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C ambrian and Ordovician-Dickins on- 6 

THE C AMB RIAN AND ORDOVICIAN SY STEMS 
OF SOUTHEAST E RN ARIZ ONA 

Rob e rt G .  Dickins on 
Unive r sity of Arizona 

INTRODUC T ION 

F ormations of C ambrian and Ordovic ian system s in southeastern Arizona form 
a unit of the lower Paleozoic rocks that is separated by hiatu s e s  from the rocks 
above and below. C amb rian strata r e st on a planed surface cut on Precambrian 
s chi st, g ranite, and sedimentary rock s ,  and Upper C ambrian and Lower Ordovician 
beds are ove rlain with apparent confo rmity by Uppe r  Devonian formations .  The 
inte rval from Middle Ordovician to Middl e  Devonian is  not p r e s ently known to be 
rep r e s ented. The following surnrnary reviews the publi shed literature and outlines  
some of  the problem s c onc e rning the C ambrian and Ordovician Systems of  s outh­
eastern Arizona.  

C AMBRIAN ROC KS 

B ol s a  Quartzite 

The B ol s a  quartzite ( Ransome, 1 9 04)  forms the basal part of the C ambrian sys­
tem in  southea s te rn Arizona. I t  i s  compo s e d  of a basal quartzite conglome rate that 
g rade s upward into quartzite. The se rocks are ru sty brown, commonly c ro s s ­
bedded, and fo rm high ridg e s  o r  strong topog raphic benche s .  Their thickne s s  
( Stoyanow, 1 9 3 6 )  rang e s  from 430 feet at B isbee to 7 20 fe et in the Picacho de C al e ra 
Hill s west  of T uc s on . 

. The B ol s a  quartzite r e st s  on the Precambrian Pinal schist and the related in­
trusive rocks .  The contact i s  a surface of very low relief that rep r e s ents either 
a peneplain o r  a plain of marine abrasion of  remarkable smoothne s s .  The quartzite 
repre s ents littoral depo s it s  of a transg re s sing s ea (Gilluly, 1 9 5 6) .  

In the Peloncillo Mountains in southwe stern New Mexico, the B ol s a  quartzite 
r e sts on Precambrian g ranite and ha s been divided into three memb e r s  (Gille rman, 
1 9 58) . The lowe r quartzite i s  c ro s s -bedded and contains conglomerate lense s ;  the 
middl e  member i s  compo sed of fine g rained arko s e  and glauconitic s andstone with 
some black shal e ;  and the top member i s  thick-bedded quartzite . The total thickne s s  
i s  about 400  feet.  

Ransome ( 1 9 04)  a s  signed a Middle C ambrian ag e to the B olsa  quartzite because 
it  g rade s upward into the ove rlying fo s siliferous Middle C ambrian Abrigo lime s tone. 
In the C hi ricahua and Dos C abezas Mountains ,  Sabins ( 19 57a) and Flower ( 1 9 58)  
have reporte d  trilobite s from the upper  part of  the Bol sa quartzite that are of  Dre s ­
bach ag e,  which i s  now conside red to b e  latest  Middle C ambrian ( Flower,  19 5 8 ) .  

In the T uc s on-Globe area the T roy quartzite of Middle C ambrian ag e r e sts un­
c onformably on the Precambrian Apache g roup. Darton ( 1 9 2 5) correlated the T roy 
beds with the B olsa-Abrigo beds to the s outh. Gene rally in the lite rature,  the te rm 
" T roy" has been u s ed fo r the quartzite that ove rlap s young er P recambrian Apache 
beds and " Bol sa" has been used for the quartzite that overlap s  older P recambrian 
Pinal schist and other c ry stalline rocks ( Lanc e,  i) , 
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C o ronado Quartzite 

The Coronado quartzite ( Lindg ren, 1 9 0 5) overlie s Precambrian g ranite in the 
Mor enc i area. It consists of about 200  fe et of quartzite sandstone with a quartzite 
conglomerate up to 50 feet thick at its bas e .  The C oronado quartzite i s  o f  probable 
Middle  C ambrian ag e and i s  tentatively correlated with the B olsa  quartzite by Darton 
( 1 9 2 5) and Stoyanow ( 1 9 3 6) .  

B ol sa-Bli s s P roblem 

Overlying the Precambrian rocks in southwe stern New Mexico is the Bli s s  s and­
stone, which has been con s idered to be of Upper  C ambrian and Lower Ordovic ian 
ag e s  at the type locality in the F ranklin Mountains near El Paso,  T exa s .  Flower 
( 1 9 58)  consider s  the Bli s s  sandstone at  the type locality to  be Early Ordovic ian in 
ag e, but to be both C ambrian and Early Ordovician to the north, and p o s s ibly T rem­
peal eauan ( Late C ambrian) in the Hatchet Mountains to the we st. 

C or r elation of the B ol sa quartzite of Arizona with the Blis s sandstone of s outh­
we stern New Mexico has been sugg e sted by Kelley and Silve r ( 1 9 52) and Sabins 
( 1 9 5 7 a) .  They c on side r that the rock unit c ro s  s e  s time line s ,  and that the B ol sa 
quartzite was once laterally c ontinuou s with the lithologically similar but s trati­
g raphically young er Bli s s  sandstone. 

After  thi s correlation was propo s ed, Epis and Gilbe rt ( 1 9 57 )  de s c ribed from 
the Northe rn Swi s shelm Mountains an unbroken s tratig raphic sequence of C ambrian 
and O rdovician rock s c onsisting of Bolsa quartzite, Abrigo lime stone, Upp e r  C am ­
brian s andstone d.nd dol omite, and E l  P a s o  lim e stone . B a s e d  o n  the pre s enc e of 
B illing s ella spp. ( ve ry Late C ambrian, F ranconian or T rempea1eauan) in the U,ppe r  
C ambrian dolomite of the Northe rn Swis shelm Mountains ,  in the upper s andy dolo­
mite of the Abrigo limestone in the B i sbee area, and in the lower sandy dolomite 
of the El Paso lime stone in the Dos  C abezas and C hiric ahua Mountains ,  Epis and 
G ilbert ( 19 57 )  would te rm the s andstone strata below the s e  dolomite beds " Bli s s  
equivalents" . The s e  relationship s are shown in figure 3 .  

Abrigo Lime stone 

The Ab rigo lime stone ( Rans ome,  1 9 04)  of Middle and Late C ambrian ag e ove r ­
lie s the B ol sa and T roy quartzite s in s outheastern Arizona. In the B i sbee  area, 
wher e  the Abrigo formation wa s o riginally defined, the B ol sa quartzite g rade s up­
ward through thin s andy micac eous shale layer s  to a limestone with conspicuous 
e dg ewi s e  conglomerate. Thi s  thin-bedded lime stone i s  bluish g ray and in plac e s  i s  
mottled b y  irregularly s c atte red yellow inclusions o f  s ilty or micaceous mate rial. 
The limestone become s inc reasingly s andy upward, and the upper part of mo st s e c ­
tions c onsists  of s andstone o r  quartzite. The Ab rigo limestone rang e s  i n  thick­
nes s  from 7 7 0  feet ( Rans ome, 1 9 04 )  in the B i sbee area to 844 feet in the T omb stone 
Hill s (Gilluly, 1 9 5 6) .  It is di sconformably overlain by Devonian beds throughout 
m o s t  of s outhea ste rn Arizona. The Abrigo lime s tone c ontain s s everal faunal zone s .  

Stoyanow ( 1 9 3 6) locally subdivide d the Abrigo on the ba s i s  of faunal zone s and 
chang e s  in lithology. At B i sbee,  he re stricted the " Abrigo fo rmation" to 420  feet of 
the middle part of the Abrigo lim e s tone defined by Ransome. Stoyanow named the 
unde rlying 29 0 feet of s hale the " C ochi s e  formation" and he g ave the name " C opper  
Queen lime s tone" to the 8 1  fe et of  lime stone ove rlying the re stricted Ab rigo .  The 
C ochi s e  formation i s  Middle C ambrian and the Abrigo and C opper Que en formations 
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are Late C ambrian. In the Santa C atalina Mountains ,  Stoyanow re s tricted the Abrigo 
formation to 288 feet of lime stone of Late C ambrian ag e and name d the 2 1  feet of 
s andstone ove rlying his re stricted Ab rigo formation the " Pepper sauc e C anyon s and­
s tone. " The bottom 4 1 5  feet of the Middle C ambrian rocks unde rly-ing the re stricted 
Abrig o formation was named the " Santa Catalina fo rmation" and the upper  26 feet, 
the " Southern B elle quartzite" . Stoyanow al so re stricte d the Abrigo lime stone in 
the Whetstone Mountains and the underlying Middle C ambrian beds were te rmed 
" C ochi s e  formation! ! .  Four feet of hard sandstone at the bas e  of the C ochi s e  in thi s 
locality was named the " Pima sandstone" . T he s e  subdivisions are only locally 
mappable and for regional purpo se s rec ent wo rke r s  ( B ryant, 1 9 5 5 ;  G illuly, 1 9 56 ;  
Epis and Gilbe rt, 1 9 5 7 ;  McClymonds ,  1 9 57 )  have c ontinued to u s e  Abrigo according 
to its o rig inal definition. 

The Abrigo lime stone of Ran s ome is r e s tricted to beds of C ambrian ag e ,  and 
the Ordovician and C ambrian beds at Do s C abezas termed " Abrigo lime stone unr e s ­
tricted" by Jone s and B acheller ( 19 5 3) are now c alled  E l  Pas o  lime stone.  

C AMBRIAN AND ORDOVIC IAN ROCKS 

El Paso Lime stone 

T he name El Paso limestone wa s fir st applied in Arizona to strata above the 
B ol sa quartzite in the C hiricahua Mountains ( Sabin s ,  1 9 5 7a) . Epis and Gilbe rt ( 1 9 57 )  
rec ognized El Paso lime stone in the northern and southe rn Swis shelm Mountains 
and in the Pedr ego s a  Mountains .  The te rm " El Paso limestone" wa s o riginally 
applied to Lowe r Ordovician strata in the Franklin Mountains ,  T exas ,  by Richard­
s on ( 1 9 0 8 ) .  
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FIGURE 3 .  Sug g e sted correlations and r elationship s of C ambrian and Ordovic ian 
strata between B i sbee ,  Arizona and Silve r C ity, New Mexico .  
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Rocks of Ordovician ag e had earlie r been recognized in the Do s C abezas Moun­
tains by Darton ( 1 9 2 5 ) ,  Stoyanow ( 1 9 36) , and Jones  and Bachell e r  ( 19 5 3) . Sabins 
( 1 9 57 a) and Epis and Gilb e rt ( 1 9 57 )  have sugge sted that El Paso limestone is a mo re 
suitable de signation fo r the s e  beds than " Ab rigo limestone unre stricted" ( Jone s and 
Bachell er,  1 9 5 3 ) ,  although the lower part of the beds may be C ambrian in ag e .  

In the C hiricahua Mountains ,  the Ordovician beds  are predominantly dolomite 
instead of lime stone, and in that locality Sabins ( 1 9 57a) u s e d  the term " El Paso 
formation" . At Apache Pas s the formation cons ists  of g ray dolomite and dolomitic 
limestone with thin inte rbedded lime stone, sands tone,  and shale at the bas e .  In that 
area the El Paso formation ove rlie s the B ol sa quartzite with a sharp c onformable 
c ontact and i s  overlain di sconfo rmably by weak calcareous shale of the Uppe r De­
vonian Po rtal formation. 

In the Swis shelm Mountain s ,  the El Paso beds are lime stone or dolomite . T he 
slabby g ray strata c ontain intraformational conglome rate which i s  c ompo s e d  of a 
fine- g rained calcite matrix and angular to sub rounded fragment s  of lime s tone .  Thi s  
clastic texture i s  clearly shown o n  weathe red surfac e s .  The E l  Paso limestone in 
the Pelonc illo Mountains in southwe ste rn New Mexico consists  of about 550  feet of 
dolomite and che rty lime stone (Gille rman, 1 9 58 ) .  

The E l  Paso limestone in the C hiric ahua Mountains ( Sabin s ,  1 9 57a) i s  both Late 
C ambrian and Early Ordovician in ag e ,  and Sabins c oncur s with Kelley and Silver 
( 19 52)  in sugg e sting the likelihood of a west-to - east marine transg r e s s ion from an 
expanding Sono ran seaway in s outhea st Arizona during Middle C ambrian-Lowe r 
O rdovic ian time . Sabins ( 1 9 5 7a, p .  4 7 5) state s ,  " ac c ording to thi s conc ept, the 
Ab rigo formation ( Uppe r  C ambrian) of southea st Arizona, the El Paso formation 
( C ambr ian-Ordovician) of the C hiricahua-Dos  C abeza s  Mountains and the El Paso 
formation ( Lowe r Ordovic ian) of New Mexico and West T exas repre s ent parts of a 
c ontinuous sheet of carbonate s e diments depo s ited offsho re in the transgres  sing s ea 
and becoming prog re s s ively young e r  from west  to east . ' I  

In contrast, Epis and Gilb e rt ( 1 9 57)  contend, on the basis of the Northe rn Swi s s­
helm Mountains s ection, that the Abrigo limestone of Ransome ( 1 9 04) pinche s out 
in Arizona under the C hiricahua Mountains ( fig . 3) and is not to be c o rrelate d on 
bio s tratig raphic or lithog enetic g rounds with the El Paso limestone in New Mexico .  

ORDOVIC IAN ROCKS 

Longfellow Lime stone 

The Longfellow limestone ( Lindg ren, 1 9 0 5) c rops out in the vic ip.ity of Morenci, 
Ari z .  It c on sists  of about 400 feet of strata confo rmably covering the C o ronado 
quartzite.  T he lower 2 5 0  feet c ontain shaly lime s tone with a few sandstone and 
quartzite beds and the uppe r  1 50 feet i s  compo s e d  of dolomitic limestone . C or r ela­
tion of the Longfellow limestone with Ordovician beds �n the Do s C abeza s Mountains 
has been sug g e sted by Darton ( 19 2 5) ,  Jone s and Bacheller  ( 1 9 5 3 ) ,  and Epis and Gil ­
bert ( 1 9 57 ) .  

Additional note: Epis ( 1 958) describes the Cambrian and Ordovician section in the Pedregos a  Mountains ,  east of the Swis s ­
helm and C hiricahua Mountains ,  as consisting, in ascending order, of a t  least 520 feet of Bolsa quartzite, about 4 0 0  feet of 
Abrigo limestone, 380 feet of an unnamed C ambrian sandstone, 1 68 feet of dolomite and 35 feet of El Paso limestone. Epis 
(1958) states: " The thickening of the upper C ambrian sandstone in the southern Pedregosa Mountains is consistent with the 
hypothesis  that this unit continues northeastward and eastward from the Sulphur Spring Valley in Arizona to form most ( perhaps 
all but the lowermo st part) of the Blis s  sandstone of southwestern New Mexico. " He concludes that the Pedregos a  Mountains 
section validates the relationships of the Bolsa, Abrigo, Bli s s  and El Paso formations presented by Epis and Gilbert ( 1 957). 
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