A 17 -foot- thick b a s al c onglomerate,  s imilar to the B a rne s c onglome rate ( Ran
s ome,  1 9 0 3) ,  is include d in the Dripping Spring quartzite . The Me s c al lime stone i s  
34 5 fe et thick and i s  compo sed o f  g ray and reddi sh- o r  browni sh-g ray aphanitic to 
very finely c ry s talline s ilty dolomite . Diaba se  sill s are found throughout the P r e 
c ambrian s e ction below the P aleo zoic c ontact. 

The Paleozoic se dimentary rocks are more than 1 ,  7 0 0  feet thick and include 
all c ommonly known fo rmations in southern Arizona from the C amb rian through the 
P ennsylvanian. T he ba sal fo rmation, the T roy quartzite , of Middle C ambrian ag e ,  
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is 1 9 5  feet thick and c ons i st s  of c oar s e - g rained c r o s sbedded sandstone and quartz
ite . It lie s on the Me s c al lime stone with apparent c onfo rmity, although loc ally the 
b a s al T roy i s  black and c ontains small basaltic( ? )  pebble s .  The ove rlying Abrigo 
formation of Middle and Late C ambrian ag e i s  c ompo s e d  of inte rbedded dolomite 
and yellowi sh-brown mudstone, with sandstone units at the ba s e  and near the top. 
It is about 3 60 fe et thick. A 2 0 - foot-thick sandstone unit, 290 feet above the b a s e  
o f  the Ab rig o, i s  probably e quivalent to the Southern B elle quartzite de s c rib e d  by 
Stoyanow ( 1 9 3 6) at the north end of the Santa C atalina Mountain s .  

The Martin fo rmation o f  Late Devonian ag e lie s with apparent confo rmity o n  the 
C ambrian Abrigo,  and the r e  i s  no indic ation of the hiatu s spanning Ordovic ian, Si
lurian, and part of  Devonian tim e .  The Martin fo rmation i s  mor e  than 20 0 feet  thick 
and i s  c ompo s ed mo stly of g ray and b rowni sh-g r ay to g rayish- r e d  ve ry finely c ry s 
talline dolomite inte rbedded with g ray and r e ddish-brown s iltstone, s andstone ,  and, 
Ie s s commonly, lim e s tone .  The E scabro s a  lime s tone of Mis s i s  s ippian ag e i s  g r ay, 
with a browni sh or r e ddi sh hue in part, and i s  aphanitic to finely c rystalline .  A few 
beds  of dolomite o c cur in the bottom, and nodular c he rt is p r e s ent in many of the 
beds  throughout the fo rmation. The E sc ab r o s a  lim e s tone lie s c onfo rmably on the 
Martin formation and i s  4 3 5  feet thick. 

The boundary betwe en the E s c ab r o s a  l ime s tone and the Ho rquilla lime stone of 
Pennsylvanian ag e is marked by a l 6 -foot- thick unit of g rayi sh- r e d  clay stone, inte r 
bedded with g r ayi sh-purple s ilts tone and one bed of quartzite and j a sp e r  pebbl e s  s et 
in a mudstone matrix .  A fo s sil kar st topog raphy at the top of the E s c abro s a  lime 
s tone wa s identified at some local itie s .  The Ho rquilla i s  c ompo s e d  fo r the m o s t  part 
of l ight- to dark-g ray finely c rystalline lim e s tone, with g r ayish- r e d  and pal e - olive 
clay stone in thin beds  or as shale parting s .  Nodular chert o c cu r s  in many zone s 
throughout thi s fo rmation. The Ho rquilla lime stone is about 520 feet thick in the 
Vekol Mountain s .  The top of the Ho rquilla eithe r i s  e roded or i s  c ove r e d  by talus 
de r ived from ove rlying C retaceous( ? )  r e d  b e d s .  

Slate Mountains 

The Slate Mountain s ,  about 1 1  mile s east  of the Vekol Mountains and about 3 2  
mile s w e s t  of the Wate rman Mountain s ,  c on s i st of a north- s outh ridg e c ompo s e d  p r e 
dominantly of the Pinal s chi st.  Seve ral small hill s a t  the north end include a nearly 
c ontinuou s s equenc e of P r e c ambrian and Paleozoic s e dimentary rocks up to Mi s si s 
s ippian in ag e .  A c omplete s e c tion of the Mis si s s ippian E sc abro s a  lime s tone and a 
partial s e c tion of the P ennsylvanian Ho rquilla limestone a r e  expo s e d  in i s olated hill s 
s outh and east  of the Slate Mountains .  

The P r e c ambrian Apache g roup ove rlie s the P inal schist  and i s  s imilar to the 
Apache g r oup in the Vekol Mountain s .  In the Slate Mountains the Pione e r  shale i s  
about 4 2 5  fe et thick, c on s i s ting o f  dusky-purple and r e ddi sh-brown mudstone and a 
5 0 - foot quartzite unit near the top . The ove rlying D r ipping Spring quartzite i s  1 , 0 8 5  
feet thick and the ba sal beds  a r e  c ompo s e d  of lenticular c onglome rate and quartzite . 
T he M e s c al lime stone i s  only 2 0 0  feet thick in the Slate Mountains .  The Apache 
g roup in the Slate Mountains is mo re than 1 ,  7 0 0  feet thi ck, excluding the diaba s e  
s ill s whic h  split the units  a t  many plac e s .  

The Paleozoic rocks in the Slate Mountains a r e  from C amb rian to P ennsylvanian 
in age and total almo st 2 , 0 0 0  fe et in thickne s s . The C ambrian T roy quartzite in the 
Slate Mountains i s  about 4 50 fe et thick, c ons ide rably thicke r than it i s  in the Vekol 
and Wate rman Mountains .  T he uppe r  3 7 0  fe et i s  made up of s andstone and quartzite, 
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FIGURE 9 .  Cha rt showing c o r r elation betwe en Pal eozoic formations in c entral 
P ima C ounty and c e ntral C ochi s e  C ounty, Arizona . Stratig r aphic c olumns ( 1 ) 
afte r Gilluly, C oope r ,  and W illiam s ( 1 9 54)  and ( 2) afte r Gilluly ( 1 9 5 6 ) ,  
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muc h  like the T roy of the Vekol s equenc e ,  but the lower 8 0 -foot-thick unit i s  a pal e 
r e d  t o  r e ddish-brown s andy s iltstone which i s  unknown el s ewhe r e  o n  the Papago R e s 
e r vation. T he Abrig o fo rmation i s  520  feet thick and i s  c ompo sed of pale -brown and 
olive - g r een mudstone and clay stone, inte rbedded with thin g r ay and g rayi sh-brown 
quartzite and pale - r ed and g r ayi sh-brown very finely c rystalline dolomite . T he 
quartzite i s  prominent in the lowe rmo st 2 6  feet and al so  fo rms a 3 8 - foot-thick unit 
3 50 fe et above the base  of the fo rmation. Thi s  uppe r  qua rtzite is probably equiva
lent to the Southern B elle qua rtzite of the Santa C atalina Mountains .  

The Martin fo rmation of Late Devonian ag e lie s with apparent c onfo rmity on the 
C ambrian rock s .  T he Martin i s  about 2 3 5  feet thick and i s  c ompo s e d  of dark-g ray 
ve ry finely c rystalline , muddy dolomite inte rbedded with s iltstone and quartzite . 
Dolomite predominate s in the lower part ;  the upper 140 fe et i s  c ompo s e d  of poo rly 
consolidated reddish- brown s ilt stone with a few dolomite beds  near the top . At the 
no rth end of the Slate Mountain s ,  about 1 50 fe et of the E s c abro sa lim e s tone c on
fo rmably ove rlie s the Martin. The upper part of the E s c ab r o s a  ha s been faulted out 
or e roded in thi s vic inity. Southea st of the Slate Mountain s ,  a c omplete s ection of 
E sc ab r o s a  lime stone is nearly 4 0 0  feet thick. The lowe r part of the E sc abro sa i s  
made up of g ray, v e ry finely c ry s talline lime stone inte rbe dded with dark-g ray dolo
mite ; the upp e r  part c ontains l ight- and dark-g ray lime stone and s eve ral zone s of 
nodular che rt. 

The P ennsylvanian Horquilla limestone in the Slate Mountains is s eparated from 
the E sc ab r o s a  lime stone by a mud stone and che rt zone s imilar to that in the Vekol 
Mountain s .  In thi s ar ea, howev e r ,  no kar st featur e s  we r e  noted along the c ontact.  
The Ho r quilla c on s i st s  of light- and dark-g ray aphanitic to very finely c ry s talline 
lime s tone and a few beds of g re eni sh-g ray, g r ay, and g r ayish-purple mudstone and 
clay stone . Some of the lime stone unit s c ontain sc atte r e d  che rt nodul e s .  Only the 
lowe r 3 8 0  feet of the Ho rquill a  i s  expo s e d  in the Slate Mountain s ;  the uppe rmo st beds  
are  c ove r e d  by valley fill . 

Kohtkohl Hill 

Paleozoic s e dimentary rocks c r op out 6 mile s we st of Silve r B ell in Kohtkohl 
Hill ( fi g .  4 5) .  Kohtkohl Hill i s  c appe d  by the Pe rmian C oncha limestone and an ove r 
lying l im e s tone and dolomite unit al so  of P e rmian ag e ,  and the Pe rmian C olina and 
Sche r r e r  fo rmation s are  exp o s e d  on its we stern slop e .  A low r idg e to the s outhea st 
i s made up of Devonian and Mi s s i s s ippian rocks and a small hill to the no rth c ontains 
Devonian, Mi s s i s s ippian, and P enn sylvanian rock s .  

The Martin fo rmation o f  Late Devonian ag e i s  the olde st unit in the vic inity of 
Kohtkohl Hill . The basal part of the Martin i s  c ove red;  the 2 6 0  fe et expo s e d  i s  com
po s ed p r edominantly of  g ray and g r ayish- r e d  to browni sh- g r ay aphanitic to ve ry 
finely c ry stalline dolomite and inte rbedde d s iltstone . 

T he E scabro s a  lime s tone c onfo rmably overlie s the Martin fo rmation and i s  c om
posed of  g ray to  b rowni sh- g r ay aphanitic to  finely c rystalline lim e s tone . The E s 
c ab r o s a  i s  about 1 7 5  feet thick.  A 2 0 - foot-thick unit, about 4 0  fe et above the ba s e  
o f  the formation, c ontain s lense s of che rt.  

The contact between the E sc abro s a  lime stone and the ove rlying Ho rquilla lim e 
s tone i s  c ove red by alluvium that contains many che rt fragment s .  T he s e  fragments 
are s imilar to tho s e  in the red shale and che rt zone at the b a s e  of the Horquilla in 
oth e r  a r e a s ,  and a s imilar zone may be p r e s ent he r e  beneath the alluvium . . T he 
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Horquilla lim e s tone i s  made up of interbedded lime stone, s ilty limestone, and silt
stone r ang ing in c olor from g ray to g r ayish r e d, reddi sh brown, and pale brown. 
Most of the lime s tone is very finely c rystalline, rang ing from aphanitic to finely 
c ry s talline .  Seve r al beds  contain che rt nodul e s  and some beds have larg e patche s 
o r  lens e s  of yellowi sh-brown dolomite . Only ,29 5 fe et of the Ho rquilla i s  expo s ed in 
thi s vic inity, and the top i s  c ove r e d  by alluvium. 

Some r e d  shal e ,  which may r epre s ent the Earp formation, i s  expo s e d  below the 
C olina lime stone cliff on the we stern slope of Kohtkohl Hill, but the c ontact betwe en 
the r e d  shale and the C olina i s  c overed.  The C olina lime stone i s  mos tly dark-g ray 
aphanitic to very finely c rystalline lim e s tone , with che rt and sandstone nodul e s  and 
some dolomite b e d s  in the uppe r  part of the fo rmation. The C olina is 220 feet thick 
at Kohtkohl Hill . 

The Sche r r e r  formation apparently ove rlie s the C olina lim e stone c onfo rmably, 
but the c ontact i s  c ove r e d  at mo st plac e s .  The Sche r r e r  formation i s  39 0 feet thick 
and is  made up of four units in the Kohtkohl s ection, each one s imilar to the unit s of 
the Sche r r e r  in the W ate rman Mountain s .  The lowe r unit i s  mo s tly r eddi sh o r ang e 
and rang e s  in textur e  from siltstone to ve ry fine -g rained quartz sandstone ; it con
tains a few dolomite beds in the upp e rmo st 1 6  feet;  the unit is 52  fe et thick. The 
s e c ond unit i s  1 7 3  feet thick and c on s i sts  of g rayi sh- o rang e -pink and browni sh- g ray 
ve ry fine - to coar s e - g rained quartz sandstone with a fairly fi rm c alcareous c ement. 
It is loc ally c ro s sbe dded on a small s c al e .  The third unit is 68 feet thick and i s  c om
po s e d  of  g ray, ve ry finely c rystalline , s andy dolomite with small chert  nodule s and 
chert and s andstone str ing e r s .  The upp e r  unit c ontain s  74 feet of g rayi sh-pink fine 
g r ained quartz sandstone in the lowe r part and 2 3  feet of g ray, very finely c rystalline 
silty dolomite at the top . The Sche r r e r  fo rmation fo rm s a slope between the mo re 
r e s i stant beds of the C olina and C oncha lime stone s .  

The C oncha lim e stone lie s c onfo rmably o n  the uppe rmo st dolomite b e d s  o f  the 
Sche r r e r  fo rmation at Kohtkohl Hill . The C oncha i s  compo s e d  of g ray, ve ry finely 
c rystalline lime stone with many band s of che rt nodul e s ,  e spec ially near the b a s e ,  
and i s  about 4 2 0  fe et thick. A lime stone and dolomite unit o f  Pe rmian ag e ,  de sc r ib e d  
b y  B ryant ( 1 9 5 5) , l i e s  confo rmably o n  the C oncha and is  c ompo sed o f  interbedded 
lime stone and dolomite with s eve ral sandstone beds near the ba s e .  The lime s tone 
of thi s unit i s  g ray to browni sh g r ay, very finely c rystalline ,  and sandy to s ilty in 
the lowe r part. The dolomite i s  g r ay and aphanitic to very finely c rystalline , c on
taining s catte r e d  c al c ite bleb s .  C he rt nodul e s  exi st  in bands throughout the unit but 
are  notably c onc entrate d in the top 60 feet.  Only the lowe r 1 5 2 feet of the lime s tone 
and dolomite unit i s  expo s ed ;  the upp e r  part i s  c ov e r e d  by alluvium. 

C ONDITIONS OF DEPOSIT ION 

P r e c ambrian- Paleozoic B o undary 

In southea stern Arizona, rocks of the Apache g roup c rop out only north of B en 
son and T uc son ( Lanc e ,  4 ) .  W e st o f  Tuc son the Apache g roup i s  exp o s e d  i n  the Slate 
and Vekol Mountain s ,  and a partial s ection i s  exp o s e d  in the no rtheastern part of the 
Silver B ell Mountains .  W e s t  of Tuc son, no Apache rocks are  expos e d  in the Picacho 
de C al e ra Hill s ( B ryant, 1 9 5 2 ) ,  the Wate rman Mountains ,  o r  Kohtkohl Hill . In the 
Picacho de C al e ra Hill s ,  C ambr ian quartzite ove rlie s the Pinal schist, and in the 
Wate rman Mountains the quartzite appar ently overlie s a g ranite of unc e rtain, but 
p r e sumably, P re c ambrian ag e .  
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The c ontact between the Apache g roup and the T roy quartzite i s  apparently c on
fo rmable in the Slate and Vekol Mountains .  Howeve r ,  the top 1 50 feet of the Me s c al 
l ime s tone a s  expo s e d  in the Vekol Mountains i s  mi s s ing in the Slate Mountain s ,  and 
the T roy quartzite in the Slate Mountains i s  about 2 5 0  feet  thicke r than it i s  in the 
Vekol s .  The basal 80 feet of the T roy in the Slate s i s  c omp o s e d  of s ilt stone, which 
is  not pre s ent in the Vekol s and is  g ene rally not c ommon in thi s fo rmation in s outh
c entral Arizona. The chang e s  in thickne s s e s  of the M e s c al and T roy sugg e st that a 
local trough of low r elief wa s develop ed on the Apache g roup in the Slate Mountains 
area  b efo r e  the depo s ition of C amb rian s e diment s .  

Pal eo zoic E ra 

During Paleozoic time south- c entral Arizona wa s in the main a fluc tuating, but 
slowly s inking , marine platfo rm in a no rthwe stwa r d  exten s ion of the Sono r an g e o 
syncline ( McKee,  1 9 5 1 ) .  The r eg ion wa s below s ea l evel exc ept during Ordovic ian, 
Silurian, Early Devonian, and Late Mi s si s s ippian time s .  

C amb rian Pe riod 

The T roy quartzite and its probable equivalent, the B ol s a  quartzite , of the Mid
dle C amb r ian epoch we r e  dep o s ited as a broad she et over much of south-c entral 
Arizona .  T he coa r s e  mate rial and the dia stemic be dding plane s indic ate that the 
s e diments were  depo s ited mode rately clo s e  to sho r e  in a shallow s ea on a r athe r 
s table platfo rm. The Abrigo fo rmation of the Middle and Upp e r  C ambrian epochs 
al so was dep o s ited in a shallow, stabl e s ea,  but eithe r farthe r from the sho r eline 
o r  during a pe riod of l e s s  s evere ero s ion in the sourc e area.  In the Wate rman Moun
tains the thick lime stone s e quenc e of the middle part of the Abrigo formation sug 
g e  s t s  a c cumulation in a de ep part of the b a s in. 

Devonian P e riod 

The Martin fo rmation is thicker and the 1 1 Cladopora zone 1 1 ( fig . 9 )  is  strati
g raphically highe r in the Waterman Mountains and Kohtkohl Hill s ections than 
in the Vekol and Slate Mountains .  It i s  p robable that depo s ition of the Martin 
began earlie r and in a deep b a s in to the east  while the Vekol and Slate a r e a s  we r e  
still above s ea level o r  r e c e iving little s e diment. The we s te rn s e c tion s al so c on
tain mo r e  siltstone and claystone than occur s in the Wate rman area .  

Mis s i s s ippian P e riod 

In c ontra st to the Abrigo and Martin fo rmations ,  the E s c ab r o s a  lime stone thic k
ens towar d  the we st. In the Waterman Mountains and at Kohtkohl Hill it i s  about 2 30 
and 1 7 0 feet thick, r e spectively, whe r e a s  in the Slate Mountain s it i s  39 5 feet,  and 
in the Vekol s ,  4 3 5  fe et thick. C o r r elation of units within the E s c ab r o s a  b etween the 
four a r e a s  indicate s that s e dimentation was c ontinuou s  and that the s equenc e in the 
Wate rman area  wa s dep o s ited ove r an exi s ting o r  slowly r i s ing high. 

P ennsylvanian P e riod 

The o c cu r r enc e of the red mud s tone and c onglomerate at the bas e  of the Hor quilla 
l ime stone i s  c ommon in c entral and s outheastern Arizona. T hi s ,  and the p r e s enc e 
of kar st feature s  at the c ontact, sugg e st that the region wa s tempo rarily above s ea 
l evel. It i s  probable that during the period of eme rgence ten s of feet of the E sc ab r o sa 
we r e  e roded in  the Vekol and Slate Mountain a r e a s  and po s s ibly hundreds of feet  in 
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the Kohtkohl and Wate rman a r e a s .  

Pennsylvanian and Pe rmian P e riods 

The s iltstone,  shale,  and c a rbonate beds of the Earp formation wer e  laid down 
in a shallow, pr oba.bly o sc illatory, s ea during a p e riod of variable e r o s ion in the 
sour c e  area. The s e  c onditions s eem to have o c c u r r e d  al so  dur ing the dep o s ition of 
the lower part of the Sche r r e r  formation, afte r the r elatively short time of sub s id
enc e and l e s sening of  te r r e strial e ro s ion when the C olina lime s tone accumulate d .  
E ro s ion evidently was ac c ele r ated in  the sourc e area  while the sandstone s of the 
Sche r r e r  formation we r e  b e ing depo sited, with a b reak during the accumulation of 
the dolomitic middle membe r .  

The C oncha lime s tone wa s p r e c ipitated in a deep b a s in and probably quite far 
from the sho r eline.  The dolomite s and clastic rocks and the thin-bedded natu r e  of 
the lime stone and dolomite unit ove rlying the C oncha indicate that an abrupt c hang e 
of environment o c cur r e d, but the area  r emained beneath the s ea and p robably, at 
least  during depos ition of the upp e r  part of the unit, a mode r ate dis tanc e from the 
sho r e .  

T h e  3 2 0  fe et o f  the lime stone and dolomite unit i n  the W ate rman Mountains p rob
ably doe s  not r ep r e s ent the young e st Pe rmian beds depo s ited in south- c entral Ari
zona, but evidenc e of late r s edimentation is  lacking . 

C OMPARISON T O  PALE O Z OIC SEC T ION 
IN C ENTRAL C OCHISE C OU N T Y  

T h e  P aleozoic stratig r aphic s e quenc e i n  the P apago area i s  s imilar t o  the s e 
quenc e in the T omb stone area  in central C ochi s e  C ounty, and in the main the units 
c an be  r eadily r ec ognized in the two regions (fig . 9 ) .  The occur renc e of the Epitaph 
dolomite in C ochi s e  C ounty i s  the p rincipal exc eption. Although individual units  c an 
be  c o r r elated, the Paleo zoic strata in c entral C oc hi s e  C ounty are  thicke r and c on
tain a g r eate r ratio of carbonate to cla stic mate rial than tho s e  in the Papago a r ea .  

In g eneral,  the C ambrian strata thin from about 1 ,  3 0 0  feet i n  the T omb s tone 
Hill s to about 5 0 0  feet in the Vekol Mountains .  The Martin fo rmation has a mode r 
ately consistent thickne s s of about 2 50 to 4 0 0  feet.  In contra st, the E scabr o s a, 
Horquilla, and C olina lim e s tone s a r e  two to thr e e  time s thicke r and the s equenc e 
of Mis si s s ippian through P e rmian rocks i s  one and one -half tim e s  thicker in the 
a r e a s  de s c rib e d  in thi s pap e r  than they a r e  in the Wate rman Mountains .  

The inc r e a s e  in c arbonate - to - clastic ratio from w e s t  to east  i s  particularly evi
dent in the Ab rigo and E a rp fo rmations.  The Abrig o fo rmation include s larg e amounts 
of s iltstone and qua rtzite in the Vekol s ;  it c ontains mo r e  s ilty clays tone, c alcareous  
mudstone, and a middle lime stone memb e r  in  the W ate rman Mountains .  In the T omb
s tone Hill s it is c ompo s e d  mo stly of c arbonate rock s .  The Earp fo rmation ha s a c on
s ide r ably lowe r c arbonate - to - clastic r atio in  the W aterman Mountains than in  the 
T omb s tone Hill s ,  and the s e  strata in the W ate rman Mountains have b e en refe r r e d  to 
a s  the Andrada formation ( McClymonds ,  1 9 5 7 )  on the ba s i s  of their  lithologic s im
ila rity to depo sits of the s ame age in the Emp i r e  Mountains ( Wil s on, 1 9 5 1 ;  Havenor ,  8 ) .  

G enerally, the ea stward thickening and inc r e a s e  i n  c arbonate - to - clas tic r atio 
r eflects  inc r e a s ing thickne s s  of s e dimentation and dis tanc e from c ontinental a r e a s  
toward the c entral part  o f  the Sonoran g e o syncline ( McKee,  1 9 5 1 ) .  
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C or r elation of Pe rmian strata from c entral C ochi s e  C ounty ( G illuly, 1 9 56)  and 
the Mu stang Mountains ( B ryant, 1 9 5 5) to the Papago area implie s that depo s ition of 
the s e  s e diments was c ontinuous from s outhea stern to s outh- c entral Arizona. T he 
lack of some o r  all of the P e rmian strata in c omparatively unalte r e d  s ec tions in the 
Vekol, Slate , and Santa C atali:c.a Mountain s and in the T omb stone Hill s indicate s that 
the s e  a r e a s  had b e en uplifted and partly erode d  during the time betwe en the end of [ the P e rmian and the beginning of the C retac e ou s  pe riod. 
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