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STRUC TURE OF B ASIN AND RANGE PROVINC E 
IN ARIZONA 

Eldre d  D. W il s on and Ric hard T .  Moo r e  
Arizona Bureau o f  Mine s ,  Univer sity o f  Arizona 

INTRODUC TION 

The following pap e r  ha s two main obj ective s :  ( 1 ) to dis c u s s  b riefly some tec ­
tonic events which influenc e d  the development of the exi sting B a s in - and-Rang e s truc ­
ture ; ( 2) and to point out problems which invite attention. 

PHY SIOGRAPHY 

The Arizona portion of the B a s in and Rang e p rovinc e lie s southwe st of the C olo­
rado Plateau ( fig s .  1 0 ,  1 1 , 1 2) and include s an area of more than 50 , 0 0 0  s quar e  
mil e s .  It i s  c haracte rized p r imarily b y  approximately 1 50 individual mountain r ang e s  
alternating with broad plains ,  valley s ,  o r  basin s .  

In g ene ral, the basin s  and rang e s  a r e  distinguished a s  follow s : ( l �  they a r e  r ela­
tively short  and mor e  o r  le s s  parallel ; ( 2) they c on s i st of fault blocks whic h  g enerally 
though not invariably have been tilte d;  ( 3) thei r  inte rnal s tructu r e  may be s imple o r  
c omplex. 

T he Arizona basin s  and rang e s  trend broadly parallel with one anothe r only in par­
ticular belts  ( Fig . 1 2) ,  ar-d a c ons iderable numbe r  of them lie transve r s e  to the 
north-no rthwe st trend s c ommonly a s c r ibed to them. 

T he mountain ma s s e s  r i s e  sharply to altitude s of a few hundr e d  fe et to more 
than 1 0 , 0 0 0  feet  above s ea level. T hey measure from a few mile s to mo r e  than a 
1 0 0  mil e s  in l ength, and some are mo r e  than 2 0  mil e s  wide . In g ene ral, the long e s t, 
highe s t, and wide s t  are within a belt 6 0  to 1 0 0  mil e s  b road which borde r s  the Plateau 
from the northwe stern c o rner of the State to the New Mexic an boundary north of 
Mor enci  and swing s s outhwar d  into Sono ra a s  part of the Mexican Highland. Ran­
some ( 1 9 2 3)  termed thi s belt the Mountain Region, and the p rovinc e southwe s t  of it 
the De s e r t  R egion ( fig . 1 0 ) .  

The boundary s eparating the B a sin and Rang e provinc e from the Plateau i s  
sha rp i n  no rthwe ste rn Arizona but i n  the c entral and southea ste rn parts of the State 
the s tructu ral feature s  by whic h  the two provinc e s a r e  differentiated c annot be so  
clearly defined.  Ransome ( 1 9 2 3) drew the boundary along the Mogollon rim from 
Long itude 1 1 10 30 ' to 1 1 0 0  and thenc e s outheastward ( fig . 1 0 ) .  We have delimited 
a transitional belt ( fig . 1 2) within which the strata, although loc ally folded, tend 
to be r elatively flat. 

Some of the inte rmontane valleys form clo s e d  basin s ,  bol sons,  or playas ,  but 
most of them are dis s ected by drainage sy stem s tributary to the C olorado Rive r .  
T hey attain widths o f  a few mile s to mor e than 3 0  mile s ,  with the wide s t  g ene rally 
in tho s e  a r e a s  we st of Long itude 1 1 1 0 .  T he valley flo o r s  r i s e  from approximately 
1 0 0  feet near Yuma to 5 , 0 0 0  feet above s ea level in the Sulphur Spring s Valley; many 
of them show maxima of 1 ,  2 0 0  to 2, 0 0 0  feet of r elief betwe en axi s  and margin. 

In c ro s s  s ection, the marg in of a mountain rang e in s outhwe stern Arizona may 
be a pediment, cut on har d  rock and with or without alluvial c o ve r ,  which me r g e s  
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imp e rc eptibly into the alluvial valley floo r .  C ommonly the pe diment drops off abrup­
tly into a deep valley trough which p r e sumably fo rmed by folding and/ or faulting . 
Unfortunately, not much i s  known regarding the profile s ,  width s ,  o r  depths  of the s e  
numerou s  valley troug h s .  

R O C K  UNIT S 

T he B as in and Rang e provinc e in Arizona i s  made up of metamo rphic , igneou s ,  
and s e dimentary rocks o f  olde r Precambrian t o  R e c ent ag e ( table 6 ) . Throughout 
much of the region, unfortunately, paleontolog ic evidenc e is lacking , and in many 
area s the ag e cla s s ifications,  as given on the G eolog ic Map of Arizona ( Darton, 
W il s on, and Hans en, 1 9 24)  and on the new C ounty g eologic map s i s sued by the Ari­
zona Bureau of Mine s ,  are bas e d  tenuou sly upon litholog ic characte r i s tic s ,  strati­
g raphic suc c e s s ion, and known o r  deduc e d  s truc tural hi s tory;  here i s  a mo s t  worthy 
plac e for g eochronologic al r e s earch. 

REGIONAL PERIODIC DEF ORMAT ION 

Gene ral Statement 

Structurally, the B a s in and Rang e p rovinc e in Arizona tends to be c omplex 
rathe r than s imple a s  the re sult of pe riodic defo rmation and igneous activity which 
occurred mo s t  notably during olde r P r e c ambrian, at  the clo s e  of  young e r  P r e c am ­
brian, betwe en P ermian and C retac eou s ,  during C retac eous and early T ertiary, 
during middl e  and late T e rtiary, and during Quate rnary time s .  

Older P recambrian 

Our g eneral knowledg e  of the olde r Precambrian in Arizona i s  rathe r frag ­
mentary and limited.  Unde r standing of complexitie s  inherent within the anc ient 
terrane s i s  furthe r limited by the fact that larg e tracts of igneous and metamo rphic 
rocks of unknown ag e have b e en a s s igned to the era. 

Information regarding s ome occur renc e s  of olde r Precambrian rocks in Arizona 
ha s b e en analyzed c ompr ehen s ively by Ande r son ( 1 9 5 1 ; Ande r son and C re a s ey, 1 9 58 ,  
pp. 1 -4 5) .  Ande r s on noted that the metamo rpho s e d  Y avapai s er i e s  of  thi s  ag e in the 
Jerome region is 4 0 , 0 0 0  to 50 , 0 0 0  feet in total thickne s s ,  and larg ely volcanic but 
partly s e dimentary in nature.  In other Arizona localitie s ,  the Y avapai and P inal 
s er i e s  likewi s e  are g enerally c omp o s e d  of tr.ick s equ enc e s  of both s edimentary and 
volcanic rock s .  And e r s on and C reasey ( 19 58 ,  p. 3 3) conclude d that the Y avapai 
s er ie s  may be marine and/ or nonmarine.  T he record of extens ive volcanic activity 
sug g e sts  an orog enic belt, and the g r eat thickne s s  of rocks ,  totalling p e rhap s 7 to 
1 0  mil e s ,  probably ac cumulate d in a g e o s yncline.  C oope r  and Silve r  ( 1 9 54)  s ug g e st 
that older P r e c amb rian s e diment s  accumulated in a g e o syncline which included the 
D ragoon quadrangle ( C oope r ,  2 3 )  and that the g eo s yncline may have b e en the locus 
of the Mazatzal revolution. 

-

The princ ipal o r og eny r e cognized for the older P r e c ambrian in Arizona wa s the 
Mazatzal r evolution ( W il s on, 1 9 39 ) .  It re sulted in the following : ( 1 ) Ea st-we s t  and 
no rth- s outh shear faults ; ( 2) folds of prevailingly northeast, but al s o  s ome no rth­
south, northwe s t, and east-we st trend s ;  and ( 3) thrusting no rth-nor thwe stward. 
The defo rmation c ulminate d  with invasion by batholiths of g ranite and smalle r  mas s e s  
of othe r plutonic rocks.  Schi s t  and gneis s we r e  developed in the vic inity of intrus ive 
bodi e s ,  but el s ewhe re the regional metamorphi sm wa s of a relatively low g rade . 
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FIGURE 1 1 . Map of Arizona showing areas of s imilar topog raphic trends of B a sin 
and Rang e mountain s .  Area 1 ,  north- south to N.  1 5° E .  trend s ;  Area 2 ,  north­
s outh to N. 1 50 W. trend s ;  Area 3, area of tran sve r s e  rang e s  trending no rth­
s outh, east-we st, N. 60° W . , N. 60° E.  ; Areas 4 ,  7 ,  and 1 0 ,  north- south trend s ;  
Area 5 ,  N .  30°-40° W .  trend s ;  Area 6 ,  north- south, ea st-we st, and N .  3 0 ° _  
3 5° W .  trends ; A r e a  8 ,  N.  30 ° - 4 5° W .  trend s ;  Area 9 ,  N. 5 0 ° _ 60° W .  trends .  
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FIGURE 1 2 . T ec tonic map of Arizona showing known folding and faulting a s  d e ­
s c ribed i n  publi shed lite rature .  Areas A and B are  areas  o f  strong defo rma­
tion characterized by folding and thru sting of young e r  than P r e c ambr ian ag e .  
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In regard to othe r po s s ible o r o g enie s during olde r P r e c ambr ian, we have mapped 
in s outhe rn Arizona numerous areas  of g ranitic gne i s s  intruded by g ranite of sup­
p o s e dly olde r Precambrian ag e .  Further speculation r eg arding ag e relations of  
the s e  r ocks awaits g eochronological work. 

It ha s become inc reasingly evident, with g eolog ic work in Arizona during r e c ent 
year s ,  that the structure of the olde r P r e c ambrian bas ement rocks ha s influenc ed 
fundam entally the subs equent s tructural development. 

Y oung e r  Precambrian 

Young e r  P r ec ambrian ( Darton, N. H. , 1 9 2 5 , 1 9 3 2 ;  Stoyanow, 1 9 3 6 )  i s  r ep r e ­
s ented i n  s outhea stern Arizona b y  the Apache g roup, which c ompris e s  a serie s ap ­
p r oximately 1 , 4 0 0  feet thick of quartzite, shal e ,  c onglome rate , and lime s tone .  It 
was intruded extens ively by diab a s e  of at least two ag e s  ( Shride , 1 9 52) , p r e - Middl e  
C ambrian and Laramide. The earlie r  intrus ion wa s locally a s s o c iated with flexing 
of the Apache g roup along north-northeast  trend s  and may have occurred during the 
young e r  P r e cambrian, o r  Grand C anyon, orog eny. 

Paleozoic 

McKee ( 1 9 5 1 ) has shown that by C ambrian time a g ene ral patte rn of structural 
trends had b e en initiated, and that it continued to develop thr oughout the Paleozoic .  
T hu s ,  b y  the end o f  P e rmian, the main elements in Arizona we r e :  ( I ) P o sitive 
a r e a s  in the nor thea stern and s outhwe s tern po rtion s ,  with a s ag betwe en them ;  ( 2 )  in 
no rthwe stern Arizona a s egment of the northea s tward-tr ending C o rdilleran g eo syn­
cline deepening no rthw e s tward from thi s s ag ; and ( 3) in s outheastern Arizona, a 
s egment of the Sonoran g eo syncline trending and plung ing s outheastwar d  from the 
sag.  Marine lim e stone and dolomite,  tog ethe r with subordinate sandstone and shale,  
were fo rme d  during C ambrian, D evonian, Mis si s s ippian, P ennsylvanian, and P e r ­
mian t o  a total combined thickne s s  of 6 ,  0 0 0  feet in s outhea ste rn Arizona and 9 , 0 0 0  
feet in no rthwe s te rn Arizona, but the Pal€ozoic rocks we re thin, if not ab s ent, on 
the afo rementioned po s itive area s .  

S o  far a s  i s  known, igneou s activity wa s lacking in Arizona during Paleo zoic 
time . 

P e rmian - C  retac eous Inte rval 

B etween P e rmian and T ria s s ic , reg ional uplift occurred in c entral and/ o r  south­
e rn Arizona, according to McKee ( 1 9 5 1 ) .  T rias s ic and Jura s sic s e diment s  we re 
laid down in the Plateau r eg ion but have not b e en identifie d in  the B a s in and Rang e 
p r ovinc e of Arizona. 

The T rias s ic and Juras s ic B a r ranca formation is thick in the C aborca area of 
Sono ra ( C oop e r  and Arellano, 1 94 6) and mo r e  than 7 , 20 0 fe et thick in Sierra de 
Santa R o s a  ( Keller ,  1 9 28 ) ,  le s s  than 1 0 0  mile s from the Arizona boun dary. King 
( 1 9 39 ,  p.  1 6 59 )  c onclude d that the we s te rn marine portion of the g eo syncline,  in 
which the Barranc a fo rmation wa s dep o s ited, probably was linked with the marine 
T ria s sic and Jura s s ic basin s  of Nevada and C alifornia; if s o ,  it would have c ro s s e d  
southwe ste rn Arizona, s om ewhat a s  sugg e sted b y  T enney ( 1 9 30 )  and by Eardley 
( 1 949,  F ig s .  1 0 ,  1 2) .  Po s sibly it is r ep r e s ented in the thick s e rie s of locally meta­
mo rpho s e d  s andstone,  s hal e ,  c onglome rate,  and impure lime stone which occur in 
s ever al mountain rang e s  we s t  of Long itude 1 1 30 3 0 ' .  T hi s  s erie s ha s b e en cons ide r ed 
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a s  Lower C r etac eous ( ? ) on purely litholog ic g rounds ( Wil s on, 1 9 3 3 ,  p. 8 0 ;  McKe e ,  
1 94 7 ) ,  although much o f  i t  s trongly r e s embl e s  po rtions o f  the B ar ranca formation, 
and its slate and lime stone s ug g e st r e s emblanc e to Middle T ri a s s ic in we s t - c entral 
Nevada ( Mulle r  and F e rguson, 1 9 3 6 ) . 

Evidenc e of the Appalachian r evolution in Arizona i s  expre s s e d  on the Plateau 
by angular unc onformity between the P e rmian Kaibab and Lower T rias sic Moenkopi 
formation s .  In the Gunni s on Hill s of southea stern Arizona, J. R. C oope r  di scove r e d  
a n  unc onformity o f  maj o r  importanc e between P ermian and Lowe r C retac eous .  Within 
the zone of thi s unconformity are ande s itic rocks,  evidently a r emnant of a much 
larg e r  blanket, which he pre sum e s  to be of T ria s sic or Juras  s ic ag e ( in Gilluly, 1 9 5 6 ,  
p .  68) . 

-

Vulc ani sm p r e sumably wa s active within the B a s in and Rang e p rovinc e to provide 
the wide spr ead accumulation of volcanic ash p r e s ent in the Upp e r  T ria s sic C hinle 
fo rmation of the Plateau ; much of the Uppe r T rias sic s e diment s c am e  from the s outh, 
a s  shown by McKee ( 1 9 5 1 ) .  Although no exp r e s  s ion of this igneou s activity ha s b e en 
indic ate d  in s outhe rn o r  s outh-we stern Arizona outside of the Gunni s on Hill s ,  the 
volc anic rocks of s everal other areas  a r e  of unknown ag e and c ould be T rias  s i c .  
T h e  relation o f  the vulc ani sm t o  the p r e - C  retac eous Junip e r  Flat g r anite o f  the 
B isbee  di strict i s  not known. Thi s  g ranite invade d  P e rmian beds  and was ove r ­
lappe d  by Glanc e conglome r ate ; G illuly ( 1 9 56) mapp e d  it, and al s o  lar g e  a r e a s  of 
intrus ive rocks in the D ragoon Rang e ,  a s  T ria s sic or Jura s sic . The Glanc e has 
b e en a s sume d to be  Lowe r C retac eou s ,  although a s  sug g e sted by McKee ( 1 9 5 1 ) ,  the re  
is  no real proof that it i s  young e r  than T ria s sic . 

The o rog eny exemplified by the Junipe r  Flat g ranite r e s ulte d in mountain-making 
uplift locally, a s  at B i sb e e  and in the Santa Rita Mountains ,  whe re Low e r  C retac eous 
ove rlap s fo rmations ranging in ag e from P r e c ambrian to late Pal e o zoic . Thi s up ­
lift wa s ac c ompanied by comp r e s s ion;  the Junipe r  Flat g ranite apparently o c c upi e s  
the zone o f  the Dividend fault, a we stward- trending shear.  T hi s  di sturbanc e has 
b een r egarded a s  post- Jura s sic o r  Nevadan, but like the Glanc e c onglomerate whi ch 
ove rlie s the Junip e r  Flat g ranite , it may be  of earlier Me s o zoic ag e .  

C retac e ou s  

Low e r  C retac eous s e dimentary rock s in Arizona, so far a s  known, a r e  limited 
to the area of the Sonoran g eo syncline e a s t  of Longitude 1 1 20 1 5 '  and south of Lat­
itude 3 20 30 ' .  T he suc c e s s ion thickens s outheastward to 1 0 , 0 0 0  fe et, or p o s s ibly 
more,  in southeastern C ochi s e  C ounty. Marine depo sits of thi s ag e are  not known 
we st of Longitude 1 1 1 0 ( McKe e ,  1 9 5 1 ;  Stoyanow, 1 949 ) ; el s ewher e  the beds are c on­
tinental . As  stated on a pr evious pag e ,  a thick s edimentary s e rie s ,  which may be  
T ria s s ic ,  Jura s s i c ,  o r  C retac eous ,  occur s we s t  of  Longitude 1 1 3 0 3 0 ' .  

Upp e r  C r etac eous rocks occur in the B a s in and Rang e provinc e of Arizona s outh 
of Latitude 3 30 1 5 ' and e a s t  of Long itude 1 1 1 0 ( Stoyanow, 1 949 ) .  T hey thicken s outh­
eas tward to a maximum of po s sibly 7 ,  0 0 0  feet. 

Du ring C retac e ou s  time,  s tructural unr e st was exp r e s  s e d  by vulcani sm in areas  
south of  the Plateau. T ypically, the e ruptions were ande siti c .  T h i s  vulcanism b e ­
c ame m o r e  intens e  during the latter part o f  the pe riod;  within the C hristma s - De e r  
C r e ek area,  for example ,  approximately half o f  the Upp e r  C r etac e ou s  s ec tion i s  
volc anic (Ro s s ,  1 9 2 5) .  
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Laramide Inte rval 

During the Laramide interval, embracing part of Upp e r  C retac eou s and ex­
tending into T e rtiary, dia strophi sm develop e d  furthe r and inc rea s e d  to r evolution­
ary inten s ity. How long it continued into the T e rtiary and Quate rnary is not known. 
T hi s  g r eat r evolution r e sulte d in the following : ( 1 ) E a s t- we s t  and no rth- s outh she a r  
faults parallel to tho s e  i n  the olde r P recambrian; ( 2) folds  o f  p revailingly no r th­
we s t, but al s o  of north- s outh, east-we st, and northea s t  trends ; and ( 3) thr u sting 
c ommonly nor theast  o r  eastward, in c ontrast  to the no rthwe stward thrusts of the 
olde r P r e c ambrian. The Laramide culminate d  with emplac ement of batholiths and 
stocks of g ranitic to monzonitic c ompo sition with which many g r e at o r e  dep o s it s  of 
the Southwe st are g enetic ally a s so c iated. 

T he known areas of intens e  Laramide deformation and igneous activity are c on­
fined to the s outheaste rn portion of the Mountain Region, including the head of the 
Sono ran g eo syncline , and a part of the D e s e rt Region s outhe a s t  from Topock; in the 
latte r,  Paleozoic and Me s o zoic s edimentation i s  v e ry thin. P o s sibly thi s dia strophic 
b elt is continuou s from northwe st  to s outhea st, but the inte rvening s egment sho w s  
chiefly c ry stalline rock s i n  which structural detail s a r e  unknown. 

T e rtiary and Quate rnary 

During middle and late T e rtiary and down to R e c ent time,  the southe rn Arizona 
r e g ion ha s unde rgone intermittent faulting , flexing , e r o s ion, depo sition of s edi­
ment s ,  and volcanic activity. T hu s  in the Globe- Ray reg ion, a perio d  of e r o s ion 
and s edimentation exemplified by the Whitetail conglomerate was suffic iently long 
to expo s e  c on side rable areas  of the po rphyry s to ck s  and bring about mo st of the 
s up e rg ene enrichment of the c oppe r  o r e  bodie s .  F ollowing its dep o s ition the W hite ­
tail wa s cove r e d  by extensive T ertiary dacite flow s ,  suc c e eded by Gila c onglome rate , 
mor e  volcanic s ,  and r e c ent alluvium . 

Loo s ely to firmly consolidated g ravel, s and, and s ilt of C enozoic ag e ,  in part 
analogous to the Gila conglomerate ( Heindl,  1 9 52) , fill the inte rmont valley troug h s  
t o  maximum depths  o f  a t  least  7 ,  0 0 0  feet.  So far as is known, the s e  depo sit s a r e  
c ontinental exc ept for Plioc ene o r  Mioc ene marine beds  along the C olorado Riv e r  
n e a r  Latitude 3 30 2 0 '  ( Wil s on, 1 9 3 1 ,  1 9 3 3 ) .  

The T e rtiary rocks o f  the B a s in and Rang e p rovinc e i n  Arizona have b e e n  d e ­
formed extensively b y  c omp re s sional stre s s e s .  F o r  example,  along the s outhe rn 
ba s e  of the Santa C atalina Mountains ,  b e d s  of p re s um e d  Mioc ene ag e a r e  thrus t  ove r 
e arlie r  rock s .  At San Manuel, T e rtiary conglome rate i s  c ut by a g reat low- angle 
thrust fault ( Wil s on, 1 9 57 ) .  W e st of Ray, the dacite and young e r  rocks are sharply 
folded in the Spine syncline,  which c a r r ie d  the zone of oxidation down almo st to s ea 
l evel.  East  of Yuma, probable Plioc ene beds  a r e  cut by large r eve r s e  shear faults . 
In the Artille ry Mountains ,  La sky and W ebb e r  ( 1 949 ) dete rmined that thru st fault­
ing affects p r obable E oc ene b e d s ,  and folding continue d probably through Plio c en e .  
P o s s ibly thi s g ene ral orog eny marked the clo s e  o f  T e rtiary tim e .  

As s o c iate d with, and i n  part late r than, the c ompr e s sional defo rmation a r e  
normal faults  which, a s  discu s s e d  o n  sub s equent pag e s ,  have b e e n  p r e sumed t o  be  
p r imary featu r e s of B a s in and Rang e s truc tu r e .  T hi s  faulting i s  believe d to have 
c ontinued into Plei s toc ene ( B ryan, 1 9 2 5 ;  Lasky and W ebbe r ,  1 949 ) .  
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FIG URE 14. T e c tonic map of Clifton quadrangle,  Arizona ( afte r  Lindg ren, 1 9 0 5b) ; 
Valley fill ( Q T  s ) ; T e rtiary volcanic rocks ( T v) ; porphyry intru s ive rocks ( p) ;  
C retac eous s edimentary rocks ( Ks ) ;' Pal eo zoic s edimentary rocks ( F s ) ;  P r e ­
cambrian g ranite and schi s t  ( g r ) ; San F ranc i s c o  fault ( SFF) ; Malapais fault 
( MF ) ; Pinal fault ( PF) ; C o ronado fault ( C F ) ; Soto fault ( SF) ; C onc entrato r fault 
( C oF ) ;  C oppe r  Mountain fault ( C MF ) ; Apache fault ( AF ) .  
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ORIGIN OF THE B ASIN AND RANGE S T RUC TURES 

Review of P rinc ipal T he o r i e s  

T he o ng m  o f  the mountains and valleys in o u r  B a s in and Rang e provinc e ha s 
long b e en a subj ect of speculation among g e olo g i st s . Opinions develope d  a s  explora­
tion r e vealed additional fac t s .  

T he topog r aphic feature s have been c on s idered b y  s om e  a s  wholly e r o sional and 
by othe r s  as partly tectonic and partly e r o s ional . T he evolution of the earli e r  thought 
wa s summari zed by G ilbe rt ( 1 9 28 ) ,  who him s elf fir st enunciated a fault-block theo r y  
o f  B a s in Rang e structure  (Gilbe r t, 1 8 74) . 

Ran some ( 1 9 1 9 ,  1 9 2 3) c onclude d that the mountains and valleys of c entral and 
s outhe rn Arizona are tectonic ,  with c omplex fault blocks rather than folds p r edom­
inating . B ryan ( 1 9 2 5) found that many of the mountain rang e s  and plains in south­
we stern Arizona are fault blocks of po st-lava ag e ,  but al s o  that some mountains of 
unce rtain o rigin exi sted prior to the volc anic activity. 

The statu s of knowl e dg e  r egarding ba s in and rang e structure prior to 1 9 4 6  wa s 
analyz e d  c on structively by Gilluly ( 1 94 6) who s e  c onclus ions in part may be  sum­
mariz e d  a s  follow s :  

1 .  F ault s  are reflected at least  by the larg e r  topog raphic featu r e s .  

2 .  The trend s o f  the fault s  that b r oug ht about ve rtical di splac ement w e r e  con­
trolled by tang ential fo rc e s  and not by the g rain of the exp o s e d  g eologic 
fo rmations ;  in g eneral the r eg ional tang ential forc e s  g ove rne d the orienta­
tion of the surfac e s  of shear.  

3 .  G ilb e rtI  s hypothe s i s  ( that the rang e s  a r e  due to ve rtical adju stments of the 
b rittle surfac e r oc k s  to fold s  in the lowe r zone s ,  brought about by reg ional 
c ompr e s sion) would r e qui r e  conside rable sho rtening of the c ru st. The 
defo rmation po s sibly wa s c au s e d  by sub c ru stal flow and a s s ociated fric ­
tional drag , a s  po stulate d  by Vening - Meine s z  ( 1 9 3 3) . 

The development of ideas  r egarding r egmatic shear patte rns ha s been sum­
marize d  by Moody and Hill ( 1 9 5 6) . Their c onc ept of wrench fault tectonic s p r e sup­
po s e s  that a regmatic shear patte rn with eight dir e c tion s of shearing and four di­
rections of folding and/  or thrusting , ( Moody and Hill, 1 9 5 6 ) ,  was develop e d  through­
out the entire oute r c ru s t  of the earth early in its his to ry. T he c onc ept is ba s e d  
upon horizontal movement along the s e  shea r s  o r  s trike - slip faults ,  brought about 
by c omp r e s s ive forc e s .  T he p r inc ipal elements of the system include maj o r  boun­
dary shea r s ,  which may be  either  left-late ral o r  right-later al wr enche s ,  and s ec ond­
o r d e r  feature s r e sulting from movement along the maj o r  or fir st - o r de r  wrench 
faults .  Within limit s ,  the o rientation of the various featur e s  is c ontrolle d  by the 
direction of the comp r e s s ive fo rc e s  and the stre s s e s  and strains a s s o c iate d  with 
the fo r c e .  T hu s ,  the fir st- o r de r  wr ench faul t s  form at approximately 3 0  deg r e e s  to 
the c omp r e s sive forc e ,  and the fir st - o rder folds and/ or thrusts form at right angle s  
to the forc e.  T he s ec ond - o r d e r  fault s ,  folds ,  and/ o r  thrusts  a r e  o riented in a s im­
ilar fa shion about the reoriented stre s s e s  which r e sult from movement along the 
fir st - o r de r  wr ench faults .  

In g ene ral,  s e c ond- orde r  fold and thru st-fault s y stem s b rought about a r e duction 
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in area along the edg e s  of the blocks .  

Four of the princ ipal trends have b e en di scu s s e d  r e c ently by Mayo ( 1 9 58) . 

No rmal faults are  acc ounted fo r by Moody and Hill ( 1 9 5 6,  p .  1 242)  a s  follows : 

" In the event shifting of the maj o r  blocks re sulted in uns tr e s s ing 
( in a ho rizontal compre s s ional s en s e )  a given block, that block 
would then c ollap s e  by dominantly vertical movement along the 
p r e - exi sting shear patte rn c omp r i s e d  of lowe r - or de r  wrench faults .  
T hu s ,  i t  should b e  fairly c ommon to s e e  ve rtical-fault systems 
which sati sfy the direction s of a theoretic al wr ench-fault system 
but on which the later inc rements of movement have been e s s en­
tially vertical. Such fault s ,  having the appearanc e of high- angle 
normal o r  reve r s e  faults ,  may have o rig inate d a s  wrench faults 
In r e spon se  to ho rizontal c ompr e s sive stre s s e s . " 

SOME TEC T ONIC FEAT URE S IN ARIZ ONA 

E videnc e s  of the comp re s sional fo rc e s  which have acted intermittently s inc e 
early P recambrian time ar e ample throughout Arizona ( Butl e r ,  1 9 3 3 ;  Schmitt, 1 9 3 3 ;  
W il s on, 1 9 50 ) .  W e  offer here a few sample s  of the structure  ( fig s .  1 1 - 1 7 )  tog ether 
with s ome po s s ible applications of the Moody and Hill conc ept of wrench fault tec ­
tonic s .  

G eneral featu r e s  o f  the P r ecamb rian s tructure s have been mentioned o n  p r e ­
viou s pag e s . Specific example s  a r e  found i n  the Je rome a r ea. There the no rth­
we stward-trending Verde fault zone (fig . 1 3A) marked a ve rtical s eparation of 1 , 0 0 0  
feet in P recambrian, and 1 ,  5 0 0  fe et in sub s equent time ; evidenc e for thi s figure,  
as  well as  for c on side rable late ral di splac ement, is  discus s e d  by No rman, Ande r ­
s on, and C r e a s ey ( Ande r s on and C re a s ey, 1 9 58 ,  pp. 1 4 5 - 1 59 ) ,  Reber ( 1 9 38 ) ,  and 
Ran s ome ( 1 9 32 ) . Al s o ,  the no rth- s outh Shylock fault, we s t  of the area of figure  
1 3A, had a minimum stratig raphic throw of 2 0 ,  0 0 0  feet, all in  P r e c ambr ian time 
( Ande r s on and C reas ey, 1 9 58 ) .  The P r e c ambrian P ine fault effected cons ide rable 
right-late ral di splac ement of an anticline ( fig . 1 3A) . The Shea fault of unc ertain 
ag e app ea r s  to have cau s e d  right-lateral di splac ement. 

It i s  b elieved that the boundary s eparating the Plateau from the B a sin and Rang e 
provinc e in Arizona wa s related to the Sono ran and C o rdille ran g eo syncline s .  It i s  
furthe r believed that the s e  g e o syncline s have b e en marked b y  wr ench faults , to ­
g ethe r  with a s soc iated folds and thrus t s ,  s inc e older P r e c ambrian time . 

B o th Nolan ( 1 94 3)  and Longwell ( 1 949)  demons trate d that deformation of middle 
M e s ozoic to early T e rtiary ag e p rofoundly affected the C or dill eran g eo syncline . 
Moo re ( 1 9 58 )  has shown that thi s o rog eny extended into the northwe stern c orner of 
Arizona, whe re it developed folds and faults of conside rabl e magnitude ( fig s .  1 5, 
1 6- 1 7C )  along the we s tern mar g in of the Plateau. 

As  pointe d  out by Sue ss ( 1 9 04)  and by B utler  ( 1 949 ) ,  the fo rmations in the area 
adj ac ent to  the Plateau have been uplifted many thous ands of  feet r elative to  tho se  
in the Plateau, and locally folded and thrus t  faulte d. 

The s outheastern Arizona belt of folding and thrus t  faulting ( fig . 1 1 ) c oincide s 
with part of the area of the Sono ran g eo syncline . 

1 0 1 
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Valley fill ( Q S ) ; C retac eous B i sb e e  g r oup ( Kb) ; Pennsylvanian 
Naco lime stone ( Cn) ; Mi s si s sippian E sc abr o s a  lime stone (C e) ; 
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B .  C ro s s s ection of Dripping Spring s Valley, Arizona ( afte r Ran s ome, 
1 9 2 3) .  Valley fill ( Qts) ; C a rbonife rous Naco and E scab r o s a  lime ­
stone s ( C en) ; D evonian Martin lim e s tone ( Dm) ; C ambrian T roy 
quartzite (t: t) ; diaba s e  ( db) ; young er P r e c ambr ian Apache g roup - ­
M e s c al lime stone ( pb m) , Dripping Spring quartzite ( pb d s ) ,  B arne s 
c onglome rate ( pb b) ; g ranite ( g r) ; old e r  P r e c ambr ian Pinal s chi st  
(pbp) . Virgin M o u ntains PIPe 
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C .  C ro s s  section in northwe stern Mohave C ounty, Arizona ( afte r 
Moo r e ,  1 9 5 8 ) .  Valley fill ( Q s ) ;  ba s alt (Qtb) ; T ria s sic Moenkopi 
formation ( TRm) ; P e rmian Kaibab fo rmation ( Pk) ; P ermian He rmit 
shale ( Ph) ; Permian and P ennsylvanian Supai fo rmation ( lPP s )  and 
C allville lime s tone ( lPPc) ; Mis s i s s ippian R e dwall lim e s tone ( Mr ) ; 
C ambrian and D evonian lime stone and dolomite (� Du) ; C ambrian 
T onto g roup (t: t) ; olde r Precambrian g ranite and gneis  s ( pb gn) . 

FIGURE 1 6 .  Left half of c ro s s  s ections of the B isbee di strict, D ripping Spring s 
Valley, and no rthwe stern Mohave C ounty, Arizona. 
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FIG URE 1 7 .  Right half of e ro s  s s e c tions in the B i sbee di strict, D r ipping Spring s 
Valley, and no rthwe stern Mohave C ounty, Arizona. 
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In g ene ral,  the folding i s  mo st  obvious whe r e  C retac eou s  shale and s andstone 
form a large p r oportion of the s e dimentary suc c e s s ion. In di stricts whe r e  lim e ­
stone, volcanic , o r  c ry stalline rocks predominate , fold s  of relatively small ampli­
tude may be p r e s ent, but the large ,  mountain-making folds c ommonly have b e en 
b roken by the comp r e s s ive forc e s  and al s o  by the later faulting ; thei r  c r e st s  and 
troughs , r emov e d  by e ro s ion or c onc ealed by later rock s ,  a r e  g ene rally not appar ­
ent, and thei r  faulte d  limb s may r e s emble blocks tilte d by ba s in- rang e faulting . 
E videnc e for thi s c onclus i on i s  s e en in the D e e r  C reek - Dripping Spring Valley, south­
e a st of Globe ( fig . 1 6 - 1 7B ) .  Its southea s te rn po rtion i s  a well - known syncline in 
uppe r  C retac eous bed s . In its no rthwe ste rn s egment, the trough i s  flo o r e d  by late 
T e rtiary and early Quate rnary c onglome rate ; the bordering lime stone mountain 
rang e s  a r e  much faulte d, but northeastward thru sting and a prevailing synclinal 
struc tu r e  are sug g e sted by c ro s s  s ections ( Rans ome , 1 9 2 3) .  

Folding , thrus t  faulting and normal faulting , partly p r e - C retac e ou s  and partly 
p o s t - Lowe r C retac eou s ,  are exemplified in the B i sb e e  di strict ( fig . 1 6 - 1 7  A; Ran­
s om e ,  1 9 14 ; T ri s chka, 1 9 38 ;  Hogue and W il s on, 1 9 50 ) .  

At T omb s tone, 2 0  mile s no rthwe st of B i sb e e ,  a southea s tward- plung ing syncline 
ha s b e en deformed by northwe stward- trending folds and northward-trending dike 
fi s sure s ( fig . l 3B ;  Butler ,  W il s on, and Rasor ,  1 9 38 ;  G illuly, 1 9 5 6 ) . The east-we st 
P r ompter reve r s e  fault s eparate s it  from the Ajax hor st of east-we st tr end. T he 
P rompte r fault ha s a maximum stratig raphic throw of 4 ,  0 0 0  feet, plu s notable left­
late ral di splac ement. The T omb s tone deformation i s  regarde d  as Laramide . 

Thrusting and ove rturning to low angl e s ,  tog ethe r with p r e sumably Laramide 
r e ve r s e  faulting with g reat di splacement, occur betwe en Ray and Superior ( Wil s on, 
1 9 5 3 ,  pp. 9 6 - 1 0 5) .  

Globe and Miami appear to b e  near the margin of the southeastern Arizona de ­
formed belt;  P e te r s on ( 19 54)  found but l ittle folding and thrust faulting the r e .  

Mo renc i  s e ems t o  b e  outs ide the belt o f  folding and thrus t  faulting . Ac c o r ding 
to Lindg r en ( 1 9 0 5) ,  faults late r than the Laramide intrus ions have divided the strata 
into blo ck s  with g entle we s t, northwe st, o r  no rthe rly dip s .  T he principal faults 
t r end east- we st, N. 1 00 _ 300 E . , N. 600 W . , and N. 3 00 _ 4 50 W .  ( fig . 1 4 ) . T he 
blocks south and east  of each fault are r elatively downthrown. Maximum verti c al 
di splac ement amounted to 3 , 0 0 0  feet on the San F ranci s c o  fault and 2 , 0 0 0  feet  on 
the P iIl;al fault. Notable r ight-late ral di splac ement i s  indic ate d on the C oppe r Moun­
tain fault. 

An area of intens e  folding and thrusting , of late T e rtiary and po s sibly earlier  
ag e occur s in  we stern Arizona betwe en T opock and Y uma ( fig . 1 1 ) .  Part of  i t  co in­
c ide s with the a r ea of transver s e  rang e s  ( fig . 1 2) .  

It i s  s ug g e sted that broad, open folding of dominantly no rthwe s t  to no rthward 
trend po s s ibly wa s develope d  ove r othe r po rtions of the Arizona B as in and Rang e 
p rovinc e during Laramide time.  W ithin the 1 80 mil e s  between the Tuc son Moun­
tain s and Y uma, the tilted block-mountain range s  show p e riodic reve r s al s  in dip 
sug g e stive of three  maj o r  anticline s and syncline s .  T he indic ate d broad fold s  in 
part a r e  limited on the no rth by the afo rementioned tran s ve r s e  rang e s .  As  a rul e ,  
the ob s e rved easterly dip s o f  the blocks a r e  markedly steep e r  than the we sterly 
dip s ;  thu s the s e  sugg e sted faulted folds would r e s emble the Plateau folds in a sym­
m etry a s  well a s  b r eadth. 
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In s ummary, analy s i s  of the structural patte rn in Arizona indic ate s that a 
wr ench-fault zone, ac c ompanied by folding , trends approximately N. 600 W.  along 
the B a s in and Rang e -Plateau boundary from Long itude 1 0 9 0 to 1 1 1 0 3 0 ' ;  anothe r,  appar ­
ently not accompanied by folding , tr ends N .  4 50 W .  along the Plateau boundary from 
Longitude 1 1 1 0 3 0 '  to 1 140 ; and one ac companied by folding trends North to N. 1 50E . 
along the we stern margin of the Plateau in the northwe ste rn c o rne r of Arizona 
( fig s .  1 5, 1 6 - l 7C ) .  

T he r elatively high belt, which extends from the Kaibab Plateau s outhward along 
Longitude 1 1 20 ( fig . l 2) into Mexico,  po s sibly r epr e s ents a fir st - o rde r fold. Sec ond­
o rde r featu r e s include the northwe st- tr ending fblds of the Plateau and the more com­
plex s et of  folds ,  thrust faults,  and strike - slip faults found in the B as in and Rang e 
p rovinc e.  The zone of faulting , which trends No rth to N. 1 50 E .  in the north­
we stern c orner of Arizona ( fig s .  1 5 , 1 6- 1 7C ) ,  appar ently r ep r e s ent s  a s e c ond­
o r d e r  right-late ral wrench-fault zone . Its p rominenc e, however ,  sug g e sts that it 
may be  controlled in part by a p r e - P aleozoic structure ,  pos s ibly an olde r P r e ­
cambr ian wr ench fault. Al so ,  the eight - di r ectional fracture patte rn a t  San Manuel 
( Wil s on, 1 9 57 )  c o r re sponds ve ry clo s ely with the fir st- , s e c ond- , and thi r d- o rde r 
shear direction s .  
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