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GEOLOGY 

General 

T h e  Mesita de   Yeso   quadrang le  l i e s  i n   t h e   s o u t h w e s t   p a r t   o f  

t h e  Zuni  B a s i n ,  a b r o a d ,   s h a l l o w   s t r u c t u r e   t h a t   e x t e n d s  

sou thwes tward   f rom  the   Zun i   Moun ta ins   o f  N e w  M e x i c o   i n t o   e a s t -  

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

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

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

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

Zuni B a s i n .   T h e   n o r t h e a s t w a r d   d i p s  are i n t e r r u p t e d   l o c a l l y   b y  

broad,   low  ampli tude,   NW-SE-trending  folds ,   by  NW-SE-trending 

m o n o c l i n a l   f l e x u r e s   u p   o n   t h e   n o r t h e a s t   s i d e ,   a n d   a l s o  by minor  

f a u l t i n g .  A t  l e a s t  two m o n o c l i n e s   h a v e   b e e n   i d e n t i f i e d   i n   t h e  

a r e a .  T h e  longes t   and   mos t   p ronounced   o f  t h e  two is t h e   A t a r q u e  

monocl ine  (Anderson,  198213) w h i c h   e x t e n d s  15 m i  n o r t h w e s t w a r d  

from t h e   A t a r q u e   L a k e   q u a d r a n g l e   a c r o s s   t h e   n o r t h e r n   p a r t  of t h e  

V e n a d i t o  Camp quadrang le .  T h e  o t h e r   m o n o c l i n e   e x t e n d s  

n o r t h w e s t w a r d   f r o m   t h e  Mesita d e   Y e s o   q u a d r a n g l e   a c r o s s   t h e  

s o u t h w e s t   e d g e   o f   t h e   U p p e r   G a l l e s t i n a   C a n y o n   q u a d r a n g l e   w h e r e  it 

f l a t t e n s  o u t   f o r  2 1 / 2  m i  and t h e n  c o n t i n u e s   n o r t h w e s t w a r d   i n   t h e  

P lumasano   Bas inn   quadrang le   (F ig .  1); t h i s  l a t t e r   m o n o c l i n e   c a n  

be t r a c e d   f o r   a p p r o x i m a t e l y 1 2 - 1 4  m i  a n d  i s  r e f e r r e d   t o a s   t h e  

G a l l e s t i n a   m o n o c l i n e ,   a l s o  on   F ig .  1. 

T h e s e   m a j o r   s t r u c t u r a l   e l e m e n t s   p a r a l l e l   t h e   a x i s   o f  t h e  

Z u n i   u p l i f t ,   b u t   p e r h a p s   j u s t  a s  s i g n i f i c a n t l y ,   t h e y   a p p e a r  t o  

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

w r a p   a r o u n d  t h e  s o u t h e r n   e n d   o f   t h e  Def i ance  u p l i f t ,   a s   s h o w n   b y  

1 



2 

350 

Noith Plains 
l ava  beds 

OUTHWFSTERN TRUNCATION 
OF KlAf   AND XmP 

R l N C D N  HONQO 

uni -  B a n d e r a  f lows 

:;".".","::,.","d":',., 
Pescodo  Tongu. o f  Moncor Shale 

F l t e  Rmnch m * m b * i , T r e s  H.rmonor Fm. 

a S t u d y  a c e 0  

0 2 4 6 8  - 
Mi les  

Sprlngerville 

F ig .  I Index  map o f  study  area showing  monoclines  and  truncation of 
Tres  Hermanos  Formation. 



Davis   and  Kiven  (1975) .  T h e s e  s t r u c t u r e s   a l s o   a l i g n   v e r y   c l o s e l y  

w i t h   t h e   n o r t h w e s t - t r e n d i n g   d i k e   s y s t e m   i n  t h e  The  Dyke,  Techado, 

Adams Digg ings ,   and  P i e  Town a r e a s .  

T h e   m o n o c l i n a l   f l e x u r e s  are t h e  most s i g n i f i c a n t   s t r u c t u r a l  

f e a t u r e s   p r e s e n t   n o t   o n l y   l o c a l l y   b u t   i n  a much b r o a d e r   c o n t e x t .  

K e l l y  (1955) s t a t ed  t h a t   " I n  many r e s p e c t s   t h e   m o n o c l i n e s   a r e   t h e  

p r i n c i p a l   s t r u c t u r a l   f e a t u r e s   o f   t h e   C o l o r a d o   P l a t e a u .  Most o f  

t h e   d e f o r m a t i o n   h a s   o c c u r r e d   a l o n g  them." T h e i r   s i g n i f i c a n c e  is 

related t o   t h e   c o n c e p t  of n o r t h e a s t - s o u t h w e s t   h o r i z o n t a l  

c o m p r e s s i o n   o f   t h e   C o l o r a d o   P l a t e a u  area d u r i n g   t h e   L a r a m i d e  

orogeny. As a r e s p o n s e   t o   t h e   r e g i o n a l   c o m p r e s s i o n ,  d i scre te ,  

i n d i v i d u a l   b a s e m e n t   b l o c k s  were u p l i f t e d  by r eve r se   movemenn t s  

a l o n g   s e g m e n t s   o f   h i g h - a n g l e   f r a c t u r e   z o n e s   ( D a v i s ,  1978). These  

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

s t ra ta .  G r o u p i n g s   o f   t h e s e   m o n o c l i n e s  -- some  of  which may b e  

t r a c e d   f o r   m o r e   t h a n  100 m i  i n   l e n g t h  -- have   been   a t t empted   on  

t h e  bas i s  o f   s i m i l a r i t y   o f   t r e n d s ,   w h i c h ,  when r e l a t e d   t o   t h e  

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

mosaic o f   c r u s t a l   b l o c k s .  

The r o c k   u n i t s   t h a t   c r o p   o u t   i n   t h e   a r e a   u n d e r  

c o n s i d e r a t i o n   a r e  1) Upper C r e t a c e o u s   s a n d s t o n e s   a n d   s h a l e s   t h a t  

exceed 500 f t  i n   t h i c k n e s s   w h e r e   t h e  T r e s  Hermanos   Format ion  

(Hook,   Molenaar ,   and   Cobban  [1983]   in   p ress )  i s  p r e s e n t ,  2 )  

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

u p   t o   1 0 0   f t   i n   t h i c k n e s s ,   a n d  3 )  Triassic s h a l e s ,   m u d s t o n e s ,  

s i l t s t o n e s ,   a n d   s a n d s t o n e s   t h a t  make  up t h e  C h i n l e   F o r m a t i o n ,  

wh ich  is est imated t o  be 800-1,000 f t   t h i c k   l o c a l l y  (see Anderson 
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1 9 8 2 b ;   O ' S u l l i v a n ,   1 9 7 7 ) .   A d d i t i o n a l l y  a 3 2 - f t - t h i c k   s e c t i o n   o f  

f l a t - b e d d e d l   r e d d i s h - b r o w n   s i l t y   s a n d s t o n e   a n d   s a n d y   s i l t s t o n e  

t h a t  is well  e x p o s e d   i n   t h e  Los P i l a r e s   a r e a l  500 f t   s o u t h   o f  t h e  

q u a d r a n g l e   b o u n d a r y  i s  sec. 14, may be t h e  e q u i v a l e n t   o f  t h e  Rock 

P o i n t  Member o f  t h e  W i n g a t e   S a n d s t o n e   ( T r i a s s i c )   d e s c r i b e d  by 

H a r s h b a r g e r ,   R e p e n n i n g ,   a n d   I r w i n   ( 1 9 5 7 /  p. 8) .  Howeverl t h i s  

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

Mesita de   Yeso   quadrangle .  

The P a l e o z o i c   s e c t i o n  i n  t h e  s u b s u r f a c e  may b e   i n f e r r e d  

f r o m   a n   o i l  t e s t  d r i l l e d  1 0  m i  t o  t h e  n o r t h   o f   t h e  Mesita d e  

Y e s o   q u a d r a n g l e   i n   t h e  N E  1 / 4  sec. 5 ,  T. 9 N., R. 18 W., i n  1 9 6 3  

by C i t i e s  Serv ice  O i l  Co. ( M a x w e l l   a n d   N o n i n i l   o r a l  

communica t ion ) .   Th i s  test  p e n e t r a t e d  a 1,400 f t  s e c t i o n   o f  

P a l e o z o i c   r o c k s   c a p p e d  by t h e  San  Andres   Limestone.  Upon t h e  

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

s e c t i o n   o f   a p p r o x i m a t e l y   2 , 9 0 0  f t  o v e r l y i n g   t h e   P r e c a m b r i a n  

basement  may b e   p r e s e n t  i n  t h e  s t u d y   a r e a .  

S c a t t e r e d   r e m n a n t s   o f  t h e  U p p e r   T e r t i a r y   B i d a h o c h i  

F o r m a t i o n   a r e   p r e s e n t  i n  t h e   a r e a   f r o m   t h e   n o r t h   s i d e   o f   C a r r i z o  

C r e e k   o n   t h e   s o u t h   t o   P i n e h a v e n   o n   t h e   n o r t h .  T h i s  u n i t  

r e p r e s e n t s   a n   a p r o n   o f   a l l u v i a l  material  d e p o s i t e d   a l o n g  a 

n o r t h w e s t - t r e n d i n g   f l u v i a l   s y s t e m  i n  t h e  uppe r  reaches o f  t h e  

a n c e s t r a l  L i t t l e  Co lo rado  R i v e r  d r a i n a g e   b a s i n .   W i t h i n  t h e  

M e s i t a   d e   Y e s o   q u a d r a n g l e ,   t h e   f o r m a t i o n  is r e s t r i c t e d   t o  t h e  

s o u t h - c e n t r a l   p o r t i o n   w h e r e  i t  c a p s  Mesita de  Yeso,  t h e  

t o p o g r a p h i c   f e a t u r e   f r o m   w h i c h   t h e   q u a d r a n g l e   t a k e s  i ts name. 

Here t h e  B i d a h o c h i   c o n s i s t s   o f  w h i t e  o r   p i n k i s h   g r a y   s a n d s t o n e  

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

I 
4 

Ls 



i n  t h e  D a t i l ,  Mangas ,   and   Ga l lo   Moun ta ins   sou th   and  eas t  of  

Quemado. R e w o r k i n g   o f   t h e   c o a r s e - g r a i n e d   f l u v i a l   d e p o s i t s   o n   t h e  

Z u n i   P l a t e a u   a n d   S a n t a  R i t a  Mesa t o t h e   s o u t h  may h a v e   p r o v i d e d  

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

R i t a  Mesa r ange   be tween  7,200 and  7,300 f t ,  w h e r e a s   t h e  base of 

t h e   B i d a h o c h i   F o r m a t i o n   o n  Mesita de Yeso is be tween  7,000 and  

7,100 f t :   a l t e r n a t i v e l y   t h e  two may be e q u i v a l e n t   a g e .   N o r t h w a r d  

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

t h e   f o r m a t i o n   i n d i c a t e s  a s o u r c e  area i n   t h e   g r a n i t e - c o r e d   Z u n i  

M o u n t a i n s   ( r e p e n n i n g   a n d   o t h e r s ,  1958) .  

M a j o r   u n c o n f o r m i t i e s   i n   t h e  l o c a l  s e c t i o n  occur a t   s y s t e m  

b o u n d a r i e s - t h e   J u r a s s i c / T r i a s s i c ,  t h e  C r e t a c e o u s / J u r a s s i c ,   a n d  

t h e   T e r t i a r y / C r e t a c e o u s .   T h e   U p p e r   J u r a s s i c   Z u n i   S a n d s t o n e  is a n  

e o l i a n   a n d   p a r t l y   f l u v i a l   u n i t   d e p o s i t e d   u n c o n f o r m a b l y  on t h e  

Rock P o i n t  Member o f   t he   Winga te   Sands tone .  T h e  l o c a l  re l ie f  on 

t h e  Rock P o i n t   s u r f a c e  may a p p r o a c h  100 f t ,  a s   i n  t h e  s o u t h e a s t  

c o r n e r   o f   t h e   P l u m a s a n o   B a s i n   q u a d r a n g l e .   I n   t h e   F e n c e   L a k e  

q u a d r a n g l e   j u s t  east  of  t h e  t o w n s i t e  of A t a r q u e ,   t h e   Z u n i   t h i n s  

c o n s i d e r a b l y   a n d   c o n t a i n s   s o m e   a t y p i c a l  facies ,  namely   r edd i sh -  

b r o w n ,   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 .   S i x t e e n  miles t o  

t h e   s o u t h ,   a l o n g   C a r r i z o   C r e e k ,   t h e   J u r a s s i c   h a s   d i s a p p e a r e d  

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

60 m i  d u e  west o f  t h e  a r e a   i n   w h i c h   S i l v e r  (1948)  f i r s t  n o n t e d  

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

s o u t h w a r d   p i n c h o u t   i n d i c a t e s   s t r o n g  east-west c o n t r o l  on 

J u r a s s i c   s e d i m e n t a t i o n .  
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T h e   D a k o t a   S a n d s t o n e   f o r m s   t h e   b a s a l   C r e t a c e o u s   r o c k s   i n  

t h i s  area and  cons i s t s  o f   a p p r o x i m a t e l y  100 f t  o f   nonmar ine ,  

m a r g i n a l   m a r i n e ,   a n d   m a r i n e   s a n d s t o n e s   a n d   s h a l e s   t h a t  were 

d e p o s i t e d   i n   f r o n t  of a n d   i m m e d i a t e l y   b e h i n d   t h e   s h o r e l i n e  of t h e  

a d v a n c i n n g   i n t e r i o r   s e a w a y   d u r i n g   C e n o m a n i a n  time. The   l ower  

t w o - t h i r d s  t o  t h r e e - f o u r t h s  of t h e   f o r m a t i o n  i s  n o n m a r i n e ,   w i t h  

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

s h a l e s .  The s h a l e s  are  l o c a l l y   c a r b o n a c e o u s   w i t h   v e r y   m i n o r  

c o a l y   b e d s .   T h e   v e r y   t h i n ,   l e n t i c u l a r r   c o a l y   b e d s  are  o f   poor  

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

F o l l o w i n g   t h e   D a k o t a - M a n c o s   t r a n s g r e s s i o n r   t h e   r e g r e s s i v e   M o r e n o  

H i l l  F o r m a t i o n   a n d   t h e   p a r t l y   e q u i v a l e n t  Tres  Hermanos   Format ion  

(Hook,   Molenaar ,   and  Cobban  1983/   in  press) were d e p o s i t e d  

t h r o u g h o u t  much of w e s t - c e n t r a l  N e w  Mex ico .   These   pa r t ly  

e q u i v a l e n t   u n i t s   c o n t a i n  coal i n   b e d s   u p   t o  2 and  3 f t  i n  

t h i c k n e s s ,   l o c a l l y   t h i c k e r   ( C a m p b e l l ,   1 9 8 1 )   a n d   o f   h i g h e r   q u a l i t y  

t h a n   t h a t   f o u n d   i n   t h e   D a k o t a .  The c o a l   o c c u r r e n c e s  on t h e  

Mesita de Yeso q u a d r a n g l e  a re  s o m e w h a t   t h i n n e r   t h a n  t h i s  and  a re  

e s s e n t i a l l y   r e s t r i c t e d   t o   t h e  T res  Hermanos   Fo rma t ion   ou tc rops  

w h i c h   h e r e   d e f i n e   t h e   s o u t h w e s t   e d g e   o f  t h e  G a l l u p - Z u n i   c o a l  

f i e l d .  C o a l   r e s o u r c e s  a re  d i s c u s s e d   i n  g rea te r  d e t a i l   i n   t h e  

l a s t  s e c t i o n  of t h i s   r e p o r t .  

S t u d y  Area 

S t r u c t u r e  

The g e n t l e   n o r t h e a s t e r l y   d i p s   p r e v a l e n t   i n   t h e   M e s i t a  de 

Yeso   quadrang le   a r ea   have   p roduced  a t o p o g r a p h y   c o n s i s t i n g   o f  
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sands tone -capped  low mesas a n d   n o r t h w e s t - s o u t h e a s t - t r e n d i n g  

c u e s t a s .   S u p e r i m p o s e d   o n   t h i s   s t r u c t u r a l   f r a m e w o r k  a re  1) a 

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

i n  t h e   s o u t h - c e n t r a l   p o r t i o n   o f   t h e   q u a d r a n g l e   a n d   2 )  a 

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

s o u t h e a s t   e n d   o f   t h e  G a l l e s t i n a  monoc l ine  (see Fig.  l), which  

e x t e n d s   i n t o   t h e   n o r t h - c e n t r a l  pa r t  of  t h e  q u a d r a n g l e .  

T h e  Mesita d e   Y e s o   h i g h  is more a c c u r a t e l y  a n o r t h e a s t -  

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

f a u l t ( s )   a t  i t s  sou thwes t   end .  A n o r t h w e s t - t r e n d i n g  f a u l t  o n   t h e  

west e x t e n d s   i n t o  sec. 14  of t h e   q u a d r a n g l e   f r o m  t h e  Los P i l a r e s  

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

Mesita d e   Y e s o ;   h o w e v e r ,   t h e   f a u l t   c a n n o t   b e   t r a c e d   a c r o s s   t h e  

d r a i n a g e   t o  t h e  n o r t h .   T h e   d i s p l a c e m e n t  a t  Los P i l a r e s  is 

a p p r o x i m a t e l y   2 5  f t .  A d d i t i o n a l   f a u l t i n g  is shown i n  secs. 13 

and  1 4  i m m e d i a t e l y   s o u t h  of t h e   q u a d r a n g l e   b o u n d a r y   o n   t h e   F e n c e  

Lake   quadrang le   by   McLe l l an   and   o the r s   (1981) ,   bu t  these  f a u l t s  

canno t   be   t r aced   no r thward .   However ,  a n o r t h w e s t - t r e n d i n g  f a u l t  

s h o w n   b y   t h e s e   a u t h o r s   a s   f o l l o w i n g   C a n o n   A n c h o   i n  s e c . 1 3  may 

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

i n  t h e  S E  1 / 4  sec.  11, T. 6 N., R. 18  W. ( s h o w n   o n   t h e  

accompanying  map).  

M e s i t a   d e Y e s o  i s  a p p a r e n t l y  a c ros s  f o l d   v e r y  s imi la r  t o  

t h o s e   d e s c r i b e d   o n   t h e   V e n a d i t o  Camp a n d   A t a r q u e   L a k e   q u a d r a n g l e s  

t o   t h e  west (Ander son ,   1982a ,   b ) ,   where   t hey  a re  t h o u g h t   t o   b e  

r e l a t e d  t o  t h e  s i n u o s i t y   o f   t h e   n o r t h w e s t - t r e n d i n g   A t a r q u e  

monoc l ine  (see Fig.  1). T h e  Mesi ta   de   Yeso  is e s p e c i a l l y  similar 

t o  t h e  s t r u c t u r e   f o r m i n g   t h e  sec.  5 mesa (T. 6 N., R. 1 9  W.) o n  
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t h e   A t a r q u e   L a k e   q u a d r a n g l e .  Mesa Co lo rado ,  a p r o m i n e n t  l oca l  

f e a t u r e   j u s t   o f f   t h e   w e s t e r n   e d g e   o f   t h e   s t u d y  area,  i s  t h o u g h t  

t o  owe i t s  p r o m i n e n c e   t o  a t h i c k e n i n g  of t h e   J u r a s s i c   s a n d s t o n e  

s e c t i o n   r a t h e r   t h a n   t o   a n y   s i g n i f i c a n t  cross fo ld ing   (Ander son ,  

1 9 8 2 b ) .  

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

n o r t h w e s t   c o r n e r   a n d   t e r m i n a t e s   j u s t   s h o r t   o f  NM-32 is shown i n  

s t r u c t u r e   s e c t i o n  A-A' on t h e  accompanying map. Maximum d i p s  

r e c o r d e d   o n   t h e   m o n o c l i n a l   f a c e  were o n l y  110 s o u t h w e s t   ( i n  sec. 

3 4  of T. 8 N., R. 18  W.); n e v e r t h e l e s s ,  t h e  f l e x u r e  i s  a 

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

s o u t h e a s t w a r d   e x t e n s i o n   o f   t h e   G a l l e s t i n a   m o n o c l i n e  of S t r i c k e r  

a n d   A n d e r s o n   ( 1 9 8 3 ,   i n   p r e p a r a t i o n ) .   L i k e   t h e   A t a r q u e   m o n o c l i n e  

1 0  m i  t o  t h e  s o u t h w e s t ,   t h i s   m o n o c l i n e   h a s  a s i n u o u s   t r a c e   w i t h  

a n   e s p e c i a l l y  sha rp  bend a t  t h e   q u a d r a n g l e   b o u n d a r y   i n  sec. 34. 

B o t h  these m o n o c l i n e s   a r e   l i k e l y   t o   b e   a s s o c i a t e d   w i t h   h i g h - a n g l e  

o r   h i g h - a n g l e - r e v e r s e   f a u l t s   i n   t h e   P r e c a m b r i a n   b a s e m e n t  a s  shown 

on t h e  map cross s e c t i o n .   T h e   o r i g i n   o f   h i g h - a n g l e   b a s e m e n t  

f a u l t s   h a s   b e e n   d i s c u s s e d   b y   D a v i s   ( 1 9 7 8 ) ,  who c o n s i d e r e d   t h e m   t o  

be a r e s p o n s e   t o   n o r t h e a s t - s o u t h w e s t - d i r e c t e d   h o r i z o n t a l  

c o m p r e s s i o n  a t  t h e   C o l o r a d o   P l a t e a u   d u r i n g  t h e  Laramide  orogeny.  

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

Colorado P l a t e a u .  

O t h e r   s t r u c t u r e s   o n   t h e   q u a d r a n g l e   c o n s i s t s   o f  a c u r v e d ,  

n o r t h w e s t - t r e n d i n g ,   a s y m m e t r i c   a n t i c l i n a l   f o l d   i n   t h e  S 1 / 2  sec. 

36, T. 8 N., R. 18 W. a n d   a n   e a s t - w e s t - t r e n d i n g   f a u l t   i n  t h e  

extreme s o u t h e a s t   c o r n e r   o f   t h e   q u a d r a n g l e   i n  secs. 16  and   17 ;  
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t h e  trace o f   t h i s   f a u l t   f o l l o w s   T e r r e r o  Draw. The  upthrown  block 

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

b l o c k   o c c u r r e d  a s  g r e a t e r   d i s p l a c e m e n t   e x i s t s   o n   t h e  west end. 

T h i s   t i l t i n g   " a g a i n s t   d r a i n a g e "   h a s   r e s u l t e d   i n   t h e   f o r m a t i o n   o f  

swamp c o n d i t i o n s   f r o m  time t o  time i n   T e r r e r o  Draw as  is 

e v i d e n c e d   b y   t h e   b l a c k ,   p e a t y   s o i l s   f o u n d  i n  s c a t t e r e d   p a t c h e s .  

S t r a t i g r a p h y  

The o l d e s t   r o c k s   e x p o s e d  on t h e   q u a d r a n g l e   a r e   t h o s e   o f   t h e  

C h i n l e   F o r m a t i o n .   A l t h o u g h   t h e   f o r m a t i o n  was mapped, it was n o t  

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

u n d e r l a i n  by t h e   C h i n l e   ( t h e   s o u t h w e s t   c o r n e r   o f  t h e  map) h a s  a n  

a l l u v i a l   c o v e r .   C o n s i d e r a b l e  areas o f   a l l u v i u m  were mapped h e r e  

because   o f  t h e  u n c e r t a i n t y   s u r r o u n d i n g   t h e   e x t e n t  of t h e  Rock 

P o i n t  Member o f   t he   Winga te   and  t h e  sudden   appea rance   and  

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

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

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

t h a t  are  a s s i g n e d   t o   t h e   P e t r i f i e d   F o r e s t  Member. S t e w a r t ,  

P o o l e ,   a n d   W i l s o n   ( 1 9 7 2 )   d e s c r i b e d   a n d   m e a s u r e d   s e c t i o n s   o f   t h e  

C h i n l e  a t  t w o   n e a r b y   l o c a l i t i e s .  A t  o n e   l o c a l i t y   n o r t h  of S t .  

Johns ,   Ar i zona ,   be tween  34O42'N and   34046 'NI   the  upper p a r t   o f  

t h e   P e t r i f i e d   F o r e s t  Member is 5 9 1  f t  t h i c k   w i t h i n  a t o t a l   C h i n l e  

s e q u e n c e   t h a t  i s  827 f t  t h i c k .  A t  t h e   o t h e r   l o c a l i t y  near  Z u n i ,  

N e w  Mexico,   178 f t  o f   P e t r i f i e d   F o r e s t  Member was measured.  The 

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

t h e   b a s e  is n o t   e x p o s e d .   T h e   C h i n l e   w a s   e s t i m a t e d   t o   b e  800 t o  

1,000 f t  t h i c k  on t h e   a d j a c e n t   A t a r q u e   L a k e   q u a d r a n g l e  by 
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Anderson (198233). O'Sullivan (1977) placed his  400-m (1,320-ft) 

isopach a few  miles  to the  north  of  the  Mesita  de  Yeso  quadrangle 

area,  with the Chinle  Formation thinning to the south. 

A 32-ft-thick section of reddish-brown, flat-bedded silty 

sandstone  is  exposed at  Los  Pilares just 500 ft south of the 

quadrangle in sec. 14 (T. 6 N., R. 18 W.) where  it  rests  on  Chinle 

Formation  mudstones and shales. This  uniform  sequence  is here 

considered  to  be  the  equivalent ofthe  RockPoint  Member  ofthe 

Wingate  described by Harshbarger,  Repenning, and Irwin (1957, p. 

8) as a  pale-reddish-brown  silty  sandstone at the type locality 

near  Rock Point,'  Arizona. They  further  interpreted it as a  quiet 

water deposit  that  accumulated in a  southward-plunging basin 

(Rock Point  Lagoon) fed by streams entering  from the northeast, 

east, and southeast. An  embayment at the eastern  margin of  the 

lagoon was  shown extending  across the New Mexico  State  line  in 

the  Zuni-Atarque area. The Rock Point  Member,  however,  becomes 

unmappable  a very short  distance  north of Los Pilares inside sec. 

11, T. 6 N.,  R. 18 W. (see  accompanying map). Its  presence 

northward  from  this  point  on the quadrangle is uncertain: it 

appears as a 6-ft-thick unit  at the base of Mesa  Colorado,  just 

off the west  boundary of the quadrangle  (Anderson, 1982b). 

e 

The  white, fine-grained, crossbedded  sandstone  comprising 

the uppermost  Jurassic  rocks and capped by the Dakota  Sandstone 

is the Zuni Sandstone. Anderson (1983, in preparation)  defines 

the Zuni as consisting of the undivided equivalents of the Cow 

Springs  and  Entrada Sandstones. The  name  Cow  Springs was 

proposed by Harshbarger,  Repenning, and Jackson (1951) for the 

greenish-gray to  light-yellowish-gray, fine-grained, crossbedded 
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s a n d s t o n e   t h a t   w e a t h e r s   t o   g r a y i s h - w h i t e   r o u n d e d  c l i f f s .  A t  t h e  

t y p e   s e c t i o n  4 m i  e a s t  o f  Cow S p r i n g s ,   A r i z o n a ,  t h e  C o w  S p r i n g s  

S a n d s t o n e  is 3 4 2 - f t - t h i c k   a n d  is u n c o n f o r m a b l y   o v e r l a i n  by t h e  

Dako ta   Sands tone .   Add i t iona l   work   by   Har shba rge r ,   Repenn inng ,  

a n d   I r w i n   ( 1 9 5 7 )   e x t e n d e d   t h e  Cow S p r i n g s   t e r m i n o l o g y   i n t o  t h e  

Z u n i   R e s e r v a t i o n   o f  N e w  Mexicb, w h e r e   t h e y   s t a t e d  it is n o t  

e a s i l y   d i s t i n g u i s h e d  from t h e   u n d e r l y i n g   E n t r a d a .  A 4 4 0 - f t - t h i c k  

s e c t i o n   n e a r   B l a c k  Rock was d e s i g n a t e d  a s  Cow S p r i n g s   S a n d s t o n e  

r e s t i n g   o n   t h e   f l a t - b e d d e d  Rock P o i n t  Member o f   t he   Winga te  

S a n d s t o n e   a n d   u n c o n f o r m a b l y   o v e r l a i n  by t h e   D a k o t a   S a n d s t o n e .  

From t h e r e   t h e   u n i t  may be t r a c e d   i n   o u t c r o p   s o u t h e a s t w a r d  

t h r o u g h   t h e   P l u m a s a n o   B a s i n   q u a d r a n g l e   a n d   i n t o   t h e   M e s i t a  de 

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

" see. 35, T.  9 N., R. 19W., and sec. 3 1 1  T.  8 N . ,  R .  18 W. 

N o r t h w e s t  o f   t h e   s t u d y  area t o w a r d   F o r t   D e f i a n c e   a n d   B l a c k  

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

B l u f f   F o r m a t i o n s   a n d   o v e r l i e s   t h e   E n t r a d a .   N o r t h w a r d   a n d  

n o r t h e a s t w a r d   n e a r   T o d i l t o   P a r k  t h e  s a n d s t o n e   a p p e a r s   t o  

i n t e r t o n g u e   w i t h   t h e  Westwater Canyon  Member  of t h e  Mor r i son  

Forma t ion   and  is c o n s i d e r e d  t o  b e   a n   e o l i a n   d e p o s i t  

contemporaneous  w i t h  t h e   f l u v i a l   M o r r i s o n   ( H a r s h b a r g e r ,  

Repenn ing ,   and   I rwin ,   1957 ,  p. 50). From t h e   L u p t o n ,   A r i z o n a ,  

area s o u t h w a r d ,   t h e   c o n t a c t   b e t w e e n   t h e  C o w  S p r i n g s   a n d   t h e  

u n d e r l y i n g   E n t r a d a   b e c o m e s   u n i d e n t i f i a b l e   ( H a r s h b a r g e r ,  

Repenning ,   and   Jackson ,   1951) .  Hackman and   Olson   (1977)   used  t h e  

term Cow S p r i n g s - E n t r a d a  (Jcse)  f o r   t h i s   i n t e r v a l   i n   t h e   Z u n i  

a rea :  
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In the Los Pilares  area  immediately  south  of the Mesita  de 

Yeso quadrangle  the basal Zuni  Sandstone commonly  has a thin 

conglomeratic  zone, 1-3. ft  thickt resting on an  irregular 

surface. The  irregular  surface  is  locally  developed  on a 4-ft- 

thick, greenish-gray siltstone and very fine  grained  silty 

sandstone that -- in  contrast  to the underlying  reddish-brown 
siltstone -- is indistinctly bedded and noncalcareous. As no 

break in deposition is apparent  at the reddish-brown/greenish- 

gray boundary, the unit is considered to  be all  Rock Point. The 

base of the Zuni  and, hence, the Upper  Triassic-Upper  Jurassic 

unconformity  is  represented by the irregular  surface and the 

conglomerate. 

The  remainder  of  the  Zunit  which  measures 90 ft  in  allt  is 

composed  of  white  to pinkish-gray fine-grained sandstone. Its 

most  distinguishing  characteristic is the large-scale sets  of 

high-angle festoon  and planar crossbedding which indicate an 

eolian origin. Crossbed dip directions are to  the southwest 

generally with 220-240 dips. A zone  of  dark-brown,  ferruginous 

concretions with crossbed  laminations  passing  through  them  forms 

a prominent break 60 ft  above the base. As previously  mentioned 

local  variations in thickness are considerable, and the unit 

contains  some  red  beds  near  the  townsite  of  Atarque  and  in  the 

southeast  corner of the Plumasano Basin quadrangle. Because  much 

of the Triassic  sequence and the Cretaceous  sequence  is  shale, 

wherever a thick,  resistant  Jurassic  sandstone  is  present  local 
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p r o m i n e n c e s   l i k e  Los P i l a r e s  and Mesa Co lo rado   (A ta rque   Lake  

quadrang le )   have   deve loped .  Fig. 2 i s  a c o m p o s i t e   s t r a t i g r a p h i c  

column f o r  t h e  M e s i t a   d e   Y e s o - L o s   P i l a r e s  area.  

The C r e t a c e o u s   r o c k s   c o n s i s t ,   i n   a s c e n d i n g   o r d e r ,   o f   t h e  

ma in   body   o f   t he   Dako ta   Sands tone ,   an   i n t e r tongued   Dako ta  

Sands tone -Mancos   Sha le   s equence ,   t he  Rio S a l a d o   t o n g u e   o f   t h e  

Mancos ,   and   t he   coa l -bea r ing  Tres  Hermanos  Formation.  T h e  r o c k s  

c a l l e d   t h e   m a i n   b o d y   o f   t h e   D a k o t a   S a n d s t o n e  are  t h e  m a r i n e ,  

m a r g i n a l   m a r i n e ,   a n d   n o n m a r i n e   r o c k s   t h a t  make u p   t h e   l o w e s t   p a r t  

of t h e   C r e t a c e o u s   s e q u e n c e   i n   w e s t - c e n t r a l  N e w  Mexico  (Hook, 

Cobban,   and  Landis ,  1980). I n   t h e   s t u d y   a r e a   t h e   D a k o t a  is 

composed  of a basal ,  c r o s s b e d d e d ,   f l u v i a l   s a n d s t o n e  or  

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

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

m a r g i n a l - m a r i n e   s a n d s t o n e s   t h a t  form t h e   u p p e r  25 f t  of  t h e   u n i t  

(F ig .  2). Root t u b e s  were n o t e d   a t   t h e   t o p   o f   t h e   f l u v i a l  

s a n d s t o n e   i n   t h e  S E  1/4, N E  1/4 sec. 1 7 ,  T. 7 N., R. 1 7  W. 

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

b i v a l v e s   P y c n o d o n t e  cf. - P. k e l l u m i   a n d   E x o g y r a   l e v i s   a n d  

T u r r i t e l l a  sp. a n d   v a r i o u s   o t h e r   g a s t r o p o d s .   T h e   D a k o t a  i s  

o v e r l a i n  by t h e  lower p a r t   o f  t h e  Mancos Sha le ,  a 2 0 - f t - t h i c k  

a r e n a c e o u s   s h a l e  t h a t  i s  e x p o s e d   i n   t h e  NE 1 / 4  sec. I, T. 6 N., 

R. 18 W.; e l s e w h e r e  i t  is c o v e r e d   o r   u n r e c o g n i z a b l e .   T h i s   s h a l e  

tongue  is p r o b a b l y   e q u i v a l e n t   i n  p a r t  t o   t h e   C l a y  Mesa Tongue, 

w h i c h   h a s  a t y p e   s e c t i o n   d e s i g n a t e d   i n   t h e   L a g u n a ,  N e w  Mexico, 

area ( a s  d o   m o s t   o f   t h e   i n t e r t o n g u e d   D a k o t a - M a n c o s   u n i t s   [ L a n d i s ,  

Dane ,   and   Cobban,   19731) .   However ,   because   o f   the   p inchout   o f  

a n   u n d e r l y i n g   s a n d s t o n e   t o n g u e   ( t h e   C u b e r o )  a few miles s o u t h w e s t  

1 3  
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Fig. 2 .  Composite  stratigraphic  column  for  the  Mesita  de  Yeso-Los  Pilares  area 

scale 
(ft. 1 

Bidahochi - /"l Ss and  cgl.; ss rich  in  lithic  fragments;  cgl  composed  of  vesicular 
basalt,  basaltic  andesites,  rhyodacite,  other  volcanics,  and  qtzite Fm 

D D O O . * D I .  

%%%R%B.%oI: ~ 

Sh,  gray;  calc. sh and  calcarenite  beds 30-35 ft.  above  base  are 
Rio  Salado rich  in E. newberryi  (Stanton)  fragments; numerous  thin  bentonitic 

beds  below and  in'calc.  beds  are  white to orange  weathering 

Twowells very fa to  fn  grained,  pale^ -yellowish-gray %o .pale  olive, 

Tongue 75 - burrowed,  com.  bioturb.,  cross-bedded  in  upper  parts;  thin  shale 

3- com.;  fossiliferous  in  mid & up parts 

Shale,  gray  to  med.  dark  gray; E. trigeri  (Coquand)  present 
especially  in  middle  part,  selenite  xtals;  15"  thick  white  to 
orange  bentonite  bed  near  the  middle,  but  is  poorly  exposed  here. 

Whitewater xxxxx 
Arroyo 
Tongue  l25 - 
Paguate 
Tongue I5O - 

Lower part 
of 

SS, very  fn  to  fn  grained,  pale yellow gray  to  grayish  orange;  com 
fOSSiliferOus  at  top, E. cf-E. kellumi and~large specimens.of ~E. 
Arenaceous sh;  poor  exposures 

levi: 

Mancos. 175 - 
200- 

Ss. very  fn  to fn grained,  grayish  orange to pale  yellow  brown; com. 
flaggy  bedded  esp.near  top;  small  burrows  present  in  upper  parts 

I 
Dakota  225 - Sh,  gray  to  brownish  gray;  paludal;  thin ss and  arenaceous sh beds 

middle 
locally;  carbonaceous  zones  with  very  thin  coaly  beds  present  near ss 

Ss,  fn  to low mea  grained,  sravish  orange  to  pale  vellowish  brn; . - - - " 

fluvial;  locally  conglomeratic at base 

Ss, white  to  pinkish  gray,  very fn grained;  thick  sets  of  southwest 
dipping  high  angle  planar  and  festoon  cross  beds;  locally a pebble 
conglomerate  zone  at  base;  variation  in  thickness  is  considerable; 
where  thin it may  be  greenish  gray  and  more  poorly  cemented 

. ..,. _.,. .;:: .,...,... ' . .  

. .,. ... :::::: ....' :. . ... . .. . . .,; .. . . .:. ... :.;. .... . ..  .:.:.:. '[ 350 - 
. . . . . , : ...,.. 
.,... I .  

Rock  Point Ss and  siltst,  lower  very fn grained ss with  siltst,  reddish  brown, 
flat  bedded;  locally 3' to 4 '  greenish  gray  zone at top 

Chinle 
Fm 

(section  not  me.asured) 

increaslng ,,I,, c-: r +*.:;:: 8 T"J ,. :....>.: burrows  cross-bedded  root  tubes 

grain  size 
XXXXxbentonite  bed 

carbonaceous 



o f L a g u n a r  t h e  term C l a y  Mesa c a n n o t   b e   e x t e n d e d  i n t o  t h e   s t u d y  

area a n d   h e n c e   t h e  in formal  term " l o w e r   p a r t   o f  t h e  Mancos  Shale"  

i s  u s e d   h e r e  (see Hook,  Cobban,  and  Landis,  1980). 

O v e r l y i n g   t h e  s h a l e  is t h e  Paguate   Tongue   of   the   Dakota  

S a n d s t o n e :   t h e   P a g u a t e   c o n s i s t s  of a 2 0 - f t - t h i c k ,   m a s s i v e r  

c r o s s b e d d e d ,   c o a r s e n i n g - u p w a r d   s a n d s t o n e   u n i t  t h a t  commonly  has a 

f o s s i l - h a s h   z o n e   a t  t h e  top   composed  almost e x c l u s i v e l y   o f   s h e l l s  

of Exogyra l e v i s  and   Pycnodonte  cf. P. ke l lumi .   La rge   b rown  

f e r r u g i n o u s / c a l c a r e o u s   c o n c r e t i o n s  may a l s o  b e   p r e s e n t  i n  t h e  

u p p e r  part .  The u n i t   c h a r a c t e r i s t i c a l l y   w e a t h e r s   t o  a l i g h t - t a n  

or p a l e - g r a y i s h - o r a n g e   c o l o r .   T o p o g r a p h i c a l l y  i t  is g e n e r a l l y  a 

s m a l l   c l i f f   f o r m e r ,   b u t   o u t c r o p s  a re  v e r y   r e s t r i c t e d  on t h i s  

quadrang le .  Good o u t c r o p s  may b e   f o u n d   i n   t h e   S e  1/4 sec. 36, 

T. 7 N., R. 18 W., w h e r e   l a r g e   s p e c i m e n s  of E. l e v i s   h a v e   b e e n  

c o l l e c t e d .   N o r t h w a r d   t h e  u n i t  merges w i t h   t h e   m a i n   b o d y   o f  t h e  

D a k o t a ,   a s   t h e   l o w e r  pa r t  of t h e  Mancos   Sha le   p inches  out. Near 

t h e  v i l l a g e   o f  Two Wells, 1 4  m i  d u e   n o r t h   o f  Z u n i ,  a t  t h e  t y p e  

l o c a l i t i e s   o f  t h e  T w o w e l l s  Tongue   o f   t he   Dako ta   and   t he  

Whitewater Arroyo  Tongue of t h e  Mancos, t h e   P a g u a t e  is n o t  

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

Dakota   Sands tone   (Hook,   Cobban,   and   Landis ,   1980) .  

- 

- 

The  Whitewater   Arroyo  Tongue  of  t h e  M a n c o s   S h a l e   o v e r l i e s  t h e  

Paguate   Tongue   th roughout   the   Zuni   Bas in .   The   name  was   p roposed  

by Owen (1966)   who   app l i ed  i t  t o  a "wel l  d e f i n e d r   p e r s i s t e n t  

tongue  of m a r i n e  s h a l e  s e p a r a t i n g   t h e   T w o w e l l s   [ T o n g u e ]   f r o m  t h e  

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

San   Juan  Bas in"  ( a n d   i n   t h e   G a l l u p   S a g   a r e a ) .  A t y p e   s e c t i o n  w a s  
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d e s i g n a t e d   i n   W h i t e w a t e r   A r r o y o   i n  sec. 1 7   o f  T. 1 2  N., R. 1 9  W.1 

n e a r   t h e   v i l l a g e  of  Two Wells, w h e r e  i t  i s  80 f t  t h i c k   a n d  

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

I t  c rops  o u t   o n l y   s p a r i n g l y   i n   t h e   p r e s e n t   s t u d y  a r ea  w h e r e  i t  

c o n s i s t s  of a n  estimated 60 f t  of medium- t o   d a r k - g r a y  f issi le 

s h a l e   a n d   c o n t a i n s   t h e   r e l a t i v e l y   l a r g e   o y s t e r   E x o g y r a   t r i g e r i  

(Coquand) i n  i t s  m i d d l e   p o r t i o n .   A l s o   v e r y   n e a r  t h e  midd le  is a 

d i s t i n c t i v e  w h i t e -  t o  o r a n g e - w e a t h e r i n g   1 5 - i n c h - t h i c k   b e n t o n i t e  

I 

I 

I bed t h a t  isl however ,   no t  we l l  exposed   here .  Good e x p o s u r e s  of 

the   Whi t ewa te r   Ar royo   Tongue   and  t h e  b e n t o n i t e   b e d   o c c u r   t o   t h e  

west o n   t h e   V e n a d i t o  Camp q u a d r a n g l e   i n   t h e  NE 1 /4  sec. 30, T. 7 

N., R. 19  W., where  it is p r o t e c t e d  by a c o v e r  of Twowel l s  

S a n d s t o n e .   T h e   b e n t o n i t e   b e d   h a s   a l s o   b e e n   r e c o g n i z e d  18 m i  t o  

t h e   s o u t h w e s t   o n   t h e   T w e n t y t w o   S p r i n g   q u a d r a n g l e   a n d   7 5  m i  t o   t h e  

e a s t  o n   D - C r o s s   M o u n t a i n   w h e r e  i t  may b e   o n l y  8 i n c h e s   t h i c k  

(Hook,   Cobban,   and  Landis ,  1980). 

The  Twowells  Tongue  of t h e  D a k o t a   S a n d s t o n e   c r o p s   o u t   i n  t h e  

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

20 f t  i n   t h i c k n e s s   b u t  is g e n e r a l l y  less. Good o u t c r o p s  may be 

f o u n d   a l o n g   t h e   m o n o c l i n e   i n   t h e   n o r t h e r n   p a r t  of t h e  quadrang le .  

T h e   T w o w e l l s   c o n s i s t s   o f . 1 )  a b a s a l ,   4 - f t - t h i c k I   v e r y   f i n e  

g r a i n e d ,  f l a t -  t o  wavy-bedded   sands . tone   tha t  i s  l o c a l l y   b u r r o w e d  

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

t h i n ,   b e n t o n i t i c   c l a y   o v e r l y i n g  is we l l  e x p o s e d   a l o n g  NM-32 i n  

secs. 6 a n d   7 ,  T. 6 N., R. 1 7  W.: 2 )  a n   o v e r l y i n g   g r a y   s h a l y  

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

is a l s o   l o c a l l y   f o s s i l i f e r o u s :   a n d  3)  a n   u p p e r ,   f i n e -  t o  lower -  

med ium-gra ined ,   pa l e -ye l lowish -g ray ,   c ros sbedded   s ands tone l  
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c h a r a c t e r i s t i c a l l y   w i t h   t h i n l y   i n t e r b e d d e d  s h a l e  a n d   c l a y  clasts:  

wavy  bedding i s  a l so  c h a r a c t e r i s t i c   o f  t h i s  upper   sands tone .   The  

Twowel l s  is well  d i s p l a y e d  on t h e   q u a d r a n g l e   b o u n d a r y   i n  t h e  SW 

1 / 4  sec. 3 5 ,  T. 8 N., R. 18  W. An u n c h a r a c t e r i s t i c a l l y   m a s s i v e ,  

s t r u c t u r e l e s s ,   1 2 - f t - t h i c k   s e c t i o n   o f   s a n d s t o n e  is e x p o s e d   i n   t h e  

SW 1 / 4  NE 1 / 4  sec.  29 ,  T. 7 N., R. 1 7  W., f o r m i n g   t h e   u p p e r   p a r t  

o f   t he   Twowel l s .  

F o s s i l s   i n   t h e   T w o w e l l s   c o n s i s t   a l m o s t   e x c l u s i v e l y   o f  

, P y c n o d o n t e   k e l l u m i ,   f r a g m e n t s   o f   E x o g y r a   t r i g e r i   ( C o q u a n d ) ,   a n d  
~ 

small s p e c i m e n s  of Exogyra   l ev i s .   Ev idence  of bur rowing   and  

b i o t u r b a t i o n  i s  common t h r o u g h o u t :   t h e   b u r r o w s   i n c l u d e  

I Ophiomorpha .   Bo th   t he   Twowel l s   and   t he   Pagua te   Tongues  may 

r e p r e s e n t   m i n o r   r e g r e s s i v e   p u l s e s   i n   t h e   D a k o t a - M a n c o s  

t r a n s g r e s s i v e   s e q u e n c e .  T h e  T w o w e l l s   i n   p a r t i c u l a r   c o n t a i n s  

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

i n  a t i d a l  channe l   env i ronmen t .  

I 

I 

T h e  Rio S a l a d o   T o n g u e   o f   t h e   M a n c o s   S h a l e   r e p r e s e n t s  a rapid 

r e t u r n  t o  open-marine,  deeper water c o n d i t i o n s   o r   a n   i n t e r r u p t i o n  

i n   s e d i m e n t   s u p p l y   f o l l o w i n g   d e p o s i t i o n  of Twowells .   The  Rio 

S a l a d o   c o n s i s t s   o f   u p   t o   2 4 0  f t  of   medium-gray  and  grayish-brown 

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

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

t o p  w h e r e  i t  g r a d e s   i n t o   t h e   o v e r l y i n g  Tres  Hermanos  Formation. 

The  name  Rio  Salado  Tongue is p r o p o s e d   i n  Hook, Molenaar ,  

and   Cobban   (1982 ,   i n   p repa ra t ion ) .  I t  is d e f i n e d  as  t h e   s h a l e  

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

a n d   t h e   A t a r q u e   S a n d s t o n e  Member o f   t h e  T res  Hermanos   Format ion  
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(or  A t a r q u e   S a n d s t o n e   F o r m a t i o n   t o   t h e   s o u t h w e s t )   a n d  is 

c o e x t e n s i v e   w i t h   t h e s e  two u n i t s .  

The t h i n   c a l c a r e n i t e   a n d   c a l c a r e o u s   s h a l e   b e d s  t h a t  o c c u r  

30-40 f t  a b o v e   t h e   b a s e   o f  t h e  R i o   S a l a d o   r e p r e s e n t   t h e  

e q u i v a l e n t   o f   t h e   B r i d g e   C r e e k   L i m e s t o n e  Member o f   t h e   G r e e n h o r n  

Format ion   (Hook,   Cobban,   and   Landis ,   1980) .   The   beds  may o f t e n  

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

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

g r a y  Mancos  Shale.  The beds are  well  e x p o s e d   j u s t  west of  NM-32 

i n  t h e  SW 1 / 4  sec. 6 ,  T. 6 N., R. 1 7  W., w h e r e  t h e   t h i n  

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

( S t a n t o n ) .   D e p o s i t i o n   o f  t hese  b e d s  is r e l a t e d  t o  t h e   v e r y  l a t e  

C e n o m a n i a n   ( G r e e n h o r n )   t r a n s g r e s s i v e  maximum, a n   e v e n t   t h a t  was 

marked by t h e   d e p o s i t i o n   o f   l i m e s t o n e   b e d s   t h r o u g h o u t   m o s t   o f   t h e  

W e s t e r n   I n t e r i o r   s e a w a y .   T h e   b e d s   f o r m   i m p o r t a n t   m a r k e r  

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

( S t a n t o n )   a p p e a r s   i n   a b u n d a n c e  a t  o r   j u s t   b e l o w   t h i s   i n t e r v a l  

(Hook, and   Cobban,   1977) .   Pycnodonte   newberry i  was c o l l e c t e d   i n  

t h e  NE 1 / 4  sec. 1, T. 6 N., R. 18  W. I n   t h e   s u b s u r f a c e   t h e  

B r i d g e   C r e e k   b e d s  may b e   r e c o g n i z e d  by t h e   d i s t i n c t i v e  

r e s i s t i v i t y   k i c k   t h e y   p r o d u c e  on the   e - log ,   wh ich  is h e l p f u l   i n  

c o r r e l a t i o n s .  

About 100 f t  a b o v e   t h e   B r i d g e   C r e e k   e q u i v a l e n t ,   l i m e s t o n e  

conc re t ions   commonly  appear i n   t h e   s e c t i o n ,   b u t   t h i s   z o n e  is n o t  

well exposed  h e r e .  L o c a l l y   a s s o c i a t e d   w i t h  t h e  c o n c r e t i o n s  a re  

t h e   a m m o n i t e s  - Mammites   depressus ,  - M. n o d o s o i d e s ,   P r o p l a c e n t i c e r a s  

- c u m m i n s i ,   a n d   N e o p t y c h i t e s   c e p h a l o t u s ,  (see Anderson,  1982a).  

Also, f o u n d   l o c a l l y   i n   a s s o c i a t i o n   w i t h   t h e   c o n c r e t i o n s   a r e  
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Ostrea sp., V e n i e l l a   m o r t o n i ,   B a c u l i t e s  sps., T u r r i t e l l a   s p .   a n d  

o t h e r   g a s t r o p o d s .   T h i s   p a r t   o f  t h e  Rio S a l a d o  is p r e s e n t   o n l y   i n  

t h e   e x t r e m e   e a s t e r n   p o r t i o n   o f   t h e   q u a d r a n g l e   i n  secs. 21, 28,  

and   33   o f  T. 7 N . ,  and  sec. 4 of T .  6 N. 

The A t a r q u e   S a n d s t o n e  Member of t h e  Tres Hermanos  Formation 

is t h e  term p r o p o s e d   i n  Hook, Molenaar ,   and  Cobban  (1983  in  

press) f o r   t h e   r e g r e s s i v e   c o a s t a l - b a r r i e r   s a n d s t o n e   u n i t   t h a t  

o v e r l i e s   t h e   R i o   S a l a d o   T o n g u e   o f t h e   M a n c o s   S h a l e   a n d  a s  s u c h  

m a r k s   t h e   f i r s t   m a j o r   r e g r e s s i o n   o f   t h e  seaway f o l l o w i n g  t h e  

Dakota-Mancos   (Greenhorn)   t ransgress ion .   The   Atarque   Sands tone  

Member and t h e  o v e r l y i n g   n o n m a r i n e   C a r t h a g e  Member are  i n   p a r t  

e q u i v a l e n t   t o   t h e   A t a r q u e   S a n d s t o n e  (Hook,  Molenaar,  and  Cobban, 

1 9 8 3 ,   i n   p r e s s )   a n d   t h e   M o r e n o  H i l l  Format ion   (McLel lan   and  

o t h e r s ,   1 9 8 3 ,   i n  press) which  are t h e   s t r a t i g r a p h i c   n a m e s   u s e d  t o  

t h e   s o u t h   a n d  west o f   t h e   M e s i t a  de Y e s o   q u a d r a n g l e   ( A n d e r s o n , ~  

1 9 8 2 b ) .  

A t  t h e  time t h e   A t a r q u e   S a n d s t o n e  was d e p o s i t e d ,   t h e  

s h o r e l i n e   h a d   a s s u m e d  a g e n e r a l  NW-SE t r e n d   i n   t h i s   a r e a   a n d   t h e  

A t a r q u e  Member p r o g r a d e d   n o r t h e a s t w a r d   i n t o   t h e   M a n c o s   s e a w a y .  

The   Atarque  i s  a d i a c h r o n o u s   u n i t   t h a t   b e c o m e s   y o u n g e r   t o   t h e  

n o r t h e a s t .   T h r o u g h o u t  much of  t h e  Zuni   Bas in ,  i t  is a c l i f f -  

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

a p p e a r s   i n   m o s t   o u t c r o p s  a s  t h e  f irst  m a s s i v e   u n i t   o v e r l y i n g   t h e  

t r a n s i t i o n a l   z o n e  a t  t h e  base: i t  c o a r s e n s   u p w a r d   f r o m   v e r y   f i n e  

t o   f i n e   g r a i n e d :  2 )  a medial, f i n e - g r a i n e d ,   s h a l y   u n i t   o f   v a r y i n g  

t h i c k n e s s ,   b u t   g e n e r a l l y   1 0 - 2 0  f t :  a n d   3 )   a n   o v e r l y i n g ,   l o w e r -  

t o   u p p e r - f i n e - g r a i n e d ,   c r o s s b e d d e d   s a n d s t o n e ,   f o s s i l f e r o u s   a t  t h e  
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t o p ,   t h a t  is 14-20 f t  t h i c k .   U n i t s  1) and 3)  a r e  similar t o  t h e  

lower and   uppe r   sho re face   s ands tones   o f   Molenaa r   (1973) .   The  

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

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

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

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

were a c t i v e .   B u r r o w s ,   i n c l u d i n g   O p h i o m o r p h a ,   a r e  common i n   t h e  

l o w e r   f l a t - b e d d e d   u n i t   a n d  l ess  common above.  

I n   a d d i t i o n   t o   t h e s e   t h r e e   u n i t s  on t h i s   q u a d r a n g l e   a n d  

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

uppe r - f ine -g ra ined !   c ros sbedded   s ands tone   fo rms  a small b u t  

c o n s p i c u o u s  c l i f f  t h a t  rises above a small bench   deve loped   on   t he  

u p p e r   s h o r e f a c e   u n i t   ( F i g .  3). Twelve miles t o  t h e  west t h i s  

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

d i s t r i b u t a r y   c h a n n e l   s a n d s t o n e   ( A n d e r s o n ,   1 9 8 2 b ) ,   a n d  was 

i n c l u d e d   w i t h   t h e   o v e r l y i n g   M o r e n o  H i l l  Format ion .  On t h e  Mesita 

d e   Y e s o   q u a d r a n g l e ,   t h i s   w h i t e   u p p e r   s a n d s t o n e  is m o r e   m a r i n e   i n  

n a t u r e   ( n o   c l a y  c las t s ,  n o   r i p p l e   m a r k s ,  etc.) and  is a 

r e l a t i v e l y   w i d e s p r e a d ,   u n i f o r m   d e p o s i t .  T h e  t o p  is commonly 

b u r r o w e d   a n d   r o o t   p e n e t r a t e d   a n d  is o v e r l a i n  by a p a l u d a l   s h a l e .  

The t h i c k e r   A t a r q u e   s e q u e n c e  here  p r o b a b l y   r e p r e s e n t s  a s h o r e l i n e  

s t a n d   b e t w e e n   h e r e   a n d   t h e   A t a r q u e   S a n d s t o n e   o u t c r o p s  1 2  m i  t o  

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

The   Atarque   Sands tone  Member ( p r e s e s n t   u s a g e )   c o r r e s p o n d s  t o  

t h e   L o w e r G a l l u p ,   o r   t h e   A t a r q u e  Member o f t h e G a l l u p ,  of 

M o l e n a a r   ( 1 9 7 3 ) :   h e   a l s o ,   h o w e v e r ,   i n c l u d e d   t h e   o v e r l y i n g  

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

t h i n   c o a l  beds i n   t h i s  member. T h e   f a u n a l   e v i d e n c e   p r e s e n t e d  
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i n  Hook, Molenaar,   and  Cobban (1983, i n   p r e s s )   p o i n t s   t o  a 

s i g n i f i c a n t   a g e   d i f f e r e n c e   b e t w e e n   t h e   A t a r q u e   a n d   t h e   G a l l u p .  

They   r ecogn ize  t h e  A t a r q u e   a s   h a v i n g   b e e n   d e p o s i t e d   d u r i n g   a n  

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

s e p a r a t e d   f r o m   t h e   G a l l u p  by the   Pescado   Tongue  of t h e  Mancos 

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

wh ich   t hey   p ropose   t he   name  F i t e  Ranch  Sandstone Member of  t h e  

Tres Hermanos  Formation (see F i g .  3 ) .  

T h e P e s c a d o T o n g u e  i s  n o t   p r e s e n t   o n   t h e   M e s i t a   d e   Y e s o  

quadrang le .  Its s o u t h w e s t e r n m o s t   o c c u r r e n c e  is a n   e r o s i o n a l  

r e m n a n t   a p p r o x i m a t e l y  4 m i  t o  t h e  e a s t  on t h e  Shoemaker  Canyon 

S o u t h e a s t   q u a d r a n g l e .   T h e   u n d e r l y i n g ,   v e r y   t h i n ,   F i t e   R a n c h  

S a n d s t o n e  Member e x t e n d s  a l i t t l e  f a r t h e r   s o u t h w e s t   a n d   c o m e s  

w i t h i n  3 m i  o f   t h e  Mesita d e  Yeso boundary (see Fig .  1). T h e  

a u t h o r s   o f   t h e   r e d e f i n e d - T r e s   H e r m a n o s   p a p e r  (Hook,  Molenaar,   and 

Cobban, 1983, i n   p r e s s )   s t a t e d   t h a t   t h e   p r e s e n c e  of t h e   P e s c a d o  

Tongue of t h e  M a n c o s   S h a l e   d e t e r m i n e s   t h e   a r e a   i n   w h i c h   t h e  Tres  

H e r m a n o s   n o m e n c l a t u r e   s h a l l  be used .   Landward   equ iva len t s  were, 

a s   p r e v i o u s l y   m e n t i o n e d ,   d e s i g n a t e d  a s  t h e   A t a r q u e   S a n d s t o n e   a n d  

t h e  Moreno H i l l  Fo rma t ion .   The   po in t  of nomenc la tu re   change  

wou ld   be   t he  limit of   mappab le   Pescado .   However ,   i n   t he   p re sen t  

s t u d y   e x t e n d i n g  t h e  T res  Hermanos   nomenc la tu re   sou thwes tward  

a r o u n d   t h e   e n d  of t h e   t o p o g r a p h i c   f e a t u r e   u p o n   w h i c h   t h i s  limit 

o c c u r s   w a s  deemed less c o n f u s i n g   a n d   p e r h a p s  more a p p r o p r i a t e .  

T h i s  ca r r ies  t h e  name i n t o   t h e   e a s t - c e n t r a l   p a r t  of t h e  Mesita de 

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

c h a n g e   i n   s t r a t i g r a h i c   n o m e n c l a t u r e ' t a k e s  place. T o  be  more 
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f Fig. 3. Composite  stratigraphic  column  for  the  Mesita de Yeso--Shoemaker  Canyon SE 
quadrangle  boundary  area.  Upper,  dashed part of  section  is  present  only 
on Shoemaker  Canyon SE quadrangle 
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spec i f ic  - east  of NM-32 a n d   n o r t h   o f  t h e  Q u a t e r n a r y   b a s a l t   f l o w  

e m a n a t i n g   f r o m   t h e   N o r t h  P l a i n s  t h e  Tres Hermanos n o m e n c l a t u r e  is 

u s e d ;  w e s t  o f  NM-32 and  s o u t h  of t h e   b a s a l t   f l o w   t h e  names 

Ata rque   Sands tone   and   Moreno  H i l l  F o r m a t i o n  w i l l  b e   u s e d  for  t h i s  

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

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

i n t o   t h e   e a s t - c e n t r a l   p a r t   o f   t h e  Mesita d e  Yeso q u a d r a n g l e  

d e f i n e   t h e   s o u t h w e s t   e d g e   o f   t h e   G a l l u p - Z u n i  coal f i e l d .  Coal 

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

f i e l d .  

” 

O v e r l y i n g   t h e   A t a r q u e   S a n d s t o n e  Member o f   t h e  Tres  Hermanos 

F o r m a t i o n  i s  t h e  c o a l - b e a r i n g   C a r t h a g e  Member. T h i s  member was 

d e p o s i t e d  on t h e  emergent c o a s t a l - p l a i n   e n v i r o n m e n t   f o r m e d  a s  t h e  

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

t h i n   c o a l s   a n d   s a n d s t o n e s   a n d   f l u v i a l   c h a n n e l   s a n d s t o n e s .   T h e  

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

r o o t - p e n e t r a t e d   A t a r q u e  Member is sha rp .  Where p r e s e n t ,  t h e  c o a l  

zone  l i e s  3-7 f t  a b o v e   t h e   b a s e   a n d   c h a r a c t e r i s t i c a l l y   h a s  a 2- 

i n c h - t h i c k   w h i t e   a s h   b e d   n e a r   t h e   m i d d l e .  I n  t h i s   g e n e r a l   a r e a  

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

b u r r o w e d   a n d   r o o t - p e n e t r a t e d   s a n d s t o n e s   ( F i g .  3). T h e s e   f l a t -  

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

o f   t h e   A t a r q u e ,   b u t  t h i s  t o p  is m o r e   a p p r o p r i a t e l y   p l a c e d   a t  t h e  

b a s e  of t h e   p a l u d a l   s h a l e .  

-~ 

Most of t h e  member h a s   b e e n   e r o d e d   o f f   t h e   s o u t h w e s t -  

t r e n d i n g   h i g h l a n d   t h a t   e x t e n d s   o n t o  t h e  q u a d r a n g l e .   T h e   t h i c k e s t  

r e m a i n i n g  s e c t i o n  i s  a t  B.M. 7405 i n   t h e  S E  1 / 4  sec. 28, T. 7 N., 
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R. 1 7  W.: a t   t h i s   e x p o s u r e   w h i c h   a p p r o a c h e s  100 f t   i n   t h i c k n e s s ,  

a f l u v i a l   c h a n n e l   s a n d s t o n ' e   w i t h   c l a y   g a l l s ,   r i p - u p  c l a s t s ,  and  

c h a n n e l - s c o u r   f e a t u r e s  rests o n   t h e   p a l u d a l   s h a l e .  

T e r t i a r y   R o c k s  

The l i g h t - g r a y   a n d   p i n k i s h - g r a y   f l u v i a l   s a n d s t o n e   a n d  

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

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

is c o m p o s e d   l a r g e l y  of v o l c a n i c s - v e s i c u l a r  basa l t s ,  b a s a l t i c  

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

D a t i l ,  Mangas, o r   G a l l o   M o u n t a i n s   s o u t h   a n d  ea s t  o f  Quemado. A s  

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

b e   t h e   e q u i v a l e n t   o f  t h e  c o a r s e - g r a i n e d   d e p o s i t   o f  similar 

l i t h o l o g y   t h a t  i s  p r e s e n t   o v e r  much of  t h e   Z u n i   P l a t e a u   a n d  

S a n t a   R i t a   M e s a ;   t h e   S a n t a  R i t a  Mesa d e p o s i t s  7 m i  t o  t h e   s o u t h  

and  150-200 f t  h i g h e r   i n   e l e v a t i o n   a r e   b e i n g   d e s i g n a t e d   a s   t h e  

Fence   Lake   Fo rma t ion   by   McLe l l an   and   o the r s   (1982 ,   i n  

p r e p a r a t i o n ) .  

The  name  Bidahochi  was f i r s t   p r o p o s e d   b y   R e a g a n   ( 1 9 2 4 )   f o r  

t h e  c o n g l o m e r a t e   t h a t   o v e r l i e s   C r e t a c e o u s   R o c k s   i n   t h e   G a n a d o ,  

A r i z o n a ,   a r e a   j u s t   e a s t   o f   t h e   H o p i   B u t t e s   v o l c a n i c  f i e l d .  L a t e r  

work  by McCaan (1938) ,  Reiche (1941) ,   and  Hack (1942) ,  

e s t a b l i s h e d  a c o r r e l a t i o n   b e t w e e n   t h e   B i d a h o c h i   a n d   t h e   T e r t i a r y  

s e d i m e n t s  of t h e   u p p e r  L i t t l e  C o l o r a d o   d r a i n a g e   i n   t h e   Z u n i  

B a s i n .   T h o s e   s e d i m e n t s   i n   t h e   P i n e h a v e n   a r e a   c o n t a i n  some 

g r a n i t i c  deb r i s  s u g g e s t i n g  a s o u r c e   i n   t h e   g r a n i t e - c o r e d   Z u n i  

M o u n t a i n s .   I n   t h e   p r e s e n t   s t u d y   a r e a   a n d  westward, t h e   c o a r s e  

T e r t i a r y   s e d i m e n t s   a r e   l a r g e l y   o f   v o l c a n i c   o r i g i n ,   w i t h  a minor  
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q u a r t z i t e   c o m p o n e n t   p r o b a b l y  der ived  f rom  the   Baca   Fo rma t ion  

(Eocene)   which  is l o c a l l y   c o n g l o m e r a t i c .   R e p e n n i n g   a n d   I r w i n  

(1954) e s t a b l i s h e d  a r e f e r e n c e   s e c t i o n   f o r   t h e   f o r m a t i o n  1 5  m i  

e a s t  of  t h e  s e t t l e m e n t   o f   B i d a h o c h i ,   A r i z o n a ,   a n d   r e c o g n i z e d  

t h r e e  members: a l o w e r ,   l a r g e l y   l a c u s t r i n e  member: a m i d d l e  

v o l c a n i c  member: a n d   a n   u p p e r ,   l a r g e l y   f l u v i a l ,  member: Most of 

t h e   Z u n i   B a s i n   d e p o s i t s   w o u l d  seem t o   c o r r e i a t e   w i t h  t h e i r  u p p e r  

member: h o w e v e r ,   t h e y   a l s o   m e n t i o n e d   t h e   p o s s i b i l i t y   t h a t  

s o u t h e a s t w a r d ,   t o w a r d   t h e   s o u r c e   a r e a ,  time e q u i v a l e n t s   o f   t h e  

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

i o f  t h e  u p p e r  member. 



COAL RESOURCES 

The Mesita d e  Yeso q u a d r a n g l e r  a s  p r e v i o u s l y  m e n t i o n e d ,  

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

o u t c r o p   o f  Tres Hermanos   Format ion  t h a t  e x t e n d s   i n t o   t h e  east-  

cen t r a l  p o r t i o n   o f   t h e   q u a d r a n g l e   d e f i n e s  t h e  s o u t h w e s t   e d g e   o f  

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

C a r t h a g e  Member o f   t h e  Tres Hermanos i n  secs. 21 r   28 r   and  33  o f  

T. 7 N . ,  R .  1 7  W. 

I n  t h e  SE 1 / 4  sec. 2 1   a t   t h e   e a s t   q u a d r a n g l e   b o u n d a r y r  t h e  

c o a l   z o n e  l i e s  3 t o  4 f t  a b o v e   t h e  base o f   t h e   p a l u d a l  s h a l e  and  

c o n s i s t s  of two 1 0 - i n c h - t h i c k  coa l  b e d s   s e p a r a t e d  by a 2-inch- 

t h i c k   w h i t e   a s h  bed. No a n a l y s e s  were made  on t h e   w e a t h e r e d  

samples: h o w e v e r ,   c o a l   i n  a  similar^ s t r a t i g r a p h i c   p o s i t i o n  10 m i  

t o   t h e   s o u t h ,   w a s   r e p o r t e d  by  Campbell  (1981) t o  b e   h i g h   v o l a t i l e  

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

a n d   o n l y  4% of t h e  sec. ( 2 6  acres) i s  l i k e l y   t o   b e   u n d e r l a i n   b y  

t h e  two 10- inch   beds :   t he  sec. 2 1   c o a l   r e s o u r c e s  a re  t h u s  

c o n s i d e r e d   i n s i g n i f i c a n t .  

I n  t h e  e x t r e m e  SE 1 /4  sec. 28, a c o a l   z o n e   w a s   r e c o g n i z e d  

a p p r o x i m a t e l y  6 f t  a b o v e   t h e   b a s e   o f  t h e  p a l u d a l   s h a l e :   t h e   c o a l  

i s  1 2   i n c h e s   t h i c k ,   b a d l y   w e a t h e r e d ,   b u t  of g o o d   q u a l i t y .  A 

p r o b l e m   e x i s t s  i n  c o r r e l a t i o n   w i t h   t h e  sec. 2 1   o u t c r o p   a s   t h e  2- 

i n c h   w h i t e   a s h   b e d  is n o t   r e a d i l y   a p p a r e n t .  Here a s   i n  sec. 211 

t h e   c o a l   e x t e n d s   e a s t w a r d   a n d   o n l y   a b o u t  4% (26  acres)  o f   t h e  

s e c t i o n  is u n d e r l a i n  by t h e   c o a l .   T h e   c o a l  resources o f  sec. 28 

a re  t h u s  c o n s i d e r e d   i n s i g n i f i c a n t .  
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In sec. 33 slightly  more than 20% of the area (130 acres) is 

underlain by the coal-bearing member, but at  few  places did the 

coal  approach the 14-inch  cut  off  used in calculating  bituminous 

coal  resources (U.S.G.S. Bull  1450-B, 1976). On  "the  point"  in 

the SW 1/4 sec. 3 3 ,  the coal zone  is represented by a 2-ft-thick 

upper-fine-grained flat-bedded sandstone  containing much  woody 

trash and carbonaceous fragments. The coal  resources  for this 

section, and hence the quadrangle, are thus  considered 

insignificant. 
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"_ . 

DESCRIPTION  OF "AP UNITS . ~ 

Alluvial  deposits  undifferentiated;  clay,  silt,  sand, 
and  gravel  in  arroyos,  floodplains  and  on  gentle  slopes. 

I 

Basalt  flows;  originating  from  centers  to  east  in  North 
Plains  lava  beds;  olivine  tholeite  in  composition  with 
K-Ar  age  of  1.41  m.y.  (Laughlin,  Brookins,  Damon,  and 
Shafiqullah,  1979). 

. LTb Bidahochi  Formation  (Pliocene);  light  gray  to  pinkish 
gray  lithic  sandstone  and  coarse  conglomerate.  Conglom- 
erate  composed  of  vesicular  basalt,  basaltic  andesite, 
rhyodacite,  other  volcanic  rocks,and  minor  quartzite. 

Carthage  Member  of  Tres  Hermanos  Formation  (Upper  Creta- 
ceous);  paludal  shale  and  mudstone,  carbonaceous  shale 
with  minor  coal,  and  fluvial  channe2.  sandstone.  Shales 
are  gray  to  light  olive  gray;  carbonaceous  zone 4-6 ft 
above  base  locally  has  up  to 20 in  of  coal  in 2 beds 
seperated  by 2 in  thick  white  ash  bed.  Maximum  thickness 
on  quadrangle-100  ft. 

Kthc 

Atarque  Sandstone  Member  of  Tres  Hermanos  Formation(Upper 
Cretaceous);  grayish  orange  to  very  pale  orange  very 
fine  to  upper  fine.  grained  marine  sandstone;  coarsens 
upward;  well  indurated,  generally  massive,  cliff  former; 
burmms present  in  lower  and  middle  parts;  fossiliferous- 
small  bivalves,  in  middle  part;  upper  part  strongly 
cross-bedded  predominantly of festoon  type  and  is  contrasted 
by  its  lighter  color.  Maximum  thickness  on  quadrangle 
about  65  ft. 

Ktha 

Rio Balado  Tongue  of Mancos Shale (Upper Cretaceous) ; medium to 
dark  gray  and  brownish  gray  marine  shale,  silty  shale, 
calcareous  shale  and  calcarenite,  with  thin  interbedded 
sandstone  at  the  very  top;  weathers  to  gentle  or  moder- 
ately  steep  slopes  which  are  generally  covered  by  colluvium, 
talus,  or  landslide  debris;  base  not  exposed;  calcarenite 
beds  and  calcareous  shale  with  an  underlying  zone  contain- 
ing  abundant  Pycnodonte  newberryi.  (Stanton)  ocyAr  abaut 
35 ft  above  the  base;  calcareous  zone  is  Greanhsrn  Lime- 
stone  (Bridge  Creek  Member)  equivalent;  upper 100 ft of 
the  tongue  contains  numerous  limestone  concretion  zones; 
associated  with  the  concretions  locally  are  the  ammonites 

Kmr 

Mammites  depressus,  Mammites  nodosoides,  Proplacenticeras 
cuminsi,  and  NeoptYchites  cephalotus;  also  found  in  this 
association  are  Ostrea  sp.,  various  bivalves,  Turritella 
and  other  gastropods.  .Thickness  of  tongue  estimated  at 
240 ft. 

Kdt Twowells  Tongue  of  Dakota  Sandstone  (Upper  Cretaceous); 
yellowish  gray  to  pale  olive,  very  fine  to  upper  fine 
grained,  shallow  water  marine  sandstone;  lower  part 
very  fine  grained,  commonly  burrowed  and  bioturbated, 
with  these  features  continuing  into  the  middle,  shaly 
part;  upper  part  is  cross  bedded  in  thin  sets  and/or 
wavy  bedded  with  thin  shale  interbeds;  locally  fossil- 
iferous  in  all  parts,  but  mainly  middle  and  upper;  fossils 
consist  of  Pynodonte  kellumi,  and  small  (relative  to 
those  in  the  Paguate Tongue) Exogyra  levis;  also  found 
in  association  with  these  in  sec. 3 4 ,  T 8N., R 18W;,  is 
Exogyra  trigeri  (Coquand).  Maximum  thickness  on  quad- 
rangle  estimated  at 20-22 ft. 

KmW Whitewater  Arroyo  Tongue  of  Mancos  Shale  (Upper  Cretaceous); 
gray  to  medium  dark  gray  marine  shale;  slope  former, 
base  not  exposed;  near  the  middle  is  a  15  inch  thick 
white  to  orange  weathering  bentonite  bed  not  well  exposed 
in  this  area;  selenite  crystals  common;  the  relatively 
large  oyster  Exogyra  trigeri  is  locally  abundant; 
estimated  thickness  of  unit  is 60 ft. 

Paguate  Tongue of-Dakota Sanstone  (Upper  Cretaceous); 
pale  yellowish  gray  to  grayish  orange,  very  fine  to  upper 
fine  grained,  massive  wel-l  indurated,  marine  sandstone; 
coarsens  upward;  low  angle  cross  bedding  in  upper  part; 
small  cliff  former.  Pycnodonte  cf. E. kellumi  and  large 
specimens  of  Exogyra  levis  locally  abundant at  top  especially 
in  SE$  sec. 3 6 ,  T 7N., R  18 W.; large,  brown,  oblate  con- 
cretions  common  in  upper  part;  ripple  marks  noted  in  NWa 
sec. 5, T  7N.,  R  17W.,  maximum  thickness  of  unit, 20 ft. 

Lower  part of Mancos  Shale  (Upper  Cretaceous);  medium 
gray  arenaceous  shale;  marine;  nowhere  well  exposed; 
may  be  gradational  into  underlying  Dakota  Sandstone; 
thickness, 20 ft. 

Dakota  Sandstone,  main  body  (Upper  Cretaceous);  the  marine, 
marginal  marine,  and  nonmarine  rocks  that  make  up  the  lowest ' 

part  of  the  Cretaceous  sequence  in  west-central  New  Mexico 
(Hook,  Cobban,  and  Landis,  1980).  Base  is  fluvial  channel 
sandstone  sequence  of  varying  thickness,  locally  conglomeratic 
at  places  a  paludal  shale  forms  the  base;  middle  portion 
mainly  paludal  shale  with  carbonaceous  zones  and  minor  coaly ~ 

lenses;  upper  third  is  marine  sandstone,  thinly  bedded 
and  flaggy  near  top,  locally  fossiliferous-  Pycnodonte  cf. 
P. kellumi,  Exogyra  levis,  and  TurritePla-%.;  -estimated 
thickness  100  ft. r 

Zuni  Sandstone"(Upper  Jurassic);  white  to  pinkish  gray,  very 
fine  grained  sandstone;  thick  sets"o€  -high  angle  planar  and 
festoon  cross  bedding  indicate  eolian  origin;  cross  bed  dIp 
direction  is  southwest;  pebble  conglomerate  zone  at  base  In 
the  south-central  boundary  area  rests  on  an  irregular  surface 
formed  on  underlying  Rock  Point  Member:  silty,  very  fine , 
facies  may  be  greenish  gray  and  poorly  cemented;  90  ft  thick 
at  southern  boundary.. 

- 

1 
. ~ __.  . -.___._ _ _  . .= . ..," ...~ 
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Rock  Point  Member  -of  Wingate  Formation.  (Upper  Triassic); 
reddish  brown,  flat  bedded,  silty  sandstone  and  sand,y  silt- 
stone;  at  south  central  boundary  area  of  quadrangle  a 
pale  greenish  gray  zone,  lacking  distinct  bedding,.  is  present 
at  top  of  unit;  irregular  surface  at  top of greenish  gray 
zone  represents  unconformity  between  Upper  Triassic- 
Upper  Jurassic  sediments;  thickness 32 ft.  Unit  is  not 
mappable  over  most  of  the  quadrangle. 

Chinle  Formation  (Upper  Triassic);  purple,  maroon,  reddish 
brown,  and  gray  mudstone,  shale,  siltstone,  and  sandstone; 
in  this  area  the  upper  part  of  Chinle  is  assigned  to  Petri- 
fied  Forest  Member;  exposures  poor  and  unit  was  not  examined 
in  detail;  estimated  thickness  locally,  800-1000  ft. 

Kml 

Kd 
' .  
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Tiwr 

T C  

.. 

C o n t a c t ,   d a s h e d   w h e r e   a p p r o x i m a t e   o r   i n f e r r e d  

/2-" 
D % F a u l t ,   d a s h e d   w h e r e   a p p r o x i m a t e l y   l o c a t e d ;  u 

u p t h r o w n   s i d e ,  D downthrown  side 

... b . 4  S y n c l i n e ,   t r a c e   o f   a x i a l   p l a n e   s h o w i n g   d i r e c t i o n  
of p l u n g e ;   d o t t e d   w h e r e   p r o j e c t e d   b e n e a t h  
m a p p e d   u n i t s  

. .  ....+ A n t i c l i n e ,   t r a c e   o f   o x i a l   p l a n e   s h o w l n g   d i r e c t i o n  

of p lunge;   dot ted   where   p ro jec ted   beneath  
mopped  un i ts  

. . . . ' . I  M o n o c l i n e .   t r a c e  of axial   plane  showing direction 
of p l u n g e ,   d o t t e d   w h e r e   p r o ~ e c t e d   b e n e a t h  
mapped  units 

3" 
Y S t r i k e   a n d   d i p  o f  beds s 

1000-metre  Unlversal  Transverse  Mercator  grld  tlcks, 
zone 12, shown  In-blue 1927 North II,erlcan  d'atum 

Flne red  dashed  llnes  lndlcate  selected'fgnce  llnes 

NATIONAL  GEODETIC  VERTICAL  DATUM OF 1929 NEW MEXICO 

QUADRANGLE  LOCATiON 

, . .. , 

UTM GRlO AND 1972 MAGNETIC NORTH' 
DECLINATION AT CENTER OF SHEET 

MESITA DE YESO, N. M 

A A' 

8.400 

8,000 
8,400 

8.000 

7,600 4 ,Kd + Kml 
7,600 

Kmw-  Kml / 2- 7,200 
7.200 - /Kd QOI, ,,Qa I Z"  

6,800 - ______- - - -  --------d"" I - "" \;lz""""""""-- " " " _ " " " " ~ ~  - 7- 6,800 

6,400 - - 6,400 

- "^ .- 6.000 

------"""_ 
X c  + fiwr -------"""""""~- 

h c  +- Siwr 

C 

4- 
.I- 
d 

C 
0 

CI 

" 

c 

> b.UUU 
a / 

5,600 - 
5.200 -L 

- - 5,600 
- 5,200 Thickness  projected 

f rom  dr i l l   ho le  i n  " 

GEOLOGY A.ND GOA RESOURCES- ~~ - 
4.800 - . ~ "  1 YlF sec 5 T 9 N . R  IBW. 

I 1 4,800 ESITA DE YESO DRANGLE, i; 

$ 
4,400 1 Y 4,400 

P €  

P €  

i 

OLA COU 

- .  ~~ - 

NEW  MEXICO  BUREAU  OF  MINE 
AND  MINERAL  RESOURCES 

i 

1 

B B' 

OPEN-FILE  REPORT 1 7 1  BY ORIN J. ANDERSON , 

8,400 

8,000 
8,400 

8.000 - 
c 

~. 
7,600 - 

u Kd Kmw 
C 7,200 - 
0 
+ 6,800 - - - 6.800 

6,400 
> 6,400 - 
" 

d 

0 

a 

! 

JZ ~~"""""""~""~""" "----------- -----"" "-"""""" \J-z """""" - ""y"-"""-""""""" """"_ - ~""""""~"""~""""""""~ 

Kd - - 6,000 Xc+?wwr w 6.000 -_ a c  + X w r  
5.600 - 
5,200 - 

- 5.600 

5,200 

1982 


	Title

	Contents
	Figures

	Figure 1

	Figure 2

	Figure 3


	Geology

	Study Area
	Coal Resources

	References

	Plate 1

