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MARKER Z ONE S IN PERMIAN FORMAT IONS 
OF SOU THERN ARIZONA 

Donald L. B ryant 
Unive r s idade de B ahia, B razil 

INTRODUC T ION 

Pe rmian and Pennsylvanian rocks c rop out in mountain rang e s  in southern Ari­
zona from the Wate rman Mountains in c entral Pima C ounty to the New Mexico borde r .  
M a s  sive limestone s in the upper part o f  the Permian po rtion o f  the section form 
many of the sheer cliff s that are so prominent in thi s reg ion. 

The contact between rocks of Pennsylvanian and Pe rmian ag e lie s within a c on­
formable serie s of beds.  In southea ste rn Arizona the contact is  within the Earp o r  
Andrada fo rmations but farthe r east i t  i s  lower in the section. T h e  loc ation o f  the 
boundary dep ends upon dete rmination of faunal zone s .  In some areas the chang e 
from Virg ilian fusulinids below the c ontac t to Wolfcampian above can be made within 
a few to a few tens of feet. Whe re the fusulinids are sparc e or abs ent, the boundary 
between the two systems may be unc e rtain within seve ral hundred feet. 

The total thickne s s  of the Pe rmian s ection in southern Arizona may reach 5, 0 0 0  
feet but probably no area ha s more than 4 ,  000  feet and most a r e a s  have le s s  than 
2,  5 0 0  feet. The lower part of the system i s  c ompo sed g enerally of poo rly r e si stant 
rocks - - limestone, sandstone, siltstone,  shal e, and marly lime stone ; loc ally gypsum 
i s  c ommon. About 800  feet of quartzo s e  sandstone and dolomitic lime stone form the 
middle part and about 1 , 0 0 0  feet of ma s sive lime stone s fo rm the uppe r  part. 

The fauna of the Permian rocks is varied. Fusulinids are c ommon in the lower 
part but othe r typ e s  of fo s sil s are relatively rare ;  in the upper part, fusulinids are 
rare .  The clastic rocks are g enerally barren of fo s sil s ,  but the limestone beds 
may have a rich fauna. Locally, limestone units may be characterized by a pre­
dominanc e of  brachiopods o r  ga stropo ds . T he brachiopod biotop e s  usually contain 
c o ral s ,  bryozoa, echinoderm fragments ,  pelecypods,  and gastropods . In the ga stro ­
pod biotop e s ,  however, othe r fo s sil s tend to be few and scatte red. / 

The fauna have many elements in common with tho s e  of the Pe rmian of W e st 
T exa s and of the G rand C anyon. The equivalenc e of the brachiopods to tho s e  of 
Leonardian and Guadalupian ag e in T exas ha s long been recognized and the fusulinids 
of the lowe r part c o rrelate well with many well -known Wolfc ampian a s semblag e s .  
T he Pe rmian of southern Arizona rang e s  in ag e from lowe st Wolfc ampian to probably 
middle Guadalupian. 

NOME NC LAT URE 

The nomenclature of the Pe rmian rocks of southern Arizona ha s been a vexing 
problem for many year s .  The original C arbonife rous Nac o formation of the B i sbee 
di strict, defined by Ransome ( 1 9 04) , include d beds of  both Pennsylvanian and Pe rmian 
ag e s .  Gilluly, C oope r,  and Williams ( 1 9 54)  elevated the Nac o fo rmation to g roup 
rank and defined six new formations within it. T he lowe r four formations of the 
Naco g roup are the Hor quilla formation, E arp fo rmation, C olina lime stone , and 
Epitaph dolomite . The s e  four have type s ections in the T omb s tone district and 
we r e  part of the orig inal Naco fo rmation. Two young er Permian fo rmations ,  the 
Sche rrer fo rmation and the C oncha lime stone, have type s ections in the Gunnis on 
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Hill s .  They are not pre s ent in  the T omb stone -B isbee di strict and we re not part 
of the orig inal Naco formation. Within the Naco g roup occurs the boundary between 
the Pennsylvanian and Pe rmian system s in s outheaste rn Arizona. 

T he Ho rquilla formation, the ba sal member of the Naco g roup,  is wholly P enn­
sylvanian in ag e and rang e s  from Morrowan to Mis s ourian. R e sting c onformably 
upon the Horquilla fo rmation i s  the Earp formation which contains within its limits 
the ba s e  of the Pe rmian sy stem ( Haveno r 9 ) .  The Earp formation is Virgilian in 
ag e in its lower part and Wolfcampian in ag ein its upper part. The Pennsylvanian­
Pe rmian c ontact, ba sed on fusulinid�, is a few hundred feet above the bas e  of the 
formation and is entirely tran sitional. The four post-Earp formations ,  C olina, 
E pitaph, Sche r rer,  and C oncha, rang e in ag e from Wolfcampian to Guadalupian, but 
neither fusulinids nor ammonoids are found in sufficient quantitie s  in them to allow 
preci s e  s e rie s boundarie s to be e stabli she d. 

In s ome rang e s  west  of the Whetstone Mountains it ha s not been po s sible to 
differentiate the Earp ,  C olina, and Epitaph formations.  Galbraith ( 1 949) and Wil son 
( 1 9 5 1 ) u s e d  the te rm Andrada fo rmation for the s e  rocks in the Empire Mountain s .  
In the Waterman Mountain s ,  McClymonds ( 1 9 57 )  orig inally de s c ribed s imilar beds 
a s  the Andrada formation but late r ( McClymonds ,  1 5 ; 1 6) refe rred to them a s  Earp -
C olina undifferentiated. 

- -

PERMIAN MARKER ZONE S  

Di stinctive c o r relatable units in the Pe rmian o f  southe rn Arizona include both 
faunal and lithologic marke r zone s .  Some of thes e  zone s are local and re stricted 
to one o r  a few rang e s ;  othe r s  are regional and can be recognized throughout southe rn 
Arizona. 

Earp Formation 

T he Earp formation consists  of inte rbedded lime stone,  dolomitic lime stone ,  
varicolored shale,  and s andstone that give ri se  to alte rnating ledg e  and slope topo ­
g raphy above the ma s s ive ridg e -fo rming lime stone beds o f  the Ho rquilla lime s tone. 
T he lower part of the Earp formation may be quite fo s silife rous,  but the upper part 
is le s s  so. T he thickne s s  of the formation rang e s  from mo re than 2, 7 0 0  feet in the 
Portal area to about 1 ,  1 0 0  feet in the Gunni s on Hill s .  

The many fusulinid zone s in the Earp ( and Andrada) formation are c ritic al to 
the location of the Pennsylvanian-Permian boundary. In addition, the s e  fusulinid 
zone s are locally characte rized by di stinctive c oloration of the fusulinids and of the 
rock matrice s .  C areful records of the diffe rent color c ombinations and their po s i­
tions in the section might di sclo s e  a u s eful tool for c or relation purpo s e s  in the field. 

Anothe r potential marke r in the Earp is a conglomerate with a high incidenc e of 
orang e to red chert pebbl e s .  B eds of such c onglomerate are recorded about 3 5 0  feet 
b elow the top of the Earp in the type section at T omb stone and al s o  occur about 3 0 0  
feet below the top in the Gunnis on Hill s ,  about 1 50 feet below the top in the Naco Hill s ,  
and about 3 5 0  fe et below the top in the Swis shelm Mountains .  In the Portal s ection 
in the C hiricahua Mountains ,  a similar oonglomerate c rop s out about 1 , 400  feet  
above the base of  the E arp formation. In thi s area there i s  no ag reement about the 

l plac ement of the top of the E arp . In the southe rn Whetstone s ,  the re i s  a coar s e  c on­
glomerate about 4 5 0  feet above the base of the Earp, and at American Peak, in the 
Patag onia Mountains near Mowry, the re i s  a thick c onglome rate, strikingly s imilar to 
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that in the Gunnison Hill s ,  that lie s about 3 0 0  feet above the top of the Horquilla fo r­
mation within the probable Earp equivalent. 

C olina and Epitaph Formations 

At the type locality near T omb stone the C olina limestone is about 600 feet thick. 
It c onsists dominantly of dark g ray to black lim e s tone in thick beds which commonly 
are mo re than 2 5  fe et thick. 

One of the dis tinguishing character s  of the C olina limestone in c entral C ochi s e  
C ounty is  the occurenc e o f  large Omphalotrochu s ,  found in abundanc e  only in the 
C olina lime stone . Ac companying the Omphalotrochus are g r eat quantitie s  of echinoid 
spine s .  In the Whetstone Mountains the large Omphalotrochus are not unc ommon in 
the C olina lime stone, but we st of the Whetstone s they have not been found. In the 
Portal- Hilltop area in the C hiricahua Mountains ,  the writer has note d this larg e 
di stinctive ga stropod in beds le s s  than 2, 0 0 0  feet above the top of the Horquilla fo r­
mation. The wr ite r as signed the s e  beds to the C olina lime stone although they were 
a s s igned by Sabins ( 1 9 5 7a) to the Earp.  

The Epitaph dolomite in  the type s ection at  T ombstone i s  nearly 8 0 0  feet  thick 
and is g radational from the C olina below. It i s  compo sed dominantly of dolomite but 
the re are many lime stone and clastic rocks in the upper part. T he top of the s ection 
is e roded and ove rlain unconformably by the C retac eous Glanc e conglomerate . 

Strata s imilar to the Epitaph dolomite do not c rop out in s outhe rn Arizona exc ept 
in the B i sbe e - T omb stone di strict. Sabins ( 19 57a) , from his studie s in the C hiricahua 
Mountains ,  believed that the " Epitaph is a dolomitized facies  of the upper C olina 
and lower Sche r rer that is confined to the Dragoon Mountains . "  F rom the exc ellent 
s ection in the Sands Ranch area of the southern Whetstone Mountains ,  the pre s ent 
writer believe s that the name Epitaph formation may be u s e d  fo r the 1 ,  200  feet of 
rock s in the middle of the s ection that lie between unque stionable Sche r r e r  above and 
the C olina limestone below. 

In the C hiricahua Mountains the re are nearly 3. 300 feet of rocks between the 
Horquilla formation below and a quartzite of the Scherrer  formation abov-e . Sabins 
( 1 9 57 a) a s signed the lower 2, 7 0 0 feet to the Earp and the upper  600 feet to the C olina 
lime stone . In a nearby s ection measured by the write r, 1 , 600  feet were a s s igned to 
the Earp, 7 0 0  fe et to the C olina, 8 0 0  fe et to the Epitaph, and 1 50 feet to the Scherrer  
formations .  

In the Whetstone Mountains near Sands Ranch the re are about 2 ,  6 0 0  feet of strata 
between the Hor quilla formation and the lowe r quartzite of the Scherrer fo rmation. 
Here the writer as s igned 7 0 0  feet to the Earp, 7 0 0  feet to the C olina, and 1 ,  200 fe et 
to the Epitaph fo rmations .  The uppe r  half of the strata a s s igned to the Epitaph fo r­
mation include about 2 0 0  feet  of thick beds  of gyp sum. No gypsum has been reported 
in equivalent beds to the ea st. 

T he writer believe s that the somewhat dolomitic lime stone strata which unde rlie 
the Sche rrer fo rmation in the Gunnison Hills are a s signable to the Epitaph, rathe r 
than to the C olina to which they were doubtfully a s signed by Gilluly, C oope r ,  and 
William s ( 1 9 54) . 

In the rang e s  we st of the Whetstone Mountains the rocks between the Horquilla 
and the Scherrer  fo rmations are not readily a s signable to the formations of c entral 
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C ochi s e  C ounty (Galbraith, 2 1 ;  McClymonds ,  1 5 , 1 6) .  The we stern s ections are 
more heterog eneous and contain a higher perc entag e Of cla stic rocks than do the type 
s ections.  There are no thick limestone beds like tho se  in the C olina and Epitaph, 
and fo s sil s  are s carc e .  Gyp sum, however,  occur s in the upper part of the undif­
fe rentiated E arp, C olina, and Epitaph fo rmations ( Andrada formation of Wil s on, 1 9 5 1 ) 
in s everal of the we stern rang e s  and it i s  a s sumed that it correlate s with the gyp­
sum of  the Whetstone s .  

Sche rrer Formation 

The type Scherrer  formation in the Gunni s on Hill s re sts on dark limestone that 
G illuly, C oope r,  and Williams ( 1 9 54) tentatively a s signe d  to the C olina lime stone,  
but which, a s  ha s been stated, this write r believe s belong s about 1 ,  000  feet above 
the type C olina lime stone and in the upper part of the Epitaph fo rmation. In the type 
s ection the Scher rer formation consi sts of about 6 5  fe et of red s iltstone at the ba s e ,  
3 0 0  fe et of white sandstone, 1 6 5  feet of lime stone,  and 1 50 feet of white sandstone 
at the top . Above this is the basal calca reou s  sandstone of the C oncha lime stone . 

The Scherrer form ation i s  readily recognizable throughout southern Ari zona. 
B oth s andstone member s are commonly quartzitic and are characterized nearly 
everywhe re by abundant reddi sh brown spots of oxidized iron mine ral s .  The middle 
lime stone membe r i s  g ene rally s omewhat dolomitic and contains quartzite knots and 
blebs .  It i s  s imilar in thi s r e spect to both the upper and lowe r dolomitic limestone s 
of the Epitaph fo rmation, but in mo st localitie s a di stinctive fo s s il zone occur s near 
the mi ddle of the member of the Scherrer .  In thi s zone, and apparently confined to 
this zone, the re are echinoid spine s shaped like sho rt, thick bas eball bats ,  which 
are referred to the g enus Permoc idari s .  C ommonly, the upper sandstone member 
i s  l e s s  thor oughly indurated than the lowe r.  In areas whe re only one sandstone mem­
ber is expo s e d, it is difficult to dete rmine whether it is  the upper o r  lower memb e r .  

C oncha Limestone 

T he type section of the C oncha lime stone in the Gunnis on Hill s consists  of about 
30 fe et of lime stone and sandy limestone at the base followed by 1 00 feet of ma s sive 
che rty limestone, which i s  unc onfo rmably ove rlain by the C retac eou s Glanc e c on­
glome rate.  

The upper 9 0  feet  of  the type C oncha lime stone i s  a disttinctive dark che rty lime ­
stone that i s  equivalent to the basal part of a lime stone sequence nearly 8 0 0  feet 
thick in the C hiric ahua Mountains and more than 1, 0 0 0  feet thick in seve ral of the 
rang e s  west  of central C ochi s e  C ounty. The s e rocks are included in the C oncha 
formation of thi s report, although the name Rainvalley formation ha s been u s e d  in 
the s e s  ( B ryant, 1 9 5 5 ;  McClymonds, 1 9 57)  to distinguish the se  beds from the lower 
500 feet which are typical C onc ha. 

In the Mustang Mountains the highe r Permian strata are well expo s ed and this 
area would s erve as an exc ellent supplementary type locality fo r the s e  rock s .  In 
this area ( B ryan�, 1 9 5 5) the re are 560  fe et of ma s s ive dark che rty limestone above 
the Sche rrer formation which were a s signed to the C oncha limestone and more than 
4 0 0  feet of mo re varicolo red, thinner bedded lime stone above the typical C oncha 
which are sugg e sted a s  a type s ection fo r the new Rainvalley formation. 

The C oncha lime stone is richly fo s s iliferous and ha s s eve ral distinctive marke r 
zone s that can be rec ognize d  throughout southe rn Arizona. The dark, very che rty 
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lime stone s in the lowe r part are commonly about 1 50 feet thick with abundant large 
Dictyoclo stus  and bryozoa. Thi s  unit maintain s its  di stinctive lithology from the 
Portal- Hilltop area in the C hiricahua s  to the W ate rman Mountains ( McClymonds ,  �) . 

Near the middle of the fo rmation i s  a unit about 30 feet thick to which the field 
te rm " tan chert  zone" wa s given. Very light g ray chert  c omprise s 30 to 50 perc ent 
of the rock which weathe r s  to a di stinctive light brown o r  tan color .  Thi s  i s  notably 
lighte r in color than mo st of the chert in the C oncha limestone, and, in addition, 
two fo s sil zone s b racket the che rt and u sually leave no doubt as to the identity of the 
unit. Immediately below the " tan che rt zone" the r e  i s  a zone of abundant horn c o ral s ,  
which a r e  rare i n  the lower part o f  the formation. About 20 feet above the top o f  the 
" tan chert zone" the r e  is  a zone of abundant Neospirife r ,  usually accompanied by 
many De rbyia, Me ekella, and Dictyoclo stu s .  Neo spirife r is  rare throughout the 
Pe rmian sequenc e exc ept in thi s s ingle zone. In the C hi ricahua Mountains the " tan 
che rt zone" i s  not di stinctive , no r is it in the Wate rman Mountains ,  but the Neo­
spirife r zone i s  pre sent in both localitie s .  

The only fusulinids above the Earp formation known to thi s write r occur in two 
nar row zone s about 1 5  feet apart approximately 3 5 0  feet above the ba s e  of the C onc ha 
and 7 5  to 1 0 0  fe et above the " tan chert zone" . The s e  fusulinid zone s we re not noted 
in the Mustang Mountains ,  but they occur in s eve ral of the Empire Mountain s ections 
and at Helmet Peak, and at least one of them occu r s  in the Tuc s on and Wate rman 
Mountains .  F rom the s e  zone s a Parafusulina of lower Guadalupian ( Wo r d) ag e ha s 
been identified. 

Near the top of the C oncha lime stone,  a dominantly mollu scan fauna r eplac e s  
the brachiopod a s s emblag e which i s  characte ristic of the low e r  part of the formation. 
Ga stropods are abundant and pelecypods are common. T wo of the rare ammonoids 
of the Pe rmian of s outhe rn Arizona came from thi s zone in the Mu stang Mountains .  

Above the typical C o ncha lime stone , thinne r  bedded, more varic olor ed lime­
stone s mo re than 500  feet thick fo rm the di stinc tive Rainvalley formation ( B ryant, 
1 9 5 5 ) .  The basal part o f  this fo rmation contain s larg e euomphalids and about 200 
feet above the bas e ,  the re i s  a five -foot thick che rt bed with a g reat abundanc e of 
C ompo sita. The se  beds form c o r r elatable marke r s  in some of the rang e s  of c entral 
and ea stern Pima and northe rn Santa C ruz C ountie s .  Throughout the r e st of southe rn 
Arizona, exc ept in the northern C hiricahua Mountains ,  e ro sion has removed mo st 
or all of the C oncha. In the Portal - Hilltop area more than 700  feet of beds occur 
above the Sche r r e r  fo rmation, but the se  have not been adequately studie d  and only 
the ba sal che rty lime stone of the C oncha and the Neo spirife r zone have been c e rtainly 
located. 
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