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San Xavi e r - Heindl - 2 5  

GEOLOG Y  O F  THE SAN XAVIER INDIAN 
RESERVAT ION, ARIZONA 

By L. A. Heindl 
U .  S. Geolog ical Survey 

INTRODUC TION 

Individual mountain rang e s  in the B a sin and Rang e c ountry in southwe stern 
Arizona are aline d in north- south chains which are s eparate d by troughlike ba s in s .  
Much o f  the di s cu s s ion o f  ba s in - and- rang e structure ha s c onc erned the r elations hip s 
of the rang e s  to the basin s ,  but the re ha s b e en c omparatively little di s cu s s ion r e 
garding the b road s addl e s o r  pas s e s  whe re individual mountain rang e s  of a s ingle 
chain are in j uxtapo sition. T hi s  report de s c r ibe s the g eology of the San Xavier  
Indian R e s e rvation in c e ntral P ima C ounty, Ari z .  ( fig . 5 5 ) . which s traddl e s  such 
an area between the northe rnmo st expo sure s of consolidate d rocks in the Sie r rita 
Mountain s and the southe rnmo st expo sure s in the Tuc son Mountains .  

G eography 

The San Xavie r Indian R e s e rvation (fig . 29 ) is  about 1 0  mil e s  s outhwe s t  of 
Tuc son, imme diately no rth of the Pima mining di strict .  The r e s e rvation rang e s  
in altitude from about 3 , 8 0 0  fe et in the Sie r r ita Mountains along the southe rn bound
ary, to about 2 , 4 5 0  feet whe r e  the Santa C ruz River leave s the r e s e rvation at the 
no rtheast  c o rne r .  Mo st of the r e s e rvation c on s i s t s  of b road slope s ,  or baj ada s ,  
de s c ending from the Sie r r ita Mountains to the Santa C ruz and Avra Vall ey s .  The 
g radient of the baj adas within the r e s e rvation rang e s  from about 7 5  to 1 50 fe et p e r  
mile . Black Mountain, a lava - c appe d  me sa, i s  the mo st c onspicuou s feature within 
the r e s e rvation, r i s ing about 1 ,  0 0 0  fe et above its ba se  to an altitude of 3 , 7 0 3  feet.  
It is the larg e st featu r e  of the Del B ac Hills ,  which are in the northeastern part of 
the r e s e rvation . T he Del Bac Hill s extend for about 7 mil e s  along a N. 600  E .  trend 
and are expo s e d  on both s ide s of the Santa C ruz River .  T he ea stern part of the San 
X avie r R e s e rvation i3 draine d by the Santa C ru z  Rive r and the we st s ide drains into 
Avra Valley, who se  drainag e j oin s the Santa C ruz Rive r about 20 mile s northwe st 
of  Tuc son.  

Acknowl e dgments 

The wo rk upon which thi s r eport i s  ba s e d  wa s done by the U.  S.  G eological 
Survey fo r the B u reau of Indian Affair s  a s  part of an inv e s tigation of the g r ound
wate r r e s ourc e s  of the Papag o Indian R e s e rvation. The Ame rican Smelting and 
Refining C o .  ha s g enerously allowed the u s e  of data on s ome of its explorato ry drill 
hole s ,  and helpful di s cu s s ion s with Me s s r s .  Kenyon Richard, J. H. C ourtright, and 
J .  E .  Kinnis on of its staff a r e  g r atefully acknowledged.  

ROCK UNIT S 

The land s urface in the San Xavier  Indian R e s e rvation i s  larg ely fo rme d  by 
alluvium - - in an area of 1 1 0 s quar e  mil e s ,  ther e  i s  only about 7 s quar e  mil e s of 
expo s e d  b e drock. Mo st of the bedrock i s  P r e c ambrian g ranite of the Sie r r ita Moun
tains and is exp o s e d  in the southwe st  corner of the r e s e rvation. The Del Bac Hill s 
are a s outhe rn extens ion of the T uc son Mountains and are c ompo s e d  of T e rtiary 
rock s .  Me sozoic and T e rtiary rocks c rop out in thr e e  othe r small areas  on the 
r e s e rvation. 
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2 5 - Heindl - San Xavie r 

Rocks expo s e d  on the San Xavie r Indian R e s e r vation r ang e  in ag e from P r e 
c ambr ian to Quate rnary. P re - T e rtiary unit s c on s i st o f  P r e c ambr ian g ranite and 
M e sozoic s edimentary rock s ;  T e rtiary units  c on s i s t  of volc anic , intru sive , and 
alluvial rock s ;  and Quate rnary units are  c ompo s e d  entir ely of alluvial depo s it s . 

P r e - T e rtiary Rocks 

P r ecambrian g ranite ( Mayuga, 1942) , which may include some young e r  intru
s ive s ,  c rops out in the southwe st c orne r  of the r e s e rvation. In part, the g r anite ha s 
b e en extensively sheared, foliated, and cut by thin pegmatitic dike s .  Me s o zoic 
rocks of probable C r etac e ou s  ag e ( Kinni s on,  1 9 5 8 )  c rop out in two i s olate d a r e a s .  
One small hill , about 2 mil e s  w e s t  o f  Black Mountain, i s  c ompo s e d of olive - g r e en 
s ilts tone, mudstone, s ilty arko s e ,  and some dark lime stone . Two small hill s ,  about 
3 mile s south of Black Mountain, are c ompo s e d  of alte r e d  white me dium- to coa r s e
g rained arko s e .  Alte r e d  a rko se  and fine - g r aine d  olive - g re en mudstone c ontaining 
noticeable amounts of pyr ite and hematite we r e  encounte r e d  in te st  hol e s  drill e d  in 
s e c s .  24 and 2 6 , T .  1 6  S . , R. 1 2  E .  

Paleo zoic and M e s o zoic s e dimentary rocks c rop out s outh and north of the r e s 
e rvation ( B  rown, 1 9 39 ;  Mayug a, 1 94 2 ;  Kinni son, 1 9 58 ) .  

T e rtiary Rocks 

In the T uc son Mountains ,  probable T e rtiary vol c anic ,  intru s ive,  and s edimen
tary rocks consist mo s tly of rhyolite and ande s ite,  with mino r amounts of alluvial 
and lacu strine depo sit s  ( Kinni son, 1 9 58 ;  24) .  The s e  rocks are  older than all T e r 
tiary unit s expo s ed on the San X avie r  Indian R e s e rvation, exc ept pos  s ibly the spec kl e d  
rhyolite . T he T e rtiary units in the T uc son Mountain s are  not diffe rentiate d on 
figu r e  2 9 .  

On the San Xavie r Indian R e s e rvation, T e rtiary volc anic and s edimentary rocks 
c rop out in the vic inity of  Black Mountain and c ons i s t, appa rently in a s c ending order,  
of  speckl e d  rhyolite, an alluvial c onglomerate loc ally known a s  the San X avie r c on
glom e r ate beds ,  ande s ite po rphyry, and thin flows of ba s alt and ande s ite . The s e  
unit s were  mapp e d  tog ethe r a s  T e rtiary o r  Quate rnary( ? )  b a s alt o r  shown cove r e d  
b y  Quate rnary alluvium b y  B rown ( 1 9 39 ) .  A c ompo s ite stratig raphic s ection o f  the 
T e rtiary rocks follow s .  

T op o f  s e ction :  

C ompo site s ection o f  T e rtiary rocks expo s e d  at 
Black Mountain in s e c s .  30 and 3 1 ,  T .  1 5  S . , 
R .  1 3  E . , and s e c .  3 6 ,  T .  1 5  S . , R. 1 2  E .  

E ro s ion surfac e .  

B a salt and ande s ite : 
2.  Volc anic flow s :  g ray and r e d - brown to black, weathe ring 

F e e t  

b rown to black ;  individual flow s 20 t o  40  fe et thick . . . . . . . . . . . .  4 0 0  ± 
1 .  B a s al c onglome rate and sandstone : include s basal c on

glomerate , c ompo s e d  of ande s ite po rphyry boulde r s ,  
g rading upwa r d  into a muddly angular -pebble c onglom
e rate ;  a middle laminated s andy mudstone ; and an upp e r  
c inde r s andstone , c ompo s e d  of coar s e - s and- to g ranul e -
s i z e d  fragments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 - 1 5  
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E ro s ion surfac e .  

And e s ite porphyry: 
1 .  Volc anic flows and dike s :  g r ay-brown to r e d-brown; 

phenoc rysts  of plag ioclas e  to thr e e -fourths of an inch; 
matrix, gla s sy to aphanitic and c ryptoc rystalline ; highly 
fractured and in part well - oxidize d ;  thick dike fo rms 
r e s i s tant wall s and flow s form mode rately steep slope s ;  
thickne s s  refe r s  to flow rocks only . . . . . . . . . . . . . . . . . . . . . . . . . .  1 50 ±  

San X avie r c onglome r ate beds of local u s ag e :  
1 .  C onglomerate : light p inki sh-brown; fragments rang e 

from s and to boulde r  s ize  and are angular to subangular ; 
g enerally thin- to thick- bedde d ( 2  inche s to 2 feet) ; lentic 
ular ;  shows some s c our and fill and fluvial c ro s s -be dding ; 
firm, bonded by clay and silt; fragments mainly of arko s e ,  
rhyolite , and c rystal tuff, with some blue - g r een limy 
mudstone in lower part;  matrix of s imilar mate rial s  with 
c ons ide rable amounts of feldspar and quartz ; weathe r s  to 
g entle slope s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 5 0 ± 

B a s e  c ove r e d. 

Intrusive( ? )  speckl e d  rhyolite . 

C ompo s ite thickne s s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 ,  O O O ±  

The spe ckled rhyolite c rop s out we st of Black Mountain in s eve ral small a r e a s ,  
all of which are c ompletely surround e d  by alluvium and l i e  topog raphically lowe r than 
the othe r T e rtiary roc k s .  The rhyolite i s  dark g ray, i s  finely c ry stalline and con
tains b r ight biotite and qua rtz phenocrysts ,  and i s  tentatively conside r ed to be in
trus ive becau s e  it shows no feature s of extru s ive rock s .  It i s  texturally s o  unlike 
the biotite rhyolite de s c r ibed from a few mil e s  no rth in the B e ehive Peaks ( B rown, 
1 9 39 ; Kinni son, 1 9 58) that no c o r r elation can be sug g e sted at thi s time,  although 
they appear at about the s ame stratig raphic po 8 ition. That the speckl e d  rhyolite 
lie s at a low e r  el evation than the alluvial c onglomerate s ugg e sts that it is lowe r 
stratig raphically than the c onglomerate , but thi s c annot be  demonstrated. Nowhe r e  
wa s the speckled rhyolite s e en cutting the ove rlying rock s .  

T h e  so - c alle d  San Xavi e r  c onglome rate b e d s  c rop out i n  di s continuous patche s 
on the north s ide of Black Mountain and on the southeast  slop e s  of the Tuc son Moun
tains .  On the s outh s i de of Black Mountain, thei r  p r e s enc e is sug g e sted by float 
fragment s .  Thi s alluvial c onglome rate i s  made up of fragments of C r etac eous ( ? )  
arko s e ,  s iltstone ,  and mudstone , and T e rtiary rhyolite and ande s ite which are s imilar 
to tho s e  de s c rib e d  by B rown ( 1 9 39 )  and are c ommonly of pebble s ize but may be  a s  
larg e a s  small boulder s .  Individual beds a r e  lenticular and c ontain s c our - and- fill 
structu r e  s .  The ba s e  i s  nowhe r e  exp o s e d, but the unit appear s to ove rlie older 
volcanic rocks on the east s ide of the T uc son Mountains and may overlie the speckl e d  
rhyolite a t  Black Mountain. The maximum expo s ed thickne s s  i s  about 4 5 0  feet.  

The ag e of the San Xavie r  c onglome rate beds i s  not known, but they are young e r  
than the T e rtiary volc anic rocks to the north ( B rown, 1 9 39 )  and older than the ande
s ite po rphyry which intrude s and ove rlie s them .  East  of  Tuc son, B rennan ( 1 9 57 )  
r ecogni z e d  a formation that h e  c onside re d  to b e  o f  po s s ible middl e T e rtiary ag e ,  and 
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it include s flow s of ande site po rphyry similar in texture to tho se  of Black Mountain. 
T entatively, the San Xavi e r  c onglomerate beds  are cons ide r e d  to be of s imilar ag e .  

Ande s ite po rphyry c rop s out in the Del Bac Hill s .  Along the north fac e  of Black 
Mountain it occur s a s  a flow, o r  flows ,  between the San Xavier c onglome rate beds  
and the ove rlying basalt and ande s ite flow s.  At  the w e s t  end of Black Mountain it 
o c c u r s as a thick dike cutting the San Xavie r c onglome rate beds . Small, i s olated 
expo s u r e s  of ande s ite po rphyry intruding g ranitic rocks along the southe rn bou ndary 
of the r e s e rvation may be  the same rock, and ande s ite porphyry wa s enc ounte r e d  
a t  a depth o f  2 1 0  fe et in a te st  hole drill e d  about 2 mil e s  we st o f  Black Mountain. 

The ande site porphyry, to which B rown ( 1 9 39 )  r efe r s  as a bas alt po rphyry, i s  
a coar  s ely po rphyritic and e s ite,  rang ing in c ol o r  from g rayi sh brown to dark maroon, 
the m o r e  alte red portions tending to be g ray. The prominent tabular ande s ine pheno
c ry s t s  are up to thre e - fourth s  of an inch long and give the rock a di s tinctive appear
anc e  r egardl e s s  of  whethe r they are fre sh, alte r ed, o r  c ompletely e roded away. As 
B rown ( 1 9 39 )  note d, at the we st end of Black Mountain the ande s ite po rphyry i s  
clearly c ro s  s cutting the alluvial c onglome rate and ha s a flow s truc tu r e  characte r i s tic 
of a dike.  El s ewhe r e , howeve r ,  it lie s mo r e  o r  le s s confo rmably between the alluvial 
c onglome rate and the ove rlying bas altic and ande s itic flow s and i s  e ithe r a s ill o r  a 
flow, probably a flow. The maximum thickne s s  of the ande s ite po rphyry i s  about 
1 50 fe et. 

A thick s e quenc e of ba s altic and ande s itic flows for m s  the upp e r  part of Black 
Mountain and some of the small e r  hill s to the e a st and south. Similar volc anic 
r o ck s al so were enc ounte r e d  in one drill hole in s e c .  2 6 ,  T .  1 6  S . , R.  1 2  E. This 
s equenc e of flow s r e st s  on an e r o s ion s urfa c e  that cut s  ac r o s s the ande s ite porphyry 
and p robably the alluvial cong lome rate al s o .  The flows are g ray to black on fre sh 
surfac e s , weather b rown to black, and are 20 to 40 feet thick.  They weather r eadily 
into large,  angular blocks which almo st c ompletely mantle the unde rlying fo rma
tion s .  The maximum thickne s s  below the p r e s ent e r o s ion surface is about 4 5 0  feet 
on Black Mountain and about 7 0 0  feet on the hill ea st of the Santa C ruz Rive r.  

Late Te rtiary and Quate rnary Alluvial Rocks 

In the g reater part of the San Xavi e r  Indian R e s e rvation the land surfa c e  i s  
unde rlain by alluvial depo sits  of s eve ral typ e s  which rang e in ag e from probably 
late T e rtiary to Quate rnary. The se  depo s it s  have b e en divide d into the following 
unit s :  1 )  Olde r alluvium of p r obable late T e r tiary o.nd Quate rnary ag e,  which include s 
the dep o s its  that unde rlie the b road slope s ,  o r  bajada s ,  of the Santa C ruz and Avra 
Vall e y ba s ins ; 2)  talu s  depo s it s  which mantle the ste ep flanks of Black Mountain and 
othe r high hill s ,  3) flood-plain depo sits of the Santa C ruz Rive r ,  4) adob e -flat de 
p o s i t s ,  all of Quate rnary ag e ;  and 5) Rec ent str eam - channel depo s it s .  

In thi s r eg ion, the r e  i s  a wide variety of floodwate r depo s it s ,  and it i s  helpful 
to di stinguish between thr e e  of the maj o r  type s - - tho s e  depo s ited along definite 
channel s ,  tho s e  spread ove r b road flats of low g radient, and tho s e  laid down in 
ephemeral playa lake s .  In thi s paper the te rm " flood plain" i s  r e stricte d  to str eams 
that even in flood are c onfined to definite channel s ,  and " flood-plain depo s it s "  are 
g ene rally hete rog eneou s ,  poo rly to fairly well sorted, and lenti cular .  " Adobe flat s" 
are the b road, nearly flat c entral o r  lowe r parts of de s e rt bas ins formed by the 
depo s ition of s andy clay and s ilt from sheet floods ( B ryan, 1 9 2 2 ) .  Playa s a r e  the 
shallow ba s ins at the lowe s t  points in de sert  basins and a r e  fille d  at irregular inte r
val s by broad, shallow she ets of  wate r c alle d  " playa lake s . " Playa depo s its  laid 
down in the s e  ephemeral lake s are fine g rained and mo de rately well b e dded, and 
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are probably mo s t  r eadily distinguished by the p r e s ence of evaporite depo sits .  Flood 
plains ,  adobe flats ,  and playa s g rade into each othe r ,  and thei r  depo sits  inte rfing e r .  

T he alluvium of probable T e rtiary and Quate rnary ag e ,  although g ene rally 
ob scured by lag g Favel r e sulting from rewo rking , was penetrated in well bo ring s 
and i s  c on s ide r e d  to unde rlie a larg e part of the r e s er vation. Thi s older alluvium 
i s  c ompo s e d  of material s de rived mainly from the Sie r r ita Mountains . In its upp e r  
part it c ons i st s  almo st wholly o f  g ranitic debr i s ,  but well cutting s show an inc r e a s e  
i n  amount o f  s e dimentary and volc anic rock particl e s  with depth. The bas e  o f  the 
unit i s  not expo s ed. Whe r e ve r  the alluvium has been penetrated by drill hol e s  on 
the slop e s  of the Sie r rita Mountain s ,  a zone about 20 fe et thick r e sting on the b e d
rock i s  well c emente d by caliche . Above the caliche zone the olde r alluvium i s  
e s s entially unconsolidate d. Neithe r the ba s e  of the unit no r the caliche zone has 
b e en r e c og niz e d  in boring s along and east  of the Santa C ruz Rive r .  South of Black 
Mountain, the olde r alluvium ha s an ave rag e thickne s s  of about 200 feet and appear s 
to have b e en depo s ited on a mode rately rolling surfac e .  Thi s surfa c e  had shallow 
northeast-trending valleys s eparate d by ridg e s ,  po rtion s of which a r e  now expo s e d  
a s  small hill s .  Southea s t  and northwe st of the r e s e rvation, well log s indic ate that 
the olde r alluvium i s  at least  7 0 0  feet thick; po s sibly only the upp e r  part of it i s  
e quival ent to the 2 0 0  feet of dep o s it s  on the highe r slope s .  

T alus depo s its  a r e  be st  expo s e d  on the flanks o f  Black Mountain who s e  slope s 
c an be  divide d  into an upper ,  steep e r  part and a lowe r ,  more g entle part. Within 
short  di stanc e s , the lower slop e s  m e r g e  with the g entle g radient of the bajada. 
Locally, the r e  is e s s entially no developm ent of the lowe r slop e s  and the s teep slop e s  
o f  the mountain flank s form an abrupt angle with the bajada. The upp e r  slope s of 
the talus depo s it s  a r e  steep, about 3 50 ,  and are bare of vegetation. They are fo rme d  
b y  unconsolidate d blocks o f  volcanic r o c k  weathe r e d  from the and e s ite and ba salt 
flow s c apping Black Mountain. The low e r  slop e s  a r e  le s s  s te ep, as low as 60 , and 
a r e  spar s ely cove r e d  by de s e rt veg etation. The lower slope s a r e  unde rlain by the 
s ame mate rial a s  the upp e r  slope s ,  but the mate rial c ontains large amounts of frag 
ments small e r  than boulde r s  and i s  well c emented by c aliche .  Lens e s  of talus 
material g rade into and interfing e r  with surrounding alluvial dep o s its . The depo s it s  
o f  the upp e r  and lowe r slope s are continuou s ,  but tho s e  o f  the uppe r slope s are in 
the proc e s s  of b e ing ac cumulate d and tho s e  of the lowe r slope s a r e  b e ing e r oded. 

Flood-plain depo s its  lie along the main c our se  of the Santa C ruz Rive r and a r e  
about 1 - 1 / 2  mil e s  wide exc ept whe r e  they are sharply constricted pa s sing between 
the ea ste rnmo st Del Bac Hill s .  The extent o f  the flood plain i s  clearly marked by 
den s e  veg etation. Only the top 20  feet o r  so  of the flood-plain depo sits a r e  expo s e d; 
the total thickne s s  may be  a s  much as 1 50 feet. The uppe rmo s t  deposit s  c on s i s t  
o f  weakly c on s olidated mud s tone and s ilts tone and mino r amount s o f  sand and g ravel. 
Acc o rding to well log s ,  the unexpo s e d  lowe r part c ontain s  a highe r p roportion of 
s and and g ravel. Near the volcanic rocks of the D el B ac Hill s the flood-plain d e 
p o s it s  inte rfing e r  with blocky talu s depo s it s .  C oa r s e  depo s it s  a r e  more common 
along the c entral part of the flood plain, although g ravel beds  al s o  occur near the 
margins .  

Adobe - flat depo s it s  are well develope d in  the pas s between Black Mountain and 
the main mas s of the Tuc s on Mountain s and extend no rthwe s tward into the Avra 
Valley.  T he s e  depo s it s  are c ompo s e d  p r e dominantly of reddi sh- brown s ilt and sand 
and contain small amounts of g ravel.  They are now in the proc e s s  of b e ing e roded 
by sheet wa sh, and the upp e r  surfa c e  i s  b e ing r eworked to s om e  extent by wind 
action. 
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Channel depo s it s  along the Santa C ruz Rive r and its p rinc ipal tributarie s are 
the only Rec ent dep o s it s  mapped s eparately. Depo s its  now in the proc e s s  of tran s 
portation but not s eparately mapp ed are talus slide s ;  the top few millimete r s  o f  the 
adobe - flat depo s it s ,  being rewo rked by wind and she et wa sh; the unc on sol i dated 
lag g ravel mantling the olde r alluvium; and channel depo sits  along small washe s .  

STRUC TURE 

Three principal fault trends are recogni z e d  in the ar ea. T hey are about N. 
60 0 E . , about N. 600 W . , and about no rth- s outh. The N .  600 E .  faults are expo s ed 
at the south end of the Tuc son Mountains ( B rown, 1 9 3 9 ;  Kinni son,  1 9 58 )  and the 
N. 600  W .  and north- s outh trends are infe r red from the outc r op pattern and r ela
tive altitude s of expo sure s .  

Fault s  having the N. 600 E .  trend are well develope d, and Mayuga ( 1 94 2 )  r e 
p o rted them south of the r e s e rvation. They c an b e  s e en to di splac e all rocks olde r 
than Quate rnary exc ept the g ranite.  In the Tuc s on Mountain s the cumulative effect 
of many small N.  6 00 E .  faults appear s to be  a downthrow to the s outh, but the Black 
Mountain block is a hor st of small di splac ement, broken by some transve r s e  fault
ing . South of B lack Mountain, a downdroppe d  block appear s to lie betwe en the out 
c rop s of C r etac eou s rocks 3 mil e s  south of Black Mountain and the southe rnmo s t  
d r ill hole along the southe rn boundary, whe r e  the Twin B utte s Road leave s the 
r e s e rvation. Ande s ite flow s we r e  enc ounte r e d  below the olde r alluvium in thi s hol e ,  
in c ontrast  t o  the te s t  hole a quarte r o f  a mile north, i n  which C retac eous (  ? )  rocks 
were encounte r e d  below the olde r alluvium, sug g e sting a stratig raphic throw involving 
po s s ibl e local e quival ent s  of olde r T e rtiary volcanic rock s ,  the San Xavi e r  c on 
glomerate beds  o f  local usage ,  and the ande s ite porphyry. T hi s  downdropp e d  block 
may be a c ontinuation of the g ene ral structural lowe ring to the south. The N .  6 0 0  E.  
faulting wa s ac tive prio r to the extru sion of the ba salt and ande s ite flows b e c au s e  
the ande s ite po rphyry dike in Black Mountain wa s appar ently emplac e d  along it 
( B rown, 1 9 39 ) .  

C retac e ou s  arko s e  and T e rtiary volc anic rocks a r e  known to exi st unde r the 
olde r alluvium within half a mile of the g ranitic rocks expo s e d  along the s outhern 
boundary of the r e s e rvation. T he alte r e d  and mineralized appearan c e  of the C re 
tac eous rocks might sugg e st that an intrus ive contact exi st s  betwe en the two units ,  
but the g r anite i s  P re c ambr ian ( Mayuga, 1 9 4 2) . A thick s e ction o f  Paleozoic roc k s  
immediately s outh o f  the r e s e rvation eliminate s the po s sibility o f  a depo s itional 
c ontact,  howeve r ,  unle s s  some extraordinary e r o s ional r elationship s are c alle d  
upon. C on s e quently, a N. 600  W .  structu ral zone i s  po stulated along the northea s t  
front of g ranite expo sur e s .  The r e  i s  n o  known evidenc e o f  the N.  600 E .  tr end in 
the g ranitic rocks ,  and tentatively it i s  sug g e sted that movement along the N. 60 0 W .  
trend i s  s omewhat young e r  than the N .  6 0 0  E .  trend. It i s  sug g e sted al so  that the 
structural zone trending N. 6 0 0  W .  marks the structu ral boundary between the Sie r r ita 
and Tuc son Mountains .  

W ell log s show that the thickne s s  of alluvium rang e s  from about 2 0 0  feet to mor e  
than 5 0 0  feet within sho rt di s tanc e  s beyond the oute r limits o f  small hill s flanking 
the T uc son and Sie r r ita Mountains on both the Santa C ruz and Avra Vall ey s ide s .  
Northwe st of Black Mountain, wate r-level altitude s along thi s zone show a sudden 
drop from about 2 ,  50 0 to about 2 , 0 0 0  feet above s ea level. The s e  sudden chang e s  
a r e  interpreted to indic ate the p r e s enc e of large  north- south-tr ending frontal faults 
or fault zone s s eparating the ba sin-and- rang e block s .  The r e  is  no evidenc e from 
thi s area that shows clearly whethe r the north- south- trending fault s are young e r ,  
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older, or contemporaneous with movement along the No 60 0 E. or N. 60 0 W. fault
zones.

POST-CRETACEOUS GEOLOGIC HISTORY

A summary of the post-Cretaceous history of the San Xavier Indian Reservation
depends heavily on evidence from adjoining areas, and I have drawn freely on the
work of Bryan (1922; 1925), Brown (1939), Mayuga (1942), and Kinnison (1958).

Before the extrusion of Tertiary volcanic rocks in this area, all existing units
were deformed, intruded, and, in part, eroded. The area was covered by a thick
sequence of rhyolitic and andesitic volcanic rocks, which may have thinned to the
south. Extrusion was accompanied by local intermittent sedimentation and intrusion
and mineralization. The Tucson Mountains area was elevated to expose Cretaceous
and Tertiary rocks to erosion, while through drainage was either blocked or suf
ficiently impeded to allow the accumulation of the San Xavier conglomerate beds.
During this time the Sierrita Mountains .either were comparatively low or were
covered with rocks similar to those exposed in the Tucson Mountains. The San
Xavier conglomerate beds probably extended over a larger part of the area than did
the later alluvium of Tertiary and Quaternary age, but the shape and extent of their
basin are not known. Movement along N. 60 0 E. -trending faults occurred, possibly
not for the fir st time, and along some of them ande site porphyry dikes broke through
to the surface and spread as flows over the San Xavier conglomerate beds.

The extrusion of the andesite porphyry was followed by erosion, or deposition
and erosion. The onset of further extrusive activity apparently buckled the andesite
porphyry into a surface having sufficient relief to allow it to supply boulder- sized
debris which was soon buried by thin flows of basalt and andesite.

After the extrusion of the thin andesite and basalt flows and before the deposition
of the alluvium of Tertiary and Quaternary age, movement along the N. 60 0 W. and
north- south faults defined the present structural relationships between the Sierrita
and Tuc son Mountains and the depre s sed areas flanking them.

Contemporaneously with or after this deformation, through drainage was re
established, probably to the north, and extensive erosion occurred, stripping much
of the land to a surface about 200 feet lower than what is seen today. A thin mantle
of alluvial material moved across this surface, sufficiently slowly and over a long
enough period of time to have developed a thick caliche zone immediately above the
bedrock.

Through drainage was again interrupted or retarded and local base levels were
established to allow for the accumulation of alluvium in the basin to elevations as
high as 150 feet above the present surface along the foothills of the Sierrita Moun
tains. The source of this alluvium as it occurs in the reservation area was now the
Sierrita Mountains. Further reinstatement of through drainage led to the develop
ment of the present general degradational cycle. Within this cycle, the Santa Cruz
River established itself on the west side of the Santa Cruz Valley, cut its way down
through the older alluvium, and superimposed itself across the Del Bac Hills. The
Santa Cruz River continued its incisement to about 100 feet below its present channel,
forming a valley which it has since partly refilled with flood-plain deposits. The
present channel and the gullying across the adobe flats presumably date from the
middle 1880' s.
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