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Marine Sedimentation-Pye - 3  

MARINE SE DIMENTATION IN SOUTHERN ARI Z ONA 

W illard D .  Pye 
Unive r s ity of Arizona 

INTRODUC T ION 

The p r e s ent paper summarize s the history of marine s e dimentation in southe rn 
Arizona. The l ithology, fo rmation de s c ription s ,  di stribution, c o r relation s ,  thick
ne s s , and othe r detail s are di scus s e d in individual pape r s  dealing with the particular 
p e riods  of g eolog ical time.  

The tectonic framework which controlle d  s e dimentation in  Arizona can be sum
mar i z e d  a s  ( 1 ) the C o rdill e ran g eo syncline along the we stern e dge and a c ro s s  the 
no rthwe stern c o rner of Arizona ; ( 2 ) the Sono ran g eo syncline in southea stern Arizona 
and adj ac ent New Mexico and Mexico ; ( 3) a broad no rthe a s t - tr ending shelf zone ex
tending ac ro s s  the c entral part of the state which wa s c ove red o c c a sionally by s eas  
spr e ading from one or  both g eo syncline s ;  (4)  the Defianc e and r elate d pos itive areas 
in northea stern Arizona and no rthwe ste rn New Mexico and the po stulated Maz atzal 
highlands of c entral Arizona. 

Du ring Paleozoic and C r etac eous time sou thea ste rn Arizona wa s e s s entially a 
marine embayment o r  g eo syncline opening to the south and ea st .  It wa s bounded on 
the we st  by an area of l ittl e - known p o s t - P r e c ambr ian s e dimentation, on the no rth
w e s t  by a central highland area of r e duc ed s e dimentation, and on the north by the 
Defianc e pos itive a r ea.  

Southwe ste rn Arizona ha s few r eported Pal e o z oic outc rop s ,  and in the adj ac ent 
State of Sono ra, Mexic o ,  Paleo zoic s ediments are  pre s ent, but the ir extent and thick
ne s s  are unknown. The se  depo sits  may be related mo r e  clo s ely to the C o r dilleran 
g eo syncline than to the Sono ran g e o syncline . 

The Pal eozoic section in c entral Arizona i s  thin owing to eithe r non- depo s ition 
o r  po st- depo s itional e r o s ion. This area ha s b e en c alled Mazatzal land and cove r ed 
much of c entral Arizona. It wa s believed to have extended at times into southwe st
e rn Arizona ( En s enada land) and to have connected with the Defianc e pos itive area.  
As  m o r e  info rmation ha s b e c ome available the extent of the highland ha s been r e 
duc ed and modified.  Whethe r i t  exi sted a s  a c omplete barrier  o r  as  a s e rie s of i s 
lands along a g eneral shoal area ha s not been dete rmine d. 

The D efianc e po s itive area wa s e ithe r above s ea level throughout much of Pal e o 
z o i c  time o r  e r o s ion stripp ed off the earlier formation s prior  t o  depo s ition o f  P enn
sylvanian s e diments ac ro s s  it.  

In a nutshell , the s e dimentational hi sto ry of southea stern Arizona con s i s t s  of 
marine s e dimentation during P r e c ambrian and Pal eo zoic time ; abs enc e of s e dimen
tation and e r o s ion dur ing T ria s s ic and Juras sic  time ; primarily continental depo s i 
tion, volc ani sm, and e ro sion during C retac eous and C eno zoic time.  Ordovician and 
Silurian s ediment s e s s entially a r e  r e stricted to s outhwe stern New Mexic o ;  Lowe r 
C retac eous marine s e diment s are  r e s tricted to extrem e  s outhea s te rn Arizona and 
adj ac ent New Mexic o .  
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PREC AMBRIAN 

Olde r P re c ambr ian 

The olde r P re c amb rian s edimentary histo ry i s  ob s cure becau s e  the strata have 
been exten sively metamo rpho s e d, defo rme d, and intruded, and expo sur e s  are limite d. 

Sinc e the meta s edimentary Pinal s chi st and it s equival ent s are locally exp o s e d  
i n  the southeaste rn part o f  the state, i t  i s  p r e  sumed that olde r P r ecambrian s ea s  c ov
e re d  mo st of  the area, but detail s of  the di stribution of  the s eas  and their g eog raphy 
have not been dete rmined. Se diments dep o s ited in the s ea s  we re primarily cla stic , 
from a s  yet unknown sourc e s . The clastic s c on s i sted of shale ,  s ilt stone, arko s e ,  
relatively pur e  sandstone, and locally conglome rate beds . Some volc anic tuff s and 
flows apparently were inte rbe dde d with the s e diments .  

The thickne s s  of accumulation wa s probably on the order of thousand s of fe et, 
and in the D rag oon Mountain area the accumulation in a eug eo syncline (C oope r and 
Silve r ,  1 9 54) may have been a s  much a s 20 , 0 0 0  feet.  The extent and limits of thi s 
trough have not been dete rmined, but W il s on ( 1 9 5 1 )  and C ooper (�) have r elated it 
to the area of the Mazatzal Revolution. 

Young e r  P r ecambrian 

F ollowing the depo s ition of the olde r P r e c ambrian s e diment s ,  mountain build
ing , intru sion, metamorphi sm, uplift, and beveling occurr ed. The young e r  P r e 
c ambrian s e a s  advanc ed ac r o s s  a remarkably featurele s s  peneplain. Dep o s its  in
cluded c onglome rate , arko sic sandstone , shal e,  lime stone , siltstone, and qua rtzitic 
s andston e .  

The s e a s  we re appar ently shallow and conditions of depo s ition such that no g r eat 
accumulations of s e diment s occurred .  Some of the s andstone and s iltstone strata 
show c ro s sbe dding and ripple marks and frequently are  thin bedded. The l ime stone 
may be pure or arg illac eou s  and in plac e s  it c a r rie s alg al struc ture s .  

Oxidizing environments we r e  pre s ent e ithe r  at the sour c e  of the s e diments o r  in 
the a r e a s  of dep o s ition becau s e  at many plac e s  the s ediment s show r ed, purpl e ,  and 
brown c olor s .  At tim e s  vulc ani sm occurred as shown by tuffac eous beds  and ba salt  
flow s .  

About 1 , 2 0 0  fe et of young e r  P r e c ambrian s e diments accumulate d in s outhea ste rn 
Arizona. The o r ig inal a r ea of the ba s in of depo s ition ha s not been dete rmi ned s ince 
e r o s ion ha s r emove d parts of  the young e r  P r e c ambr ian depo s it s .  The southe rn sho r e 
l ine extended s outhea s tward from the g ene ral vic inity o f  Tuc s on;  the northe rn sho r e 
l ine wa s an unknown distanc e north of the p r e s ent Mogollon Rim . The northwe stern 
extent of the s eaway is  unc e rtain s inc e patche s of young e r  P r ecambrian are  found c on
s ide rably no rthwe st  of  Tuc son ( McClymond s,  1 6) and may c o r relate with s ome of the 
P r ecambrian G r and C anyon s e rie s .  C onnectionof the s e away may have been with the 
C o rdill e ran g eo syncline to the west .  The sourc e s  of the s ediments were from po s i 
tive a r e a s  south o f  Tuc s o n  and pe rhap s from no rth o f  the Mog ollon Rim. 

Local ab s enc e of young e r  P r e c ambrian fo rmations indic ate s some ep - Alg onkian 
dia strophism, but the near c onfo rmity of young e r  P r e c ambrian and C ambr ian depo sits  
indic ate s that the uplift wa s g enerally epeirogenic . 
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C AMBRIAN PERIOD 

C ambrian time opened with Arizona largely a pos itive area unde rgoing e r o s ion. 
In s outhea s te rn Arizona no appr e c iable defo rmation had occur r e d  betwe en the end of 
young e r  P re c ambrian and Middle C ambrian time,  no r had the area b e en strongly up
lifted o r  subj ected to pronounc e d  e r o s ion. In g eneral the land had little r elief and 
wa s appar ently relatively low lying . Ac ro s s  thi s peneplain the Middle C ambr ian s eas 
advanced northward from the Sono ran g eo syncline to about the location of the pr e s ent 
Mog ollon Rim. 

T he s ea s  rewo rked the weathered deb r i s  and dep o s ited a basal sandstone , which 
locally may be  conglome ratic , ac ro s s  the P r e c ambrian rock s .  Thi s wa s followed by 
mor e  s and stone, s ome red b e d s ,  shale ,  and arko s e .  Se dimentation wa s in a b r oad, 
shallow, op en s eaway. By Upp e r  C ambrian time clastic se diments we r e  le s s  c om
mon and mainly carbonate s we r e  being depo s ited. As  the C ambr ian pe riod came to  a 
clo s e ,  a thin layer of s andstone wa s depo s ite d locally ac ro s s  the lime stone . 

ORDOVIC IAN PERIOD 

Ove r mo st of southea ste rn Arizona and adj ac ent New Mexic o ,  s edimentation was 
c ontinuou s from C ambrian into Ordovic ian time.  Local warping s and chang e s  in s e di
mentary patte rns r e sulted in local s andstone bodie s at  o r  near the c ontact between the 
rocks of the two system s .  In g ene r al ,  howeve r ,  the open, clear s eas nec e s sary for 
c arbonate depo s ition prevailed thr oughout Lower Ordovic ian tim e .  

T he Lowe r Ordovic ian s eas we r e  c onfined to a limited a r e a  in e a stern- s outhea st
e rn Arizona and to New Mexic o and no rthe rn Sono ra.  B etwe en Lowe r Ordovician and 
Middle Devonian time, southea s te rn Arizona wa s low lying and subj ect  to no signifi
c ant depo s ition o r  to e r o s ion of the underlying sediments,  although ther e  i s  s ome evi 
denc e of b eveling and channeling in c entral Arizona . Upp e r  Ordovic ian s e a s  exi sted 
in s outhwe ste rn New Mexic o ,  but the r e  is no evidenc e that they extended into s outh
ea stern Arizona . 

SILURIAN SY STEM 

Lowe r and Middle Silurian dolomite s are found in s outhwe ste rn New Mexic o ,  but 
have pinched out east  of Arizona. The Silurian s eas in which they were depo s ite d 
appear to have been e s s entially c ontinuou s with the Late Ordovic ian s e a s  in the same 
area.  They we r e  appar ently open and clear and favo rabl e fo r a shelf type of carbon
ate dep o s ition. Following Middle Silurian time a withdrawal of the s e a s  occur r e d, 
and the a r ea wa s emerg ent and appar ently low lying . 

DEVONIAN PERIOD 

T he r e  i s  no r e c o rd of Lowe r D evonian s e dimentation in s outhea stern Arizona 
and southwe stern New Mexic o .  By Middle Devonian time s ea s  had enc roached upon 
the a r e a  from the south, and s e diment s filled channel s cut in the pre - Devonian rock s .  
A s  the Devonian seas  o f  southea stern Arizona me rged with tho s e  spreading ea s tward 
ac ro s s  northwe stern Arizona, s e diments we re  dep o s ite d around the Devonian i slands 
in c entral Arizona. 

Depo s ition wa s mainly of a shelf- type of carbonate and cla stic s in the south
c entral parts of Arizona. In s outhe a s te rn Arizona and southwar d  into Mexic o ,  clear,  
clean lim e s tone depo s its  accumulated in a more open s ea.  In the vicinity of the Swi s s -
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helm Mountain s in southea ste rn Arizona, c alcar eous s ilt and impur e  lime stone were  
depo s ited. The s e  depo s it s  w e r e  thi cke r than, and g rade we stward into thinner open
s ea fac ie s and ea stward into a thinne r shale and siltstone fac ie s .  This  Swi s shelm 
accumulation may have fo rmed a bar r i e r  thr oughout Late Devonian time , s eparating 
the we s te rn open- s e a  c arbonate envir onment from the shallow ea stern euxinic , fine 
clastic environment. The cla stic bar rier  r e stricted c irculation, and stagnant and 
r e duc ing c onditions exi sted in the basin to the ea st. 

Apparently the re  wa s little or no withdrawal of the s ea s  at the clo s e  of Devonian 
time.  

MISSISSIPPIAN PERIOD 

Sedimentation in Lowe r Mi s s i s s ippian time began with little chang e in the c ondi
tion s from tho se in upp e rmo st D evonian tim e .  The r e  apparently wa s n o  withdrawal 
of the seas  in southe a ste rn Arizona and southwe stern New Mexico between the two 
periods .  Mi s s i s  sippian s ea s  oc cupied approximately the same po s ition a s  in the p r e 
c e eding pe riod. As  the Sono ran g eo syncline continue d  to sub s ide dur ing Mis s i s s ippian 
time,  the r e strictions which had g ove rned s edimentation in the Upp e r  Devonian in 
s outhweste rn New Mexico we r e  eliminated. The s e a s  b e c ame clea r e r  and p r e domi
nately clean, ma s s ive carbonate with some che rt wa s dep o s ited. The s e a s  we r e  ap
parently mode rately deep , the sho r e s  far enough r emove d and the land low lying enough 
so that cla stic s are not abundant in the s e  c a rbonate s .  

W ith the clo s e  of Lowe r Mi s s i s s ippian time epeirog enic uplift of Arizona c a u s e d  
g radual withdrawal o f  the s e a s  s outhea stwar d  from the r eg ion. The area was sub
j ected to a mode rate amount of e r o s ion and weathe r ing which develope d  local kar st 
topog raphy. In many a r e a s  the Lowe r Mi s s i s s ippian lim e s tone wa s c ove r e d  by c on
c entration s of chert and red deb r i s  repre s enting rewo rked r e s idue s .  

PENNSY L V  AN IAN PERIOD 

P e rhap s by late Mo r r owan time,  the s e a s  from the Sono ran g e o syncline again 
began to transg r e s s  s outhwe stern New Mexic o and southea ste rn Arizona. By De s 
Moine s ian time,  all of s outhea stern Arizona wa s inundated. The surfac e over which 
the seas  advanc ed had slight topog raphic relief exc ept for local kar st topog r aphy. 
The covering soil s  we r e  r eworked and redistributed by the advanc ing s e a s ,  fo rming 
r ed mud, silt, che rt r e s idue , and pebble beds at the b a s e  of the Pennsylvanian c a r 
bonate s .  

The s e a s  we r e  clear and mode rately deep during the early part of De s Moine s ian 
time and suitable fo r extensive c arbonate and che rt ac cumulation. However ,  the r e  
we re  sho rt pe riods when r ed, g re en, and g ray mud and s ome c oar s e r  cla stic s we r e  
wa shed into the area.  

By Virgilian time the ba s ins had become somewhat filled, and more and more 
cla s tic mate rial wa s being depo s ited. Sho reline and s helf s e dimentary type s di s 
plac ed g e o synclinal c arbonate s ediment s ,  exc ept fo r b rief inte rval s  when wate r s  
deepene d o r  c u r r ents shifted and lim e s tone wa s ag ain depo s ited. 

By late D e s Moine s ian time the s e a s  of s outhea ste rn Arizona we r e  continuou s with 
tho s e  spreading eastwar d  from the C o rdilleran g eo syncline . By Virgilian time e s 
s entially all of Arizona wa s cove r e d  by shallow P ennsylvanian seas . 
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· PERMIAN PERIOD 

No withdrawal of s eas  occurred at the end of the P ennsylvanian period. During 
Wolfcampian tim e ,  cla s tic depo sition inc r e a s ed,  and lime stone depo s ition dec rea sed .  
T he we ste rn end of the basin of  dep o s ition wa s shallowe r and evaporites  and cla stic s 
accumulated in local r e stricted a r e a s .  Farthe r east  the bas in fille d  mo r e  slowly o r  
sub s ided more r apidly, and lime depos ition p e r s i sted for a long e r  p e r iod. 

T owar d  the end of W olfcampian time a slight deepening of the b a s in s  c au s e d  fr e s h  
lime s tone accumulation in the southea s t  part o f  the ar ea. Farther we s t, whe re  shal 
low s e a  condition s continued, the basin c ontinue d  to r e c eive mainly clastic sediment s .  

Depo sition during Leonardian tim e ,  exc ept in the we ste rn end of the basin, wa s 
lime stone and dolomite with varying amounts of cla stic s .  T owa rd the end of Leonar
dian time two p e r io d s  of clean s ilic eou s  sand dep o s ition oc cur red with an inte rme diate 
p e r iod of dolomitic carbonate dep o s ition. T he influx of sand occur r e d  ove r the entir e  
a r e a  and marked a sharp chang e in c ondition s of dep o s ition and pe rhap s s our c e s  of 
s e diment. During Guadalupian time, c arbonate s and cla stic s we r e  ag ain depo s ited 
in a shelf environment. 

The time of final withdrawal of the Pe rmian s ea s  i s  obscure s inc e late r e r o s ion 
ha s r emove d all po st-Guadalupian s e diment s .  

MESOZ OIC AND C ENO Z OIC ERAS 

Exc ept in s outheastern Arizona no marine s e dimentation occur red during Me s o 
zoic tim e .  T r ia s s ic and Ju ras s ic time s we r e  pe riods of ero s ion and the r e  i s  a nearly 
c omplete lack of s edimentary depo sits .  Marine depo s its  again accumulated in s outh
e a stern Arizona during Lower C retaceous time and consist  of a basal c onglome rate 
r ang ing widely in thickne s s ,  followed by a suc c e s sion of cla stic and lime stone b e d s .  

Adj ac ent t o  this  marine area a s e rie s o f  shelf depo sits o f  cla stic s ediments with 
inc r e a s ing amounts of a rko s e  and red beds  accumulate d a r ound the margins of the 
C retac eou s s ea.  Farther we s t, the nea r - sho r e  marine depo s its  g rade into o r  inte r 
fing e r  with continental dep o s its  c ontaining c on s iderable quantitie s o f  volc anic mate r 
ial .  

Upp e r  C r etac eous marine and nea r - sho re  marine dep o s its  o c c u r  in the no rthern 
part of s outhea ste rn Arizona and may r ep re s ent a s outhe rn exten sion of the Upp e r  
C retac e ou s  s e a s  that c ove r e d  no rthwe ste rn N e w  Mexic o .  Els ewhe r e  i n  southe rn Ari
zona, the Upp e r  C r etaceous  c on s i s t s  of non-marine cla stic and volc anic depo s it s .  

South of we ste rn Arizona, the re  a r e  exten sive marine dep o s it s  of T ria s s ic , 
Jura s s ic ,  and C retac eous ag e .  

No rth o f  Y uma, about 1 , 0 0 0  feet of T e rtiary marine dep o s its repre s ent a p rob
able incur sion of the s e a s  from the southwe st .  T hi s  is the only known occur renc e of 
T e rtiary mar ine depo sits in southe rn Arizona . 
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