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TERTIARY DEPOSITS IN SOUTHERN ARIZ ONA 

P aul A. Wood 
Unive r sity of Arizona 

INT RODUC T ION 

Southe rn Arizona i s  c harac te rized by north to northwe st trending c hains of moun
tain rang e s  s eparated by larg e ,  mor e  o r  le s s  i s olated valleys which a r e  partly fille d  
with ter re strial depo s it s .  The broad s weep o f  the valleys between the flanking moun
tain rang e s  sug g e sts a uniformity of unde rlying material s that is belie d  by expo sur e s  
r ev e al e d  by more than a few feet o f  dis s ec tion. R e c ent wo rk has shown that the 
alluvial depo s it s  unde rlying the valley floor s may con s i s t  of s eve ral units  and that 
the s e  units may be diffe rentiate d and mappe d  on the bas i s  of c ompo sition, s e dimen
tary c haracte r is ti c  s ,  c ontinuity of s edimentation, and structural r elationship s .  
D etail e d  studie s o f  the s e  depo s its  will provide an inc r ea s ing und e r standing o f  the 
T e rtiary history of the region. 

At the p r e s ent time, T ertiary depo s its  may be divide d into three  broad g r oups .  
The topmo st and most  wide spread depo s it s  a r e  of p r obabl e  late T e rtiary to e arly 
Ple i stocene age.  T hey show a c ommon s edimentary and environmental pattern r e 
fle cting depos ition mo r e  o r  l e s s  c ontempor aneously with the development of the late 
s tag e s  of bas in-and- r ang e s tructure .  The middl e  g r oup of s edimentary units  i s  
g ene r ally conside r e d  to b e  middle T e rtiary in ag e .  U nits of thi s p e riod underlie 
or are in fault contac t  with the late T e rtiary depo s it s  and have b e en derived from 
what may b e  pictured a s  a bas in - and- rang e  topog raphy differing in extent and s our c e  
a r e a s  from tho s e  expo s e d  today. The olde s t  g roup o f  po s s ible Te rtiary depos it s  i s  
not c onfined to bas in - and- r ang e type s of s edimentary depo s its . In part, the s e  de
po s it s  may r ep r e s ent a c ontinuation of C retac eous s edimentation into T e rtiary time,  
and in part  they may r ep r e s ent units s et off from C retac eous and middl e  T er tiary 
s trata by unc onfo rmitie s .  

E ARLY TERTIARY ROCKS 

T uc son Mountains 

In the T uc son Mountains ,  part of the Amole arko s e , whic h  has b e en c ons ide r e d  
wholly o f  C retac eous ag e ( B rown, 1 9 3 9 ;  McKee,  1 9 5 1 ) ,  may be a s  young a s  T ertiary 
( Kinnis on, 1 9 58 ) .  In a ddition, s everal a r e a s  of volcanic rock outc rop, mapp e d  by 
B rown a s  part of a p r e -Amole volc anic s e quenc e,  a r e  shown by Kinnis on ( 1 9 58 ;  T rip 
IV ; 24) to ove rlie the Arnol e  arko s e  a s  a megab r e c c ia of po s s ible C retac eous - T e rtiary 
ag e-:-T he megab r e c c ia i s  ove rlain by rhyolitic and ande s itic flows and tuffs and inte r 
b edded s iltstone and a rko s e  c ontaining plant r emains of T ertiary ag e .  

Silver  B ell Mountains 

In the vicinity of the Silve r B ell mine, 2 5  mil e s  northe a st of the Tuc son Moun
tains ,  the Silver B ell formation ( C ourtright, 1 9 58) lie s with angula r  dis c o r dance on 
C re tac eous ( ? )  s edimentary strata and porphyritic rocks intruding them. T he Silv e r  
B ell fo rmation c on s ists  of up t o  about 500  feet o f  volc anic c onglome r ate and clas tic 
b r e c c ia c ompo s ed p r edominantly of porphyritic rocks.  The C retac eous - T er tiary 
boundary may lie b etwe en the S ilver  B ell fo rmation and the unde rlying rocks ( Richa r d  
and C ourtright, 1 9 54) . C ourtright ( 19 58)  conside r s  the S ilver  B ell fo rmation t o  be  
po s s ibly young e r  than the megab r e c c ia in  the Tuc s on Mountains de s c rib e d  by Kin-
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nison ( 1 9 5 8 ) .  Overlying the Silve r B ell fo rmation i s  a s e quenc e of pyroclas tic and 
volcanic flow rocks which C ourtright tentatively c o r r elate s with the volcanic s e quenc e 
above the megabreccia. 

C entral C ochi s e  C ounty 

The B ronco volcanic s (Gilluly, 1 9 5 6) c rop out south of Tomb s tone and c on s i s t  
of a dominantly ande s itic low e r  part and an uppe r  part c ompo s e d  princ ipally o f  quartz 
latite tuff. A local basal c onglom e rate c ontains many rounde d boulde r s  of Pal e o zoic 
and C re tac eous rocks.  The B ronco volcanic :; may rang e in maximum thickne s s  from 
about 5 , 0 0 0  to 6, 0 0 0  feet.  The B ronc o  volcanic s unc onformably overlie the C r eta
c eous B i sb e e  formation and a r e  olde r than local thrus t  faults . Gilluly ( 1 9 5 6) s ug g e st s  
that the B ronco volcanic s are p r obably early T ertiary in ag e .  

MIDDLE TERTIARY DEPOSIT S 

Mineta Ridg e area 

On the northea s t  s ide of the Rincon Mountains ,  C hew ( 1 9 52a, 1 9 5 2b) de s c rib e d  the 
Mineta b e d s ,  a s e quenc e of s trata c onsisting of c onglome rate, lim e s tone ,  muds tone, 
and siltstone . The s e  strata are expo s e d  in a c omplexly faulted block that is thrus t  
over olde r metamo rpho s ed rocks to the we s t  and i s  in no rmal fault contac t  with 
young e r  depo s it s  to the ea s t. The Mineta beds c on s i s t  of thr e e  member s ;  a low e r ,  
c onglomerate memb e r ,  c ompo s e d  of about 1 ,  3 0 0  f e e t  of thin-bedded arko sic  c on
glomerate ; a middl e ,  lim e stone memb e r ,  c ons isting of about 50 feet of alte rnating 
marly algal lim e stone and shale ; and an uppe r  detrital memb e r ,  c ons i s ting of about 
1 , 400  feet of thin-bedded s iltstone, mudstone, and lime stone.  The Mineta beds  are 
c ut by dike s and s ill s and ove rlain by flows of  ande s ite po rphyry c ontaining larg e 
feldspar phenoc rysts .  Sup erficially the depo s its  are s imilar to strata of C retac eous 
ag e in the Santa Rita and Empir e  Mountains .  However,  fo s sil rhinoc e r o s  teeth from 
a lime stone b e d  in the uppe r  part of the detrital memb e r  of the Mineta beds w e r e  
identifie d  a s  Dic e ratherium sp. , o f  probable lower Mio c ene ag e ( Lance ,  pe r s onal 
c ommunication). 

C ienega Gap a r ea 

T he C ienega Gap area form s the broad pas s  betwe en the Rincon and Empire 
Mountains about 2 5 mil e s  e a st of Tuc son. F rom thi s area,  B rennan ( 1 9 57 )  de s c rib e d  
the Pantano fo rmation which c onsists  of about 1 3, 500  feet  o f  c onglome rate, s ands tone, 
mudstone, and arg illac eou s  lim e stone, with, locally, flows of ande s ite po rphyry. 
T he Pantano formation has b e en ove rthru s t  by Paleozoic s edimentary rocks and by 
m etamo rphic and s edimentary rocks of p robable C retac eous ag e .  B rennan c on side r s  
the Pantano fo rmation to b e  p robably e quivalent to the Mineta b e d s ,  which are in part 
of lower Mio c ene ag e.  

Mugg ins Mountains 

The Mug g ins Mountains,  about 2 5  mil e s  east  of Y uma and 200 mil e s  we st of 
T uc son, include a thick s e quenc e of c onglomerate, s andstone, mudstone, and vol
c anic a s h  ove rlain by a thic k  s e quenc e of volcanic flows and tuffs ( Reyne r and A s h
well, 1 9 58 ) .  The s edimentary rocks have b e en folded and thrust, and a r e  locally 
intruded by basaltic and ande s itic mas s e s .  A fo s sil c am el from lake b e d  depos it s  
expo s ed o n  the south flank o f  the Mugg ins Mountains was identified a s  a new sp ecie s 
of Stenomylus of p robable lower Mioc ene ag e ( Wood, 1 9 58 ;  Lanc e and Wood,  1 9 5 8 ) .  
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Globe -Ray area 

The W hitetail c onglome rate (Ransom e ,  1 9 0 3 ;  1 9 2 3) c rop s out in the Globe -Ray 
area. It c on s i sts  of conglome rate up to about I ,  000  fe et thick that r e s t s  unconform
ably on e roded surfac e s  of older rocl,-s and is c onfo rmably ove rlain by a dac ite flow. 
Near Ray, the dacite above the Whitetail c onglom e rate is ove rlain by about 1 2 5  feet 
of c onglomerate , r efe r red to by Ransome ( 1 9 2 3) a s  the G ila conglome rate . Rans ome 
c on s ide r e d  the W hitetail to be  early T e rtia.ry and the G ila to be  Ple is toc ene. H eindl 
( 1 9 58 ) ,  however ,  argue s that the r e  i s  e s s entially no time gap betwe en the depo s ition 
of the uppe r  part of the Whitetail and the G ila conglome rate in the vic inity of Ray. 
Heindl al so  points out that the G ila conglome rate in the Ray area i s  not nec e s s a r ily 
c ontemporaneous with dated depo s it s  mo r e  than 7 5  mil e s  away in the viciniti e s  of 
B en s on and Saffo rd.  Although the Whitetail c onglome rate has b e en extensively fault
e d, it i s  not involved in thrus ting , and Heindl ( 19 58)  tentatively c ons ide r s  it to be 
young e r  than m iddle T e rtiary. 

LATE TER T IAR Y -QUATERNARY DEPOSIT S 

The larg e b a s in s  in s outhea s te rn Arizona a r e  fo r the mos t  part floo r e d  by alluvial 
depo s it s  that have not b e en extens ively defo rmed o r  have b e en defo rmed p r e dominant
ly by normal faulting along thei r  contact s  with the mountain rang e s .  In effect, the s e  
depo s it s  are defo rme d  by a continuation of the g ene ral differential uplift that initially 
c au s e d  their depo s ition. The s e  depo s its  are expo s e d  to depths of s eve ral hundre d  
f e e t  i n  the San P e dro and Saffor d  Valleys and thei r  maximum sub surfac e thickne s s  
in the c entral parts of the valleys ha s b e en r eported a s  about 3 ,  000  feet from wate r 
well drill e r s '  log s .  Some o f  the sub surfac e thickne s s e s  r eported may include un
r e c ognize d  depo sits  of middle T e rtiary o r  older s e diments .  Mo st of the s e  depo s it s  
have been collec tively calle d  the Gila conglomerate ( Gilbe rt, 1 8 7 5) but the c ontinued 
u s e  of thi s  t e rm fail s to p rovide stratig raphic tool s with which to analyze the depo s it s  
( He indl, 1 9 58 ) .  

As an example o f  late T ertiary valley fill, the depo s it s  in the ea ste rn part o f  the 
Saffor d  Valley a:;:oe briefly de s c r ibed. Van H o rn ( 19 57) and Heindl ( 1 9 58 )  have dis 
tingui she d  two unit s  within the Gila conglome rate de s c r ibed from the area by Gilbe r t  
( 1 8 7 5) and a thir d  unit in the Gila c onglome rate ,  as u s e d  b y  Knechtel ( 19 3 6) .  The 
thre e  units are the lower Bonita beds ,  the middle Solomonsville b e d s ,  and the uppe r  
F rye M e s a  beds . T he B onita beds consist  o f  a mas s ive conglome rate characterized 
by basaltic and rhyolitic fragments and rang e in thickne s s  from about 400 to  800 fe et. 
T he Solomonsville b e d s  lie di sconformably on a locally e roded surfac e of the B onita 
b e d s .  T he Solomonsville beds  are al s o  a ma s sive conglomerate wher e  they overlie 
the B onita b e d s  but can be  dis tinguished by a differ ent lithology. T he c onglomerate 
of the Solomonsville beds  inte rtongue s with and g rade s into sandy to s ilty b e d s  toward 
the c ente r of the valley. The total thickne s s of the Solomonsville b ed s ,  including 
sub surfac e dep o s it s ,  may be  about 2,  0 0 0  feet. The F rye Mesa b e ds lie  c onformably 
on the Solomonsville beds  and c ons i s t  of a conglomerate containing lar g e boulde r s  
s et in a brown s ilty matrix .  The maximum thickne s s  of the F rye Me sa beds adj oining 
the G raham Mountains i s  about 7 0 0  fe et, but the unit thins rapidly toward the c ente r  
of the Saffo r d  Valley. 

The Solomonsville beds ,  expo s e d  throug h a thickne s s  of about 300 feet, rang e 
in ag e from Plioc ene to Pleis toc ene, po s s ibly into Kansan ( Lanc e,  1 9 58) . The B onita 
beds  are at least  p r e -Blancan, p robably Plioc ene and the F rye M e s a  b e d s  are Ple i s 
toc ene . 
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C LASSIFICATION OF TERTIARY DEPOSIT S 

Datable fo s sil s  a r e  rare  in the T e rtiary depo s its  and r eliable stratig r aphic 
c o r r elation s  are difficult. Heindl ( 1 9 58 )  p ropo s ed that the T ertiary depos its  c an be  
cla s s ifie d  on the ba s i s  of their structural relationship s until their stratig r aphic 
r elationship s and ag e s  are dete rmin e d. Heindl emphasized  that deposits cla s s ified 
in one c ateg ory in one area may be the e quivalent of or clo s ely r elated to dep o s its 
of other c atego rie s in other a r e a s  and that depo s its  of the s ame ag e may be locally 
clas s ified in differ ent c ateg o rie s .  Heindl ' s cla s s ification i s  a s  follows : 

Upp e r  S e t  - D epo s its con s isting principally o f  valley fill s e diments ( 1 ) that a r e  
undeformed o r  i n  normal fault c ontact with older rock s ;  ( 2) who s e  lithology reflects  
rocks in  adj ac ent mountains ;  ( 3) that lack mineralization;  and (4)  that a r e  ove rlain 
by only thin surficial depo sit s .  

Lowe r S e t  - Include s depo s its  ( 1 ) that g enerally unde rlie the uppe r  s et and a r e  
not r elated to the structural troughs o f  the exis ting topog raphy; ( 2) are locally de 
form e d  by thrust o r  normal faulting ; and ( 3) may be intruded and mineraliz ed. 

C ateg o ry I - Older than volcanic rocks expo s e d  at c r e sts of adj ac ent moun
tain blocks ;  locally c onfo rmable with or g rading into depo sits of the uppe r  
s et. 

Gold Gulch type - E s s entially undeforme d  exc ept by normal faulting 
and e s sentially c onfo rmable with the uppe r  s et. 

Hackb e r ry Wash type - Tilted depo s its  defo rme d by normal and p robably 
thrust faUlting ; loc ally appear to g rade upwar d  into depo s its  of the uppe r  
s et. 

C ateg o ry II - Whitetail type - Inte rbe dded with uppe r  parts of the T e rtiary 
volcanic rock s e quenc e ;  expo s e d  within uplifted blocks ; e s s entially unde
fo rme d  exc ept by normal faulting. 

C ateg o ry III - Pantano type - Underlying o r  inte rbedded with l ow e r  parts 
of the T ertiary volcanic s e quenc e ;  expo s e d  within mountain and depr e s s ed 
blocks ;  defo rmed by both thrust and normal faulting . 

It may b e  now advis able to add a I I  Lowe st s et" of depo s it s  to include tho s e  of 
p o s s ible e arly T e rtiary ag e .  
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