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Southeastern Arizona- T rip V - l  

GENERAL GEOLOGY OF SOUTHEASTERN ARIZONA 

T RIP V, ROAD LOG 

F i r s t  Day - - Sunday, April 5, 1 9 59 

Leade r s :  E .  B .  Mayo and W .  D. Pye 

Driving Distanc e : 14 1 .  7 mil e s  Log g e d  Di stanc e :  1 3 2. 9 mil e s  

Starting T im e :  8 : 0 0  A .  M .  

Gene ral Statement 

This trip ( fig.  48)  begins  at Tuc son in the Santa C ruz valley and proc e e ds southeastward to Mountain 
View, between the T anque Ve rde and Rincon Mountains on the north and the Santa Rita Mountains on the 
south. The route then turns southward, between the Empire Mountains on the east and the Santa Rita 
Mountains on the we st, to Sonoita. F rom Sonoita the way leads eastward between the Mustang and Whet
stone Mountains ,  c ro s s e s  the San Pe dro R ive r ,  and continue s  to Tomb stone .  F rom Tombstone the trip 
proc e e ds southward into the Mule Mountains to B isbee and then to Douglas .  

The party will see :  ( l ) The broadly folded, foliated gnei s s e s  of  the Santa C atalina, Tanque Ve rde 
and Rincon Mountains ;  ( 2 ) the Paleozoic s ediments of the Empir e  Mountains ,  thrust over C retac eous 
rocks ;  ( 3) the Paleozoic s e diments of the Mustang Mountains ,  and the Paleozoic s ection on the ea ste rn 
fac e  of the Whetstone Mountains ;  (4)  the Paleozoic and C retac eou s  s e diments ,  M e s o zoic and T e rtiary 
intrus ions , and C retac eous volcanic rocks of the Tombstone Hills ;  ( 5) the Precambrian basement, over 
lain by Paleo zoic and C retaceous s e diments,  and intruded by M e sozoic granite in the Mule Mountain s ;  
( 6) the open pit portion o f  the Phelps Dodg e  ope ration a t  B i sb e e ;  ( 7) the C retac eous s ection e a s t  o f  the 
Lavender pit; and ( 8 )  the southe rn part of Sulphur Spring s Valley. 

0 . 0 0 . 0 

8 . 3 8 . 3 

1 . 3 9 .  6 

5. 0 14 . 6 

2 . 9 1 7 .  5 

3 . 0 20 .  5 

1 . 6 2 2 .  1 

Junction, Palo Verde and B enson highway. Follow U. S. Highway 80 southea st
ward ac ro s s  Santa C ruz Valley. At 3 : 30 in distanc e is the dump of Pima open 
pit mine ; Helmet Peak and Sierrita Mountains in backg round; ( T rip I) . F rom 
9 : 00  to 1 0 :0 0 ,  the Santa C atalina ( T rip III) , Tanque V e r de and Rincon Mountains ,  
compo s e d  mainly of  bande d gne i s s e s  deformed into broad, we stward-plung ing 
folds ; at 1 2 : 0 0 ,  Whetstone Mountain s ;  at 2 : 0 0 ,  Santa Rita Mountains ;  at 5 : 0 0 ,  
Tuc son Mountains ( T rip IV) .  Highway leads up a nearly imperc eptible g rade ;  
the de s e rt floor he r e  i s  clothed by dark g re en c r e o s ote bushe s ;  with cholla c actus 
becoming more abundant eastward. 

Palo verde ( cove r e d  with yellow flowe r s  in year s of abundant rainfall) and slender ,  
spiney ocotillo are  abundant. 

At 9 : 00 :  Bare slop e s  of the we stern spur of Tanque V e rde Mountain s are  formed 
on a broad, we stward-plunging anticline of gne i s s .  

Vail inte r s ection. At 1 0 : 00 :  Foothill s i n  C olos sal C ave a r e a  a r e  overthrust blocks of 
Paleozoic s e diments .  Patche s of c rystalline rocks are locally expo s e d  between 
mountain s to north and south. Much of the pa s s  area is underlain by Miocene ( ? )  
Pantano beds and alluvium. Some c rystalline plate s have been thrust over the 
Mioc ene ( ? )  s e diments ( B rennan, 1 9 5 7 ) .  

Mountain View. T URN RIGHT o n  State Highway 8 3  t o  Sonoita. Empire Mountains 
are on left and Mt. Fagan, at north end of Santa Rita Mountains is on right. 
Yucca, ocotillo and m e s quite cover g round. 

P ro spect dump at 2 : 00 .  Just after pas s ing entranc e to TM Ranch, road cuts 
through C re tac eous ( ? )  s e diments.  

Andrada Ranch. Ente r area shown on figure 2 3 .  Empire Mountains to left. 
Hill near e st road is Pe rmian limestone thru st ove r C retac eous ( ? )  shale .  Ste ep 
cliff on skyline is  Eagle Bluff, compo sed of Pe rmian lim e stone. Hills to right 
of road are C retac eous ( ? )  volcanic rock s .  Expo sur e s  in wash south of Andrada 
Ranch are  mostly Paleozoic limestone s (Galbraith, E) . 
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T rip V- I - Southea stern Arizona 

3 . 0 2 5 .  1 

4. 6 2 9 . 7 

0 . 2 29 . 9 

o .  6 3 0 . 5 

1 . 9 3 2 . 4 

0 . 4 3 2 . 8 

1 . 4 34 . 2 

1 . 6 3 5. 8 

1 .  1 36. 9 

O .  8 3 7 . 7 

2 .  2 39 . 9  

O .  5 40 . 4 

Acc o rding to Schrade r ( 19 1 5) ,  the Empire Mountains con s i st e s s entially of a 
g ranitic c o r e ,  located som e  thre e  mil e s  south of the Andrada Ranch, surrounded 
by a mantle consi sting chiefly of C retac eous ( ? )  s ediments . Along the eastern 
and southeastern side s of this c o r e ,  the Paleozoic floor on which the C retac eous 
re sts has been thrust northwe stward ove r the g ranite ; in the northe rn and we stern 
parts of the mountains ,  Paleozoic klippen r e st on g ranite and C retac eous rocks 
(Galbraith, �) . 
C retac eous ( ? )  volcanic rocks along route for about 4 .  0 mile s .  Leave area 
shown on figure 2 3 .  

Road to Rosemont o n  right. At 2 : 30 :  Dump s of R o s emont mining district are  
near c r e st of  ridg e .  

C retac eou s ( ? )  conglomerate along road fo r next one -half mil e .  

Cue sta ahead, compo s e d  o f  T e rtiary s e diments o f  the Sonoita bol son, i s  b eing 
di s s ected by the north-flowing C ienega Wash. C r etac eous ( ? )  beds c rop out 
along north slope of e scarpment. 

STOP 1 .  ( 20 minute s)  Whetstone Mountains a r e  due east ;  Little Dragoon Moun
tains N. 6 50 E. ; Empire Mountains N.  3 50 E. ; Rincon peak, N. 300 E. ; T anque 
Verde Mountains ,  N. 1 00 E. ; Mt. Fagan, N. 400 w. ; dump s of Ros emont di s 
trict, N .  800 W .  ; Mt. W rightson ( 9 , 4 3 2  feet) in the Santa Rita Mountains ,  
S.  6 50 W. ; Cue sta ahead. 

The g eology of the Santa Rita Mountains ha s become known larg ely through the 
pione ering work of Schrader ( 19 1 5) ,  a r e c ent study by the U .  S. G eolog ical Sur 
vey ( C reasey and Quick, 1 9 5 5 ) ,  and the s e s  b y  students o f  the Department o f  
Geology, Univer sity o f  Arizona ( Dunham, 1 9 3 7 ;  Popoff, 1 940 ; Johnson, 1 9 5 1 ;  
Anthony, 1 9 5 1 ;  Sulik, 1 9 5 7 ;  B rowne,  1 9 5 8 ;  and Lutton, 1 9 58 ) .  F rom the view
point at this stop one s e e s  the eastern slope and skyline of the Santa Rita Moun
tains from the northern end to Mt. W rightson ( fig . 49A) . Mo st  of thi s slope con
sists  of C r etac eou s s e diments which dip eastward. Underlying the s e ,  along the 
c r e st of the rang e,  i s  the Paleo zoic sequenc e,  ranging from the C ambrian B ol sa 
quartzite upward to the Pe rmian Sche r r e r  formation. The Paleozoic rocks, 
according to Schrade r ( 19 1 5) ,  have been thrust we stward over a g ranitic ba s e 
ment which i s  west o f  the c r e st. In Sawmill C anyon, about 5 mil e s  in front of 
Mt. Wrightson, is a west-northwe st-trending left lateral strike slip fault 
( Lutton, 1 9 58) .  Mt. W rightson its elf is  rhyolite , flanked on the east by and e s ite 
and on the west by quartz dio rite, g ranite,  and a thin septum of dark g r e enish 
schi st, thought by Schrader ( 1 9 1 5) to be of po s s ible C ambrian ag e .  

The Ros emont mining camp, a southeaste rly extension o f  the Helvetia copp e r 
gold- silve r district, i s  located on the west side o f  the c r e st.  According to 
Schrader ( 1 9 1 5) ,  the copp e r  mineralization at Ros emont was mo stly in silicifie d  
Paleozoic lime stone near intrusive contact s .  

Road climbs through southea st- dipping T ertiary beds ,  cove red with g ra s s ,  
juniper ,  m e  squite and s c  rub oak. 

STOP 2. ( 20 minute s) . View southeastward ove r g ra s sy �plands , mountains and 
Sonoita Valley:  On the left, the Whetstone Mountains ;  at 1 1 : 0 0 ,  Mustang Moun
tains ; 1 2 : 0 0 ,  Huachuca Mountains ;  from 1 2 : 0 0  to 2 : 0 0 ,  C ane10 Hill s ;  at 3 : 0 0 ,  Mt. 
W r ig htson. 

G reate rville-Box C anyon road to right. 

C oronado National F o r e st boundary. 

At 2 :3 0 :  Abandoned oil derrick; hole wa s drilled to depth of 3, 394 feet and 
bottomed in " shale" ( Johns on, ]i) . 
C eno zoic r e d  beds in bluff to right. 

Enter Santa C ruz C ounty. Rolling surface is cove r e d  by g ra s s ,  bear g ra s s ,  
yucca,  s c rub oak and m e s quite .  

2 29 
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Sonoita. S TOP. TURN LEFT ( ea st) on Highway 8 2 .  In the C ane10 Hill s to the 
south, a s e quenc e of C retaceous ( ? )  and T ertiary ( ? ) conglomerate s ,  r e dbeds 
and volcanic rock s ,  totalling p e rhap s 3 ,  500 feet ,  has been overridden, po s s ibly 
from northeast  to southwe st, by about 2 , 200 feet of Permian depo sits. Route 
leads toward pas s  between Whetstone Mountains on left and Mustang Mountains 
on right. 

B ridg e .  Road winds ove r T e rtiary valley fill. Yucca becom e s  abundant near 
base of Mustang Mountains on r ight. 

The we stern half of the Mustang Mountain s ,  southwest of Rain Valley ( fig . 49B ) ,  
i s  c ompo s e d  o f  P e rmian s e diments which were first  de s cribed a s  the Snyde r 
Hill formation and divided into 5 memb e r s  ( B ryant, 1 9 5 1 ) .  Late r ,  B ryant ( 1 9 5 5) 
correlated the 4 lower memb e r s  with the Sche r r e r  and C oncha formations and 
de sc ribed the top member as  the "Rainvalley formation. " The se  rocks are  
locally ove rlain by C retac eous ( ? )  cla stic s and T e rtiary rhyolite. The mas sive 
cliffs south of the highway are Permian Concha limestone . 

G rantham Mountain, the summit near the southern end of the ridg e ,  is rhyolite , 
and Quail P eak, the highe st point near the northwe stern end, is capped by C reta 
c eous clastic s and rhyolite . On G rantham Mountain, the Pe rmian rocks may 
have ove rridden the C retaceous ( ? ), po s sibly from northeast to southwe st, on a 
g ently-inclined thrust.  C retac eou s ( ? )  rocks are  expo s e d  at s eve ral plac e s  along 
the northea ste rn ba se  of the ridg e .  Po stthrust ( ? )  normal faults have divide d 
the area into many small fault blocks.  

The Mustang Mountains no rtheast of  Rain Valley and the southern part of the 
Whetstone Mountains have not been mapped in detail . The northern half of the 
Whetstone s has been mapped by Tyrrell ( 19 57 ) .  

At 2 : 0 0 :  High dome is " The B iscuit" , with cliffs of C oncha lime stone ; a t  1 0 : 00 ,  
g ranitic c o r e  o f  Whetstone Mountains ,  flanked b y  Paleozoic formations from 
1 1  : 0 0 to 1 2 :  0 0 .  

At 2 : 30 :  Sharp folding in Pe rmian limeston e s ,  near northwe ste rn end o f  Mus 
tang s .  

Rain Valley ranch on right. 

Road pas s e s  around south end of Whetstones  with the ir sharply folded Paleozoic 
s e diment s .  Ente r C ochi s e  C ounty. 

STOP 3. ( 1 5  minute s) . The re will be a brief discus s ion of the Paleo zoic s e c 
tion expo s e d  in the east face o f  the Whetstone Mountains t o  the left o f  the road 
( fig. 50A) . The San Pedro Valley lie s ahead, and beyond, the Dragoon Moun
tains are at 1 1 : 0 0 ,  and the Mule Mountains are at 1 : 0 0 .  The Huachuca Mountains 
are at 3 : 0 0 .  

On the .northeastern slope o f  the northern Huachuca Mountains ,  olde r Pre cam
brian granite c rop s out with a few small patche s of g ently northeast- dipping 
Cambrian B ol s a  Quartzite r e s ting on the g ranite near the foot ( Alexis ,  1949 ) .  
High within the mountains ,  the B ol sa quartzite and ove rlying Paleozoic rocks 
are  overlain by a thick C retaceous section. Thi s  entir e  section dip s rathe r  
steeply southwe stward. The C retaceous rocks are broadly folded and the beds 
are  locally ove rturned. 

The structure i s  a hug e anticline with a Precambrian core and limb s of Paleo zoic 
and C retace ou s  s e diments ove rturned and ove rthrust to the southwe st (Alexi s ,  
1949 ) .  The c r e st has been e roded and the pre s ent highe st part o f  the Huachuca s  
is  the steep southwe st flank o f  the fold. The thrust  surface rise s a t  a mode rate 
angle towar d  the southwe st from beneath the g ranite core,  then flattens ,  and 
loc ally reve r s e s  in dip. Weber ( 1 9 50 )  shows e s s entially the same structural 
picture in the east-c entral Huachuca s ,  exc ept that the southwe stward thru sting 
is develope d  on both side s of the core  and imbrication is well developed. 

Sands Ranch entranc e on l eft. Eight mil e s  north on Sands Ranch Road ( for  j eeps 
only) i s  an excellent Paleozoic section from Precambrian through Permian (fig . 50A) 

2 30 

l 



A. Mount W right s on, Santa Rita Mountains ,  from no rthea st. The Sawmill C anyon 
fault zone o c c upie s the tran s ve r s e  trench in foreg round. 

B .  Mu stang Mountain s from no rth. Left to right: G rantham Mountain ; C ave 
Cliff ; Quail P e ak; The B i sbuit . T e rtiary rhyolitic volcanic rocks unde rlain 
by C retaceou s  ( ? ) cla stic rocks ( T r) ;  Pe rmian " Rainvalley" fo rmation ( P r ) ,  
C oncha lime s tone ( P c ) .  Sche r r e r  formation ( P s ) .  C anelo Hill s in backg r ound. 

FIGURE 49 . Ae rial views of Mount W rightson in the Santa Rita Mountains and the 
Mu stang Mountain s ,  C ochi s e ,  Pima, and Santa C ruz C ountie s ,  A rizona .  
Photo s by T ad Nichol s .  

2 3 1  



A. F aulted Paleozoic s e c tion on east  fac e  of Whetstone Mountains ,  s e en from the 
south. Smooth slop e s  at r ight are  on P r e cambr ian rocks . C ambr ian B ol s a  
quartzite (£ b) , Abrigo fo rmation (£ a) ; Devonian Martin fo rmation ( Dm) ; M i s 
s i s  s ippian E s c ab r o s a  l ime stone ( Me ) ,  overlain by Pennsylvanian-Pe rmian 
suc c e s s ion. Hill s in fo reground are  Pennsylvanian strata. 

B .  T omb stone Hill s from north ( fig . 5 1 ) .  P recambrian ( p£ ) c o r e  of north- s outh 
anticline. On east  flank, Paleozoic fo rmations ,  we st to east, are C amb rian 
B ol s a  quartzite and Ab rig o l ime stone, Devonian Martin l ime stone , Mis s i s s ip
pian E s c abro s a  lime stone,  Pennsylvanian Horquilla lim e stone . The Ho rquilla 
l ime stone unde rlie s G rand ( Eme rald) Gul ch in the left hand part of the picture .  
Huachuca Mountains in di stanc e on right;  Mule Mountains on l eft, in  front of 
the haz e .  

FIGURE 5 0 .  Ae rial view s of Whetstone Mountains and T omb stone Hill s ,  C ochi s e  
C ounty, Arizona .  Photo s by Tad Nichol s .  

2 3 2  
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Fort Huachuca turn off on right. C ontinue STRAIGHT AHEAD. Tombstone 
Hill s lie ahead. The Tombstone Hill s are a mino r g eologic provinc e of g reat 
inte r e st and complexity. The type localiti e s  of four Paleozoic formations,  the 
Pennsylvanian Horquilla limestone , the Pennsylvanian-Pe rmian Earp formation, 
and the Pe rmian C olina lime stone and Epitaph dolomite are in the s e  hills (Gilluly, 
1 9 5 6 ) .  

Some two to five mil e s  south- southwest o f  T ombstone, a north-trending anticline 
(fig . 5 0 B ) ,  flanked on the east by the Paleozoic s equenc e and overlain unc on
formably on the west by the C retac eous Bisbee fo rmation, bring s up a c o r e  of 
olde r Precambrian Pinal schist and albite g ranite . In the southe rn part of the 
hill s and in Gove rnment Butte to the s outhea st, the Paleozoic rocks are  in east
we st folds that have been ove rturned to the south, and, locally, have ridden, 
relatively, southward on north- dipping flat thru sts .  Following thi s defo rmation, 
the area appar ently was e roded, and a volcanic s e quence ( T e rtiary B ronc o vol
canic s ) ,  commencing with ande site and prog r e s sing to quartz latite tuff, wa s 
e rupted. Gilluly ( 1 9 56) sugge sted that sub s e quent to this ,  northwe st-trending 
folds and thrusts and some east-northeast tear fault s were fo rmed. The s e  events 
s e em to have been followed by emplac ement of the Uncle Sam ( quartz iatite) 
porphyry (G illuly, 1945) ,  the Schieffelin g ranodiorite , intrusive rhyolite ( ? )  and 
ande s ite porphyry. The Uncle Sam porphyry may have been emplac e d, in part, 
along a flat thrust.  

Mo st of the productive silver -lead mine s of Tombstone were located in a no rth
of- we st-trending syncline in the C retac eous B isbee formation. The ore  was 
a s sociated with northeast fi s sure s ,  whe re the s e  c r o s s e d  the famous " roll s"  
inten s e  mino r contortions within the syncline. The stratig raphy of  the Tomb
stone district wa s di scu s s e d  by Ransome ( 1 9 1 6 )  and the geology in r elation to 
the ore depo sits ha s been de sc ribed by Butler ,  W il son and Rasor ( 1 9 38)  and by 
Butl e r  and Wil son ( 1 9 38 ) .  

G r aham villag e ;  road continu e s  eastward ove r Tombstone pediment (B ryan, 1 9 2 6 ;  
G illuly, 1 9 56) . B ryan ( 19 26)  de sc ribed 3 pediments in the San Pedro Valley.  
The T omb stone surfac e i s  the oldest  and highe st; the Whets tone surfac e is  young e r  
than the Tombstone surface and i s  the mo st widely developed in the valley. The 
young e st and lowest  surface i s  c all e d  the Aravaipa and is  developed locally along 
the San Pedro Rive r ,  a few feet above the flood plain of the inner valley. 

At 1 1  : 0 0 :  C ochi s e  Stronghold, retreat of the famous Apache chief, is in the 
Drag oon Mountains .  

At 2 : 3 0 :  Fairbank Hill s ,  compo s e d  o f  T e rtiary Uncle Sam po rphyry intruded into 
C retac eous or T e rtiary B ronco volcanic s ;  at 4 : 0 0 :  Ft. Huachuca at the ba s e  of 
Huachuca Mountains ;  at 9 : 30 to 1 0 :0 0 :  Little Dragoon Mountains .  

Road d e s c ends from Tomb stone pediment to young er Whetstone pediment. 

B ridg e ac ro s s  the San Pe dro Rive r .  The San Pedro River rises  in  Sonora,  
M exico,  and flows no rthward to j oin the G ila River at Winkelman, Arizona. 
Highe r cliffs along edg e s  of inner valley are compo s e d  of beds of late Plioc ene 
( ? )  or  early Pleistoc ene ag e .  The flood plain of the inner valley of the San Pedro 
Rive r and the Aravaipa surface form the two suc c e s sive surfac e s  above the 
channel of the rive r .  M e s quite and c ottonwood tre e s  g row profu sely on the 
floodplain of the inner valley. Ove rpas s  c ro s se s  Southe rn Pacific tracks ; Fair
bank station on l eft. Enter area shown on figure 5 1 .  

At 7 : 00  to 9 : 0 0 :  Dis sected alluvial depo sits of the San Pedro Valley; at 2 : 0 0  
to 3 : 0 0 :  Tombstone Hill s .  

At 3 : 0 0 :  Uncle Sam Hill, compo s e d  o f  T e rtiary Uncle Sam po rphyry. 

At 2 : 0 0 :  Tomb stone . 

Stronghold g ranite at C ochi s e  Stronghold in Dragoon Mountains to the north. 

Inte r s ection with U .  S.  80. STOP. T URN RIGHT . 
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1 . 6 8 1 .  3 

0 . 9 8 2 .  2 

0 . 8 8 3 . 0 

o .  7 8 3 . 7 

O .  7 84. 4 

0 . 2 84. 6 

1 . 4 8 6 . 0 

1 .  1 8 7 .  1 

r 0 . 8 8 7 . 9 

O .  3 8 8 . 2 

0 . 7 88 . 9 

0 . 5 8 9 . 4 

0 . 5 8 9 . 9 

1 . 6 9 1 .  5 

1 . 5 9 3 . 0 

1 . 2 94 . 2 

B ridg e .  Road cut in Plioc ene -Pleistoc ene conglome rate . 

Entering Tomb stone, famous old s ilve r mining camp. Today Tombstone pride s 
its elf on being " the town too tough to die" . Boothill G raveyard at left. Altitude ,  
4 ,  5 39 feet. 

STOP 4 .  ( One hour) .  Lunch and visit to Million Dollar Stope and other points of 
inter e st. 

Acc o rding to Meinzer and Kelton, ( 19 l 3 , p .  14)  the rich s ilve r deposits of T omb
stone we r e  discove red in F ebruary, 1 8 7 8 ,  by A. E. Schieffelin. Schieffelin had 
been warned that he would find a tombstone instead of a fortune in C ochis e ' s 
domain, and in remembranc e of thi s warning he named the district Tomb s tone . 
" Thou s ands of loc ations were staked out and many valuable discove rie s made and 
a city sprang into exi stenc e as if by magic . " It enjoyed g r eat fame and prospe rity 
in the early eighti e s ,  but was later eclip s e d  by the B isbee district. 

Among the surviving feature s  of this picture sque old mining camp are the B oothill 
Graveyard at the northern edg e of the town, and the Million Dollar Stope ,  one 
block we st  of the cente r of town. 

Glee son- Pearce road turns off at left. C ontinue on Highway 8 0 ,  through road 
cut s  in Plio c ene-Pleistoc ene conglomerate . 

At 2 : 0 0 :  Hill i s  mostly P ennsylvanian Horquilla limestone and Te rtiary intrusive 
rhyolite. 

Pe rmian C olina limestone expo s ed in ridg e on right. For next two mil e s  road 
cuts are in the C olina and Mi s s i s s ippian E s cabrosa limestone s .  

At 3 : 0 0 : C ontact between E sc abrosa lim e s tone below and Horquilla lim e s tone 
above. 

At 1 2 : 0 0 :  Gove rnment Butte ; Paleozoic limestone s in hills to right and left; 
C olina lim e s tone to right. 

Road de s c ends rapidly through cuts in C olina limestone and intrusive rhyolite . 

T ertiary intrusive rhyolite in red hill at left and in low r e d  hills to right. C olina 
lim e s tone in hills above and behind rhyolite ; Huachuca Mountains at 2 : 0 0 ;  C ananea 
Mountains in Mexico at 1 2 : 0 0 .  On some day s ,  smoke from the C ananea smelte r 
c an be s e en in front of the C ananea Mountains .  

At 3 : 0 0 :  C olina limestone dipping steeply northward. 
Permian Epitaph dolomite and the unde rlying C olina. 
beds of the Epitaph form the rounded hill. 

At 9 : 0 0 :  C ontact between 
At 8 : 30 nearly horizontal 

At 1 0 : 0 0 :  E a rp Hill, type locality of P ennsylvanian-Pe rmian E arp formation. 
Anticline expo s e d  in g rey C olina lime stone is thought by Gilluly to be r elated to 
a flat thrust that c rop s out on south slope of Earp Hill. 

Looking back at Earp Hill, pinkish beds of Earp formation appear to be ove r 
ridden by C olina lime stone . 

Gove rnment Draw. At 1 1 : 0 0 :  Government Butte is C olina lime stone. C r etac eous 
B i sbee g roup and volc anic rocks are expo s e d  in San Pedro Valley at right. 

At 9 : 0 0 :  C omplicated structure on south side of ridg e in C olina, Horquilla and 
Epitaph formations .  In Gove rnment Butte and in Earp Hill, some formations a r e  
thought to have moved r elatively s outhward, overriding othe r rocks .  Leave area 
shown on figure 5 1 .  

At 7 :0 0  to 8 : 0 0 :  C omplex structure on south side of Gove rnment Butte.  Mule 
Mountain s at 9 : 00 to 2 : 0 0 .  

Ransome ' s  ( 19 04)  cla s s ic pap e r  o n  the B i s b e e  mining district gave the Mule Moun
tains a p rominent position in southea stern Arizona g eology. Here the Paleo zoic 
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O .  5 94 . 7 

1 . 5 9 6 . 2 

0 . 3 9 6 . 5 

0 . 4 9 6. 9 

O .  5 9 7 . 4 

0 . 9 9 8 . 3 

0 . 2 9 8 .  5 

O .  1 9 8 . 6 

0 . 2 9 9 . 7 

0 . 2 9 9 . 9 

0 . 7 1 0 0 .  6 

0 . 8 1 0 1 .  4 

section was de sc ribed and the C ambrian B olsa quartzite and Abrigo lim e s tone , 
the Devonian Martin lim e s tone, the Mis sis s ippian E s cab rosa limestone,  and the 
Pennsylvanian-Permian Naco lim e s tone ( since raised  to g roup statu s )  we re named 
( s ee  articl e s  6 through 1 0 ) .  In the C retac eous system, the Lower C retac eous 
B i sbee g roup;- consisting of the Glanc e conglomerate,  Morita formation, Mural 
lim e stone and C intura formation, was defined ( F e rgus son, �) . 
The olde st rock found in the Mule Mountains i s  the olde r Precambrian Pinal 
schist, which wa s intrude d by the Juniper Flat g ranite. The age of the Junipe r  
Flat g ranite ha s long been unde r di scu s s ion. It is  known to intrude the Paleo zoic 
sequenc e,  and Ransome a s signed the g ranite to the T ria s s ic or Juras sic. T he 
uppe r  contact is not so readily defined and it wa s only rec ently that the Junipe r  
Flat g ranite was shown clearly t o  be ove rlain depos itionally b y  the Bisbee g roup. 
It c ould be Nevadan in age.  

Although inte rpretations of structure are handicapped by a lack of information 
on the southwe stern part of the Mule Mountain s ,  the struc ture of this area 
r e s embl e s  that of  the Tomb stone Hill s .  Nearly east-we st structural trends occur 
in the B i sbee and Tomb stone di stricts ,  whereas  to north and south the trends are 
more nearly meridional. The r e sulting ove r - all pattern r e s embl e s  a large  " S" 
curve with a nearly east- we st c entral bar . A thrust fault southeast of B i sbee 
appea r s  to  have adjusted no rth- south trends to  east-we st  structu r e s  in that area.  

Gently dipping C retac eous Morita formation in ridg e at  left. At 1 1 : 0 0 ;  apparent 
c ontact of Morita on Pinal schist. Gilluly ( 1 9 56) shows a thin layer of Glanc e 
conglome rate at the contact. A fault s eparate s the Mo rita and Paleozoic rocks 
along the south side of Gove rnment Butte.  

E sc abrosa lim e s tone i s  in hill to left of road;  Horquilla in hill to right. 

B ridg e ,  just past curve . Route a s c ends s outhward into the Mule Mountain s .  On 
skyline ahead, the we st- dipping Paleozoic s e diments s e em to chang e strike from 
south toward east. 

C ambrian B ol s a  Quartzite and Abrigo lim e stone are  cut by T rias sic or Jura s s ic 
Junipe r  Flat g ranite along ridg e to left of road ahead. E s cabro sa limestone at 
right. 

Juniper Flat g ranite and Devonian Martin limestone on right of road. 

Ente r highway cut in Martin lim e s tone . Just before  entering cut, Bol sa quartzite 
on left. On right side of cut, intrusive rhyolite. On emerging from cut, note 
stock of intrusive rhyolite in late Paleozoic sediments straight ahead. 

Cliff of E sc abrosa lim e s tone on right. 

Expo sur e s  of C ambrian B ol s a  quartzite and Abrig o limestone on l eft. 

STOP 5. ( 1 5  minutes)  Juniper Flat g ranite straight ahead and on left, whe re it 
intrude s Paleozoic rocks and E arly Precambrian Pinal schi st. At 8 : 30 to 9 : 00 ,  
Bolsa quartzite ove rlain b y  Abrigo lime stone;  a t  9 : 30 ,  knob o f  g r anite ; a t  1 0 : 30 ,  
Pinal schist  o n  hill. At 1 0 : 0 0 ,  on skyline ,  Morita formation dipping g ently north
east. Fault pa s s e s  up valley. Upthrown s ide is  on the north. To the south, 
E scabrosa lim e stone on skyline ove rlie s Martin lime stone ; Abrigo limestone i s  
p r e sent unde r  Martin beyond ridg e .  E s c abrosa to we st;  expo sur e s  o f  Horquilla 
limestone in distanc e ,  through g ap.  

Road a s c ends Tomb stone C anyon through cuts in  g ranite and in faulted sliv e r s  
o f  C ambrian Bolsa and Abrigo rocks.  

Cliffs ahead are  Junip e r  Flat g ranite . 

Junipe r  Flat g ranite to left and Pinal schi s t  at right. Road and stream apparently 
follow contact up canyon. Ran some ' s  map shows an intru sive contact, but the 
contact may be the we stward continuation of the Dividend fault ( B .  S. Butl e r ,  oral 
communication) . 
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1 1 6.  5 

1 1 7 . 8 

1 1 8 .  7 

1 19 . 8 

1 20. 7 

Road cuts in Pinal schi st. G ranite in cliffs and slopes  to left of road. 

TURN LEF T  on old road ove r pas s .  

Tunnel entranc e below a t  right. 

Mule P a s s  ( altitude 6, 0 38 feet) . Road loop s down Mule Gulch. Dumps at new 
Lavender pit c an be  s e en below in canyon. Granite and Pinal schist  in road cut s .  

Hairpin turn. A t  1 1 : 0 0 ,  top o f  Mural Hill o n  skyline, capped b y  Mural liIlle stone ; 
below is the southeast  end of the Junipe r  Flat g ranite . Hill ea st of g ranite i s  
Pinal schi st. Road ente rs  B isbe e ,  altitude 5 ,  300 feet, and winds downward, 
through sharp curve in Martin liIlle stone at C a stle Rock in Illiddle of town. 

C oppe r  Que en Hotel. Pinal schi s t  c rops out at its back doo r ;  bright c olo r e d  
g ranite porphyry a t  1 0 :00 ; Naco g roup a t  3 : 0 0 .  

STOP 6.  ( 30 Illinute s)  Lavende r pit of Phelp s Dodg e C o rporation. Talks will be  
g iven on the open pit operation and on the g eology of  the B i sbee Illining district, 
which ha s a production in exc e s s  of 2 billion dollar s .  

Traffic c ircle,  TURN RIGHT , off circle a t  sign reading E l  P a s o  and Douglas .  
The Glance c ongloIllerate i s  expo sed in road cut to right just beyond circle . T o  
the left i s  a cliff of Mural liIlle stone near the c re s t  of a ridg e  with Morita unde r 
neath. 

Shattuck Denn Mine at 9 : 00 .  

Stripping dUIllp o n  right. Morita forIllation in hills to the left and right dips east
ward. 

Paved road turns off to right. C ONTINUE STRAIGHT AHEAD. 

To left is a g r ay cliff of Mural liIllestone . Stoyanow ( 1949) s eparated the le s s  
r e s i stant lower beds froIll RansoIlle '  s Mural and called it the Lowell forIllation. 
He r e ,  the Lowell forIllation forIlls a sIllooth slope just below the Mural liIlle s tone 
( re stricted) cliff and is underlain by the Morita beds . The C intura forIllation lie s 
above the Mural cliff. At 1 : 0 0  i s  a fault with Morita ( ? )  at right, Mural on left. 

Road cut in vertic al beds ; highway c ro s s e s  the Mural liIll e s tone, and continu e s  
in  the C intura forIllation. 

Leave lowe r Mule Gulch. 

Sulphur Spring s Valley ahead. 

Elfrida short cut on left ; C ONT INUE ON HIGHWAY . Highway bears right along 
base of Illountains c OIllp o s ed of C retaceou s  s e diIllents .  Sulphur Spring s Valley 
on left; Perilla Mountains at 1 0 : 00 ,  with Guadalupe Mountains beyond in New 
Mexic o;  Swi s shelIll Mountains at 8 : 30 , Pedregosa Mountains at 9 :00  to 9 : 30 .  

Phelp s Dodg e sIllelter a t  1 0 : 30 .  

High Illountain a t  1 : 30 is  i n  Mexico.  

Culve rt over Glanc e C re ek. At  3 :00 ,  liIlle stone of the Naco g roup in the Mule 
Mountains are  thrust we stward ( ? )  over C retac eous s ediIllents . In hills at 1 2 :0 0 ,  
the C r etaceous Mural liIlle stone dip s g ently southwe st. 

Pa s s  expo sure of Mural liIllestone on left; curve left; pas s  Mural expo sure on 
right. 

At 9 : 0 0 ,  Swi s shelIll Mountains ;  at 9 : 3 0 ,  C hiric ahua Mountains ( high and dark) in 
distanc e ;  at 1 0 : 0 0 ,  P e dregosa Mountains ;  at 1 0 : 30 ,  Pe rilla Mountains ,  all on the 
far s ide of Sulphur Spring s Valley. Mural liIll e s tone quarried on right for sIllel
ter flux. 
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9 . 8 1 30 . 5 

0 . 6 1 3 1 . 1 

1 . 0 1 32 .  1 

0 . 4 1 32 . 5 

0 . 4 1 32 . 9 

Phelp s Dodg e sm.elter on right; c r o s s  bridg e over Whitewater Draw. White 
water Draw flows into M exico and joins the Rio Yaqui which flow s into the Gulf 
of Lower C alifornia. 

Road to Elfrida ent e r s  on left. C ONTINUE STRAIGHT AHEAD. 

Ente r Douglas,  altitude 3 , 990 feet,  founded 1 9 0 2  and nam.ed afte r Dr.  Jam. e s  
Douglas ,  one o f  the principal develop e r s  o f  larg e scale m.ining operations in 
Arizona. 

Underpas s and curve right. 

Gad s den Hotel . 

- E ND OF FIRST DAY -
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