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. D  

A b s t r a c t  

L i t h o l o g i c  a n d   p a l e o n t o l o g i c   e v i d e n c e   s u g g e s t s   t h a t  

two   ma jo r   t r ansg res s ive - reg res s ive   mar ine   cyc le s   a r e  

p r e s e r v e d   i n  t h e  Cre t aceous   rocks  of t h e   s t u d y   a r e a .  The 

u n i t s   i n c l u d e d   i n  these c y c l e s  are the   Dakota   Sands tone   to   lower  

T r e s  Hermanos Sandstone  and t h e  upper   Tres’  Hermanos 

Sandstone  to   lowermost   Mesaverde  Formation.  The Eocene  Baca 

Formation is g r a d a t i o n a l l y   o v e r l a i n  by the   O l igocene   Spea r s  

Formation which i n d i c a t e s   t h a t  t h e  s t u d y   a r e a  is s i t u a t e d   w i t h i n   a n  

a r e a   o f   c o n t i n u a l   d e p o s i t i o n   f r o m   B a c a   i n t o   S p e a r s  time. Ash-flow 

t u f f s  i n  t h e  s t u d y   a r e a  are thin;  two  of  them e x h i b i t  unconformable 

r e l a t i o n s h i p s  wi th  u n d e r l y i n g   u n i t s  t h a t  are  n o t   o b s e r v e d   t o  

t h e  sou th .   These   obse rva t ions  re f lec t  t h e  d i s t a n c e  from 

s o u r c e   c a u l d r o n s ,  and p o s s i b l y  t h e  i n f l u e n c e   o f   t h e   T i j e r a s  

l i neamen t .  

The broad Abbe S p r i n g   a n t i c l i n e   i n c o r p o r a t e s   r o c k s  

as .young a s . t h e  Mesaverde  Formation  and  was  probably  formed 

by   La ramide   compress iona l   t ec ton ic s .   Ex tens iona l   f au l t i ng ,  

beg inn ing   l oca l ly   be tween  28 and 3 2  m.y. B .P . ,  b r o k e   t h e   a r e a  

w i t h  numerous  down-to-the-west  normal  faults.  Many of t h e  

f a u l t s  were  intruded by m a f i c   d i k e s .   F a u l t s  w i t h  g r e a t e r  

t h a n  500 f t  (152.4 m )  of v e r t i c a l   d i s p l a c e m e n t   a r e   p a r a l l e l e d  

on the i r  downthrown s i d e s  by axes of n a r r o w   a n t i c l i n e s .  

These f o l d s   a r e   m o s t   l i k e l y  a t t r i b u t a b l e  t o   r e v e r s e   d r a g  

e f f e c t s .  Late Ol igocene-ear ly   Miocene   b lock   fau l t ing   caused  

v i  
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t h e   P u e r t e c i t o   f a u l t   s y s t e m  which  is t h e  we'ste'rj  border  of . 
t he   Mul l igan  G u l c h  graben .   Act iva t ion   of  a t r a n s v e r s e  

s t r u c t u r a l   z o n e ,   t h e   T i - j e r a s   l i n e a m e n t ,   d u r i n g   e x t e n s i o n a l  

f au l t i ng   abso rbed   d i sp l acemen t  on many of t h e   e x t e n s i o n a l  

f a u l t s ,  and l o c a l l y   c a u s e d   r e v e r s a l s   o f  s t ruc tu ra l  d ips .  The 

Mull igan G u l c h  graben  is a l s o   o f f s e t   t o   t h e  west i n  two 

l o c a t i o n s  by t h i s  t r a n s v e r s e   s t r u c t u r a l   z o n e .  

D i scon t inuous   coa l  beds o c c u r   a t   b o t h   t h e   b o t t o m  

and t h e   t o p  of the  Mesaverde  Formation.  Coarse-grained 

sands tones   o f  t h e  Baca  Formation l o c a l l y   c o n t a i n   c a r b o n a c e o u s  

ma te r i a l   and   u ran ium  mine ra l i za t ion .  Both o f  these r e s o u r c e s  

have   been   loca l ly   deve loped  on a s m a l l   s c a l e .  

. 

v i i  



I n t r o d u c t l c n  

Purpose   o f   t he   Inves t iga t ion  

The o b j e c t i v e s   o f  t h i s '  i n v e s t i g a t i o n   a r e   t o  

de te rmine  t h e  s t r u c t u r a l  and s t r a t i g r a p h i c   r e l a t i a n s h i p s   i n  

the  Corkscrew Canyon -- Abbe Spr ing   a r ea ,   Socor ro   Coun ty ,  New 

Mexico. T h e s e  r e l a t i o n s h i p s   a r e   i m p o r t a n t  fo r  t h e  fo l lowing  

reasons :  

1. The a r e a  is l o c a t e d   a l o n g   t h e - p o o + l y - d e f i n e d   b u t  

common margins  of the   Colorado   P la teau ,   Rio   Grande  

t h e  r i f t ,  and  the  Dat i l -Mogollon  volcanic  f i e l d .  

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

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

e v o l u t i o n   o f   t h e s e   m a j o r   t e c t o n i c  and  magmatic 

f e a t u r e s .  

2 .  The area is loca ted   a long   an   ou tc rop  b e l t  o f  

Cretaceous  and  Eocene  formations t h a t  have 

p o t e n t i a l   f o r   c o a l  and  uranium  resources .  

3 .  O i l  t e s t s  have  r e c e n t l y   b e e n  d r i l l e d  i n   t h e  area. 

E v a l u a t i o n   o f   t h e  oil and g a s  p o t e n t i a l   r e q u i r e s  

d e t a i l e d   s t r a t i g r a p h i c  and s t r u c t u r a l  s t u d i e s .  . . . .. " 

4 .  Mapping of t h i s  area will p r o v i d e  a l i nk   be tween  

s t u d i e s  i n  t h e  a d j a c e n t  Bear and   Ga l l inas  

mountains .  



Locat ion 

The s t u d y   a r e a  is l o c a t e d   a b o u t   1 5  m i  ( 2 4 . 1  km) 

northwest  of  Magdalena,  New Mexico ,   w i th in   t he   b road   s add le  

be tween  the   nor th-nor thwes t - t rending   Bear   Mounta ins   to   the  

e a s t  a n d   t h e   n o r t h w e s t - t r e n d i n g   G a l l i n a s   M o u n t a i n s   t o   t h e  

west. The s t u d y   a r e a  i s  on the   marg in  of t h e   R i o   G r a n d e   r i f t  

and   wi th in   the   boundary   a rea   be tween  the   Dat i l -Mogol lon  

v o l c a n i c   f i e l d   a n d   t h e   C o l o r a d o   P l a t e a u .  A l l  b u t   t h e  

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

I n d i a n   S p r i n g  Canyon  7.5-minute  quadrangle. T h e  n o r t h e a s t e r n  

c o r n e r   e x t e n d s   i n t o   t h e  Mesa Cencerro  7 .5-minute   quadrangle .  

Major a r r o y o s  -- J a r a l o s a  C r e e k ,  Chavez  Creek,  and Abbe 

Spr ing  Canyon -- dra in   nor thward   in to   the   Rio   Sa lado   which  

d r a i n s   e a s t w a r d   i n t o   t h e   R i o   G r a n d e .   F a u l t - c o n t r o l l e d  

s p r i n g s  -- among them  Bi rd   Spr ing  (sec. 9 ,  T l N ,  R5W), Abbe 

Spr ing  (sec. 8 ,  T l N ,  RSW), Montoya S p r i n g   ( s e c .  2 ,  T l N ,  R6W), 

and  Reid  Spring (sec. 2 3 ,  T l N ,  R6W) -- f low  year-round.  

Access 

Main a c c e s s   r o u t e s  i n t o  t h e   s t u d y   a r e a   a r e   b y  NM 5 2 ,  

which l e a v e s  US 60 a t   t h e   w e s t e r n   e d g e  of Magdalena,  and  by 

F o r e s t  Road 1 2 3 ,  which   leaves  N M  5 2  t e n  miles (16.1 km) n o r t h  

of Magdalena.  The d r y  bed of J a r a l o s a  Creek and many d i r t  

t r a c k s   p r o v i d e  access by f o u r - w h e e l - d r i v e   v e h i c l e   t o   w i t h i n  

1.5 m i  ( 2 . 4  k m )  o f   n e a r l y   e v e r y   p o i n t  i n  t h e   s t u d y   a r e a .  

Almost   th ree-quar te rs  of t h e   s t u d y   a r e a  i s  p r i v a t e l y  owned. 

. 
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S e c t i o n s  11, 1 2 ,  1 4 ,  a n d   t h e   n o r t h e r n   h a l f  o f  1 3  ( T l N ,  R6W) 

a r e   c o n t r o l l e d  by t h e  Alamo T r i b a l   C o u n c i l .  

.. 

Methods  of I n v e s t i g a t i o n  

The su r face   geo logy   o f  t h e  s t u d y  area was mapped on 

U.S. Geologica l   Survey   topographic   maps   o f   Ind ian   Spr ings  

Canyon  and Mesa Cencer ro  {1:24,000) d u r i n g  t h e  s u m m e r  and 

f a l l  months  of  1977. Two sma l l ,   complex   a r eas   unde r l a in  by 

v o l c a n i c   r o c k s  were mapped on en la rgmen t s  (1:12,000) of   t hese  

maps ,   and   were   subsequent ly   s impl i f ied   in   reduct ion .  

Black-and-white   and  color   aer ia l   photographs  (1:31,680)  from 

t h e  U.S. F o r e s t   S e r v i c e  were u t i l i z e d   a s   g u i d e s   t o   t h e  

l o c a t i o n  and c o n f i g u r a t i o n   o f   o u t c r o p s   a n d  s t ruc tures .  

Twen ty -e igh t   t h in   s ec t ions   were  made from  rock 

samples  of t h e  s a n d s t o n e   a n d   v o l c a n i c   u n i t s   i n   t h e   s t u d y  

a r e a .  T h e s e  were  examined  using a Zeiss b i n o c u l a r  

p e t r o g r a p h i c   m i c r o s c o p e .   P o i n t   c o u n t s   o f   a p p r o x i m a t e l y  500 

g r a i n s  per s l i d e  were made o f   t h e   s e d i m e n t a r y   u n i t s  u s i n g  a 

S w i f t  p o i n t   c o u n t e r  w i t h  a g r id   spac ing   o f  1 mm by 1 mm. 

P a r e n t h e t i c a l   r e f e r e n c e s   i n  t h e  t e x t  refer t o   p e t r o g r a p h i c  

d e s c r i p t i o n s   i n   A p p e n d i x  11. Modal compos i t ions   o f   t he  

vo lcan ic ’ rocks  were estimated v i s u a l l y .  

P r e v i o u s   I n v e s t i g a t i o n s  

T h i s  s t u d y   r e p r e s e n t s   t h e  f i r s t  comprehens ive   geo log ic  

mapping  of t he  Corkscrew Canyon -- Abbe S p r i n g  area u t i l i z i n g  
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r e c e n t   a d v a n c e s   i n   t h e   s t r a t i g r a p h y   o f   C r e t a c e o u s   s e d i m e n t a r y  

r o c k s   a n d   T e r t i a r y   v o l c a n i c   r o c k s .   H e r r i c k  ( 1 9 0 0 )  made t h e  

f i r s t   g e o l o g i c   i n v e s t i g a t i o n   o f  the a r e a   a l o n g   t h e   R i o  

S a l a d o ,   t h e n   c a l l e d  Alamosa  Creek, i n  which   he   descr ibed   the  

Cretaceous  rocks.   Winchester   (1928)   produced t h e  f i r s t  

geographic   and   geologic  map w h i c h   i n c l u d e d   t h e   s t u d y   a r e a   a t  

a s c a l e  o f  1:125,000. D a r t o n ' s  (1928) s t u d y  of New Mexico's 

"Red Beds"  and a s s o c i a t e d   f o r m a t i o n s   i n c l u d e s  a g e o l o g i c  

d e s c r i p t i o n  and  a sketch.map  which  encompassed  part  of t h e  

s tudy  area.   Tonking  (1957)   publ ished a r econna i s sance  

geo log ic  map and   r epor t   o f   t he   Pue r t ec i to   15 -minu te  

quadrangle ;  H i s  s tudy ,   which  was e x c e l l e n t   f o r  i t s  t i m e ,  

r e f e r r e d   t o   t h e   C r e t a c e o u s   s t r a t a   b e t w e e n   t h e   D a k o t a .  

Sands tone   and   the   Mesaverde   Format ion   of   th i s   repor t  as t h e  

L a  Cruz  Peak  Formation  of  the  Mesaverde  Group.  Current 

workers   have   abandoned  th i s   t e rminology  and   recognize   th ree  

tongues or members o f   t h e  Mancos S h a l e   o v e r l a i n  by t h e  

Gal lego   Sands tone  (Hook, 1977 ,  o r a l  commun..).. A  field^ t r ip  

log   t h rough   t he   s tudy   a r ea   based  upon  Tonking 's   report  was 

pub l i shed  by Weber and  Wil la rd   (1963) .   Snyder  ( 1 9 7 1 ) ,  

Johnson  (1978) ,   and   Cather   ( in   p rep . )   have   s tud ied  the  Baca 

Format ion ,   inc luding   exposures  i n  t h e   s t u d y   a r e a .  Brown 

(1972) ,  Simon (1973) ,   and  Chamberl in  ( 1 9 7 4 )  h a v e   s t u d i e d   t h e  

v o l c a n i c  rocks nor th .and   -nor thwes t   o f   Magdalena .  A composi te  

s t r a t i g r a p h i c  co lumn  o f   vo lcan ic   rocks   i n   t he  

Socorro-Magdalena  area  has   been  publ ished by Chapin  and 

o t h e r s   ( 1 9 7 8 ) .  A p r e l i m i n a r y   r e p o r t  on t h e   c o a l ,  u ran ium,  



and o i l  a n d   g a s   p o t e n t i a l  of t h e  R i l e y - P u e r t e c i t o   a r e a   h a s  

been  placed on open f i l e  by Chapin and o t h e r s  ( 1 9 7 9 ) .  F igu re  

1 shows t h e   l o c a t i o n  and r e l a t i o n s h i p   o f   t h e   s t u d y   a r e a  t o  

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

T r i a s s i c  

Chinle   Formation 

Winchester ( 1 9 2 0 )  made r e f e r e n c e   t o  "Red Beds" 

which h e   b e l i e v e d   t o   b e   o f   T r i a s s i c   a g e   a n d  which which  were 

unconformably  overlain by the   Dakota   Sands tone .   Wel l s  ( 1 9 1 9 )  

r e f e r r e d   t o  these r o c k s   a t   e x p o s u r e s   n e a r   P u e r t e c i t o  as t h e  

Pue r t ec i to   Fo rma t ion ,   bu t   Dar ton   (1928)   be l i eved  t h a t  c a r e f u l  

o b s e r v a t i o n  would r e v e a l   c o r r e l a t i o n   b e t w e e n  these rocks  and 

Triassic  r o c k s   r e c o g n i z e d   i n  t he  Zuni up l i f t .   Tonk ing   (1957)  

f i r s t   c a l l e d   t h e s e  beds t h e  Ch in le   Fo rma t ion ,   t he  name g i v e n  

by Gregory  (1917) t o   e x p o s u r e s   o f  Tr iassic  r o c k s  i n  C h i n l e  

Val ley ,   Ar izona .  The Ch in le   Fo rma t ion   exposed   i n   t he   s tudy  

a r e a  is p robab ly   Tonk ing ' s   uppe r   s i l t s tone - sha le  u n i t ,  t o  

which  he  ascr ibed a maximum t h i c k n e s s   o f  2 0 0  f t  (61 m ) .  

Co lbe r t   and   Gregory   ( i n  Reeside a n d   o t h e r s ,   1 9 5 7 )   r e p 0 r t . a  

middle Upper T r i a s s i c   a g e   f o r  the  Chinle   Formation  f rom  land 

v e r t e b r a t e   f o s s i l s   f o u n d   i n   n o r t h e r n  and c e n t r a l  New Mexico. 

The C h i n l e   F o r m a t i o n   i n   t h e   s t u d y   a r e a  is a 

s lope- forming   un i t  composed dominantly  of  maroon  and 

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

f r a g m e n t s   w e r e   f o u n d   i n   f l o a t  a t  o n e   l o c a l i t y .  The C h i n l e  is 

poorly  exposed  beneath  hogbacks  formed by t h e   o v e r l y i n g  

r e s i s t a n t   D a k o t a   S a n d s t o n e   i n  t h e  n o r t h e a s t e r n  p a r t  of t h e  

s t u d y   a r e a  (sec. 5 ,  T l N ,  R5W). The maximum t h i c k n e s s   o f   t h e  
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Chinle   exposed i n  t h e   s t u d y   a r e a  is abou t   120  f t  (36.6 m )  and 

o c c u r s  on t h e   w e s t - f a c i n g   s l o p e   o f   h i l l  "6687." (E 1/2, NW 

1 / 4 ,  sec. 5 ) .  

The upper   contac t   o f   the   Chin le   Format ion  is p o o r l y  

exposed  due t o  slumping  of  blocks  of  Dakota  Sandstone 

f o l l o w i n g   e r o s i o n   o f   t h e   u n d e r l y i n g   C h i n l e   s i l t s t o n e s .  Where 

exposed, t h e  t o p   o f   t h e   C h i n l e  is scoured  and  eroded. The 

uppermost  Chinle  Formation  varies  from a very-dark-red 

(5R2/6) s i l t s t o n e  i n  t h e   n o r t h e r n m o s t   e x p o s u r e s   t o  a 

dark-gray (N3) s i l t y   s h a l e  o r  a l i g h t - g r a y  (N7), wea the r ing  

to   da rk -ye l lowish -o range   ( l f lYR6/6 ) ,   s i l t s tone   i n  t h e  

southernmost   exposures .   Angular   unconformity  with  the 

over ly ing   Dakota   Sands tone  is no t   obv ious ,   a l t hough  it is 

e v i d e n t  on a r e g i o n a l   s c a l e  ( G i v e n s ,  1 9 5 7 ) .  

The Chin le   Format ion  is dominant ly   dusky-red 

(5R3/4) t o   ve ry -da rk - red  (5R2/6) c a l c a r e o u s   s i l t s t o n e s  and 

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

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

i s  espec ia l ly   p rominen t   i n   nodu la r   beds  1.5- t o  4 - in .  (3.8- 

t o  18.2-cm) t h i c k .  The nodules  are v e r y   c a l c a r e o u s   a n d  

e l l i p s o i d a l ,   w i t h   a n   a v e r a g e   l o n g   d i a m e t e r   o f  1.5 i n .  (3.8 

cm). They r a n g e   i n   c o l o r  f rom  very  dark red (5R2/6)  through 

l i g h t  gray  (N7).  

A few  th in-bedded   l imes tones   occur   near   the   top   o f  

t he   Ch in le   Fo rma t ion .   These   l imes tones   a r e  commonly g r a y i s h  

r ed  (10R4/2)   and  mott led  by  calcareous  areas   of   pale   green 

(5G7/2). A t y p i c a l   l i m e s t o n e  (Trc-1) c o n s i s t s   o f   2 5 %  s i l t  
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g r a i n s ,  45%  mic rospa r ,   and   30%  hemat i t i c - l imon i t i c   s t a ined  

c l a y s .   P o r o s i t y  i s  e s s e n t i a l l y   a b s e n t   d u e   t o   i n f i l l i n g  by 

b l o c k y   c a l c i t e   c e m e n t .   G r a i n - s i z e   d i s t r i b u t i o n  is bimodal. 

One  mode h a s   a n   a v e r a g e   a p p a r e n t   g r a i n   d i a m e t e r  of  0.05 mm 

and i s  c o m p r i s e d   o f   w e l l - s o r t e d ,   s u b a n g u l a r ,   e l o n g a t e   t o  

i n t e r m e d i a t e ,   r u f i l a t e d   q u a r t z   w i t h   u n d u l o s e   e x t i n c t i o n  and 

s l i g h t l y   s e r i c i t i z e d   p o t a s s i u m   f e l d s p a r .  The o t h e r  mode, 

which   compr ises   85%  of   the   de t r i ta l   components ,   has   an  

ave rage   appa ren t   g ra in   d i ame te r   o f  0.6 mm. I t  is comprised 

pr imari ly   of   mudstone  and  hemati t ic   mudstone  f ragments .   The 

mudstone  fragments  range i n  s i z e  from 0 . 2  mm t o   1 . 5  mm, and 

are gene ra l ly   subangu la r   and   e longa te   i n   shape .   They   a r e  

composed o f   6 5 %   c l a y   m i n e r a l s   ( w i t h  as much a s   5 %   r e p l a c e m e n t  

by c h l o r i t e ) ;  2 0 %  c l e a r ,   a n g u l a r   q u a r t z   g r a i n s   w i t h   u n d u l o s e  

e x t i n c t i o n ;  7 %  h e m a t i t e ;  3 %  f e l t e d   m u s c o v i t e   r e p l a c i n g   c l a y  

mine ra l s ;  1% a n g u l a r ,   s e r i c i t i z e d   p o t a s s i u m   f e l d s p a r ;   a n d  3 %  

pa tchy   ca l c i t e   cemen t .   Chap in  ( 1 9 7 9 ,  o r a l  commun.) asserts 

t h a t   t h e   m u d s t o n e   f r a g m e n t s   - r e p r e s e n t - a r e a s  of a n   o r i g i n a l  

l i t h o l o g y  which  subsequen t ly  was l a r g e l y   c a l c i f i e d .  

_. 

I 

Three   s tacked ,   channel -shaped   sands tone   bodies  are 

e x p o s e d   i n   t h e   t o p  20 f t  ( 6 . 1  m )  of t he   Ch in le   Fo rma t ion   i n  

L a  J a r a  Canyon (SW 1 / 4 ,  NW 1 / 4 ,  s e c .   5 ;   f i g .  2 ) .  The 

sands tone  i s  modera t e   ye l lowish  brown  (10YR5/4), wea the r ing  

t o   g r a y i s h . o r a n g e  ( 1 0 Y R 7 / 4 ) ,  medium g r a i n e d ,   m o d e r a t e l y  

i n d u r a t e d ,   a n d   c a l c a r e o u s .   P e t r o g r a p h i c a l l y  (Trc-2)  , t h e  

sands tone  is poorly  sor ted  and  comprised  of   35%  framework 

g r a i n s ,  1 5 %   p a t c h y   c a l c i t e   c e m e n t ,  3 %  p o r o s i t y , . a n d  4 7 %  
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c l e a r   q u a r t z   w i t h   u n d u l o s e   e x t i n c t i o n .  L i t h i c  f r agmen t s ,  

w h i c h   c o n s t i t u t e  a t  l e a s t  2 4 %  of t h e  framework  components, 

a r e   so f t   masses   compr i sed   o f   93%  c l ays   and  se r ic i te  and 7 %  

subangu la r   co r roded   po ta s s ium  f e ldspa r   anhedra .  The mat r ix  

m a t e r i a l   o f   c l a y  and s e r i c i t e ,  and a t  l e a s t  some of t h e  

p o t a s s i u m   f e l d s p a r ,  may b e   d e r i v e d  by deformation  of   mudstone 

l i th ic   f ragments .   Other   f ramework   components   inc lude  

s u b r o u n d e d ,   s l i g h t l y   e l o n g a t e   c h e r t   1 5 % ) ;   r a g g e d   m u s c o v i t e  

l a t h s  ( 4 % ) ;  a n d   f r e s h   c a l c i c   p l a g i o c l a s e .  

T h e  po r t ions   o f   t he   Ch in le   Fo rma t ion   exposed   i n   t he  

s tudy   a r ea   a r e   nonmar ine   f l ooap la in   depos i t s   (Tonk ing ,   1957) .  

The nonmar ine   o r ig in  is s u b s t a n t i a t e d  by o b s e r v a t i o n s   o f  

v e r t e b r a t e   r e m a i n s   { T o n k i n g ,   l 9 5 7 ) ,   p e t r i f i e d  wood, t h e   r e d  

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

Nodular  beds may r e p r e s e n t   a r e a s   o f   s u b a e r i a l   e x p o s u r e   t o  

d e s i c c a t i n g   c o n d i t i o n s   ( R e i n e c k   a n d   S i n g h ,   1 9 7 5 ) .  
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m a t r i x .   U h t w i n n e d ,   p a r t i a l l y   s e r i c i t i z e d   p o t a s s i u m   f e l d s p a r  

comprises  4 0 %  o f   t he   f r amework   g ra ins ;   qua r t z   compr i se s  18% 

of t h e  f r amework   componen t s .   Po lyc rys t a l l i ne   qua r t z   g ra ins  

a r e   s l i g h t l y  more   abundant   than   gra ins  of m o n o c r y s t a l l i n e ,  



Upper Cre taceous  

Dakota  Sandstone 

The Dakota   Sands tone ,   the  name g i v e n  by Meek and 

Hayden (1862) t o  t h e   b a s a l   C r e t a c e o u s   s a n d s t o n e   u n i t   n e a r  

Dakota,   Nebraska,  is now t h e  a c c e p t e d   i d e n t i t y  of t h e   b a s a l  

C r e t a c e o u s   s a n d s t o n e   i n   c e n t r a l  N e w  Mexico. E a r l i e r  

g e o l o g i s t s   i n  New Mexico  used t h e  name "Dakota" w i t h  a 

s u f f i x e d  que ry   t o   imp ly  t h i s  p r o b a b l e   c o r r e l a t i o n ,  a p r a c t i c e  

which r e c e n t l y  h a s  been  discont inued.   Tonking (1957)  

obse rved   t ha t   t he   Dako ta   Sands tone   unconfo rmab ly   ove r l i e s  

p r o g r e s s i v e l y   o l d e r  beds  southward. To t h e   n o r t h   o f   t h e  

s t u d y   a r e a ,  t h e  Dakota   Sandstone  unconformably  overl ies  t h e  

Morrison  Formation of Ju ras s i c   age .   Sou thward ,   i nc lud ing   t he  

s t u d y   a r e a ,  it o v e r l i e s   p r o g r e s s i v e l y   o l d e r   b e d s   o f   t h e   t h e  

.Triassic Chinle   Formation.  

Lee (1915)  p o s t u l a t e d   t h a t   t h e   b a s a l   D a k o t a  

Sandstone was d e p o s i t e d   i n  a nearshore   envi ronment   over  a 

b a s e - l e v e l e d   s u r f a c e .  Long p e r i o d s  of wave s o r t i n g   a n d  

reworking of sediments   produced t h e  c h a r a c t e r i s t i c  

we l l - so r t ed   qua r t zose   s ands tone   and   qua r t z i t e   cong lomera te  

which make  up the   Dakota   th roughout  t he  Rocky  Mountain  area. 

The Dakota   Sands tone   in   nor thwes tern  N e w  Mexico is a 

format ion  of l a t e   E a r l y   C r e t a c e o u s  and e a r l y   L a t e   C r e t a c e o u s  

ages (Dane  and  Bachman, 1 9 5 7 ) .  It is comprised  of shale ,  

s ands tone ,   cong lomera t i c   s ands tone ,   cong lomera te ,   and   coa l ,  

r e p r e s e n t i n g   d e p o s i t s   o f   m a r i n e ,   m a r g i n a l   m a r i n e ,   a n d  
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c o n t i n e n t a l   o r i g i n s .  Young (1960)  p r o p o s e d   t h e   e l e v a t i o n  of 

t h e  Dakota t o   g r o u p   s t a t u s   w i t h  two s u b d i v i s i o n s   f o r  i t s  

occur rences  on the   Colorado   P la teau:  

4 

The Dakota   Sandstone is a r e s i s t a n t ,  

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

beds   and   l enses   wh ich   con ta in   pebb les   o f   qua r t z i t e   and -che r t .  

It is a c l i f f - f o r m i n g  u n i t  a n d   c r o p s   o u t   a s  a s e r i e s   o f  

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

s t u d y   a r e a   ( s e c s .  5 and 6 ,  T l N ,  R 5 W ) .  The hogbacks   a re  

formed by eight   down-to- the-west   and  three  down-to- the-east  

normal   fau l t s   which   repea t   the   Dakota   Sands tone   and   the   top  

of the   under ly ing   Chin le   Format ion .  The l o c a t i o n s   o f   t h e  

f a u l t  p l a n e s  are g e n e r a l l y   w e l l - d e f i n e d  by b r e c c i a  and 

s l i c k e n s i d e s  i n  t h e   b r i t t l e   D a k o t a   S a n d s t o n e   ( f i g .   3 ) .  The 

Dako ta   Sands tone   i n   t he   s tudy   a r ea  i s  e s t i m a t e d   t o   b e   a b o u t  

30 f t  (9.1 m )  t h i c k .  

The c o n t a c t   w i t h   t h e   u n d e r l y i n g  C h i n l e  Formation is 

poor ly   exposed   d~ue   t o   erosion^ o f   t h e   s o f t   C h i n l e   s h a l e s   a n d  

s i l t s t o n e s ,  and t h e   r e s u l t a n t   s l u m p i n g  of  Dakota  Sandstone 

c l i f f   f a c e s .   ( T h e s e  s l u m p  b locks  are more   ex tens ive   than  are 

shown  on t h e   g e o l o g i c  map; many have   been   omi t ted   due   to  

l i m i t a t i o n s  of s c a l e . ) .  Where exposed ,   t he   t op   o f   t he   Ch in le  

c lear ly   has   been  eroded  and  scoured:  The base   o f   the   Dakota  

Sandstone is commonly marked  by  an  i r regular  0 t o  7 i n .  (17.8 

cm), yel lowish-gray ( 5 Y 7 / 2 ) ,  deeply   weathered   conglomera t ic  

s ands tone ,   con ta in ing   we l l - rounded   g ray   and   wh i t e   qua r t z i t e  

and c h e r t   p e b b l e s  a n d   2 - i n .   ( 5 . l . c m ) - l o n g   w h i t e   s i l t s t o n e  
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Figure  3 :  S l i c k e n s i d e s   a l o n g  a f a u l t  c u t t i n g   t h e   D a k o t a  
Sands tone ;  Abbe S p r i n g   a n t i c l i n e  (NW 1/4, SE 1/4, 
sec. 5 ,  TlN, R5W). J a c o b ' s   s t a f f   g r a d u a t i o n  is 6 
i n .  (15.2 cm). 
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chips   weathered  and  eroded  f rom  the  top  of   the C h i n l e .  The 

c o n t a c t   a p p e a r s   t o   b e   c o n f o r m a b l e ,   a l t h o u g h  it is 

unconformable  on a r e g i o n a l  scale (Givens,  1 9 5 7 ) .  The 

c o n t a c t  of t he   Dako ta   Sands tone   w i th   t he   ove r ly ing   A lami to  

Well tongue   o f   t he  Mancos S h a l e  is exposed   on ly   on   the  

e a s t e r n   s l o p e   o f   t h e   m o s t   s o u t h w a r d - e x t e n d i n g  .Dakota  hogback 

(SE 1 / 4 ,  sec. 5 ) .  The c o n t a c t  is poorly  exposed b u t  appea r s  

conformable   and   grada t iona l .  

The main body of   the  Dakota   Sandstone is g r e e n i s h  

g r a y  (5GY6/1),   and  weathers  grayish  yellow (10R7/4 )  o r  

moderate   yel low brown  (10YR5/4).  The  exposed f a c e  is o f t e n  

cove.red  with a layer   of   dark-reddish-brown  (10R3/4)   to   black 

( N l ) ,  s h i n y   d e s e r t   v a r n i s h .  On some exposures ,   dusky-red 

( 5 R 3 / 4 ) ,   a n g u l a r   h e m a t i t e   p l a t e s   a b o u t  30 mm a c r o s s   c o a t   t h e  

exposed   sur face .  Red, round t o   o b l o n g ,   f e r r u g i n o u s   s a n d s t o n e  

n o d u l e s   w e a t h e r   t o   p o s i t i v e   r e l i e f  and  occur commonly. 

Liesegang  banding is a l s o  a common s u r f i c i a l  fea ture .  Small  

d a r k   p a r t i c l e s   ( p r e s u m a b l y   h e m a t i t e )   o n  many exposures  

h i g h l i g h t   t h i n   p l a n a r  laminae and 6 - i n .  (15.2 c m ) - t h i c k  

t a b u l a r  sets of s t r a igh t ,   h igh -ang le   c ros s - l aminae .   These  

. f r equen t ly   change   upwards   i n   t he  u n i t  t o   l a r g e - s c a l e ,  

t rough-shaped  cross- laminae.  Wood c a s t s   a s  much a s  1 i n .  

(2 .5  cm) t h i c k  by 12   i n .   (30 .5  c m )  l o n g   a l s o   o c c u r   ( f i g .  4 ) .  

G r a i n   s i z e  i s  medium t o   f i n e   s a n d ;   t h e   s a n d   g r a i n s  are well 

s o r t e d   t o   v e r y  well s o r t e d   t h r o u g h o u t  

t h e  u n i t .  Sand   g ra ins  i n  hand  specimen  appear  rounded  and 

f r o s t e d .  



Figure  4 :  Wood cas t s   i n   Dako ta   Sands tone ;  Abbe Spr ing  
a n t i c l i n e  (NE 1/4, SW 1/4, sec. 5, TlN, R5W) . 
P e n c i l  is 5.5 i n .  (14 cm) long .  
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P e t r o g r a p h i c a l l y ,  tGe Dakota  SaAdstone (Kd-1) is 

comprised  of   rounded,   wel l -sor ted,   predominant ly  

m o n o c r y s t a l l i n e   q u a r t z   g r a i n s   w i t h   a n   a v e r a g e   a p p a r e n t   g r a i n  

d iameter  of 0 . 3  mm. The g r a i n s  are cemented  by  quartz  

s y n t a x i a l  rim cement.   The  cement  overgrowths  form  an 

i n t e r l o c k i n g   m o s a i c   o f   q u a r t z   c r y s t a l s ,   p r o d u c i n g  a rock w i t h  

an   e s t ima ted   3%  po ros i ty .  The d e t r i t a l   q u a r t z   g r a i n   o u t l i n e s  

can   u sua l ly   be   d i sce rned   unde r  low l i g h t   w i t h   t h e  n i c o l s  . 

uncrossed   by   v i r tue   o f  a t h i n   d u s t i n g   o f   h e m a t i t e ,  l imon i t e ,  

or c l a y   a r o u n d   t h e i r   p e r i p h e r i e s .   T h e s e   g r a i n s  comprise 9 0 %  

of  the  framework  components of t h e  rock. The   ma jo r i ty  of t h e  

q u a r t z   g r a i n s  are  s l i g h t l y   u n d u l o s e .  Common i d e n t i f i , a b l e  

i n c l u s i o n s   w h i c h   o c c u r   i n   t h e   m a j o r i t y   o f   t h e   d e t r i t a l   q u a r t z  

g r a i n s  are z i rcon   subhedra ,   muscovi te   shreds ,   and   randomly  

d i s t r i b u t e d   b u b b l e s .   W e l l - r o u n d e d   d e t r i t a l   z i r c o n  is a l s o  

o b s e r v e d   i n  t race amounts.  The d e t r i t a l   l i t h i c   f r a g m e n t s ,  

w h i c h   c o n s t i t u t e  3 %  of t h e  framework  components, a r e  

compr i sed   p r imar i ly  of s u b a n g u l a r   q u a r t z i t e .  One 

well-rounded l i t h i c  fragment of   c lays tone   and   one   rounded  

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

a l s o   o c c u r .  

The   cong lomera t i c   l enses   and   beds   have  maximum 

th i cknesses   o f  4 in .   (10 .2-cm)   and   average   about  2 i n .  (5 .1  

cm) t h i c k .  The pebbles a re  subrounded   and   po l i shed   g ray   and  

. w h i t e   c h e r t   a n d   q u a r t z i t e ,   a v e r a g i n g   a b o u t   0 . 2 5  i n .  (0 .64 cm) 

i n   d i a m e t e r .  A c a s t  of a small c r ino id   co lumna1  was obse rved  

on   one   whi te   . cher t   pebble .  

- 
- 
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P e t r o g r a p h i c a l l y ,   t h e   c o n g l o m e r a t i c   l e n s e s   a n d   b e d s  

(Kd-2) a re   compr i sed   o f   abou t  8 2 %  d e t r i t a l   g r a i n s ,  15% q u a r t z  

s y n t a x i a l  rim cement,  and 3 %  p o r e s .   M o n o c r y s t a l l i n e ,  

r o u n d e d ,   m o d e r a t e l y   s o r t e d   q u a r t z   g r a i n s   w i t h   u n d u l o s e  

e x t i n c t i o n   c o m p r i s e   5 0 %   o f   t h e   d e t r i t a l   g r a i n s .   A b o u t  5% o f  

t h e s e   q u a r t z   g r a i n s   e x h i b i t  small n u c l e i   k h i c h  are  n o t   i n  

o p t i c a l   c o n t i n u i t y   w i t h   t h e  r e s t  o f   t h e   g r a i n ;  15% o f   t h e  

q u a r t z   g r a i n s   e x h i b i t   t i n y   i n t e r n a l  cracks. I n c l u s i o n  

mine ra log ie s  a re  similar t o  t h o s e   o b s e r v e d   i n   t h e   q u a r t z  

g r a i n s   o f   t h e   s a n d s t o n e   b e d s .   C l o u d y ,   p a r t i a l l y   s e r i c i t i z e d  

po ta s s ium  f e ldspa r  comprises a n o t h e r  5% of  t h e  framework 

components. L i t h i c   f r a g m e n t s   a n d   c h e r t ,   c o m p r i s i n g  4 0 %  of 

t h e  d e t r i t a l  components, are  v e r y   p o o r l y   s o r t e d   a n d  

subrounded.  The  dominant  l i thology is c h e r t ,   w h i c h  is 

commonly c u t  by ve ins   o f   d rusy   and   b locky ,   undu lose ,   su tu red  

q u a r t z   c r y s t a l s .   O t h e r   l i t h o l o g i e s ,   i n  order of d e c r e a s i n g  

abundance, are  s l i g h t l y   s e r i c i t i z e d   a r k o s i c  wacke ( P e t t i j o h n  

and   o the r s ,  1 9 7 5 ) ,  metaqua r t z i t e ,   and   qua r t z -muscov i t e  

s c h i s t .  

T h e   t o p  3 t o  5 f t  (0.9 t o  1 .5  m )  of t h e   D a k o t a  

Sandstone crops o u t  a s  an   uneven   so i l - cove red   s lope .  

Medium-dark-gray ( N 4 )  s h a l e   f l o a t   f o u n d   h e r e   s u g g e s t s   t h a t  

t h e r e  may be some t h i n   s h a l e   b e d s   i n t e r c a l a t e d   w i t h   t h e  

sands tones .   These   s ands tones  a re  f i n e - g r a i n e d   a n d   o c c u r   i n  

4- in .   (10.2  cm)-thick  planar   beds.  

. 

The Dakota Sands tone  i s  commonly  assumed t o  have  

b e e n   d e p o s i t e d   b y   a ' t r a n s g r e s s i n g  sea. A n e a r s h o r e  



environment is i n d i c a t e d  by  wood c a s t s ,   a n d   t h e   a b s e n c e   o f  

m a r i n e   f o s s i l s  and   b io tu rba t ion .  The conglomerat ic   beds and 

l e n s e s  may r e p r e s e n t   s m a l l   f l u v i a l  or t i d a l   c h a n n e l s ,  o r  

s ed imen t s   i n t roduced  by s torms .  

- 

The Dako ta   Sands tone   has   been   r ecogn ized   a s  a good 

hydroca rbon   r e se rvo i r   rock   i n  t h e  San   Juan   Bas in  since t h e  

f i r s t   d i s c o v e r y   o f   g a s   i n  1 9 2 1  (Reese, 1952;   Bur ton ,   1955) .  

Uran ium p r o d u c t i o n   f r o m   t h i s   f o r m a t i o n  is r e p o r t e d   a s   m i n o r  

(Smi th ,   1955) .  

Mancos Sha le  

The Mancos S h a l e  was f i r s t  named by Cross (1899) f o r  a 

t h i c k   s h a l e  body  near  Mancos,  Colorado. I t s  o r i g i n a l  

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

t h e  Dakota  Sandstone  and  the  Mesaverde  Formation. The  Mancos 

S h a l e  is t h u s  a l i t h o l o g i c  u n i t  t h a t   t r a n s c e n d s   t i m e   l i n e s  

throughout  i t s  a r e a l   e x t e n t .  The  Mancos S h a l e   t h i n s  

southward  from i t s  t y p e   l o c a l i t y   a n d  i s  known t o   i n t e r t o n g u e  

with  the  basal   Mesaverde  Formation  (Hunt ,   1936;  Dane and 

o t h e r s ,   1 9 5 7 ) .  

. I n  t h e   s t u d y  area,  t h e  Mancos S h a l e   c o n s i s t s   o f  two 

sha le .   tongues  -- t h e   A l a m i t o  Well and D-Cross tongues  -- 
s e p a r a t e d  by t h e   T r e s  Hermanos Sands tone  Member. To ta l  

t h i c k n e s s   o f   t h i s   f o r m a t i o n  is a b o u t  850 f t  ( 2 5 9  m ) .  Above 

t h e  Mancos S h a l e   i n   t h e   s t u d y  area is  t h e  Gal lego   Sands tone ,  

p r e s e n t l y  a u n i t  of unknown e x t e n t   b u t   t h o u g h t   t o   b e l o n g  i n  
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the   Gal lup   Sands tone ,   which  is e l s e w h e r e   p a r t   o f   t h e  

Mesaverde  Group (1978 ,  Hook, o r a l  commun.). 

Alamito Well tongue 

The  Alamito Well tongue  of t h e  Mancos S h a l e ,  

d e f i n e d  Ss t h e   s h a l e   i n t e r v a l   b e t w e e n   t h e   u n d e r l y i n g   D a k o t a  

Sands tone   and   t he   ove r ly ing  Tres Hermanos Sandstone Member, 

was named a t  e x p o s u r e s   i n  Canon de l  Alami to   {sec .  2 0 ,  T2N, 

R4W) by M a s s i n g i l l  ( 1 9 7 9 ) .  M a s s i n g i l l   r e p o r t s  a t h i c k n e s s   o f  

about  5 5 6  f t  (169.5 m )  a t   t h e   t y p e   s e c t i o n ,  which  includes 7 

f t  ( 2 . 1  m )  of s i l ls  and 81  f t  (24.7 m )  o f   cover .  To t h e  

nor th   {Jackson ,  1 9 7 9 )  a n d   n o r t h e a s t   ( M a s s i n g i l l ,  1 9 7 9 )  o f   t h e  

s t u d y   a r e a ,   t h e   A l a m i t o  Well Tongue is sp l i t  by the  Twowells 

Tongue  of t he   Dako ta   Sands tone .  The s t r a t i g r a p h i c   i n t e r v a l s  

below  and  above  the  Twowells   Sandstone  are   cal led  the 

Whitewater   Arroyo  and  the  Rio  Salado  tongues  of  t h e  Mancos 

S h a l e   r e s p e c t i v e l y .  An 8-fo~ot   (2 .4   m)- th ick   sands tone  

r e c o g n i z e d   o n   e l e c t r i c . l o g s   o f   d r i l l h o l e  H 2  and H3 

(Transocean O i l  Co.,  Houston, TX) occurs   between 195 and  210 

f t  (59.4  and  64.0 m )  below  the Tres Hermanos Sandstone  and 

may be   t he   equ iva len t   o f   t he   Twowel l s  Tongue  of the   Dakota  

Sandstone.  However as t h i s   s a n d s t o n e  is no t   obse rved  a t  t h e  

s u r f a c e   w i t h i n   t h e   s t u d y   a r e a ,   t h e   W h i t e w a t e r  

Arroyo-Twowells-Rio  Salado  nomenclature  has  not  been  used. 

The  Alamito Well tongue i s  a l s o   p r e s e n t  i n  t h e   C a r t h a g e   a r e a  

s o u t h e a s t  of t h e   s t u d y  area ( M a s s i n g i l l ,   1 9 7 8 ,   o r a l  commun.). 
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Outcrops of t h e  Alamito Well t o n g u e   a r e   l i m i t e d   t o  

t h e   n o r t h e a s t  corner of t h e   s t u d y   a r e a   ( s e c s .   5 ,  6 ,  and 8 ;  

T1N;  R5W). U n f o r t u n a t e l y ,   t h i s  is t h e   a r e a   o f   i n t e r s e c t i o n  

o f  t h e  P u e r t e c i t o   f a u l t   s y s t e m ,   f o r m i n g   t h e   w e s t e r n   b o r d e r  of 

the  Mull igan  Gulch  graben,   and a no r theas t - t r end ing   zone  of 

f a u l t s  and d i p   r e v e r s a l s   r e l a t e d   t o   t h e   T i j e r a s   l i n e a m e n t .  

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

i n  t h i s  a r e a  make t h e  t a s k   o f  a t h o r o u g h   s t r a t i g r a p h i c  

d e s c r i p t i o n   d i € f i c u l t .   O b s e r v a t i o n s   a r e   m a i n l y   l i m i t e d   t o  

t h e   b a s a l  2 0  f t  ( 6 . 1  m ;  SW 1 / 4 ,  SE 1/4, s e c .   5 ,   n o r t h  of 

T i j e r a s   l i n e a m e n t ) ,  t h e  t o p  1 0 0  f t  (30.5 m; n o r t h  and e a s t  

s l o p e s   o f  Tres Hermanos hogbacks),   and a n  in t ruded   60 - foo t  

(18 .3   m)- th ick   sec t ion   exposed   a long  L a  Ja'ra Creek  presumably 

n e a r e r   t o   t h e   b a s e   t h a n   t o   t h e   t o p  (sec. 5 ,  T l N ,  R5W). 

The base  of   the  Alamito Well tongue is g r a d a t i o n a l  

wi th   the   under ly ing   Dakota   Sands tone .  T h i s  c o n t a c t  was 

d e l i n e a t e d   a t   t h e   f i r s t   m e d i u m - l i g h t - g r a y  ( N 6 )  s h a l e   u n i t  Of 

approximate  2-foot  ( 0 . 6 1  m )  t h i ckness .   Exposures  i n  t h i s  

a r e a  are e x t r e m e l y   p o o r ,   b u t   f l o a t   s u g g e s t s   s e v e r a l   t h i n ,  

very-fine-grained,  moderate-brown  (5YR3/4), s i l t y   s a n d s t o n e s  

may o c c u r   a b o v e   t h i s   b a s a l   s h a l e .  The dominan t   l i t ho logy ,  

however, is dark-gray (N3) t o  g ray i sh -b lack  ( N Z ) ,  f i s s i l e ,  

c a l c a r e o u s ,   s i l t y   s h a l e .  

The abrupt   upper  contact of   the   Alami to  Well tongue 

w i t h   t h e   o v e r l y i n g  Tres  Hermanos Member is well-exposed  on 

t h e  east  s l o p e   o f   h i l l  ' 6 5 9 7 '  (sec. 6). The dominant 

l i t h o l o g y   o f   t h e   A l a m i t o  Well tongue   aga in  is s h a l e ,  now 
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medium l i g h t   g r a y  ( N 6 ) .  Mammites depressus   was   found  wi th in  

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

e a s t   s i d e   o f  Abbe Spr ing  Canyon.  The c o n c r e t i o n s   a v e r a g e   1 . 5  

f t  ( 0 . 4 6  m )  i n   d i a m e t e r ,  and are   smooth ,  

dark-ye l lowish-orange   (10YR6/6) -weather ing   e l l ipso ids .  

S c i p o n o c e r a s   g r a c i l e  was co l l ec t ed   f rom a medium-gray  (N5) 

l imestone  bed  approximately 4 i n .  ( 1 0 . 2  cm) t h i c k  and  about 

9 0  f t  (27.4 m )  below  the Tres Hermanos Member a t  t h e  same 

l o c a t i o n .   O c c u r r e n c e s   o f   P y c n o d o n t e   n e w b e r r i   a r e   a l s o  

r e p o r t e d   f r o m   t h i s   l i m e s t o n e   ( M a s s i n g i l l ,  1917 ,  o r a l  

commun.') . 
The s e c t i o n  of the   Alami to  Well tongue  exposed 

along La J a r a  Creek is comprised  of   interbedded  dark-gray 

(N3), c a l c a r e o u s   s h a l e s  and g r a y i s h - o l i v e  

{lBY4/2)-weather ing,   very-f ine-grained,   massive  sandstone.  

The s h a l e  u n i t s  a r e  between 6 i n .  (15.2 cm) and 3 f t  ( 0 . 9  m) 

t h i c k ;  t h e  sandstones  range  f rom 2 i n .  (5.1 cm) t o   1 2   i n .  

(0.3 m) t h i c k .   C o n t a c t s   b e t w e e n   t h e s e   l i t h o l o g i e s  are 

r e l a t i v e l y   s h a r p .  

The Alamito Well tongue   cons is t s   o f   low-energy ,  

o f f s h o r e   s h e l f   d e p o s i t s .   I n c l u d e d   w i t h i n   t h i s   r e c o r d  is a 

change   f rom  mar ine   t ransgress ion  a t  t h e   b a s e   t o   m a r i n e  

r e g r e s s i o n  a t  the  t o p ;   s h o r e l i n e   s a n d s   a r e   p r e s e r v e d   b e l o w  

and  ab0v.e t h i s  u n i t  as the  Dakota  Sandstone  and Tres Hermanos 

Member, r e s p e c t i v e l y .   I n t e r b e d d e d   s a n d s t o n e   b e d s  may 

r ep resen t   s to rm-gene ra t ed   depos i t s   (Re ineck   and   S ingh ,   1975) .  

. 
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The S c i p o n o c e r a s   g r a c i l e   z o n e  is a widespread 

ammonite  zone  and marks t h e  boundary  between  Cenomanian  and 

Turonian time (89  m.y.;  Obradovich  and  Cobban,  L975). 

Pycnodonte  newberri ,   found a t   t h e  same s t r a t i g r a p h i c   l o c a t i o n  

a s  S. g r a c i l e ,  is f o u n d   o n l y   i n  t h e  F o u r   C o r n e r s   s t a t e s  (Hook 

and  Cobban, 1 9 7 7 ) .  

Tres Hermanos Sandstone Member 

The T r e s  Hermanos Sandstone Member o f   t h e  Mancos 

S h a l e  was named by Her r i ck  ( 1 9 0 0 )  f o r  exposures   nea r   T res  

Hermanos B u t t e s  (sec. 26 ,  T3N, R7W). Tonking  (1957) 

m i s i n t e r p r e t e d   W i n c h e s t e r ' s  ( 1 9 2 0 )  s t r a t i g r a p h i c   s e c t i o n  

sou th  of P u e r t e c i t o ,  and   mis takenly   ident i f ied   the   Twowel l s  

Tongue of  t he   Dako ta   Sands tone   a s  t h e  Tres Hermanos Member of 

t h e  Mancos Sha le .  T h e  T r e s  Hermanos Member of  t h i s  r e p o r t  

was inc luded   w i th in   Tonk ing ' s  La Cruz Peak  Formation. T h i s  

mistake was c o r r e c t e d  by Dane,  Landis,  and  Cobban ( 1 9 7 1 ) .  

They a l s o   r e p o r t e d   a n   e a r l y   C a r l i l e   a g e   f o r   t h e   T r e s  Hermanos 

Member based  upon  recovery of C o l l i g n o n c e r a s   w o o l l g a r i .  

M a s s i n g i l l  (1979)  r e p o r t s  a t h i c k n e s s  of   approximate ly   231  f t  

(70 .4  m )  t o  t h e  n o r t h e a s t   o f  t h e  s t u d y   a r e a .  

The Tres Hermanos. Member c r o p s   o u t   i n  t h e  

n o r t h e a s t e r n   s e c t i o n   o f   t h e   s t u d y   a r e a ,   a n d   a g a i n  west of 

J a r a l o s a  C r e e k  and  south  of  Dove Spring  Canyon.  Exposures 

a r e   g e n e r a l l y   p o o r   d u e   t o   s l u m p i n g   a n d   e x t e n s i v e   e r o s i o n .   I n  

a d d i t i o n ,  a l l  ou tc rops   o f  the Tres Hermanos i n  t h e  s tudy  area 

a r e   f a u l t e d ,  and i n  t h e  n o r t h e a s t e r n   s e c t i o n ,   e x t e n s i v e l y  
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i n t r u d e d .  The Tres Hermanos i s  e s t i m a t e d   t o  be 250 f t  (76 .2  

m )  t h i c k  i n  t h e  s t u d y   a r e a .  

The b a s a l   c o n t a c t   o f   t h e  Tres Hermanos Member w i t h  

the   Alami to  Well tongue i s  w e l l - e x p o s e d   o n   t h e   e a s t   s i d e   o f  

h i31   ' 6597 '   ( s ec .   6 ,  T l N ,  R5W). ' The uppe r   con tac t   w i th -   t he  

o v e r l y i n g  D-Cross  Tonghe is well-exposed i n  J a ra losa   Creek  

west o f   d r i l l h o l e  H 1  (sec. 35, T l N ,  R6W).  Both  of   these 

c o n t a c t s   a r e  marked by s h a r p   l i t h o l o g i c   c h a n g e s .  The T r e s  

Hermanos Member is i n f o r m a l l y   d i v i d e d   i n t o   t h r e e   g r a d a t i o n a l  

u n i t s  by the   occu r rence   o f  a nonmar ine   i n t e rva l  of 

o r g a n i c - r i c h   s a n d s t o n e s ,   s i l t s t o n e s ,   s h a l e s ,   a n d   l i g n i t e  

between  upper   and  lower  intervals   of   marine  sandstone 

c o n t a i n i n g   m i n o r   i n t e r c a l a t e d   s h a l e .  

The lower marine s e c t i o n   f o r m s   g e n t l y   d i p p i n g  

hogbacks i n  t h e   n o r t h e a s t e r n   c o r n e r   o f   t h e   s t u d y   a r e a .  T h i s  

s e c t i o n  is e s t i m a t e d   t o   b e   a b o u t   8 0  f t  (24.4 m )  th ick.   Thin-  

t o  medium-bedded sands tone  is d o m i n a n t   i n   t h i s   s e c t i o n .  

Sands tone   co lors   on  a f r e s h l y   b r o k e n   s u r f a c e   a r e   y e l l o w i s h  

g r a y   ( 5 Y 8 / 1 ) ,   l i g h t   g r e e n i s h   g r a y  (5GY8/1) or v e r y   l i g h t   g r a y  

( N 7 ) .  Colors   on   weathered   sur faces  are ve ry   pa l e   o range  

(10YR8/2)  or  p a l e   y e l l o w i s h  brown  (10YR6/2), a t  times m o t t l e d  

by dark  yel lowisn  orange  (18YR6/6) .   Massingi l l  ( 1 9 7 9 )  

r epor t s   Co l l ignonce ras   (Se lwynoce ras )  mexicanum  (Bose)  from 

t h e ' " 6 a s e   o f   t h i s   s e c t i o n .   F o s s i l   d e b r i s  is common i n   t h e  

sands tones   nea r   t he   t op   o f   t he   l ower   mar ine   s ands tone   un i t .  

High-angle,  small-scale, fo re se t   c ros sbeds   and   a symmet r i c  

r i p p l e s   a r e  common. Framework g r a i n s  are medium t o   f i n e   s a n d  
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w i t h  some t e n d e n c y   t o   c o a r s e n   u p w a r d s ;   t h e   s a n d s t o n e s   a r e  

m o d e r a t e l y   t o   w e l l - s o r t e d .   I n t e r c a l a t e d   s h a l e   p a r t i n g s   a r e  

medium gray  (N5) t o   d a r k   g r a y   ( N 3 ) ,   g e n e r a l l y   s i l t y ,  and 

average  2 i n .  (5 .1  cm) t h i c k .  Pe t rog raph ic   ana lys i s   (K th -1 )  

i n d i c a t e s   c l e a r ,   a n g u l a r   q u a r t z   g r a i n s ,   w i t h   u p  t-o 6 0 %  

e x h i b i t i n g  r e l i c t  f ine -g ra ined   s i l c i ceous   cemen t ,   compr i se  

the  dominant  framework  mineralogy.  Lesser  amounts of 

s u b a n g u l a r ,   s e r i c i t i z e d   p o t a s s i u m   f e l d s p a r  and h i g h l y  

c o r r o d e d   p l a g i o c l a s e  (An66,  av,erage  of 4 g r a i n s ,  Michel-Levy 

method)  are  minor  framework  components. L i t h i c  f ragments  a re  

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

t o g e t h e r   w i t h   r o u n d e d   c h e r t   g r a i n s   c o n s t i t u t e  1 7 %  o f   t h e  

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

was a l so   obse rved .  Rounded g l a u c o n i t e   p e l l e t s   a r e   p r e s e n t   i n  

t race   amounts .   Mat r ix   and   empty   pores   cons t i tu te   about  2 %  o f  

t he   t o t a l   rock ;   f r amework   g ra ins   compr i se   73%  and  

f i n e - g r a i n e d   c a l c i t e   c e m e n t   c o n s t i t u t e s   2 5 % .   I n t e r c a l a t e d  

The c e n t r a l  nonmarine.  se.ction Ls w.ell-exposed  along 

t h e   a r r o y o   s o u t h w e s t  of Middle   Well   (sec.   35,  T l N ,  R6W). It 

is es t ima ted   t o   be   approx ima te ly  1 0 0  f t  (30.5 m) t h i c k .  The 

n o n m a r i n e   i n t e r v a l   c r o p s   o u t   a s  low sands tone   benches ,  

s e p a r a t e d  by s h a l l o w   v a l l e y s   ' u n d e r l a i n  by s h a l e  and 

s i l t s t o n e .   M o d e r a t e l y   s o r t e d ,   t h i n -   t o  medium-bedded, 

f i n e - g r a i n e d   q u a r t z o s e   s a n d s t o n e   c o n t a i n i n g   a s  much a s   20% 

o r g a n i c   d e b r i s  is i n t e r c a l a t e d   w i t h   g r e e n i s h - g r a y  (5GY6/1) t o  

g reen i sh -b lack   45G2/1 ) ,   o rgan ic - r i ch   s i l t s tone   and   sha l e .  

These   un i t s  are genera l ly   be tween 1- and  10-feet  (0.3  and  3.0 



m)- th ick .  T h e  s a n d s t o n e s   a r e   c h i e f l y   y e l l o w i s h - g r a y  (5Y8/1), 

w e a t h e r i n g   t o   l i g h t - y e l l o w i s h - g r a y  (5Y7/2), and commonly 

c o n t a i n   t a b u l a r  sets o f   sma l l - sca l e ,   l ow-ang le   t angen t i a l  

c ros sbeds .  Wood c a s t s   i n   t h e   s a n d s t o n e s   a r e  common. The 

o r g a n i c   c o n t e n t   o f   t h e   s h a l e s  is l o c a l l y   h i g h   e n o u g h   t o  

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

T h e  top   70 - foo t  (21 .3  m ) - t h i c k   m a r i n e   s e c t i o n  of 

t h e  Tres Hermanos  Tongue i s  similar t o   t h e   l o w e r   s e c t i o n .  A 

10- foo t   (3 .0   m) - th i ck , .   mass ive ,   ex t ens ive ly   b io tu rba ted  

sands tone   occu r s   app rox ima te ly  1 0  f t  (3 .0  m )  below t h e  top   o f  

t h e  Tres  Hermanos. From t h i s  s ands tone ,  whi.ch i n   t h e   f i e l d  

is v e r y   s i m i l a r   i n   a p p e a r a n c e   t o   t h e   G a l l e g o   S a n d s t o n e ,  was 

r ecove red   Lopha   be l l ap l i ca t a  (NE 1/4, sec. 6 ,  T l N ,  R6W) . 
C o i l o p o c e r a s   c o l l e t i  was r e c o v e r e d   f r o m   t h e   s i l t y   s h a l e  

beneath t h e  b i o t u r b a t e d   s a n d s t o n e .  

The lower   and   upper   mar ine   sec t ions   o f   the  Tres 

Hermanos  Tongue a r e   d e p o s i t s   l e f t  by r e g r e s s i n g   a n d  

t r a n s g r e s s i n g   s e a s ,   r e s p e c t i v e l y .  The r e v e r s e   g r a d i n g  i n  t h e  

sands tones  of t h e   l o w e r   m a r i n e   s e c t i o n   c a n   b e   a t t r i b u t e d   t o  

wave-swash s o r t i n g   ( C l i f t o n ,  1 9 6 9 ) .  Crossbedding  and 

a symmet r i ca l   r i pp le s   wh ich   occu r   i n   bo th  marine i n t e r v a l s   a r e  

c h a r a c t e r i s t i c   o f   t h e   u p p e r   s h o r e f a c e   d e p o s i t i o n a l  

environment  (Reineck  and  Singh,  1975).  The b i o t u r b a t e d  

s a n d s t o n e   i n   t h e   u p p e r   m a r i n e   i n t e r v a l  may r e p r e s e n t  somewhat 

deepe r   sho re face   s ed imen ta t ion .  The cen t r a l   nonmar ine  

s e c t i o n   p r e s e r v e s   d e p o s i t s   o f   n e a r s h o r e   o r   i n l a n d  

e n v i r o n m e n t s .   T h i s   i n t e r v a l ,   c h a r a c t e r i z e d  by wood casts,  
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f i n e - g r a i n e d   s a n d s t o n e s ,   o r g a n i c   s h a l e s ,   a n d   t h i n  l i g n i t e  

beds ,   r ep resen t s   nea r shore   depos i t s   o f   backshore   marshes   and  

t i d a l   f l a t s   s i m i l a r   t o   t h o s e   d e s c r i b e d   f o r  t h e  Menefee and 

Lance  f o r m a t i o n s   ( S e l l e y ,  1 9 1 2 ) .  W i t h i n   t h i s   i n t e r v a l ,   t h e  

s e a ~ l e v e l   p r o b a b l y   r e m a i n e d   n e a r l y   s t a t i c  and t h e   s h o r e l i n e  

pos i t ion   changed   f rom  regress ion  t o  t r a n s g r e s s i o n .  

D-Cross  Tongue 

Dane, Wanek, and  Reeside  (1957)  proposed  to  rename 

P i k e ' s  ( 1 9 4 7 )  Pescado  Tongue.of   the Mancos S h a l e   a t  D-Cross 

Mountain  (secs .  11 and 1 8 ,  T3N, R8W) t h e  D-Cross  Tongue. 

They recognized t h i s  s t r a t i g r a p h i c   i n t e r v a l  by f a u n a l  

e v i d e n c e   t o  be a d i s t i n c t  and   h igher   tongue   than  P i k e ' s  

Pescado  Tongue.  They  defined  the  D-Cross  Tongue  as  the 

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

Gal lego   Sands tone   ( then   the   upper   Gal lup   Sands tone) .   Tonking  

(1957)   had  included  the  D-Cross   Tongue  within  his  La Cruz 

Peak  Formation. 

The D-Cross  Tongue of t h e  Mancos S h a l e  is b e s t  

exposed i n  a f au l t ed   and   i n t ruded   40 - foo t  ( 1 2 . 2  m ) - t h i c k  

s e c t i o n  on t h e  west s i d e   o f   J a r a l o s a  Creek (NW 1 / 4 ,  S E  1 / 4 ,  

sec. 35, T l N ,  R6W). Maximum t h i c k n e s s  i n  t h e   s t u d y   a r e a  i s  

approximate ly  95 f t  ( 2 9  m). The b a s a l   c o n t a c t   o f   t h e  D-Cross 

Tongue w i t h   t h e   u n d e r l y i n g  Tres Hermanos Member is sha rp ;  a 

marked l i t ho log ic   change   occu r s   be tween   t he   modera t e ly  

c o n s o l i d a t e d   s a n d s t o n e s   o f   t h e   T r e s  Hermanos Member and t h e  

s i l t y ,   g r a y   s h a l e s   o f   t h e  D-Cross  Tongue.  The  upper c o n t a c t  
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of the D-Cross Tongue with the overlying Gallego Sandstone is 

gradational and is best exposed in a canyon cut into the 

northern  edge of the extensive pediment surface (SE 1/4, SW 

1/4, sec. 6 ,  TlN, R5W) . Within the top 10 f t (3.0 m) of the 

D-Cross Tongue, the  shale grades upwards into medium-gray 

(N5)-weatheringr fine-grained, massive sandstone. The grain 

size increases  and color lightens upwards into the Gallego 

Sandstone. The  contact  is drawn beneath  the first resistant 

sandstone. Shales are silty near  both the base  and  the top 

of  the D-Cross Tongue. 

The D-Cross Tongue is generally comprised of 

medium-dark-gray (N4), weathering  to grayish-black (NZ), 

fissile shale. At.the previously mentioned exposure on 

Jaralosa Creek, 1- to 5-in. (2.5- to 12.7-cm)-thick 

olive-black  (5Y2/1)-weatheringr  very-fine-grained, silty 

sandstones are gradationally interbedded with the shales. 

The shales are generally concretionary, with concretions 

locally forming irregular discontinuous beds. Two distinct 

types of sandy limestone concretions occur within the D-Cross 

Tongue. The  first  of these are smooth and oblate, weather to 

moderate brown (5YR4/4),  and often contain ammonites (fig. 

5A). The second type are septarian and oblate, weather to 

light brown (5YR5/6) or grayish black  (N2),  and are rarely 

fossiliferous. (fig.  5B). The centers of both types  of 

concretions (usually the latter type) may  be comprised of 

brownish-black (5YR2/1) massive calcite. Concretions range 
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Figure  5: C o n c r e t i o n s   i n   t h e  D-Cross S h a l e  
A .  smooth   var ie ty  
B. S e p t a r i a n   v a r i e t y  

Aammer handle  is 1 2 . 5  i n .  (31.8 cm) long .  



i n   d i ame te r   f rom 6 i n .  (15.2 cm) t o  30 i n .  ( 0 . 7 6  m ) .  F o s s i l s  

recovered  f rom  the  D-Cross   Tongue  in   the  s tudy  area  include 

Scaph i t e s   wh i t f i e ld i ,   P r ionocyc ius   nov imex icanus ,   and  

Inoceramus s p . .  

A 6-in.   (15.2  cm)-thick,   moderate-reddish-orange 

( 1 0 R 6 / 6 ) - w e a t h e r i n g ,   s i l t y   l i m e s t o n e   w i t h   a n   i r r e g u l a r  

s u r f a c e  is wel l -exposed   to  t h e  e a s t  o f  t h e   s t o c k . p o n d  dam i n  

t he   a r royo   wes t  of Middle Well (NW 1 / 4 ,  S E  1 / 4 ,  s ec .  35, 

T l N ,  R6W). T n i s  bed i s  l o c a t e d   a p p r o x i m a t e l y  8 f t  ( 2 . 4  m )  

above  the  base  of  the  D-Cross  Tongue,  and may r e p r e s e n t   t h e  

Juana  Lopez e q u i v a l e n t   i n   t h e   s t u d y  area (Hook, 19'17, o r a l  

commun . ) . 
The D-Cross Tongue of t h e  Mancos S h a l e   r e c o r d s   t h e  

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

r e g r e s s i o n  a t  t h e   t o p .  The  D-Cross  Tongue  accumulated i n  a 

mar ine   she l f   envi ronment .   Sands tone   beds  may record   s torm 

depos i t s   (Reineck   and   S ingh ,  1 9 7 5 ) .  

Gal lego   Sands tone  

Winchester (1920)   gave   the  name Gal lego   Sands tone  

t o   t h e   r e s i s t a n t   s a n d s t o n e   o c c u r r i n g   a b o u t  9 0 0  f t  (274 m )  

above  the  Dakota   Sandstone a t   P u e b l o   V i e j o  Mesa nea r   Ga l l ego  

C r e e k  (sec. 1 7 ,  T4N, R7W). He i n c l u d e d   t h i s   s a n d s t o n e   u n i t  

w i t h i n  h i s  Miguel  Formation. P i k e  (1947)   c la imed  to   have  

t r ' a c e d   t h e   G a l l u p   S a n d s t o n e   i n  t h e  S a n   J u a n   b a s i n   i n t o  

Winches t e r ' s   Ga l l ego   Sands tone  Member of h i s  Miguel 
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Formation.  Dane, Wanek, and   Rees ide   (1957)   regard   the  

Gal lego   Sands tone   as   be ing  a r e g r e s s i v e   s a n d s t o n e  member of 

t h e  upper  Gallup  Sandstone.  Molenaar ( 1 9 7 4 )  s u g g e s t s  from 

h i s   s t u d i e s  of measured   s ec t ions   t ha t   t he   Ga l l ego   Sands tone  

Member of   the   upper   Gal lup   Sands tone  a t  p u e r t e c i t o  is 

comprised  of two b a r r i e r - b a r   s a n d s t o n e s   s e p a r a t e d  by a 

t r a n s g r e s s i v e   m a r i n e   s h a l e .  H i s  l o w e r   b a r r i e r   b a r  i s  the  

G a l l e g o   S a n d s t o n e   o f   t h i s   r e p o r t ;   t h e   u p p e r   b a r r i e r   b a r  and 

the   i n t e ryen ing   sha l e   have   been   i nc luded   i n   t he   Mesave rde  

Format ion   in  t h i s  r e p o r t .   R e c e n t l y ,   t h e   U n i t e d   S t a t e s  

G e o l o g i c a l   S u r v e y   S t r a t i g r a p h i c  Names Committee  informally 

s u g g e s t e d   t h a t  t h e  co r re l a t ion   o f   t he   Ga l l ego   Sands tone   w i th  

the   Ga l lup   Sands tone  is, a t  p r e s e n t ,   i n v a l i d  iHook,  1978, 

o r a l  commun.).  The G a l l e g o   S a n d s t o n e   p i n c h e s   o u t   t o   t h e   e a s t  

o f   t h e   s t u d y   a r e a   ( M a s s i n g i l l ,  1 9 7 9 ) .  

The G a l l e g o   S a n d s t o n e   i n   t . h e   t h e s i s   a r e a   c r o p s   o u t  

as rounded c l i f f s  o r  low  hogbacks.   Thickness  of t h e  Ga l l ego  

Sandstone a t  a canyon   cu t   i n to   t he   no r the rn   edge  of  the 

e x t e n s i v e   p e d i m e n t   s u r f a c e  (sec. 6 ,  T l N ,  R 5 W )  is 

approximate ly  50 f t  (15.2 m ) .  I n   an   a r royo  west o f   J a r a l o s a  

Creek  (sec.   35,  T l N ,  R6W), t he   Ga l l ego   Sands tone  is 

approximate ly  4 0  f t  (12 .2  m )  t h i c k .  The c o n t a c t   w i t h   t h e  

underlying  D-Cross  Tongue of t h e  Mancos S h a l e  is well-exposed 

a t  t h e   f o r m e r   l o c a t i o n .  The c o n t , a c t   h e r e  is g r a d a t i o n a l   a n d '  

is drawn a t   t h e   f i r s t   r e s i s t a n t   s a n d s t o n e .  The uppe r   con tac t  

wi th   the   over ly ing   Mesaverde   Format ion  is r e l a t i v e l y   s h a r p .  

The base   o f   the  l a t t e r  i s  a s i l t y ,   d a r k - g r a y  (N3) s h a l e  a t  
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exposures  a t  Middle  Well (sec. 35, T l N ,  R6W) and  south  of 

3 

0 Corkscrew  Canyon  (sec. 1, T I S ,  R6W).  The base   o f   t he   Ga l l eg  

Sandstone i s  an  ol ive-black  (5Y2/1)   thick-laminated  sandstone 

t h a t   w e a t h e r s  t o  modera te   ye l lowish  brown ( Y R 5 / 4 ) .  It is 8-  

t o   1 5 - f t  (2 .4 -  t o  3.0-m)-thick.  Color  on a f r e s h   s u r f a c e  

becomes yel lowish  gray  (5y8/1)   upwards  into  the  main  body  of  

t he   Ga l l ego   Sands tone .  The b a s a l   s e c t i o n ,   w h i c h  is 

approximate ly  2 0  f t  ( 6 . 1  m) t h i c k ,  i s  medium- t o  v e r y  

th ick-bedded .   Large-sca le ,   low-angle ,   t abular  sets of p l a n a r  

c ros sbeds   occu r   l oca l ly .   Loca l   e ros iona l   su r f aces   a r e   marked  

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

however, i s  gene ra l ly   obscu red  by numerous v e r t i c a l   b u r r o w s  

5.25 i n .  ( 0 ; 6 4  cm) wide  and a s  much as 6 in .   (15 .2  cm) long .  

T h e s e  burrows s t a n d   o u t   p r o m i n e n t l y  on a wea the red   su r f ace  

and a r e  a c h a r a c t e r i s t i c   f e a t u r e   o f   t h e   G a l l e g o   S a n d s t o n e .  

A s  a r e s u l t  of t h e   e x t e n s i v e   b u r r o w i n g ,   t h e   G a l l e g o   S a n d s t o n e  

commonly assumes a mass ive   appearance .   Organic   mater ia l  

u s u a l l y   o c c u r s   o n  a f r e s h   r o c k   s u r f a c e .  

Pe t rog raph ica l ly   {Kg-1 ) ,   t hese   s ands tones   a r e  

compr i sed   dominan t ly   o f   we l l - so r t ed ,   monocrys t a l l i ne ,  

s u b a n g u l a r ,   q u a r t z   g r a i n s   w i t h   s l i g h l y   u n d u l a t o r y   e x t i n c t i o n  

of   f ine   sand   s ize .   Al though  most  of t h e s e   g r a i n s   a r e  c lear ,  

a s m a l l   p e r c e n t a g e   c o n t a i n   l i n e a r   t r a i n s  of  bubbles .   Three  

g r a i n s . w i t h  r e l i c t  f i n e - g r a i n e d   s i l i c e o u s  cement a l s o  occur .  

C l o u d y ,   p a r t i a l l y   s e r i c i t i z e d   p o t a s s i u m   f e l d s p a r  and t r ace  

amounts of microc l ine   compr i se  1 4 %  o f   t he   rock ' s   f r amework  

components.   only 4 %  p l a g i o c l a s e   g r a i n s   w e r e   o b s e r v e d ;  

" 
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. ’  
however ,   t hese   were   ex tens ive i ’y   r ep laced   dy   s e r i c i t e  and 

c a l c i t e ,  and were usua l ly   r ecogn izab le   on ly   by   tw inn ing  

“ g h o s t s “  i n  t he   r ep lac ing   mine ra l s .   O the r   f r amework  

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

few  rounded c h e r t   g r a i n s .  The ma t r ix  of c l a y s  and o r g a n i c  

deb r i s   compr i se s  28% o f   t h e   r o c k .   I n t e r s t i t i a l   c l a y s  

commonly show p a r t i a l   r e p l a c e m e n t  by se r ic i te  o r  c h l o r i t e .  

Pa t chy   ca l c i t e   cemen t   and   t r ace   amoun t s  of p h y l l o s i l i c a t e  

cement  comprise 1 0 %  of   rock .  Open po re   space  i s  e s t i m a t e d   a t  

about  2%.  I t  should  be no ted ,   however ,   t ha t   i ndura t ion  of 

t h e   G a l l e i 0   s a n d s t o n e  is o n l y   m o d e r a t e ,   a n d   e f f e c t s   o f  

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

i n t o   t h e   r o c k .   T h u s ,   a n   a c c u r a t e   c h a r a c t e r i z a t i o n  of t rue  

p e t r o g r a p h i c   p r o p e r t i e s  is d i f f i c u l t .  

Gene ra l ly   one   o r  two 1 4 - i n .  (35.6  cm)-thick 

f o s s i l i f e r o u s   s a n d s t o n e   b e d s   a r e   p r o m i n e n t   i n  t h e  upper 8 t o  

18 f e e t  (2 .4  t o  3.0 m )  o f   the   Gal lego   Sands tone .   These   beds  

commonly weather   brownish  gray (5YR4/1) t o   d a r k   y e l l o w i s h  

brown (19YR4/2) and are more r e s i s t a n t   t h a n   t h e  r e s t  of t h e  

Gallego Sandstone.  On a f r e s h   s u r f a c e ,   c o l o r  varies from 

moderate brown 45YR3/4) t o  medium l i g h t   g r a y  (N6) w i t h  

dec reas ing   s and   con ten t .  The  dominant f o s s i l  is Lopha 

s a n n i o n i s ,   a n   o y s t e r  w i t h  t h i c k ,   c u r v i n g   r i b s   t h a t   a v e r a g e s  

1 .5   in .  ( 3 . 8  c m )  l o n g   ( f i g .  6 ) .  N e a r l y   u n b r o k e n   f o s s i l s  are 

common. T h e s e   f o s s i l i f e r o u s   b e d s   a r e   c h a r a c t e r i s t i c   o f   t h e  

Gal lego  Sandstone i n  t h e   s t u d y   a r e a ,   a s  well as  i n   e x p o s u r e s  

t o   t h e   n o r t h   ( J a c k s o n ,  1 9 7 9 )  and e a s t   ( M a s s i n g i l l ,   1 9 7 9 ) .  



Figure  6 :  Lopha s a n n i o n i s  from Gallego  Sandstone  "brown 
bed" ;   Ja ra losa   Creek  at Middle Well (SW 1 / 4 ,  NE 
1 / 4 ,  s e c .  3 5 ,  TlN, R6W). P e n c i l  is 5.5 i n .  ( 1 4  
cm) long. 
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The ove r ly ing   Mesave rde   Fo rma t ion   con ta ins   nonfoss i l i f e rous  

s a n d s t o n e   b e d s   s i m i l a r  i n  a p p e a r a n c e   t o  t h e  Ga l l ego  (.as a t  

exposures  i n  t h e   n o r t h e a s t   c o r n e r   o f  t h e  s t u d y   a r e a ;   s e c .  8 ,  

T l N ,  R5W). T h u s ,   t h e   f o s s i l i f e r o u s   b e d s   i n   t h e   G a l l e g o   a r e  

i m p o r t a n t   t o   f o r m a t i o n   i d e n t i f i c a t i o n .  

. Petrographically  (Kg-2),   the  framework  components 

o f   t h e   f o s s i l i f e r o u s  beds a re   compr i sed   o f   15%,   p redominan t ly  

m o n o c r y s t a l l i n e   q u a r t z   w i t h   s l i g h t l y   u n d u l a t o r y   e x t i n c t i o n ;  

8% a n g u l a r ,   e x t e n s i v e l y   s e r i c i t i z e d   p o t a s s i u m   f e l d s p a r ;   a n d  

7% p l a g i o c l a s e  (An49, average   o f  E g r a i n s ,  Michel-Levy 

me thod)   r ep laced   l oca l ly  by c a l c i t e .  Burrowed  fragments  of 

Lopha sannionis ,   which   compr ise   another  4 0 %  of  the  framework 

components, commonly e x h i b i t   p r e s e r v a t i o n   o f   i n t e r n a l  s h e l l  

s t r u c t u r e .  A few smaller f ragments  are  r e p l a c e d   i n t e r n a l l y  

by pseudospar ,   which   of ten   shows  "ghos ts"   o f   the   o r ig ina l  

i n t e r n a l   s t r u c t u r e .   O t h e r  framework c o n s t i t u e n t s   i n c l u d e  3% 

subrounded  cher t ,  3% m u s c o v i t e   s h r e d s   a n d   l a t h s ,  4 %  o r g a n i c  

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

q u a r t z - m i c a   s c h i s t .  Matrix ma te r i a l ,   compr i s ing   15%  o f   t he  

t o t a l   r o c k ,  i s  c a l c a r e o u s  mud. About 30% o f   t h e  mud o c c u r s  

as r e l a t i v e l y   s a n d - f r e e   r o u n d e d   m a s s e s ,   w h i c h   a r e   i n f e r r e d   t o  

r e p r e s e n t   e r o s i o n   o f   l o c a l l y - d e r i v e d   c a l c a r e o u s  mud. Cement 

material is p r i n c i p a l l y  small c r y s t a l s   o f   c l e a r   c a l c i t e .  

Casts  of  Cardium  sp.   and  Inoceramus sp. a r e .  

ub iqu i tous   and   l oca l ly   abundan t  i n  the  middle  and  upper 

Gal lego   Sands tone .   Pr ionocyclus  SQ. was c o l l e c t e d  from t h e  

t o p  of the   Gal lego   Sands tone   f rom  exposures   southwes t   o f  La 

J a r a  Canyon (SE 1/4, SE 1/4 sec. 6 ,  TlN, R6W) . 
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* The Gal lego  Sandstone is obv ious ly  marine a s  

i n f e r r e d  from t h e   u b i q u i t y   o f   m a r i n e '   f o s s i l s   t h r o u g h o u t   t h e  

format ion .  The d i s t r i b u t i o n  of t h i s  fo rma t ion  and i t s  

p i n c h o u t   t o   t h e   n o r t h e a s t  of t h e   s t u d y   a r e a   s u g g e s t s   t h a t   t h e  

Ga l l ego   Sands tone   r ep resen t s   an   e longa te   s and   body .   Th i s  

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

b i o t u r b a t i o n ,  is s t r o n g l y   s u g g e s t i v e  of a b a r r i e r - b a r  

depos i t ,   in   agreement   wi th   Molenaar ' s  ( 1 9 7 4 )  i n t e r p r e t a t i o n .  

S u c h   f e a t u r e s . a r e   d e s c r i b e d   f o r   b a r r i e r   s a n d - b a r s   i n   S e l l e y  

( 1 9 7 2 ) ,  Re ineck   and   S ingh   (1975) ,   and   Pe t t i john   and   o thers  

( 1 9 7 3 ) .   S e l l e y  ( 1 9 7 2 )  s t a t e s   t h a t   c l a y   m a t r i x  and  low 

p o r o s i t y   a r e   c h a r a c t e r i s t i c s  of r e g r e s s i v e   b a r r i e r   s a n d s .  

Channel   scours  may be   a sc r ibed   t o   s to rm  washover s .  

F o s s i l i f e r o u s  "brown  beds"   p robably   represent   shor t   ep isodes  

o f   s l i g h t   t r a n s g r e s s i o n  and s l i g h t l y   h i g h e r   e n e r g y   c o n d i t i o n s  

as i n d i c a t e d  by t h e   p r e s e n c e   o f   i n t r a c l a s t s .  Swamp d e p o s i t s ,  

commonly comprised i n  p a r t  of c o a l s ,  may o c c u r   t o   t h e  

landward   s ide  of s u c h   b a r r i e r   b a r s   ( S e l l e y ,  1 9 7 2 ;  P e t t i j o h n  

and o t h e r s ,   1 9 7 3 ) .  The l o w e s t   c o a l - b e a r i n g   u n i t s   o f   t h e  

basal  Mesaverde  Formation may be   t he   coa l s   o f   younger  swamps 

l e f t  by t h e   r e g r e s s i n g   s e a .  

Mesaverde  Formation 

* The  Mesaverde  Group was  named by Holmes (1877)  f o r  

exposures   on  Mesaverde  in   southwestern  Colorado.   Winchester  

( 1 9 2 0 )  i n c l u d e d   t h e   r o c k s   h e r e i n  mapped a s   t h e  Mesaverde 
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Format ion   w i th in   h i s  Chamiso  Formation. P i k e  ( i 9 4 7 )  observed  

t h a t  t h e  term  "Mesaverde" was u s e d   l o o s e l y   a s  a fo rma t iona l  

name sou th   o f   t he  type l o c a l i t y .  H i s  d e f i n i t i o n  of t h e  

Mesaverde  Formation a t  D-Cross  Mountain  included t h e  Gal lego  

Sands tone   o f   t h i s   r epor t .   Tonk ing  41957) c a l l e d   t h e  

Mesaverde  Formation of t h i s   r e p o r t   t h e   C r e v a s s e  Canyon 

Formation.  Givens ( 1 9 5 7 ) ,  i n  t h e  a r e a  west of  Tonking,  had 

o b s e r v e d   t h e   l i t h o l o g i c   s i m i l a r i t i e s   o f  t h i s  s t r a t i g r a p h i c  

i n t e r v a l  w i t h  t he   t ype - sec t ion   Crevasse  Canyon.  However, t h e  

Crevasse Canyon Forma t ion ,   a s   de f ined  by Al l en . and   Ba lk  

( 1 9 5 4 ) ,  i n c l u d e s   t h e   s t r a t a   b e t w e e n   t h e   t o p   o f   t h e   G a l l u p  

Sandstone  and  the  base  of   tne   Point   Lookout   Sandstone.  A s  

t h e   P o i n t   L o o k o u t   h a s   n o t   y e t   b e e n   i d e n t i f i e d  w i t h i n  t h e  

s tudy   a r ea   and  t h e  Ga l lup -Ga l l ego   co r re l a t ion  is u n c e r t a i n ,  

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

Mesaverde  Formation. 

The  Mesaverde  Formation is e x p o s e d   i n   t h r e e  major 

p o r t i o n s  o f  t h e   s t u d y  area. The m o s t   e x t e n s i v e   o u t c r o p s  

o c c u r   i n   t h e   n o r t h - c e n t r a l   p o r t i o n ,   n o r t h  of t h e  

n o r t h e a s t - t r e n d i n g   T i j e r a s   l i n e a m e n t .   H e r e ,   t h e   e x t e n s i v e l y  

faul ted  Mesaverde  Formation is e s t i m a t e d   t o  be approximately 

1 0 0 0  f t  (304.8 m) t h i c k .   A n o t h e r   f a u l t - a b r i d g e d   p o r t i o n  is 

exposed   ea s t  of J a r a l o s a  Creek i n  t h e  v i c i n i t y   o f   C o r k s c r e w  

Canyon. A . s h o r t   s e c t i o n  i s  exposed  a long  the a x i s  o f   an  

a n t i c l i n a l   f o l d   i n   t h e   s o u t h w e s t e r n   c o r n e r  of t h e  s t u d y   a r e a .  

. 

The unde r ly ing   Ga l i ego   Sands tone  i s  s h a r p l y  

o v e r l a i n  by a b o u t  60 f t  (18.3 m )  of dark-gray (N3) marine 
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s h a l e  west o f   J a r a l o s a   C r e e k   a t   M i d d l e  Well (sec. 35 ,  T l N ,  

R6W). East o f   J a ra losa   Creek   ( s ec .  6 ,  T I N ,  R5W) , t h i s   s h a l e  

is abou t  25 f t  (7.6 m) t h i c k .   O v e r l y i n g  t h e  basal  Mesaverde 

s h a l e  i s  a l i gh t -o l ive -g ray   (5Y5/2 ) ,   modera t e ly - so r t ed ,  

massive  marine  sandstone  which is approx ima te ly  4 0  f t  (12.2 

m )  t h i c k   a t   M i d d l e   W e l l .  . T h i s  medium-grained  sandstone 

e x h i b i t s   s l i g h t  upward coa r sen ing   and   co r re sponds   t o   t he  

upper  of  Molenaar’s (1974) two b a r r i e ;   b a r s .  

The T e r t i a r y  Baca Formation  unconformably  overl ies  

t h e  Mesaverde  Formation. T h i s  c o n t a c t  is r e l a t i v e l y   s h a r p  i n  

t h e  Hot Spo t   mine   v i c in i ty ,  where t h e   a r k o s i c ,   l i t h i c - r i c h  

sands tones  of t h e  B a c a   F o r m a t i o n   a r e   e a s i l y   i d e n t i f i a b l e .  

T h i s   c o n t a c t  is a l s o   r e a d i l y   i d e n t i f i a b l e  west o f  Chavez 

Creek,  where t h e  b a s a l  Baca u n i t  is a poor ly   so r t ed ,   s andy ,  

h e t e r o l i t h i c   c o n g l o m e r a t e .   I n   t h e   v i c i n i t y   o f   C o r k s c r e w  

Canyon,   however ,   Baca-type  arkosic   sandstones  are   interbedded 

wi th   o rgan ic - r i ch   Mesave rde - type   sha l e s ,   s i l t s tones ,   and  

sands tones   over  a s t r a t i g r a p h i c   i n t e r v a l  of  approximately 30 

f t  (9.1 m ) .  The c o n t a c t  was d e l i n e a t e d  a t  t h e   b a s e  of a 

l imes tone-cobble   conglomera te   ( f ig .  7 ) .  

The Mesaverde i s  mainly  comprised of nonmarine 

f l u v i a l  and swamp depos i t s .   Approximate ly  200 f t  (61 m )  of 

dark-gray (N2) o r g a n i c   s h a l e s   c o n t a i n i n g   i n t e r b e d s   o f   c o a l  

a n d   s a n d s t o n e   o v e r l i e   t h e   b a s a l   m a r i n e   s e c t i o n .  The c o a l s  

range  i n  t h i ckness   f rom 1 t o  2 f t  (0.30 t o  0 . 6 1  m )  and are  

i n t e r c a l a t e d   w i t h   o r g a n i c   s h a l e s   a n d   t h i n   o l i v e - g r a y  (5Y4/1), 

v e r y - f i n e - g r a i n e d ,   s i l t y   s a n d s t o n e s .   P a l y n o l o g i c a l   d a t a  

. .  
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Figure 7:  Contact  between.  the  Baca  and  Mesaverde  formations; 
Corkscrew  Canyon  vicinity (NW 1/4, SW 1/4, sec. 
36, TlN, R6W). Basal  Baca bed is a 

12.5 in. (31.8 cm)  long. 
limestone-cobble  conglomerate.  Hammer  handle  is 
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i n d i c a t e  a c o a s t a l  or  d e l t a i c   p l a i n   e n v i r o n m e n t   o f  

accumulat ion w i t h  b r a c k i s h   w a t e r   i n f l u e n c e  (M. C h a i f f e t z  i n  

Chapin   and   o thers ,   1979) .   Pe t rographica l ly  (Kmv-1) , t h e  

s a n d s t o n e s   a r e   c o m p r i s e d   o f   8 7 %   a n g u l a r ,   s l i g h t l y   u n d u l a t o r y ,  

monocrys t a l l i ne   qua r t z   g ra ins .   Subrounded   che r t   g ra ins  

c o m p r i s e   a n o t h e r   l l % ' o f   t h e  framework c o n s t i t u e n t s .  T h e  

cementing  agent  i s  l i m o n i t i c   c h e r t y   s i l i c a   w i t h  a g r e e n i s h  

hue .  Each u n i t  of s h a l e  and  coal i s  o v e r l a i n  by dusky-yellow 

(5Y6/4)-weather ing,   f ine-grained  sandstone.   These  sandstones 

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

low-angle ,   p lanar   c rossbeds .  They range i n  t h i ckness   f rom 2 

f t  ( 0 . 6  m )  t o  1 0  f t  (3 .1  m ) .  Approximately  e ight   coal   and 

sandstone  sequences  'occur   in   the  Mesaverde  Formation 

e x p o s u r e s   e a s t   o f   J a r a l o s a   C r e e k  and north  of   Corkscrew 

Canyon. 

Above t h e s e  u n i t s ,  t h e   m o d e r a t e l y   i n d u r a t e d  

s a n d s t o n e s   r a p i d l y   t h i c k e n   t o  50 f t  (15.2 m )  or  more.  Such 

s a n d s t o n e s   f o r m   h i g h   b l u f f s   a l o n g   J a r a l o s a   C r e e k   i n   t h e  

n o r t h - c e n t r a l   s e c t i o n   o f   t h e   o u t c r o p  be l t .  These   sands tones  

wea the r   t o  a gray ish-ye l low (5Y8/4) or a grayish-orange  

(1!3YR7/4) c o l o r ;   o n  a f r e s h   s u r f a c e   t h e y   a r e   u s u a l l y   m o d e r a t e  

ye l lowish  brown (1E)YR5/4) .  Framework c o n s t i t u e n t s   o f   t h e s e  

sands tones  (Kmv-2) are gene ra l ly   f i ne -   t o   med ium-sand- s i ze ,  

modera t e ly   so r t ed ,   subangu la r  g.r.@.in,s,, E x t e n s i v e l y  

se r i c i t i zed   po ta s s ium  f e ldspa r   compr i se s   45%  o f   t he   f r amework  

g r a i n s .   C l e a r ,   m o n o c r y s t a l l i n e ,   q u a r t z   w i t h   s t r a i g h t  

ex t inc t ion   compr i se s   ano the r   32%.  About 1 0 %  o f   t h e s e   q u a r t z  



g r a i n s  a f e   r u t i l a t e d .   L i t h i c   f r a g m e n t s ,   c o m p r i s i n g  1 4 %  of 

t h e  framework c o n s t i t u e n t s ,   a r e   p r i m a r i l y   c l a y   a n d   s e r i c i t e  

b a l l s .  The cement ing   agent  of the   rock  is t i n y   i n t e r l o c k i n g  

c a r b o n a t e   c r y s t a l s .   P o r o s i t y  is very  low.  Bedding 

th i cknesses   r ange   f rom 0.25 i n .  ( 0 . 6 4  cm) t o  6 in .   (15 .2   cm) .  

Organ ic   deb r i s  is abundan t ,   a s   a r e   tw ig   impr in t s .   Sma l l -   and  

l a rge - sca l e ,   l ow-ang le ,   p l ana r  or  t rough  c rossbedding   occurs  

commonly. Sandy,   dark-reddish-brown  ( I0R3/4) ,   hemispherical  

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

commonly 2 i n .  ( 5  cm) or l e s s   i n   d i a m e t e r .  A v e r y - r e s i s t a n t ,  

grayish-brown  (5YR3/2)-weather ing,   f ine-grained  sandstone 

o f t e n   c a p s   t h e   n o d u l e . - b e a r i n g   u n i t s   ( f i g .  8 ) .  The  framework 

g r a i n s  i n  t h i s   r e s i s t a n t   s a n d s t o n e  (Kmv-3) a r e   g e n e r a l l y  

subangu la r   and   modera t e ly   so r t ed .   Quar t z   w i th   s t r a igh t  

e x t i n c t i o n   c o m p r i s e s  6 1 %  of   these  f ramework  grains .  

I n c l u s i o n s  o f   s tubby   muscov i t e   l a th s ,   ru t i l e ,   and   bubb les  

occur  commonly. R e l i c t   s y n t a x i a l   s i l i c a  cement  occurs  on 

abou t  1 0 %  o f   t hese   g ra ins .   O the r   f r amework   cons t i t uen t s  

i n c l u d e  1 2 %  s e r i c i t i z e d   p o ' t a s s i u m   f e l d s p a r ,   1 3 %   o r g a n i c - r   i c h  

c lay   and  se r ic i te  b a l l s ,  and 9 %  subrounded  cher t .   Blocky 

c a l c i t e  cemen t   has   f i l l ed   mos t   po res   i n   t hese  rocks. Small- 

t o  l a rge - sca l e ,   h igh -ang le ,   t rough   c ros sbeds   s t and   ou t  

. marked ly   i n   t hese   beds .  

Between t h e s e   s a n d s t o n e  u n i t s  a r e   o r g a n i c   s h a l e , -  

l i g n i t e ,  and i n t e r c a l a t e d   s i l t y   s a n d s t o n e   u n i t s ,  commonly 5 

f t  (1.5 m) or less t h i c k .  The s h a l e s  and l i g n i t e   g e n e r a l l y  

wea the r   da rk   g reen i sh   b l ack  (5GY4/1). S i l t y   s a n d s t o n e s ,  e 
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Figure 8: Cross-stratified  "brown  bed"  in  Mesaverde 
Formation; H o t  Spot  mine  vicinity (NW 1/4, NW 
1/4, sec. 18, TlN, R5W).  Jacob's staff is 
graduated  in feet. 



Mesaverde Formation is similar in appearance to  the  basal 

coal-bearing section. The coals in this part of the 

Mesaverde Formation were  mined from several adits.at the Hot 

Spot mine-(NW 1/4, sec. 18, TlN, R5W). The thickest coal bed 

here is 5 ft (1.5  m)  thick. These coals exhibit  rapid 

lateral thickness variation as well as rapid lithologic 

gradation into dark-gray (N3), silty shaie and 

pale-yellowish-brown (10YR6/2), very-fine-grained silty 

sandstone.  Vertically:  the coals also grade into 

medium-dark-gray (N4) shale and grayish-olive-green 

(5GY3/2)-weathering  mudstone  with 16.25 in.  (0.64 cm) thick 

wavy laminations.  Each coal sequence is  capped by 

grayish-olive (10Y4/2), thin-bedded to massive, 

very-fine-grained  sandstone. These sandstones commonly 

weather to  'dark yellowish brown (lBYR4/2),  and contain 

fossilized twigs and  twig  imprints.  In contrast to  the coals 

of. the  basal Mesaverde Formation, pollen  recovered from coal 

of the upper Mesaverde Formation indicate  isolated  upper 

coastal plain swamp environments (M. Chaiffetz in Chapin and 

others, 1979). 

Associated with  the  coal-bearing units of  both  the 

basal and  upper Mesaverde Formation  are  ironstone 

e concretions. These concretions  are  blackish-red (5R2/2),  and 

" 
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weathering grayish brown (5YR3/2) to grayish olive (10Y4/2), 

are gradational  with these shale and lignite units, and 

rarely  exceed 3 in. (7.6 cm) in  thickness. 

The uppermost approximately 100 ft (3b.5 m) of the 

I 

I 
i 

~ ~~ ~~ 
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r a n g e   i n   s i z e   a n d   s h a p e   f r o m  1 i n .  (2 .5  cm) e l o n g a t e   c h i p s  t o  

3 i n .  ( 7 . 6  cm) o b l a t e  masses. The c o n c r e t i o n s   a r e   a l w a y s  

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

s u r f a c e .   S i l i c i f i e d  wood was f o u n d   o n l y   i n   t h e   u p p e r  

c o a l - b e a r i n g   u n i t s  a t  Corkscrew  Canyon. 
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Tertiary - 

Eocene 

Baca Formation 

I 

Winchester (1920) inciuded the present-day  Baca 

Formation within his Datil Formation. The Baca Formation  was 

separated' from the Datil Formation and  named  for  exposures 

along Baca.Canyon (secs. 4,  5, 8 ,  'and 9; TlN, R4W) by Wilpolt 

.and others (1946). Their description of this formation, 

however, was taken from exposures in  the Joyita 

Hills-Carthage area. They described the Baca Formation as 

consisting of conglomerates, red  and white sandstones, and 

red  clays. Clastic material comprising the conglomeratic 

units was  derived from Precambrian quartzite and granite, the 

Madera Limestone, and the Ab0 Formation. Tonking (1957) 

stated that the Baca Formation ranges in thickness from 0 to 

700 ft (0 to 213.4 m). Potter (1970) measured a composite 

section of 695 ft (211.8 m) at Baca Canyon and also 

designated tnree informal  sections. Snyder (1971) reported a 

maximum thickness of 25@0 ft (762 m) from a Tenneco o i l  test 

drilled south of Pie Town, New Mexico. Massingill (1979) 

measured a 754-ft  (230 m)-thick section about two miles (3.2 

km) north  of the type section. 

Gidley (in Gardner, 1910) identified a fossil tooth 

found in variegated  beds  unconformably overlying the 

Mesaverde Formation in the Carthage area as Paleosyops of 

c . '  
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middle 8oc;Zne age.   Sgyder (1970 ,  1 9 7 1 )  r e p o r t e i   t h e  

d i s c o v e r y  ~ i .  a p a r t i a l   s e c t i o n   o f  a j awbone   con ta in ing   fou r  

t ee th   wh ic i   had   wea the red   f rom  the   Baca   Fo rma t ion  i n  t h e ’  

D a t i l   M o u n z a i n s  ( S E  1 /4 ,  SW 1 / 4 ,  s ec .  31, T2N, R9W). The jaw 

was i d e n t e i e d  by Dr. C.L.  Gazin  of t h e  U.S. N a t i o n a l  Museum 

as  be ing  k a t  of   Pro toreodon  pumi lus  of l a t e   Eocene   age .  

S t r a t i g r a F r i c  a n d   s e d i m e n t o l o g i c   s t u d i e s   o f  t h e  Baca 

., 

I   or mat ion, i n c l u d i n g   e x p o s u r e s  i n  t he   s tudy   a r ea ,   have   been  

conducted by Snyder ( 1 9 7 1 ) ,  Johnson  (1978) ,   and  Cather   ( in  

p r e p . ) .  Tfese s t u d i e s  h a v e   a t t e m p t e d   t o   r e c o n s t r u c t   t h e  

envi ronmenzs   o f   depos i t ion   and   t ranspor t   d i rec t ions   o f   Baca  

sed iments .  

?he  Baca  Formation i s  exposed i n  a n   e a s t - t r e n d i n g  

e l o n g a t e  b e l t  t h a t  is approx ima te ly  1 2 0  m i  (193 km) long  by 

20 m i  (32 km) wide. Other   format ions   which  may b e   p a r t l y  

contemporaneous  with  the  Baca  Formation  include  the McRae, 

Gal i s teo ,   and   Raton   format ions   (Lee ,   1915;   Wi lpol t   and  

o t h e r s ,  1 9 4 6 ;  Tonking,   1957) .   Kel ley  and  Si lver   (1952)   and 

T o n k i n g   ( 1 9 5 7 )   b e l i e v e   t h a t   t h e s e   f o r m a t i o n s   r e p r e s e n t  

d e p o s i t s   o f   i s o l a t e d   b a s i n s .   S n y d e r  (1971)  and  Johnson 

(1978)   have   sugges ted   tha t   the   Eagar   Format ion  of e a s t e r n  

Arizona is a l a t e r a l   e q u i v a l e n t  of the  Baca.  

I n  t h e   s t u d y   a r e a ,   t h e   B a c a   c r o p s   o u t   i n  a broad 

swa th   t h rough   t he   wes t e rn ,   cen t r a l   and   sou theas t e rn   r eg ions .  

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

b e l t .   S m a l l e r   o u t c r o p s   o c c u r   i n   t h e   s o u t h w e s t e r n   c o r n e r  on 

t h e   f l a n k s  o f  a s m a l l   a n t i c l i n e .  A maximum t h i c k n e s s  of 950 

. 
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ft (289.6 m) was approximated from structural cross-sections. * The Baca Formation crops out as a series  of gently dipping 

discontinuous sandstone ridges and hogbacks which are 

generally elongated in a northerly direction. Between these 

ridges are shallow valleys underlain by less-resistant shales 

and  siltstones. 

The nature of the depositional contact between the 

Baca and  the  underlying Mesaverde Formation shows rapid 

variation within the  study  area. Generally, west of Jaralosa 

Creek, this contact is  marked by an  irregular  pink or white 

sandy conglomerate. This bed is 4-  to 18-in. (18.2- to 

45.7-cm)-thick. Clasts are a poorly sorted, well-rounded  mix 

of iron concretions, petrified wood, and siltstone chips, 

presumably derived from the Mesaverde Formation. Other 

lithologies include well-polished, multicolored quartzite and 

silicified siltstone which are more common in the upper 

conglomeratic units of the Baca Formation. Above the basal 

conglomerate, the red, white, and yellow units of  the Baca 

are unmistakeable. Slight angular unconformity between the 

Baca and Mesaverde is also evident at these  locations. East 

. of Jaralosa  Creek, the basal conglomerate of the Baca is 

comprised at least in part of  rounded concretions and clasts 

of massive, gray limestone (fig. 7). The abundance of 

limestone clasts in this conglomerate generally increases 

southwards to Corkscrew Canyon. South of Corkscrew Canyon, 

limestone concretions and clasts occur within  the Baca over a 

stratigraphic interval of approximately 30 ft (9.1 m). In * 
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this area, Mesaverde-type sandstones, grgy siltstones and 

shales are  interbedded with Baca-type sandstones, 

conglomerates, and  red  shales. The two formations appear to 

be  conformable. 

.i 

The contact  of  the Baca Formation  with the 

overlying Spears Formation is well-exposed on the western 

faces of eastward-dipping hogbacks along the east bank  of 

Jaralosa Creek (SE 1/4, sec. 1 3  and E 1/2, sec.  24, TlN, R6W; 

fig. 9 )  and  north  of  the Hook Ranch headquarters (SW 1/4, 

sec.  24, TlN, R6W). This contact is interbedded and . 
gradational over a stratigraphic interval of about 50  ft 

(15.2 m ) .  Within this interval the Baca  Formation is 

comprised  of  thinly bedded, medium-grained, moderately 

sorted, moderate-red (5R6/4), arkosic sandstones. The Spears 

Formation is comprised of thinly bedded, medium-grained, 

moderately sorted, grayish-red-purple (5RP4/2), 

volcaniclastic sandstones and  siltstones. 

The Baca Formation is usually comprised of 

sequences of sandstone, siltstone, and shale that average 

about 15  to 40 ft (4.6 to 12.2 m) in thickness. These units 

become finer  grained from bottom to top; however, the basal 

sandstones of these sequences have a slight tendency to 

coarsen upwards. The  units become slightly coarser grained 

toward  the middle and  upper portions of the Baca Formation 

where shales and mudstones are less common. The sandstones 

in  the  lower  half of the Baca  Formation weather grayish 

orange (10YR7/4) to pinkish gray (5YR8/1). Towards the  top 

" 



Figure 9: Gradational  contact  between  Spears and Baca 
formations;  east bank of Jaralosa  Creek  across 
from Hook uranium  prospect (SW 1/4, SE 1/4, sec. 
3, T l N ,  R6W). Volcanic  fragments  occur  within  the 
siltstones  and  medium-grained  sandstones  between 
the  two  prominent  sandstone  beds, as well as 
within  the  lower  sandstone bed, Contact is 
designated  above  highest  Baca-type  sandstone. 
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of  the-formation, the sandstones we:ther moderate red  (5R5/4) 

to pale  reddish brown (18R5/4). 
i 

Bedding thicknesses range from 1 in. to 2 ft (2.5 

cm to 0.6 m). High-angle, small- and Large-scale trough 

cross-bedding is commonly (fig. 18). The sandstones commonly 

contain near  their base chips of siltstone as  long as 4 in. 

(10.2 cm) derived from the'top  of the underlying sequence. 

Brown wood casts  are  common throughout the sandstones. 

Dark-gray (N3) silicified wood occurs throughout the Baca 

Formation, but  it is larger  and more abundant in.the 

top-third of this formation. The sandstones are comprised of 

medium to coarse sand grains; sorting is poor  to  moderate. 

A few polished quartzite pebbles are occur within the 

sandstones. Petrographically (Tb-2), the sandstones are 

comprised  of approximately 50% monocrystalline quartz with 

undulatory extinction, 18% sericitized potassium feldspar, 

13% well-rounded hematitic chert grains, and 18% lithic 

fragments. The lithic fragments  are comprised chiefly of 

sericitic  mudstone. 

Near the middle of  the Baca  Formation, the basal 

few inches of sandstone beds are  often conglomeratic 

sandstone (fig. 11). The clasts are a poorly sorted, 

frequently imbricated mixture of well-rounded and polished 

multicolored'quartzite and chert  with lesser amounts  of 

granite and  red, silicified siltstone. Well-rounded, 

medium-light-gray (N6) limestone clasts locally occur  in 

these  basal conglomerates. Clasts from the conglomerates 

will often completely mantle the  ground surface. 

" 



Figure 18: Large-scale,  tangential  cross-stratification  in 
sandstone of ttie Baca  Formation;  south of 
Corkscrew  Canyon (sec. 2, TlS, RbW). Hammer 
handle  is 12.5 in. (31.8 cm) long. 



Figure 11:' Conglomerate  within  lower  Baca  Formation;  south 
of Corkscrew  Canyon (sec. 2, TlS, R6W). Hammer 
handle  is 12.5 in. (31.8 cm) long. Clasts  are 
well  sorted,  well  rounded, and imbricated.  They 

with  some-banding or  quartz veining. Overlying 
are  comprised  chiefly of multicolored  quartzite 

moderately  sorted  quartz-feldspar  sandstone. 
unit  is a bleached,  subangular,  medium-grained, 
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Gradationally overlying bandstonessin the lower 

Baca Formation are dark-reddish-brown (10R3/4) siltstone and 

shale units that range from 5 to 8 ft (1.5 to 2.4 m)  thick. 

Thin discontinuous pods and lenses of  dark-greenish-gray 

(5G4/1) mudstone  occur infrequently below the basal sandstone 

of  the  succeeding sandstone and siltstone sequence in  the 

lower-third  of  the Baca FormatiDn. Towards the  top of the 

Baca Formation, siltstones and sandy siltstones replace 

shales. The thickest siltstone interval occurs approximately 

315! ft (9.1 m)  below the top of the Baca Formation and'is 

about 18@ ft (30.5  m) thick.  It forms the  broad  valley  north 

of  the  Hook Ranch headquarters (SE 1/4, sec. 23, TIN, R6W) 

and  presumably underlies Jaralosa Creek in  the  vicinity of 

Little Well (secs. 13 and 24, 'TlN, R6W). 

A 3-in. (7.6 cm)-thick,  light-gray (N7) 

nonfossiliferous limestone bed occurs  west of Jaralosa Creek 

(SE 1/4,  sec. 26, TlN, R6W). Limestone float of  similar 

appearance occurs near  the  base  of the Baca Formation in the 

southwestern corner of the study area (sec. 2, TlS, R6W). 

The origin of the Baca Formation is presently in 

dispute.  Snyder (1971) and Massingill (1978, oral commun.), 

on the basis  of observations which are similar to those of 

the author, suggest that the Baca Formation is comprised of 

cyclic, fining-upward deposits of fluvial and lacustrine 

origin. In contrast, Johnson (1978) and Cather (1978, 

written commun.) have described cyclic coarsening-upward 

sequences which they  believe represent deposits of lacustrine 

. 



d e l t a s .  The m a j o r   d i f f e r e n c e   b e t w e e n   t h e s e   i n t e r p r e t a t i o n s '  

o f   depos i t i ona l   env i ronmen t s  l i e s  i n  t h e  i n t e r p r e t a t i o n  of 

what c o n s t i t u t e s  a gene t ic  s t r a t i g r a p h i c   i n t e r v a l .  

Ol igocene  

Spears   Formation 

Tonking   (1957)   subdiv ided   Winches te r ' s  ( 1 9 2 0 )  D a t i l  

Fo rma t ion   i n to   t h ree  members  and named t h e  b a s a l  member a f t e r  

t h e  Guy Spea r s  Ranch (sec. 8 ,  TlN, R4W). H i s  t y p e   s e c t i o n  

c o n s i s t s  of nea r ly   1350  f t  ( 4 1 1 . 5  m) o f   v o l c a n i c l a s t i c  

sed imentary   rocks .  B u r k e  and   o the r s   (1963)   r epor t ed   an   ea r ly  

Oligocene  age  (37.1  m.y., K / A r l  b i o t i t e )  for a l a t i t e  boulder  

near  t h e  t op   o f  t h e  S p e a r s   i n   t h e   J o y i t a  Hills. Chapin 

(1971a)   e leva ted  t h e  S p e a r s   t o   f o r m a t i o n a l   s t a t u s .  

The Spears   Format ion  is a v o l c a n i c l a s t i c   a p r o n  

de r ived   f rom  e ros ion  of t h e   e a r l i e s t   c a l c - a l k a l i c  s u i t e  of 

t he   Mogo l lon -Da t i1 ,vo lcan ic   f i e ld   (E l s ton   and   o the r s ,  1 9 7 6 ) .  

N o r t h e a s t - t r e n d i n g   p a l e o v a l l e y s   o c c u r r i n g   w i t h i n   t h e   S p e a r s  

F o r m a t i o n . w e r e   s t r u c t u r a l l y   c o n t r o l l e d  by the  Morenci  

l i neamen t   and   i nd ica t e   sou rce   a r eas   t o   t he   sou thwes t   (Chap in  

and  Seager ,   1975) .  Brown ( 1 9 7 2 )  d iv ided   t he   Spea r s   Fo rma t ion  

i n t o  two  members i n  the  Magdalena  area.  The lower .. member is 

comprised  of l a t i t i c   t o   a n d e s i t i c   c o n g l o m e r a t e s ,  mudflow 

d e p o s i t s ]  and t h i n ,   i n t e r b e d d e d   v o l c a n i c l a s t i c   s a n d s t o n e s .  

The upper member is comprised of basa l   amygda lo ida l   " tu rkey  
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track" andesite flows, the tuff  of Nipple Mountain, 

overlying andesitic lava flows and latitic ash flow 

with interbedded mudflow deposits and conglomerates 

and 

tuffs 

Massingill  (1979) reports a thickness of 1259.5 ft (383.9  m) 

for the Spears Formation northeast of the study area (sec. 

17, TlN, R4W) . 
Malor outcrops of the Spears Formation occur  in the 

south-central portion of the study area, along the eastern 

and western margins. Maximum thickness of the Spears is 

estima.ted at approximately 1U00  ft (304.8 m). The lower 100 

ft (30.5 m) of this formation crops out in a series of 

hogbacks; the remainder crops  out as low, rounded  hummocks. 

The basal contact with the underlying Baca 

Formation is well-exposed on the western face of the gently 

dipping hogbacks along  the east bank of Jaralosa Creek (SE 

1/4, sec. 13 and NE 1/4, sec. 24, TIN, R6W)  and on the 

western face of a wedge-shaped fault block north of the Hook 

Ranch headquarters (sec. 24, TlN, R6W). At these locations 

the gradational  and interbedded nature of this contact over a 

stratigraphic interval of about 50  ft (15.2 m) can be clearly 

seen (fig. 11). Within this zone, the Baca Formation is 

comprised of thin-bedded, medium-grained, moderately  sorted, 

moderate-red (5R6/4) arkosic sandstones. The Spears 
i . 

ised of thinly bedded, medium-grained, 

grayish-red-purple (5RP4/2) volcaniclastic 

Formation 

moderately 

sandstones 

is compr 

sorted, 
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An upper contact with the Hells Mesa Tuff is poo;ly - 
exposed  on  the north face of  the  hogback west of Abbe Spring 

(SW 1/4, sec.25, TlN, R5W) ,  and somewhat better exposed in a 

stream cut east of  Jaralosa Creek (SW 1/4, sec.25, TIN, R6W). 

The contact in each of these places appears unconformable. 

The Hells Mesa Tuff appears at the latter location to have 

filled channels eroded into the Spears Formation.' Over much 

of its outcrop extent within the study area, the upper Spears 

Formation is fault bounded. However, a depositional contact 

of the Popotosa Formation on the Spears was mapped in a 

canyon east of Jaralosa Creek (NE 1/4, sec.  25, TIN, R6W). 

This may  record the burial of an earlier fault scarp by 

Popotosa sediments. 

The main body of the Spears  Formation consists 

predominantly  of moderately to well-indurated channel 

conglomerates, mudflow deposits, and lithic sandstones (fig. 

12). Bedding ranges from approximately 2 in. (5.1 cm) to 2 

ft (0.61 m) in thickness, and at times exhibits low-angle, 

large-scale, tangential cross-stratification. Outcrop colors 

range from grayish red purple (RP4/2)  to pale pink (5RP8/2). 

Propyllitic alteration, forming a chlorite-epidote-calcite 

assemblage, gives some areas of  the formation a greenish-gray 

(l0G4/2) color. Fining-upward sequences are common within 

the channel  deposits. Clasts are commonly subrounded and 

range in diameter from 0.125 to -4 in.  (0.32 to 10.2 cm). The 

clasts are  comprised dominantly of latitic to andesitic rocks 

consisting  of felted plagioclase laths in a gray, aphanitic 



Figure 12: Mudflows in  the  lower  Spears  Formation;  east of 
the Book Ranch  headquarters (NW 1/4, NW 1/4, sec. 
25, TlN, R6W).  Hammer  handle  is 12.5  in. (31.8 
cm) long. Clasts  are  subangular  to  roundgd, 
poorly  sorted,  and  heterolithic.  They  are 
 comprised chiefly of volcanic  lithologies  with 
lesser  amounts of gray  Pennsylvanian  limestone, 
red siltstone  (Abo  Formation?),  and  quartzite. 
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groundmass. Red siltstone clasts, derived from the Abo 

Formation of Permian age, and clasts of Pennsylvanian 

limestones and Oligocene basaltic-andesites also occur. 

Petrographically (Ts-1, Ts-2), the sandstones and 

conglomerates are  very poorly sorted  and  have  low  porosity 

due t o  high matrix content. The lithic fragments are 

comprised of argillized plagioclase crystals (average 

composition An48, average of 20 grains, Michel-Levy  method) 

and green hornblende, extensively replaced by calcite and 

magnetite, within a groundmass of tiny subparallel 

plagioclase crystals and hematite-stained microlites. 

Cementing agents of these lithic fragments are usually 

present only in small amounts and are chiefly limonite with 

lesser amounts of patchy calcite. Potassium feldspar is 

essentially absent from the thin sections examined, with the 

exception of  the groundmass of  the  lithic  fragments. 

1 .  

Dark-greenish-black (5GY4/1) andesite flows form 

discontinuous outcrops in the upper Spears Formation, 

especially in the area  south of the Hot Spot mine (E 1/2, 

sec.  24, TlN, R6W). These flows, which Tonking (1957) termed 

"turkey-track'' andesites, are generally porphyritic. The 

phenocrysts consist of as much as 75% lath-shaped 

plagioclase, 18%  magnetite, and 15% corroded hornblende. The 

flows generally do  not exceed 20 ft (6.1 m) in  thickness. 

Discontinuous exposures of two tuffs within the- 

Spears Formation were mapped in  the study area. The lower 

tuff  (Tstl) is light gray (N7), crystal poor and poorly 
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welded. Petrographically, it  consists Of 10% rod-shaped 

pumice fragments, 2% potassium feldspar subhedra, 2% rounded 

to subangular latitic litnic fragments, 1% magnetite anhedra, 

and trace amounts of brownish-red  biotite. The groundmass is 

comprised of fine  hematite and magnetite, arcuate  glass 

shards, and  microlites. Large patches of  calcite occur 

throughout the rock. The upper  tuff  (Tst2) is 

grayish-orange-pink (IEIR8/2) and is found near, or  at, the 

upper contact of the Spears Formation. Petrographically, it 

consists of 15% corroded plagioclase subhedra (An45, av.erage 

of 15 grains, Michel-Levy method) with some partial calcite 

replacement, 5% ragged brown biotite flakes and 3 %  magnetite 

anhedra in a matrix of hematite-stained, parallel-aligned 

arcuate glass shards and microlites. A crude  foliation is 

de€ined by the glass  shards and the biotite phenocrysts. 

Subrounded andesitic lithic fragments can comprise as much as 

5% of the total rock. Each of these tuff units  is no more 

than 15 ft ( 4 . 6  m) thick; they occur  only as small, isolated 

remnants witnin the study area. 

- 

, 

The occurrence of mudflow deposits with randomly 

oriented clasts in an unsorted  matrix and conglomerates with 

low-angle cross-stratification support the interpretation 

that the Spears Formation represents alluvial-fan deposits. 

Such features are described by Reineck and Singh (1975) for 

alluvial-fan deposits in tectonically active areas. The axis 

of one channel observed in the study area seemingly supports 

Chapin and Seager's (1975) assertion that transport was 

" 



directed'away  from source areas in the Magdalena and San' 

Mateo mountains or beyond. 

Hells Mesa Tuff 

Tonking (1957)  included within his  Hells Mesa 

Member  of  the Datil Formation, the Hells Mesa Tuff and the 

A-L Peak  Tuff of this report. Subsequent redefinition by 

Deal (1973)  and Chapin ( 1 9 7 4 )  revised the Hells Mesa Tuff to 

formational status and restricted it to the basal 

crystal-rich  ash-flow  tuff. Elston and others ( 1 9 7 6 )  

consider  the Hells Mesa Tuff to be one of the youngest 

ash-flow tuffs of a calc-alkalic suite exposed on the 

Mogollon  Plateau. The  Hells Mesa Tuff  was erupted from the 

North Baldy cauldron in the central Magdalena Mountains 

(Chapin  and others, 1 9 7 8 ) .  Outcrops of the Hells Mesa Tuff 

are very  widespread  and occur northwards to  the northern . 

terminus  of  the  Bear  Mountains. 

Weber and Bassett (1963)  obtained a K-Ar date of 

30.6 - + 2.8 m.y. (biotite) from the base of the Hells Mesa 

Tuff at Tonking's (1957)  type section on  Hells Mesa.. Burke 

and others (1963)  reported a K-Ar date of 32 .1  0.2 m.y. 

(biotite) from a sample collected from south of Dog Springs 

Canyon in  the Gallinas Mountains (SE 1/4, sec. 7, TlN, R8WkI 

and  another  K-AT date of 32.4 m.y. (biotite) from a sample 

collected from the basal Hells Mesa Tuff  in  fhe  Joyita Hills. 
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The Hells Mesa Tuff crops out in the study area 

” 

principally as steep, rubble-covered hogbacks west of Abbe 

Spring (SW  1/4, sec. 8, TlN, R5W) and east of Jaralosa Creek 

(SW 1/4, sec. 25, TlN, R6W). Its unconformable basal contact 

with the  underlying Spears Formation is well-exposed at the 

latter location in the stream cut between the two  hogbacks. 

Osburn (1978, oral commun.) suggested that a 

moderate-orange-pink ( l $ R 7 / 4 ) ,  poorly welded, quartz-bearing 

tuff observed east of the Hot Spot mine (NW  1/4, NE 1/4, sec. 

18, TlN, R5W) represents the  base of the Hells Mesa  Tuff. 

This particular rock, however, was  not observed at any  of  the 

other outcrops of the  Hells Mesa Tuff. blaximum thickness of 

the Hells Mesa Tuff in the study area is about 200 ft (61 m )  

east of Jaralosa Creek (sec. 25). Both north  and  south  of 

this location, the Hells Mesa Tuff thins rapidly to zero feet 

thickness. At the southern terminus of its outcrop, a 

conglomerate with clasts derived exclusively from the  Hells 

Mesa Tuff was observed. Emplacement of the Hells Mesa Tuff 

appears to have been controlled by channels cut into the 

underlying Spears Formation. 

The  Hells  Mesa  Tuff is generally a pale-red 

(10R6/2), densely welded crystal-rich rhyolitic tuff that 

weathers to grayish-red (10R4/2) angular blocks. Abundant 

phenocrysts, at times constituting 50% of the total rock, are 

observable by the naked eye  in hand  specimen. They include 

clear to smoky quartz, copper-colored biotite flecks, 

plagioclase, and  sanidine. Pumice fragments comprise 
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approximately 25% of the  rock  near  the  base. The fragments * are round or  rod-shaped  and impart a moderately good 

foliation t o  an  outcrop. Pumice content decreases to less 

than  10% near  the top of the formation.  Angular  lithic 

fragments of average diameter 1 cm (0.4 in.) and  comprised of 

purplish andesite  occur  sparsely. Brown (1972) attributes 

these clasts to the underlying Spears Formation. 

Petrographically, clear, angular quartz anhedra to 

3 mm (0.12  in.) in diameter increase in abundance from 

approximately 8 %  of the phenocrysts at the  base  to 2 8 %  near 

the top. Plagioclase euhedra of average composition An54 

(average of 5 grains, Michel-Levy method) comprise 60% of the 

phenocrysts near the base. Plagioclase decreases in 

abundance upwards in the unit to 33% and becomes more calcic 

(An65, average of 6 grains, Michel-Levy method). Fresh 

sanidine subhedra increase in abundance from about 1 7 %  near 

the base, to 30% near the top. Pumice fragments are 

generally devitrified in a spherulitic manner. The 

groundmass is comprised of glass and spherulites with reddish 

hematitic pigmentation. 

A-L  Peak Tuff 

Tonking (1957)  included the A-L Peak Tuff within 

his Hells Mesa Member of the Datil Formation. Brown (1972) 

did the first definitive work  on this formation in the Bear 

Mountains, where he mapped  and described two units of what he 
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informally  called the tuff of Bear Springs. .Deal (19731, and 

Deal and Rhodes (1976) formally named these rhyolitic 

ash-flow tuffs for a 2000-ft (609.6  m) section exposed on A-L 

Peak in the northern San Mateo Mountains and  inferred a 

source in the Mt. Withington cauldron. Smith and others 

(1974) determined a fission~track age of 31.8 2 1.7 m.y. for 

the A-L Peak Tuff at the  type  locality. Chamberlin (1974) 

mapped  three cooling units in the Council Rock'district. 

According to Elston and others (1976), the A-L Peak Tuff is 

representative  of the basal flows  of a high-silica alkali 

rhyolite suite found in the Mogollon Plateau area. 

- 

The A-L Peak Tuff occurs as two  cooling units 

separated by approximately 330 ft (100.6 m)  of  La Jara Peak 

BasalticAndesite in  the study area. Outcrops occur  in  the 

vicinity  of Abbe Spring, east of the Hot  Spot mine, and east 

of Jaralosa Creek to the southeast of the Hook Ranch 

headquarters. 

Gray-massive member: 

The gray-massive member of the  A-L Peak Tuff  crops 

out almost exclusively as a rubble-covered slope in the  study 

area. Platy fragments, commonly 0.75  by 3 in. (1.9 by 7.6 

cm), mantle the ground surface. Its basal contact with the 

Hells Mesa Tuff east of Jaralosa Creek (SW 1/4, sec. 25, TlN, 

R6W),  and with the Spears Formation south of  the  Chavez Ranch 

(NW 1/4, sec. 9, TlN, R5W), is unconformable. An upper 

contact was not observed in the study area due to ground 

. 

. 
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cover. Tne gray-massive membef apFLars to  have. filled 

topographic lows resulting from post-Hells Mesa erosion. It 

ranges in thickness from about 20  to  300 ft (6.1 to 91.4 m) 

with rapid  local  variation. 

The gray-massive member is moderate orange pink 

(5YR8/4)  in  color  and poorly welded at the base; it becomes 

grayish orange  pink (5YR7/2) and densely welded towards  the 

top. Pumice fragments, comprising 18% of the total rock, are 

oblate- to rod-shaped with long dimensions generally parallel 

to bedding. Fresh sanidine subhedra are the dominant 

phenocrysts, comprising as much as 5% of the rock. A few of 

these sanidine phenocrysts are perthitic. Other phenocrysts, 

present in trace amounts, include clear quartz anhedra and 

magnetite subhedra. The latter is commonly replaced in large 

measure by hematite. Groundmass material is comprised of 

roughly equal amounts of arcuate glass shards with 

subparallel alignment and irregular areas of quartz and 

alkali feldspar developed by vapor-phase crystallization. 

Andesitic lithic fragments  can comprise as much as  3% of the 

rock. A typical fragment is .3 mm  in diameter and composed of 

plagioclase microlites and magnetite euhedra. 

Pinnacles member: 

The pinnacles member, interbedded within the  La 

Jara Peak Basaxtic Andesite, is well-exposed on  Forest  Road 

123 near Abbe Spring (sec. 8, TlN, R5W)  and east of Jaralosa 

Creek (sec. 18, TlN, R6W). It crops out  as a steep cliff o r  
r 
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slope.  Both  upper and lower contacts are disconformable with 

the La Jara Peak Basaltic Andesite. Blocks of  La Jara Peak 

Basaltic Andesite are caught up in the base  of  the pinnacles 

member.  Lithic fragments of  La Jara Peak average 3 cm in 

diameter and occur throughout the entire unit. The pinnacles 

member  is 78 ft (23.7 m) thick in the Abbe Spring area, but 

thins rapidly  westward to less than'1D  ft (3.0 m) thick. A 

180L3-foot  (384.8  m)-thick accumulation in an area east of 

Jaralosa Creek  may  be attributable to ponding  in a 

paleovalley  along  the Tijeras lineament. 

The color  of  the  tuff at the base of the pinnacles 

member is light brown (5YR5/6), weathering to grayish red ' 

purple (5RP4/2). Upwards in the unit, the color  of a 

weathered surface grades into pale reddish brown (19R5/4). 

Pumice fragments are sandy-textured  and elongate, and range 

from 0.32- to 17.8-cm  long. A prominent foliation is defined 

by  these  well-flattened  fragments.  In exposures in Abbe 

Spring Canyon, sanidine crystals as long as 3.2 cm are 

gradationally more abundant in a 20-foot (6.1 m) zone 

beginning 13  ft (4 m) from the top of the  unit. 

Pumice fragments comprise 1@% of the rock. These 

pumice fragments are seen in thin section to be replaced 

internally by a 0.1 mm thick  layer of axiolites, and by 

interlayered  hematite-stained quartz and alkali feldspar 

anhedra. Small anhedra of magnetite occur in trace amounts. 

Sanidine euhedra, exhibiting very little alteration, are 

approximately 2 mm long and comprise 5 %  of the rock. Other 

* 
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minor  constituents include magnetite anhedra, replaced in 

part by hematite,  and  basaltic-andesite lithic fragments. 

Plagioclase was not observed in the thin section examined. 

The groundmass is comprised principally  of 0.7 mm long, 

 subparai ail el, devitrified glass shards outlined by hematite 
dust, and anhedral crystals of quartz and alkali feldspar. 

La Jara Peak Basaltic Andesite 

Tonking (1957) named the basaltic and andesitic 

flows overlying his  Hells Mesa Member, the La Jara Peak 

Member of the Datil Formation. The unit derives its name 

from La Jara  Peak, a prominent volcanic neck  in sec. 11 (T2N, 

R5W). Willard  (1959) correlated the La Jara Peak Basaltic 

Andesite with the post-Datil Mangas Basalt in Catron County. 

This correlation was accepted by Weber who proposed exclusion 

of the  La Jara Peak rocks from the Datil Formation (1963, 

1971). Chapin (1971a) reports a whole-rock K-Ar date of 23.8 

- + 1.2 m.y. from the east'side of  the  Bear Mountains at Cedar 

Spring (NE 1/4, N E  1/4, sec. 31, TlN, R4W). 

Brown (1972) and Massingill (1979) have mapped the 

La  Jara Peak Basaltic Andesite in the Bear Mountains to the 

southeast and northeast of the study area, respectively. 

Chamberlin (1974) attributed the absence of the La Jara Peak 

rocks in the Council Rock district southwest of  the study 

area to possible damming along a monoclinal fold (pp. 

116-117). 
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Ck-apin  and  Seaqer   (1975)   postulate   that   the  La J a r a  

peak   Basa l t i .=  A n C e s i t e  was emplaced  beginning 4 t o  5 m.y. 

a f t e r  t h e   i c - e p t i o n  Of b l o c k   f a u l t i n g   i n  a c l o s e d   b a s i n   s o u t h  

of t h e  xisins C o l o r a d o   P l a t e a u .  They a l s o   o b s e r v e   t h a t  t h e  

p r e s e n t   d e s l z n a t i o n   “ b a s a l t i c - a n d e s i t e ‘ ‘  comes  from t h e  

r e c o g n i t i o n   = h a t  these f l o w s   a r e   g e n e r a l l y   h i g h e r   i n   s i l i c a  

and  potash k a n  t r u e  b a s a l t s ,   a n d   h a v e   f i e l d  and   pe t rog raph ic  

c h a r a c t e r i s t r c s   i n t e r m e d i a t e   b e t w e e n   b a s a l t s  and   andes i t e s .  

T h =  La  J a r a   P e a k   B a s a l t i c   A n d e s i t e   o c c u r s  w i t h i n  

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

u s u a l l y   a s  t - -0  t o n g u e s   s e p a r a t e d  by t h e   p i n n a c l e s  member of 

t h e  A-L Peak  Tuff .  The lower  tongue  has a t h i ckness   o f   abou t  

3 5 0  f t  (106.7 m )  n e a r  Abbe S p r i n g   a n d   e a s t  of Ja ra losa   Creek .  

T h i s  tongue res ts  unconformably  on  the  gray-massive member of 

t h e  A-L Peak  Tuff or on t h e   H e l l s  Mesa T u f f .  The upper 

c o n t a c t   o f   t n i s   t o n g u e  w i t h  t h e   o v e r l y i n g   p i n n a c l e s  member of 

t h e  A-L Peak T u f f ,   a s   o b s e r v e d   n e a r  Abbe Spr ing  (secs. 8 and 

9 ,  TIN,  R5W),  is d isconformable .  

T h e  upper   tongue   of   the  La J a r a   P e a k   B a s a l t i c  

Andes i t e   has  a maximum t h i c k n e s s  of  655 f t  (199.6 m) near  

Abbe Spring  and a minimum th i ckness   o f  300 f t  (91 .4  m )  e a s t  

of t h e  Hot  Spot  Mine.  The  lower  contact  of t h i s   t o n g u e  is 

d i s c o n f o r m a b l e   w i t h   t h e   p i n n a c l e s  member of t h e  A-L PeHk 

T u f f .  Near Abbe Spr ing ,   t he   base  of t h i s   t o n g u e   c o n t a i n s  

b l o c k s   a s  much a s  3 f t  (0.91 m) long  of t h e   u n d e r l y i n g  

p i n n a c l e s  member. In t e rbedd ing  of t h e  La J a r a  Peak  rocks 

with  the  overlying  Popotosa  Formation was observed a t  one 
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location. This interbedding occurs through a stratigraphic 

interval of approximately 5 0  ft (15.2 m) at a canyon mouth 

east of Jaralosa Creek (NW  1/4, NW 1/4, sec. 36, TlN, R6W). 

The  La  Jara Peak Basaltic Andesite crops out 

primarily as steep, rounded, rubble-covered hillslopes often 

dissected by steep, V-shaped  canyons. Individual flow 

thicknesses are between 3 and 25 ft (0.91 and 7.6 m). 

Weathered outcrop color ranges from brownish  black (5YR2/1) 

in  the massive central zone  of  an individual flow to dusky 

red (5R3/4) in scoriaceous autobrecciated zones. Hematitic 

pseudomorphs of pyroxene averaging 1.5 mm in diameter are a 

distinctive feature in  hand  specimens.  Almond-shaped 

vesicles are common and are.often filled  completely with 

calcite and/or quartz. Toward the middle of most flows, 

partings parallel to foliation and spaced 1 in. (2.5 cm) to 1 

ft (43.3 m) apart are  evident. These parting surfaces exhibit 

a greenish-black (5G2/1) sheen  in hand  specimen. 

Lenses of moderately sorted, coarse-grained 

volcaniclastic sandstone, commonly thin-bedded, occur 

sparsely between flows of  the La  Jara Peak Basaltic Andesite 

in the study area. They usually weather a 

dark-yellowish-orange color (18YR6/6). 
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Miocene 

Popotosa Formation 

The  Popotosa Formation, the basal formation of the 

Santa Fe Group in  the Socorro area, was named by Denny (1940) 

for  exposures in Arroyo Popotosa along the southeast side of 

the Ladron Mountains (T2N, R2W). Tonking (1957), unable to 

differentiate the Popotosa Formation from the overlying units 

of the Santa Fe Group  on the basis of  Denny's description, 

mapped all the Tertiary basin-fill as the Santa Fe  Group. 

The Popotosa Formation and the Spears Formation were 

miscorrelated  in  the  Bear Mountains and in the western 

Lemitar and Socorro mountains by Spiegel (1962) and Debrine 

and  others  (1963); see also Weber (1963). Bruning's  (1973) 

comprehensive  study of the Popotosa Formation in Socorro 

County corrected these miscorrelations. He interpreted the 

basin-fill sedimentary rocks along the northwest flank of the 

Bear  Mountains as fanglomerate deposits of the Popotosa 

Formation. Bruning inferred an early Miocene age for these 

rocks based on Chapin's  (1971a) 24 m.y. date for the. 

interbedded  La Jara Peak Basaltic Andesite. From pebble 

imbrications in.exposures of the Popotosa Formation adjacent 

to  the  study area, Bruning derived a general flow  direction 

toward  the eastsoutheast, indicating source areas in  the 

Gallinas Mountains and the Colorado Plateau. However, from 

pebble  imbrications in basal  beds  of the Popotosa Formation 

interbedded with the La Jara Peak Basaltic Andesite, he 
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inferred a southern source of detritus, possibly in  the 

Magdalena Mountains (Bruning, 1973, p. 8 9 ) .  

Chapin and Seager  (1975) state that the Popotosa 

depositional basin was originally about 40 mi (64 km)  wide 

during middle Miocene time, and was subsequently  segmented , 

into three parallel 11- to 14-mile (18- to 22-km)-wide  basins 

by uplift and  block faulting during latest Miocene or  early 

Pliocene time. The sedimentary fill along the eastern edge 

of the original Popotosa basin has been  largely removed by 

erosion. 

Brown (1972) mapped a facies of the Popotosa 

Formation in the southern Bear Mountains and Mulligan Gulch 

graben which he called the fanglomerate of Dry.Lake Canyon. 

These sediments were shed westward off the north end  of  the 

ancestral Magdalena Range and consist almost entirely of 

andesitic detritus derived from the  La Jara Peak Basaltic 

Andesite. 

The eastern boundary of this study is the western 

boundary  of the Popotosa outcrop belt. Therefore, only 

general observations of  the  basal IO@ ft (30.5 m) are herein 

presented. It should be noted that the outcrops mapped as 

Popotosa  Formation on  the geologic map are only indurated 

rocks. The  areas along the eastern boundary mapped as 

colluvium (Qco), piedmont gravels (Qpm),  and pediment gravels 

(Qpg)  may represent, in part, outcroppings of weathered 

Popotosa Formation. 
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The Popotosa Formation adjacent t o  the study area 

is a moderately  to  poorly indurated, very-light-gray (NS), 

weathering  to yellowish-gray (5Y8/1), sandy conglomerate. 

Depositional contacts with underlying formations are rarely 

exposed  in the study  area. Exposures of such a contact with 

the  La Jara Peak .Basaltic Andesite east of Forest Road 123 

(secs. 4 and 9, TlN, R5W), and with the Spears Formation east 

of Jaralosa Creek (sec. 2 5 ,  TlN, R6W) show considerable 

angular  unconformity. 

Two particularly  interesting outcrops should be 

noted. One of these, along a canyon floor east of Jaralosa 

Creek (SE 1/4, sec. 25, TlN, R6W) is a poorly indurated 

conglomerate composed principally of bleached clasts of  A-L 

peak  Tuff  (pinnacles  member?). Osburn (1978, oral commun.) 

suggested that this might record  the position of a buried 

fault scarp. The other outcrop, at the canyon  mouth 

southwest of  the  latter location (NW 1/4, sec. 3 6 ,  TlN, R6W) 

exhibits  lense-shaped bodies of conglomeratic sandstone as 

long as 8 ft ( 2 . 4  m) preserved at the base of La Jara Peak 

Basaltic Andesite flows. These conglomerates include cobbles 

derived from both  the  La Jara Peak Basaltic Andesite and the 

Hells Mesa Tuff and were mapped as Popotosa Formation. 

Elsewhere,  the Popotosa Formation is a poorly 

sorted conglomeratic sandstone;-.with clasts derived 

principally  from the La Jara Peak Basaltic Andesite, A-L Peak 

Tuff, and Hells Mesa  Tuff. Lesser amounts of clasts of 

"turkey-track'' andesite from the Spears Formation, chert, 
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r e d d i s h - b r o w n   s i l i c i f i e d   s i l t s t o n e ,   c r y s t a l l i n e   l i m e s t o n e ,  

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

range  up t o  7 i n .  ( 1 7 . 8  cm). O u t c r o p s   a r e  t h i n -  t o  

thick-bedded  and  f requent ly   exhibi t   wedge-shaped sets of 

low-angle   c rossbeds   as  much as 10;feet ( 3  m )  t h i c k .  Graded 

beds   a r e  common, s o  t h a t   t h e   t o p s   a r e   o f t e n   c o m p r i s e d  of v e r y  

c o a r s e - g r a i n e d ,   p o o r l y   s o r t e d   s a n d s t o n e   ( f i g .  1 3 ) .  T h e  sandy 

ma t r ix   o f   t he   cong lomera te s  is g e n e r a l l y   a n g u l a r  and  very 

p o o r l y   s o r t e d .   C a l c i t e  i s  the   cemen t ing   ma te r i a l  and 

sometimes  resembles a c a l i c h e .  
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Figure 13: Thin,  fining  upward  beds in the  Popotosa 

NW 1/4, sec. 1, TlS, R6W). Hammer  handle is 12.5 
Formation;  roadcut in Corkscrew  Canyon (SE 1/4, 

in. (31.8 cm) long. 
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- T e r t i a r y   M a f i c   I n t r u s i v e s  

u? 
Numerous d i k e s   w i t h   o r i e n t a t i o n s   r a o g i n g  fr'om N7'5W 

. .  

. . t o  N25E t r a n s e c t   t h e   s t u d y   a r e a .  , Chapin  and  others   (19746,b)  

a s c r i b e   t h e s e   d i k e s  i n  t he   Magda lena   a r ea   t o   ' i n t rus ion  of 

maf i c  magmas a l o n g   e x t e n s i o n a l ' f a u l - t   z o n e s   r e l a t e d   t o   t h e  Rio 

Grande r i f t .  The   ma)o r i ty .o f   d ikes   t r end   be tween  N30W and 

N l @ Z  and many o c c u p y   f a u l t s .  Xost d i k e s   i n t r u d e ' s t r a t a   o l d e r  

t han   t he   Spea r s   Fo rma t ion .  Howev.er, f o u r   d i k e s   i n t r u d e   t h e  

S p e a r s F o r m a t i o n .   e a s t   o f   J a r a l o s a  Creek (E 1/2, sec. 2 4 , ' a n d  

S E  1/4, sec. 13 ,  T l N ,  R6W) a n d   o n e   s h o r t   d i k e   i n t r u d e s   t h e '  
I 

Spears   Format ion  i n  Dove S p r i n g  Canyon (SW 1/4, sec. 26,  TlN, ' 

R6W). Also,  t h e   f a u l t  b0undin.g t h e  MulLigan  Gulch'  graben is 

i n t r u d e d  i n  t h e   n o r t h e a s t e r n   c o r n e r   o f   t h e   s t u d y   a r e a  (sec. 

4 ,  T l N ,  R5W) a n d   a g a i n   e a s t   o f   J a r a l o s a   C r e e k  (NW 1/4; sec. 

14, TlN, R5W). 

The d i k e s   r a n g e  i n  width  from 1 t o  6 f t  (Ol3 to 1 . 8  

m )  and i n  l eng th   f rom a few f e e t   t o   s e v e r a l ~ t h o u s a n d  f ee t .  

The l o n g e s t   d i k e  is over  3 m i  (4.8 km)  long. Dips range  f rom 

75 d e g r e e s  t o  v e r t i ' c a l .   I n   o u t c r o p ,   t h e  d i k e s  gene ra l ly   ' f o rm 

n o n v e g e t a t e d ,   r e s i s t a n t   r i d g e s   w h i c h   a r e   e a s y  t o  t r a c e   i n   t h e  

f i e l d  and  on a e r i a l   p h o t o g r a p h s .   I n   o n e   i n s t a n c e ,   w h e r e  a 

d i k e   i n t r u d e s   t h e  more r e s i s t a n t   s a n d s t o n e s   o f   t h e   u p p e r  Tres  

I "  ' Hermanos Member of t h e  Mancos S h a l e  west of La J a r a  Canyon . 

(SW 1 / 4 ,  s ec .  6 ,  TlN, 'R5W) , t h e   d i k e  i s  w e a t h e r e d   t o  a 

s h a l l o w   d e p r e s s i o n .  
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S i l l s  were not   observed  i n  rocks   younger   than   the  

lower  Mesaverde  Formation.  The  majority  of s i l ls  i n t r u d e  . 
s h a l e s   o f   t h e   A l a m i t o  Well Tongue  and the   lower   mar ine  

s e c t i o n  of t h e  Tres Hermanos Sands tone  i n  t h e  n o r t h e a s t e r n  

s e c t i o n   o f   t h e   s t u d y   a r e a .  One i n s t a n c e  of a d i k e   c u t t i n g  a 

s i l l  o c c u r s   w i t h i n  t h e  M e s a v e r d e   o u t c r o p   a r e a   i n   t h e  

n o r t h e a s t e r n   c o r n e r   o f  t h e  s t u d y   a r e a  (sec. 7 ,  TlN, R5W). 

Also,  a dike  which  becomes a s i l l  was obse rved   a long   t he   wes t  

bank of J a r a l o s a   C r e e k  ( S E  1/4, sec. 1 and N E  1/4, sec. 1 2 ,  

TlN, R6W) . 
Most of t h e   d i k e s   a n d  s i l ls  a r e   p e r v a s i v e l y   a l t e r e d  

t o  a greenish-b lack  (5G2/1) t o   d a r k - g r e e n i s h - g r a y  (5G4/1) 

c o l o r  on f r e s h   s u r f a c e s ;  on a w e a t h e r e d   s u r f a c e   t h e y   a r e  

o f t e n   s t a i n e d  by l i m o n i t e   t o   d u s k y   y e l l o w i s h  brown ( 1 0 Y R 2 / 2 ) .  

A few of t h e   d i k e s   i n   t h e   n o r t h e a s t e r n   c o r n e r  of t h e   s t u d y  

a r e a   a r e   s l i g h t l y   v e s i c u l a r .   P e t r o g r a p h i c a l l y ,   t h e y   a r e  

comprised of f e l t e d   p l a g i o c l a s e   l a t h s  as  much as  5 mrn (0 .2  

i n . )  long  (An60,  average  of 18 c r y s t a l s ,  Michel-Levy  method), 

ragged brown h o r n b l e n d e   a n d   b r o w n   b i o t i t e   l a t h s   a l t e r i n g   t o  

magne t i t e   and   ca l c i t e ,   h igh ly   co r roded   py roxene   r ep laced  by 

c a l c i t e  and   ho rnb lende ,   apa t i t e   p r i sms ,   and   s ca ly   aggrega te s  

of l i g h t - g r e e n   c h l o r i t e .  The aphani t ic   g roundmass  is 

c o m p r i s e d   o f   l i m o n i t i c ,   s p h e r u l i t i c  material. 

W a l l - r o c k   a l t e r a t i o n   z o n e s  f o r  t h e s e   i n t r u s i v e s  . 
r a r e l y   e x c e e d  1 f t  (0.3 m )  i n   w i d t h .   I n t r u d e d   s a n d s t o n e s   a r e  

gene ra l ly   b l eached   and  become s l i g h t l y   m i c a c e o u s  i f  t h e  

s a n d s t o n e   c o n t a i n e d   a p p r e c i a b l e   c l a y   m a t r i x .   I n t r u d e d   s h a l e s  
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e x h i b i t  somewhat w i d e r   z o n e s   o f   a l t e r a t i o n   t h a n   d o   t h e  

i n t r u d e d   s a n d s t o n e s .   O r g a n i c   s h a l e s ,   s u c h   a s   a r e   f o u n d   i n  

t h e  Mesaverde   Format ion ,   a re   o f ten   b lackened   and  

we l l - indura t ed .  Brown (1972) s t a t e s   t h a t   t h e   p e r v a s i v e  

a l t e r a t i o n  of i n t r u s i v e s   a n d   t h e   p r e s e n c e  of wal l - rock 

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

subsequent   to   the   emplacement  of  t h e  i n t r u s i v e s .  
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Pl io -P le i s tocene   and   Ho locene   depos i t s  

The o l d e s t   P l i o - P l e i s t o c e n e   d e p o s i t s   o c c u r   a l o n g  

the   ea s t e rn   marg in   o f   t he   s tudy   a r ea .   These   unconso l ida t ed  

p i edmont   g rave l s   ove r l i e  a g e n t l y   s l o p i n g   p l a i n ,   a b o v e   a b o u t  

70bf l  f t  (2134  m )  i n   e l e v a t i o n ,   t h a t  was formed by c o a l e s c i n g  

a l l u v i a l   f a n s   d e r i v e d   f r o m   t h e   G a l l i n a s   M o u n t a i n s .  T h i s  

su r f ace   has   been   d i s sec t ed  by Ja ra losa   Creek  and i t s  

t r i b u t a r i e s  s o  t h a t  it is  now sepa ra t ed   f rom t h e  G a l l i n a s  

Mountains. T h e  g r a v e l s   a r e  a p o o r l y   s o r t e d  mix of subangular  

t o  rounded  cobbles ,   pebbles ,   and  sand.  The p r ~ i n c i p a l  

l i t h o l o g i e s  of t h e   c l a s t s   a r e  Hells Mesa T u f f ,  A-L Peak  Tuff,  

and t h e  La J a r a  Peak B a s a l t i c   A n d e s i t e .  Minor  amounts  of 

P recambr ian   g ran i t e  and q u a r t z i t e  and  Madera  Limestone a r e  

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

g r a v e l s  i s  s i m i l a r   t o   t h a t   o f   t h e   P o p o t o s a   F o r m a t i o n .  A 

col luvia l   apron   a long   the   e roded   edge  of the   p i edmont   su r f ace  

makes d i s t i n c t i o n  of t h e s e   g r a v e l s   f r o m   t h e   P o p o t o s a  

F o r m a t i o n   d i f f i c u l t   a t  some l o c a l i t i e s .  

A r emnan t   o f   an   ex tens ive   ped imen t   su r f ace  is 

exposed   i n   t he   no r theas t e rn   co rne r   and   no r th -cen t r a l  sect ion.  

o f   t he   s tudy  area. T h i s   s u r f a c e  is between 6 7 4 0  and 6 9 2 0  f t  

( 2 0 5 4  and 2109  m) i n  e l e v a t i o n  and  was.developed  on  rocks  of 

the  lower  Mesaverde  Formation. The s u r f a c e   s l o p e s   g e n t l y  

northward  and was p r o b a b l y   g r a d e d   t o  a n  a n c e s t r a l   R i o   S a l a d o .  

The composi t ion of t h e s e   g r a v e l s  is much t h e  same as t h a t   o f  

t h e   p i e d m o n t   g r a v e l s ,   e x c e p t   t h a t   c l a s t s  of t he   nonvo lcan ic  

un i t s   a r e   absen t .   These   g rave l s   a r e   be tween  5 a n d  1 0  f t  (1.5 

to 3.16 m )  t h i c k  and are usual ly   cemented by w h i t e  caliche.  
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Renewed downcut t ing by the  Rio  Salado  caused 

d i s s e c t i o n  of t h e  two p r e v i o u s l y   d i s c u s s e d   s u r f a c e s  and 

fo rmed   t he   p re sen t   d ra inage   sys t em.   Ea r l i e r   s t ages  o f  t h i s  

d r a i n a g e  may be   r ep resen ted  by t h e   o l d e r   a l l u v i a l   d e p o s i t s  

(Qag)   which  mant le   broad  shal low  topographic   depressions.  

Ter race   deve lopment   accompanied   the   es tab l i shment  of t h e  

p re sen t   d ra inage   sys t em.  The t e r r a c e s   a r e   t h i n   v e n e e r s  of 

, p o o r l y   s o r t e d  g r a v e l s  on  narrow  benches  a long  Jaralosa  Creek 

and Abbe Spr ing  Canyon.  The p r e s e n t  s . tream  beds  are 

comprised of h e t e r o l i t h i c ,   s u b r o u n d e d ,   p o o r l y   s o r t e d   s a n d   a n d  

g r a v e l .  

. 
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Structure 

Regional Structure 

Structural patterns in and around the study area were 

developed during late Cretaceous -- early Tertiary (Laramide) 
compressional foIding  and late Tertiary extensional faulting. 

Basaltic-andesite magmatic activity accompanied the  early 

stages of extensional faulting. The Laramide episode of 

compressional tectonics formed broad uplifts and  basins  in 

New Mexico and adjacent areas during the time  period of 50  to 

75 m.y.  B.P. (Chapin and others, 1974b). Elongate stocks, 

dikes, veins  and joint sets of plutons in Arizona indicate  an 

ENE-trending axis of regional compression (Rehrig  and 

Heidrick,  1972, 1976). On the Colorado Plateau, Laramide 

structures have been described as broad folds, monoclines, 

and thrust belts (Kelley and Wood, 1946; Tonking, 1957; 

Kelley and Clinton, 1960; Woodward, 1976). The area of the 

present-day Magdalena Range was included in a broad Laramide 

uplift that encompassed most of  the area west of the Rio 

Grande and south of San Acacia (Chapin and others, 1978). 

The northern and eastern boundaries of this uplift can  be 

roughly established from the unconformable relationship of 

the Spears Formation w’ith underlying rocks of Eocene to 

Paleozoic age. 

By medial Eocene time, a neutral stress field 

replaced the Laramide compressional stress field (Chapin, 
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1 9 7 4 ) .  E ros ive   beve l ing  o f   La ramide   up l i f t s   con t inued   du r ing  

the   succeed ing  7 t o  1 2  m.y. d u r i n g  a h i a t u s  i n  v o l c a n i c  

a c t i v i t y   ( C h a p i n ,  1 9 7 4 ) .  Eros ion   proceeded  u n t i l  a s u r f a c e  

of low re l i e f   ex t ended   t h roughou t   sou the rn   Co lo rado  and N e w  

Mexico (Ep i s   and Chapin ,   1973) .  T h e  Eocene  Baca  Formation, 

wh ich   unconfo rmab ly -ove r l i e s   t he   Mesave rde   Fo rma t ion   i n   t he  

v i c i n i t y   o f   t h e   s t u d y   a r e a ,  i s  thought   to   be   compr ised  of 

d e t r i t u s   f r o m   t h i s   e p i s o d e   o f   e r o s i o n   ( S n y d e r ,  1 9 7 1 ) .  

W i d e s p r e a d   a n d e s i t i c   t o  l a t i t i c  volcanism  began 

about  37 m.y. B.P. and was fo l lowed by t h e   f o r m a t i o n  of 

i g n i m b r i t e   p l a t e a u s  and  numerous  cauldron  complexes  (Chapin, 

1 9 7 4 ;  Chapin  and  Seager, 1 9 7 5 ;  E l s t o n   a n d   o t h e r s ,  1 9 7 6 ) .  

D e t r i t u s   f r o m   t h e   e r o s i o n   o f   t h e   e a r l y   a n d e s i t i c   a n d   l a t i t i c  

v o l c a n i c   r o c k s  was d e p o s i t e d   a s   t h e   S p e a r s   F o r m a t i o n .  The 

Hells Mesa Tuff   was  erupted  f rom  the  North  Baldy  cauldron 

about  33 m.y. B.P. and  formed a b r o a d   i g n i m b r i t e   s h i e l d   o v e r  

t h e  Spears   Formation.  The He.lls Mesa is r e p r e s e n t a t i v e  of a 

c a l c - , a l k a l i c  s u i t e  t h a t  was overlapped  and  succeeded i n  time 

on t h e  Mogollon P l a t e a u  by a h i g h - s i l i c a   a l k a l i c   s u i t e  

(E l s ton   and   o the r s ,  1 9 7 6 ) .  The A-L Peak  Tuff is 

r e p r e s e n t a t i v e   o f   t h e   l a t t e r  s u i t e  i n  the s t u d y   a r e a .  The 

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

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

marks the   beg inn ing   o f   r eg iona l   ex t ens ion   i n   t he   Magda lena  

a rea   (Chapin ,   1978) .  

. 

The  beginning  of   bimodal   volcanism  and  east-west  

ex tens ion   occu r red  i n  the  Magdalena  area  about   32 m.y. B.P. 
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(Chapin, 1 9 7 8 ) .  Numerous normal faults with an average N1Bf 

trend  breached Oligocene batholiths, causing  widespread 

pluton and dike emplacement (Chapin and others, 1 9 7 4 b ) .  

Uplift and erosion of the Magdalena Range throughout the 

episode of regional extension is reflected in the lithology 

and  transport directions of  the  basal Popotosa Formation 

(Bruning, 1 9 7 3 ) .  Voluminous basaltic-andesite magmas were 

penecontemporaneously extruded wherever areas of high heat 

flow  were  intersected by extensional faults (Chapin and 

Seager, 1 9 7 5 ) .  This magmatic episode, represented by the La 

Jara Peak Basaltic Andesite in the study area, overlapped the 

end  of  the high-silica alkalic volcanic suite. 

As north-trending normal faults continued to 

develop, northeast-trending  basement faults were reactivated. 

Many  of  these are observable today as lineaments on Landsat 

imagery  (Knepper, 1 9 7 8 ) .  These transverse fault zones often 

absorbed  the  energy  and movement of intersected 

north-trending  faults. En echelon basins of the Rio  Grande 

rift  created by such transverse faults developed opposing 

structural asymmetry (Chapin, 1978; Chapin and others, 1 9 7 8 ) .  

The  San Augustin graben formed as a bifurcation of  the Rio 

Grande rift  along the Morenci lineament, one of these 

northeast-trending structural zones. Tectonic influence by 

this lineament *in the Socorro-Magdalena area  has occurred 

throughout the past 3 2  m.y. (Chapin and others, 1 9 7 8 ) .  The 

Colorado Plateau and the San Mateo and Gallinas ranges began 

to rise about 2 4  m.y.  B.P. (Bruning, 1973 ;  Bruning a.nd 

1 



Chapin, 1 9 7 4 ;  Chapin and Seager ,   1975) .   Volcznism  dec l ined  

during  middle  Miocene  t ime  (20 t o  1 3  m.y. B.P. ;  Chapin,  

1 9 7 8 ) .   B l o c k   f a u l t i n g   a c c e l e r a t e d   i n   l a t e s t  Miocene t o  

P l i o c e n e  time. T h i s  renewed o r o g e n i c   a c t i v i t y   s e g m e n t e d  t h e  

o r i g i n a l  40-mi  (64.4-kmI-wide P o p o t o s a   d e p o s i t i o n a l   b a s i n  of 

the   Socorro-"agdalena   a rea   in to   th ree   g rabens   separa ted  by 

i n t r a r i f t   h o r s t s   ( C h a p i n   a n d ' s e a g e r ,   1 9 7 5 ) .  The  Socorro  and 

Lemi tar   mounta ins   occupy  the   ax is   o f  t h e  o r i g i n a l   P o p o t o s a  

bas in   (Chapin ,   1971b) .  One o f   t hese   g rabens ,   t he   Mul l igan  

Gulch  graben,  l i e s  a l o n g   t h e   e a s t e r n   m a r g i n  of t h e   s t u d y  

a r e a .  The depth  of  t h i s  g r a b e n   v a r i e s   c o n s i d e r a b l y   o v e r  i ts  

ex ten t   (Wi lk inson ,  1 9 7 6 )  and   sha l lows   southward   across  t h e  

Morenci   l ineament   (Chapin  and  others ,   1978) .   Epeirogenic  

u p l i f t  and r i f t i n g ,  accompanied i n  p a r t  by magmatic 

i n t r u s i o n ,   h a s   c o n t i n u e d   i n t o   t h e   p r e s e n t   ( R e i l i n g e r   a n 0  

o t h e r s ,   1 9 7 8 ) .   F i g u r e  1 4  p r e s e n t s  a view  of t h e  r e g i o n a l  

s t r u c t u r a l  s e t t i n g  o f   t he   s tudy   a r ea .  

L o c a l   S t r u c t u r e  

Folding:  

The f au l t ed   nose   o f  a s o u t h w a r d - p l u n g i n g   a n t i c l i n e  

(here   t e rmed  the  Abbe S p r i n g   a n t i c l i n e ,  see f i g . )  is exposed 

i n   t h e   n o r t h e a s t   c o r n e r  of t h e   s t u d y   a r e a  (see c r o s s - s e c t i o n  

C - C ' ) .  Eros ion   has   exposed  t h e  C h i n l e   F o r m a t i o n   i n   t h e  

c e n t e r  of t h e  N10W-trending f o l d .  The maximum d ip   p roduced  
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by   fo ld ing   s e ldom  exceeds   25   deg rees .   The   cen te r   o f   t he  

a n t i c l i n e  is a n   i n t r u d e d  

g r a b e n .   A n t i t h e t i c   f a u l t i n g ,   m o s t   n o t a b l e   i n   t h e   c l o s e l y  

s p a c e d   f a u l t s   w h i c h   c u t   t h e   e a s t e r n   l i m b  of t h e   a n t i c l i n e ,  

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

Dennis  (1972, p. 3 1 3 ) ,   a n t i t h e t i c   b l o c k   f a u l t i n g  is o f t e n  

produced by k e y s t o n e   c o l l a p s e   o f   d o m a l   s t r u c t u r e s .   I n   t h i s  

pa r t  o f   t h e   s t u d y  area,  s u c h   a n t i t h e t i c   f a u l t i n g   h a s   p r o d u c e d  

a se r ies  of   eastward-dipping  hogbacks  capped by t h e   r e s i s t a n t  

Dakota Sandstone. A small, t i g h t ,   s o u t h w e s t - p l u n g i n g  

a n t i c l i n a l   f o l d   i n   t h e   T r e s  Hermanos  Sandstone  occurs  0.75 m i  

(1 .2  km) west o f   t h e   a x i s   o f   t h e  Abbe S p r i n g   a n t i c l i n e .  The 

a x i s   o f   t h i s  small f o l d   t r e n d s  N15E and   can   be   fo l lowed   fo r  

about   0 .75 m i  (1.2 k m ) .  The f o l d   c a n n o t   b e   f o l l o w e d   t o   t h e  

n o r t h   o f   t h e   s t u d y  a rea  due  t o  poor   exposures   and   ex tens ive  

a l l u v i a l   c o v e r .  A down-to-the-west f a u l t  wi th   about   500  f t  

(152.4 m )  o f   d i sp l acemen t   bounds   t h i s  small a n t i c l i n e   o n   t h e  

ea s t .  The e a s t e r n   l i m b   o f   t h e   f o l d  is approximately l l 0 l j  f t  

(338 m ) '  wide  and may r e p r e s e n t   r e v e r s e   d r a g   a l o n g   t h i s   f a u l t  

(see below). To t h e   s o u t h   t h e   z o n e  of eastward-dipping 

s t r a t a  p a r a l l e l s  t h e   f a u l t   a n d  becomes  wider as d i sp lacemen t  

i n c r e a s e s .  

. 

Two small a n t i c l i n a l   f o l d s   i n v o l v e  a t  l e a s t  t h e  

basal 100 f t  (30.4 m )  o f   t h e  Baca Formation. One o f   t h e s e  i s  

shown i n  c r o s s - s e c t i o n  B-B'. The a x i s   o f   t h i s   f o l d   t r e n d s  

N5W and  plunges t o  the   sou th .   The  c r e s t  of t h i s   a n t i c l i n e  is 

a n   i n t r u d e d   h o r s t   b l o c k   a n d  is c u t  by f a u l t s   t r e n d i n g   o b l i q u e  
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t o  t h e  f o l d   a x i s .   F a u l t i n g   a n d  lack o f   exposures   on   bo th   t he  

ea s t  and west l i m b s   p r e v e n t   t h e   d e t e r m i n a t i o n  of t h e  minimum 

age of t h i s   f o l d .  The o the r   sou thward -p lung ing   an t i c l ine ,  

shown on   c ros s - sec t ion  A - A ' ,  o c c u r s   i n  the  sou thwes t   co rne r  

o f   t he   s tudy  area.  The a x i s   o f   t h i s   a n t i c l i n e   t r e n d s  N25W. 

The e a s t e r n   l i m b  is  t r u n c a t e d   a g a i n s t  a major  . 

down-to-the-west f a u l t   w i t h   1 2 0 0  f t  ( 3 6 5 . 8  m )  of  throw. 

Reconnaissance  mapping t o  t h e  west o f   t h e   s t u d y  area s u g g e s t s  

t h a t   t h e   w e s t e r n   l i m b  is a l s o  t r u n c a t e d  by a down-to-the-west 

f a u l t .  

The Abbe S p r i n g   a n t i c l i n e  may n o t   i n v o l v e   t h e  Baca 

Formation  and is a l m o s t   c e r t a i n l y   o f   L a r a m i d e   o r i g i n  from i t s  

b road   and   gen t l e   fo rm.   The   o the r   fo lds   i n   t he   s tudy  area 

invo lve  s t r a t a  o f   t h e   b a s a l  Baca Forma t ion .   Fau l t ing   and  

l ack  of exposures  make it i m p o s s i b l e   t o   d e t e r m i n e   w h e t h e r  

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

basa l   Spea r s   Fo rma t ion   i n t e r tongues   w i th   t he  top of t h e  Baca 

Format ion   in  t h e  s t u d y  area,  it is p r o b a b l e   t h a t   f o l d i n g  

wh ich   i nvo lves   t he  Baca F o r m a t i o n   a l s o   i n v o l v e   t h e   S p e a r s  

Formation.  However, t h i s  would  be a t  v a r i a n c e   w i t h   r e g i o n a l  

ev idence   tha t   Laramide   compress iona l   fo ld ing   ended '  by a b o u t  

50 m.y.  B.P. (Chapin   and   o thers ,   1974b;   E ls ton ,  1 9 7 6 )  and 

t h a t   t h e  Baca is a post-Laramide  formation  comprised  of  

d e t r i t u s   e r o d e d  from L a r a m i d e   u p l i f t s   ( S n y d e r ,  1 9 7 1 ) .  One 

p o s s i b l e   r e s o l u t i o n  of t h i s   p r o b l e m  is t h a t  a major 

unconformity may e x i s t   w i t h i n   t h e  Baca Formation.  The Baca 

Formation  below t h i s   u n c o n f o r m i t y   c o u l d   h a v e   b e e n   i n v o l v e d  i n  

. . .. ,; . .. /. . 
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l a t e - s t age   La ramide   fo ld ing ,   wh i l e   t he   s ed imen t s   depos i t ed  a a b o v e   t h i s   s u r f a c e  would  be re la t ive ly   undeformed.  No 

d a t e a b l e   f o s s i l s  from t h e  Baca  have  been  found i n   t h e   s t u d y  

area.   Snyder  (1970,  1971)  r epor t s   an   Eocene   age   fo r   t he  Baca 

on t h e  b a s i s  of v e r t e b r a t e   f o s s i l s   c o l l e c t e d  2 0  m.i (32.1 km)  

no r thwes t   o f   t he   s tudy   a r ea .   Th i s   age  i s  c o n s i s t e n t   w i t h   t h e  

o t h e r   v e r t e b r a t e   a g e   d e t e r m i n a t i o n   f o r  t h e  Baca  (Gardner, 

' 1 9 1 0 ) .  However, t h e   a u t h o r   h a s   e x p e r i e n c e d   d i f f i c u l t y  i n  

d i s t i n g u i s h i n g   t h e   b a s a l  Baca  from t h e   u n d e r l y i n g   C r e t a c e o u s  

Mesaverde  Formation a t  some loca t ions .   Other   workers   have  

repor ted   s imi la r   p roblems  in 'p ick ing   the   Baca-Mesaverde  

contac t   (Tonking ,   1957;  Anonymous-11, 1963;  Snyder,  1 9 7 1 ) .  

The b a s a l  Baca  Formation a t  some l o c a t i o n s  may be  of l a t e  

Cre taceous  or  Pa leocene   age   and   these   beds  may have  been 

fo lded   dur ing   the   Laramide   deformat ion .  A t  t h i s  time, 

however, t h e  au tho r   and   o the r   r e sea rche r s   (Snyder ,  1 9 7 1 ;  

Johnson,   1978;   Massingi l l ;  1 9 7 9 ;  C a t h e r ,   i n  prep.) have   no t  

observed  such  an  unconformity.  

An a l t e r n a t i v e ,   a n d   p e r h a p s   b e t t e r ,   e x p l a n a t i o n  i s  

sugges ted  by Hambl in ' s   (1965)   obse rva t ions   o f   r eve r se   d rag  

a l o n g   n o r m a l   f a u l t s  on the   wes t e rn   Co lo rado   P l a t eau .   Such  

drag  was found t o  be commonly a s s o c i a t e d   w i t h   t h e  downthrown 

b locks  of f a u l t s   w i t h   g r e a t e r   t h a n  1 0 0  f t  (30.5 m )  

d i s p l a c e m e n t .   B o t h   o f   t h e   f o l d   a x e s   u n d e r   d i s c u s s i o n   r o u g h l y  

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

d i sp lacement  i n  excess of 8 0 0  f t  (243.8 m). T h e  f o l d   i n   t h e  

4 

*, southwes tern   corner   o f   the   s tudy   a rea  is more d i f f i c u l t   t o  

. 
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i n t e r p r e t .  I t s  a x i s   r o u g h l y   p a r a l l e l s  a m a j o r   f a u l t   f o r - 1 . 5  

m i  ( 2 . 4  k m ) , . b u t   t h e n   a p p e a r s   t o   d i v e r g e   w e s t w a r d   o u t   o f   t h e  

s tudy   a rea .   Exposures  i n  t h e   S p e a r s   o u t c r o p   b e l t   n o r t h   o f  

t h i s  l o c a t i o n  and west of t h i s   f a u l t   a r e   p o o r  and y i e l d  

d i v e r s e   s t r i k e   t r e n d s ;   h o w e v e r ,   t h e   a t t i t u d e s   r e c o r d e d  

s u g g e s t   t h a t   t h i s   s t r a t a  may a l s o  be f o l d e d   a n t i c l i n a l l y .  

North of t h e  same t r a n s v e r s e   z o n e   ( f i g .  16), disp lacement   on  

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

A d i scon t inuous   zone  of s t e e p   e a s t - d i p p i n g   s t r a t a  

occur s   ad j acen t   t o   t he   wes t e rn   boundary   f au l t   sys t em of t h e  

Mulligan  Gulch  graben.  This  zone is e s p e c i a l l y   p r o m i n e n t   i n  

the   vo lcanic   rocks .   The   zone  of s t e e p l y   d i p p i n g   s t r a t a   h a s  

been   recognized   southward   a long   the   eas t   f lank   of   the  

G a l l i n a s   u p l i f t   t o   s o u t h   o f  Highway 6 0 ,  and may c o n t i n u e  

a l o n g   t h e   e a s t   f l a n k   o f   t h e   S a n  Mateo  Mountains  (Chamberlin, 

1 9 7 4 ) .  The wid th   o f   t h i s   zone  of s t e e p   d i p s  i n  t h e   s t u d y  

a r e a  is u s u a l l y   d i f f i c u l t   t o   a s c e r t a i n   d u e   t o   c o v e r  by 

pediment g r a v e l s  or  c o l l u v i u m .   I n   t h e   v i c i n i t y   o f  Abbe 

Spr ing   ( s ec .   8 ,  T l N ,  R5W), approximate ly  1500  f t  ( 4 5 7  m )  of  

v o l c a n i c   s e c t i o n  is i n v o l v e d   i n   t h e  steep zone of eas tward  

dips .   Chamberl in  (1974)  i n f e r r e d  a l a t e -Ol igocene   age   fo r  

the  development of a 1 - m i  (1.6-kmI-wide  monoclinal  hinge  zone 

i n   t h e   C o u n c i l  Rock area a long   t h i s   g raben   marg in .  *The 

development   .of   the   eastward-dipping  f lexure  preceded  and  was 

modified by b a s i n   a n d   r a n g e   f a u l t i n g .   A r e a s   o f   d e c r e a s e d   d i p  

were   ascr ibed  by Chamberlin ( 1 9 7 4 )  t o   s u b s e q u e n t   f a u l t  

rotat ion.   Drag  a long  the  down-to- the-east   boundary f a u l t s  



was e l i m i n a t e d  as  a mechanism  because  such  drag wss n o t  

o b s e r v e d   t o   e x t e n d  more t h a n  500 f t  (152  m )  f r o m   f a u l t s  

e l sewhere .   In s t ead ,   Chamber l in   (1974)   p roposed   ba tho l i th i c  

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

b a s e m e n t   f a u l t s   a s . t h e  mechanism f o r  c r e a t i n g  t h i s  monocl ina l  

f l e x u r e  (pp. 99-102). 

The  author   cannot   agree  with  Chamber1inI .s   (1974)  

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

s t r a t a .  T h i s   z o n e   c l o s e l y  para l le l s  t h e   f a u l t s   o f   t h e  

g raben-boundary   sys t em  in   t he   s tudy  area and i s  most  l i k e l y  

g e n e t i c a l l y   r e l a t e d   t o  them.  The  amount of d i s p l a c e m e n t  

p o s t u l a t e d   f o r   t h e   f a u l t s  of t h i s   s y s t e m   s u g g e s t s   d r a g  

f o l d i n g  as  t h e  most l i k e l y  mechanism of fo rma t ion .  A 

s y n c l i n e   w i t h i n   t h e   P o p o t o s a   F o r m a t i o n  east  of t h e   s t u d y  area 

is s u b p a r a l l e l   t o   t h e   g r a b e n   b o u n d a r y   ( O s b u r n   i n   C h a p i n   a n d  

o t h e r s ,  1979)  and may a l so   have   been   caused  by f a u l t   d r a g .  

The   age   o f   t he   monoc l ina l   f l exu re   a long   t he  west s i d e  of t h e  

M u l l i g a n   G u l c h   g r a b e n   p o s t d a t e s   t h e  A-L Peak  Tuff   (about  3 2  

m.y. B.P.) a n d   p r e d a t e s   t h e   b a s a l t   o f   C o u n c i l  Rock (17 m.y. 

B.P.;  Chapin,   1979, o r a l  commun.). 
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Fau l t ing :  
- 

E x t e n s i o n a l   f a u l t   t r e n d s  i n  t h e   s t u d y   a r e a   r a n g e  

from N40W t o  d u e   n o r t h ,   w i t h   t h e   m a j o r i t y   o f   f a u l t s   c l u s t e r e d  

near  N10W. F a u l t i n g  is p a r t i c u l a r l y   s e v e r e   i n   t h e   n o r t h e a s t  

co rne r   o f   t he   s tudy   a r ea ,   where   numerous   s t ep - fau l t s   a r e  

assoc ia ted   wi th   keys tone-col lapse   o f   the  Abbe Spr ing  

a n t i c l i n e .  The c r o s s - s e c t i o n s   s u g g e s t   t h a t   s t e p - f a u l t i n g  is 

t h e   d o m i n a n t   s t r u c t u r a l   s t y l e   i n  t h i s  area.   Displacement   on 

a n y   s i n g l e   f a u l t   s e l d o m   e x c e e d s  1 0 0  f t  (30.5 m ) .  However, 

t h e   t o t a l   s t r u c t u r a l   r e l i e f  on s e v e r a l   p a r a l l e l ,  

c lose ly-spaced  f a u l t s  wi th   t he  same sense  of  motion  can 

f requent ly   exceed   500  f t  (152.4 m ) .  Many o f   t h e   l o n g i t u d i n a l  

f a u l t s   l o s e  much or  a l l  o f   t h e i r   r e l a t i v e  movement  upon 

c r o s s i n g   n o r t h e a s t - t r e n d i n g   s t r u c t u r a l   z o n e s   ( s e e  n e x t  

s e c t i o n ) .  Many f a u l t s  a re  in t ruded  by mafic   dikes .   Normal  

d r a g   o n   f a u l t e d   s t r a t a  is l o c a l l y   a s s o c i a t e d  w i t h  the  major  

down-to-the-west f a u l t s .   R e v e r s e   d r a g  is b e l i e v e d   t o   b e  

assoc ia ted   wi th   the   majpr   down- to- the-wes t   fau l t s   as  

d i scussed   i n   t he   p reced ing   s ec t ion .   Fau l t   p l anes   exposed  a t  

t h e   s u r f a c e   d i p   f r o m  6 5  d e g r e e s   t o  ve r t i ca l  ( f i g .  1 5 ) .  

Hamblin (1965)  and  Anderson ( 1 9 7 1 )  s u g g e s t   t h a t , n o r m a l   f a u l t s  

f l a t t e n   a t   d e p t h ;   i f  s o  r eve r se   d rag  is requ i r ed  t o  f i l l   t h e  

s p a c e   c r e a t e d  by t h e   l a t e r a l  component  of f a u l t  movement. 

North-<rending f a u l t s  (except   the  western  graben-boundary 

faul t   system)  usual ly   have  down-to- the-west   motion.   These 

f a u l t s   f r e q u e n t l y   c u r v e   t o w a r d   t h e  east  as they  approach  the 

g raben   marg in .   Th i s   change   o f   f au l t   t r end   sugges t s   ro t a t ion  
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~ A ~ ,  

F i g u r e  15: . View a l o n g   f a u l t   p l a n e   w i t h i n   t h e   D a k o t a  
Sandstone;  La J a r a  Canyon (NW 1 / 4 ,  SW 1 / 4 ,  s e c .  
5 ,  T l N ,  R5W). Dakota  Sandstone on t h e   l e f t  is 
fau l ted   aga ins t   Alami to   Wel l   Tongue .  
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by subsequent  movement on   the   g raben   boundary   fau l t   sys tem.  

The  n o r t h - t r e n d i n g   n o r m a l   f a u l t s   c u t   f o r m a t i o n s   a s  young a s  

t h e   S p e a r s  and a r e   t h e r e f o r e   o f   O l i g o c e n e  or younger  age.  

-. 

F a u l t s   w h i c h   c u t  t h e  v o l c a n i c   u n i t s   a l o n g   t h e   e d g e  

of t h e   M u l l i g a n   G u l c h   g r a b e n   e x h i b i t   d i v e r s e   t r e n d s  and 

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

Spears   Format ion .   These   fau l t s   have   d i sp lacements   o f  1 @ 0  f t  

(30.5 m )  or l e s s  and  produce  jumbled  blocks  of  volcanic 

rocks .  I t  is l i k e l y   t h a t   t h e s e   s m a l l   f a u l t s   a r e   g e n e t i c a l l y  

r e l a t e d   t o   t h e   i n t e r s e c t i o n   o f   t r a n s v e r s e   s t r u c t u r a l   z o n e s  

w i t h   t h e   P u e r t e c i t o   f a u l t   s y s t e m   b o u n d i n g   t h e   M u l l i g a n   G u l c h  

graben.  

A f au l t   sys t em  wi th   p redominan t ly   down- to - the -eas t  

r e l a t i v e   m o t i o n   d e f i n e s  t h e  western edge   of   the   Mul l igan  

Gulch  graben.   This   graben,   which is s i t u a t e d   a l o n g   t h e  

eas t e rn   marg in   o f   t he   s tudy   a r ea ,  i s  f i l l e d   p r i m a r i l y   w i t h  

sed imentary   rocks   o f   the   Popotosa   Format ion .   Winches te r  

( 1 9 2 0 )  mapped a shor t   segment   o f   one   o f   these   boundary   fau l t s  

t o   t h e   n o r t h   o f  t h e  s t u d y  area and named it t h e   P u e r t e c i t o  

f a u l t .  Tonking  (1957)   a lso mapped t h e   P u e r t e c i t o   f a u l t   n o r t h  

o f   t he   s tudy   a r ea   and   e s t ima ted  a displacement   of   50 t o  300 

f t  (15.2  and 91 .4  m ) .  

T h i s  f a u l t  i s  now r e c o i n i z e d   t o   b e  a wide  zone 

c o n s i s t i n g  of  one t o  t e n  f a u l t s  (see a l s o   J a c k s o n ,  1 9 7 9 ) .  

The P u e r t e c i t o   f a u l t   z o n e  is d e f l e c t e d   l a t e r a l l y   b y   z o n e s   o f  

no r theas t - t r end ing  f a u l t s .  I n  t h e   n o r t h e r n   p a r t  of t h e   s t u d y  

a r e a ,  t h e  P u e r t e c i t o  f a u l t  zone   jux taposes  Mesaverde or Baca 
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rocks against  upper La Jara Peak- Basaltic Andesite. In the 

southern part of the study area, the Popotosa Formation is 

faulted  down against the Baca or Spears formations. The age 

of  the latest major displacement on this fault system is 

inferred.to be late Miocene, concurrent with the division of 

the  original Popotosa depositional basin into three  segments 

(Chapin and Seager, 1 9 7 5 ) .  Total displacement on the 

Puertecito fault system is estimated to range  from 300 to 

3000 ft (91.4 to 914.4 m) in the study area. Displacement 

decreases  in  the vicinity of  the transverse fault  zones  where 

some of  the movement of this boundary fault system is 

absorbed. East of the Hook Ranch (sec. 25, TlN, R6W), the 

Popotosa Formation unconformably overlies the Spears 

Formation  and the pinnacles member of the A-L Peak Tuff. The 

Popotosa Formation along this contact is comprised dominantly 

of  clasts  of  the subjacent lithologies, suggesting that an 

original fault contact  has been buried. A discontinuous 'zone 

of steep east-dipping strata on the west side of the 

Puertecito fault system and a syncline in the Popotosa 

Formation east of this fault zone (Osburn, 1 9 7 9 )  are inferred 

to represent normal drag. 

Transverse s'tructural  zones: 

The western edge of the Mulligan Gulch graben is 
r 

deflected to the west twice in the study area by zones of 

northeast-trending  faults. These faults have down-to-the- 

southeast motion. Volcanic rocks crop  out in  jumbled blocks 
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along the  northeast-trending fault zones adjacent to the 

western boundary fault system of  the Mulligan Gulch graben. 

East of Jaralosa Creek (SE 1/4, sec. 25, TlN, R6W) , an 
unusually  thick section of  the Pinnacles member of the A-L 

Peak Tuff crops out against an  ENE-trending  fault. This 

suggests that  a fault scarp at the time of A-L  Peak 

deposition formed  a structural barrier. The limited and 

close association  of the volcanic rocks with these transverse ' 

structural zones in the study area, the rapid northward 

thinning of these units (Chamberlin, 1979, oral commun.; 

Laroche, in prep.),  and the existence of local unconformities 

between the Spears Formation, Hells Mesa Tuff and  A-L Peak 

Tuff suggest even earlier structural influence of these 

zones.  At  Bird Spring (NW 1/4, sec. 9, TlN, R5W), Osburn 

(1979,  oral commun.) has observed anomalously steep eastward 

dips in  the Popotosa Formation where the northernmost 

transverse structural zone intersects the graben boundary ' 

fault system. This suggests that movement on the transverse 

fault system continued into Popotosa time. 

Away from the edge of the Mulligan Gulch graben, 

the northernmost transverse structural zone becomes a 

discontinuous zone of southeastward-dipping strata that 

separates domains of predominantly east- and west-dipping 

strata (fig. 16). On color aerial photographs, the area of 

southeast-dipping strata in the Baca Formation is easily 

traced. The general trend of this transverse zone is 

suggested from the southwest elongation of the pediment 
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surface ( S E  i/4, sec. 7,' TlN, R6W)  and from the  upturning  and 

termination  of  the Spears outcrop belt on the western margin 

of the  study area (sec. 2 3 ,  TlN, R6W). 

The transverse structural zones apparently absorb 

some of the movement of intersecting longitudinal faults 

(fig. 16). North of  Bird Spring (NW 1/4, sec. 9, TlN, R5W),  

the graben boundary fault system juxtaposes the  lower 

Mesaverde Formation against the  upper La'Jara Peak Basaltic 

Andesite, requiring a total displacement of nearly 3 0 0 0  ft 

(914.4 m). This displacement rapidly decreases southward. 

At a good exposure of  the graben boundary fault near  the 

Chavez Ranch headquarters (fig. 17) .the Gray-massive member 

of  the  A-L Peak Tuff is faulted against the Popotosa 

Formation. Total displacement here is only 7 3 3  ft ( 2 2 3 . 3  m). 

Displacement decreases southward toward Abbe Spring (SE  1/4, 

sec. 8, TlN, R5W),  and then gradually increases. South of 

the Hot  Spot mine (sec. 18, TlN, R 5 W ) ,  displacement on the 

boundary fault system again begins to decrease towards the 

next transverse structural zone; first the Baca and then the 

Spears formations are juxtaposed with the Popotosa Formation. 

Other faults intersecting these transverse structural zones 

show similar changes of total displacement. 

Another transverse structural zone  may  lie to the 

south of the study area. This is suggested by a westward 

bend in the boundary fault system, by exposures  of the Hells 

Mesa  Tuff (Laroche, 1979, oral commun.), and by the  southward 

plunging  of an anticlinal reverse drag fold in  the southwest 



F i g u r e  17: P u e r t e c i t o   f a u l t ;   e x p o s u r e   b e h i n d   C h a v e z  Ranch 
h e a d q u a r t e r s  (NW 1/4, sec. 9 ,  TlN, R5W).  
Popotosa  Formation  on l e f t   f a u l t   a g a i n s t  A-L Peak 
Tuff (Gray-massive member) on   r i gh t .   Excava t ion  
provided   water  f o r  ranch  house.  



c o r n e r  of t h e   s t u d y  are;. Other   southward-plunging  reverse  

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

t r a n s v e r s e   z o n e s ,   s u g g e s t i n g   t h a t   t h e   l a t e s t  movement on 

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

The t r e n d   o f   t h e s e   t r a n s v e r s e   s t r u c t u r a l   z o n e s  

p a r a l l e l s   t h a t  of a number o f   o t h e r   n o r t h e a s t - t r e n d i n g   s h e a r  

zones now r e c o g n i z e d   t o   d o m i n a t e   t h e   s t r u c t u r a l   g r a i n  of 

basemen t   rocks   i n   t he   sou the rn  Rocky Mountains  (Warner, 

1978) .   Chapin   and   o thers  (1979)  have   proposed   the  name 

" T i j e r a s   l i n e a m e n t "  f o r  t h e   t r a n s v e r s e   s t r u c t u r a l   z o n e   t h a t  

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

a r e a   n o r t h e a s t   o f  t h e  s t u d y   a r e a   ( M a s s i n g i l l ,  1 9 7 9 ) ,  and 

c r o s s e s   t h e   S a n d i a   u p l i f t   a t   T i j e r a s  Canyon.  Elsewhere,  such 

t ransverse   l ineaments   connec t   en   eche lon   segments  of t he   R io  

Grande r i f t  (Chapin,   1978) .  One o f   t hese ,   t he   Norenc i  

l i n e a m e n t ,   c r o s s e s   t h e   R i o   G r a n d e   r i f t   a t   S o c o r r o   a n d   h a s  

i n f l u e n c e d   l o c a l   t e c t o n i c s   f o r   t h e   p a s t  32  m.y. (Chapin  and 

o t h e r s ,   1 9 7 8 ) .  The  Morenci  l ineament i s  e x p r e s s e d   i n   t h e  

Magdalena a r e a  by a z o n e   o f   n o r t h e a s t - t r e n d i n g   f a u l t s  (Brown, 

1 9 7 2 ;  Chapin   and   o thers ,   1974b) ,  two of  which show evidence  

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

of t h e  Colorado   P la teau   (Chapin ,  1 9 7 1 b ) .  Chapin  and  others  

( 1 9 7 8 )   c i t e   t h e   f o l l o w i n g   c h a r a c t e r i s t i c s   o f   t r a n s v e r s e  

l ineaments:  

" . . . t h e s e   l i n e a m e n t s   a r e   d e e p l y   p e n e t r a t i n g   f l a w s   i n  
t h e   l i t h o s p h e r e   t h a t   t e n d   t o   " l e a k "  magmas and t o   i n f l u e n c e  
d e f o r m a t i o n   i n   t h e   b r i t t l e   n e a r -   s u r f a c e   r o c k s .   u n d e r g o i n g  
r o t a t i o n   a n d   s t e p   f a u l t i n g   i n   o p p o s i t e   d i r e c t i o n s  ... T h i s  
shear,   zone is a c t i n g  as a n  i n c i p i e n t   t r a n s f o r m   f a u l t  
connec t ing   segments   o f   the   Rio   Grande   r i f t . "   (p .115)  



T h e s e   t r a n s v e r s e   z o n e s   a r e   a l s o   c h a r a c t e r i z e d  by h igh   hea t  

flow  and, t h u s ,  may b e   e x p l o r a t i o n   t a r g e t s  f o r  geothermal  

energy. 

- 
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Economic Geology 

Uranium (see fig. 1 8  and Table 1) 

Regionally, the Baca Formation is considered to 

offer the.best possibilities for uranium  mineralization. A 

small uranium prospect exists north  of the Hook Ranch 

headquarters on the west bank of Jaralosa Creek  (sec. 13, 

TIN, R6W). The mineralization occurs in a lenticular, very 

poorly sorted, conglomeratic sandstone stratigraphically 

about 1 5 0  ft (45.7 m) below the top of the  Baca. Uranium 

mineralization occurs as haloes around abundant stlicified 

wood. A small amount of this sandstone body was mined  during 

the middle 2 9 5 0 ' s .  Preparations for an in situ leaching 

operation  were begun by M.P. Grace in 1974-1975.  These 

preparations included the drilling  of several shallow 

exploration holes in an  attempt to delineate the extent of 

the mineralized  sandstone. The project was abandoned before 

completion due to a contract dispute. To date further 

exploitation of this small prospect has not been attempted 

(C.T. Smith, 1978,  oral commun.). 

Uranium mineralization occurs at several other 

localities in  the study area in conjunction with limonitic 

wood casts. Anonymous ( 1 9 5 9 )  reports uranium mineralization 

in purple rocks of the Baca  Formation in the  Jaralosa Creek 

area; the uranium is either disseminated in lenticular 

x, 



~. 

Figure 18: STRATIGRAPHIC INTERVALS FAVORAt3LE FOR. COAL 
AND URANIUM DEPOSITS ~. " , . 
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Data  taken  from Bachman, B a l t z ,  and  G r i g g s  (1957). 
Uranium a n a l y s e s  

. ~ , .  

. -  
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Tab le  1: Uranium a n a l y s e s  
Data  taken  from Bachman, B a l t z ,  and  G r i g g s  (1957). 

Sample  Location  Formation Eq. U308 Ch. U308 Ch. V205 

A 18,lN.SW Baca 0.14% 0.26% 0.1% 
B 18;lN;SW Mesaverde 0.001% - 
C 
D 

13,1NI6W Baca 2.0% 3.27% 
24,1N,6W 

9.21% 
Baca 0.24% 0.19%  2.98% 

- 

E 35,1N,6W Baca 0.13% 0.036% 0.1% 
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channel sandstones or associated with carbonaceous debris. 

He suggests that the purple .color may  be  caused by vanadium 

compounds. In general, most of the Baca Formation within the 

study area does not appear to be as favorable for  uranium 

concentration as it appears to be to the east in  the Riley 

area (Chapin  and others, 1979). Sandstone bodies are 

generally thin  and lenticular with little organic trash. 

Reduced  shale occurs only as’small lense-shaped  bodies at the 

base of sandstones, primarily in  the lower part of  the Baca 

Formation. Average grain size increases and  sorting becomes 

poorer  towards the top of the Baca, possibly favoring the 

movement of groundwater. 

The top of the Cretaceous Mesaverde Formation may 

also offer  some potential f o r  uranium concentration. 

Nonuraniferous radioactivity was detected from carbonaceous 

rocks of  this formation locally (Anonymous, 1959, p .  135). 

The Mesaverde is an aggregate of fluvial sandstones, organic 

shales, siltstones, and coal exposed over,. or underlying, 

approximately 50% of the study area. In the Red Basin area, 

west of  the  study area, uranium occurrences are reported from 

organic-rich sandstones in the  upper portion of this 

formation (Anonymous, 1959). 

The most likely origin for the uranium is leaching 

from overlying rhyolitic tuffs (Anonymous, 1959). Anonymous 

suggests, alternatively, that the uranium may have been 

derived  from ascending hydrothermal fluids associated with 

the eruptive centers of the volcanic units to the south. 
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Anonymous ( 1 9 5 9 )   s t a t e s   t h a t   t h e r e  is 

s u p p o r t  a s y n g e n e t i c   s e d i m e n t a r y   o r i g  

.I 

V 

l i t t l e  ' ev idence   t o  

i n  f o r  t h e  uranium 

m i n e r a l i z a t i o n  i n  t h i s   a r e a .  The o b s e r v a t i o n  of  bleached 

mudflow depos i t s   and   cong lomera te s   i n   channe l s   o f  t h e  lower 

Spea r s   Fo rma t ion   ea s t   o f   J a ra losa  Creek (sec. 25, TIN, R6W) 

may ind ica t e   pas sage   o f   mine ra l i z~ed   wa te r s .   Urav ium  depos i t s  

i n   t h e   u p p e r   R i o   S a l a d o   a r e a   a p p e a r   t o  be r e l a t e d   t o  

groundwater movement a s   i n f l u e n c e d  by s t r u c t u r e ,  

pe rmeab i l i t y ,   and   t he   p re sence   o f   o rgan ic   ma te r i a l  

(Anonymous, 1 9 5 9 ) .  

Coa l   ( s ee   f i g .  18  and  Table  2 )  

The b a s a l  200 f t  (61 m )  of  the  Mesaverde  Formation 

is compr ised   of   o rganic   sha les ,   very- f ine-gra ined   sands tones  

a n d   s e v e r a l   c o a l   b e d s .   T h e s e   c o a l s   a r e   i n t e r p r e t e d   t o   h a v e  

accumulated  in  a l o w e r   c o a s t a l  o r  d e l t a i c   p l a i n   e n v i r o n m e n t  

w i t h  b rack i sh   wa te r   i n f luence  (M. C h a i f f e t z  i n  Chapin  and 

o t h e r s ,  1 9 7 9 ) .  A t  exposures   near   Corkscrew  Canyon,   coal   beds 

range from 1- t o   2 - f t   ( 0 . 3 0 . t o  0 . 6 1  m)- thick.   These  beds 

e x h i b i t   r a p i d   l a t e r a l   a n d   v e r t i c a l   g r a d a t i o n   i n t o   o r g a n i c  

s h a l e s .  A t  l e a s t   e i g h t   o f   t h e s e   c o a l - b e a r i n g   l i t h o l o g i c  

sequences  occur  here:   more may be   covered .   Al though  th i s  

coa l -bear ing   sec t ion   of   the   basa l   Mesaverde  is r e c o g n i z e d   t o  

the   no r th   ( J ackson ,  1 9 7 9 )  a n d   n o r t h e a s t   ( M a s s i n g i l l ,  1 9 7 9 ) ,  

f a u l t i n g   a n d   s u r f i c i a l   c o v e r   c o n c e a l  it th roughou t   mos t   o f  

t he   s tudy   a r ea .   Chap in   and   o the r s  ( 1 9 7 9 ) ,  



Idble 2: Coal  analysis 

Analysis of sample  from  Hot  Spot  Mine  (NW 1/4, NW 1/4, sec. 
18, TlN, R5W). Analysis  provided by United  States  Bureau of 
Mines (1976). Values  reported  for  coal  sample  as  received. 

Proximate  analysis: 
Moisture 
Volatile  matter 32.&% 

6 .'6 % 

Fixed  carbon 
Volatile  matter 32.8% 

54.2% 

Ash 6.4% 

Ultimate  analysis: 
Hydrogen 
Carbon 

5.0% 

Nitrogen 
67.2% 
1.3% 

S u l f u r  0.5% 
Oxygen 
Ash 

19.6% 
6.4% 

Heating  value  11,555  BTU 
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from their regional observations of coal occurrences, suggest 

that the northeast-trending Tileras lineament may.have 

influenced coal development in  the  lower  Mesaverde. They 

observe that coal is more abundant in the lower Mesaverde 

southeast of the lineament and attribute this to possible 

differences  in subsidence and sedimentation rate across the 

Tijeras lineament. 

Coal from  the uppermost strata of  the Nesaverde 

Formation was mined from three adits at the Hot  Spot mine (NW 

1/4, sec. 18, TlN, R5W). The thickest coal seam here is 5 

ft (1.5 m). These  coals grade laterally into sil’ty shale and 

silty sandstone within 0.75 mi (1.2 km); outcrops do  not 

occur elsewhere in  the study  area. Federal records show that 

a mining permit was issued to F.L. Dugger on  July  15, 1927. 

Dugger drove a 90-ft (27.4 m) drift into a 46 in. (116 cm) 

coal bed before encountering a shale roll which thinned the 

bed  to 12 in.  (30.5 cm) (Nichelson and Frost, in press). 

Efforts to continue mining through the roll and to meet the 

coal bed on the other side were unsuccessful and hampered by 

financial problems. The prospect produced a recorded 85  tons 

of coal  through June 30, 1931, before the expiration of the 

permit (Nichelson and Frost,  in press). Little remains at 

the  site  today. One  adit remains open, but it is in very 

poor  condition. The rock outline of a small shelter is also 

visible  near the largest mine dump. 
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O i l  and  Gas 

Hydrocarbon  shows  f rom  an  unspecif ied  uni t  i n  t h e  

subsu r face   were   r epor t ed   f rom  d r i l l ho le  H 1  ( sec .   35 ,  T l N ,  

R6W; D. Belknap,   1978,   oral  commun.). E l sewhere   i n   Socor ro  

Coun ty ,   hydroca rbons   a r e   r epor t ed   f rom  Pennsy lvan ian   s t r a t a  

(Anonymous-111, 1963) .   Al though  numerous   in t rus ions   occur   in  

t h e   s t u d y   a r e a ,   t h e r m a l   e f f e c t s  upon in t ruded   Cre t aceous  

s t r a t a   a r e  minor  and r e s t r i c t e d   t o   n a r r o w   z o n e s   a l o n g   t h e  

margins of i n t r u s i v e s  ( M .  C h a i f f e t z   i n   C h a p i n  and o t h e r s ,  

1 9 7 9 ) .  I n  a d d i t i o n ,   b u r i a l   d e p t h  of C r e t a c e o u s   s t r a t a   i n   t h e  

t h e s i s   a r e a  is very  shal low.   Thus,  i t  would   appear   tha t   the  

p o t e n t i a l   f o r   o i l  and g a s  gene ra t ion   f rom t h e  Cre taceous  

u n i t s  is poor. 

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

accumula t ion   a r e   l imi t ed   t o   t h ree   sou thward -p lung ing  

a n t i c l i n e s .  Of t h e s e ,  t h e  two i n  t h e  n o r t h e a s t  and no r thwes t  

s e c t i o n s   a r e   e x t e n s i v e l y   f a u l t e d .  The s m a l l   a n t i c l i n e  mapped 

i n   t h e   s o u t h w e s t e r n   c o r n e r   o f  t h e  s t u d y   a r e a  is t r u n c a t e d  on 

b o t h   f l a n k s  by major NNW-trending f a u l t s  and c u t  by two 

nor theas t - t r end ing   f au l t s   o f   minor   d i sp l acemen t .   Add i t iona l  

hydroca rbon   t r aps  may have  been  created by the  major   normal  

f a u l t s  mapped i n   t h e   s t u d y   a r e a  (see f i g .  1 6 ) .  Chapin  and 

o t h e r s  ( 1 9 7 9 )  n o t e   a p p a r e n t   c h a n g e s   o f   s e d i m e n t a t i o n   r a t e s  

a c r o s s   t h e   T i j e r a s   l i n e a m e n t   ' r e f l e c t e d   w i t h i n   C r e t a c e o u s  

s t r a t a   ( t h e  Twowel l s   Sands tone ,   Gal lego   Sands tone ,   and   the  

Mesaverde  coal   beds) .  They s u g g e s t   t h a t   t h e s e   c h a n g e s   o f  

s e d i m e n t a t i o n   r a t e s  were caused by d i f f e r e n t i a l  movement on 
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the Tileras lineament. Similar movement on the Tijeras 

lineament during Paleozoic sedimentation may have caused 

facies changes and thickness variations. These, in turn, may 

have influenced hydrocarbon entrapment. 

Other 

One fault cutting the  Chinle Formation and the 

Dakota Sandstone in the northeast corner of  the study area 

has  an associated narrow zone of copper mineralization (sec. 

5, TlN, R5W). This was prospected in two locations by a 

shallow shaft and  an  adit. Minerals observed on the dumps 

include malachite, chalcocite, and bornite. No production 

records  are  known. The quantity of dump material does  not 

suggest a very long or extensive production history. The 

remains o€ two stone buildings are located nearby. A small 

exploration pit dug into a similar fault on the eastern side 

of  the Dakota outcrop does not show mineralization. A short 

chalcocite vein was observed  along a fault south of the Hot 

Spot mine within the  Baca Formation (SW.1/4, NW 1/4, sec. 18, 

TlN, R5W). 

The San Andres Limestone and  other Paleozoic 

carbonate units which underlie the study area (Tonking, 1957) 

may  have locally generated C02  gas during times of high heat 

 flow and igneous intrusion. However no  data is available t o  

evaluate this possibility. 
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Conclusions 

1. Stratigraphy 

a) Rock units of  the following formations, from 

oldest to youngest, are exposed at the surface within the 

study area: Chinle Formation, Dakota  Sandstone, Alamito Well 

tongue of the Mancos Shale, Tres Hermanos'Sandstone Member of 

the Mancos Shale, D-Cross Tongue of the Mancos  Shale, Gallego 

Sandstone, Mesaverde Formation, Baca  Formation, Spears 

Formation, Hells Mesa Tuff, A-L Peak Tuff, La Jara Peak 

Basaltic Andesite, and the Popotosa Formation. The 

differentiation and nomenclature of these units reflect 

advances in stratigraphy since Tonking's (1957) 

reconnaissance map  of the Puertecito  quadrangle which 

included  the area of this report. 

b) Lithologic and paleontologic evidence suggest 

that the Dakota Sandstone-lower Tres Hermanos Sandstone and 

the upper Tres Hermanos Sandstone-lowermost Mesaverde 

Formation record two major transgressive-regressive cycles. 

The final eastward marine regress'ion from the study area 

began during deposition of  the D-Cross Tongue, and was 

followed by deposition of  the alluvial and paludal deposits 

of the nonmarine portion of the Mesaverde Formation. 

c) The volcaniclastic Spears Formation intertongues 

with the  top  of  the Baca Formation in the study area. South 

towards the Magdalena Mountains, the Spears  Formation 



109 
0 

u n c o n f o r m a b l y   o v e r l a p s   s u c c e s s i v e l y   o l d e r   P a l e o z o i c   s t r a t a .  

T h e r e f o r e   t h e   s t u d y   a r e a  m u s t  be   l oca t ed  i n  an   a rea   o f  

cont inuous   sed imenta t ion   f rom  Baca   in to   Spears  time. 

d )  The H e l l s  Mesa and A-L Peak t u f f s   a r e   r e l a t i v e l y  

t h i n ,  and o t h e r   t u f f s   f o u n d   t o  t h e  s o u t h   a r e   m i s s i n g .  I n  

a d d i t i o n ,   t h e   H e l l s  Mesa Tuff  and  the  gray-massive member of 

t h e  A-L Peak  Tuff f i l l   c h a n n e l s   e r o d e d   i n t o   u n d e r l y i n g   u n i t s .  

T h e s e   s t r a t i g r a p h i c   r e l a t i o n s h i p s   h a v e   n o t   b e e n   o b s e r v e d   t o  

t h e   s o u t h  and i n d i c a t e   t h a t   t h e   s t u d y   a r e a  was l o c a t e d   n e a r  

t h e   d i s t a l   e d g e   o f   t h e s e   a s h - f l o w   s h e e t s .   D i f f e r e n t i a l  

v e r t i c a l  movements a l o n g   t h e   T i j e r a s   l i n e a m e n t  may a l s o   h a v e  

inf luenced   the   th ickness   o f   the   ash- f low  shee ts .  

e)  The p i n n a c l e s  member of t h e  R-L Peak Tu'ff is 

i n t e r b e d d e d   w i t h i n   t h e  La J a r a  Peak   Basa l t i c   Andes i t e .  

2. S t r u c t u r e  

a )  One b road ,   sou thward -p lung ing   an t i c l ina l   fo ld ,  

t h e  Abbe S p r i n g   a n t i c l i n e ,  i s  e x p o s e d   i n   t h e   s t u d y   a r e a .  The 

Xesaverde  Formation  apparent ly  is t h e   y o u n g e s t  s t r a t a  t h a t  

was f o l d e d .   T h i s   a n t i c l i n e   m o s t   l i k e l y  was formed by t h e  

l a t e  Cre taceous-ear ly   Ter t ia ry   Laramide   orogeny.  No o t h e r  

L a r a m i d e   s t r u c t u r e s   w i t h i n   t h e   s t u d y   a r e a   c a n   b e   d e f i n i t e l y  

i d e n t i f i e d .  

b )   Reg iona l   ex t ens ion   r e l a t ed   t o   deve lopmen t   o f   t he  

Rio  Grande r i f t   f r a c t u r e d   t h e   s t u d y   a r e a   w i t h   n u m e r o u s ,  

c lose ly   spaced ,   p redominant ly   down- to- the-wes t   normal   fau l t s .  

Mafic   dikes   were  emplaced  in  many o f   t hese   no r th - t r end ing  
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f a u l t s .  The  l a r g e r  of t h e s e   f a u l t s   - - “ t h o s e   w i t h   g r e a t e r  

t h a n  5 6 0  f t  ( 1 5 2 . 4  m )  o f   v e r t i c a l   d i s p l a c e m e n t  -- a r e  

a p p r o x i m a t e l y   p a r a l l e l e d  on t h e i r  downthrown s i d e s  by axes   o f  

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

t he   Spea r s   Fo rma t ion ,   p robab ly   a r e   caused  by r e v e r s e   d r a g  

e f f e c t s   s i m i l a r   t o   t h o s e   d e s c r i b e d  by Hamblin ( 1 9 6 5 ) .  . 
c )  The M u l l i g a n   G u l c h   g r a b e n ,   s i t u a t e d   a l o n g   t h e  

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

Ol igocene-ear ly~   Miocene   b lock   fau l t ing .  I t  is bounded  along 

i t s  western  edge by a complex  system  of  predominantly 

down-to- the-east   faul ts .  The s t e e p   e a s t w a r d   d i p   o f   s t r a t a   o n  

b o t h   s i d e s  of t h i s  f a u l t   s y s t e m  is u n u s u a l   f o r   l a t e   C e n o z o i c  . 

normal   fau l t s   and  may r e f l e c t   r e a c t i v a t i o n  of a major 

s t r u c t u r e   i n  t h e  s u b s u r f a c e .  

d )  The Mulligan  Gulch  graben  margin is d e f l e c t e d  

westward i n  two areas   a long   down- to- the-south   t ransverse  

f a u l t   z o n e s .  Away from  the  graben  margin,  t h e  more n o r t h e r l y  

of   these   zones  is evidenced  by d i s c o n t i n u o u s   r e g i o n s   o f  

p redominan t ly   sou theas t -d ipp ing   s t r a t a .   Across   t hese   zones ,  

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

d e c r e a s e s .   T h e s e   t r a n s v e r s e   s t r u c t u r a l   z o n e s   a r e   b e l i e v e d   t o  

r ep resen t   f l exures   above   basemen t   f au l t s  of t h e  

n o r t h e a s t - t r e n d i n g  T i  j e r a s  lineamen‘t. 

. .  .... 
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3 .  Economic 

a) The b a s a l  2 0 0  f t  ( 6 1  m )  of  the  Mesaverde 

F o r m a t i o n   c o n t a i n s   c o a l ,   o r g a n i c   s h a l e s ,   a n d   i n t e r c a l a t e d  

t h i n   s a n d s t o n e s .   O u t c r o p s   o f   a t   l e a s t   e i g h t  1- t o   2 - f t  

(0.30- t o  0 .61-m)- th ick   coa l   beds   occur   in  t h e  v i c i n i t y  of 

Corkscrew  Canyon.   The .coa l   beds   g rade   l a te ra l ly   and  

v e r t i c a l l y   i n t o   o r g a n i c   s h a l e s .   L o c a l l y   t h i c k ,   b u t  

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

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

a t   t h e  Hot Spot   mine  (sec.  18,  T l N ,  R5W). 

b)   Exp lo ra t ion   e f fo r t s   fo r   u ran ium  have   been  

concen t r a t ed   i n   t he   Baca   Fo rma t ion   based   upon   cha rac t e r i s t i c s  

f a v o r a b l e   t o   s a n d s t o n e - t y p e   u r a n i u m   m i n e r a l i z a t i o n .   T h e s e  

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

organic   mat te r   and  t races  of m i n e r a l i z a t i o n .  The Hook 

uranium  prospect  (sec. 13, T l N ,  R6W) has  been  developed  on a 

s m a l l   s c a l e .  On the  whole,   however,   the Baca Formation of 

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

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

channel   sands tones .  The top   o f  t h e  Mesaverde  Formation i n  

some l o c a t i o n s   a p p e a r s   t o   h a v e   t h e  same l i t h o l o g i c  

c h a r a c t e r i s t i c s   w h i c h  would  be f a v o r a b l e   f o r   u r a n i u m  

c o n c e n t r a t i o n .  Many o f   t h e   s a n d s t o n e s   i n   t h i s   f o r m a t i o n  are 

more a r e a l l y   e x t e n s i v e   t h a n   a r e   s a n d s t o n e s   o f   t h e   B a c a  

Formation. 
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Crossbedding:  

p l a n e  

p l a n e  

h igh -ang le :   g rea t e r   t han   15   deg rees   f rom  bedd ing  

low-ang le :   l e s s   t han  1 5  degrees   f rom  bedding  

l a r g e - s c a l e :  g r e a t e r   t h a n  18 f e e t  (3.1 m )  
sma l l - sca l e :  l e s s  t h a n  1 0  f e e t  (3.1 m) 

Bedding   th icknesses   ( Ingram,   1954) :  
v e r y  thick  bedded:  g r e a t e r   t h a n  1 m ( 3  f t )  
thick  bedded:  30 t o  1B0 cm 
medium bedded: 10 t o  30  cm 
th in   bedded :  3 t o  1 0  cm 
very  thin  bedded:  1 t o  3 cm 
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Petrography of formations 
A .  Definitions and code 

D :  

Sort: 

RO : 

%G : 

N :  

Qm : 
QP : 
K :  
P1 : 
Ch : 
Li : 
T :  

Mi : 
0 :  

average apparent grain size in  mm. (visual est.) 
using chart of Folk (1968) 
sorting (visual est.) 
vw - very well 
w - well 
m - moderate 
p - poor 
vp - very poor 

Krumbein and S l o s s  (1963) 
roundness (visual est.) using chart of 

8.1 - angular 
8.9 - well rounded 

percent framework grains of total rock (visual 
est.) using chart of Terry and Chilingar (1955)  

number of grains counted upon which the following 
percentages are based. 
monocrystalline quartz 
polycrystalline quartz 
potassium feldspar 
plagiocla'se 
chert 
lithic fragments 
dominant lithology of lithic fragments 

qz - quartzite 
ms - mudstone 
ps - phyllosilicate balls 
cs - claystone 

sc - quartz-mica schist 
fp - felted plagioclase laths 
ig - igneous 

micas 
other, including opaques and nonopaques, fossils, 
and organic debris 



Appendix IIA continued 

%M : percent matrix material of total  rock  (visual est.) 
using chart of Terry and Chilingar ( 1 9 5 5 )  

%C : percent cement material of  total  rock (visual est.) 

Min : dominant cement mineralogy 
using chart of Ter ry  and Chilingar ( 1 9 5 5 )  

bc - blocky calcite 
PC - patchy calcite 
ph - phyllosilicate 
li - limonite 
ch - chert 

s - syntaxial silica 

% P  : percent porosity of total  rock  (visual est.) 
using chart of Terry and Chilingar ( 1 9 5 5 )  

tr: trace amount  (less than 2%) 

Thin-section abbreviations correspond to  map symbols. 
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B. Petrographic  d3ta 

Tr c-1 TIC-2 

(6.05,0.6 0.13 
W,VP 
0.3,d.3  0.1 

VP 

25  35 

500  496 
10 10 
tr 
2 

8 
40 

tr tr 
tr 7 
85 . 24 
ms  cs 
tr 4 
tr 5 

30  50 

45 15 
bc PC 

t r  3 

__ Kd-1 

0.3 

0.7 
80 

500 
85 
5 

tr 
tr 
3 
3 

q= 
2 
2 

2 

15 

W 

s 

3 

Kd- 2 

0.5,3.2 

0.7,w.5 
m, vp 

82 

500 
50 
tr 
5 

tr 
40 
tr 
q= 
tr 
4 

tr 

15 
S 

3 

Kth-1 

0.18 

0.3 
73 

505 
64 
tr 
1 7  
tr 
tr 
16 
P S  
tr 
tr 

tr 

25 

W 

' Ph 

2 

Kth-2 
0.15 

8.5 
78 

450 
7 7  
tr 
12 

tr 
tr 

7 
ms 
tr 

4 

15 

7 
li 

t r  

W 

Notes:  Trc-1  is a bimodal,  clastic  limestone. 
Kd-2 is a  sandy  conglomerate. 

.. >,;* ....".. ,.: ..:. 
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Appendix IIB continued 

D 
Sort 
RO 
%G 

- 

- 
- 

%C 
Min 
- 
_. 

- %P 

Kg-l 

0.16 

0.3 
60 

500 
80 
tr 
14 
4 
2 
tr 

tr 
tr 

28 

10 
PC 

2 

W 

- 

0.18 

0.3 
m 

35 

502 
25 
t r  
8 
7 
4 

sc  
t r  

3 
48 

15 

50 
bc  

t r  

Kmv- 1 

0.24 

0.3 
65 

496 
87 
tr 
tr 
tr 
11 

ms 
tr 

tr 
tr 

10 

20 
ch 

5 

" 

W 

Kmv- 2 

0.20 

0.3 
m 

58 

440 
32 

4 5  
t r  

5 
2 
14 
PS 
2 

t r  

5 

35 
PC 

2 

Kmv- 3 

L3.25 

0.3 
m 

50 

613 
61 
tr 
12 
2 
9 
13 
PS 
tr 
tr 

7 

40 
bc 

tr 

Tb- 1 

0.3 
P 
0.5 
50 

476 

2 
68 

14 
3 
10 
3 

cs 
tr 
tr 

10 

40 
PC 

tr 

- Tb- 2 

0.35 

0.1 
75 

500 
50 
tr 
5 
3 
35 
5 
fP 
tr 
tr 

2 

20 
PC 

3 

W 

Notes: Kg-2 is  a  fossiliferous,  sandy  limestone. 
Tb-1 is a nodular  sandstone. 

I. 
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Appendix IIB continued 

Tb-3 Ts-1 - T s - 2  
D - 1.0 
Sort m 

0.45,1.25 0.6 

RO 
VPrVP 

0.3 V P  

%G 53 
0.1,O.l  0.3 

- 70  75 
- 

532 
5 0  

18 
2 

5 
13 
10 
ms 
tr 
tr 

502 

t r  
t r  

tr 
30 
t r  
40 

tr 
30 

ig 

402 
tr 
tr 
tr 
20 
tr 
70 
ig 
t r  
10 

%M 

%C 40 
Min 

%P 

- 7 tr 10 

- 27  tr 
- PC li  li 

- 25 tr 15 

Note: Ts-1 is a bimodal rock. 
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