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C retac eous - F e rgus s on- l 1 

T HE C RETAC E OUS SY STEM OF SOUTHEASTERN ARI ZONA 

William B .  F e rgu s son 
Unive r s ity of Arizona 

Rocks of the C retac eous sy stem c rop out in widely s epa rated areas throughout 
s outhea ste rn Arizona. The more impo rtant areas of outc rop are near Bi sbee, T omb 
stone, Deer C reek, Morenci, and in the Empire, Santa Rita, Patagonia, Huachuca, 
and Tuc s on Mountains,  and the C anelo Hill s ( fig . 4a) . In mo st  of the se  areas the 
outc rop s are conside red to be Early C retac eous in ag e,  probably repr e s enting the 
Aptian and Albian stag e s .  T he Deer  C r eek, Mo renci,  and Santa Rita outc rop s con
tain upper C retac eou s fo s s il s and the Tuc son Mountain outc rop s  contain both lower 
and upper C r etac eou s fo s sil s . 

LOWER C RE TACEOU S ROC KS 

B isbee and T omb stone Areas 

The C r etac eou s rocks in the B i sbee area were named the B i sbee group by Ran
s ome ( 1 9 04}., who originally de sc ribe d them to contain four fo rmations - - in a s c ending 
order,  the se  are the basal Glanc e conglomerate, the Morita fo rmation, the Mural 
limestone, and the C intura formation. Stoyanow ( 1 949)  de signated the lowe r part of 
the Mural limestone as the Lowell fo rmation and re stricted the te rm " Mural lime
stone" to the upper part. 

The Glanc e conglomerate r e st s  unconfo rmably on Paleo zoic and Precambrian 
rocks, and its composition g enerally r eflects the unde rlying rock s .  It ha s an ave 
rage thickne s s of about sixty feet and a maximum thickne s s  of 6, 0 0 0  feet. Loc ally 
it may be mi s sing . The dominantly cla stic Mo rita fo rmation overlie s the Glanc e 
conglome rate and consists  of about 1 ,  800  feet of red shale and fine to coar s e ,  r e d  
t o  brown sandstone with a few limestone lens e s .  The Lowell fo rmation ( Stoyanow, 
1 949 )  c on s i sts  of alte rnating beds of sand stone and limestone, and attains a thick
ne s s  of 1 , 1 0 0  feet.  The Mural lim e s tone above the Lowell formation is  300 feet 
thick; it ha s thin-bedded lime stone at the base, suc c eeded by a mas sive limestone . 
The uppe rmo st member of the B i sbee group i s  the C intura fo rmation, which con
s i sts  of a few impure limestone beds at the ba se ,  overlain by alte rnating shale and 
brown to red cros sbe dde d sandstone beds .  The B i sbee group i s  Aptian and Albian 
in ag e ( Stoyanow, 1 949 ) . 

Twenty mile s northwe st of B i sbee ,  in the Tomb stone area, Gilluly ( 1 9 5 6) noted 
that the Lowell fo rmation and the Mural limestone pinch out and the s equenc e the re 
consists  of the Glanc e c onglomerate and the undiffer entiated Mo rita and C intura beds 
which he c all s the B i sbee formation. The s e  s edimentary rocks are of near- shore 
marine and ter r e s trial origin. Gilluly ( 1 9 56)  al s o  sugg e sts that ac idic lava flows,  
pyrocla stic rocks, and flow breccias in the area may be conformable and inte rfing er 
with the Glanc e conglomerate . 

Empire Mountain s 

The E mpire Mountain s (Galbraith, 2 5 ) ,  about forty mil e s  no rthwe st  of B i sbee ,  
are sur rounded by exten sive C retaceous outc rops . On the northe rn flank of  the 
Empire Mountains ,  B rennan ( 1 9  5 7 )  measured about 1 5, 0 0 0  feet of s edimentary and 
volcanic rocks of probable C r etac eous ag e in a patchwo rk of complex fault blocks . 
However,  he conside red the true thickne s s  to be nearer 8 , 0 00 to 1 0 , 0 0 0  feet bec au s e  
of probable duplication by faulting and difficulty in correlating between fault blocks .  

4 3  



G i l a  

\� 
? 

• M o r e n ci 

? 
I I 

U p p e r  a n d  L o w er 

C r e t a c e o u s  c o n t i n e n t a l  ? 

U pp e r  C r e t a c e o u s  
n e o r  s h o r e  m a r i n e  6 
c o n t i n e n t a l  d e po s i t s  

1 0  1 0  
a n d  m i n o r  m a r i n e  
d e p o s i t s  

A M  O L  E 
G R O U P  

U p p e r  C r e t a c e o u s  
c o n t i n e n t a l  d e p o s i t s  

? 

\ 

• S a n o i  t o  

� 1 8  o ::;; N - 3: a:: , W � I Z  
L o w e r  C r e t a c e o u s  
n e a r  s h o r e m a r i n e  
a n d  can t i n  e n t a l  

''''' ; '' i 
. Lower c r e t a c e o u1 m o r i ne,  

Patogonlo Canele  '\ n e o r  s h o r e  m ar i ne a n d  

� Huachuca • Bl sbe. " . II P / '-.. MIs 0 �' I I\JS . - :  . . . . . . . . . . . . contonental deposits 

--.........,.. MI s .... B I S B E E  G R O� : 
L-_________ �_�,.., __ _ _ __ _ __ _ _  �:.:_ __ _ _  D a �2.I_a s __ ._J ________ __' 

A. Index map showing locations of a r e a s  of outc rop of C retac eous depo s its  in Arizona. 
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B .  C hart showing tentative c o r r elation of the C r etac eous system in southea ste rn 
Arizona . 

FIGURE 4 .  Index map and c o r r elation chart of C retac eou s  depo sit s  in s outhea s t 
e rn Arizona. 
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C retac eou s - F e rgus s on- l l 

T he b a s al memb e r  of his s ec tion i s  an a rko sic c onglome r ate which r e sts  unc on
formably on g ranite . T he c onglome rate appear s to g r ade upward into arko sic  s and
s tone and shale ,  which a r e  cut off by faulting . P robably ove rlying the s e  s trata a r e  
alte rnating b e d s  o f  g re en sandstone and muds tone, followed b y  mor e  than 7 ,  0 0 0  feet 
of alte rnating red s andstone and red mudstone, whic h  near the top include a pebble 
c onglome r ate and a black oyste r - bearing lime stone . On top of thi s s edimentary s e 
quenc e i s  a c on s ide r able thickne s s  of pyrocla stic rocks and rhyolite flows .  B rennan 
( 1 9 57 )  s ug g e sts that this s e ction may c o r r elate with the C retac eous cla s tic forma 
tions at  T ombstone by c alling this unit the B i sb e e  ( ? )  formation. 

On the eastern flank of the Empire  Mountains the C retac eou s  ( ? )  rocks attain a 
thickne s s  of  8, 700  feet (Galbraith, 1 949) . The s equenc e c on s i st s  of a b a s al lim e 
stone p ebble c onglomerate, derived from unde rlying Paleozoic rocks . T h e  con
glom e r ate is  ove rlain by alte rnating s andstone and shale beds . The sandstone be
c ome s c o a r s e r  and mo r e  arko s ic upwar d  in the s ection and alte rnate s with a few 
g re en, and many r e d  shale and s iltstone b e d s .  The uppe r  part of the s ection include s 
a few thin lim e s tone beds  c ontaining oyste r s  and s ome black shal e .  Farthe r to the 
s outh, lava flows may exi st in the uppe r  part of the s e c tion. 

The C re tac eou s  ( ? )  beds  on the we ste rn flank of the Empir e  Mountains cons i st 
of two unit s  s eparated by a fault - - a no rthe rn s e quenc e of arko s e  and shale beds  
s imilar to  C retac eous ( ? ) strata on the east  s ide of  the Empire Mountains ,  and a 
s outhern s e quenc e of c obble to boulde r conglome rate b e ds . The northern s equenc e 
i s  overlain by ac idic lava flows and tuffs (Galbraith, 1 949 ) .  

Patagonia Mountains 

W ithin the P atagonia Mountains ,  about 2 5  mil e s  s outh of the Empire Mountain s ,  
the C re tac eous  P atag onia g roup ( Stoyanow, 1 949)  c rop s out and c on s i st s  of 5 ,  8 5 0  fe et 
of s edime ntary and volc anic rock s .  R e d  shale and s ands tone at the bas e  of the s e 
quence appe a r  to g rade upward into s andy shale which i s  suc c ee de d  b y  ande s itic and 
rhyolitic lava flows .  Above the volc anic rocks the r e  a r e  3, 400  feet of r e d  to b rown 
shale ,  and the se beds  a r e  ove rlain by the Molly Gib son fo rmation ( Stoyanow, 1 949)  
which c onsi s t s  of 1 , 0 00  feet of  s hale and a s e quenc e of dark blue to light g ray l im e 
s tone.  T he Molly Gibson fo rmation c ontains the ammonite Stolic skaia, a n  uppe r  
Albian guide fo s s il ( Stoyanow, 1 949 ) .  The lim e s tone i s  ove rlain b y  1 , 500 f e e t  of a 
dark blue to black ho rnstone and inte rbedded s ilic eou s  shale whic h  Stoyanow c on
s ide r e d  to be  part of the Patagonia g r oup. 

C anelo Hill s and Huachuca Mountains 

A few mil e s  east  of the Patagonia Mountains C retac eous rocks c rop out in the 
C anelo Hill s and the Huachuca Mountains .  In the C anelo Hill s ,  Feth ( 1 947)  measured 
1 , 20 0  feet of  g ray and b rown s andstone whic h  are overlain by 1 , 360  feet  of  r e d  cla s 
tic beds  with a few thin lim e s tone strata . F e th ( 1 947)  nam e d  the uppe r 1 ,  3 60 fe et 
of thi s C retac eou s s equenc e the C anelo r e d  beds . The area is c omplic ated by fault
ing and it wa s nec e s s ary for Feth to p i e c e  the s ection tog ethe r  from di scontinuous 
expo sur e s .  

In the e a s t - c entral Huachuca Mountains ,  the C retac eous rocks a r e  r eported 
to cons i st of  red s ilts tone and mudstone with inte rbedded s andstone and c onglome r ate 
( W eber ,  1 9 50 ) .  The r e  a r e  volc anic r o ck s ,  rhyolite s and trachyte s ,  int e rb e dded 
with the s andstone . The thickne s s  of the s e dimentary and volc anic rocks i s  1 ,  500  
feet  and both the top and bottom of the s e ction have b e en cut off b y  faulting . 
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U PPER CRETAC EOUS ROCKS 

Deer  C reek and Mo renci Ar eas  

In the Deer C r eek basin, Ro s s  ( 1 9 2 5) de s c ribed upper  C retac eous :marine fauna 
in a s ection which include s coal beds and volc anic rocks.  The Dee r C reek fauna 
c o r r elate with the fauna of the Pinkar d  fo r:mation ( Lindg ren, 1 9 0 5) in the Mo r enc i 
area.  The C retac eous s e quenc e in the Deer  C reek basin has a thickne s s of 1 ,  500 
feet, of  which 1 , 00 0  feet are  volcanic rocks ove rlying the sedi:ments . In the Mo renci 
area  the Pinkard fo r:mation is co:mposed of 500 fe et of sandstone and siltstone with 
so:me conglo:merate and r e sts unc onfo r:mably on the Pennsylvanian Tule Spring s 
for:mation. 

Santa Rita Mountains 

Upper C retac eous rocks on the ea ste rn slope of the Santa Rita Mountains ,  about 
five :mile s west of the E:mpire Mountain s, were de signated as the Sonoita g roup by 
Stoyanow ( 1 9 3 6) . Thi s  g roup c ons i sts of the lower Fort  Buchanan and the upper  
F o rt C rittenden for:mations .  The  Fo rt Buchanan for:mation ove rlies  ande s itic lava 
flows and is approxi:mately 2 , 000  fe et thick. It con s i st s  of a basal conglo:me rate 400  
feet  thick and :more than 1 , 50 0  feet of  alte rnating g ray sandstone and red shale.  T he 
F o rt C rittenden fo r:mation i s  :more than 2 , 500 fe et thick. At the base ther e  i s  a thin 
conglo:me rate which i s  followed by 600 fe et of alte rnating yellow shale and li:me stone 
c ontaining the :mollu sks Unio and Viviparu s ,  and dino s aur teeth and bone s of the g enus 
Gorg o s auru s ( Stoyanow�49 ) .  Ove rlying this fo s siliferous zone are ove r 50 0 feet 
of alte rnating shale and sandstone and 1 , 000  feet of conglo:merate. 

LOWER AND UPPER CRETAC EOU S ROC KS 

Tuc s on Mountain Area 

T he C retac eous rocks of the Tuc son Mountain s were divided by B rown ( 1 9 39 )  
into thr ee units - - undiffe rentiated andes itic volcanic rock s ,  the Rec r eation r e d  beds ,  
and the A:mole arko s e .  In the c entral part of the rang e ,  the A:mole arko s e  consists  
do:minantly of  arko s e  and shale of  continental o rigin, with so:me beds of  pos  sible 
near - sho r e  :marine o rigin. T he A:mole arko se is :mo r e  than 2, 000  feet thick and 
g rade s downwar d  into the Rec r eation red  beds . The Rec reation red  beds c onsist  
p r edo:minantly of  sandstone and are  about 1 ,  200  feet thick. They apparently g rade 
downward into ande site -pebble conglo:me rate with thin, inte rbedded ( ? ) rhyolite flow s .  
C olby ( 1 9 58)  sug g e sts that the volcanic conglo:merate i s  c onte:mpo raneous with, r ather 
than older than, the Recreation r e d  beds . The ande site pebbl e s  in the conglo:merate 
a r e  s i:milar to and :may be derived fro:m ande site found in a s equence of volcanic rocks 
in the northe rn part of the rang e and B rown ( 1 9 39 )  plac ed the volcanic s equenc e at 
the bas e  of the C retac eou s  s ec tion. C ourtright ( 1 9 58)  and Kinnis on ( 1 2) di scu s s  parts 
of the volc anic s e quenc e as being po st-A:mole and po s sibly of T e rtiary ( ? ) age .  

In the southe rn part of the rang e, Kinnis on ( 1 9 58) e sti:mated that the cla stic 
s edi:menta s i:milar to the A:mole arko s e  are :mo re than 5,  000  feet thick. At least  
a part of  thi s section was :mapped by B rown ( 1 9 39 )  with hi s volc anic unit. Kinni son 
( 1 9 58) divided the s outhe rn s ec tion into four fo r:mations and sugg e sted that the t'e r:m 
" A:mole" be elevated to g roup statu s .  The b a s e  o f  the A:mole g roup re sts on P e r 
:mian li:me stone with a li:m e stone conglo:me rate. T he r e  i s  an angular unconfo r:mity 
within the A:mole g roup and Kinnis on ( 1 9 58)  sugg e sts that the A:mole g roup :may in
clude two sequenc e s  of lithologically si:milar cla stic ro cks separated by the ande site 
pebble conglo:mer ate, po s sibly the volcanic sequenc e that supplied the pebbl e s ,  and 
the Recr eation red  beds . 
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B rown ( 1 9 39 )  plac e d  the Amole arko s e  in the Upp e r  C retac eou s on the ba s i s  of 
Mactra identifie d  by Stoyanow ( in B rown, 1 9 39 ) ,  but fre sh wate r mollu s c s from the 
s ame area we r e  sug g e sted to bepr obably of Lowe r C retac eous age ( McKee,  1 9 5 1 ) .  
Kinnison ( 1 9 58)  reported o stracods ( Metacyri s) not young e r  than E arly C reta c eou s  
in the lowe r part o f  the s ection in the southern part o f  the rang e and birch pollen dated 
as  not  olde r than Late C r etac eous in the uppe r  part  of  the s ec tion. A few que s tionable 
i dentification s of pollen sug g e sted that the s e quenc e may extend up into the early part 
of T ertiary time.  

C ORRELATION 

Ac curate de s c r iption and measurement of s ection s and c o r r elation of the C r e 
tac eous depo s it s  t o  the we st and north o f  the B isbee area a r e  made difficult b y  the 
pauc ity of fo s sil s ,  the complex structure ,  and the ab senc e of distinctive ho rizon s .  
P o s s ible r elation ship s between C retac eou s  rocks a r e  shown in figur e s  4 a  and 4b.  

The cla stic s equenc e s  of c onglome rate , s andstone , and arko s e  found in the Em
pire ,  Patag onia, and Huachuca Mountains ,  and the C anelo Hill s are all s imilar ,  and 
all a r e  a s  sociated with acidic lava flow s and :?yroclastic rock s .  The ac idic volc anic 
rocks which oc cur at the top of the s e  s e quenc e s  may be  c o r relative s of the cla stic 
s edimentary rocks in the B isbee  g r oup and the B i sb e e  formation. If the volc anic 
rocks repr e s ent a part of Albian tim e ,  then the unde rlying cla s ti c  rocks  may be  
p r e - Albian. In the Patagonia Mountains the ande s itic volcanic rocks a r e  ove rlain 
by the Molly G ib s on formation, which is uppe rmo st Albian in ag e ,  and the uppe r  
C retac eous in the Santa Rita Mountains overlie s ande s itic flow s .  In the Tuc son 
Mountain s ,  the volcanic rocks may lie at the b a s e ,  within, o r  above the C retac eou s  
s ection and p robably the r e  are  a t  least  two volcanic s e quenc e s .  The uppe r  one, 
within the s e ction, may r ep r e s ent the time inte rval lost  by the unc onformity between 
Upp e r  and Low e r  C retac eou s strata in the southern part of the T uc son Mountains 
and the volcanic rocks in the no rthe rn part of the Tuc s on Mountains may b e  al so  
p o s  s ibly Albian in  ag e .  

The Lowe r C retac eous rocks in the B i sbe e ,  T omb s tone , Empir e ,  Patag onia, 
C anelo, and Huachuca areas  we r e  depo s ited in a transg r e s s ing s e a  advanc ing from 
the southea st from Mexic o into Arizona. The outc rop s in the Mule Mountains around 
B isbee are  marine lime s tone and nea r-shore marine and c ontinental cla s tic dep o s it s .  
T h e  rocks in the T ombs tone a r e a ,  the Empire  Mountains ,  the Patagonia Mountains ,  
the C anelo Hill s ,  and the Huac huca Mountains r ep r e s ent nea r - sho r e  marine cJ.a s ti c ,  
and c ontinental depo s ition a round the pe rimete r o f  the B i sbe e Sea and c o r r elate with 
the lowe r and uppe r  units of the B i sb e e  g roup. The s e  near-sho r e  marine depo s it s  
with the ir a s s oc iate d continental beds have b e en c alled the B isbee formation (Gilluly, 
1 9 5 6 ;  B rennan, 1 9 5 7 )  loc ally, and the name might be extended to the other a r e a s  of 
s imilar depo s it s .  

The dep o s it s  in the Tuc son Mountains a r e  predominantly o f  te r r e strial o ng ln,  
who s e  sourc e areas we r e  p robably to the we s t, but the r e  are  al so nea r - sho r e  marine 
depo s its  r e sulting from minor marine inva s ions from the ea st.  Limited fo s s il evi
denc e in the T uc son Mountain s sugg e sts that strata of both Upp e r  and Lower C r e 
tac eous ag e occur and the upp e rmo st depo s it s  may extend into the T e rtiary. 

The uppe r  C retac eous depo s it s  in the D e e r  C r eek and Mor enc i a r e a s  include 
c ontinental, swamp, near - sho r e  marine , and marine depo s its  and may r epr e s ent 
an inva sion from the no rth of the uppe r  C r etac eou s  s e a s  of the we stern inte rio r r e 
g ion ( Pike,  1 9 4 7 ) .  The uppe r  C retac eous s edimentary rocks in the Santa Rita Moun
tain s are of c ontinental o r ig in. 
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