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INTRODUC T ION 

Rocks of Pennsylvanian ag e are found in mo st of the mountain rang e s  of south
ea stern Arizona and constitute part of the predominantly carbonate s equenc e which 
i s  characte ri stic of the Upper  Paleozoic rock s of that area.  T he Pennsylvanian beds 
eve rywhe re rest conformably on Mis s i s s ippian beds and are tran sitional into the 
ove rlying Pe rmian rock s .  Expo sur e s  of Pennsylvanian rocks are di sc ontinuou s and 
are frequently broken by faults ,  e roded or covered by young er rocks .  

NOMENC LAT URE 

The thick marine s ec tion s of Pe rmian and Pennsylvanian rocks expo s e d  through
out a larg e po rtion of southeastern Arizona were called o rig inally the " Naco lime
stone" ( Rans ome, 1 9 04) for exp o sur e s  in the Naco Hill s s outh of  B i sbee,  Arizona. 
F o s s il identific ation s by Girty ( in Ransome, 1 9 04) showed two g roup s  of fo s s il s .  
T he older g roup wa s of E arly Pennsylvanian age and the young e r  group had a fauna 
s imilar to that of the Hueco lime stone of W e st T exa s which wa s considered to be of 
Late C arbonife rous ag e .  Re definition of the Hueco limestone as Wolfcampian and 
p robably Leonardian ha s led to the correlation of the " Naco limestone" with the 
Pennsylvanian Magdalena lim e s tone in New Mexico and the Pe rmian Huec o  lime stone 
in T exa s .  

In an attempt to r e s trict the term " Nac o" to the portion of the fo rmation which 
i s  Pennsylvanian in ag e ,  Stoyanow ( 1 9 3 6) employed the term " Naco fo rmation s ensu 
stricto" and p ropo sed a five -fold divi sion of the Pe rmian and Pennsylvanian rocks 
on the ba s i s  of their c ontained fo s s il s .  The applic ation of the name " Nac o formation, I I  
from 1 9 3 6 until its redefinition by Gilluly, C oope r,  and W illiam s in 1 9 54,  g ene rally 
followe d Stoyanowl s propo sal ( 1 9 3 6) to re st1:rict the term " Naco fo rmation" to beds 
of Pennsylvanian age.  Thi s  usag e  of the te rm " Nac o, I I  howeve r,  was impractic al in 
the field becau s e  the re i s  no litholog ic break betwe en the " Naco fo rmation s ensu 
s tricto" and the ove rlying Pe rmian " fo rmations . I I  

G illuly, C oope r,  and William s ( 1 9 54) propo sed that the Naco g roup include all 
Pe rmian and Pennsylvanian unit s in southeastern Arizona . Unde r this definition. 
the Nac o  g roup contains two units of Pennsylvanian ag e - - the Horquilla lime stone, 
rang ing in age from Morrowan to Mis sourian, and the Earp formation, which spans 
the P e rmo-Pennsylvanian boundary, rang ing from Virg illian in its lower part to 
W olfcampian in its upper part. Locally, in the c entral- s outhe rn portion of Arizona, 
the Earp fo rmation cannot be di stingui shed from ove rlying Pe rmian beds and the 
Pennsylvanian-Pe rmian time surfac e lie s within the Pe rmian and Pennsylvanian 
Andrada formation (Galbraith, 1 949 ; Wil s on, 1 9 5 1 ) which ove rlie s the Ho rquilla 
l ime stone. 

In the Clifton- Mo renc i area, Lindg ren ( 1 9 0 5b) defined the Tule Spring limestone 
which included lithologically s imilar strata of Pennsylvanian and Lower Mis s i s s ippian 
ag e .  No Upper Mi s si s s ippian fo s s il s  were found and the fo rmation include s a c on
s ide rable hiatus within its boundarie s. At its type locality, the fo rmation consists  
of  at  least 500  feet of  heavy-be dded, bluish-g ray lime stone which r e sts c onformably 
on the Devonian Mo renci shale,  where pre s ent, or upon the Ordovician Longfellow 
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lime stone whe r e  the Morenci shale i s  ab s ent. 

PENNSYLVANIAN F ORMATIONS 

Horquilla Limestone 

The Horquilla limestone is g ene rally a uniform pinkish-g ray to dark g ray, aphan
itic to medium- c rystalline, che rty, occasionally sandy, fo s siliferous lime stone c on
taining g ray to black, red, or greenish shale beds .  The shale become s more a
bundant in the upper  part of the fo rmation. 

T he contact between the Ho rquilla lime stone and the underlying Mis si s sippian 
beds is di s conformable .  At many localitie s ,  particularly where the Horquilla lime
stone ove rlie s the Late Mis si s sippian Black Princ e lime s tone or Paradi se  formation, 
the c ontact is indi s tinct. Whe re the Horquilla re sts on the Mi s si s s ippian E sc abrosa 
lime stone, the c ontact i s  locally identified by s cour-and-fill sedimentary structure,  
kar st topog raphy, lime stone conglome rate and a distinctive red che rt pebble c on
glome rate. In many area s ,  the contact between the Horquilla and E s cabrosa lime
s tone s i s  clearly marked by the chang e between the cliff-forming E scabro s a  and the 
more g entle,  clos ely ribbed slopes  of the Horquilla ( fig . 8A) . 

Earp Fo rmation 

T he Horquilla lime stone g rade s upward into the Earp formation and the s epara
tion of the two formations is  drawn arbitrarily at a ho rizon whe re the cla stic rocks 
become predominant over the carbonate rocks . The Earp g ene rally c onsists  of 
interbedded lime stone, dolomitic lime stone, shale and sandstone beds that g ive r i s e  
t o  alternating ledg e  and slope topog raphy that is  mo re subdued than the ridg e s  fo rmed 
on the Horquilla lime stone . The lower part of the Earp fo rmation frequently contains 
beds of lime stone up to 3 feet thick which may be compo s e d  entirely of fusulinid 
te sts .  

The boundary betwe en the Pe rmian and Pennsylvanian system s occur s within 
the Earp formation. The re i s  no lithologic o r  e r o sional break and the boundary i s  
delineated by fo s sil evidenc e alone. In some areas the boundary can be tied down 
to within a few fe et; in other areas , the boundary c an be lbcated only within a few 
hundred feet ( B ryant, 1 0 ) .  The Earp fo rmation i s  conformably ove rlain by the C o -
lina limestone. 

-

Andrada Fo rmation 

The term Andrada formation is used locally in the we s te rn part of s outhea ste rn 
Arizona whe re the fo rmation s of the Naco g roup which ove rlie the Horquilla lime
stone c annot be separated from each othe r ( B ryant, 19 55) . The Andrada fo rmation 
i s  g ene rally thin bedded and c ompo s e d  of varicolored s andstone, s iltstone and shale 
c ontaining gyp sum and marl .  Although it  i s  lithologically distinct from the unde r
lying Horquilla limestone, the contact betwe en them i s  g radational and the boundary 
is drawn where the �la stic rocks become predominant ove r the carbonate rocks.  
T he boundary between the Permian and Pennsylvanian systems oc cur s within the 
lower po rtion of the Andrada formation and the re i s  no evidence of a s edimenta
tional break or an unc onformity between the sys tem s .  

Fu sulinid beds a r e  no s o  abundant in the Andrada a s  in the Earp, but the s ame 
faunal zone s distingui sh both fo rmation s from the Horquilla. 
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THIC KNESSES OF PENNSY LVANIAN SEC TIONS 

The thickne s s e s  of the Pennsylvanian s ections throughout s outhern Arizona, 
in most  case s ,  are difficult to e stablish accurately because the upper boundary of 
the Pennsylvanian is hidden within a conformable s e ri e s  of lithologically similar 
beds . In addition, the Pennsylvanian rocks have been intens ely defo rmed, broken, 
intrude d  and e roded s inc e po st-Permian time and, a s  with all other rocks in s outhern 
Arizona, the re i s  little c ontinuity of e xposur e s .  

In the Chiricahua Mountains, the Pennsylvanian system i s  approximately 2 ,  1 0 0  
feet thick. W e stward, near the Nac o Hill s south of B isbee,  the Pennsylvanian rocks 
are about 1 , 400 feet thick. In the Whetstone Mountains ,  about 50  mil e s  no rthwe st of f B i sbee the P ennsylvanian system rang e s  from approximately 1 , 0 0 0  to 1 , 1 0 0  feet 
thick. T wenty mile s farthe r north, in the Gunnis on Hill s ,  it is about 1,  900 feet thick. 
In the Vekol Mountains ,  about 7 5  mil e s  we st-northw e st of Tuc son, the expo s e d  P enn- [ sylvanian rocks are approximately 7 0 0  feet thick ( McClymonds ,  Ji.). 

A northwe st-trending area of thicker depo sition appar ently extended ac ro s s  [ s outhea ste rn Arizona and the wedg e  of s e diments in thi s trough thickens s outheast-
ward.  The trough of dep o sition may have had within it several s emiseparate ba s ins 
of accumulation and their relationship to ba sin s  of Penn sylvanian depo sition in other [ areas in Arizona ha s been discu s s e d  by Haveno r and Pye ( 1 9 58 ) .  

AGE OF PENN SY LVANIAN BEDS I 
Paleontolog ical data from the Penns ylvanian beds from the C hiricahua Moun-

tains s ection and the Naco Hill s s ection show the pre s enc e of Fusulinella, Fusulina, [ and T ritic ite s zone s .  The s e  ho rizon s indicate deposition from Atokan through Vir-
gilian time.  Similar fu sulinid zone s have been reported from the Whetstone Moun-
tain s s ection s .  In the Vekol Mountains ,  megafo s sil s from the expo s ed Pennsylvanian [ rocks,  such a s  Spirifer rockymontanu s ,  Neo spirifer c ameratus Mo rton, C ompo s ita 
subtilita, and Dictyoclo stus americ anus Dunbar and C ondra, probably indicate a 

{ rang e from D e smoine s ian through M i s s ourian time . 

Within Arizona the pre senc e of undi sputed Mo rrowan fo s sil s i s  not known. By 
mid- Atokan time the fo s sil record indicate s that s eve ral hundred feet of Ho rquilla [ limestone had already been depo s ited in the vic inity of the Chiricahua Mountains and 
in the Naco Hill s .  By mid- De smoine s ian time all of southea ste rn Arizona wa s in- r undated and had probably rec eive d considerable thickne s s e s  of carbonate and fine I clastic depo s it s .  The outc rop s  to the north and we st of the southeastern quarte r 
of the State strongly sugg e st that by the end of De smoine s ian time the Pennsylvanian 

I seas  had reached their maximum areal extent in Arizona. 

The trans ition to Pe rmian time in southeaste rn Arizona was one of little environ
mental chang e from the preceding P ennsylvanian pe riod. The lithology of the upper I part of the Ho rquilla limestone and the lower part of the Earp fo rmation records  a 
g radual influx of fine-g raine d cla stic mate rial which inc r ea s e s  upward into the P e r -

I mian Wolfcamp s e rie s .  In c entral - southe rn Arizona the Andrada formation, with 
its high sand, marl, and gyp sum c ontent in the ba sal portion of the formation, indi-
c ate s a more shallow and re stricted environment of depos ition than doe s  the unde r -
lying Horquilla lime stone . The final retreat o f  the Pennsylvanian and Pe rmian s ea s  I that oc cupied s outhea ste rn Arizona p robably did not occur until late in Pe rmian time.  
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PENNSYLVANIAN ROCKS IN ADJACENT AREAS 

Area s  adjac ent to s outhea stern Arizona c ontain strata which are litholog ically 
similar to and correlate with the Ho rquilla lime stone and the Earp formation. North
ward, the Pennsylvanian i s  rep r e s ented by the Pennsylvanian part of the Supai fo r
mation and the Paradox basin sequenc e of  evaporite, limestone, and cla stic rocks 
and red b e ds .  In s outhwe stern Arizona clastic rocks of probable Pennsylvanian ag e 
have b e en reporte d by Wanl e s s  ( 1949)  and Wil s on ( in McKee ,  1 9 5 1 ) and boulde r s  
c arrying P ennsylvanian fauna have been reported fromC retac eous ( ? ) - T ertiary ( ? )  
c onglome rate (Gilluly, 1 94 6 ;  McKee, 1947) . 

Southwar d, in Sonora, Mexic o, the lime stone strata at Sier ra de T e r a s  are  
conside red c o rrelative with the E scabrosa limestone and the Naco g roup and are 
more than 5, 0 0 0  feet  thick ( Ordonez,  1 9 5 6) .  In New Mexic o, the Pennsylvanian 
system. is g enerally r epre s ented by the Mag dalena g roup and its variou s subdivi sions . 
In s outhwe stern New Mexic o,  howeve r,  Z elle r  ( 1 9 58)  de signated and differ entiated 
the P ennsylvanian and P ermian rocks in the B ig Hatchet Mountains into mem.be r s  
of the Nac o  g roup. At this locality the boundary between Pennsylvanian and P e r 
mian s trata lie s c ompletely within the Ho rquilla lime s tone, conside rably below the 
base o f  the Earp fo rmation, and show s a tran sition in lithology ac ro s s  time line s 
betwe en s outhea ste rn Arizona and southwe ste rn New Mexic o .  
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