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T HE E MPIRE MOUNTAINS, PIMA C OUNT Y ,  ARIZONA 

F .  W. Galbraith 
Unive r s ity of Arizona 

INTRODUC T ION 

The Empire Mountains o c c upy about 30 s quar e  mil e s  in s outheastern Pima C oun
ty (fig . 4 8 ) , and c on s i s t  of two parallel ridg e s  tr ending north-no rthea st. They are 
c onne c ted with the Santa Rita Mountain s to the we s t  by low rolling foothill s and are 
s eparated from the Whetstone Mountains to  the e a st by the broad floor of  C ienaga 
Wash valley. 

The Empire Mountains ( fig . 2 3 ) are made up of marine lim e s tone, shal e ,  and 
quartzite of C ambrian, Devonian, Mi s s i s s ippian, P ennsylvanian, and P e rmian age ,  
agg r eg ating app roximately 5 , 7 0 0  feet  in thic kne s s , and a s e rie s of  C retac eous ( ? )  
c ontinental cla stic depo sits po s s ibly 1 8, 0 0 0  feet in thickne s s . The s edimentary 
rocks are intrude d by stock-like bodie s of quartz monzonite and g ranodior ite and by 
dike s r anging in comp o sition from rhyolite to ba s alt. 

The rang e ha s two s truc tural parts - an unde rlying block of C retac eous ( ? )  
rock s ,  and an ove rthrust block of Paleo zoic and C retac eou s ( ? )  rocks which i s  
divided into four s eg ments by northwe ste rly striking tea r - faults .  The thru s t  fault 
i s  expo s ed along the we stern edg e  of the mountain s and dip s to the east  at a low angle .  
Within the ove rthrust block the r e  a r e  at  lea s t  thre e  s eparate imb ricate thrust  sheet s .  
Dome s ,  anticline s ,  and ove rtu rned folds have b e en fo rme d in the Paleo zoic rock s .  

STRATIGRAPHIC U NIT S 

B ol s a  ( ? )  Quartzite 

A small area of den s e ,  glas sy quartzite i s  expo s e d  betwe en the Pantano Hill 
stock and the Abrigo fo rmation in the northern part of the rang e .  Although the ex
posure is only a few feet in thickne s s, it is c onside r ed to be  B ol s a  quartzite b e c au s e  
i t  i s  s imilar in appearanc e to typical B ol s a  quartzite and lie s c onfo rmably below the 
Abrigo fo rmation. 

Upp e r  C amb rian Abrigo Fo rmation 

The Abrigo fo rmation c on s i s t s  of soft, light g ray to blue lay e r s  of lim e s tone,  
alte rnating with thin beds of g re en shale ,  light g ray s andstone,  and brown to black 
che rt. B e d s  a r e  g ene r ally from one - half to thre e  inche s thick, lenticular,  and thei r  
expo sur e s  have a characte ristic mottled appearanc e .  In s ome plac e s  the top o f  the 
fo rmation i s  marked by a 5 to 6 foot bed of pure white quartzite . Maximum expo s ed 
thickne s s  i s  7 50 feet.  

Upp e r  Devonian Martin Lime stone 

The Martin lim e s tone is c ompo s e d  of finely c rystalline lim e s tone, g ray and 
mode rately thick- bedded at the ba s e ,  and thinne r -b edded and le s s  r e s i s tant to e r o 
s ion toward the top .  The top o f  the formation in the no rthe rn part o f  the rang e i s  
marked b y  a ho rizon comp o s e d  larg ely o f  Cladopora prolific a. In the southe rn part 
of the rang e a zone of s oft, shaly beds ha s b e en interpreted as the top of the D evonian 
s ection. Metamo rphi sm ha s transfo rmed la rg e mas s e s  of the lowe r lim e s tone s into 
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sparkling , sugary to coar s ely c rystalline marble .  T he thickne s s rang e s  from about 
3 0 0  feet in the southe rn part to about 1 0 0  feet in the no rthe rn part of the rang e .  

Lowe r Mis s i s s ippian E sc ab r o s a  Lime s tone 

The E s cabrosa l ime s tone is expo s e d  almo st c ontinuou sly throughout the l ength 
of the rang e,  but i s  unu sual in that it i s  not a cliff-fo rm e r  in thi s area.  The E sca
b r o s a  c on s ists  of  light g ray to blue ,  fine -g raine d lim e s tone beds one to two fe et thick. 
Metamo rphi sm ha s chang e d  much of the fo rmation to white, c oa r s ely- c ry stalline 
marble ; which clo s ely r e s embl e s  the marbleized lime stone i:il the Martin, and make s 
difficult the s eparation of Mi s s i s s ippian and Devonian lim e s tone s whe r e  the C ladopo ra 
p rolifica ho rizon is not p r e s ent. The E scab r o s a  rang e s  in thickne s s  from 200 to 60 0 
feet,  thickening from s outh to north. 

P ennsylvanian Horquilla Fo rmation 

A di sc onfo rmity, marked in plac e s  by a thin bed of c onglomerate s eparate s the 
Horquilla from the unde rlying E s cabro sa.  The Horquilla g enerally c on s i sts  of ma s 
s ive,  blue -g ray lime stone alte rnating with soft c alcareous shal e .  Individual beds  
are from 1 0  to  100  feet thick. Lim e s tone b e ds are thicke r than shale beds  and stand 
out on weathe r e d  slop e s ,  g iving a coa r s ely bande d appearanc e  to the fo rmation a s  a 
whole .  In the northeastern part of the Empire s ,  howeve r ,  the lowe r part of the 
Horquilla fo rmation con s i sts  of alte rnating lime s tone and quartzite beds ,  and shale 
p r e dominate s in the uppe r  part. The lim e s tone beds are one to three  fe et thick, 
fine g r ained, dark blue,  and c ontain i r r egular che rt inclus ion s .  The quartzite beds  
are light g ray o r  white on fr e sh surfac e s  and weather to  buff. 

Metamo rphi sm ha s oblite rated the bedding and blue - g ray c olor of the lime stone 
beds and chang ed the shale to har d, r e s i stant, ho rnfel b -like mas s e s .  The Horquilla 
i s  nearly 1 ,  2 0 0  feet thick in the c entral part of the rang e but thins no rthward to 
approximately 5 0 0  fe et.  

P ennsylvanian and P e rmian Andrada Fo rmation 

The Earp and C olina fo rmations defined by G illuly, C oope r ,  and W illiams ( 1 9 54) , 
c annot be r e c ognized in the Empire Mountains ,  and the term Andrada formation ha s 
b e en u s e d  by W il s on, E .  D. ( 1 9 5 1 ) ,  B ryant ( 1 9 5 5) , and othe r s  fo r the undiffe r en
tiate d equivalent b e d s .  In the Empire Mountain s the Andrada fo rmation cons i sts  
mainly of soft shale and marl, with some den s e ,  dark blu e - g ray lime stone from 1 0  
to 2 0 0  fe et thick, and, in the uppe r  part, three  beds  of gyp s um from 5 to 5 0  fe et 
thick. 

Many beds of the Andrada fo rmation exhibit a c omplete chang e in lithologic 
character within a few hundr ed fe et along strike.  The fo rmation a s  a whol e is soft, 
and e r o s ion ha s carved the main no rth- south wa sh from the s e  unre si stant be d s . 

Loc ally, metamorphi sm along intrusive c ontacts ha s conve rted part of the An
drada fo rmation to a fi s sile ,  light g ray, s e r ic ite s chi st which r e s embl e s  the P r e 
c amb rian Pinal s chis t. Whe r e  the fo rmation l ies  a t  g reate r distanc e s  from intru sive 
bodie s ,  the lime stone ha s b e en marbleized, and the shal e has b e en indurate d or s i 
licified to ho rnfel s -l ike ma s s e s  which clos ely r e s emble the metamo rpho s e d  Ho r 
quilla. 

The Andrada fo rmation rang e s  in thickne s s from 300 to 1 ,  500 fe et. It is thicke st 
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in the c entral part of the rang e and thins to the no rth. 

P e rIllian Epitaph, Sche rr e r ,  C oncha, and " Rainvalley" Fo rIllation s 

The undiffe r entiated Epitaph, Sche r re r ,  C oncha, and " Rainvalley" forIllation s ,  
froIll 1 , 2 50 to 2 , 2 5 0  feet in thickne s s , a r e  the IllO S t  p roIllinent rocks in the EIllp ire 
Mountains .  They fo rIll the c r e sts  of  the highe st ridg e s  and the ir we stern slope s are 
u sually she e r  cliffs that are vi s ibl e fo r Illile s .  Although the s e  fo rIllation s ,  defined 
by G illuly, C oope r ,  and W illiaIll s ( 1 9 54) , c an be r eadily r e c ognized, they have been 
Illappe d  a s  a unit. 

The Epitaph c onsists  of a s e rie s of thick, Illa s s ive,  fetid liIlle stone beds 9 0  to 
3 0 0  fe et thick and forIll s the p roIllinent we stward fac ing cliffs along the highe r parts 
of the rang e .  The Sche r re r  fo rIllation is Illade up of two g ray, vitr eou s ,  orthoquartzite 
IlleIllbe r s  s eparated by a Illas s ive , blue ,  doloIllitic liIlle stone which u sually c ontains 
i r r egular Illa s s e s  of s ilic iou s Illaterial .  The lowe r quartzite IlleIllbe r  rang e s  in 
thickne s s  frOIll 9 0  to nearly 8 0 0  fe et;  the Illiddle doloIllitic liIlle stone IlleIllb e r  i s  
froIll 3 0  to 1 50 fe et thick;  and the upp e r  quartzite IlleIllbe r i s  froIll 30  to 2 50 feet 
thick. The thickne s s e s  a r e  g r eate r in the southe rn part of the rang e ,  but the g r eat 
chang e ove r  r elatively sho rt di stanc e s  i s  believed to be due to unr ecognize d  low 
angl e thrust faulting . The C oncha and " Rainvalley" fo rIllations Illake up an unbroken 
s er i e s  of liIll e stone beds above the Sche r r e r ,  and fo rIll the easte rn slop e s  of the 
highe st ridg e s .  The C oncha Illaintains a thickne s s  of about 500 to 600  fe et and con
s i st s  of dark g r ay to blue liIlle stone beds which are thick, Illas sive, and fetid, and 
c ontain abundant chert  nodule s in Illany plac e s .  The " Rainvalley" c ons i st s  of light 
g ray doloIllitic liIlle stone which i s  thinne r bedded than the C oncha, and a few thin 
beds  of brown to buff quartzite . 

C retac eou s  ( ? )  B e ds 

C r etac eou s ( ? )  rocks are divided into two Illaj o r  unit s ,  tho s e  on the east  and 
tho s e  on the w e s t  s ide s of the thrus t  fault. The lack of fo s s il s  and Illarker beds 
p r event s c o r r elation acro s s  the thrust.  The strata on the west s ide of the fault 
a r e  furthe r subdivided into a northe rn and southe rn s e rie s ,  s eparate d by a high
angle fault. The se strata are conside r e d  to be of p robabl e C retac eou s  ag e ,  b e c au s e  
o f  thei r  lithologic  s iIllilar ity to rocks in the Santa Rita Mountains ( Schrade r ,  1 9 1 5 ;  
Stoyanow, 1 9 49 ) .  

On the east  s ide of the EIllpi r e  Mountains a s e rie s of congloIllerate, shale ,  s and
s tone, and liIll e s tone beds lie s  unconfo rIllably upon a de eply e roded surfac e c ut on 
Paleozoic roc k s .  The diffe renc e s  i n  dip between the C retac eous ( ? )  and Paleo zoic 
strata are slight, but the differenc e s  in trend are clearly vi s ible on ae rial photo
g raphs .  The low e r  part of the s e ri e s  consists  p r edoIllinantly of sandy Illaroon shale 
c ontaining one o r  Illo re beds  of congloIlle rate c OIllpo s e d  of pebbl e s ,  c obbl e s ,  and 
boulde r s  of Paleo zoic liIlle stone. In plac e s  congloIlle rate r e sts  directly upon 
the e roded surfac e of the " Rainvalley" o r  older fo rIllation s ,  and el s ewhe:i.° e  the lowe st 
bed of c ongloIllerate lie s upon 400  fe et of Illaroon C r etac eou s ( ? )  shal e .  The Illaroon 
shal e s e r i e s  g rade s upward into c oa r s e  g ray arko s ic sandstone and predoIllinantly 
g ray shale with occas ional thin beds of liIll e s tone which a r e  eithe r extreIllely shaly 
o r  black and fetid. The s e  C r etac eou s  ( ? )  beds  dip southeast  froIll 20 to 30 deg r e e s  
and a r e  about 8 ,  7 00 fe et thick.  The alluviuIll of C ienega W a s h  valley cove r s  theIll 
to the east. 

On the we s te rn side of the rang e,  below the thru st plane of the EIllpire  fault, 
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the C retaceous ( ? )  b e d s  c on si s t  of a northe rn and southe rn s e rie s s eparated by a 
high angle fault. The no rthe rn s e r ie s i s  made up of c oar s e  g r ay to brown a rko sic 
s andstone , g r e enish-g ray shale,  and o c c a sional l enticular lime stone beds which 
are extr emely thin-bedded and e ithe r light g ray o r  j et black and fetid. Litholog ically 
the s e  beds  are s imilar to tho s e  which lie above the maroon shale s on the e aste rn 
flank of the mountains and may be eithe r their e quivalent, o r  repre s ent the beds  
now c onc ealed beneath the alluvium of  C ienega W a s h  valley. ' 

T he southern s e rie s of C retac eous ( ? )  b e d s  we s t  of the thrust i s  made up of 
thick boulder c onglome rate alte rnating with fel s ic lava flows and tuffs .  Their  r ela
tion ship to the other C r etac eou s ( ? )  strata is not known, but they are p r e sumably 
young e r  than the arko s ic s andstone and shale,  becau s e  they c ontain numerous frag 
m ents of arko s ic rocks whic h  appear to b e  identical with tho s e  expo s ed to the north. 
T hi s  s e rie s may be in part a s  young as T e rtiary in ag e .  

The structu ral and s tratig raphic r elation ship s o f  the C retac eou s rocks betwe en 
the Empire and Santa Rita Mountains are c omplex, and it ha s not yet been po s s ible 
to e stabl i sh a continuou s  s equenc e between the s e  two rang e s .  Near the c re st of the 
Santa Rita s ,  the maroon shale and limestone c onglome r ate s e rie s lie s  unconformably 
on the Pal eozoic rocks and dip s ea stward, and an arko sic  sandstone and shale s e r i e s  
i s  p r e s ent. The total thickne s s  o f  C re tac eous rocks between the Santa Rita Moun
tains and the we s te rn margin of the Pal eozoic s e c tion in the Empire thrust block 
may b e  about 1 8 , 0 0 0  fee t, but the po s s ibility of duplication by folding o r  faulting 
c annot be di s r eg ar ded.  

INTRUSIVE ROC KS 

The c entral part of the Empire Mountains i s  o c c upied by the Sycamor e  quartz
monzonite whic h  extends for about two mil e s  along the t r end of the rang e as a r oughly 
elliptical body le s s  than one mil e  wide . On the we stern side of the mountain s it i s  
i n  c ontact with the C r etac eou s ( ? )  beds  of the ba s ement block; along the r emainder 
of its border it  r e s t s  again s t  the Paleozoic rocks of  the ove rthrust block. The quartz
monzonite is  light g ray and me dium to coar s e  g raine d. 

Small bodie s of g rano dior ite , l'hyolite porphyry, rhyolite , and dio rite porphyry 
a r e  exp o s e d  near the Syc amo r e  sto ck, and small dike s of aplite, syenite , trachyte,  
r hyolite ,  dio rite , ande site,  and basalt occur thr oughout the Empire  Mountains .  

STRUC T URE 

The Empire Mountain s a r e  divided into two s tructural parts , a bas ement block 
of C retac eous ( ? )  rock s ,  in part folde d into a s e rie s of b road anticline s and synclin e s  
with east-we s t  axe s ,  and i n  part dipping steeply to the e a s t ;  and an ove rthru st block 
of Paleozoic and C retac eous ( ? )  strata which dip ea stward at about 45 deg r e e s .  
E a st - we s t  and no rth- south faults have adde d to the s tructural c omplexity of the 
rang e .  

B a s ement Block 

T he bas ement block is expo s ed in and fo rms the foothill s b etwe en the Empire  
and Santa Rita rang e s .  It  i s  divided by a high-angle,  no rthwe st- s outhea s t  fault into 
two di s tinc t  parts . The northern part c ons ists  of C retac eou s  ( ? )  arko s ic sandstone s 
and shale s ,  and the southern part c on s i sts  of C r etac eou s  ( ? )  boulde r - c onglome rate 
and volc anic flows and clastic rock s .  The rocks of the northe rn s e rie s have b e en 
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folded into broad anticline s and syncline s with ea st-we st axe s  striking nearly at 
right angle s to strata above the thrust.  The amplitude of the folds is g r eate r than 
2 ,  0 0 0  feet and the dip of the beds on the flank s rang e from 40 to 60 deg r e e s .  The 
c onglome rate and volc anic strata of the s outhe rn s erie s dip from 6 5  to 80 deg r e e s  
to the east .  Along a larg e part o f  its l ength the fault which s epa rate s the two s e rie s 
i s  occupied by a dike of rhyolite porphyry. 

Ove rthru st Block 

The dominant s tructural featu r e  of the Empire Mountains i s  a low-angle fault 
which c rop s out along the we ste rn e dg e  of the mountain s and appear s to dip g ently 
toward the s outhea s t. Although the outc rop of the fault is c ove r e d  larg ely by the 
alluvium, it i s  expo s e d  southwe st of the Andrada Ranch whe r e  P e rmian lime stone 
r e s t s  on the folded C retaceou s ( ? )  rocks of the no rthe rn s e rie s .  To the south, whe r e  
the fault is  not expo s e d, C retac eous ( ? )  rocks are almost everywhe re expo s ed on 
the we st bank of David son C anyon, and, exc ept in the vic inity of the Sycamo r e  s tock, 
Pal e o zoic rocks make up the east  bank. 

In the northe rnmo st part of the rang e ,  imbricate thrust  structu r e  i s  strikingly 
developed.  At the southwe stern ba s e  of Pantano Hill, lime s tone beds r e s t  on C re 
tac eous ( ? )  maroon shale and lime stone c onglomerate . Near the c re st of Pantano 
Hill , a basal C r etac eous ( ? ) lime stone c onglome r::1te , 30 to 50 feet  thick, r e st s  
o n  the e roded surfa c e  o f  the Sche r r e r  formation. Above the c onglome rate i s  a slive r 
of Martin lime stone, r epl ete with Atrypa reticulal i s ,  and E sc abro s a  lime stone .  

The main ove rthrust block of the Empire Mountains i s  b roken by e a st-we s t  
faul ts  which divide i t  into four s egment s .  The larg e ho rizontal c omponent o f  di s 
plac ement on s ome of the s e  faults ( about 8 ,  0 0 0  feet on the Andrada fault and 6 ,  0 0 0  
feet on the Pantano fault) and the fact  that they cannot b e  trac e d  into the C re tac eous 
rocks of the bas ement block to the we st, strongly sugg e sts tear-faults which fo rmed 
during the pe riod of ove rthru sting . Struc tur e  within the individual s egments al so  
sugg e sts that the di splac ement along the s e  faults i s  the r e sult of  ho rizontal rathe r 
than ve rtical movement. In the no rthern s egment, the Paleo zoic fo rmation s a r e  
domed, and imbricate s tructu r e  i s  p r e s ent ; in the no rth c entral s egment, the Paleo
zoic rocks  have been folded into a symmetrical anticline who s e  roughly no rth- south 
axi s  plung e s  ste eply to the south; in the south c entral s egment, the r e  i s  an a s ym
metrical anticline with steep e r  dip s to the we st than to the east ;  and the southe rn 
s egment apparently ha s b e en rotated on the thrust  plane so that the formation s ex
p o s e d  just  south of the Hilton fault strike e a st instead of no rth. 

The direction of the thrust  appear s to have been from the southea st. The C r e 
tac eous ( ? )  rocks below the imbric ate thru s t  plate s wedg e  out in thi s dir ection. The 
a symmetrical anticline and syncline which involve s the Ab rig o  and Martin fo rmations 
adjac ent to the Hilton fault dip s 4 5  deg r e e s  s outhea st. South of the Andrada Ranch 
a fold  in the s ame fo rmations i s  sharply ove rturned to the north, and the Martin 
l ime s tone ha s b e en moved northward along a low-angl e  fault ove r the c ru shed shaly 
beds of the Ab rig o fo rmation. 

No rmal Faults 

North- south no rmal faults  in the Empire Mountain s are infe r re d  from di splac e 
ments o f  fo rmational c ontacts ,  but their outc rop s a r e  c onc ealed b y  alluvium in mo st 
plac e s .  The amount of ve rtic al di splacement on the s e  faults appear s to have b e en 
mode rate , amounting to only a few hundr e d  feet at a maximum. 
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Inte rpr etation of Structu r e  

Larg e - s cale ove rthrusting i n  southea stern Arizona ha s b e en de s c r ib e d  i n  the 
Santa Rita and Emp i r e  Mountains by Schrade r ( 1 9 l 5) and W il s on, R. A. ( 1 9 34) , in 
the Tuc son Mountains by B rown ( 1 9 39 ) ,  and in c e ntral C ochi s e  C ounty by G illuly 
( 1 9 5 6 ) .  Thrust faults of c on side rable magnitude are al s o  known to be p r e s ent in the 
Rincon, Sie r r ita, and Huachuca Mountains .  In the Empire Mountains ,  the intens ity 
of thrusting and accompanying folding and shearing c ontra s t  with the comparatively 
small- s c ale no rmal faulting exhibite d  along their flank s.  Although the Empire  
Mountain s outwardly exhibit the typical fo rm of  B a sin-and- Rang e tilte d-blocks ,  the 
di splac ement s along the normal faults appear to be too small to acc ount fo r the 
structu ral r elation ship s of the Empire Mountains to the adj oining Santa Rita and 
Whetstone rang e s .  The autho r c onclude s that the structural development of the 
Emp i r e  Mountains wa s c ontrolle d  by reg ional c omp r e s s ion. 

1 33 




