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STRUC TURE OF T HE 
SAGINAW AREA, TUC SON MOUNTAINS, ARIZ ONA 

John E .  Kinnis on 

INT RODU C T ION 

The Saginaw area lie s  immediately s outh of the Aj o Road at the extr erne s outhe rn 
tip of the Tuc son Mountains ,  about 6 mil e s  s outhwe s t  of Tuc son, Arizona ( fig . 5 5) .  
Sag inaw Hill ( fig s .  2 7 , 2 8 )  i s  the site of a po rphyry intrus ive plug and a sur r ounding , 
weakly mine ralized area.  The g ene ral g e ologic s etting of the T uc son Mountains i s  
d e s c r ibed el s ewhe r e  in this guidebook ( Kinnis on, �) . 

Data p r e s ented in thi s pap e r  we r e  obtaine d during field mapping in the early 
1 9 50 's and are dis c u s s ed in more detail in a Unive r sity of Arizona the s i s  ( Kinnison, 
1 9 58 ) .  

LARAMIDE STRUC TURE 

Folds and A s s o c iate d F aults 

G ene ral Statement 

The dominant elements of Laramide structu r e  are folds and a s s oc iate d  thrust 
and tear fault s ( fig . 2 7 ) .  The s e  structure s p r e - date the Tuc son s urfa c e  ( Kinnison, 
1 2 ) and we r e  p r e s umably formed during late C retac eous o r  early T e rtiary time.  

Ac omplete unde r standing of  the s e  structure s is  obscured by the stratig raphic un
c e rtaintie s  within the C retac eous Amole g roup.  

The r e  a r e  four o r de r s  of folds :  the fir st order  is  e stabli shed by interpr etation 
and thre e  other s  a r e  ob s ervable in the field. I inte rpret the fir st o r d e r  s tructu r e  
t o  be  a synclino rium o n  which a r e  sup e rpo s e d  folds o f  the o the r o r de r s .  Folds of 
the s e c ond order  have wave lengths which r ang e from 2 0 0  to ove r 1 0 0 0  feet,  and 
thei r  a symmetry i s  c ontroll e d  by the infe r re d  synclino r ium. On the limb s of the s e  
s ec ond order folds a r e  s mall e r ,  thi r d  order ,  drag folds ,  not mapped p r e c i s ely but 
shown diag ramatic ally on the c ro s s - s e ctions ( fig . 2 8 ) . The a symmetry of each 
thir d  order  fold is c ontroll e d  by a s econd order  fold. F inally, fou rth o r de r  drag 
folds , g enerally only a few fe et in amplitude , are supe rpo s e d  upon and owe thei r  
a symmetry t o  thi r d  o r d e r  folds . The s e  r elations should be  conside r e d  in futur e  
studi e s  o f  thi s area becau s e ,  fo r example ,  the dir e ction o f  asymmetry c annot 
be infe r r e d  directly from the o r ientation of the thir d  order folds . 

As s o c iate d with the synclino rium are thrus t  and tear faults ,  who s e  p re s enc e has 
b e en larg ely infe r r e d  from the surfac e outc rop patte rn. 

Synclinor ium 

The exi s tenc e of a larg e s ynclinor ium is infer red from the dir e c tion of a sym
m etry and ove rturning of s e c ond o r de r  folds . Its axi s  i s  indefinitely loc ated,  but 
p r obably lie s b etwe en the F ive and B u rg e r  faults ( fig . 2 8 ) . East  of the F ive fault 
the s e c ond o r de r  folds a r e  a symmetrically incline d and ove rturned to the ea st, while 
w e s t  of the F ive fault they are overturned and asymmetrically inclined towar d  the we st.  
W e s t  of the F ive fault all of the folds plung e southeast, whe r e a s  east of it the plung e 
i s  northwe st.  The r e a son fo r thi s i s  not clear but it may b e  that the F ive fault 
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s eparated the active fo rc e s  suffic iently to allow folds on either s ide of that fault to 
fo rm s eparate plung e patte:rns . 

Under the above inte rpretation, the P e rmian Snyde r Hill formation ( Stoyanow, 
1 9 3 6 )  expo s ed south of C at Mountain ( fig . 2 7 )  is on the east  limb of the synclinor ium 
and at Snyde r Hill i s  on the we s t  limb. Thi s  inte rpr etation i s  in di sag r eement with 
that of B rown ( 1 9 39 ) ,  who conside r e d  the s e  P ermian outc rop s to be klippen. 

The steep e r  dip of the beds on the we s t  limb, compar e d  with the g entl e r  dipping 
and mo r e  open folds  on the east  limb, sug g e sts that the synclino rium is asymmet
r ically inclined toward the northea st.  

Normal F ault s  

It i s  p robable that at least some high- angle normal faults we r e  forme d sho rtly 
afte r the Laramide foJ ding , but I identifie d  none in the field. The fault extending 
no rthea st from Saginaw Hill i s  occupied by the Saginaw po rphyry dike .  Movement 
ha s o c c u r r e d  along this fault becau s e  the beds on e ithe r s ide do not match, but the 
magnitude i s  unknown. The d isplac ement .E>f the T e rtiary C at Mountain rhyolite along 
thi s fault is slight, if any. T hi s  may b e ,  then, a p r e - C at Mountain rhyolite fault 
whic h  wa s reactivated in late ( ? )  T e r tiary time with very slight di splacement.  Many 
of the othe r faults which cut the T ertiary ro cks may have o rig inated during Laramide 
time,  but field mapping neithe r s upports nor di sprov e s  thi s po s s ibility. 

TERTIARY STRU C T U RE 

High-Angle Fault s  

High- angle faults dominate the T e rtiary s tructu r e ,  and, although i t  i s  g ene rally 
impo s s ible to measure dip s becau s e  few fault outc rops a r e  p r e s ent, mo s t  of them 
probably are normal faults .  Such fault surfac e s  a s  a r e  expo s e d  s how g ently dipping 
slickens ide s ,  sug g e sting that horizontal movement may have been impo rtant. The 
fault patte rn i s  complex and it is not clear which faults formed fir st, or whethe r 
movement was c ontemporaneous on all of them. 

Some faulting took plac e during C at Mountain rhyolite time,  and some structural 
defo rmation in the form of local tilting slightly prec eded extru s ion of the upp e r  unit 
of the T e rtiary volcanic pile ,  the Shorts  Ranch ande s it e .  Mo s t  of the faulting i s  
p robably po s t - Shorts Ranch ande s ite , but a minimum ag e c annot be  e stabli shed. 
Faults displac e the flat-lying ba salts of T e rtiary-Quate rnary ag e at " A" Mountain 
( B rown, 1 9  3 9 ) ,  but enough time must have elap s ed s inc e the p reviou s pe riod of fault
ing to pe rmit ero sion to fo rm the exten s ive pediment on the we stern s ide of the rang e 
and r emove much of the T e rtiary strata. It is  noteworthy in thi s c onne ction that 
nearly all the faults fo rm ob s equent fault line scarp s  with the downthrown s ide s 
topog r aphically high. 

T ilte d Blocks and F olds 

The T e rtiary rocks g enerally dip at g entle angle s .  The measurement of s truc 
tural tilt in volc anic rocks i s  subj e c t  to e r r o r  becau s e  part of the dip of the flow 
structu r e  might have been due to o r ig inal dip of the flow. I have ob s e rved, however ,  
that the volc anic flow s tructu r e  in  the T uc son Mountains ,  a s  well a s  sur rounding 
rang e s ,  c ommonly dip s g ently, 5 to 3 5  deg ree s ,  in a no rtheast  to east  direction. 
Thi s sug g e st s  to me that mo st o� the dip is due to regional tilting . Al s o ,  the T e r -
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FIGURE 2 7 .  Geolog ic map o f  the Sag inaw area,  T u c  son Mountains ,  Pima C ounty, 
Arizona. 
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EX PLA N AT I ON 

SEDIME NTARY and EFFUSIVE 

� Alluvium and tolus. 

� 80'Olt. 
I: {fI.��;U.. ;� Water Tonk Con;lomerote. 

� Shorts Ranch andesite 

Shorts Ranch andesite - .howing flow structure where 
�nown (includu small lake bed outcrop neor Hill '''). 

Ivy May onde,ite (tormerly Oiopside ondesite - Brown, 
1939), Sills and flows, 

Cot Mountain rhyolite ond overlying Safford 1m. (loke 
beds). Structure shown where known. 

Tucson Mountain Chaos (mega - breccia). 

Undifferentiated andui'e. May be pre - Laramide 
in p<lft. 

POST- LARAMIDE 

PRE - LARAMIDE 

Amale Group, .howing beddinljl structure. 

Snyder Hill fm., showing bedding structure. 

IGNEOUS INTRUSIVES 

Soginaw porphyry. 

� Volconic in'ru,ives (includes bioli'e rhyolit., spherulitic � rhYOlite, and andulte d'kes l 

STRUCTURE 

- - -_ . .  . . . . Conlacls. 

T � � · · · ·  Thrust fault. 

High-angle fault. 

(Dashed where indefinite, 

dotted wl'\ere concealed.) 

Syncline 

SOURCE MAP 
S Kinnison, detailed mapping. 

IITIIIIIl K i n nison, recannaiuance moppin9. 

� Bennett, 1957, detailed mop. 

o Brown , 1939 
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FIGURE 2 8 .  Index map, explanation, and c ro s s  s e c tion s  to acc ompany g e ologic 
map of the Saginaw area,  T uc son Mountains ,  P ima C ounty, Arizona ( fig . 2 7 ) .  
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tiary s edimentary rocks,  such a s  the Saffor d  fo rmation, show thi s s ame direction 
of dip . In c on side ration of the se  facts ,  the flow structure in the s e  areas may 
be a s s umed to have b e en e s s entially hor izontal when fo rme d, and the p r e s ent dip 
may be con s ide r e d  to be a measure of the amount of structu ral tilting . 

In the complexly faulted area south of the Ajo Road the T e rtiary rocks exhibit 
folde d structu r e s  and variable direction s of dip , an apparently rare occur rence in 
othe r parts of the T uc son Mountains and in surrounding rang e s .  F o r  the mo st part, 
howeve r ,  the s e  folds a r e  po stulate d to be  the r e s ult of fault drag . Some of the small 
fault blocks show no r elation to the adjac ent folded struc ture s ,  and exhibit indepen
dent homoclinal dip s .  

Whe r e  the rocks a r e  not affected by the s e  small folds ,  the dominant dir ection 
of dip i s  northe a st to east. 

Thrust Faults 

Local thrusting may have occurred during the depo s ition of the Tuc son Moun
tain chao s ( Kinni son, 1 2) .  A small outc rop of lake beds in the southe rn tip of the 
rang e may be  thrust  Over the Sho rts  Ranch ande site,  a sug g e stion made by B rown 
( 1 9 39 ) .  or they may be  depo s ite d on the ande site,  a s  sug g e sted by Kinnis on ( 1 9 58 ) .  
The r e  are no othe r indic ations of T e rtiary thrust  faulting in the Sag inaw area .  

RELATION T O  REGIONAL STRU C T URE 

Laramide 

The Amole g roup is folde d into a broad, open syncline in the c entral part of the 
T uc son Mountains ( B  rown, 1 9 39 ) .  The intric ately folded synclinorium in the Sag inaw 
area may be a part of that s tructure,  but a po s itive c o r r elation c annot be made with 
the data at hand. 

B r own ( 1 9 39 )  note d outc rop s of Paleo zoic lim e stone and C retac eou s or early 
T e rtiary volc anic rocks ove rlying defo rmed C r etac e ou s - T e rtiary ( ? )  s e diments . 
He b elieve d that the s e  rocks repr e s ented klippen from a larg e thrust sheet which wa s 
nearly removed by e ro s ion prio r  to extrusion of the C at Mountain rhyolite . Addi
tional wo rk ha s shown that the s e  conspicuous lime stone and volcanic outc rop s are 
part  of  a tabular b r e c c ia (Kinni son, 1 9 58 ;  1 2 ) which c ontains very large fragments 
of all the C reta c e ou s - T e rtiary ( ? )  and olde r rock s .  I sugg e st that thi s  b r ec c ia i s  
talu s and landslide deb r i s  depo site d o n  the T uc s on surfac e which bevels the p r e 
Laramide rock s .  If thi s interpretation i s  c o r r e c t, then the r e  i s  n o  dir e c t  evidenc e 
of larg e s c ale ove rthrusting in the T uc son Mountains .  

The tightly compr e  s s e d  folds and local thru sts  in the Saginaw area indicate that 
fo rc e s  r equired  for overthrus ting were p r e s ent during Laramide dia strophi sm. 
As note d p r eviously, the southwe s t  limb of the synclinorium exhibits g enerally steep e r  
and tighte r folds ,  which sug g e sts that the synclino rium i s  incline d a symmetrically 
to the no rthe a st.  The s e  featu r e s  indicate that the Laramide for c e s  p roduc e d  a ten
dency for regional ove rthru s t  movement toward the no rtheast.  If a larg e ove rthrust 
in the Tuc son Mountains r e sulte d from the s e  fo rc e s ,  it  wa s eithe r  e roded during the 
fo rmation of the Tuc son surfac e o r  lie s de eply buried below the rocks of the C r eta
c eou s - T e rtiary ( ? ) Arnole g roup. 
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T e rtiary 

T he post- volc anic T e rtiary structu r e  is discu s s ed at s ome length by B rown 
( 1 9 39 ) ,  and although I do not c oncur with all of the implications of his r emark s ,  I 
r efe r the r eade r  to them fo r an exc ellent pr e s entation of local and regional structu r e .  

The princ ipal element s  o f  T e rtiary struc tur e are inte rnal faults ,  infe r r e d  r ang e 
bounda ry faults ,  and tilte d blocks .  

The inte rnal faults which di splac e T e rtiary rocks a r e  not mappe d  p r e c i s ely o r  
c ompletely enough fo r detailed analys i s ,  but the deg ree  of accuracy i s  suffic ient fo r 
s ome g ene rali z e d  c onclu s ions .  B rown note d ( 1 9 39 )  that e a s t  o r  northea s t  faults a r e  
nearly alway s downthrown t o  the south. Thi s  i s  not true i n  detail i n  the Sag inaw 
a rea, whe r e  many reve r s e  r elationship s occur,  but the agg r egate effect  may s till 
be a downthrow on the south. B rown ( 1 9 39 )  pointe d out that thi s  dir e ction of throw 
wa s in harmony with the s tructurally high T o rtolita Mountain block to the no rth. 

Reconnai s sanc e ob s e rvations ,  in the Ro skrug e Mountain s to the w e s t  and the 
T ortolita Mountains to the no rth, s ugg e st that tho s e  rang e s  are tilte d to the no rtheast  
or  ea st .  The Te rtiary volcanic rocks of the Santa Rita Mountain s to the southeast  
of  the Tuc son Mountains dip no rthea st ( Schrade r ,  1 9 1 5) .  On phy s iographic e videnc e ,  
Davis ( 1 9 3 1 ) b elieved that the Santa C atalina Mountains al so  we r e  tilte d to the north
east  or ea st.  It i s  p robable ,  then, that the Tuc son Mountains are a part of a wide 
spread patte rn of northeasterly regional tilting . B etwe en the Santa C atalina and 
Ro skrug e Mountains ,  the r egi onal tilt appear s to have been b roken into blocks  which 
a r e  downthrown p r og r e s s ively to the we st.  The T e r tiary folded s tructu r e s of  the 
Saginaw area, howeve r ,  are of local o rigin. 

There is little evidenc e to indicate that the infe r r e d  marginal faults , which a r e  
c o ve re d  b y  alluvium, are s ingle faults  along the borde r s  o f  the rang e s ,  or a r e  fault 
zone s made up of many faults di stributed thr ough the width of the inte rmontane vall ey s .  
Of c our s e ,  i t  i s  al so  po s sible that the r e  a r e  two s eparate system s o f  faults ; tho s e  
to which the tilting wa s initially r elate d, and the othe r s ,  of a late r ag e ,  which are 
r e spons ible fo r the p r e s ent mountain- valley patte rn. But c e rtainly, faults  of  some 
kind mu s t  be  infe r r e d  to b reak the ea ste rly regional tilt and form the mountain 
rang e s .  
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