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ABSTRACT 

Study of  foss i l  co l l ec t ions f rom the lower  l imestone member  o f  the Sandia fo rmat ion 
in  no r thern  New Mex ico ,  wh ich  h i ther to  has  been  regarded as  Pennsy lvan ian ,  shows  that  
th is  par t  o f  the sect ion  is  actua l l y  Miss iss ipp ian.  In  the Sangre de Cr is to  Mounta ins ,  the  
Meramec on ly may be represented, but  in  the San Pedro, Nac imiento , Jemez, and Sandia 
Moun ta ins ,  t he  l ower  ba r r en  po r t i on s  o f  t he  l imes t one  s ec t i on  may  be  o f  an  ea r l i e r  
Miss iss ipp ian age. 

INTRODUCTION 

This paper is pr imar i ly a survey of the Miss iss ippian strata of northern and central 
New Mex ico  and t reats  assoc iated  rocks  o f  Lower  Pennsy lvan ian  age on ly  inc iden ta l l y .  
(See f ig 1.) Miss iss ippian sect ions have been studied and measured in the Ladron, Manzano, 
Sandia,  Jemez , Nac imien to , San Pedro , and Sangre de Cr is to  Mounta ins .  The Miss iss ipp ian 
Leadvi l le  l imestone was s tudied in  the San Juan Mounta ins  o f  southwestern Co lorado. 

A ser ies  of beds at  the base of the Pennsylvan ian cons ist ing of  0-47 feet  of  sand-
stone and shale,  fo l lowed by 15-135 feet of  dense, semi l i thograph ic , re lat ive ly unfoss i l i f -
e rous  gr ay  l imes tone ,  occu r s  spo r ad ic a l l y  in  no r thern  and  cen t r a l  New  Mex i co .  In  the  
spr ing  o f  1951 ,  the  wr i t e r  f ound in  Penasco  Canyon  o f  the  Nac im ien to  Mounta ins  a  
Miss iss ippian fauna in th is ser ies of beds which had been regarded as the lower l imestone 
member  of  the Sandia format ion. 

The summers of 1951, 1952, and 1955 and the month of  June 1954 were spent  in the 
f ield in an attempt to f ind new outcrops of th is Mississ ippian l imestone and to collect foss ils 
theref rom.  The search  was  moderate ly  success fu l .  The fauna was  s tud ied  a t  the  Un iver s i t y 
of Cincinnat i in the spr ing of 1955 and at the State Bureau of Mines and Mineral Resources, 
Socorro ,  New Mexico , in  the summer o f  the same year .  
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PREVIOUS WORK 

Thompson (1942) studied the outcrops of the lower limestone member of the Sandia 
fo rmat ion  in  the Sandia Mounta ins and in  Ga l l inas Canyon of  the Sangre de Cr i s to  
Mountains and reported that, on a l ithologic basis, they were of "Lower Paleozoic" age. 

The f irst paleontologic study was made on the exposure in the Sandia Mountains 
by Henbest (1946).  He wrote as fo l lows:  "In the northwestern Sandia Mountains the 
lower limestone member of the Sandia formation (Pennsylvanian) contains a foraminifer 
characterist ic  of the Leadvi l le l imestone of the San Juan Mountains."  He concluded that 
the San Juan Mountains facies of the Leadvi lle limestone (Lower Mississippian) extended 
150 miles southeastward into New Mexico. 

Numerous other workers, e.g., Read et al. (1944) and Moore et al. (1949), regarded 
these limestones as the lower limestone member of the Sandia formation, which they con-
sidered to be of Pennsylvanian age. 

Loudon and Bowsher (1949), in their extensive study of the Mississippian of 
southern New Mexico, were of the opinion that Mississippian seas did not extend north 
of the Ladron Mountains. 

ACKNOWLEDGMENT 

Sincere apprec iat ion is due the New Mexico Bureau of  Mines and Mineral  Resources 
for continued support of this project. I cannot express adequately my thanks to my respected 
f r iend,  Dr.  Rousseau F lower,  for  guidance in conduct ing the f ie ld  work and advice in 
paleontologic matters. 

The writer is grateful to Professor K. E. Caster and Professor H. K. Brooks, of the 
University of Cincinnati,  for assistance and guidance in the paleontologic studies. Assist-
ance was given by Dr. M. L. Thompson, of the University of Kansas, who examined micro-
fossi ls and furnished valuable information. Dr. E. Zel ler, of the University of Wisconsin, 
studied microphotographs of foraminifera and supplied information regarding their age. 
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C L A S S I F I C A T I O N  O F  M I S S I S S I P P I A N  R O C K S  O F  N O R T H E R N  A N D  C E N T R A L  

NEW MEXICO 

Rocks o f  K inderhook Age 

Caloso formation:

T.  2  N. ,  R .  2  W. ,  Ladron  Mounta ins .  The term Ca loso format ion ,  as  used in  th is  paper ,  is  
res t r ic ted to  the  lower  28  feet  o f  sandstones , shales ,  and dense gray l imestones which con-
tains a smal l  Kinderhook fauna character ized by 

 The name Caloso formation was suggested by Noble (1950, p 37; 
pub l ished reference ,  Ke l ley  and S i l ver ,  1952)  fo r  the  86  feet  o f  M iss is s ipp ian  s t ra ta in  

Die lasma chouteauensis Wel ler and Spir i fer 
centronatus   Winche l l  ( f ig  24) .  The Ca loso  fo rmat ion  rest s  unconformab ly  on  Precambr ian  
gne iss  and sch is t  and is  over la in  d isconformably  by  the Ke l l y  format ion.  

Leadvi l le  l imestone: In  the San Juan Mounta ins  of  southwestern Co lorado, the 
mass ive , f ine-gra ined,  gray  Leadv i l l e  l imestone ( f ig 10)  conta ins  a  fauna or ig ina l l y  de-
sc r i bed by  G i r t y  (1903 )  wh ich  appears  to  be  o f  K i nde rhook age .  These  beds  a re  no t  
known to  c rop ou t  in  New Mex ico .  

Rocks of Osage Age  

Kel ly  format ion: The name Kel ly  format ion was g iven to  the Miss iss ipp ian l ime-
stone of the Magdalena min ing d ist r ict  (Herr ick,  1904, p 310).  The format ion a lso is ex-
posed in the southern Ladron Mounta ins ,  where it  cons ists  of  33 feet  of  s labby cr ino idal 
l imestone conta in ing a r ich  megafauna character ist ic  of  Osage rocks  (f ig 24).  The Kel ly 
format ion is  not known to occur  north of  Ladron Peak. 

Rocks o f  Meramec Age  

Ar royo Penasco format ion :

This format ion, which is consistent in l i thology over a wide area, is  exposed in the 
San  Pedro ,  NaC im ien to ,  Jemez ,  Sand ia ,  and Sangr e  de C r i s to  Mounta ins .  In  cer ta in  zones 
i t  conta ins  a r ich  Meramec micro fauna character ized by 

 The name Arroyo Penasco format ion is  proposed for  the 
20-150 feet  of  gray, dense, f ine-gra ined to  oo l i t ic ,  mass ive-  to  medium-bedded l imestone 
occu rr ing  in  P inos and Penasco  Canyons  in  the  Nac im ien to  Mounta ins ,  SW¼ SE¼ sec .  5 ,  T.  
16 N.,  R. 1  E. ( f ig 5) .  The Arroyo Penasco format ion named for  the arroyo of that  name one 
mi le southeast  o f  the type sect ion, rests  unconformably on Precambr ian gneiss  and is  
over la in  unconformably by red  shales  and sandstones o f  the Pennsy lvan ian Log Spr ings  
format ion. 

 Endothyra sp. and  P lectogyra sp. 
The rare megafauna consists of Eumetria vera Hal l and Eumetria verneuil iana Hal l, Spir ifer 
beckenr idgensis? 
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 Wel ler , and Linoproductus sp. 
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A long the  f ron t  o f  the  Manzano  mounta ins  between  T i je ras  Canyon  and Bosque 
Peak ,  a re  a  f ew i so l a ted  remnants  o f  dense ,  f ine-gra ined ,  g ray  to  brown foss i l i f e rous  
l imes tone  gener a l l y  20 -30  f eet  th i c k .  These  roc ks  c anno t  be dat ed def in i t e l y ,  bu t  a r e  
e i ther  a  no r thward ex t ens ion  o f  the  K inderhook i an loso  fo rmat ion  o r  a  s ou thward  f ac i es  
o f  the Meramec ian Ar royo  Penasco format ion.  

Miss iss ipp ian  Rocks  o f  Uncer ta in  Age  

The  l ower  35 -40  f e e t  o f  M i s s i s s i pp i an  s t r a t a  i n  t he  no r t h e rn  S and i a ,  J em ez ,  
Nac im iento ,  and San  Pedro  Mounta ins  is  not  foss i l i f e rous ;  i t s  age a l so  is  probab ly  Meramec .  
I t  i s  conceivable that  these unfoss i l i ferous lower  beds may be of  K inderhook age.  
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C L A S S I F I C A T I O N  O F  PE N N S Y LV A N I A N  M O R R O W  R O C K S  O F  N O R T H E R N   

NEW MEXICO 

It has been stated that rocks of Lower Pennsylvanian are restr icted to southern 
New Mexico. In the course of this study,  Pennsylvanian strata of Morrow age were found 
in association with Mississippian strata in the northern part of the state. 

Log Springs formation:

Some 40 feet of arenaceous limestone, containing numerous 

 The name Log Springs formation is proposed herewith for 
the 10-75 feet of ferruginous, deep-red shales and sandstones lying unconforrnably on 
Miss iss ippian strata in the Sandia,  Jemez,  Nac imiento,  and San Pedro Mountains.  The 
Log Springs formation is s imilar  Li tho logical ly,  and probably in or ig in,  to the Molas 
formation of Colorado (Cross and Howe, 1905) and the lowest part of the Naco formation 
of  southeastern  Ar izona (Ransome,  1904).  The type sect ion  i s  in Penasco  Canyon,  
Nacimiento Mountains (f ig 6), NW ¼ SE¼ sec. 5, T. 16 N., R. 1 E. The name is derived 
from Log Springs in Penasco Canyon. 

Schizophoria oklahomae  
Dunbar and Condra and  Mil lerel la of  Morrow age )occurs above the Log Spr ing formation. 
The  Schizophoria oklahomae strata are in turn deeply channelled and truncated by the 

overlying Middle Pennsylvanian strata. The  Schizophoria oklahomae strata were found in 
Penasco Canyon; the only other known occurrence, f irst described by Northrop and Wood 
(1945),  is  in Guada lupe Box Canyon,  Jemez Mounta ins.  As the Log Spr ings format ion  i s  
below beds of  undoubted Morrow age and i s unconformable on the Miss i ss ippian,  i t  i s ,  
though unfossiliferous, assigned to the Morrow. 



STRATIGRAPHIC  DISCUSSION OF  LOCAL  AREAS  

Penasco  Canyon , Nac imiento Mounta ins

The thickest, most fossiliferous section of Mississippian strata known in northern 
New Mexico is in Penasco Canyon, Nac imiento Mountains. 

 ( f igs  5,  6)  

The Arroyo Penasco formation is exposed due east of Warm Springs Resort in 
Penasco and Pinos Canyon, T. 16 N., R. 1 E., east of the Nacimiento thrust on the f lanks 
of a syncl ine which is fau lted to the east against Precambrian gneiss by the Penasco 
Canyon faul t  ( f ig.  2) .  The sync l ine i s  compl icated fur ther  by a ser ies o f  east-west,  
north-south trending normal faults (fig 3). 

Arroyo Penasco format ion:

Conformably above this is some 70 feet of lithographic to oolitic, light-gray, medium-bedded 
l imestone.  The h ighest 10-15 feet of  th is l imestone has been replaced by white chert  of  
varying color. 

 The measured sect ion i s 110-140 feet th ick.  I t  i s ex-
posed on a dip slope, but numerous small faults complicate its accurate measurement. On 
the Precambrian gneiss is 18-20 feet of clean, calcareous sandstone with interbedded shales 
which are f ine- to coarse-grained, and gray l imestone beds up to 3 feet thick in the upper 
10 feet.  These l imestone and c last ic  beds grade lateral ly  into each other and are over lain 
by 31 feet of f ine- to coarse-grained, gray to brown ledge-forming l imestone. 

The Arroyo Penasco formation in Penasco Canyon has yielded most of the mega-
scopic Mississippian fossi ls known from northern New Mexico. These have come almost 
entirely from the upper chert zone, some 15-20 feet thick, just below the contact with the 
Pennsylvanian Log Springs formation. Fossi ls from this formation generally are diff icult 
to extract, are poorly preserved, and are mostly internal molds of single shells of brachio-
pods, which occur as disassociated valves and abraded and broken material. 

Thus far, the following forms have been identif ied: 

Eumetr ia  verneu i l iana Ha l l  
Eumetr ia vera Hal l  
L inoproductus  ovatus Hal l  
Linoproductus sp. 
Compos i ta  af f .  C .  l ewisens is  Wel ler  
Spir ifer sp. 

Straparolus sp. 
Leptodesma sp. 
Fenestrel I ina sp. 
Arch imedes? sp.  
Endothyra sp. 
Plectogyra

The majority of Eumetrias from Penasco Canyon have from 30-40 plications; thus, 
they are placed in the species 

 sp. 

Eumetr ia vera.
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 A few specimens have 50 to 55 pl ications, 



 



 



which places them as Eumetria verneui l iana. The general contour of Eumetr ias from Penasco 
Canyon  compares  w i th  those  i l l u s t r a t ed  by  We l l e r  ( 1914)  f rom the  M is s i s s ipp i  Va l l ey .  
Numerous Endothyra and P lectogyra
top of the format ion. The megafauna is def in itely Miss iss ippian and suggest ive of Meramec 
rocks .  The m ic ro fauna,  bo th  

 range from 50 feet above the Precambr ian to the 

Endothyra and  P lec togyra ,  i s  o f  the  t ype found in  Meramec  
rocks  o f  the  Miss iss ipp i  Va l ley .  

Log Spr ings  format ion:

Sch i zophor ia  ok lahomae zone:  Some 25-40  feet  o f  a renaceous  l imes tone con ta in ing  
a fauna characterized by 

 The Log Spr ings  format ion,  wh ich  l ies  unconformably on the 
Arroyo Penasco format ion cons ists  o f  60-75 feet  of  fer ruginous shales ,  sandstones, and 
cong lom era t es .  Th e  imm ed ia t e l y  un de r l y i n g  pa r t  o f  t he  A r r o yo  P enas co  f o rma t i on  i s  
brecc iated and conta ins  numerous solut ion cav it ies  that  are f i l led with  the basal  ferruginous 
shales  f rom the over ly ing Log Spr ings format ion. The basal  shale of  the Log Spr ings format ion 
is h ighly ferruginous, with numerous ool i tes of hematite, and is fo l lowed by a medium-bedded 
series of deep-red shales, sandstones, and conglomerates. The sandstones tend to form small 
p rominen t  ledges .  I t  i s  in te res t ing  to  no te  that  the  lower  beds  o f  th i s  f o rmat ion  con ta in  
sporadic  rounded pebbles  o f  Miss iss ipp ian cher t ;  but  the h igher ,  conglomerate beds conta in  
angu lar  pebb les  o f  M is s iss ipp ian  cher t  and l imestone as  we l l  as  o f  Precambr ian  gne iss  and 
green sch ist .  No foss i ls  have been found in  the Log Spr ings format ion. 

SchizopTc7.7-ic i oklahomae

The 

 Dunbar and Condra occurs above the Log 
S p r i n gs  f o r m a t i on .  No r t h r o p  an d  Wo o d  (1 94 5 )  c a l l e d  a t t en t i on  t o  t h e  o c c u r r en c e  i n  
Guada lupe Box  Canyon ,  Jemez  Mounta ins ,  o f  beds  in  the  base  o f  the  Pennsy lvan ian  con-
tain ing th is foss i l ,  which is a character ist ic Morrow species. Thus far, these two occurrences 
prov ide  the  on ly  record  o f  beds  o f  def in i t e Mor row age in  nor thern  New Mexico . 

Sch izophor ia  ok lahomae  beds  over l i e  the  Log Spr ings  format ion  in  Penasco  
Canyon  w i th  an  angu lar  unconform i ty  o f  14-16  degrees .  The Log Spr ings  su r face  shows  
channe ls  2 -3  f eet  deep  and up to  5  f eet  ac ross .  In  Penasco  Canyon  the   Sch i zophor ia  
ok lahomae beds are separated f rom the over ly ing upper  arkos ic  l imestone member  of  the 
Madera  format ion  (M idd le Pennsy lvan ian)  by a  marked uncon form i ty .  Channe l ing  occu rred 
in  the  top  of  the  Morrow sed iments  pr io r  to  the  beginn ing of  Madera  depos i t ion. The angle 
o f  unconformity is  f rom 4 to  6 degrees , but  the channel ing is  not  so  marked as  that  at  the 
base of the  Schizophor ia oklahomae

The brach iopod fauna is  large, and a deta i led s tudy of  i t  wou ld be rewarding. The 
most common forms observed are: 

 strata. 

Schizophor ia oklahomae Dunbar and Condra 
Meekel la sp. 
Hustedia sp. 
Compos i ta subt i l i t a  Hal l  
Spir ifer sp. (several species) 
Dic tyoclostus sp. (severa l  species) 
Linoproductus  sp. 
Millerella 
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 sp. 



A large pelecypod and bryozoan assemblage is present, as well as several thoracic 
segments  and pyg id ia  o f  t r i l ob i t es .  Numerous   M i l l e re l l a  were  found in  th insec t ions  
r epr esen t ing  var ious  ho r i zons  in  the  l imes tone sequence .  No  f usu l in i ds  o f  a  h i gher  
evo lu t ionary s tage than  M i l l ere l l a  were  observed. 

Pre-Madera fau lt ing in  Penasco Canyon: North of the east-west trending Los P inos 
Canyon fau lt , the Arroyo Penasco and Log Spr ings format ions and Sch izophor ia ok lahomae 

 

zone are completely absent, the upper arkosic limestone member of the Madera formation 
r es t ing  d i r ect l y  upon  the  Precambr ian  ( f igs  3 ,  4 ) .  A  deta i l ed  s tudy o f  the  con tac t  o f  the  
upper  arkos ic  l imestone member  of  the Madera format ion with  Precambr ian gneiss  north  o f  
the Los P inos Canyon fau lt  fa i led to  show evidence of  post -Madera fau lt ing as  an explana-
t ion .  Conc lu s i ve  ev i dence  was  found fo r  pos t -Mor row ,  pr e-Mader a  f au l t ing ,  wh ich  pe r -
mit ted the  preservat ion o f  a smal l  area o f  Meramec  and Morrow rocks  in  th is  loca l i t y ,  

These conc lus ions are based on the fo l lowing ev idence: 

On the  south s ide  o f  the  Los P inos fau l t ,  the  Ar royo Penasco and Log Spr ings 
format ions  and Sch izophor ia  ok lahomae

l imestone, the Precambrian gneiss is  weathered, and the l imestone contains numerous rounded 
and weathered fragments  o f  fe ldspar .  Th insect ions o f  the l imestone d isc losed the presence 

 zone,  wh ich  to ta l  some 250  feet ,  are  present  
between the Precambrian gneiss and the basal beds of the upper arkosic l imestone member 
o f  the Madera  format ion.  On the  nor th  s ide  o f  the  Los P inos fau l t ,  however ,  1-3 feet  o f  
l ight -gray, foss i l i ferous l imestone rests  upon the Precambr ian. Some 2-3 feet  below the 

o f  abundant   Fusu l ina sp. ,
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 a Middle Pennsylvan ian index foss i l .  
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Jemez Mounta ins   

Soda Dam

T.  18 N. ,  R .  2  E . ,  a m i le and a hal f  nor th  o f  Jemez Spr ings ,  to  the west  o f  Soda Dam. A 
lent icular remnant, up to 37 feet th ick, of  the character ist ic Arroyo Penasco format ion l ies 
beneath  the  basa l  c las t i c s  o f  the  Sand ia  fo rmat ion .  No  foss i l s  a r e  known f rom th i s  s i t e .  
The Miss iss ipp ian is  over la in  unconformably by red, ye l low, green, and o l ive shales  of  the 
Sandia format ion. 

 ( f ig 7 ):  The Ar royo Penasco format ion is  exposed in  NW¼ SW¼ sec.13 ,  

Guada lupe Box  Canyon  ( f ig  8 ) :  The  A r royo  Penasco  fo rmat ion  i s  exposed on  the  
east  and west  s ides  o f  Guadalupe Box Canyon,  NE1/4 sec .  6 ,  T.  17 N. ,  R .  2  E . The maxi-
mum th i c knes s  o f  M i s s i s s i p p i an  s t r a t a  i s  25  f e e t .  A  3 - f oo t  r emn an t  o f  t h e  t y p i c a l ,  
fer ruginous Log Spr ings  format ion rests  unconformab ly  on the  Ar royo Penasco format ion,  
and is  over la in  unconformab ly  by 19  feet  o f  the Sch izophor ia  ok lahomae zone. No foss i ls  
have been co l lec ted f rom the Miss iss ipp ian rocks  here.  

San Pedro Mountains 

The Arroyo Penasco format ion.is exposed on the northwest  s ide of  San Pedro 
Mounta ins ,  sect ions 25 and 26, R. 1  W., T.  23 N.,  3 -1/2 mi les  due east  of  Regina, New 
Mex ico ,  but  i s  absent  e l sewhere  in  the  San  Pedros .  The Arroyo  Penasco format ion  and 
the  Log Spr ings  fo rmat ion  o f  the  San  Pedro  Mounta ins  a re  s im i la r  l i t ho log ic a l l y  to  the  
type sect ions in  Penasco Canyon.  The fauna recovered in  the San Pedro Mounta ins  con-  

 (f ig 9) 

s ists of  one excel lent Eumetria vera Hal l , a  Spir ifer sp., and some poor ly preserved bryozoans. 

Excel lent  specimens of Endothyra and P lectogyra were found with in  45 feet of  the Precambr ian 

The Miss iss ippian Leadvi l le l imestone is exposed widely in the San Juan Mountains, 
par t icu lar l y  a long the  An imas R iver .  Th is  f ormat ion,  wh ich  is  decept ive ly  s imi la r  l i t ho log i -
c a l l y  to  t he  A r ro yo  Penasco  fo rmat ion  o f  the  San  Pedro  and Nac im ien to  Mounta ins ,  i s  a  
ser ies  o f  mass ive-  to  medium-bedded,  f ine-gra ined to  cr ino ida l  gray  l imestones  w ith  b lack  
to  white chert ,  and averages about  100 feet in  th ickness .  It  rests unconformably upon the 
channe led  and  weathered ,  f oss i l i f e rous  Upper  Devon ian  Ouray  l imes tone.  Abou t  2 -4  f eet  o f  
reworked, deep-red, conglomerat ic  so i l  zone separates  the two format ions . 

San Juan Mountains ,  Co lorado  

The Leadv i l l e  l imestone i s  over la in  uncon formab ly by  the  fe r rug inous  Mo las  fo rmat ion 
f  Pennsylvanian age. The red shales  o f  the Molas  format ion f i l l  and s lump into  the numerous 
so lut ion cav i t i es  in  the  upper  por t ion o f  the Leadv i l le  l imestone.  

Rockwood Quarry

U.  S .  H i ghway  550 ,  15  m i l e s  no r t h  o f  Du r an go ,  Co lo r ado .  

 ( f ig 10):  The Leadvi l le  l imestone was examined at  Rockwood 
quarry,  wh ich is  100 yards north of  the f ir st  intersect ion of  the narrow gage rai lroad with 

P lectogyra
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 and an unnamed foramin i f er  were  observed in  th insect ions .  The 
Plectogyras from Rockwood quarry were smal l , the chambers few and large in proport ion 



to size and very much enlarged between sutures. They are similar to forms found in 
K inderhook ian  beds  o f  the  M iss is s ipp i  Va l ley .  

 
The  m ega f aun a  o f  t he  L eadv i l l e  was  s t ud i ed  c a r e f u l l y  by  G i r t y  (1903 ) ,  w ho  

described 32 species of invertebrate fossils from the San Juan Mountains, 13 of which were 
brach iopods. He conc luded that  the Leadvi l le  l imestone of  the San Juan Mounta ins  was 
equ iva lent  to  the Chouteau l imestone of  Missour i  and the Waver ly group of  Oh io .  Studies  made 
by  the  wr i t e r  on  a  megafauna co l lec ted  f rom Rockwood quar ry  in  1952  and 1954  fa i l ed to  
revea l  any  foss i ls  wh ich G ir ty d id not  descr ibe , or  to  modi fy  h is  age ass ignment  for  the  
Leadvi l l e  l imestone.  

P iedra R iver

format ion o f  New Mex ico .  I t  over l ies  unconformably the Upper  Devon ian Ouray  format ion,  
and  i s  o v e r l a i n  uncon f o r mab l y  by  t h e  Mo la s  f o rma t i on .  Th i s  M i s s i s s i p p i an  i s  s im i l a r  
l i t ho log ica l l y  to  the  Leadv i l l e  l imes tone o f  the  Rockwood quarry .  

 ( f ig 11):  Miss iss ipp ian s trata crop out  in  P iedra R iver  Canyon below the 
mouth  o f  Sandy C reek .  The sec t ion  was  f i r s t  desc r ibed and co r re la ted  by  l i t ho logy  with  
the Leadvi l le  l imestone by Read et  a l .(1949).  Th is  sect ion is  the nearest  (81 mi les  d istant) 
outcrop of Miss iss ipp ian in  Colorado to  exposures  of  the Meramec Arroyo Penasco 

From a fauna co l lec ted in  1952,  the  fo l low ing ident i f icat ions have been made:  

Spiriferina solidirostris ? White Spir ifer ina so l id irostr is ? White 

Spir ifer   cf . S .  bipl ico ides Wel ler 
Straparol us sp. 
Plectogyra
Foramin i f er ,  un ident i f ied  

 sp. 

The megafauna which was taken from the top of the section could be matched with specimens 
collected from Rockwood quarry. Both  Spir iferina sol idirostris ? and  Spirifer  bipl ico ides

The microfauna consisted of numerous 

 are 
known on ly from K inderhookian beds. 

 Plectogyra  conspecif ic with those collected 
from the Rockwood quarry. The species of Plectogyra from the Leadvi l le l imestone of the 
Rockwood quarry and the P iedra R iver  has never been observed in  th insect ions made from 
the Arroyo Penasco format ion. 

The Meramec Arroyo Penasco format ion is  exposed in  an almost cont inuous outcrop a long the  
eas t  f ront  o f  the  Sangre  de Cr i s to  Mounta ins  f rom the  Rincon  Range,  in  Mora  County,  to  the 
Pecos R iver  Canyon. The on ly known exposure of  the Arroyo Penasco format ion on the  west  
s ide o f  the Sangre  de Cr i s to  Mounta ins  is  about  5  mi les  south o f  Taos , a f ew hundred feet  
east  o f  Ponce de Leon Spr ings .  Pennsy lvan ian sed iments  rest  d i rect ly  on the Precambrian from 
Picur is to north of Cowles (A. Montgomery and J. R. Mi l ler , personal communicat ion, August  
1955). 

Sangre de Cristo Mountains 

Miss iss ipp ian rocks  apparent ly once covered the whole Sangre de Cr isto  region, but  were 
str ipped off  the central  and western areas in Pennsylvan ian t ime. 
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Rancho de R io  Grande Canyon

In  the  upper  l imes tone beds ,  numerous  s i l i c i f i ed  co ra l s  were  found,  ten ta t i ve l y  
i den t i f i ed  a s  

 ( f ig 12):  The Arroyo Penasco format ion crops out  
on  the  wes t  r idge  bo rder i ng  Rancho  de R io  Grande  Canyon .  The  M iss i s s ipp i an  s t ra ta  can  
be fol lowed from Ponce de Leon 2-1/2 miles south along the crest of the r idge. The basal 
sandstone un i t ,  25 -45  feet  th ick ,  wh ich  is  ass igned to  the  M iss is s ipp ian ,  is  bar ren  and 
poss ib ly may be pre-Miss iss ipp ian. I t  i s  best  exposed on the crest  o f  the r idge. The over -
ly ing l imestone un it  is  beaut ifu l ly  exposed east of  Ponce de Leon Spr ings next to Arroyo 
Miranda.  

 L i t hos t ro t i on  sp .  o f  the  wh i tney i  t ype .  W i t h  t hese  co r a l s  we r e  a  f ew  
beaut ifu l ly preserved specimens of an undescr ibed species of  Spir ifer. Sponges and echinoid 
p lates  a lso  were co l lec ted. The micro fauna cons is ts o f  abundant  Endothyra and 
Plectogyra. 

Lujan Canyon, R incon Range 

One megafoss i l ,  

 ( f ig 13):  The Arroyo Penasco format ion, about  100 
feet th ick,  is  exposed 4-1/2 mi les  above Chacon, Mora County,  on the west  wal l  of  Lu jan 
Canyon .  The lower  46  feet  cons is t s  o f  mass ive ,  f ine-  to  coarse-gra ined sands tones;  the  
upper  54  feet  i s  l imes tone and th in -bedded arg i l l a ceous  l imes tones .  The  l imes tone i s  
f ine-gra ined to  oo l i t ic ,  dense,  and gray  to  buf f ,  and conta ins  both  b lack nodu lar  cher t  in  
the lower  beds and white banded chert  in the h igher  beds. 

Tr ip lophy l l i tes  sp . ,  was  co l l ec ted  in  the  upper  20  feet  o f  t he  
section. The microfauna consists of typical  Endothyra  sp. and Plectogyra sp.,which occur 
throughout the l imestone sequence. No foss i ls  were found in  the th ick basal  sandstone, 
wh ich may be of  pre-Miss iss ipp ian age.  

Manue l i t a  C reek

No megascopic foss i ls  were found in th is sect ion, but 

 ( f i g  14 ) :  Abou t  1 .2  m i l e s  eas t  o f  the  v i l l age  o f  Lower  Roc i ada ,  
on the north  s ide of  Manuel ita Creek, NW1/4 sec.  30, T. 19 N., R. 15 E. , the Arroyo Penasc 
fo rmat ion  i s  beau t i f u l l y  exposed.  The  th i ck  basa l  c las t i c  un i t ,  wh ich  i s  47  f eet  th i ck  some 
22 miles to the north, in Lujan Canyon, Rincon Range, is  only 5 feet th ick in the sect ion on 
Manue l i t a  C reek .  The bedd ing  o f  the  lower  ha l f  o f  the  l imes tone i s  ver y  i r r egu la r .  The  
l imes tone i s  f ine-gra ined  to  oo l i t i c ,  dense ,  s i l i ceous  in  zones ,  and l igh t  g r ay  to  green ish  
brown. The chert  is  composed of  brown or  b lack nodu les .  

Endothyra and Plectogyra 
occur  throughout  the l imestone. 

Gal l inas Canyon 

Though no megascopic fossils were seen in this section, abundant 

 (f ig 15):  The Arroyo Penasco format ion was studied about 3 miles 
west  o f  Montezuma on the nor th  s ide of  State Highway 65. The sect ion is  80-90 feet  th ick,  
w i t h  1 -2  f ee t  o f  basa l  s ands tone .  The  l imes t one  i s  f i n e -g r a i ned ,  l o c a l l y  oo l i t i c ,  den se ,  
l ight  gray to brown, massive, and poor ly bedded with  nodu lar wh ite and b lack chert . The 
Miss iss ippian strata general ly form a prominent ledge between the less res istant gneiss and 
over ly ing basal  Pennsy lvan ian c las t ics .  

Endothyra  and 
Plectogyra
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 were found throughout the l imestone. 



 



 



 



 



Tecolote Creek

Most of the megascopic fossils were taken from a zone 65 feet above the 
Precambrian. 

 ( f ig 16):  The Tecolote Creek sect ion is on State Highway 103,  
1.6 miles west of Aqua Zarca. The port ion which was studied is about 2-1/2 miles north 
of Tecolote Creek.  Fossi ls were col lected 120 yards north of the highway. The Arroyo 
Penasco formation is 90-100 feet thick, with the lower 5-10 feet composed of crossbedded 
sandstone, shales, and limestones. The main body of limestone is massive, poorly bedded, 
f ine-grained and local ly oo l i t ic ,  and gray to brown. Numerous nodules of  black chert  
occur in the lower half; white chert is present in the upper half.  

Spirifer cf. Spirifer beckenridgensis  ? Weller 
Spirifer sp. 
Conularia

Eight very excellently preserved 

 sp. 

 Spirifer beckenridgensis

The microfauna consists of 

 ? were obtained from 
this exposure. They compare in their general contour with those il lustrated by Weller 
(1914, v 2, p 105), except that the mesial fold is not so strongly developed. 

Endathyra and Plectogyra. The upper 30 feet of 
limestone contains a high percentage of oolites composed largely of the tests of these 
foraminifera. 

El Macho, Pecos River Canyon
studied a mile below the vi l lage of El Macho, on the west side of Pecos River, in NE1/4NE1/ 
sec. 5, T. 16 N., R. 12 E., where it is 90-100 feet thick. The Precambrian green schist was 
deeply weathered prior  to Mississippian deposit ion; consequently,  the basal beds contain a 
large amount of  chlorite and have iron oxides as a cement. The l imestone is f ine-grained,  
local ly oo l it ic,  l ight gray to greenish brown, and ir regular ly bedded. I t  forms a prominent 
ledge on both s ides of  Pecos Canyon. The Log Spr ings format ion is absent here,  as else-
where in the Sangre de Cristo Mountains. The basal c last ic beds of the Sandia formation f i l l  
the irregular surface depressions in the Mississippian. 

 (f ig 17): The Arroyo Penasco formation was 

No megascopic fossils are known; the upper 30-35 feet of limestone contains 
numerous  Endothyra and Plectogyra. 

Placitas, Northern Sandia Mountains (f ig 18): A series of pure limestones of pre-
P en n s y l v T i r T i c i T 36 e ITen i l e  e a s t  a n d  s ou t h  o f  P l a c i t a s ,  i n  S E1 / 4  s e c .  3 4 ,  T .  1 3  N . ,  
R. 5 E. and SE1/4 sec. 5,  T. 13 N.,R. 5 E. These l imestones,  which total  100 feet in thick-
ness, are l i thological ly very similar to the type Arroyo Penasco formation. Some 9 feet of 
hematitic oolitic shales of the Log Springs formation rest unconformably upon the channeled 
and uneven Mississippian surface. 

Sandia Mountains  

Intensive, but almost fruitless, searches have been made of this section to find a 
megascopic fauna. Henbest (1946) found foraminifera from the northern Sandia Mountains, 
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which he recognized as characteristic of the Leadvil le l imestone of southwestern Colorado. 
Unfortunate ly,  Henbest  did not  document  h is  conc lus ions . In the l ight of  the better  under-
s tood regiona l  s t rat igraph ic  p ic ture  today ,  h is  ident i f icat ion and cor re lat ion , therefore ,  
are open to some doubt. 

The megascopic fauna consists of some very poor ly preserved Goniat ites, one very 
poor ly preserved gastropod resembling  Stegocoel ia, and a fragment of a whor l of  a large 
gastropod similar to 

Owing to extensive recrystal I ization of the limestone of the northern Sandia 

Mounta ins , numerous th insect ions fa i led to  reveal  a microfauna. The resul ts were 

d isappo int ing. 

Straparolus. 

Severa l f ragments o f  P lectogyra, strongly remin iscent  of the form found in 
the Arroyo Penasco format ion in  the Sangre de Cr isto  Mountains ,  were found 45-50 
feet  above the Precambr ian.  

T i je ras  Canyon  

 

 ( f ig  19):  On  the  sou th  s ide  o f  T i jeras  Canyon ,  NW¼ SE¼ sec. 21, T. 

10 N., R. 5 E., unfoss i l i ferous Miss iss ippian strata are exposed, but have been reduced by pre-

Pennsy lvan ian eros ion to  16 feet .  The Miss iss ipp ian  is  over la in  by  23 feet  o f  fer ruginous red 

shales  tentat ive ly ass igned to  the Log Spr ings format ion. The latter  is  fo l lowed by typ ica l  

sandstones o f  the Sandia format ion. 



Manzano Mountains 

Bosque Peak

At both Hell 's Canyon and Capil lo Peak, the Pennsylvanian Sandia formation rests 
upon the Precambrian.  The area south of  Capi l la Peak extending to Abo Pass was not 
surveyed because of the Montosa thrust, which obscures the Precambrian-Paleozoic contact. 

 (f ig 20): On the north side of Bosque Peak, NW¼ NE¼ sec. 4, T. 
6 N., R. 5 E., 22 feet of dense, fine-grained, siliceous, brown to gray, unfossil iferous 
limestone rests on the Precambrian granitic gneiss. The remarkable feature of this l ime-
stone is that it rests directly on the Precambrian without an intervening basal sandstone. 
The lower 3-5 inches of l imestone contains a few rounded quartz pebbles and grains. 
Coarse-grained sandstone of the Sandia formation rests unconformably on the weathered 
and channeled Mississippian limestone. As fossil data are completely lacking, definite 
correlat ion with other known Mississippian sections is impossible. This l imestone, from a 
Lithologic standpoint, could be either a northward extension of the Caloso formation of 
Kinderhook age or a southern extension of the Arroyo Penasco formation. 

 

Ladron Mountains

Mississippian strata are exposed in a continuous north-south outcrop 4.4 miles long in 
the southern Ladron Mountains. The Mississippian is well exposed north of the Rio Salado (fig 
21) northward to where it is faulted against Pennsylvanian strata near Ladron Peak. The 

 (figs 23,24) 
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most norther ly known exposure of  Lower Miss i ss ippian rocks in New Mexico is 2 mi les  
north of Ladron Peak, or 2 miles south of Navajo Gap (fig 22). A small synclinal erosional 
remnant of the Caloso formation is preserved between Precambrian granitic gneiss and the 
basal beds of the Pennsylvanian Sandia formation. 

The Mississippian strata at the southernmost exposure near the Rio Salado are about 
90 feet th ick.  They were beveled progress ively northward by pre-Sandia erosion.  Near 
Ladron Peak, some 45 feet escaped erosion, whereas, a mile north of Ladron Peak, it is  
absent, except for the synclinal remnant 2 miles south of Navajo Gap (fig 22). 

The Mississippian system is represented in the Ladron Mountains by two formations: 

Caloso formation:

the sect ion.  The maximum th ickness of  the Caloso format ion is 45-50 feet .  The lower 
20-28 feet consists of sandstones, shales, and thin-bedded, fine-grain, gray l imestone. In 
the exposures near the Rio Salado, the basal sandstone is arkosic and contains considerable 
chlorite and feldspar, whereas in the exposures near Ladron Peak the basal sandstone is 

 The Caloso format ion was named by Noble (1950; published 
reference, Kelley and Silver, 1952) for the exposure of Mississippian rock in Caloso Arroyo, 
T. 2 N., R. 2 W. The term Caloso formation is here restr icted to the Kinderhook part of 

a fine-grained, clean, white quartz. South of Navajo Gap, the basal sandstone is a quartz 
conglomerate with s i l ica cement.  The l imestone unit  is 17-23 feet th ick,  massive,  dark 
gray,  and dense to granular,  contain ing str ingers of  chert,  5-18 inches th ick and 40-60 
feet long. These chert bands are dark brown or black, and in places are very fossil i ferous. 

The Caloso formation is separated by an unconformity from the overlying Kelly 
formation. 

The fauna is small in the number of species but contains an abundance of individuals. 
The fossi l s are found almost ent i re ly in  the long black-cher t  s tr ingers.  North  of  Cer ro  
Colorado, on the south f lank of the Ladron Mountains, the chert is extremely fossi l iferous, 
being composed almost entirely of beautiful ly preserved brachiopods. An extensive attempt 
to enlarge the fauna l i sted by Kel ley and S i lver (1952,  p 86) met with l i t t le success.  The 
only new species is a pelecypod. 

Dielasma chouteauensis Weller 
Spir ifer centronatus Winchel l 
Straparolus luxus (White) 
Conocardium

None of the species from the Caloso formation are known in the overlying Kelly 
formation. Both 

 sp. 

Dielasma chouteauensis Weller and Spir ifer centronatus Winchel l are 
known only in Kinderhook rocks. 

Ke l l y  f o rmat ion :
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 The  Ke l l y  f o rmat ion ,  named  by  Her r i c k  (1904 ,  p  310)  f rom 
exposures in the Magdalena Mountains, is well exposed in the southern Ladron Mountains, 
where i t  atta ins a  maximum th ickness of  35 feet  of  cr ino idal ,  s labby,  l ight-buff  to l ight-
gray, r ichly fossil iferous limestone, with nodular, white, fossi l iferous chert. The maximum 
thickness of the Kelly formation is in the southern part of the mountains near the Rio Salado. 
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Northward from the Rio Salado, the Kel ly format ion is beveled progress ively by pre-Sandia 
e ros ion ,  wh ich  comp le t e ly  r emoved  i t  3  m i l es  no r th  o f  the  R io  Sa lado .  The Ke l l y  i s  no t  
known nor th  o f  th i s  po in t  in  New Mex ico .  

The Kel ly  format ion of  the southern Ladron Mounta ins  prov ides a r ich  and 
d iver s i f i ed  f auna.  Many  c r ino ids  a re  presen t ,  bu t  t he i r  iden t i f i ca t ion  i s  compl i ca t ed 
by  ex f o l i a t i o n  o f  t he  p l a te s .  The  f auna  a l s o  i n c ludes  abundan t  cup  co r a l s  and  
bryozoans. 

The brach iopod assemblage is  very large and conta ins  numerous new species . I t  
i s  o f  def in i te Osage age and shows s t rong ear ly Osage af f in i t ies . 

Thus far, the fo l lowing forms have been ident if ied tentat ively from the Kel ly 
format ion of the southern Ladron Mountains: 

Brach iopoda 

Spir ifer grimesi Hal l 
Spir ifer  rowleyi Wel ler 
Spirifer sp. 
Rhynchopora persinuata (Winchel l) 
Cleiothyridina obmaxima (McChesney) 
Cle iothyr idina tenuil ineata (Rowley) 
Rhipidomel la diminutive  Rowley 
Athyris lamel losa (Levei l l6) 
Brachythyris suborbicularis (Hall) 
Chonetes i l l inoisensis Worthen 
Linoproductus 
Rowleyel la cf. fabulites (Rowley) 
Syringothyris

Gastropoda 

 ? sp. 

Platyceras

Blasto idea 

 sp. 

Cryptoblastus cf. granulosus Meek and Worthen 

Crinoidea 

Paltycrinites

Vertebrata 

 sp. 

Shark tooth 
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PALEONT OLOGY  A ND  C ORRELAT I ON  OF  THE  M ISS ISS IPP I AN  OF  N ORTHERN  

NEW MEXICO 

Megascopic fossils are very rare in the Arroyo Penasco formation of central and northern 
New Mexico. The small  fauna that has been col lected occurs only in a zone 

65 feet or higher above the Precambrian. Much of the fauna is new and undescribed. Only those 
species that are known in the literature are considered in this paper. 

The most richly fossiliferous known outcrop of Mississippian rocks in northern New Mexico is in 
Penasco Canyon, Nacimiento Mountains, where the top 30 feet of chert and l imestone has produced 
numerous Eumetria verneuiliana Hall,  Eumetria vera Hall,  Linoproductus  ovatus Hal l ,  and a 
dist inct ive Conu lar ia

South of Taos, near Ponce de Leon Springs, numerous 

 sp. 

 Lithostrotion  sp. of the whitneyi  type and 
an undescribed  Spir i fer have been found. North of  Tecolote Canyon in the Sangre de Cristo 
Mountains, Spir i fer beckenr idgensis  ? Weller, as well  as numerous Conular ia,

The megafauna is of definite post-Osage character. The meagerness and generally poor 
preservation make more precise dating hazardous. The microfauna is r ich in comparison to the 
megafauna and consists of several species of 

 is present. 

Endothyra  and 
A very dist inct ive and robust 

 Plectogyra.  
Endothyra, which averages 98 mm in width and 40 mm in axial 

length, is found in the upper half of the Arroyo Penasco formation in the Nacimiento and San Pedro 
Mountains. It is found throughout most of the Arroyo Penasco formation in the Sangre de Cristo Mountains. 
The lower 3-5 feet of the Arroyo Penasco formation in Lujan Canyon, Rincon Range, and Gallinas Canyon, of 
the Sangre de Cristo Mountains, contains numerous large  Plectogyra. Elsewhere  Plectogyra is much 
less common than 

The Plectogyras and Endothyras from the Arroyo Penasco formation are similar  to those 
found in the Meramec rocks of  the Miss i ss ippi  Val ley (E.  J .  Zel ler ,  personal  communication, 1955). 
A number of slides were sent to Dr. M. L. Thompson, who commented upon the absence of any 
foraminifera which might suggest a Chesterian age. 

Endothyra.  

The limestone portion of the Arroyo Penasco formation in the Sangre de Cristo Mountains 
is, therefore, Meramec. The Arroyo Penasco formation in the San Pedro, Nacimiento, and Sandia 
Mountains, which is 30-40 feet above the Precambrian and contains P lectogyra
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 and Endoth ra, is 
unquestionably Meramec.  The lower unfossi l i ferous strata could be c lass i f iedreasonably  as 
ear l ier  Meramecian,  a l though the possibi l i ty exists that these lower beds could be facies of 
either the Kinderhookian Leadville l imestone or Caloso formation. 

 
 







 



G E O L O G I C  H I S T O R Y  O F  T H E  M I S S I S S I P P I A N  A N D  M O R R O W  P E N N S Y L V A N I A N   

O F  N O R TH E R N  NE W  M E X I C O  

Th is  s tudy ind icates  c lear ly a def in i te sequence of  events  o f  Miss iss ipp ian and 
Morrow (Lowermos t  Pennsy lvan ian) t imes  in  cen tra l  and nor thern  New Mex ico .  Prev ious  
to  Miss iss ipp ian inundat ion, the Precambr ian ter rane was reduced to  a penepla in  with 
a few e longated , low quar tz  monadnocks . The rego l i th  on the Precambr ian ter rane was  
removed by  the  t ransgress ing M iss iss ipp ian sea in  most  reg ions . Except  for  0-50 feet  o f  
basa l  s ands t one ,  wh i ch  i s  pa r t i c u l a r l y  p rom inen t  i n  t he  no r the rn  Sangr e  de  C r i s to  
Mountains, the Miss issippian Arroyo Penasco formation is almost completely free of c lastic 
material , thus indicat ing no high areas of denudat ion or major crustal movements during 
sed imentat ion .  The M iss is s ipp ian sed imentat ion depos i t ed  a  b lanket  o f  a t  leas t  150  feet  
o f  l imestone over  nor thern New Mexico . The seas  then withdrew, expos ing  th is  veneer  
to  erosion and groundwater act iv ity , wh ich produced so lut ion cav it ies and co l lapse brecc ia. 
Large zones o f  l imestone have been recrysta l l i zed. 

In the northwestern sect ion of the State, Morrow (ear l iest Pennsylvanian) deposit ion 
began  a t  s c a t t e r ed  l o ca l i t i e s ,  s o  t ha t  c l a s t i c  s ed imen t s  we r e  d i s t r i bu t ed  on  a  deep l y  
weathered, uneven sur face. These are the in tensely red, fer ruginous shale and sandstones of 
the Log Springs formation. The Log Springs sedimentation was halted by strong, orogenic 
movements and subsequent erosion, fo l lowed in the Nacimiento and Jemez Mountains, and 
probably over  a much wider  area, by a Morrow (ear ly Pennsylvan ian) mar ine invas ion. 
Th is  sedimentat ion  was hal ted  by fo ld ing and fau l t ing . E levat ion resu l ted in  the eros ion 
o f  a l l  M iss iss ipp ian sediments  in  northern New Mexico , except  those protected in  sync l ines  

and downfau lted b locks . 
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