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STRATIGRAPHY OF PALEOZOIC, MESOZOIC ROCKS 

IN PARTS OF CENTRAL NEW MEXICO 

Introduction 

T h e  s t r a t i g r a p h y  o f  P a l e o z o i c  a n d  M e s o z o i c  r o c k s  i n  

t h e  v i c i n i t y  o f  t h e  R i o  G r a n d e  V a l l e y  o f  c e n t r a l  N e w  

Mexico appears to be largely contro l led by long existent 

f e a t u r e s ,  s u ch  a s  t h e  c en t r a l  New  Mex i c o  p o s i t i v e  a r e a  

a n d  t h e  P e n n s y l v a n i a n  a n d  P e r m i a n  p o s i t i v e  a r e a s  o f  

t he  Ance s t r a l  Ro cky  Moun t a i n s .  I n  c on t r a s t ,  t h e  s t r a t i -  
g raphy  o f  Cenozo i c  r o cks  appea r s  t o  be  l a rge l y  con t ro l l e d  

by  up l i f t s  and  ba s i n s  wh i ch  de ve l oped  du r i ng  t he  l a t e  

C r e t a ceous  and  ea r l y  T e r t i a r y  L a r am i de  Revo l u t i on  and  

s u b s e q u en t  l a t e  T e r t i a r y  a n d  Q u a t e r n a r y  o r o g e n i e s .  U p -

l i f t s  and  bas i n s  f o rmed  du r i ng  the  ea r l i e r  o rogen i e s  have  

b e e n  g r e a t l y  m o d i f i e d  a n d  i n  s o m e  i n s t a n c e s ,  i s o l a t e d  

f r om the  ba s i n s  and  up l i f t s  wh i ch  deve l oped  l a t e r .  -  

I n  t he  pages  t ha t  f o l l ow ,  t he  sequences  o f  r oc ks  i n  

the  a reas  v i s i t ed  dur ing  the  con ference  a re  descr ibed .  

Su ch  a  t r ea tmen t  seems  de s i r ab l e  i n  v i ew  o f  t he  f a c t  

t ha t  t he re  a re  w i de  va r i a t i ons  i n  t he  sequences ,  and  

hence  a  s t anda rd  sequence  canno t  be  e s tab l i shed .  
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Rocks Exposed in the southern Sangre de Cristo, Sandia, 
Manzanita, and Manzano Mountains 

Pre-Cambrian Rocks 

Exposures  o f  p re -Cambr ian  rocks  occur  in  the  sou thern  

pa r t  o f  the  Sangre  de  C r i s t o  Mounta in s ,  i n  t he  h i l l s  nea r  

Sou th  Moun ta i n ,  and  i n  t he  Sand i a ,  Manzan i t a ,  and  Man -

z ano  Moun t a i n s .  T he s e  r o c k s  c on s i s t  o f  r e d  g r an i t e ,  

g ray  g ran i te ,  g ranod io r i te ,  g ray  and  b rown- red  gne i ss ,  

quartz i te ,  var ious types of  mica sch is t ,  greenstone,  and 

pegmat i te .  In  mos t  p laces  these  rocks  a re  over la in  un-

conformably by Pennsy lvan ian st rata,  but  in  parts  of  the 

Sand ia  and  Sangre  de  Cr i s to  mounta ins ,  rocks  tha t  a re  

p r obab l y  o f  M i s s i s s i pp i an  and  Devon i an  age ,  i n t e r vene .  

Pa l eozo i c  Rocks  

E xpo su r e s  o f  P a l e o z o i c  r o c k s  a r e  c on f i n ed ,  i n  mo s t  

ca ses ,  t o  t he  moun ta i n  up l i f t s .  They  i n c l ude  s t r a t a  t ha t  

a r e  t en t a t i v e l y  a s s i g ned  t o  t he  Devon i an  s y s t em ,  t he  

M i ss i s s i pp ian  and  Pennsy l van ian  se r i e s  o f  t he  Ca rbon i -

f e r ou s  s y s t em ,  and  t he  Pe rm i an  s y s t em .  

Devonian rocks 

An  unde te rm ined  pa r t  o f  t he  l owe r  l imes tone  membe r  o f  

t he  Sand ia  fo rmat i on  o f  the  Magda lena  g roup  may  be  o f  

D e v o n i a n  a ge .  T h e  m e m b e r ,  w h i c h  i s  d i s c o n t i n u ou s  i n  

o u t c r o p ,  r e s t s  o n  p r e - C a m b r i a n  r o c k s  a t  m a n y  p l a c e s  i n  

t he  Sang re  de  C r i s t o  Moun t a i n s  and  i n  t he  no r t he rn  pa r t  

o f  t h e  S a n d i a  M o u n t a i n s .  T h e  m e m b e r  r a n g e s  u p  t o  1 3 5  

f e e t  i n  t h i c k n e s s  a n d  u s u a l l y  c o n s i s t s  o f  a  c l a s t i c  s e -

q u e n c e ,  w h i c h  r a n g e s  u p  t o  3 5  f e e t  i n  t h i c k n e s s ,  o v e r -

l a i n  b y  a  l i m e s t o n e  s e q u e n c e ,  w h i c h  r a n g e s  u p  t o  1 0 0  

f e e t  i n  t h i c k n e s s .  P a l e o n t o l o g i c  d a t a  b e a r i n g  o n  t h e  

a g e  o f  t h e s e  s t r a t a  a r e  m e a g e r ,  b u t  i t  i s  p r o b a b l e  t h a t  

t h e i r  a g e  i s  p r e - P e n n s y l v a n i a n .  T h e  c l a s t i c  s e q u e n c e  

p robab l y  i s  co r r e l a t i ve  w i th  the  E l be r t  fo rmat ion  o f  sou th - 

 



western Colorado and with some portion of the Percha 
shale of southern New Mexico. An unknown part of the 
limestone beds probably is correlative with the Ouray 
limeston of southwestern Colorado. 

Carboniferous rocks 

Rocks of  Carboniferous age,  dominantly  marine in 

origin, are widespread at the surface in the Sangre de 

Cr isto,  Sandia,  Manzanita,  and Manzano mountains.  

These rocks are included in the Magdalena group, which 

in this region has been subdivided into the Sandia forma-

tion and the Madera limestone. 

The Sandia formation, which forms the lower part of 

the Magdalena group, is divided into a discontinuous 

lower l imestone member and an upper clastic 

member. The lower l imestone member,  as  

previously  out l ined under the discussion of  

Devonian rocks,  consists of a few feet  of  clastics 

overlain by l imestone.  The clastic  rocks and the 

lower part of the limestone sequence are probably 

Devonian. The upper part of the member probably is 

correlative with the Mississippian Leadville limestone 

of southern Colorado, and with some parts of the 

Lake Val ley,  Kel ly ,  and other  recently  named 

Mississ ippian l imestone units  of  southern New 

Mexico.  The upper clastic member rests 

unconformably on Devonian and Mississippian beds or 

on pre-Cambriai rocks. It is 

a sequence of dominantly clastic beds, many of which 

are carbonaceous. This member, which in most places 

forms the greater part of the formation, ranges up to 370 

feet in thickness. It shows much variation in detail, but 
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ma i n t a i n s  t h e  r a t h e r  c on s t a n t  c h a r a c t e r i s t i c  o f  a l t e r na -

t i ons  o f  i r r egu l a r l y  bedded  sands tone ,  t h in  coa l  seams ,  

ca rbonaceous  sha l e ,  and  occas iona l  impu re  beds  o f  l ime-

s t o n e .  I n  t e r m s  o f  m i d c o n t i n e n t  s e q u e n c e s  t h e  u p p e r  

l i m i t s  o f  t h e  m e m b e r  a p p e a r  t o  b e  i n  t h e  F u s u l i n e l l a  
zone. 

The  Madera  l imes tone ,  o f  M idd le  and  Uppe r  Pennsy l -

v an i a n  a ge  and  o f  ma r i n e  o r i g i n ,  r e s t s  c on f o rmab l y  o n  

the  upper  c last i c  member  of  the  Sand ia  fo rmat ion.  I t  i s  

subd iv ided  in to  a  l ower  g ray  l imes tone  member  and  an  

over ly ing arkos ic  l imestone member.  The lower of  these 

membe r s  r a n ge s  up  t o  8 50  f e e t  i n  t h i c k ne s s ,  a nd  c on -

s i s t s  o f  g ray  che r t y  l imes tone  and  ca l ca reous  sha l e .  I t  

c on t r a s t s  s ha rp l y  w i t h  t h e  uppe r  membe r  wh i ch  r ange s  

u p  t o  1 , 2 0 0  f e e t  i n  t h i c kne s s  a n d  c o n s i s t s  o f  a l t e r n a -

t i on s  o f  r ed  o r  b r own  a r ko s i c  s ands t one ,  a r ko s i c  l ime -

s t one ,  and  g r ay  l imes t one .  The  con t a c t  be tween  t he  

uppe r  and  l owe r  members  o f  t he  Made ra  l imes t one  usua l l y  

i s  g rada t i ona l ,  and  the re  i s  much  i n t e r f i nge r i ng  o f ' beds .  

L o c a l l y  t h e r e  i s  a n  un con f o rm i t y  b e twee n  t h e  two  mem-

be r s ,  a nd  a t  s ome  p l a c e s  i n  t h e  S ang r e  d e  C r i s t o  Mou n -

t a i n s  t h e  a r k o s i c  l i m e s t o ne  m e m b e r  o v e r l a p s  t h e  l ow e r  

g ray  l imes tone  and  re s t s  d i r e c t l y  on  p re -Cambr i an  roc ks .  

Pe rm ian  ( ? )  rocks  

B r own i sh - r ed  a r ko se  and  sh a l e  o f  Pe rm i an  ( ? )  age  

s u c c e e d  t h e  M a d e r a  l i m e s t o n e .  T h e s e  s t r a t a  a r e  a s -

s i g n e d  t o  t h e  A b o  f o r m a t i o n  i n  t h e  S an d i a ,  M a n z a n i t a ,  

and  Manzano  moun ta i n s ,  a nd  t o  t he  Sang re  de  C r i s t o  

format ion in the southern port ion of the Sangre de Cr isto 

Moun ta i n s .  The  Abo  f o rma t i on  u sua l l y  i s  abou t  900  f ee t  

t h i c k ,  a nd  t h e  S ang r e  d e  C r i s t o  f o rma t i o n  r a nge s  f r o m  

300  t o  2 , 8 00  f e e t  i n  t h i c k ne s s .  A t  mo s t  p l a c e s  t h e  c on -

tac t  o f  t he  Abo  o r  Sang re  de  C r i s to  w i th  the  unde r l y ing  

a r kos i c  l imes tone  member  o f  the  Madera  l imes tone  i s  

g r a d a t i o n a l  a n d  t h e r e  i s  mu c h  i n t e r f i n ge r i n g  o f  b e d s .  

L o c a l l y  t h e  S a n g r e  d e  C r i s t o  f o r m a t i o n  o v e r l a p s  t h e  

s t ra ta  of  the  Magda lena group and res ts  d i rec t ly  on pre-

Cambr ian  rocks .  In  the  Manzano,  Manzan i ta ,  and  Sand ia  

mounta in s  the  base  o f  the  Abo  fo rmat i on  i s  usua l l y  da ted  

a s  Wo l f camp,  bu t  i n  the  sou the rn  pa r t  o f  t he  Sangre  de  

Cr i s to  Mounta ins  the  basa l  beds  o f  the  Sangre  de  Cr i s to  

f o rma t i on  may  be  o f  Pennsy l van i an  age .  

Permian rocks 

The  s ed imen t a r y  r o c k s  t ha t  a r e  de f i n i t e l y  a s s i g ned  t o  

t he  Pe rm i an  a r e  i n c l uded  i n  t he  Ye so  and  San  And re s  

fo rmat ions .  In the  southern par t  o f  the  Sangre  de Cr i s to 

Moun ta i n s  and  i n  t he  Sand i a  Moun ta i n s  t he  Ye so  f o rma -

t i on  i s  360  to  600  fee t  th i ck ,  and  cons i s t s  o f  dominan t l y  

f i n e - g r a i ned ,  l i g h t - r ed  s and s t one  and  s i l t s t one  w i t h  

o ccas i ona l  t h i n  l imes t one .  I t  r e s t s  w i th  appa ren t  c on -

fo rm i t y  on  the  under l y ing  Abo  and  Sang re  de  C r i s t o  

f o r m a t i o n s .  A n  i n d i s t i n c t  e q u i v a l e n t  o f  t h e  M e s e t a  

B lanca sandstone member  i s  present ,  but  i s  not  usua l l y  

cons ide red  to  be  mappab le .  Southward  f rom the  Sand ia  

Mounta ins  the  Yeso  l i tho logy  g radua l l y  changes  f rom a  

p r e d o m i n a n t l y  c l a s t i c  s e q u e n c e  t o  a n  e v a p o r i t e  a n d  

c l as t i c  sequence .  The  t r ans i t i on  i s  comp le ted  near  t he  

nor thern  end  o f  Chupadera  Mesa .  In  the  Pederna l  Moun-

t a i n s  o n  t h e  e a s t e r n  s i d e  o f  t h e  E s t a n c i a  V a l l e y  t h e  

Y e s o  o ve r l a p s  e a r l i e r  s t r a t a  a nd  l i e s  o n  p r e - Camb r i a n  

rocks .  

T h e  S an  A n d r e s  f o r m a t i o n  c o n f o r m a b l y  s u c c e e d s  t h e  

Y e s o  f o r m a t i o n ,  a n d  h a s  b ee n  d i v i d e d  i n t o  t h r e e  m e m-

b e r s .  T h e  G l o r i e t a  s a n d s t o n e  a t  t h e  b a s e  i s  7 0  t o  2 5 0  

f e e t  t h i c k .  T h e  l i m e s t o n e  m e m b e r ,  w h i c h  i s  t h e  m i d d l e  

u n i t ,  i s  5 0  t o  1 5 0  f e e t  t h i c k ,  a n d  t h e  u p p e r  m e m b e r ,  

w h i c h  c o n s i s t s  o f  f i n e  s a n d s t o n e  a n d  s i l t s t o n e  w i t h  

o c c a s i o n a l  l i m e s t o n e  b e d s ,  r a n g e s  u p  t o  1 5 0  f e e t  i n  

t h i c k ne s s .  A t  C e r r i t o  d e l  L ob o  a b o u t  4 0  m i l e s  e a s t  o f  

A l b u q u e r q u e ,  t h e  G l o r i e t a  s a n d s t o n e  m e m b e r  o v e r l a p s  

o l de r  s t ra ta  and  res t s  d i re c t l y  on  the  p re -Cambr i an  rocks .  

Mesozo ic  Rocks  

M e s o z o i c  r o c k s  i n  a n d  a d j a c e n t  t o  t h e  S a n g r e  d e  

C r i s to ,  Sand ia ,  Manzan i ta ,  and  Manzano mounta ins  in -

c l u de  r e p r e s en t a t i v e s  o f  t h e  T r i a s s i c ,  J u r a s s i c ,  a nd  

C r e t a c e ou s  s y s t e m s .  

Tr iass i c  rocks 

T r i a s s i c  s t r a t a  c on s i s t  o f  r ed  and  g r ay  s ands t one ,  

v a r i e g a t e d  s h a l e ,  a n d  c l a y ,  a n d  a r e  i n c l u d e d  i n  t h e  

Dockum  f o rma t i on ,  wh i ch  i s  abou t  600  f ee t  t h i c k .  The  

l ower  pa r t  o f  t he  f o rmat i on  con ta i ns  equ i va l en t s  o f  the  

San ta  Rosa  sands tone  o r  Sh i na rump cong lomera te ,  wh i l e  

t he  uppe r  dom inan t l y  s ha l y  pa r t  c on t a i n s  an  equ i v a l e n t  

o f  the  Ch in le  fo rmat ion .  The Dockum fo rmat ion  a t  most  

p l a ces  re s t s  e i the r  on  the  uppe r  e l a s t i c  member  o r  t he  

l imes t one  membe r  o f  t he  San  And res  f o rma t i on .  A t  Ce r -

r i t o  de l  Lobo ,  howeve r ,  i t  ove r l ap s  the  o l de r  s t r a t a  and  

l i e s  on  the  p re -Cambr ian  rocks .  

Jurass i c  rocks 

Ju ra s s i c  s t r a t a  a r e  u sua l l y  p l a ced  i n  t he  En t rada  sand -

s t one ,  t h e  Wanakah ,  a nd  t h e  Mo r r i s o n  f o rma t i o n s .  The  

E n t r a d a  s a n d s t o n e ,  w h i c h  c o m m o n l y  i s  a b o u t  1 0 0  f e e t  

t h i c k ,  i s  a  mas s i ve  l i gh t - r ed  o r  g ra y ,  c r o s s -bedded  sand -

s tone  tha t  re s t s  w i th  appa ren t  con fo rmi t y  on  the  Dockum 



 



 

f o rma t i o n .  The  Tod i l t o  l ime s t one  and  g yp sum  membe r  o f  

t he  Wanakah  f o rma t i on ,  wh i ch  r anges  f r om  50  t o  100  f ee t  

i n  t h i c k n e s s ,  r e s t s  c o n f o r m a b l y  o n  t h e  E n t r a d a  s a n d -

s t o n e .  I t  c o n s i s t s  o f  a  b a s a l  t h i n  p l a t y - b e d d e d  f e t i d  

l ime s t one ,  a  m i dd l e  ma s s i v e  g yp sum ,  a nd  i n  s ome  l o c a l i -

t i e s  a n  u p p e r  s a n d s t on e .  Th e  M o r r i s o n  f o r m a t i o n ,  w h i c h  

h a s  a n  a v e r a g e  t h i c k n e s s  o f  4 0 0  f e e t ,  r e s t s  c on f o r ma b l y  

o n  t h e  T o d i l t o ,  a n d  c on s i s t s  c h i e f l y  o f  v a r i e g a t e d  s h a l e  

w i t h  s e ve r a l  b ed s  o f  s ands t one  i n  t h e  l owe r  and  m idd l e  

po r t i on .  I t  i s  po s s i b l e  t ha t  t he  s t r a t a  wh i ch  a r e  u sua l l y  

a s s i gned  t o  t he  uppe r  pa r t  o f  t he  Mo r r i son  f o rma t i on  may  

be  equ i va l en t s  o f  t he  Lower  C r e taceous  Pu rga t o i r e  f o rma-

t i on  o f  e a s t e r n  New  Mex i c o  and  s ou thea s t e rn  Co l o r a do .  

J u r a s s i c  s t r a t a  c r o p  o u t  a s  f a r  s o u t h  a s  t h e  T i j e r a s  

an t i c l i n e .  To  t he  s ou th  o f  t h e  an t i c l i n e  t hey  a r e  ab s en t  

and  p robab l y  we re  r emoved  by  e r os i on  be fo r e  depos i t i on  

o f  t h e  Dako t a  s and s t one .  The y  p r obab l y  a c c umu l a t e d  a s  

a  t h i c k  w e d g e  i n  w h i c h  t h e  p r o p o r t i o n  o f  s a n d - s i z e  

c l a s t i c s  i n c r e a s e d  s o u t h w a r d  t o w a r d  t h e  c e n t r a l  N e w  

M e x i c o  p o s i t i v e  a r e a .  T h i s  i n c r e a s e  i n  s a n d - s i z e  m a t e -

r i a l  w a s  c a u s e d  b y  e p e i r o g e n i c  a r c h i n g  o f  t h e  c e n t r a l  

New  Mex i c o  a r e a  du r i n g  J u r a s s i c  t ime .  

C r e t a ceous  r o c k s  

T h e  C r e t a c e ou s  s e q u en c e  c o n s i s t s  o f  t h e  D a k o t a  s a nd -  
s tone ,  t he  Mancos  sha l e ,  and  the  Mesave rde  f o rma t i on .  

These  f o rma t i ons  c rop  ou t  i n  t he  Ga l i s t eo  ba s i n ,  i n  t he  

Hagan  bas i n ,  and  i n  the  T i j e ra s  an t i c l i ne  on  the  eas te rn  

f l ank  o f  t he  Sand ia  Mounta in s .  The  Dako ta  i s  a  cong lo -

m e r a t i c  f e r r u g i n o u s  s a n d s t o n e  w h i c h  i s  5 0  t o  8 0  f e e t  

t h i c k .  I t  o v e r l i e s  t h e  M o r r i s o n  d i s c o n f o r r i a b l y  a n d  i s  

c on fo rmab l y  ove r l a i n  by  the  Mancos  sha l e .  The  Mancos  

r a n g e s  u p  t o  2 , 3 0 0  f e e t  i n  t h i c k n e s s  a n d  i n c l u d e s  n e a r  

t h e  b a s e  t h e  t h i n  T r e s  H e r m a n o s  s a n d s t o n e  m e m b e r .  

Above  t he  T r e s  He rmanos  t h i n  equ i v a l en t s  o f  t he  G ran -

eros  sha le  and Greenhorn l imestone members  are  loca l ly  

p r e sen t .  The  Mesave rde  f o rma t i on ,  wh i ch  r anges  up  t o  

1 , 5 00  f e e t  i n  t h i c k ne s s ,  c on s i s t s  o f  a  s e quen ce  o f  b u f f  

and  g ray  sands tone  w i th  i n te rbedded  g ray  sha l e .  I t  con -

t a i n s  c o a l  b ed s  o f  m i n a b l e  t h i c k n e s s  a t  s e v e r a l  l o c a l i -

t i e s .  The  f o rma t i on  i s  p r og r e s s i v e l y  be ve l ed  i n  an  e a s t -

e r l y  d i r e c t i on  i n  t he  Ga l i s t eo  and  Hagan  bas i n s ,  and  i s  

o ve r l a pped  i n  t he  v i c i r  i t y  o f  Lamy .  

Cenozo i c  Rocks  

S t r a t a  o f  C eno zo i c  a ge  o c cu r  a s  l o c a l  b a s i n  d epo s i t s  

i n  t he  R i o  G r ande  dep r e s s i o n ,  i n  t he  Ga l i s t eo  ba s i n ,  i n  

t h e  H a g a n  b a s i n ,  a n d  i n  t h e  E s t a n c i a  V a l l e y .  T h e  

G a l i s t e o  f o r m a t i o n  o f  P a l e o c e n e  ( ? )  a n d  E o c e n e  a g e  

r e s t s  w i t h  angu l a r  d i s co r dance  on  ea r l i e r  s t r a t a  i n  t he  
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Ga l i s t eo  and  Hagan  ba s i n s .  I t  c on s i s t s  o f  abou t  4 , 500  

f ee t  o f  c ong l omera t i c  sands t one  and  red  sha l e .  A l so  i n  

t h e  G a l i s t e o  b a s i n  a n d  i n  t h e  H a g a n  b a s i n  a r e  f r o m  

1 , 000  t o  2 , 0 00  f e e t  o f  s and s ,  g r a v e l s ,  c obb l e s ,  a nd  

bou l de r s  d e r i v ed  l a r ge l y  f r om  i gneous  r o c k s .  The se  

mater ia l s  a re  ass igned to  the  midd le  Ter t ia ry  Esp inaso 

f o rma t i on .  The  E s p i na so  r e s t s  uncon fo rmab l y  on  t he  

Ga l i s t eo  and  i s  o ve r l a i n  uncon fo rmab l y  by  San ta  Fe  o r  

la ter  s t ra ta .  

T he  S an t a  F e  f o rma t i o n  o f  M i o c ene  and  P l i o c ene  age  

c rops  ou t  ove r  l a rge  a reas  i n  the  R io  Grande  Va l l e y  and  

unde r l i e s  t he  San ta  Fe  P l a teau .  I t  cons i s t s  o f  sed iments  

d e r i v e d  b y  e r o s i o n  f r o m  t h e  r i s i n g  m o u n t a i n  m a s s e s  

wh i ch  f l a nk  t he  R i o  G rande  dep re s s i on .  

La te  Te r t i a r y  and  Quate rna ry  bo l son  depos i t s  and  ped i -

m e n t  v e n e e r s  a r e  w i d e s p r e a d .  T h e  R i o  G r a n d e  V a l l e y  

c o n t a i n s  a  g r e a t  t h i c k n e s s  o f  g r a v e l s  a n d  s a n d s .  T h e  

f l o o r  o f  E s t a n c i a  V a l l e y  w a s  t h e  s i t e  o f  a  P l e i s t o c e n e  

l a k e ,  a n d  l a c u s t r i n e  a n d  b o l s o n  d e p o s i t s  n o w  o b s c u r e  

bed ro ck  ove r  a  l a r ge  a r ea .  In  t he  v i c i n i t y  o f  t he  San ta  

Fe  P l a t eau ,  t h e  O r t i z  Moun t a i n s ,  and  t he  J emez  Ca l de r a ,  

o ne  o r  mo r e  p ed imen t  v en ee r s  h a ve  b e en  l o c a l l y  n amed  

t h e  A n c h a  f o r m a t i o n ,  t h e  O r t i z  g r a v e l ,  a n d  t h e  P u y e  

grave l .  

Rocks exposed in the Joyita Hills, Los Pinos Mountains, 

Chupadera Mesa, and northern Oscura Mountains 

Pre-Cambrian Rocks 

P r e -Camb r i a n  g r an i t e  i s  e x po s ed  i n  t h e  J o y i t a  H i l l s ,  

i n  a  sma l l  a r ea  a bou t  4  m i l e s  n o r t h e a s t  o f  t h e  J o y i t a  

H i l l s ,  i n  t he  c en t r a l  L o s  P i n o s  Moun t a i n s ,  and  i n  t he  

no r the rn  Oscura  Mounta in s .  O the r  p re -Cambr i an  rocks  

i n  t h e  L o s  P i n o s  M o u n t a i n s  c o n s i s t  o f  s c h i s t ,  q u a r t z i t e ,  

and  rhyo l i t e  tha t  have  been  g ran i t i zed  near  the i r  contac ts  

w i t h  t he  g r an i t e  mos s e s .  

Paleozoic Rocks 

Paleozo ic  rocks crop out  in  the reg ion south of  U.  S.  

H ighway 60,  east  of  the R io Grande,  and north of  U.  S.  

Highway 380. The western_ port ion of this large area of 

ou t c r op  i s  i n t r i c a t e l y  f r a c t u r ed ,  and  i n  many  l o c a l i t i e s  

t he  s t r a t i g raph i c  r e l a t i ons  have  been  so l ved  a s  the  r e -

su l t  o f  coo rd ina ted  mapp ing  and  s t r a t i g raph i c  work .  

Carboniferous rocks 

Strata assigned to the Pennsylvanian series are in- 
c l uded  i n  t he  Magda l ena  g roup ,  and  a re  we l l  e xposed  i n  

t h e  J o y i t a  H i l l s  a n d  L o s  P i n o s  M o u n t a i n s .  T h e y  r e s t  

w i th  an  angu la r  uncon fo rmi t y  on  the  p re -Cambr i an  rocks ,  

a n d  c o n s i s t  l a r g e l y  o f  g r a y ,  m o d e r a t e l y  f o s s i l i f e r o u s  

l i m e s t o n e  w i t h  l e s s e r  a m ou n t s  o f  c o n g l o m e r a t e ,  s a nd -

s t o n e ,  a n d  s h a l e .  T h e  l o w e r  l i m e s t o n e  m e m b e r  o f  t h e  

S and i a  f o rma t i o n  o f  t h e  S ang r e  d e  C r i s t o  a nd  no r t h e r n  

Sand i a  Moun ta i n s  i s  absen t  and  t he  o l des t  r o c ks  o f  t he  

Magdalena group have been ass igned to the upper c last ic  

member  o f  the  Sand ia  fo rma t i on .  The  member  con ta ins  

nume rous  f o s s i l s  wh i ch  a r e  i nd i c a t i v e  o f  a  l owe r  Penn -

s y l v an i a n  a ge .  I t  c on s i s t s  o f  g r a y  a nd  g r e en  s and s t one ,  

and  l oca l l y  qua r t z  cong lomerate ,  g reen ,  g ray  and  b la ck  

c a r b o n a c e o u s  s h a l e ;  a n d  d a r k - g r a y  a r e n a c e o u s  l i m e -

s tone .  The  th i ckness  ranges  f rom 15  feet  i n  the  nor the rn  

Oscu ra  Moun ta ins  to  635  fee t  i n  t he  a rea  t o  the  eas t  o f  

So co r r o .  The  Sand i a  f o rma t i on  u sua l l y  f o rms  s l o pe s  be -

nea th  c l i f f s  o f  Made ra  l ime s t one .  

The  Madera  l imes tone,  wh ich  con fo rmab ly  over l i es  the  

S a n d i a  f o r m a t i o n ,  i s  d i v i d e d  i n t o  t h e  l o w e r  g r a y  l i m e -

s t one  and  a r ko s i c  l imes t one  membe r s .  The  l owe r  g r a y  

l imes t one  membe r  c on s i s t s  o f  mas s i ve -  t o  t h i n - bedded ,  

c h e r t y ,  m e d i u m .  t o  d a r k - g r a y  l i m e s t o n e  w i t h  m i n o r  

amounts of  gray and green sha le ,  sandstone,  and conglo-

m e r a t e .  T h i s  m e m b e r ,  w h i c h  u s u a l l y  w e a t h e r s  i n t o  a  

se r i e s  o f  c l i f f s ,  caps  the  wes t  e sca rpmen t  o f  the  Oscura  

M o u n t a i n s .  I t  r a n g e s  i n  t h i c k n e s s  f r o m  8 0  f e e t  i n  t h e  

J o y i t a  H i l l s  t o  9 5 0  f e e t  i n  t h e  f a u l t e d  a r e a  e a s t  o f  

Soco r r o .  I t  t h i n s  t o  370  f ee t  i n  t he  no r t he rn  pa r t  o f  t he  

Os cu r a  Moun t a i n s ,  and  t hen  t h i c kens  r a p i d l y  t o  700  f ee t  

i n  the  cen t ra l  pa r t  o f  the  Oscura  Mounta ins .  

The  a r ko s i c  l imes t one  membe r  c on s i s t s  o f  t h i n -  t o  

t h i c k . b e d d e d ,  m e d i u m -  a n d  l i g h t - g r a y  l i m e s t o n e  t h a t  

g ene r a l l y  c on t a i n s  much  l e s s  c h e r t  t h an  t h e  unde r l y i n g  

l owe r  g ray  l imes tone  member ;  g ray ,  b l a c k  and  r ed  sha l e ;  

and green,  brown,  and gray  sandstone,  and arkos ic  sand-

s t o n e .  F r e s h ,  p i n k  f e l d s pa r s  a r e  u s ua l l y  p r e s e n t  i n  t h e  

l owe r  s ands t one  and  c ong l ome ra t e  bed s  o f  t h i s  membe r .  

The lower  two-th i rds  to  one-ha l f  o f  the  arkos ic  l imestone 

member is  arenaceous and arg i  I  laceous,  and pers is tent ly  

forms s lopes.  In contrast ,  the upper one-th i rd to one-ha l f  

c on s i s t s  p r e dom i nan t l y  o f  c l i f f - f o rm i ng  l ime s t one .  The  

membe r  i s  no t  p re sen t  i n  t he  Joy i t a  H i l l s ,  bu t  i n  t he  a rea  

t o  the  eas t  o f  Soco r ro  i t  a t ta ins  a  th i c kness  o f  more  than  

700 feet.  

P e r m i a n  ( ? )  r o c k s  

I n  t he  J oy i t a  H i l l s ,  t h e  Lo s  P i no s  Moun t a i n s ,  t he  a r e a  

eas t  o f  Soco r ro ,  and  the  no r the rn  Oscu ra  Moun ta in s  the  

younges t  f o rmat ion  o f  the  Magda l ena  g roup  i s  known  as  

t h e  Bu r s um .  I t  c on s i s t s  o f  t h i c k  b ed s  o f  d a r k  pu r p l i s h -  
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red and green shale separated by thinner beds of arkose, arkosic 

conglomerate, and gray limestone. A thin, rubbly, nodular, 

purplish-gray limestone consisting of reworked limestone of the 

underlying arkosic limestone member of the Madera formation 

occurs locally at the base. Limestone beds above are 1 to 6 feet 

thick and carry marine invertebrates. The fusulinid 

S c h w a g e r i n a ,  in association with the very obese fusulinid, 

T r i t i c i t e s  v e n t r i c o s u s ,  has been collected from several 

localities. A massive white-weathering limestone at the top of 

the formation in the Oscura Mountains has been considered by 

Thompson to be of Wolfcamp age. Thompson placed the strata 

below this massive bed and above the massive limestone beds 

of the arkosic limestone member of the Madera limestone in the 

Bruton formation. Thompson's Bruton formation is equivalent to 

all of the Bursum formation, except the uppermost massive 

ledge and the thin beds of limestone interbedded with red and 

green shale that lie just above the top of the arkosic limestone 

member of the Madera in the Oscura Mountains. The Bursum 

formation ranges from 28 to 250 feet in thickness. 

As shown by the fusulinids, the Bursum formation is of 

Wolfcamp age. According to C. B. Read, these marine strata of 

Wolfcamp age are the final phase of a cycle of marine 

deposition, and are therefore logically placed in the Magdalena 

group, which thus includes Pennsylvanian and possible Permian 

marine strata. Thompson suggests equivalence of what is here 

termed Bursum with the Hueco Mountains in southern New 

Mexico. 

The Abo formation rests conformably on and inter-tongues 

with the Bursum formation. It consists of dark-red shale, dark-

red sandstone and arkose, conglomerate, and lime-pellet 

conglomerate. The continental origin of the formation is shown 

by the red color, mud cracks, current ripple marks, cross-

bedding, tracks of land vertebrates, plant impressions, and the 

lenticular character 

of the sandstone beds. The thickness ranges from 300 feet in 

the Joyita Hills to 910 feet in the type section, which is in Abo 

Canyon. The shale units erode easily; in contrast, the coarser 

clastic units are highly resistant and form prominent ridges and 

cuestas. 

The age of the Abo formation is in question. Fossil plants 

collected and identified by C. B. Read from the upper part of 

the Abo suggest that at least the upper portion should be 

correlated with strata of Leonard and not Wolfcamp age. 

Permian rocks 

Strata that are considered by most geologists to be of 

Leonard age are divided into the Yeso and San Andres 

formations. Two subdivisions of the Yeso formation are 

commonly considered to be mappable in the Los Pinos 

Mountains, Chupadera Mesa, Oscura Mountains, and the area 

east of Socorro. These commonly accepted mappable units 

are the lower or the Meseta Blanca sandstone member, and 

an upper division that includes in ascending order the Torres 

member, the Canes gypsum member, and the Joyita sandstone 

member. The Meseta Blanca sandstone member was named 

from exposures in the Sierra Nacimientos. The Torres member 

was named from exposures in a tributary to Agua Torres. 

Canyon, on the Sevilleta Grant 7 miles due south of Black 

Butte, Socorro County. The Canas gypsum and Joyita 

sandstone members were named from exposures in the Joyita 

Hills and the area east of Scorro. The Torres, Canas, and 

Joyita members are equivalent to the Los Vallos member of 

the Yeso formation in the Lucero uplift. 

The Meseta Blanca sandstone member of the Yeso 

formation rests conformably on and intertongues with the Abo 

formation. It consists of uniformly bedded, red-brown and 

variegated sandstone and sandy shale. The thickness ranges 

from 104 to 355 feet. The lower part of the member generally 

forms a valley on the gently dipping backs lope of the Abo 

formation, and its upper part forms a slope leading up to the 

rim of a cuesta which is capped by the lowest limestone 

bed of the Torres member. 

The Torres member which comprises the bulk of the Yeso 

formation rests conformably on and intertongues with the 

Meseta Blanca sandstone. It consists of alternating beds of 

orange-red and buff sandstone and silt-stone, gray 

limestone, and gypsum. The thickness ranges from 350 to 

1,000 feet. The Canas gypsum member intertongues with the 

Torres and contains some thin gypsiferous siltstone and 

limestone beds but is chiefly white gypsum. It ranges in 

thickness up to 190 feet. The Joyita sandstone member 

intertongues in turn with the Canas and consists of orange-

red, buff and yellow sandstone, silty sandstone, and siltstone, 

and ranges 

in thickness from 30 to 150 feet. 

The San Andres formation is divided into the Glorieta 

sandstone member, the limestone member, and the upper clastic 

member. The Glorieta sandstone member consists of white, 

light-yellow, and light-gray, medium- and coarse-grained, cross-

bedded sandstone, ranging from 33 to 200 feet in thickness. It 

is the prominent cliff-former in the steepest part of the 

Chupadera Mesa escarpment. In the southern part of 

Chupadera Mesa easily eroded beds are present in the middle 

of this member, giving 
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t he  G l o r i e t a  po r t i on  o f  t he  c l i f f s  a  doub l e - l edged  cha rac -

ter .  The Yeso in ter tongues upward in to the  G lor ie ta ,  and 

g radua l l y  r ep la ces  i t  t o  t he  sou th ;  t he  G lo r i e ta ,  i n  tu rn ,  

i n t e r tongues  upward  in to  the  l imes tone  member ,  and  re -

p l a ce s  i t  g r adua l l y  t o  t he  no r th .  

The  l imes t one  membe r  c on s i s t s  o f  d a r k - g r a y ,  t h i n - 
and med ium-bedded,  s l ight ly  pet ro l i fe rous l imestone wi th  

beds  o f  wh i t e  g yp sum  and  s ands t one .  I t  r anges  f r om  270  

t o  3 9 6  f e e t  i n  t h i c k n e s s  i n  t h e  L o s  P i n o s  a n d  O s c u r a  

mounta ins ,  and probab ly  becomes th icker  and more gyps i -

f e r ou s  i n  t he  Chupade ra  Me sa  a r ea  whe re  t he  uppe r  pa r t  

h a s  b e e n  r e mo v e d  b y  e r o s i o n .  T h e  l o w e r  r e s i s t a n t  b ed s  

o f  t h i s  membe r  gene ra l l y  f o rm  t h e  c ap  r o c k  o f  t he  s t e ep  

c l i f f s  o f  Chupade ra  Mesa .  

The  upper  member  wh i ch  r es t s  con fo rmab l y  on  the  

l ime s t one  membe r  i s  o r a nge - r e d ,  s i l t y  s a nd s t one  w i t h  

l o c a l  t h i n  b e d s  o f  d a r k - g r a y  l i m e s t o n e .  T h e  m e m b e r  

r anges  f r om 5  t o  36  f ee t  i n  t h i c knes s  i n  t he  Joy i t a  H i l l s  

and in the area east of Socorro. 

Mesozoic Rocks 

Mesozo i c  ro c ks  c rop  ou t  i n  t he  reg i on  sou th  o f  U .  S .  

H i ghway  60 ,  eas t  o f  the  R i o  Grande ,  nor th  o f  U .  S .  H igh -

way  380 ,  and  wes t  o f  Chupade ra  Mesa .  

Triassic rocks 

Maroon, light-green, and light-gray sandstone, silt-stone, 

and shale beds which are assigned to the Dockum formation rest 

disconformably on strata of the San Andres formation. Local 

limestone-conglomerate lenses are present. The maximum 

thickness is approximately 500 feet. Owing to the paucity of 

clean exposures and complex structural relationships, it is 

difficult if not impossib le to  measure a comple te  

s t ra t ig raph ic  sec t ion .  The  ou t c rops  a re  l im i ted  t o  the  a rea  

wes t  o f  the  sou thern  L o s  P i n o s  Moun t a i n s ,  t h e  To r r e s  

s y n c l i n e ,  a nd  t h e  a r e a  n o r t h  o f  t h e  C a r t h a g e  c o a l  f i e l d .  

C o r r e l a t i v e s  o f  t h e  San ta  Rosa  sands tone ,  Sh ina rump 

cong lomera te ,  and  the  Ch in l e  f o rma t i on  a re  p robab l y  

i n c l uded  i n  t he  Dockum.  

I n  t he  J o y i t a  H i l l s  a l l  bu t  t he  l owe r  80  f e e t  o f  t h e  

Dockum fo rmat ion  was  removed by  p re -Baca  e ros ion .  

Cretaceous rocks 

The  Dako t a  s ands t one  r e s t s  d i r e c t l y  on  beds  o f  t h e  

D o c k u m  f o r m a t i o n .  T h e  D a k o t a  c o n s i s t s  o f  7 1  t o  1 1 2  

feet  of  medium- to coarse-gra ined,  loca l ly conglomerat ic  

s ands t one ,  w i t h  y e l l ow i sh -g r een  and  g r ay i s h -b l a c k  sha l e  

a t  the  base .  

Nea r  the  Joy i ta  H i l l s  t he  ove r l y ing  Mancos  sha l e  r es t s  

c on f o rmab l y  o n  t h e  Dako t a  s and s t one  and  c on s i s t s  o f  u p  

t o  700  fee t  o f  bu f f  and  b lack  sha le  and  ye l l ow,  bu f f ,  and  

b r own  sands t one .  I n  t he  Ca r t hage  c oa l  f i e l d  t he  Mancos  

s h a l e  i s  l o c a l l y  d i f f e r e n t i a t e d  i n t o  t h r e e  m e m b e r s ;  t h e  

l o w e r ,  w h i c h  i s  2 9 5  t o  3 4 0  f e e t  t h i c k ,  i n c l u d e s  a  d a r k -

g ray ,  f r i ab l e ,  ca l ca reous  sha l e  w i th  se ve ra l  t h i n  beds  o f  

f l a g g y  l i me s t o n e  n e a r  t h e  m i d d l e .  T he  m i d d l e  m e m be r  

cons i s t s  o f  240  feet  o f  med ium-  to  f ine -g ra ined  med ium-

bedded  l i gh t -bu f f  s ands tone  i n t e r bedded  w i th  l i gh t - g ray ,  

r e d ,  a n d  l a v en d e r  b e d s  o f  s h a l e .  A  c o n sp i c u o u s  b e d  o f  

b r o w n  s a n d s t o n e  o c c u r s  a t  t h e  t o p  o f  t h e  u n i t .  T h e  

uppe rmos t  membe r ,  wh i ch  i s  225  t o  290  f ee t  t h i c k ,  c on -

s i s t s  o f  d o v e - g r a y  t o  b l u e - g r a y ,  f r i a b l e ,  c a l c a r e o u s  

s h a l e .  T h e  f o r m a t i o n  w a s  e n t i r e l y  r e m o v e d  f r o m  t h e  

J o y i t a  H i l l s  a n d  p a r t l y  r e m o v e d  f r o m  t h e  A g u a  T o r r e s  

a r ea  b y  p r e -B a ca  e r o s i on .  

The  Mesaverde  fo rmat ion  res t s  con fo rmab l y  on  and  

i n t e r t ongues  w i th  the  Mancos  sha l e .  The  f o rma t i on  con -

s i s t s  o f  g r a y  t o  b u f f  a n d  b r o w n  s a n d s t on e  a n d  g r a y  t o  

b u f f  c a l c a r e o u s  s h a l e ,  a n d  t w o  c o a l  b e d s .  T h e  u p p e r  

l im i t  o f  the  fo rmat i on  i s  an  e ros i ona l  su r fa ce .  I t  i s  p rob-

a b l e  t h a t  t h e  o r i g i n a l  t h i c k n e s s  o f  t h e  f o r m a t i o n  w a s  

much greater  than the 200 to  987 feet  that  remain.  

Cenozoic Rocks 

Rocks of Cenozoic age crop out pr incipal ly in the Rio 

G rande  dep res s i on ,  i n  the  f au l ted  a reas  nea r  the  Joy i ta  

H i l l s  and Socor ro ,  and in  the  down-warped  o r  sync l i na l  

Jornada de l  Muer to .  

Tertiary rocks 

The  Te r t i a r y  s equence  i s  d i v i d ed  i n t o  t h e  Baca  f o rma -

t i on ,  t he  Da t i l  f o rma t i on ,  and  the  San t a  Fe  f o rma t i on .  

The Baca format ion was named f rom exposures  in  Baca  

Canyon .  i n  Se c s .  4 ,  5 ,  8 ,  a nd  9 ,  T .  1  N . ,  R .  4  W . ,  no r t h  

B e a r  M o u n t a i n s ,  S o c o r r o  C o u n t y ,  w h e r e  i t  i s  6 9 4  f e e t  

t h i c k .  I n  t h e  J o y i t a  H i l l s ,  i n  t h e  a r e a  e a s t  o f  S o c o r r o ,  

and in  the  Carthage coa l  f i e ld ,  i t  cons i s ts  o f  coarse  con-

g l omera te ,  r ed  and  wh i t e  sands t one ,  and  red  c l a y .  The  

cong lomerate  conta ins  an  abundance  o f  pebb les ,  cobb les ,  

and boulders derived from pre-Cambrian quartzite,  Madera 

l imes t one ,  and  t he  Abo  f o rma t i on .  The  th i c kness  r anges  

f r om 80  t o  1 , 023  f ee t .  The  p re -Cambr i an  f r agmen t s  a re  

c h i e f l y  g r an i t e .  B e c au s e  o f  f o l d i n g  and  e r o s i o n  p r i o r  t o  

i t s  depos i t ion ,  the  Baca  fo rmat ion  t runcates  a l l  the  C re-

tcceous format ions,  and rests  on the lower 80 feet of  the 

Dockum fo rmat ion  in  the  Joy i ta  H i l l s .  I t  i s  absen t  i n  the  

Magda l ena  m in ing  d i s t r i c t  and  i n  Soco r r o  Moun ta in .  
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Nea r  Ca r thage  the  Baca  fo rma t ion  was  mapped  and  a  

th i ckness  o f  1 ,023  f ee t  was  measu red  by  Ga rdne r ,  who 

co l l ec ted  a  mammal  tooth  near  the  base .  The  too th  was 

identif ied by Gidley as P a l a e o s y o p s ,  probably of Bridger 

(Eocene)  age.  

Nea r  E l e phan t  Bu t t e  d am ,  a  t h i c k  c ong l ome r a t e  s e -

quen ce  c omposed  o f  p r e -Camb r i a n  and  vo l c an i c  f r a g -

ments ,  sands tone ,  and  sha le  (McRae  format ion  o f  Ke l ley  

and  S i l v e r )  a bove  Mesa ve r de  s t r a t a  i s  s omewha t  s im i l a r  

i n  l i t h o l ogy  w i t h  t he  Ba ca  f o rma t i on .  A c c o rd i ng  t o  Lee  

t hese  beds  c a r r y  T r i c e r a t o p s .  I t  i s  pos s i b l e  t ha t  t he  

bones  o f  t h i s  l a t e  C r e taceous  d i no sau r  we re  exhumed  

and  r ewo r ked  i n t o  t he s e  b eds .  Abundan t  f o s s i l  wood  a l s o  

i s  p r e s en t  n e a r  t h e  b a s e  o f  t h e  f o rma t i o n .  Dunham  de -

sc r i bes  s t ra ta  in  the  Organ Mounta ins  cons i s t ing  o f  con-

glomerate contain ing large boulders of  l imestone from the 

Magda l ena  g roup ,  w i th  subo rd i na te  amoun ts  o f  sands tone  

and  sha le .  These  s t ra ta  a re  a  few fee t  to  a lmos t  100  fee t  

t h i c k .  The y  r e s t  u n con f o rmab l y  o n  t h e  Magda l e na  g r oup  

and  unde r l i e  a  t h i c k  vo l c an i c  un i t  s im i l a r  t o  t he  Da t i l  

fo rmat ion .  

I t  i s  qu i te  poss ib l e  t ha t  the  Baca  f o rmat i on  i s  co r re l a -

t i v e  w i t h  t h e  Ga l i s t e o  s and s t one  o f  t h e  Ga l  i s t e o  b a s i n  

and  t he  McRae  f o rma t i on  o f  E l ephan t  Bu t t e .  A l l  we r e  

appa ren t l y  ba s i n  depos i t s .  

A l t hough  Winches te r  t ook  the  name  Da t i l  f o rma t ion  
f rom the Dat i l  Mounta ins ,  the  on ly  pub l i shed s t ra t ig raph ic  

s e c t i o n  wa s  mea su r ed  i n  t h e  n o r t h  B ea r  Moun t a i n s .  T he  

t ype  sec t i on  o f  the  Baca  fo rmat ion ,  as  de f i ned  i n  th i s  re -

po r t ,  o ccup i es  t he  l owe r  694  f ee t  o f  W inches te r ' s  s t ra t i -

g r a p h i c  s e c t i o n .  T h e  r e s t r i c t e d  D a t i l  f o r m a t i o n  i n  t h a t  

a rea  i s  1 ,140  f ee t  th i ck ,  the  uppe r  beds  hav i ng  been  re -

m o v e d  b y  e r o s i o n .  I t  c o n s i s t s  o f  l a t i t e ,  r h y o l i t e ,  a n d  

andes i te  f l ows ,  agg l omera te ,  tu f f ,  cong l omera te ,  and  

s a n d s t on e .  P u r p l e  i s  t h e  do m i n an t  c o l o r ,  b u t  t h e r e  a r e  

s ome  r ed s  and  g r ay s .  The  t h i c kne s s  ha s  no t  been  meas -

u r ed  i n  t he  J o y i t a  H i l l s ,  i n  t he  a r ea  ea s t  o f  So co r r o ,  a nd  

i n  t he  Ca r t hage  coa l  f i e l d ,  bu t  i s  e s t ima t ed  t o  be  abou t  

2 ,000 feet .  

The  Da t i l  f o rma t i on  t run ca t es  seve ra l  o l de r  f o rma t i ons .  

I n  t h e  M a g da l e n a  m i n i n g  d i s t r i c t ,  L o u g h l i n  a n d  Ko s c h -

mann observed  tha t  a  sequence  o f  e f fus i ve  i gneous  rocks  

( D a t i l  ( ? )  f o rm a t i o n )  r e s t s  o n  t h e  e r o d ed  e d g e s  o f  t h e  

Sand i a  f o rma t i on ,  t he  Made ra  l imes tone ,  and  the  Abo .  

fo rmat ion .  In  Socor ro  Mounta in ,  west  o f  Socor ro ,  the  Dat i l  

r e s t s  on  the  Made ra  l imes tone .  

The  age  o f  t he  Da t i l  f o rma t i on  i s  i n  doub t .  I t  i s  young -

e r  than the  Baca  fo rmat ion  and  o lde r  than  the  Popotosa  o r  

San ta  Fe  fo rma t i ons  wh i ch  a re  gene ra l l y  cons i de red  t o  b e  

M i o c ene  ( ? )  a nd  P l i o c ene .  I f  t h e  B a c a  f o rma t i o n  i s  

Eo cene ,  t he  Da t i l  may  be  Eo cene  o r  younge r .  

T h e  S a n t a  F e  f o r m a t i o n  c o n s i s t s  o f  r e d ,  b r o w n ,  a n d  

g ra y  g ra ve l ,  s and ,  and  s i l t  c emen ted  l o ca l l y  w i t h  ca l ca r -

eous  ma te r i a l .  I t  i s  no t  known  whe the r  t he  t h i c kne s s  o f  

t he se  depos i t s  i s  v e r y  g r ea t ,  s i n ce  n o  mo re  t han  a  f ew  

h u n d r e d  f e e t  a r e  e x p o s e d  a t  a n y  o ne  p l a c e .  T he  f o rm a -

t i on  i s  beve l l ed  and  cove red  by  Qua te rna ry  ped imen t  de -

pos i t s .  The  assoc ia t ed  Popotosa  fo rma t ion  i s  d i f f i cu l t  to  

de l im i t ,  a l t hough  some  o f  t he  San ta  Fe  sed imen t s  t o  t he  

w e s t  o f  t h e  J o y i t a  H i l l s  a r e  s i m i l a r  t o  t h e  P o p o t o s a  

f o r m a t i o n  o f  D e n n y .  D e n n y  m a p p e d  t h e  T e r t i a r y  r o c k s  

and  s t ru c tu re  o f  t he  Joy i t a  H i l l s  a rea ,  and  d i d  no t  r e cog -

n i z e  Popo to sa  s ed imen t s  t h e r e .  

Quaternary rocks 

T h e  Qu a t e r n a r y  s e d i m e n t s  c o n s i s t  o f  p e d i m e n t  g r a ve l  

and va l l ey  a l luv ium.  The  grave l  commonly  i nc ludes  some 

c a l i c h e .  D e p o s i t s  o f  t h i s  m a t e r i a l  c o v e r  s e v e r a l  l e v e l s ,  

s u c h  a s  t h e  L l a no - de  A l b uque r que  and  L l a no  d e  S and i a  

wh i ch  be ve l  t h e  unde r l y i ng  r o c k s .  

Rocks exposed in the northern 

Ladron Mountains and Lucero uplift 

Pre-Cambrian Rocks 

Exposu r e s  o f  p r e -Cambr i an  r o c k s  a r e  a lmos t  en t i r e l y  

c on f i n ed  t o  t he  Lad ron  Moun ta i n s ,  a l t hough  sma l l  p a t che s  

o f  g ran i t e  a re  p re sen t  on  the  ea s te rn  f l ank  o f  t h e  Luce ro  

up l i f t  a l ong  the  Comanche  th rus t  on  the  sou theas t  s i de  o f  

G r a y  M e s a .  T h e  p r e - C a m b r i a n  i s  d o m i n a n t l y  r e d  g r a n i t e  

a l o ng  t h e  no r t h  a nd  we s t  s i d e s  o f  t h e  L ad r on  Moun t a i n s .  

I n  t he  h i ghe r  pa r t s  o f  t he  moun ta i n s  s ome  qua r t z i t e  and  

sch is t  occur  as  la rge roof  pendants  in  the gran i te .  In  most  

p l a c e s ,  a s  a l o n g  t h e  L a d r o n  f a u l t ,  t h e  P a l e o z o i c  r o c k s  

a r e  i n  f au l t e d  con t a c t  w i t h  t he  p r e -Camb r i an  r o c k s .  A t  

the northwest corner of  the mountains,  however,  the Sandia 

fo rmat ion  l oca l l y  l i e s  i n  no rma l  con tac t  on  the  granite.  

Paleozoic Rocks 

Rocks of Paleozoic age crop out in a north-south trending belt 

of varying  width which extends from the eastern f l a n k  o f  

t h e  L u c e r o  u p l i f t ,  a c r o s s  L o s  V a l l o s  i n t o  t h e  l owe r  and  

m idd l e  s l ope s  o f  S i e r r a  Lu c e ro  

Devonian rocks 

The  l ower  l imes tone  member  o f  the  Sand ia  f o rmat i on  o f  
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the  Magda l ena  g roup  may  con ta in  a  f ew  fee t  o f  s t r a ta  tha t  

a r e  D e v o n i a n  i n  a g e .  T h e s e  s t r a t a  c r o p  o u t  a t  t h e  b a s e  

o f  t he  hogback  wh i ch  t r ends  no r thwes t  f rom the  Lad ron  

M o u n t a i n s .  Th e  t h i c k n e s s  o f  s t r a t a  w h i c h  m a y  b e  D ev o -

n i a n  i s  l e s s  t h a n  1 5  f e e t  a n d  m a y  n o t  e x c e e d  1 0  f e e t .  

T h e s e  s t r a t a  c o n s i s t  o f  a  f i n e  c l a s t i c  n on - f o s s i l i f e r ou s  

s e q u e n c e  o v e r l a i n  b y  l i m e s t o n e .  J u s t  a s  i n  t h e  S a n d i a  

a n d  S an g r e  d e  C r i s t o  m o un t a i n s ,  t h e  c l a s t i c  s e q u en c e  

p r o b a b l y  i s  c o r r e l a t i v e  w i t h  t h e  E l b e r t  f o r m a t i o n ,  a n d  

poss i b l y  the  l owe r  pa r t  o f  the  l imes tone  sequence  i s  co r -

r e l a t i v e  w i t h  t he  Ou ray  l imes t one .  

Car bo n i fe ro us  r oc k s  

The  Magda lena  g roup  i s  we l l  exposed  i n  the  sou th  and  

c e n t r a l  p a r t s  o f  t h e  a r e a .  M a g d a l e n a  s t r a t a  a r e  d o m i -

nan t l y  g ray  mar i ne  l imes tone  a l t hough  some  sha l e ,  sand-

s tone,  granu l i t i c  quar tz  conglomerate ,  and l imestone con-

g l ome ra t e  l i k ew i s e  o c cu r . .  The  be s t  and  mos t  c omp l e t e  

exposu res  o f  the  g roup a re  i n  the  hogback  tha t  ex tends  

no r t hwe s twa r d  f r om  t h e  L a d r on  Moun t a i n s  a nd  i n  Mon t e  

d e  B e l e n .  T h e  M a g d a l e n a  g r o u p  i s  d i v i d e d  i n t o  t h e  S a n -

d i a  f o rma t i on  and  the  ove r l y i ng  Made ra  l imes t one .  

The  on l y  c omp l e t e  e xpo su r e  o f  t h e  S and i a  f o rma t i o n  i s  

i n  t h e  no r t hwe s t - t r e nd i ng  hogba c k  o f  t h e  L ad r on  Mou n -

ta in s  where  i t  i s  d i v i ded  i n to  a  th i n ,  15 - foo t  th i c k ,  l owe r  

l imestone  member  and  a  400- foo t  th i ck  upper  c l as t i c  mem-

be r .  The r e  i s  l i t t l e  o r  no  pa l eon t o l og i c  e v i dence  conce r n -

i ng  age  o f  t he  l owe r  l imes t one  membe r ,  bu t  i t  i s  be l i e ved  

t h a t  i t  i s  p r e - P enn s y l v an i a n  i n  a ge .  A s  d e s c r i b ed  i n  t h e  

s e c t i o n  d e v o t e d  t o  D e v o n i a n  r o c k s ,  a n  i n d e f i n i t e  p a r t  

p r obab l y  i s  o f  Devon i an  age  and  t he  rema inde r  p r obab l y  

i s  o f  M i s s i s s i p p i a n  a ge .  T he  uppe r  p a r t  o f  t h e  mem be r  

has  a  somewhat  d i f fe rent  I  i tho logy than the  Ke l l y  l ime-

s tone ,  bu t  t he  two  may be  co r re l a t i ve .  

The  upper  c l a s t i c  member  o f  the  Sand i a  fo rmat i on  i s  

d isconformable on the l imestone member .  I t  erodes into 

c o ve r ed  o r  g u l l i e d  s l o p e s  b e l ow  t h e  Made r a  l ime s t one .  

A t  t he  f oo t  o f  Mon t e  de  Be l en  t he  uppe r  c l a s t i c  membe r  

i s  pa r t l y  e xposed .  Abou t  100  f e e t  o f  c oa r s e  s ands t one  

c rops  out  in  a  sma l l  a rea  a t  the  foot  o f  Gray  Mesa.  The 

member  i s  not  exposed  nor th  o f  th i s  po in t  in  the  Lucero  

a r e a .  Howeve r ,  t h e  l o g  o f  t h e  we l l  o n  S ou t h  Suwanee  

dome shows about  200  fee t  o f  the  Sand ia  fo rmat ion .  

In  the  Luce ro  a rea  the  Made ra  l imes tone  i s  d i v i ded  in -

to  three members  wh ich  have been named the Gray  Mesa,  

the .  A t ra sado ,  and  the  Red  Tanks  members .  

The  Gray  Mesa  member ,  wh i ch  i s  850  to  900  f ee t  th i c k ,  

re s t s  con fo rmab l y  on  the  uppe r  c l a s t i c  member  o f  the  

Sand ia  f o rmat i on .  I t  ex tends  i n  con t i nuous  ou tc rop  f rom 

Comanche  A r r oyo  a l ong  t h e  s t eep  ea s t  f a ce  o f  G ra y  Me sa  

a n d  s o u t h w a rd  p a s t  M o n t e  d e  B e l e n .  A no t h e r  p r o m i n e n t  

b e l t  o f  o u t c r o p  e x t e n d s  f r o m  R e d  T a n k s  A r r o y o  n e a r  

Sa l ado  Ranch  sou thea s twa r d  i n t o  t he  we s t  s l ope s  o f  t h e  

L a d r o n  M o u n t a i n s .  T h e  m os t  c o m p l e t e l y  e x p o s e d  s e c t i o n  

l i e s  i n  t h e  s t e e p  e a s t  f a c e  o f  M o n t e  d e  B e l e n .  No r t h  o f  

Mon t e  d e  Be l e n  t h e  b a s a l  p a r t  o f  t h e  membe r  i s  i n vo l v ed  

i n  c l o s e  f o l d i n g  o r  f a u l t i n g  a l o n g  t h e  C om a n c he  t h r u s t .  

L edgy  g r a y  t o  da r k - g r a y  l imes t one  p r edom ina t e s  i n  t he  

member .  One  o r  more  mass i ve  l edges  a re  p rominen t  above  

t h e  m i d d l e  o f  t h e  m e m b e r  i n  t h e  e a s t  f a c e  o f  M o n t e  d e  

B e l e n ,  a n d  o n e  o f  t h e s e  a t t a i n s  a  t h i c k n e s s  o f  6 0  f e e t .  

The  G ra y  Mesa  membe r  i s  ma r ked l y  che r t y ,  and  t h i s  f e a -

t u r e  a i d s  i n  d i s t i n g u i s h i n g  i t  f r o m  t h e  o v e r l y i n g ,  o n l y  

s l i g h t l y  c h e r t y ,  A t r a s ado  membe r .  L o c a l l y ,  h oweve r ,  t h e  

c h e r t  m a y  b e  l e s s  a bu n d a n t ,  a s  i t  i s  a t  G r a y  M e s a .  T h e  

upper l imit  of  the Gray Mesa member is  the top of  a rather  

c on sp i cuous  t h i n -bedded ,  t an -wea the r i n g  l imes t one .  Th i s  

un i t  l i e s  about  150  fee t  s t ra t i g raph i ca l  l y  be low beds  tha t  

contain abundant T r i t i c i t e s  and about 200 feet above the 

p r o m i n e n t  l e d g e s  d e s c r i b ed  a b o v e .  T h e  G r a y  M e s a  m e m -

be r  i s  c o r r e l a t i v e  w i t h  t h e  l owe r  g r a y  l ime s t one  membe r  

o f  t he  Sang re  de  C r i s t o ,  Sand i a ,  Manzan i t a ,  Manzano ,  

L o s  P i n o s ,  a nd  O s c u r a  m o un t a i n s .  

The  A t r a sado  membe r ,  c on f o rmab l y  o ve r l i e s  t he  G ra y  

Me sa  membe r  a nd  i t s  o u t c r op  i s  n e a r l y  c o e x t en s i v e  w i t h  

i t .  The  A t r a sado  member ,  howeve r ,  ex t ends  a  f ew  m i l e s  

f a r t h e r  n o r t h  t o  C a r r i z o  A r r o y o .  A l t h o u g h  t h e  s e c t i o n  

we s t  o f  t h e  L ad r on  Moun t a i n s  i s  t h e  t h i c k e s t ,  mea su r e -

m e n t  t h e r e  i s  c o m p l i c a t e d  b y  f a u l t i n g .  T h e  t h i c k n e s s  

r anges  f r om  550  t o  800  f ee t .  The  A t r a sado  member  c rops  

o u t  i n  t h e  u pp e r  s l o p e s  a nd  u n d e r l i e s  t h e  t o p s  o f  G r a y  

Mesa  and  Monte  de  Be len .  I t  d i f f e r s  f rom the  Gray  Mesa  

membe r  i n  h a v i n g  a  g r e a t e r  p r opo r t i o n  o f  s h a l e ,  s ome -

wha t  mo re  s a nds t one  and  r ed  beds ,  and  f a r  l e s s  che r t  i n  

the  l imestone .  The  contac t  w i th  the  over ly ing  Red  Tanks  

membe r  i s  a t  t he  t op  o f  t he  uppe rmos t  mas s i ve  l imes tone  

i n  t h e  s e q u e n c e .  T h i s  h o r i z o n  i s  t o p o g r ap h i c a l l y  a t  t h e  

we s t  b a s e s  o f  Mon t e  d e  Be l e n  and  G r a y  Me sa  and  c om-

m o n l y  m a r k s  t h e  e a s t e r n  e d g e  o f  L o s  V a l l o s .  Th e  A t r a -

s ado  membe r  i s  c o r r e l a t i v e  w i t h  t h e  a r k o s i c  l ime s t one  

m e m b e r  i n  t h e  J o y i t a  H i l l s ,  L o s  P i n o s  M o u n t a i n s ,  a n d  

t he  a r ea  ea s t  o f  So co r r o ,  a nd  i s  c o r r e l a t i v e  w i t h  an  i n -

d e f i n i t e  p o r t i o n  o f  t h e  l o w e r  p a r t  o f  t h e  a r k o s i c  l i m e -

s tone  member  i n  the  Sand ia  and  Sangre  de  C r i s to  moun-

ta in s .  

T h e  R e d  T a n k s  m e m b e r  r e s t s  c o n f o r m a b l y  o n  a n d  

g rades  in to  the  A t rasado  member .  I t  fo rms  a  cont inuous  

be l t ,  200  t o  300  f ee t  t h i c k ,  a l ong  the  eas te rn  s i de  o f  

L o s  Va l l o s  f r om  B rea ch  Canyon  on  t he  no r t h ,  t o  t he  we s t  
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f o o t  o f  M o n t e  d e  B e l e n  o n  t h e  s o u t h .  No r t h  o f  B r e a c h  

C a n y o n  i t  i s  c o v e r e d  f o r  a  s h o r t  d i s t a n c e  b y  t h e  b a s a l t  

c a p  o f  s o u t h  M e s a  L u c e r o ,  b u t  c o m e s  t o  t h e  s u r f a c e  

aga in  in  a  w ide  fo rk  ex tend ing  sou th  f rom Car r i zo  A r royo  

whe r e  t h e  mos t  c omp l e t e  s e c t i o n  o f  t h e  membe r  i s  e x -

p o s e d .  W e s t  o f  t h e  L a d r o n  M o u n t a i n s  t h e  m e m b e r  i s  

cove red  by  ped imen t  g rave l s ,  bu t  i t  c rops  ou t  i n  seve ra l  

p l a c e s  i n  t h e  t r i b u t a r i e s  o f  R ed  Tank s  A r r o yo .  The  Re d  

Tank s  membe r  a l s o  c r op s  o u t  i n  Comanche  A r r o yo .  Th e  

lower  par t  of  the  member  cons i s ts  o f  dark  red-brown s i l t -

s t o n e ,  s a n d s t o n e ,  a n d  s h a l e .  L o c a l l y ,  a s  i n  C a r r i z o  

A r royo ,  the  base  con ta in s  bu f f  sands tone  and  l imes tone  

cong lomera te .  The  uppe r  pa r t  cons i s t s  mos t l y  o f  cement -

gray,  th in-bedded,  nodular  l imestone and gray sha le .  The 

l imes tone  i s  ma r ine  and  con ta i ns  an  abundant ,  we l l  p re -

s e r ved  f auna ,  wh i ch  i s  i n d i c a t i v e  o f  an  uppe r  V i r g i l  a ge .  

T h e  m o s t  p r om i n e n t  l i me s t o n e  b e d  g e n e r a l l y  l i e s  a t  t h e  

t o p  o f  t h e  m e m b e r .  I n  e a s t  L o s  V a l  l o s  t h i s  l i m e s t o n e  

f o rms  a  l i n e  o f  l ow  d i s connec t ed  h i l l s  wh i ch  common l y  

l i e  i n  t he  m idd le  o f  t he  va l l e y .  The re  i s  some in te r - t ongu•  

i n g  o f  t h e  m a r i n e  s e d i m e n t s  o f  t h e  R e d  T a n k s  m e m b e r  

w i th  the  con t i nen ta l  beds  o f  t h e  ove r l y i ng  Abo  f o rma t i on .  

The  con tac t  w i th  the  Abo  fo rmat i on  i s  a t  t he  t op  o f  the  

u p p e r m o s t  m a r i n e  l i m e s t o n e  i n  t h e  m e m b e r .  T h e  R e d  

T a n k s  m e m b e r  i s  i n  t h e  s a m e  s t r a t i g r a p h i c  p o s i t i o n  a s  

t h e  B u r s u m  f o r m a t i o n  i n  t h e  J o y i t a  H i l l s ,  t h e  L o s  P i n o s ,  

and 'Oscura  mounta ins ,  and the area  east  o f  Socor ro .  The 

B u r s u m  a s  p r e v i o u s l y  s h ow n  i s  o f  W o l f c a m p  a g e .  I t  i s  

p r o b a b l e  t h a t  R e d  T a n k s  s t r a t a  g r a d e  a n d  i n t e r t o n g u e  

l a t e r a l l y ,  and  be come  p r og r e s s i v e l y  younge r  t o  t he  s ou th  

and east ,  toward the area  of  Bursum outcrop,  and progres-

s i ve l y  o l de r  t o  the  no r th  and  wes t .  

Permian (?) rocks 

The  r e d -b r own  sha l e ,  s i l t s t one ,  and  s and s t one  o f  t he  

c o n t i n e n t a l  A b o  f o r m a t i o n  c o n t r a s t  m a r k e d l y  w i t h  t h e  

du l l -gray of  the under ly ing Magdalena group and the l ight-

b r o w n  a n d  w h i t e  o f  t h e  o v e r l y i n g  Y e s o  f o r m a t i o n .  T h e  

Abo  re s t s  c on f o rmab l y  on  and  i n te r tongues  w i th  the  Red  

T a n k s  m e m b e r  o f  t h e  M a d e r a  l i m e s t o n e .  T h e  p r i n c i p a l  

ou t c rop  be l t  o f  t h e  Abo  f o rma t i on  i s  a  l i ne  o f  c ues ta s  

and  l ow  h i l l s  wh i ch  d i v i d e  t he  ea s t  and  wes t  Lo s  Va l l o s .  

T h i s  b e l t  e x t e n d s  f r o m  t h e  s o u t h w e s t  c o r n e r  o f  t h e  

Lu ce ro  a r ea  n o r t hwa rd  a  d i s t an ce  o f  a bou t  13  m i l e s  a nd  

t h e n  p a s s e s  b e n e a t h  t h e  b a s a l t  c a p  o f  s o u t h  M e s a  

L u c e r o .  T o  t h e  no r t h  o f  t h e  c ap  i n  C a r r i z o  A r r o yo ,  e x -

po su r e s  o f  t h e  Abo  a r e  p r o m i nen t .  S e ve r a l  i n c omp l e t e  

s e c t i o n s  o f  t h e  A b o  f o r m a t i o n  a r e  e x p o s e d  a l o n g  R e d  

T a n k s  A r r o y o  s o u t h  a n d  e a s t  o f  M o n t e  d e  B e l e n ,  a n d  

s e v e r a l  s m a l l  p a t c h e s  o f  A b o  o c c u r  i n  t h e  C o m a n c h e  

th rus t  be l t  i n  and  nea r  Comanche  A r royo .  So f t  red -b rown  

sha l e  and  o ccas i ona l  t h i n ,  f r e sh -wa te r  l imes t one  o r  l ime -  

s t one  cong l ome ra t e  and  t h i n  s ands t one  o r  s i l t s t one  make  

up the lower  ha l f  o f  the  format ion.  In  the  upper  ha l f ,  red-

b rown ,  c ro s s -bedded ,  mass i ve ,  c ues ta - f o rm ing  sands t one  

b e d s  a l t e r n a t e  w i t h  s h a l e .  I n  L o s  V a l l o s  t h e  l o w e r  h a l f  

o f  t h e  s o f t  s h a l e  u n i t  i s  g e n e r a l l y  c o ve r e d  i n  t h e  b r o a d  

v a l l e y  f l o o r .  T he  t h i c k ne s s  o f  t h e  f o rma t i o n  r a nge s  f r om  

870 to  900 fee t .  

Permian rocks  

Two  membe r s  a r e  r e c ogn i z ed  i n  t h e  Y e s o  f o rma t i o n  o f  

t he  Luce ro  up l i f t ,  t he  l owe r  o r  Mese ta  B l anca  s ands tone  

m e m b e r ,  a n d  t h e  u p p e r  o r  L o s  V a l l o s  m e m b e r .  I n  t h e  

no r the rn  pa r t  o f  t he  Luce ro  a rea  the  Mese ta  B lanca  sand -

s tone  membe r ,  abou t  250  f e e t  t h i c k ,  i s  coex t ens i ve  w i t h  

o u t c r o p s  o f  t h e  u p p e r  p a r t  o f  t h e  A b o  f o r m a t i o n .  T h e  

member  th i n s  t o  the  sou th  and  i s  no t  genera l l y  mappab le  

s ou t h  o f  Mon t e  d e  Be l e n .  I t s  b o l d ,  r o unded ,  a nd  p i c t u r -

e s que  l e dge s  c on t r a s t  w i t h  t h e  s ombe r  a ngu l a r  o u t c r op s  

o f  t he  Abo  f o rma t i on .  Len t i l s  o f  s ands tone  s im i l a r  t o  t he  

Mese t a  B l an c a  s ands t one  membe r  o c cu r  l o c a l l y  i n  t he  t op  

f ew  t en s  o f  f e e t  o f  t he  Abo  f o rma t i on .  The se  l en t i l s  s u g -

g e s t  i n t e r t o n g u i n g  b e t w e e n  t h e  A b o u n d  M e s e t a  B l a n c a .  

The  uppe r  f e w  f e e t  o f  t h e  membe r  g ene r a l l y  c on s i s t s  o f  

f r i a b l e  wh i t e  s ands t one .  

T h e  L o s  V a l l o s  m e m b e r  c o n s t i t u t e s  t h e  b u l k  o f  t h e  

Y e s o  f o r m a t i o n ,  a n d  p r o b a b l y  i s  c o r r e l a t i v e  w i t h  t h e  

T o r r e s ,  C a n a s ,  a n d  J o y i t a  m e m b e r s  i n  t h e  J o y i t a  H i l l s ,  

L o s  P i n o s ,  and  Os cu r a  moun ta i n s ,  and  i n  t he  a r ea  t o  t he  

e a s t  o f  S o c o r r o .  I t  u nde r l i e s  we s t  L o s  V a l  l o s ,  a nd  f o rms  

t h e  l o w e r  s l o p e s  o f  t h e  e a s t  f a c e  o f  S i e r r a  L u c e r o  i n  a  

l ong  b road  be l t  e x tend ing  f r om  the  wes t  edge  o f  t he  a r ea  

i n  T .  5  N .  i n t o  t h e  h e a d  o f  C a r r i z o  A r r o y o .  S t i l l  f a r t h e r  

n o r t h  i t  f o r m s  t h e  f l o o r  a n d  s l o p e s  o f  t h e  w i d e  i n n e r  

va l l e y  o f  San ta  Fe  A r royo  and  the  head  o f  Ga r c i a  A r ro yo .  

S m a l l  o u t c r o p s  o c c u r  i n  t h e  s o u t h  t r i b u t a r i e s  o f  R e d  

T a n k s  A r r o y o  n e a r  M o n t e  d e  B e l e n .  T h e /m e m b e r  i s  

s e ve r e l y  de f o rmed  i n  t he  Comanche  t h ru s t  be l t  nea r  Ca r -

r i z o  A r r o y o ,  a n d  b e d s  o f  t h i s  u n i t  a r e  t h e  r o c k s  m o s t  

c o m m o n l y  e x p o s e d  i m m e d i a t e l y  e a s t  o f  t h e  2 5 - m i l e  e x -

t e n t  o f  t h e  t h r u s t .  T h e  t h i c k n e s s  r a n g e s  f r o m  8 2 0  t o  

1 , 020  f ee t .  The  l owe r  pa r t  o f  t he  member  i s  dom inan t l y  

a  c l a s t i c  u n i t ,  b u t  c on t a i n s  s e v e r a l  p e r s i s t e n t  t h i n  l ime -

s t one  and  t h i c k e r  g yp sum  bed s .  I n  t h e  uppe r  p a r t  o f  t h e  

L o s  V a l l o s  me m b e r ,  g y p s u m  c o m p r i s e s  a b o u t  5 0  p e r c e n t  

o f  t he  sec t i on .  Th i s  pa r t  o f  t he  membe r  p robab l y  i s  co r -

r e l a t i ve  w i t h  t he  Canas  gypsum,  bu t  i t  i s  s o  much  th i c ke r  

t ha t  t he  co r re l a t i on  has  been  made - i n  on l y  a  gene ra l  way .  

No  s ands t one  comparab l e  t o  t he  J oy i t a  s ands t one  o c cu r s  

i n  the  Luce ro  a rea .  

The  San  Andre s  f o rma t i on  cons i s t s  o f  t h r ee  member s ,  
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wh i ch  a re ,  f r om  t he  base  up ,  known  a s  the  G l o r i e t a  sand -

s tone member,  the  evapor i te  member ,  and the  l imestone 

membe r .  The  mos t  p r om i ne n t  a nd  c omp l e t e  e xpo su r e s  o f  

t h e  f o rma t i o n  a r e  i n  S i e r r a  L u c e r o .  The  bo l d  e a s t  f a c e  o f  

t h e  s i e r r a  i s  l a r g e l y  d u e  t o  t h e  r e s i s t a n c e  o f  t h i s  f o rm a -

t i o n  t o  e r o s i o n .  T h e  G l o r i e t a  s a n d s t o n e  m e m b e r ,  1 8 0 ,  t o  

2 2 0  f e e t  t h i c k ,  c r o p s  o u t  a s  a  d o u b l e  c l i f f ;  t h e  m i d d l e  

e v a p o r i t e  m em b e r ,  3 0 0  t o  3 5 0  f e e t  t h i c k ,  a s  a  s e r i e s  o f  

s t e e p  s l o pe s  a n d  l e d g e s ;  a n d  t h e  u p p e r  l i m e s t o n e  m em -

be r ,  wh i c h  r a nge s  f r om  100  t o  1 20  f e e t  t h i c k ,  c a p s  p a r t s  

o f  t h e  S i e r r a  L u c e r o  a nd  c r op s  ou t  w i d e l y  i n  t h e  g en t l e  

d i p  s l o p e  o n  t h e  w e s t  s i d e .  T h e  G l o r i e t a  r e s t s  c o n f o r m -

a b l y  o n  a n d  i n t e r t o n gu e s  w i t h  t h e  L o s  V a l l o s  m e m b e r  o f  

t h e  Y e s o  f o r m a t i o n .  T h e  s a n d s t o n e  a n d  s h a l e  w h i c h  

a l t e r na t e  w i t h  t he  gyp sum i n  t he  e vapo r i t e  membe r  a r e  

g e n e r a l l y  w h i t e  t o  b u f f ,  i n  c o n t r a s t  w i t h  t h e  t a n - b r o w n  

c o l o r  o f  t h e  Y e s o  f o r m a t i o n .  T h e  l o w e r  p a r t  o f  t h e  S a n  

A n d r e s  f o r m a t i o n  i s  e x p o s e d  b e n e a t h  t h e  M e s a  L u c e r o  

b a s a l t  c a p  a l o n g  t h e  s ou t h  a n d  e a s t  s i d e ,  a n d  i t  a r c h e s  

ac ross  the  Nor th  Luce ro  an t i c l i ne  nea r  the  head  o f  Ga rc i a  

A r r o yo .  F r om  Ca r r i z o  A r r o y o  no r t hwa r d  f o r  a bou t  6  m i l e s  

t he  f o rma t i on  d i p s  s t eep l y  ea s t  i n  t he  p rom inen t  hogback  

w e s t  o f  t h e  S a n t a  F e  f a u l t .  T h e  m i d d l e  a n d  u p p e r  m e m -

be rs  a re  much  de fo rmed by  compress i on  and  poss i b l e  

s ed imen ta r y  th i nn ing  a l ong  th i s  zone .  The  t op  o f  t h e  San  

A n d r e s  f o r m a t i o n  i s  a n  e r o s i o n a l  u n c o n f o r m i t y  o f  l o w  

relief. 

Mesozoic Rocks 

St ra ta  o f  Mesozo i c  age  c rop  ou t  in  the  h igher  par t s  o f  

S i e r r a  Lu ce ro ,  on  t he  wes t e rn  s l o pe s  o f  S i e r r a  Lu ce ro ,  

benea th  and  t o  t he  no r t h  o f  Mesa  Lu ce ro ,  and  l o ca l l y  t o  

t he  eas t  o f  the  Comanche  th rus t  be l t .  

Tr iass ic  rocks  

T h e  S h i n a r u mp  c o n g l o m e r a t e  i s  p r i n c i p a l l y  e x p o s e d  

a l ong  t he  t op  and  ea s t  s l o pe  o f  S i e r r a  Lu ce ro .  I t  unde r -

l i e s  t h e  M e s a  L u c e r o  b a s a l t  c a p  i n  a  c o n s i d e r a b l e  b e l t  

a n d  i s  e x p o s e d  i n  s m a l l  p a t c h e s  a l o n g  t h e  e a s t  l i m b  o f  

t h e  N o r t h  L u c e r o  a n t i c l i n e  w e s t  o f  G a r c i a  A r r o y o .  I t  

a l s o  c r op s  ou t  l o c a l l y  benea th  e x t en s i ve  sp r i n g  depos i t s  

a long  the  wes t  s i de  o f  the  San ta  Fe  fau l t .  The  Sh ina rump 

res ts  d i s con formab ly  on  the l imestone  member  o f  the  San  

And re s  f o rma t i on .  L i t t l e  o r  no  cong l ome r a t e  i s  p r e sen t  

i n  t h e  L u c e r o  a r e a ,  a n d  t h e  f o r m a t i o n  m o r e  n e a r l y  r e -

s emb l e s  t he  e qu i v a l en t  San t a  Rosa  s ands t one  ea s t  o f  t h e  

R i o  G r ande  Va l l e y  t h an  t h e  Sh i n a r ump  c ong l ome r a t e  o f  

we s t e r n  New  Mex i c o  a nd  A r i z ona .  The  t o p  o f  t h e  f o r ma -

t i o n  i s  e i t h e r  e r o d e d  o r  c o v e r e d  t h r o u gh o u t  t h e  L u c e r o  

a rea ;  howeve r ,  t he  th i c kne ss  i s  i n f e r r ed  t o  be  abou t  300  

feet. 

The  Ch i n l e  f o rma t i on  i n  t h e  Lu ce ro  a r ea  i s  d i v i d ed  i n -

to  a  red sha le  member  and the Cor reo sandstone member .  

The  r e d  s h a l e  membe r ,  wh i c h  i s  a bou t  1 , 0 00  f e e t  t h i c k ,  

i s  t h e  un i t  mos t  s uscep t i b l e  t o  e ros i on  i n  t he  a rea .  Mos t  

o f  t he  e s t ima ted  sec t i on  i s  cove red  by  a l l u v ium and  l and-

s l i de  mate r i a l .  I t  appear s ,  howeve r ,  t o  unde r l i e  the  no r th -

w e s t  h a l f  o f  M e s a  L u c e r o  a n d  t h e  b r o ad  S a n  J o s e  V a l l e y  

f r om  nea r  Lu c e ro  Sp r i ng  no r t hwa rd  t o  t h e  ba se  o f  Mes a  

G i g a n t e .  P r o b a b l y  i t  i s  p r e s e n t  a l s o  i n  m a n y  i s o l a t e d  

o u t c r o p s  a l o n g  t h e  C o m a n c h e  t h r u s t  a n d  t h e  S a n t a  F e  

f a u l t s ,  b u t  i n  s u ch  o c c u r r e n c e s  p o s i t i v e  i d en t i f i c a t i o n  

c an  no t  be  made  becau se  o f  t he  p r e s en ce  o f  s im i l a r  s ha l e  

in  the  Sh inarump cong lomerate .  

The  Co r r e o  s a nd s t one  membe r ,  wh i c h  r a nge s  f r om  90  

t o  120  f ee t  i n  t h i c kne s s ,  c r op s  ou t  a l ong  t he  l owe r  bench  

a t  t he  s ou th  edge  o f  Mesa  G i gan t e .  The  uppe r  c on t a c t  o f  

t h i s  member  i s  s l i gh t l y  uneven  ow ing  to  e ros i on  p r i o r  to  

depos i t i on  o f  J u r a s s i c  s t r a t a .  

Jurassic  rocks 

Loca l l y  i n  t h e  s ou the rn  s l ope s  o f  Mesa  G i gan t e  t h e  

Co r reo  sands tone  i s  ove r l a i n  by  th in  l en t i l s  wh i ch  a re  

p robab l y  bes t  co r r e l a ted  w i th  the  G l en  Canyon  g roup .  

Rest ing  d i s con fo rmab ly  on these  l en t i l s  i s  the  En t rada 

sandstone.  

The  En t r ada  i s  be s t  e xposed  a s  a  t an - b r own ,  f r i a b l e ,  

m a s s i v e ,  c r o s s - s t r a t i f i e d  s a n d s t o n e ,  1 6 0  t o  2 2 0  f e e t  

t h i c k ,  i n  t he  s ou th  s i d e  o f  Mesa  G i gan t e  whe re  i t  appea r s  

to th in gradual ly  to the west .  A few feet  of  the top of  the 

sands tone  a re  exposed  l o ca l l y  i n  the  f l a t s  be tween  Mesa  

Redonda  and  t he  Ga r c i a  f a u l t  and  i n  an  i n t e r r up t ed  s t r i p  

i n  t he  va l l e y  ea s t  o f  t he  San t a  Fe  f au l t .  

The  Wanakah  f o rma t i on  i n  t he  Lu ce ro  up l i f t  i s  d i v i d ed  

i n to  t he  l owe r  Tod i l t o  l imes tone  and  gypsum membe r  and  

the  uppe r  bu f f  sha l e  member .  The  Tod i l t o  l imes tone  and  

gypsum member,  90 to 110 feet  th ick ,  rests  wi th apparent  

c on f o rm i t y  on  t he  En t r a da  s ands t one .  The  membe r  c r op s  

ou t  i n  t he  s ou the rn  s l o pe  o f  Mesa  G i gan t e ,  i n  Mesa  Re -  
donda,  and in  the  southern par t  o f  the  area nor th  o f  the  

R i o  S a n  J o s e .  I t  i s  p o o r l y  e x p o s e d  i n  t h e  i n t e r r u p t e d  

s t r i p  i n  t he  va l l e y  eas t  o f  t he  San ta  Fe  f au l t .  The  bu f f  

s ha l e  membe r ,  60  t o  120  f e e t ,  c r o p s  ou t  i n  t he  s ame  

gene r a l  a r ea  a s  t he  Tod i l t o .  

T h e  M o r r i s o n  f o r m a t i o n  i s  d i v i d e d  i n t o  a  b a s a l  b r o wn  

a n d  b u f f  s a n d s t o n e  m e m b e r ,  1 0 0  t o  1 4 0  f e e t  t h i c k ;  a  

m i d d l e  w h i t e  s a n d s t on e  m em b e r ,  1 6 0  t o  1 7 5  f e e t  t h i c k ;  

a n d  a n  u p pe r  v a r i e g a t e d  s h a l e  me m b e r ,  5 0  t o  2 6 0  f e e t  

t h i c k .  The se  membe r s  a r e  d i s t i ngu i s hed  r ead i l y  i n  nea r l y  
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a l l  e xposu r e s  o f  t he  f o rma t i on  i n  t he  Lu c e ro  a r ea ;  h ow -

ever ,  the  best  exposures  are in  the  south  s lopes  o f  Mesa 

G i gan t e .  Comp l e t e ,  s e c t i on s  a r e  e xpo s ed  a l s o  i n  Mesa  

Redonda  and  i n  t he  h i gh l y  f au l t ed  a r ea  no r t h  o f  t he  R i o  

San  Jose .  The b rown-bu f f  member  wh i ch  fo rms  the  prom-

i nen t  b rown  c l i f f  a l ong  the  sou th  s i de  o f  Mesa  G igante  

g r adua l l y  b e c omes  bu f f  i n  a n  e a s t e r l y  d i r e c t i o n  t owa r d  

t h e  Co r r e o  f a u l t ,  a nd  i n  t h e  s ou t h e r n  ou t c r op s ,  a s  - i n  

Mesa  Redonda ,  i t  i s  wh i t e  o r  bu f f .  

J u r a s s i c  s t r a t a  be come  sand i e r  and  a r e  p r og r e s s i v e l y  

beve l l e d  b y  t he  p r e -Da ko t a  s ands t one  e ro s i on  su r f a c e  t o  

t he  sou thwes t  i n  t he  d ra i nage  bas i n  o f  t he  R i o  Co l o rado .  

Near  the  southern  end o f  the  R io  Co lorado  d ra inage  bas in  

m o s t  o f  t h e  J u r a s s i c  s h a l e s  a n d  t h e  T o d i l t o  l i m e s t o n e  

a n d  g y p s u m  h a v e  b e e n  r e p l a c e d  b y  s a n d s t o n e .  S t i l l  

f a r the r  to  the  south  the  ent i re  Ju rass i c  sequence  i s  ove r -

l apped  by  the  Dakota  sands tone .  

Cretaceous rocks 

The  Dako t a  s ands t one  r e s t s  w i t h  a  s l i gh t  angu l a r  un -

c o n f o r m i t y  o n  t h e  v a r i e ga t e d  s h a l e  m e mb e r .  T h e  f o r ma -

t i o n  c o n s i s t s  o f  7 5  t o  1 0 0  f e e t  o f  m e d i u m -  t o  c o a r s e -

g r a i ned  c r o s s - s t r a t i f i e d ,  l o c a l l y  c ong l ome ra t i c  s ands t one .  

T h e  D a k o t a  i s  l o c a l l y  a b s e n t  t o  n o r t h w e s t  a n d  s o u t h  o f  

t h e  L u c e r o  a r e a .  S t r a t a  w h i c h  a r e  a s s i g n e d  t o  t h e  M a n -

c o s  s h a l e  r e s t  c on f o rmab l y  o n  t h e  Dako t a  a nd  g r ade  i n t o  

i t .  T h e s e  s t r a t a  h a v e  a n  a g g r e g a t e  t h i c k n e s s  o f  5 5 0  t o  

750  fee t ,  and  the  lower  350  fee t  con ta ins  two sands tones ,  

w h i c h  a r e  m a r i n e  i n  p a r t .  T h e  u p p e r  s a n d s t o n e  i s  c o n -

s i de red  by  some  to  be  the  uppe r  pa r t  o f  t he  Dako ta  sand -

s tone .  The  uppe r  beds  o f  t he  Mancos  i n t e r t ongue  w i th  

the  l ower  beds  o f  t he  Mesave rde  f o rmat ion  wh i ch  has  an  

a g g r e g a t e  t h i c k n e s s  o f  a b ou t  1 , 7 0 0  f e e t .  T h e  M e s a v e r d e  

i s  d i v i d ed  i n t o  f i v e  membe r s  i n  t h e  v i c i n i t y  o f  t he  Lu c e ro  

up l i f t .  These members  are ,  in  ascend ing order ,  the  Ga l lup 

s ands t one  membe r ,  50  t o  100  f ee t  t h i c k ;  t he  D i l c o  c oa l  

membe r ,  75  t o  100  f ee t  t h i c k ;  t he  Mu la t t o  t ongue ,  250  t o  

4 00  f e e t  t h i c k ;  t h e  Da l t o n  s and s t one  membe r ,  7 5  t o  1 00  

f e e t  t h i c k ;  a nd  t h e  G i b s o n  c o a l  m e m be r ,  1 , 0 0 0  t o  1 , 3 0 0  

f ee t  th i c k .  

Cenozoic Rocks 

Rocks  o f  Cenozo i c  age  a re  p r ima r i l y  con f i ned  to  the  

a rea  o f  the  Luce ro  up l i f t  i n  t he  R io  Grande  dep res s i on .  

Sma l l  ou t l i e r s  o f  Te r t i a r y  r o c k s  a r e  l o c a l l y  i n vo l ved  i n  

wha t  appea rs  t o  be  l a te  Te r t i a r y  and  Qua te rna ry  s t ru c -

t u r a l  c omp l i c a t i on s .  

Tertiary rocks 

T h e  T e r t i a r y  s e d i m e n t a r y  r o c k s  a r e  i n c l u d e d  i n  t h e  

S a n t a  F e  f o r m a t i o n .  T h e s e  a r e  o f  g r e a t  t h i c k n e s s  a n d  

l o c a l l y  may  i n c l ude  r o c k s  e qu i va l en t  t o  t he  Popo to sa  

f o r m a t i o n  a s  d e s c r i b e d  b y  D e n n y .  T h e  S a n t a  F e  f o r ma -

t ion  i s  w ide ly  exposed  in  the  nor theas te rn  quar te r  o f  the  

a r ea .  The  be s t  and  l a r ge s t  e xposu r e s  o f  t he  San t a  Fe  

fo rmat ion  a re  in  and  sou th  o f  Los  Cer ros .  The  top  o f  the  

San ta  Fe  fo rmat i on  i s  unde te rmined ,  and  de fo rmed  s t ra ta  

o f  t h e  S an t a  F e  a r e  w i d e l y  b e ve l l e d  a nd  c o v e r ed  b y  

Q u a t e r n a r y  p e d i m e n t  g r a v e l s  i n  t h e  L l a n o s  d e l  R i o  

Pue rco .  

Quaternary rocks 

The  o ldes t  Quate rnary  depos i t s  a re  ped iment  grave l s ,  

a n d  t h e y  a r e  p r e s e r v e d  m o s t  e x t e n s i v e l y  i n  t h e  L l a no s  

d e l  R i o  Pue r c o .  E a s t  o f  Ma j o r ' s  r a n ch  t h e y  a r e  p r e s en t  

on  a  sma l l  uppe r  su r f a ce ,  wh i ch  appea r s  t o  have  once  

me r ged  w i t h  t h e  Me sa  L u c e r o  s u r f a c e ,  a nd  on  a  much  

l a r ge r  s u r f a ce  wh i ch  f o rms  mos t  o f  t he  L l ano s  de l  R i o  

P u e r c o .  P e d i m e n t  g r a v e l s  a l s o  c r o p  o u t  b e n e a t h  t h e  

M e s a  L u c e r o  b a s a l t  c a p  n e a r  B r a n c h  C a n y o n  a n d  w e s t  

o f  t he  Luce ro  c ra te r .  

L a rge  and  ex t en s i v e  s p r i n g  depos i t s  l i e  a l ong  t he  

C o m a n c h e  t h r u s t  a n d  t h e  S a n t a  F e  f a u l t .  T h e  d e p o s i t s  

fo rm a  cont inuous  s t r ip  1 /4  to  1/2  mi le  w ide for  10 mi les  

b e t w e e n  M o n t e  d e .  B e l e n  a n d  G r a y  M e s a .  M o s t  o f  t h e  

s p r i n g s  a l o n g  t h e  e x t en t  o f  t h e  d e p o s i t s  a r e  i n a c t i v e ,  

t h o u g h  a  f e w  s p r i n g s  s t i l l  f l o w .  A l o n g  t h e  C o m a n c h e  

th rus t  a t  Mon te  La rgo  Ar royo ,  sp r ing  depos i t s ,  75  to  100  

f ee t  t h i c k ,  a r e  e xpo sed  i n  a  sma l l  g o rge .  The se  g r ade  

ea s twa rd  i n  pa r t  i n to  ped imen t  g r ave l s  o f  t he  L l ano s  de l  

R i o  Pue r co .  I n  many  p l a ce s  t r a ve r t i n e  o c cu r s  on  b r oad  

s u r f a c e s  w i t h  l i t t l e  o r  n o  g r a v e l  a n d  t h i s  m a t e r i a l  i s  

termed cal iche. 

Rocks exposed in the Caballo Mountains* 

Pre-Cambrian Rocks 

The principal outcrops of pre-Cambrian rocks are along 

the  base  and  in  the  l ower  s l opes  o f  the  bo ld  wes t  e sca rp -

men t  o f  t he  moun ta i n s .  The  ou t c r op . - i s  e s sen t i a l l y  c on -

t i nuous  benea th  t he  B l i s s  f o rma t i on  i n  t he  e s ca rpmen t  

f o r  some  e l e ven  m i l e s  be tween  Pa l omas  Gap  on  the  no r th  

a n d  A p a c h e  C a n y o n  o n  t h e  s o u t h .  P r e - C a m b r i a n  r o c k s  

occur  i n  the  l owe r  pa r t  o f  the  Mud Sp r i ngs  Moun ta i ns .  

*  S t r a t i g r a phy  ab s t r a c t e d  f r om :  "Geo l o g y  o f  t h e  Cabe l l o  Moun t a i n s ,  S i e r r a  a nd  Dona  Ana  Coun t i e s ,  New  Mex i c o : "  

b y  V .  C .  K e l l e y . a n d  C a s w e l l  S i l v e r ,  Un i v e r s i t y  o f  N e w  M e x i c o  P u b .  G e o l .  4 ,  1 9 5 2  
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Seve ra l  sma l l  pa tches  o f  p re -Cambr ian  rocks  oc cu r  i n  the  

N o r t h  R e d  H i l l s  a  f e w  m i l e s  s o u t h  o f  T r u t h  o r  C o n s e -

q u e n c e s .  A  r a t h e r  l a r g e  a n d  p r o m i n e n t  m a s s  o f  p r e -

Cambr i an  r o c k  c r op s  ou t  i n  t he  Sou th  Red  H i l l s  s ou thea s t  

o f  Caba l l o  dam and  a  ve r y  sma l l  pa t ch  i s  exposed  i n  t he  

b o t t o m  o f  a  sm a l l  t r i b u t a r y  o f  M o l  I n a s  C a n y o n  i n  t h e  

s ou t h e r n  p a r t  o f  t h e  moun t a i n s .  P r e -Cam b r i a n  r o c k s  a r e  

on l y  a  f ew  f e e t  b e l ow  t h e  s u r f a c e  i n  s ome  o f  t h e  sm a l l  

gu l c he s  a l ong  t he  wes t  f a c e  o f  Red  House  Moun ta i n .  

T h e  d o m i na n t  r o c k  o f  t h e  p r e - C a m b r i a n  i s  a  p i n k i s h  

c o a r s e - g r a i n e d  g r a n i t e .  I n  m o s t  o u t c r o p s  t h e  r o c k  i s  

g n e i s s o i d .  S m a l l  d i k e s  o f  s i m p l e  g r a n i t e  p e g m a t i t e  

a n d  s i l e x i t e  a f e  f a i r l y  c o m m o n .  S m a l l  l a m p r o p h y r i c  

d i k e s  a r e  o c c a s i o n a l l y  p r e s e n t .  H e r e  a n d  t h e r e  s m a l l  

pa t ches  o f  m i ca  s ch i s t ,  me tad i o r i t e ,  and  g reens tone  c rop  

o u t .  B e t w e e n  G r a n i t e  W a s h  a n d  B u r b a n k  C a n y o n  a l o n g  

the  cen t ra l  par t  o f  the  Caba l lo  escarpment  severa l  square  

m i l e s  a r e  u n de r l a i n  b y  p r e - C a m b r i a n  r o c k s .  T h e s e  r o c k s  

a re  composed  mos t l y  o f  m i ca  s ch i s t ,  bu t  g ran i t e  gne i s s ,  

m e t a d i o r i t e ,  a n d  g r e e n s t o n e  a r e  c o m m o n .  T h e  m e t a -

morph i c  se r i es  i s  i n t ruded  by  p i nk  coar se -g ra ined  g ran i t e .  

Cambrian racks 

The  Cambr i an  r o ck s  o f  t he  Caba l l o  Moun ta i n s  a re  r e -

p r e s en t ed  b y  t h e  B l i s s  f o rma t i o n  o f  l a t e  C amb r i a n  a ge .  

I t  i s  one  o f  the  more  d i s t inc t i ve  and  consp i cuous  fo rma-

t i on s  o f  s ou t he rn  New  Mex i c o  ow ing  t o  unusua l  m i n e r -

a l ogy  and  p rom inen t  co l o r .  The  B l i s s  f o rma t i on  i s  p rob -

ab l y  the  mos t  w idesp read  o f  the  l owe r  Pa l eozo i c  f o rma-

t i on s  i n  s ou th e rn  New  Mex i c o .  

I n  t h e  C a b a l l o  M o u n t a i n s  t h e  o u t c r o p  o f  t h e  B l i s s  

f o rmat i on  i s  nea r l y  eve rywhe re  da rke r  i n  co l o r  than  the  

under ly ing pre-Cambr ian rocks  and the  over ly ing  S ie r r i te  

l imes t one ,  bu t  i n  mos t  p l a ce s  t he  t opog raph i c  exp res s i on  

i s  t he  s ame  a s  t he  unde r l y i ng  p r e -Cambr i an .  Nea r l y  

e ve r ywhe re  the  t op  o f  t h e  B l i s s  f o rma t i on  i s  ma rked  by  

a n iche above which the sheer  c l i f f s  or  the abrupt  ledgy 

s l opes  o f  t he  S i e r r i t e  l imes tone  beg in .  

E x cep t  f o r  a  f ew  ba sa l  med i um-  t o  t h i c k - bedded  l e dge s  

o f  c o a r s e - g r a i n e d  s a n d s t o n e  a n d  o o l i t i c  h e m a t i t e ,  t h e  

B l i s s  i s  t h i n - b e d d e d  a n d  c o m m o n l y  l a m i n a t e d .  C r o s s -

b edd i ng  u p  t o  a bou t  o ne  f o o t  i n  t h i c k ne s s  o c c u r s  l o c a l l y  

i n  t he  basa l  s ands t one .  The  l owe rmos t  pa r t  o f  t he  B l i s s  

f o r m a t i o n  i n  t h e  C a b a l l o  a r e a  i s  g en e r a l l y  c h a r a c t e r i z e d  

by  coa r se  t ex tu red  beds  wh i ch  cons i s t  o f  cong lomera te ,  

s ands t one ,  c o a r s e  and  o f t e n  f e l d s pa th i c  s ands t one ,  and  

o o l i t i c  h e m a t i t e .  A b o v e  t h e  l o w e r m o s t  c o a r s e  c l a s t i c  

p a r t  t h e  B l i s s  c o n s i s t s  o f  a l t e r n a t i n g  t h i n  b e d s  a n d  

l am inae  o f  g ray ,  common l y  g laucon i t i c  l imes tone ,  f e r ru  

g inous quartzose,  f ine-gra ined sandstone and s i l t s tone,  

g l aucon i t e ,  and  non -a6 l i t i c  hemat i t e .  

I n  t he  Caba l l o  a rea  the  B l i s s  r anges  i n  t h i c kness  f r om 

110  t o  160  f e e t .  I n  gene r a l  t h e  B l i s s  f o rma t i on  i n c r ea se s  

i n  t h i c kne ss  f r om ze ro  po in t s  i n  t he  no r the rn  pa r t  o f  t he  

E ra  C r i s t oba l  Moun ta i ns  and  in  t he  sou the rn  pa r t  o f  t he  

Oscura  Mounta ins  to  near ly  300 feet  in  the  southern and 

sou thwes te rn  pa r t s  o f  the  S ta te .  

Ordovician rocks 

T h e  E l  P a s o  l i m e s t on e  a t  i t s  t y p e  l o c a l i t y  c o n s i s t s  o f  

g ray  magnes ium l imes tone ,  wh i ch  i s  l oca l l y  sandy  a t  the  

base .  I n  t he  Cabe l l o  Moun ta i n s  t he  f o rma t i ona l  r e l a t i ons  

are somewhat more compl icated than they are at the type 

l o c a l i t y ;  t h e r e f o r e  t h e  E l  P a s o  l ime s t one  h a s  b een  e x -

p a n d e d  t o  t h e  E l  P a s o  g r ou p .  T h e  g r o u p  i s  d i v i d e d  i n t o  

t he  S i e r r i t e  l imes t one  and  t he  Ba t  Cave  f o rma t i on .  

T h e  S i e r r i t e  l i m e s t on e  c r op s  o u t  a l o n g  t h e  w e s t  f a c e  

o f  t h e  Cabe l l o  Moun t a i n s ,  i n  t h e  we s t  f a c e  o f  t h e  Mud  

Sp r i n g s  Moun t a i n s ,  i n  t h e  we s t  f a c e  o f  S ou t h  Red  H i l l s ,  

a t  t h e  s o u t h  e n d  o f  N a k a y e  M o u n t a i n ,  a n d  i n  t h e  w e s t  

f a c e  o f  t h e  R e d  H o u s e  M o u n t a i n .  I n  m o s t  p l a c e s  t h e  

med i um-g r a y  t o  b r own  ou t c r op s  o f  t h e  S i e r r i t e  c l e a r l y  

c o n t r a s t  w i t h  t h e  d a r k &  u nd e r l y i n g  B l i s s  f o r m a t i o n  a nd  

t he  l i gh t e r ,  s l ope - f o rm ing  l owe r  beds  o f  t he  Ba t  Cave  

f o rma t i on ,  wh i ch  l i e s  above  i t .  I t  i s  e s sen t i a l l y  c on f o rm-

ab l e  w i t h  t h e  c on f i n i n g  f o rma t i o n s  a nd  i s  1 27  f e e t  t h i c k  

a t  Mo l i n a s  Canyon ,  167  f e e t  a t  Cab l e  Canyon ,  140  f e e t  

near  Pa lomas Gap ,  and  150  fee t  in  the  Mud Spr ings  Moun-

t a i n s .  A l t h o u g h  t h e  S i e r r i t e  l i m e s t o n e  i s  c h a r a c t e r i s t i c -

a l l y  t h i n -bedded  t o  l am ina t ed  i t  p r e s en t s  a  mas s i ve  ou t -

c r o p  i n  m o s t  p l a c e s  o w i n g  t o  t h e  f i r m  b o n d i n g  o f  t h e  

l a y e r s .  O n  f r e s h  s u r f a c e s  t h e  S i e r r i t e  l i m e s t o n e  i s  

med i um-g ray  t o  da r k - g r ay  w i t h  a  s l i gh t  b r own i sh  c a s t .  

A l t h ough  mos t  o f  t h e  b ed s  a r e  m i c r og r anu l a r ,  f i n e -  t o  

m e d i u m - g r a i n e d  t e x t u r e s  a r e  c o m m o n ,  a n d  l o c a l l y  t h e  

t e x t u r e  i s  d i s t i n c t l y  c r y s t a l l i n e  i n  appea r ance .  The  l ime -

s t o n e  i s  a l mo s t  e n t i r e l y  c a l c i t e  a t  t h e  t y p e  l o c a l i t y ,  b u t  

i t  i s  e x pe c t a b l e  t h a t  i t  ma y  b e  a  d o l o m i t i c  l i m e s t on e  i n  

s o m e  p l a c e s .  G l a u c o n i t e  a n d  c h o l o r i t i c  m a t e r i a l s  a r e  

s p a r i n g l y  p r e s e n t  i n  s o m e  o f  t h e  l o w e r m o s t  b e d s .  T h e  

che r t  i s  l i gh t -g ra y  t o  wh i t e  on  f r e sh  su r f a ce s .  

The  Ba t  Cave  f o rma t i on  compr i se s  t he  uppe r  and  ma jo r  

p a r t  o f  t h e  E l  P a s o  g r oup  i n  t h e  Caba l l o  Moun t a i n s .  The  

f o rmat i on  re s t s  con fo rmab l y  upon  the  unde r l y ing  S ie r r i t e  

l imes t one  and  i s  o ve r l a i n  w i t h  ma r ked  e r o s i ona l  un con - 
f o rm i t y  b y  the  Cab l e  Canyon  sands t one  o f  t he  Mon toya  

g roup .  I t  c rops  ou t  bo l d l y  a l ong  mos t  o f  t he  wes t  e s ca rp - 
men t  o f  t h e  Caba l l o  Moun t a i n s .  I t  i s  a l s o  e xpo s ed  i n  t h e  
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escarpment of the Mud Springs Mountains, at the south end of 

Nakaye Mountain in Molinas Canyon, and at Flat Top-and Red 

House mountains. The lower part of the formation is light-gray 

in general appearance and generally forms slopes. It contains 

many irregularly distributed biostromes and bioherms which are 

predominantly stromatolitic. Surrounding and interspersed with 

the stromatolitic masses is much detrital limestone. The 

upper part of the formation is somewhat darker than the lower, is 

banded in general appearance, and is generally cliff-forming. 

The thickness of the Bat Cave formation ranges from 216 feet 

at Molinas Canyon to 305 feet in the Mud Springs Mountains. 

The irregular variation is mostly due to pre-Montoya erosion. 

The upper beds of the formation are strikingly exposed in the 

cliffs on the north side of the Cable Canyon. Their highly banded 

outcrop is typical of this part of the formation. They consist of 

medium- to thick-bedded dolomitic limestone, and some 

dolomite. Most of the beds are very fine-grained and dense. 

Beds of calcarenite and cal- 
cirudite are commonly intercalated with the normal limestone. 

Cherty beds or units are occasionally present. A few of the 

beds in the upper unit are biostromal and contain isolated small 

stromatolites. One of the most out- 
standing features of the Bat Cave formation is the presence of 

large masses of collapse breccia in the upper part of the 

formation. 

The Montoya group in the Caballo Mountains is divided into 

the following formations from the base up: the Cable Canyon 

sandstone, Upham dolomite, Aleman formation, and Cutter 

formation. 

The Cable Canyon sandstone is a coarse granulitic 

sandstone that appears as a dark band above the I ightcolored 

cliffs of the Bat Cave formation. With a few exceptions it is a 

ledge or cliff. The sandstone is medium-gray on fresh 

exposure and contains grains of white, gray, pale-rose, 

smoky and blue-gray quartz. The texture ranges from medium 

sand to small pebbles. Cement ranges from calcitic to 

dolomitic. Fresh exposures of the sandstone are always highly 

cemented and appear to have low porosity. 

Resting comformably upon the Cable Canyon sandstone in the 

Cabal lo Mountains is the massive, medium-gray to brownish-gray 

weathering Upham dolomite. In many exposures it is a cliff or 

ledge for its full thickness of 50 to 80 feet. The dolomite is a 

medium-gray to dark-gray micro-crystalline to fine-grained, 

arenaceous rock. Detrital quartz grains are scattered in thin 

lentils, and in irregular vertical streaks. 

 

 

 

 

 

The most distinctive formation of the Montoya group is the 

Aleman formation. It consists of alternations of chert and 

dolomite beds which are strikingly banded medium-gray to 

dark-gray brown. The chert weathers white, brown, and black, 

and contrasts strongly with the general color of the carbonate 

beds. The dolomite is medium- 
to dark-gray or brownish-gray on fresh exposures and 

microcrystalline to finely granular. The chert is mottled light.- 

and dark-gray on fresh exposure and is often a replacement of 

fossils. 

Overlying the Aleman formation in the Cabal lo Mountains 

with apparent conformity is a sequence of light-gray 

weathering, generally unfossiliferous limestone and dolomite beds 

which are designated as the Cutter formation. This formation 

usually crops out as a steep slope beneath the Fusselman. The 

Cutter has the same general distribution as the other 

formations of the Montoya group except where it has been 

locally removed in part or entirely by pre-Pennsylvanian 

erosion in the southeast end of the Nakaye Mountains. South 

of Palomas Gap in the central part of the Cabal lo Mountains 

the formation ranges in thickness from about 50 to 115 feet in 

a distance of two miles, and then to thicken to about 130 feet 

at. Granite Wash. These rather abrupt changes 

in thickness may be attributed to pre-Fusselman truncation. The 

dolomitic limestone is light-gray to brown ishgray on fresh 

surfaces. The dolomite is medium-gray to dark-gray. Both 

weather light-gray or light-tan. Only a few of the dolomite beds 

are finely crystalline. The limestone is generally microgranular to 

sublithographic. 

Silurian rocks 

The Fusselman dolomite overlies the Montoya group in most 

places in the Caballo Mountains, but in some localities 

Percha or Magdalena strata rest directly on the Montoya and 

the Fusselman is absent. The Fusselman is a dark-colored gray 

to brownish-gray cherty dolo- 
mite which often forms a cliff or ledge beneath the Percha or 

lower Magdalena beds. It is less than 50 feet in thickness, and 

throughout much of its extent is less than 20 feet. 

Devonian rocks 

In most places the Percha formation rests upon the 

Fusselman, in other places it rests upon dolomite of the 

Montoya  g roup .  I t  i s  most  o f ten  over la in  by  beds  o f  the  

Magda l ena  g r oup ,  bu t  i n  t h e  s ou the rn  end  o f  t he  moun -

ta in s  the  Lake  Va l l e y  f o rma t i on  i n te r venes .  The  gene ra l  

topograph ic  expres s i on  i s  t ha t  o f  a  back-s lope .  The  

f o rma t i on  i s  a lways  s o f t ,  t h i n -bedded ,  and  r anges  i n  

121 



N E W  M E X I C O  G E O L O G I C A L  S O C I E T Y  *  T H I R D  F I E L D  C O N F E R E N C E  *  R I O  G R A N D E  C O U N T R Y  

th i ckness  f rom a  th i n  edge  to  105  fee t .  I t  cons i s t s  p re -

d o m i n a n t l y  o f  g r a y - w e a t h e r i n g  c a l c a r e o u s  c l a y s t o n e ,  

o l i ve -d rab-weather ing  sha le ,  and  rus ty -weather ing  f ine -

g r a i ned  s ands t one  and  s i l t s t one .  The  c l a y s t one  i s  l i g h t -

gray  to  med ium-gray on f resh exposures ,  somewhat  gr i t ty ,  

a n d  c o n t a i n s  l i m e s t o n e  nod u l e s  i n  s i z e s  r a n g i n g  f r o m  

pebb l e s  t o  b o u l d e r s .  T h i n  l ime s t one  l e n t i l s  a nd  b ed s  

a r e  i r r e g u l a r l y  d i s t r i b u t e d .  T h e  s h a l e  i s  f i s s i l e  a n d  

b reaks  i n to  sh i n y  o l i ve -g reen  ch i ps  wh i ch  f o rm a  d i s t i n c -

t i v e  f l o a t .  L imon i t e  c on c r e t i o n s  a r e  c ommon .  

M i s s i s s i p p i a n  r o c k s  

T h e  L a k e  V a l l e y  f o r m a t i o n ,  w h i c h  c o n s i s t s  o f  t h e  

A lamogordo and Nunn members  in  the  Caba l lo  Mounta ins ,  

c r op s  ou t  a s  i s o l a t ed  pa t ch e s  be tween  t h e  ba sa l  bed s  o f  

the Magdalena format ion and the top of  the  Percha forma-

t i o n .  S t r a t a  t h a t  a r e  d e f i n i t e l y  a s s i g ned  t o  t h e  M i s s i s -

s i pp i an  sy s tem  c rop  ou t  on l y  i n  t he  sou theas te rn  pa r t  o f  

t he  Caba l l o  Moun t a i n s .  

T h e  A l a m o g o r d o  m e m b e r  i s  a  m a s s i v e - b e d d e d ,  d a r k -

g ray  wea the r ing ,  l edge - fo rm ing  l imes tone ,  up  to  31  f ee t  

t h i c k ,  wh i c h  c on t a i n s  l e n s e - s h aped  c he r t  ma s s e s .  The  

l imestone  i s  l i gh t -g ray  to  med ium-gray  on f resh  exposure  

a nd  f i n e l y  c r y s t a l l i n e .  T he  c h e r t  ma s s e s  wea t h e r  p i n k  

in many local i t ies,  but  are medium-gray to white on f resh 

exposu re .  

The  Nunn  me mbe r  i s  a  t h i n - b edded ,  n odu l a r  l i g h t - g r a y  

t o  p ink i sh -g ray  wea the r ing  conco i da l  f rac tu r ing  l imes tone  

and  sha le  un i t  as  much  as  30  feet  th i ck .  I t  res t s  u  [ ' con-

f o rmab l y  upon  the  Pe r cha  sha l e  o r  t he  A l amogo rdo  mem-

b e r .  I t  i s  o v e r l a i n  u n c o n f o r m a b l y  b y  t h e  b a s a l  b e d s  o f  

the  Magda lena group.  

Pennsylvanian:  rocks  

I n  t h e  Ca b a l l o  M o u n t a i n s  t h e  M a g d a l e n a  g r o u p  c r o p s  

out  as  a  gray or  tan-gray !edgy sequence o f  cons iderab le  

p rominence .  The  th i c kness  o f  the  Magda l ena  ranges  f r om 

about  1 ,000  fee t  i n  the  nor thern  pa r t  o f  the  mounta ins  to  

nea r l y  1 ,500  fee t  i n  the  sou the rn  pa r t  o f  the -mounta i ns . .  

L o c a l  v a r i a t i o n s  i n  t h i c kn e s s  a r e  c au s ed  b y  i r r e gu l a r i t i e s  

o f  e ros i ona l  su r faces ,  a t  bo th  the  bo t tom and  top  o f  the  

f o rma t i on ,  bu t  t he r e  i s  a  g r adua l  i n c r ea se  i n  t h i c kne s s  

southward a long the  range.  

The uppermost  beds  o f  The Magda lena loca l l y  in ter -

t ongue  w i th  r ed  beds  o f  p robab l e  con t i nen ta l  o r i g i n  

th rough  a  s t ra t ig raph i t  i n te rva l  o f  as  much  as  50  fee t .  

L imes tone  beds  a re  common l y  10  t o  20  f e e t  i n  t h i c k -  
ne s s  a nd  a r e  u s ua l l y  s e pa r a t e d  b y  s h a l e  b ed s  o f  s e v e r a l  

f e e t  o r  m o r e  i n  t h i c k n e s s .  T h e  l i me s t o ne  o f  t h e  M a gd a -

l e n a  i s  a lmo s t  e n t i r e l y  c a l c i t i c .  T he  t e x t u r e  o f  t h e  l ime -

s t one  r a nge s  f r om  v e r y  f i n e - g r a i n ed  t o  med i um-g r a i n ed  

a n d  c r y s t a l l i n e .  C h e r t  i n  t h e  M a g d a l e n a  o c c u r s  on  b ed -

d i n g  p l a n e s ,  i n  b a n d s  a n d  i s  i r r e g u l a r l y  d i s t r i b u t e d  

th rough  beds .  Many  l imestone  beds  conta in  a  lacey  in ter -

g r ow th  o f  l i g h t - g r a y  c h e r t  w i t h  t h e  c a l c i t e ,  a nd  o t h e r s  

c on t a i n  much  v e r y  f i n e - g r a i n ed  t o  c l a y - l i k e  p a r t i c l e s  o f  

chert .  

Mos t  l imes tone  beds  o f  the  Magda lena  g roup a re  dense  

and  l a ck  po ros i t y .  I t  i s  p robab le  tha t  f l u id s  m ig ra te  much  

mo r e  r e ad i l y  o n  b edd i ng  p l a ne s  o r  f r a c t u r e s  t h an  w i t h i n  

t he  beds  o f  t he  Magda l ena .  

The  c l a s t i c  r o c k s  o f  t h e  Ma gda l e na  c on s i s t  o f  s h a l e ,  

c l a s t i c  l imes t one ,  and  s and s t one .  The  sh a l e  i s  med i um-

g r a y  t o  b l a c k  a n d  g e n e r a l l y  m o d e r a t e l y  f i s s i l e .  I t  i s  

c ommon l y  ca l ca reous ,  and  l imes t one  nodu l e s ,  l en ses ,  o r  

t h i n  bed s  a r e  i n t e r c a l a t ed  w i t h  t he  sha l e .  L imes t one  

cong lomerate  beds  are  th in ,  d i scont inuous,  and o f  minor 

o c c u r r e n c e .  A  f e w  s a n d s t o n e  a n d  s i l t s t o n e  b e d s  m a r k  

t h e  t r a n s i t i o n  z o n e  a t  t h e  t o p .  T h e s e  a r e  u s u a l l y  r e d  

and  a r kos i c .  

P e r m i a n  ( ? )  a n d  P e r m i a n  r o c k s  

The  Pe rm i an  ( ? )  and  Pe rm i an  r o c k s  o f  t he  Caba l l o  

M o u n t a i n s  c on s i s t  o f  t h e  Ab o ,  Y e s o ,  a n d  S a n  A n d r e i  

f o rmat i ons ,  and  the i r  aggrega te  th i c kness  i s  abou t  2 ,000  

f ee t  i n  t he  cen t ra l  pa r t  o f  the  moun ta i ns .  

T h e  b a s e  o f  t h e  A b o  i s  p o o r l y  e x p o s e d  a n d  a l t h o u g h  

the  f o rmat i on  appear s  gene ra l l y  con fo rmab le  w i th  the . .  

unde r l y ing  Magda lena  g roup  the re  may be  some l o ca l  

d i v e r g e n c e  o r  i r r e g u l a r i t y  a t  t h e  c o n t a c t .  T h e  d e e p  

redd i sh -b rown appea rance  o f  the  Abo  i s  d i s t i nc t i ve .  The  

f o rma t i o n  r a nge s  f r om  abo u t  5 50  t o  1 , 1 00  f e e t  i n  t h i c k -

n e s s  i n  t h e  C a ba l l o  Mo u n t a i n s ,  a n d  i s  c h i e f l y  t h i n -  t o  

m e d i u m - b e d d e d .  I n d i v i d u a l  b e d s  o f  s a nd s t o n e  a n d  s i l t -

s t o n e  a r e  l e n t i c u l a r  a n d  o c c u r  i n  a  w i d e  r a n g e  o f  g eo -

me t r i c  shapes  and  d imens i ons .  Sands to r4  beds  a re  o f t en  

c r o s s - b e d d e d .  C l a y s t o n e  i s  t h e  d o m i n a n t  r o c k  o f  t h e  

f o r m a t i o n ,  b u t  s i l t s t o n e  a n d  s a n d s t o n e  a r e  a b u n d a n t .  

L e n s e s ,  n o d u l e s ,  a n d  t h i n  b e d s  o f  g r a y - b r o w n  l i me s t o n e  

a re  s ca t t e red  i n  t he  red -b rown  c l a ys tone .  

The  b e l t  o f  o u t c r op  o f  t h e  Y e s o  f o rma t i o n  unde r l i e s  a  

near l y  con t inuous  va l l ey  be tween  the  Abo  and  San  Andres  

hogbacks  a l ong  a lmos t  the  en t i r e  eas te rn  f oo th i l l s  o f  the  

m o u n t a i n s .  T h e  f o r m a t i o n  r a n g e s  i n  t h i c k n e s s  f r o m  1 8 9  

f ee t  i n  t he  s ou thwes te rn  pa r t  o f  t he  Caba l l o  a rea  t o  600  
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f ee t  i n  t he  no r the rn  pa r t .  The  t h i n  sec t i on  i n  t he  s ou th -

wes te rn  a rea  may  be  due  to  nondepos i t i on  o r  e ros i ona l  

t runcat ion  o f  the  upper  beds  o f  the  fo rmat ion .  Yeso  s t ra ta  

r ange  f r om th i n -  t o  t h i c k -bedded ,  and  l am ina ted  bedd ing  

o c cu r s  i n  t he  gyp sum un i t s .  They  con s i s t  dom inan t l y  o f  

s ands t one  and  g yp sum w i t h  l e s s e r  amoun t s  o f  s i l t s t on e ,  

l ime s t one ,  a nd  c l a y s t one .  The  s and s t one  i s  mo s t l y  t a n  

t o  p a l e - r e d  a l t h o u g h  b u f f  t o  w h i t e  b e d s  a r e  c o m m o n .  

Gypsum beds  occur  t h roughout  the  fo rmat ion ,  bu t  appea r  

t o  be  more  abundan t  i n  the  uppe r  pa r t .  In  many  p laces  

gypsum beds  a re  on l y  a  f ew f ee t  th i c k  and  a l t e rna te  w i th  

t h i n  b e d s  o f  s a n d s t o n e .  E l s e w h e r e  b e d s  o f  g y p s u m  a r e  

20  t o  3 0  f e e t  t h i c k .  L i g h t - g r a y  t o  d a r k - g r a y  v e r y  f i n e -

g ra ined  l imes tone  beds  up  to  20  fee t  th i ck  a re  spar ing ly  

s ca t te red  th rough  the  sec t i on .  

The  S an  And r e s  f o rma t i o n  c r o p s  ou t  i n  a  n e a r l y  c on -

t inuous  band a long the eas tern  edge o f  the  Caba l  lo  Moun-

t a i n s .  T h e  t h i c k n e s s  r a n g e s  f r o m  5 5 0  t o  n e a r l y  1 , 0 0 0  

feet. 

The  fo rmat ion  i s  th in -  to  med ium-bedded and  genera l l y  

even-  o r  pa ra l l e l -bedded.  I t  cons i s t s  o f  about  75  pe rcent  

l i m e s t o n e  w h i c h  i s  s l i g h t l y  d o l o m i t i c  i n  p l a c e s .  T h e  

l i m e s t o n e  i s  l i g h t -  t o  d a r k - g r a y  o n  b o t h  w e a t h e r e d  a n d  

f r e sh  su r f a ces  a l t hough  some  wea the red  su r f a ces  have  a  

l i g h t  o l i v e - d r ab  a ppea r an c e .  The  t e x t u r e  i s  c h i e f l y  v e r y  

f i ne -g ra i ned .  In  gene ra l ,  t he  l imes t one  i s  no t  che r t y .  

Th i n  un i t s  o f  t h i n -bedded  l imes t one ,  c l a y s t one ,  o r  

sands tone  a l te rna te  w i th  th i cker  un i t s  o f  l imestone .  The  

sands tone  i s  mos t l y  f i ne -g ra ined  and  ye l l ow i sh -b rown  o r  

b u f f .  S o m e  l e n t i l s  o f  c l a y s t o n e  a n d  s i l t s t o n e  a r e  p a l e -

r e d ,  a n d  t h e s e  i n  p l a c e s  i n c l u d e  t h i c k  t o  m a s s i v e  b e d s  

o f  gypsum. 

Cretaceous rocks 

The Dakota  group ,  about  220  feet  th i ck ,  res t s  d i s con-

f o rmab l y  o n  t h e  S an  And r e s  f o rma t i o n .  The  b a s a l  u n i t  i s  

a  med ium-bedded,  wh i te  s i l t s t one  abou t  26  f ee t  i n  th i c k -

n e s s .  Above  t h e  b a s a l  s i l t s t o ne  i s  a  u n i t  wh i c h  r e -  
semb les  the  rocks  genera l l y  r e fe r red  to  a s  Dakota  sand -

s t one  i n  o t he r  pa r t s  o f  New  Mex i c o .  I t  i s  a  t h i c k  l e dged ,  

o f ten  lam inated ,  p ink  to  wh i te  sandstone  wh ich  weathers  

medium-brown. 

T h e  M a n c o s  s h a l e ,  w h i c h  r a n g e s  u p  t o  50 0  f e e t  i n  

t h i c k ne s s  a nd  may  r e s t  d i s c on f o rmab l y  on  t h e  Da ko t a  

g r o u p ,  i s  d i v i d e d  i n t o  t w o  u n i t s .  T h e  l o w e r  s h a l e  u n i t  

i s  42  f ee t  th i ck ,  th i n -bedded ,  and  con ta in s  seve ra l  l ime -  

s t one  beds  wh i ch  a re  f r om  1  t o  4  i n ches  t h i c k .  The  uppe r  

un i t  c on s i s t s  o f  med i um-  t o  da r k - g r a y  sh a l e  c on t a i n i n g  

o l i v e - d r ab  s i l t s t o ne  and  s h a l e .  A  f ew  l ime s t one  b ed s  

1  t o  6  i nches  th i c k  and  a  few  l i gh t -g ray  ben ton i t i c  beds  

1 /2  t o  1  i n ch  t h i c k  o c cu r  i n  t he  un i t .  

T h e  M e s a v e r de  f o r m a t i o n  r e s t s  o n  t h e  M a n c o s  s h a l e .  

T he  c hange  f r om  ma r i n e  s h a l e  t o  i n t e r b edded  and  l e n t i -

c u l a r  c ong l ome ra t e ,  s i l t s t o ne ,  s ha l e ,  and  coa l  i s  l o c a l l y  

ab rupt  whe re  s cour  and  f i l l  r e l a t i ons  a t  t he  base  o f  the  

M e s a v e r d e  c u t  d o w n w a r d  i n t o  t h e  u p p e r  b e d s  o f  t h e  

M a n c o s ,  b u t  i n  m o s t  p l a c e s  t h e r e  i s  a  t h i n  t r a n s i t i o n  

z one  be tween  t he  two .  Sha l e  bed s  o f  t he  Mesa ve r de  a r e  

l i g h t - g r a y  t o  med i um -g r a y  a nd  wea t he r  t o  o l i v e - g r a y  o r  

o l i v e - b r own  hues .  The y  a r e  mo re  con t i nuous  t han  t h e  

i n t e r bedded  s ands t one  bed s  wh i ch  a r e  l i gh t - g r a y  t o  bu f f  

a nd  wea t he r  t o  bu f f ,  o l i v e - b r own ,  a nd  d a r k - b r own .  T he  

u p p e r  p a r t  o f  t h e  M e s a v e r d e  c o n s i s t s  l a r g e l y  o f  i n t e r -

bedded  sands tone ,  sha le ,  and  cong lomera te .  The  cong lo -

m e r a t e  b e d s  c o n t a i n  p e b b l e s  o f  c h e r t ,  q u a r t z i t e ,  s a n d -

s tone ,  and f ragments  o f  pet r i f i ed  wood.  

Cenozoic Rocks 

Cenozo i c  ro cks  i n  the  Caba l l o  Mounta in  a rea  a re  con -

f i n ed  t o  t he  f l a nk s  o f  t he  moun ta i n  up l i f t s ,  t o  t he  R i o  

Grande  depres s i on ,  and  to  the  Jo rnada  de l  Mue r to .  

Tertiary rocks 

T h e  M c R ae  f o r m a t i o n  o f  e a r l y  T e r t i a r y  a n d  p o s s i b l y  o f  

l a t e  C r e t a c e o u s  a g e  p r o b a b l y  i s  g e n e r a l l y  c o r r e l a t i v e  

w i t h  t h e  B a c a  a n d  G a l i s t e o  f o r m a t i o n s  f a r t h e r  t o  t h e  

n o r t h .  R o u g h  e s t i m a t e s  i n d i c a t e  t h a t  t h e  f o r m a t i o n  e x -

c e e d s  3 , 0 0 0  f e e t  i n  t h i c k n e s s .  I t  c r o p s  o u t  a t  t h e  n o r t h  

end  o f  the  Caba l l o  Mounta in s  a round the  base  o f  E l ephant  

B u t t e  a n d  a l o n g  m o s t  o f  t h e  s h o r e l i n e  o f  t h e  E l e p h a n t  

Bu t t e  r e s e r vo i r  f o r  s e ve r a l  m i l e s  t o  t he  n o r t h  o f  t he  dam.  

T h e  u p p e r  l im i t s  o f  t h e  f o r m a t i o n  h a v e  n o t  b e e n  d e t e r -

m ined ,  and  the  l ower  con tac t  appea rs  t o  be  t rans i t i ona l ,  

d i s c on f o rmab l e ,  o r  s ha r p  i n  d i f f e r en t  p l a ce s .  A t  t he  ba se  

the re  i s  usua l l y  one  o r  two  hund red  fee t  o f  cong lomera te  

c on s i s t i n g  d om i nan t l y  o f  a s s o r t e d  i n t e rmed i a t e  v o l c an i c  

r o c k s .  T h e s e  b e d s  a r e  i n t e r b e d d e d  w i t h  s h a l e  o r  s i l t -

s t o ne  wh i c h  i s  f a i r l y  t y p i c a l  o f  t h e  s h a l e  a nd  s i l t s t o ne  

i n  the  Mesaverde .  Above  the  cong l omera te  un i t  the  fo rma-

t i o n  c o n s i s t s  o f  m a n y  h u n d r e d s  o f  f e e t  o f  a l t e r n a t i n g  

p u r p l i s h  s h a l e  a n d  b u f f  s a n d s t o n e  b e d s .  C o n g l o m e r a t e  

beds  above  t he  basa l  un i t  a r e  unusua l  and  gene ra l l y  t h i n .  

A t  the  south  end  o f  the  Caba l  l o  Mounta ins  a  th i ck  se -

q u e n c e  o f  r e dd i s h - b r o w n  c l a s t i c  r o c k s ,  w h i c h  a r e  p r ob -

ab l y  younge r  t han  the  McRae  f o rma t i on ,  c r op  ou t .  The se  

c l a s t i c  r o c k s  a r e  k n o w n  a s  t h e  P a l m  P a r k  f o r m a t i o n .  

Pa lm  Pa rk  s t r a t a  have  a  h i gh  con t en t  o f  vo l can i c  de t r i t u s  
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and are interbedded with a few rhyol i t ic to basalt ic f lows. 
The relat ionship of the Palm Park sequence to the McRae 
sequence is unknown; however, the Palm Park beds prob-
ably are younger and probably are equivalent to some 
part of the Dati l  formation of the Socorro region. 

Rest ing unconformably on the Palm Park formation and 
on the San Andres formation in the southern part of the 
Cabal lo Mountain area is a sequence known as the Thur-
man format ion. This formation consists of whi te to l ight-
buff  rhyo l i te  tuf f  brecc ia ,  p ink ish sandy c lay ,  water- la id  
tuff ,  and tuffaceous sandstone. The strat igraphic pos i  

t i on  and  l i tho logy  o f  the  Thurman i s  s im i la r  to  pa r t s  o f  
the Dat i l ,  Esp inaso, and Abiqu iu format ions to the north. 

The Thurman formation appears to be overlain uncon-
formably by st rata o f  the Santa Fe format ion.  Santa Fe 
st ra ta cons is ts  of  a l luv ia l  fan and p laya depos i ts  which 
range  f rom fang lomera te  beds  to  sand ,  s i l t ,  and  c lay -
stone. The co lor of  the format ion ranges from purp l ish-
brown to buff . The upper beds of the Santa Fe formation 
are bevel led by severa l levels of Quaternary erosion sur-
faces and stream terraces in the Rio Grande depression 
adjacent to the Cabel lo Mountains. 
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