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ABSTRACT 

Approximately 5 0 0 0  f t  (1525 m )  o f   s t r a t a   c r o p   o u t   i n  

t h e  D Cross   Mountain  quadrangle   in   west-central  New Mexico. 

The o l d e s t   s t r a t a   a r e   r e d   s h a l e s  and  sandstones  of t h e  

Chin le   Format ion   (La te   Tr iass ic )   tha t   accumula ted   on   an  

e x t e n s i v e ,   l o w - l y i n g ,   c o a s t a l   p l a i n   i n  a meandering stream 

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

were subsequent ly   eroded d u e  t o  u p l i f t  o f  the Mogollon 

Highlands and n o r t h - n o r t h w e s t   t i l t i n g   o f  t h e  a r e a   d u r i n g   t h e  

Jurassic. 

The basal  Dakota  Sandstone was d e p o s i t e d   b y   l a t e r a l l y  

p lan ing  , meandering streams be fo re   r eg iona l   subs idence   du r -  

ing  the Cenomanian r e s u l t e d  i n  t h e   i n i t i a l   e n c r o a c h m e n t  of  

the   mid-cont inent   Cre taceous   seaway  in to   the  Acoma embayment. 

!the area o s c i l l a t e d   b e t w e e n   p a r a l i c  and c o a s t a l  non- 

marine  environments   for  t h e  remainder  of t h e  Cretaceous 

Per iod .  As a r e s u l t ,  a complex  sequence  of   dark,   offshore 

marine muds of t h e  Mancos S h a l e   i n t e r f i n g e r   t o   t h e  west wi th  

coas t a l   mar ine  and f l u v i a l   s a n d s t o n e s  and s h a l e s   o f   t h e  

Dakota, Tres Hermanos, Gallup,  and  Crevasse Canyon Formations. 

Nor theas t -d i r ec t ed   compress iona l   fo rces   a s soc ia t ed  w i t h  

the   Laramide   orogeny  deformed  the   s t ra ta   in to  a series o f  

broad   open   fo lds  a t  t h e  c lose   o f   Cre t aceous  time. Pebble 

conglomera tes   and   a rkos ic   sands tones   o f   the  Baca Formation 

(Eocene) were eroded from t h e  Zuni   Mountains ,   t ransported  to  
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t h e   s o u t h e a s t   i n  a f luv ia l   channe l - f loodp la in   complex ,  and 

accumula t ed   i n   an   ea s t - t r end ing ,   e longa te ,   s t ruc tu ra l   l ow.  

A th ick   cover   o f   vo lcanic  and v o l c a n i c l a s t i c   r o c k s  

spread  over t h e  a rea   du r ing   t he   O l igocene .   L i th i c -c rys t a l  

and c r y s t a l - l i t h i c  t u f f s  and debr i s  f lows   o f  t h e  Spears  

Formation  were  derived from a ma jo r   vo lcan ic   cen te r   l oca t ed  

sou th   o f  t h e  D Cross  Mountain  quadrangle. 

After cessa t ion   of   vo lcanism,   sed iments   were   s t r ipped  

from t h i s  vo lcanic   h ighland  and accumulated  in a northward 

e x t e n d i n g   a l l u v i a l   f a n  complex. The Miocene ( ? )  conglom- 

e r a t e   o f  Rock  Tank Canyon is a f ang lomera te   t ha t  was der ived 

p r i n c i p a l l y  from e ros ion  of Spears t u f f s .  

The dominan t   s t ruc tu re   o f  t h e  a r e a  i s  a south-dipping 

homocline  formed as the  r e s u l t  o f   u p l i f t   o f   t h e   C o l o r a d o  

P la t eau .  The c o n t i n u i t y   o f  t h e  homocline i s ,  however, 

broken by a series of Neogene normal f a u l t s  t h a t  formed i n  

r e sponse   t o  the opening of t h e  Rio  Grande r i f t .   V o l c a n i c  

necks and p lugs   c ropp ing   ou t  on D Cross  Mountain and B l u e  

Mesa were emplaced  during  the Late T e r t i a r y  and  appear  to 

p o s t - d a t e   u p l i f t   o f   t h e   P l a t e a u .  
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INTRODUCTION 

Location and Access 

The s t u d y   a r e a  is loca ted   approximate ly  40 m i  ( 6 4  km) 

northwest  of  Magdalena, New Mexico, i n  t h e   n o r t h e a s t e r n   p a r t  

of Catron  County  and  the  northwestern  part  o f  Socorro  County 

( F i g u r e  1). This 64 m i  a r e a  i s  i n c l u d e d   e n t i r e l y  on t h e  D 

Cross  Mountain 7 1/2' topographic   shee t   publ i shed   by   the  

United  States  Geological  Survey. Access to  the D Cross 

Mountain  area i s  most   eas i ly   ob ta ined   by  a graded  road  to 

the  Martin  Ranch, which i n t e r s e c t s   S t a t e  Highway 5 2 ,  

approximately 25 m i  ( 6 5  km) nor th  o f  Magdalena. 

2 

Climate and  Vegetation 

P r e c i p i t a t i o n   i n   t h e   s t u d y   a r e a  i s  approximately 1 2  i n .  

( 3 0  cm) a n n u a l l y  and occurs   mos t   f requent ly   as   downpours  

during t h e  summer and ea r ly   f a l l .   Tempera tu res   r ange  from 

s l i g h t l y   o v e r  1 0 0  F ( 3 8  C )  on summer days   t o  well below 

f r eez ing   du r ing   w in te r   n igh t s .  The a r e a  is c l a s s i f e d   a s  a 

semiar id  desert .  

0 0 

Vegetat ion is typ ica l   o f   h igh   e l eva t ion ,   s emia r id  

reg ions   o f   the   southwes t .   Trees  common t o  t h e  a r e a   i n c l u d e :  

Pinyon  Pine,  Rocky Mountain  Juniper,  and  Staghorn  Cholla. 

Rio  Grande  Cottonwood  and  Bonpoland  Willows are   abundant  

a long the  c o u r s e s   o f   l a r g e r ,   s a n d y  creeks and a t   h i g h e r  

e leva t ions   s tands   o f   Ponderosa   P ine   occur  on s a n d s t o n e   d i p  

s l o p e s .   v a r i o u s  s h r u b s ,  g r a s s e s ,   c a c t i ,  and  small   oak  t rees  

1 
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Figure 1. M a p  showing the  location of the  study  area. 
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a l s o   f l o u r i s h   w i t h i n  t h e  a r e a .  The v e g e t a t i o n  is o f   t h e  

Upper Sonoran to   Transi t ion  Life   Zones.  

Larger  forms  of w i l d l i f e  a r e   n o t   a b u n d a n t   i n   t h e   a r e a .  

Rabb i t ,   dee r ,   snakes ,   roden t s ,  and b i r d s  are most common. 

Fox,   coyote ,   mounta in   l ion ,   bobca t ,   and   b lack   bear   a re   ra re .  

The a r e a  is used   exc lus ive ly   fo r   domes t i c   l i ves tock  

g raz ing .   P l en t i fu l   we l l -wa te r  and appa ren t ly   adequa te  

fo l i age   suppor t   modera t e - s i ze   he rds   o f   ca t t l e .  

Physiography 

The D Cross  Mountain  quadrangle is wi th in  t h e  Datil 

subd iv i s ion   o f   t he   Bas in  and  Range physiographic   province 

(Hawley  and o t h e r s ,  1 9 7 6 ) .  Three  prominent  mountain  ranges , 
t h e  Gallinas  Mountains,   Datil   Mountains ( B l u e  Mesa),  and D 

Cross Mountain,   extend  into t h e  a r e a   ( P l a t e  2 ) .  The G a l l i -  

nas  Range is composed of  rounded h i l l s  o f   deep ly   i nc i sed  

q u a r t z   l a t i t e   t u f f s   o f   t h e   S p e a r s   F o r m a t i o n .  Blue Mesa, 

w i t h  a maximum e leva t ion   .o f  8541 f t  ( 2 6 0 4  m) , is  t h e   h i g h e s t  

o f   t h e   t h r e e   r a n g e s  and i s  capped  by a s e r i e s   o f   f l a t - l y i n g  

basal t   f lows  which  have  prevented  development   of ,   and  subse-  

quent  downcutting  by  any  major  stream  system. As a r e s u l t ,  

t h e  northern  end  of  Blue Mesa i s  a l a rge   mono l i th i c   rock  

mass. D Cross Mountain is a volcanic   neck  which  has   in-  

t ruded   in to   gent ly   d ipping   Cre taceous   age   sands tones   and  

shales. D i f f e r e n t i a l   e r o s i o n   o f   t h e   s h a l e s  and  sandstones 

has  produced a ser ies  of benches  and c l i f f s  on   t he   s lopes   o f  

the  mountain.  
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Plate 2 .  D Cross Mountain  Area--view i s  to the  northwest .  
The l i g h t   c o l o r e d   h i l l s   i n   t h e  l e f t  foreground  are 
the  Gallinas  Mountains;  darker  mountain i n  l e f t  
background is Blue Mesa; D Cross Mountain i n  r i g h t  
background . 
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Easily  eroded  Chinle  and  Crevasse Canyon s t r a t a  form a 

r o l l i n g  h i l l  t opography   i n   t he   no r theas t e rn   po r t ion   o f  t h e  

mapped a r e a .  On t h e  e a s t  s ide of  Blue Mesa and the  no r th  

f ace   o f   t he   Ga l l inas   Moun ta ins ,   ped imen t   su r f aces   t ha t   d ip  

away  from the   mounta in   f ronts  are the  dominant  landforms. 

Alamocita  Creek, a large  sandy  ephemeral  stream, flows 

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

area. T r i b u t a r i e s   o f  t h e  master  stream are   dominant ly  

nor th- t rending  . 
Local r e l i e f  is approximately 2200 f t  ( 6 7 0  m ) ,  ranging 

from 6380 f t  (1945 m )  i n   t h e  bed of  Alamocita  Creek  where it 

e x i t s  t h e  s t u d y   a r e a ,   t o  8541 f t  (2603 m )  on Blue Mesa. D 

Cross  Mountain r ises  8495 f t  (2589 m )  above   sea   l eve l .  

Purpose  and  Scope 

The purpose  of  t h i s  s t u d y  was t o  map and describe t h e  

geology  of  t h e  D Cross  Mountain  quadrangle. lhe a r e a  was 

mapped d u r i n g  1978-80 a t  a s c a l e   o f  1:24,000 using  United 

S ta tes   Geologica l   Survey  (USGS) topographic  sheets and 

United States F o r e s t   S e r v i c e   c o l o r   a e r i a l   p h o t o g r a p h s .  

Measured s e c t i o n s  were  used t o   i n t e g r a t e   t h e   a r e a   i n t o  

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

ex ten t ,   geomet ry ,  and r e l a t i o n s   o f   t h e  mapped u n i t s .   h v i -  

r o n m e n t a l   i n t e r p r e t a t i o n s  are based on u n i t   g e o m e t r y ,   f o s s i l  

c o n t e n t ,   t h e  type o f   u n i t   c o n t a c t s ,  and v e r t i c a l  and l a t e r a l  

s equences   o f   s ed imen ta ry   s t ruc tu res .   S ix ty   f i ve   t h in -  

s e c t i o n s  were e x a m i n e d   p e t r o g r a p h i c a l l y   f o r   g r a i n   s i z e ,  
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s o r t i n g  , grain  morphology,   mineralogy,   and  diagenet ic  

changes  to   augment   hand-specimen  descr ipt ions of t h e  rock 

u n i t s .   A d d i t i o n a l l y ,  18 u l t r a - t h i n   c o a l   s e c t i o n s  were 

examined for  maceral  components. Four coa l  samples were 

analyzed  for  B.T.U. v a l u e ,  and  whole-rock  analyses  of  the 

major  oxides were obtained from  two igneous  rock u n i t s .  

Rock c o l o r s  were  determined  in t h e  f i e l d   u s i n g  the  

Geological   Society of America  rock  color   char t .  

Previous Work 

Herrick (1900) was t h e   f i r s t   g e o l o g i s t   t o   r e p o r t  on 

t h e  s t r a t a   c r o p p i n g   o u t   i n   t h e  D Cross  Mountain  area.  He 

produced a reconnaissance s t r i p  map along the cour se  o f  

Alamocita C r e e k  and b r o a d l y   d i f f e r e n t i a t e d  Triassic, 

Cre taceous ,   and   vo lcanic   rock   un i t s .  

Winchester ( 1 9 2 0 )  s tud ied  the C r e t a c e o u s   s t r a t a   a s  a 

p a r t   o f  a coal   evaluat ion  program  of   the upper Rio Salado 

d r a i n a g e   b a s i n .  Based  on s t r a t i g r a p h i c   s e c t i o n s   m e a s u r e d   i n  

t h e  s tudy  area, Winchester   int roduced  several  new forma- 

t i o n a l  names i n t o  t h e  l i t e r a t u r e .  

The o i l  and g a s   p o s s i b i l i t i e s   o f   t h e   a r e a  were r epor t ed  

on  by Wells (1919) .   In  t h i s  r e p o r t  Wells b r i e f l y   d e s c r i b e d  

t h e   s t r a t i g r a p h y  and s t r u c t u r e  of a p o r t i o n   o f   t h e  D Cross 

Mountain  quadrangle. 

The a r e a  was mapped a t  a scale of approximately 

1:126,000  by  Givens  (1957) a s  a p a r t   o f   t h e  Dog Springs 

quadrangle .  His map is ,  however , o f  a g e n e r a l   n a t u r e .  
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Many g e o l o g i s t s  ( P i k e ,  1 9 4 7 ;  Landis ,  Dane and  Cobban, 

1973; and Molenaar ,   1973)   have  measured  par t ia l   sect ions of 

t h e   C r e t a c e o u s   s t r a t a   c r o p p i n g   o u t  in t h e   a r e a   i n   a n   a t t e m p t  

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

Cre taceous   pa leonto logy   has   been   ex tens ive ly   d i scussed   by  

Landis, Dane and Cobban (1973) ,  Cobban (1977a  and 197713) , 
Cobban and Hook ( 1 9 7 9 ) ,  Hook and Cobban (1977,  1979,  1980a, 

and  1980b),  and Hook, Cobban and Landis  (1980).  Other 

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

r e fe renced   w i th in   t he  t e x t .  

Regional   Set t ing 

The D Cross  Mountain  quadrangle i s  loca ted   be tween  the  

Acoma embayment and t h e  Mogollon s l o p e   ( F i g u r e  2 ) .  The 

Acoma embayment, a r e g i o n a l   s y n c l i n a l   s t r u c t u r e  composed o f  

f a u l t e d  and fo lded   Mesozoic   s t ra ta  t h a t  d i p  g e n t l y   t o   t h e  

southwest , grades   nor thward   in to  the San Juan  Basin. The 

Mogollon s l o p e  i s  the  southern  boundary of the  Colorado 

Plateau  (Fitzsimmons,  1959) and is formed  by  southward 

d i p p i n g   T e r t i a r y   v o l c a n i c s  and assoc ia ted   sed imentary   rocks .  

The Zuni Mountains are a northwest-trending,  assym- 

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

50 m i  ( 8 0  km) long  and 20 m i  (32 km) wide  and  has  been 

s t r u c t u r a l l y   e l e v a t e d   a p p r o x i m a t e l y  5000 f t  (1525 m )  (Ke l l ey ,  

1955).   Precambrian  granites  and  metamorphic  rocks are 

exposed i n   t h e   c o r e  of t he   s t ruc tu re .   Pa l eozo ic   ca rbona te  

and c l a s t i c   r o c k s   d i p  away  from t h e  crest  of t h e   a n t i c l i n e .  
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SAN JUAN  BASIN 

ZUNI UPLIFT 

ACOMA  BASIN 

MOGOLLON 
SLOPE 

SAN AGUSTINE~IAINS 

Figure 2.  M a p  showing the location of the  major 
structural elements  in  northwestern  New  Mexico. 



9 

The Lucero u p l i f t  and P u e r c o   f a u l t  zone  border  the 

s t u d y   a r e a   t o   t h e  west. The Lucero u p l i f t  i s  a 1 0  m i  ( 16  

k m )  wide, 40 m i  ( 6 4  km) long ,   asymmetr ica l ,   up l i f ted   b lock  

t h a t   t r e n d s  N 10' E. S t r a t a   i n v o l v e d   i n   t h e   u p l i f t   h a v e  

undergone  broad  arching and o v e r t h r u s t i n g   a s s o c i a t e d  w i t h  

the  Laramide  orogeny  (Kelley and Wood, 1946)  and  the 

Southern 

The 

t r end ing  

7-22 m i  ( 

Rocky Mounta in   deformat ion   be l t   (Kel ley ,   1957) .  

Puerco  faul t   zone is a s e r i e s   o f   n o r t h - n o r t h e a s t -  

down-to-the-west  normal  faults.  The f a u l t  zone is 

10-34 km) wide  and 30 m i  ( 4 8  km) l o n g .   S t r a t a  

w i t h i n   t h e  zone d i p   g e n t l y   t o   t h e   e a s t .  The m a j o r   f a u l t s  

a r e  of b a s i n  and   range   or ig in   (Kel ley ,   1957) ,   a l though  bas in  

format ion   wi th in   the  Rio Grande r i f t   h a s   a f f e c t e d   t h e   a r e a .  

Southeas t   o f   the   s tudy   a rea ,   opening   of   the  Rio  Grande 

r i f t   h a s   p r o d u c e d   s e v e r a l   g r a b e n   s t r u c t u r e s .  The Mulligan 

Gulch  graben  forms a north-trending  topographic  low  between 

t h e  Bear-Magdalena  and  Gallinas-San Mateo Mountains. This 

graben   s t ruc tu re   began   t o  form approximately 26 m.y. B.P. 

( C .  Chapin ,   o ra l  commun. , 1979) .  The San  Augustine  Plains,  

a f l a t ,  e x t e n s i v e   s u r f a c e   l o c a t e d   s o u t h   o f  t h e  Ga l l inas  

Mountains, i s  a l s o  a g r a v e l - f i l l e d   b a s i n   t h a t  is p a r t   o f   t h e  

southwest- t rending  graben  complex  that   formed  in   response  to  

opening  of  the Rio  Grande r i f t  (Chapin and o t h e r ,   1 9 7 5 ) .  
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STRATIGRAPHY 

Approximately 5000  f t  (1525 m )  of   Tr iassic   through 

Qua te rna ry   age   s t r a t a   c rop   ou t   i n   t he  D Cross  Mountain 

quadrangle   (F igure  3 ) .  These rocks   r ep resen t  a p l e t h o r a  o f  

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

ma t i c  , t e c t o n i c  , v o l c a n i c  and sed imen ta log ica l   cond i t ions  

p r e v a l e n t  i n  t h e  area d u r i n g   t h e   p a s t  200 m i l l i o n   y e a r s .  

Triassic   System 

The Triassic System is represented   by   the   Chin le  Form- 

a t i o n  i n  t he  D Cross  Mountain  area.  Only a p a r t i a l   s e c t i o n  

o f  the formation is exposed   i n   t he   s tudy   a r ea .  Younger 

T r i a s s i c  or J u r a s s i c   s t r a t a ,   i f   d e p o s i t e d ,  were subsequent ly  

eroded  from  the  area.  

C h i n l e  Formation 

The term "Chinle" was or ig ina l ly   app l i ed   by   Gregory  

( 1 9 1 6 )  t o   " h i g h l y   c o l o r e d  . .. s h a l e s  and  sandstone"  that  are 

exposed  in  Chinle  Valley,   Arizona. A t  t h e   r e f e r e n c e  sec- 

t i on ,   Gregory   d iv ided   t he   fo rma t ion   i n to   fou r   i n fo rma l  

u n i t s .   C o r r e l a t i v e s  of t h e s e  are not   recognized i n  t h e  

Acoma b a s i n .  

Tonking  (1957) was t h e  f i r s t   p e r s o n   t o  use the  Chinle  

t e rmino logy   fo r   s t r a t a   c ropp ing   ou t   i n   t he  Acoma bas in .   In  

t h e  P u e r t e c i t o  area, he   d iv ided   the   format ion   in to   four  

informal   uni ts .   Later ,   Givens  (1957)   appl ied  the name 
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STRATIGRAPHIC UNIT 
unconsolidated  qravels 

Blue Mesa Basalts 

conglomerate of  Rock  Tank Canyon 

Spears Formation 

Baca Formation 

l W  m a a Crevasse  Canyon Formation 
m h 3  

x @ $ e  Gallup  Sandstone 

D Cross  tongue 
m 
0 a, Fite Ranch Member 
G c :  
m o  

m w  7 6 Carthage  Member 

v, Atarque Member 
2z m 

a, 
Rio Salado  tongue 

Twowells  tongue 
3 

m 
0 
0 e 
m m 

Paguate  tongue m 

INM Springs  tongue m 

ul 

Dakota  Sandstone-main body 

Chinle Formation 

Figure 3 .  Stratigraphic  column for the D Cross 
Mountain area, New Mexico. 
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Chinle   Formation  to  a series o f  “red shales and  mudstones’’ 

t h a t   c r o p   o u t  west o f   t he  Red Lake  f a u l t  i n  t he  D Cross 

Mountain  quadrangle.  Winchester (1920) had e a r l i e r  used 

on ly  “Red Beds’’ t o   d e s i g n a t e  these same s t r a t a .   Fo l lowing  

the usage  of  Givens (1957) , two i n f o r m a l   d i v i s i o n s   o f   t h e  

Chinle are r ecogn ized   i n   t he  map area: an   upper   sha le   un i t  

and a lawer   sands tone   un i t .  Based  on  comparisons  of  the 

Chin le   in  t h e  s t u d y   a r e a  w i t h  Tonk ing’ s   desc r ip t ions ,   t he  

sands tone   and   sha le   un i t s   o f  D Cross  Mountain  probably 

c o r r e l a t e  w i t h  Tonking‘s   un i t s   th ree  and f o u r ,   r e s p e c t i v e l y .  

Regional ly ,  t h e  Chinle i s  d i s c o r d a n t l y   o v e r l a i n   b y   t h e  

Cretaceous  Dakota  Sandstone. The unconformity  between t h e  

two  formations i s  n o t   o b v i o u s   l o c a l l y .  The b a s a l   c o n t a c t  of 

the  Chinle  is not   exposed   in   the  D Cross  Mountain  quadrangle 

and a comple te   s t ra t igraphic   sec t ion   could   no t   be   measured .  

From well log  d a t a ,   F o s t e r  (1964) inferred t h a t  1475 f t  (450 

m )  o f   C h i n l e   s t r a t a   a r e  present i n  t h e  subsurface i n   t h e  

v i c i n i t y   o f  D Cross  Mountain. The Ch in le   appea r s   t o  

main ta in  a uniform  thickness   f rom  north-central  N e w  Mexico 

sou thward   un t i l   r each ing   t he   ze ro   i sopach   l i ne   fo r  Jurassic 

rocks   in   Valenc ia   County ,  New Mexico ( F o s t e r ,  1964). South 

o f   t h i s   l i n e ,   t h e   C h i n l e   t h i n s   r a p i d l y  and  pinches  out   a long 

a wes t -nor thwes t - t rending   l ine   pass ing   th rough  Reserve ,  New 

Mexico ( F o s t e r ,  1964). The southwes t   th inning   of   the   Chin le  

i s  l a r g e l y  t h e  r e s u l t   o f   p o s t - T r i a s s i c   e r o s i o n   a l t h o u g h  some 

depos i t iona l   th inning   cannot   be  ru led  o u t .  
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No d i a g n o s t i c   f o s s i l s  were  collected  from  the  Chinle 

s t r a t a ,   a l t h o u g h   s i l i c i f i e d  wood f r agmen t s   a r e   p re sen t .  I n  

o t h e r   a r e a s ,   v e r t e b r a t e   f o s s i l s ,   " f o s s i l   f o r e s t " ,  and f r e s h  

water   bivalves   have  been  reported  (Daugherty,   1941) .  These 

f o s s i l s   i n d i c a t e  a Late Tr i a s s i c   age   fo r  t h e  Chinle (McKee, 

1951) .  

The lower  sandstone u n i t  o f  t h e  Chinle  Formation 

c o n s i s t s  o f  approximately 5 0  f t  (15 m )  o f   t h i n -   t o  

thick-bedded , whi te ,   r ed  and  lavender  sandstones  and 

s i l t s t o n e s   ( P l a t e  3 ) .  The sands tones  are modera te ly  

i n d u r a t e d ,   v e r y   c a l c a r e o u s ,  f i n e -  t o   ve ry   f i ne -g ra ined  , 
modera te ly   to   wel l - sor ted  , submature l i t h i c  a rkoses .  

Subangular   to   subrounded  gra ins   o f   quar tz   a re   the   mos t  

common framework  consti tuent  and  comprise 6570% of   t he  

rock .   Vacuol ized   p lag ioc lase ,   o r thoc lase ,   muscovi te ,   opaque  

m i n e r a l s ,  cher t ,  subhedral  zircon,  and  badly  weathered  vol-  

canic ( ? )  rock  fragments  occur  in  varying  amounts  (Appendix 

A )  * 

The rock i s  cemented  by  large,  0.2 i n .   ( 5 1  m m ) -  

d i a m e t e r ,   e q u a n t  calci te  c r y s t a l s  and has  a p o i k i l i t i c  

t ex ture .  Par t ia l   rep lacement   o f   the   f ramework   gra ins   by  the 

calci te  cement is common. Fine- t o   c o a r s e - t e x t u r e d   c h e r t  

and k a o l i n i t e   a r e   l o c a l l y   p r o m i n e n t  cements. 

The sands tone   un i t  is composed o f  a series o f   l a r g e  

S c a l e   c u t - a n d - f i l l   d e p o s i t s .  Each c u t - a n d - f i l l   f e a t u r e  is 

bounded  by  an  upper  and  lower  curved  truncation  surface.  

Each s e d i m e n t a t i o n   u n i t   e x h i b i t s  a c h a r a c t e r i s t i c   s e q u e n c e  

o f   s ed imen ta ry   s t ruc tu res  and i s  normally  graded. The 
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Plate 3 .  Channel sandstone  in  the  Chinle  Formation--the 
sandstone   uni t   occurs  i n  t h e   b a s a l   5 0  f t  115 m l  o f  
the  form'ation. Photograph was taken i n   S e c t i o n  

. ~ ~ ~~~, 

10, T. 3 Ne, R. 0 W. 
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sequence i s ,  from  the  base  upward: (1) a 0.5-1.0 f t  (15-30 

cm) t h i c k ,   s t r u c t u r e l e s s  or c r u d e l y   c r o s s - s t r a t i f i e d ,   c l a y -  

c l a s t   c o n g l o m e r a t e ,  ( 2 )  a 3-10 f t  (1-3 m) th ick  zone of 

l a rge - sca l e   t rough   c ros s - s t r a t i f i ed   s ands tone ,   and  ( 3 )  a 

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

s t r a t i f i c a t i o n s  and  microcross- laminat ions.   Paleocurrent  

f l o w   d i r e c t i o n   a s   d e t e r m i n e d  from the   o r i en ta t ion   o f   channe l  

axes and maximum f o r s e t   d i p   d i r e c t i o n s   g a v e  a mean flow 

d i r e c t i o n  of N 2' E (Appendix B ) .  

The s h a l e   u n i t  i s  composed of  approximately  150 f t  ( 4 6  

m )  o f   i n t e r c a l a t e d   s h a l e  and s i l t s t o n e .  The broad , low 

v a l l e y   n o r t h   o f   t h e  INM Ranch is covered w i t h  r e d   s o i l  

eroded  from t h i s   n o n r e s i s t a n t   s h a l e   u n i t .  Only the  upper  

25-30 f t  (8-9 m)  o f   t he   sha l e   un i t ,   immedia t e ly   benea th  a 

ridge  capped  by  Dakota  Sandstone, i s  exposed .   In   the   c l i f f  

f a c e  t h e  rock is dominantly a r e d   t o   l a v e n d e r ,   s i l t y ,  

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

0.5-2.0 f t  (0.15-0.6 m) o f   t h e   s h a l e  is whi t e ,   p robab ly   t he  

r e su l t  of   leaching  by  ground  water   which  percolated  through 

the  porous  Dakota  Sandstone. 

%e C h i n l e   s t r a t a   r e p r e s e n t  a c l a s s i c . c o n t i n e n t a 1   " r e d -  

bed" depos i t   t ha t   accumula t ed  on a broad   nor theas t - s lop ing  

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

sequence and type  of sedimentary s t ruc tures  in   t he   s ands tone  

u n i t  is s u g g e s t i v e  of d e p o s i t i o n  as po in t -ba r s  i n  l a t e r a l l y  

migra t ing  , mixed-load , meandering streams a s  descr ibed   by  

Galloway ( 1 9 7 7 ) .  Wood f ragments   and   roo t   mot t l ing ,  a l a c k  



16 

of   p r imary   s ed imen ta ry   s t ruc tu res  i n  t h e   s h a l e  member,  and 

" o x i d i z e d "   c o l o r   a r e   c h a r a c t e r i s t i c s   g e n e r a l l y   a s s o c i a t e d  

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

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

O'Sul l ivan ( 1 9 7 7 )  has  proposed a s i m i l a r   d e p o s i t i o n a l  model 

f o r  much of t h e  C h i n l e   s t r a t a   c r o p p i n g   o u t  i n  New Mexico. 

Cretaceous  System 

Approximately 1 7 0 0  f t  (520  m)  o f   C r e t a c e o u s   s t r a t a   a r e  

exposed  in  the  mapped area. !the l a r g e s t   e x p o s u r e s   o f  

Cretaceous  rocks are confined t o  a t r iangular-shaped  segment  

west o f   t h e  Red Lake f a u l t   ( P l a t e  4 ) .  A small   exposure  of 

Csevasse Canyon Formation,  north  of  Alamocita  Creek, is t h e  

o n l y   C r e t a c e o u s   s t r a t a  t h a t  c r o p s   o u t  on t h e  east s ide  o f  

t he  Red L a k e  f a u l t .  

In ear l ie r  s t u d i e s ,   c o r r e l a t i o n s   o f   C r e t a c e o u s   s t r a t a  

be tween   i so l a t ed   ou tc rop   a r eas  were based  pr imari ly   on 

count ing t h e  number of   sands tones  upward  from the  base  of  

the  sequence and a t t e m p t i n g   t o  match these on a one-to-one 

bas is .   Recent  and ongo ing   i nves t iga t ions   o f   t he   r eg iona l  

C r e t a c e o u s   s t r a t i g r a p h y   b y   s t a f f  members of the United 

States   Geological   Survey  and  the New Mexico Bureau of Mines 

and Minera l   Resources   have   resu l ted   in   ex tens ive   rev is ion   of  

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

c r o p p i n g   o u t   i n   t h e  San Juan, Acoma , and  Zuni b a s i n s .  

, 

In t h e  a r e a  mapped i n  t h i s  s t u d y ,   f i v e  d i s t i n c t  forma- 

t i ons ,   r ang ing   i n   age  from  Cenomanian to   Coniacian,   have 



" 

P l a t e  4 .  Cretaceous s tra ta   exposed   on   the   eas t   s lope   o f  D 
Cross  Mountain--the  section i s  composed of 
approximately  1700 f t  ( 5 2 0  m )  of   interbedded 
c l i f f - f o r m i n g   s a n d s t o n e s  and s h a l e s .  The red 
sha le   un i t   in   the   foreground  is C h i n l e   s h a l e .  
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been   de l inea ted .  The Cre taceous   s t r a t ig raphy  i s  shown i n  

Figures  4 and 5. These l i t h o s t r a t i g r a p h i c  u n i t s  r e p r e s e n t  

s ed imen t s   t ha t   accumula t ed   i n   t h ree   depos i t i ona l   env i ron -  

ments: (1) of f shore   mar ine ,  ( 2 )  c o a s t a l   p a r a l i c   a n d  

( 3 )  c o n t i n e n t a l   f l u v i a l .  

Dakota  Sandstone 

The basa l   Cre taceous   un i t  is the  Dakota  Sandstone. The 

reference   sec t ion   for   the   Dakota  was descr ibed   by  Meek and 

Hayden ( 1 8 6 1 )   i n   t h e   v i c i n i t y  of Dakota,  Nebraska.  Herrick 

( 1 9 0 0 )  was a p p a r e n t l y   t h e  f i r s t  to   ex t end  the  Dakota termi- 

nology  in to   the  Acoma b a s i n .   R e g i o n a l   s t u d i e s   o f   t h e   i n t e r -  

tongued  relations  of  marine  and  nonmarine  Cretaceous  rocks 

in   no r thwes te rn  New Mexico have shown t h a t   i n  t h e  San Juan 

and Acoma basins   the  Dakota   Sandstone is n o t  a s imple,  

s ing le   sands tone   body,   bu t  is s p l i t   i n t o   s e v e r a l  d iscrete  

sandstone  packages by in te rvening   tongues   o f  Mancos Shale .  

In   genera l ,   the   Dakota   tongues   merge   to  become a s i n g l e   u n i t  

near  t h e  New Mexico-Arizona  border.  In t h e  map area t h r e e  

Dakota u n i t s   a r e   r e c o g n i z e d ,   t h e s e  are ,  i n   a s c e n d i n g   s t r a t i -  

g r a p h i c   o r d e r :  (1) Dakota  Sandstone  (main  body), (2.) 

Paguate  tongue,  and ( 3 )  Twowells  tongue. 

Dakota  Sandstone Main Body 

Within t h e  Acoma bas in  t h e  main  body o f  t h e  Dakota 

Sandstone  ranges  from 6 f t  ( 2  m )  t h i c k   i n  t h e  P u e r t e c i t o  

area (Tonking,   1957)   to  94  f t  ( 2 9  m )  t h i c k  i n   t h e  
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MARlNE 

Figure 4 .  Generalized  Section of t h e  marine, 
Cretaceous  rocks  cropping  out In the  D Cross 
Mountain area. Notice t h e  c iase  relation of 
coarsening upward sandstone  packages IO regres- 
sive  episodes. 
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Huckleberry well ( F o s t e r ,  1 9 6 4 ) .  V a r i a t i o n   i n   t h i c k n e s s ,  i n  

p a r t ,   r e f l e c t s   t h e  l a c k  of  cons is ten t   p lacement   o f   the   upper  

boundary,   though  actual   changes i n  t h i c k n e s s   c e r t a i n l y   o c c u r .  

I n  t h e   s t u d y   a r e a  t h e  main  body of t h e  Dakota  Sandstone is 

uniformly 32 f t  ( 1 0  m )  t h i c k .  

In t h e  D Cross  Mountain  quadrangle,  t h e  main body o f  

t he  Dakota   Sands tone   (hereaf te r   re fe r red  t o  o n l y   a s  t h e  

Dakota or Dako ta   Sands tone )   d i r ec t ly   ove r l i e s   t he  C h i n l e  

Formati.on,  and  forms a r e s i s t a n t   r i d g e   t h a t   c a n   b e   t r a c e d  

northward  from  the  abandoned INM ranch  house on the   no r th  

bank  of  Alamocita Creek i n  Sec. 21 ,  T. 3 N. ,  R. 8 W. Due t o  

t h e   p l a s t i c   b e h a v i o r   o f  t h e  underlying C h i n l e  s h a l e s ,   l a r g e  

b locks  of detached  Dakota  sandstone  have  been “ l e t  down” a s  

the  incompetent  shale  below  has  been  removed. As a resul t ,  

a lands l ide- l ike   topography is typica l ly   deve loped   a long   the  

contac t   be tween   the  two formations.  

A s e c t i o n  of the  Dakota was measured  where a small  

a r r o y o   c u t s   o b l i q u e l y   a c r o s s   t h e   s t r a t a  i n  Sec. 21 ,  T. 3 N . ,  

R. 8 W. A t  t h i s   l o c a l i t y   t h e   e r o s i o n a l   b a s a l   c o n t a c t   w i t h  

the   Ch in le  is well exposed. The Dakota i s  g r a d a t i o n a l   i n t o  

the   ove r ly ing  Mancos Shale  tongue. The g rada t iona l   change  

occurs   over  a s t r a t i g r a p h i c   i n t e r v a l ’ o f   a p p r o x i m a t e l y  10 f t  

( 3  m )  and is t h e  resu l t  o f  a n  i n c r e a s e  i n  th ickness   and  num- 

be r   o f   sha l e   beds   nea r   t he   t op   o f   t he   un i t .  

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

t h e   t o p   o f  a predominant ly   sandstone  interval   which  under-  

l i e s  da rk -co lo red   sha l e  more t y p i c a l   o f   t h e  Mancos. This 
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l i t h o l o g i c   d e f i n i t i o n  is s i m i l a r   t o  t h a t  used  by  Foster 

( 1 9 6 4 )  f o r   s u b s u r f a c e   c o r r e l a t i o n s  and co r re sponds   t o  a 

s l i g h t   b r e a k   i n   t o p o g r a p h y .  

No f o s s i l s  were c o l l e c t e d  from the  main  body  of t h e  

Dakota  Sandstone.  Regional  studies  indicate t h a t  t h e  b a s a l  

Cre taceous   un i t  is of   ear l ies t   La te   Cre taceous   (Cenomanian)  

age. A Thatcher   equivalent  ( m i d d l e  Cenomanian)  (Cobban, 

1977a) was c o l l e c t e d  from nodu la r   l imes tone   conc re t ions   i n  

t h e  over ly ing  Mancos Shale  tongue 2 0  f t  (6 m )  above t h e  t o p  

o f  t h e  ma in  body of   the  Dakota   Sandstone.  ?his is t h e  

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

wi th in  t h e  s t u d y   a r e a .  %e g r a d a t i o n a l  Dakota-Mancos  con- 

t a c t   i n d i c a t e s  a s imilar   age  for   the  Dakota .  

The Dakota  Sandstone  can be d i v i d e d   i n t o  three p a r t s :  

(1) a basa l   conglomera t ic   sands tone  u n i t ,  ( 2 )  a midd le  s h a l e  

u n i t ,  and ( 3 )  an   upper   sands tone   un i t .   ' Ihese   d iv is ions   a re  

used i n f o r m a l l y   i n  t h i s  s tudy .  

The lower 1 6  f t  ( 5  m )  of the  Dakota is a mass ive ly  

bedded, t r o u g h   c r o s s - s t r a t i f i e d ,   w e l l - i n d u r a t e d  u n i t  com- 

posed  of  small   pebble  conglomerates and s l i g h t l y   p e b b l y ,  

medium-grained  sandstones (P la te  5 ) .  Conglomerate   beds  are  

t h i c k e r  and  more numerous i n   t h e   b a s a l   p a r t   o f   t h e   e x p o s u r e  

and t h e   u n i t  is graded.  

T e x t u r a l l y ,  t h e  lower p a r t  o f  the  Dakota i s  composed of 

subequal  amounts  of  sand  and  gravel,  w i t h  sand  the  more com- 

mon s ize-grade .  ?he l a r g e r   c o n s t i t u e n t s   a r e   w e l l - r o u n d e d ,  

equan t   pebb les   o f   b l ack   che r t  and  var iously-colored 
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Plate  5 .  Basal   chert   pebble  conglomerate  in  the  main  body 
of the Dakota Sandstone--the u n i t  i s  a f i n i n a  
upward sequence.  Photograph was t a k e n   i n   S e c t i o n  
21, T. 3 N.,  R. 8 W. 
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q u a r t z i t e .  Many o f  these c l a s t s  were probably  reworked  from 

Triassic or J u r a s s i c   s t r a t a .   G r a v e l   s i z e   m a t e r i a l   o c c u r s  i 

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

s i n g l e  pebble t o  1 f t  ( 3 0  cm) or more i n  t h i c k n e s s .  These 

conglomerate  beds o f t en  g r a d e   l a t e r a l l y   i n t o   s a n d s t o n e   o v e r  

a d i s t a n c e   o f  a few fee t .  

n 

The coarse-gra ined   beds   a re  well s t r a t i f i e d   w i t h  l a rge ,  

sha l low  t rough   c ros s - s t r a t i f i ca t ion   be ing   t he   dominan t  sed i -  

men ta ry   s t ruc tu re .   P l ana r   wedge- se t s   t ha t   r ange  from 0 . 1   t o  

1 . 0 ' f t  ( 3  t o  30 cm) t h i c k  are t h e   o n l y   c r o s s - s t r a t i f i c a t i o n  

type obse rved   i n   t he   i n t e rven ing   s ands tone   beds .  

Overlying  the lower u n i t  is a s e c t i o n  composed  predomi- 

n a n t l y   o f   s h a l e s  w i t h  a few th in   s ands tone   beds .  The s h a l e s  

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

t h i n -   t o  medium-bedded. The i n t e r c a l a t e d   s a n d s t o n e s  are 

on ly  a few i n c h e s   t h i c k ,   l a t e r a l l y   c o n t i n u o u s ,   s i l t y ,  moder- 

a t e l y   c a r b o n a c e o u s ,   p o o r l y   s o r t e d  , f ine-gra ined   subarkoses .  

The upper  unit   of  the  Dakota ,is composed o f  numerous 

0.5-1.0 f t  (15-30 c m )  t h i c k   b e d s  of l i m o n i t e - s t a i n e d ,  moder- 

a t e l y   i n d u r a t e d  , ca lca reous  , modera t e ly   so r t ed ,   f i ne -g ra ined  

q u a r t z a r e n i t e s  and  subarkoses. These sands tones   a r e   s epa -  

r a t e d   b y   t h i n   b e d s  of black s h a l e .  The o n l y   s t r u c t u r e s  

p re sen t   w i th in   t hese   s ands tones  are branching  burrows  that  

resemble   P lanol i tes   which   occur  a s  casts on t h e  s o l e s   o f   t h e  

sandstone  beds.  

The s a n d   s i z e   c o n s t i t u e n t s  are  dominant ly   subrounded  to  

rounded   qua r t z   g ra ins  (86-90%) t h a t  are g e n e r a l l y   s i n g l e  
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c r y s t a l s  w i t h  undulose   ex t inc t ion .   o ther   sand  s ize  compo- 

n e n t s   i n c l u d e   c h e r t  ( l o % ) ,  sub rounded   z i r con   ( t r ace )  , and 

kaol in ized   po tass ium  fe ldspar   ( t race)   (Appendix  A ) .  The 

framework g r a i n s   a r e   c l o s e l y   p a c k e d  and d i s p l a y   c r e n u l a t e d  

or convex-concave  boundaries. Pressure so lu t ion ing   o f   t he  

q u a r t z  a n d   s q u a s h i n g   o f   l a b i l e   p a r t i c l e s  i s  common. 

Cementation was accompl ished   pr imar i ly   by  s i l i c a  pre- 

c i p i t a t i o n   a s   o v e r g r o w t h s  on t h e  q u a r t z   g r a i n s  and  by l a t e r  

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

pas s ive   po re - f i l l i ng   s equence .   Au th igen ic   c l ay   mine ra l s   a r e  

a l s o   p r e s e n t   w i t h i n   t h e   m a t r i x .  

?he  Dakota s t r a t a  represents   sed iment   tha t   accumula ted  

i n  bo th   pa ra l i c   and   f l uv ia l   env i ronmen t s .  The t r a n s i t i o n  

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

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

t h e  accumulation of t h e   u p p e r   u n i t   d e v e l o p e d   a s   t h e   r e s u l t  

of the encroachment  of a shal low  Cretaceous sea i n t o   t h e  D 

Cross  Mountain  area  during  the  Cenomanian. 

The l o w e r   c o n g l o m e r a t i c   s t r a t a   o v e r l i e  a r e g i o n a l  

unconformity.   During the time represented   by  t h e  unconform- 

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

near   base- level   produced a near  peneplane surface. During 

planation  gravel-size  componen'ts   reworked from t h e  under- 

l y ing   T r i a s s i c ,   and   pe rhaps   Ju ra s s i c ,  s t r a t a  accumulated as 

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

system. The basa l   cong lomera te   un i t   con ta ins  many of t h e  

c h a r a c t e r i s t i c s  commonly a s soc ia t ed   w i th   b ra ided  stream 

1 
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d e p o s i t s :  (1) s l i g h t l y   e r o s i o n a l  base, ( 2 )  c o a r s e   g r a i n  

s i z e ,  ( 3 )  modera t e   so r t ing ,  ( 4 )  .dominance   of   un id i rec t iona l  

p l a n a r   c r o s s - l a m i n a t i o n s ,   a n d   ( 5 )   l a c k   o f   f o s s i l s   ( D o e g l a s ,  

1962) .  

Depos i t i on   o f   t he   f l uv ia l   s ed imen t s   occu r red   a s   t he  

Late  Cretaceous seas b e g a n   t o   t r a n s g r e s s   i n t o   t h e   a r e a ,  

reducing  the  regional   gradient .   Judging  f rom  the  widespread 

e x t e n t   o f   t h e   b a s a l   u n i t   a n   e x t e n s i v e   f l u v i a l  complex  must 

have   ex i s t ed   i n   t he  area. S tokes   (1950) ,  Reeside (1957)  , 
and  McKnight (1968)  have  envisioned similar s e t t i n g s  i n  

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

Rocky Mountain  region.   Paleocurrent   data   obtained  f rom 

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

wester ly   paleoslope  (Appendix B) . 
Ihe m i d d l e   s h a l e   u n i t  is s l i g h t l y   b i o t u r b a t e d ,   v e r y  

carbonaceous ,   and   conta ins  a few immature   sands tone   in te r -  

beds. .  No m e g a f o s s i l s  were observed i n  t h e   s h a l e   i n t e r v a l .  

The upper   sandstone  uni t  is composed of   numerous  bioturbated 

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

muds (Mancos Sha le )   con ta in ing   open   mar ine   fo s s i l s .   Th i s  

mudstone  and  sandstone  sequence  represents a t r a n s g r e s s i v e  

mud c o a s t l i n e  and nea r shore   ba r  complex t h a t  accumulated on 

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

g r e s s i o n  i n t o  t h e  area. S imi l a r  mud-dominated s h o r e l i n e s  

have  been  described  by  Fisher  and Brown (1972)  from  the 

Louisiana Gulf Coast. 
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Paguate Tongue 

.. Near t h e  town of   Paguate ,  New Mexico,  Landis  and  others 

(1973) measured and descr ibed   approximate ly  6 2  f t  (19 m) of 

s a n d s t o n e   a n d   s i l t s t o n e   t o   w h i c h   t h e y   a p p l i e d   t h e  name 

Paguate  Sandstone  tongue  of t h e  Dakota  Sandstone.  In t h i s  

same s tudy ,   t hey   demons t r a t ed   t ha t   t he   Pagua te  merged  with 

t h e  main body of t h e  Dakota  Sandstone  near Grants, New 

Mexico.  In  the D Cross a r e a  32 f t  ( 1 0  m )  o f   sands tone   c rop  

out   approximate ly  1 0 0  f t  (30 m )  above t h e  main  body of t h e  

Dakota   Sands tone .   Based   on   the   s t ra t igraphic   pos i t ion ,  

l i t h o l o g y ,  and a g e ,   t h e s e   s t r a t a  were de termined   to   be  

Paguate   Sands tone   equiva len ts .  No P a g u a t e   s t r a t a   c r o p   o u t  

east, of D Cross Mounta in .   Therefore ,   the   ou tcrops  a t  D 

Cross Mounta in   represent   the   southeas te rnmost   ex tens ion   of  

t he   s ands tone  .. 

. .  

?he Paguate  thickens  and  merges  with  the  main  body  of 

t h e  Dakota  Sandstone  in a no r thwes tward ly   d i r ec t ion .  The 

g e o m e t r y   o f   t h e   u n i t   i n d i c a t e s   t h e   s t r a t a  were derived from 

t h e  west o r  nor thwes t   (Landis   and   o thers ,   1973) .  Cross- 

s t r a t i f i c a t i o n   m e a s u r e m e n t s   i n   t h e  D Cross Mountain  and 

Pueblo Viejo a r e a s  show a u n i d i r e c t i o n a l   s o u t h e r l y   p a l e o -  

cu r ren t   pa t t e rn   (Append ix   B) - -ob l ique   t o   t he   i n fe r r ed  

C r e t a c e o u s   s h o r e l i n e   a t   t h a t  time. This s u b s t a n t i a t e s   t h e  

conc lus ions   o f   Land i s   and   o the r s   (1973)   t ha t  t h e  Paguate 

prograded   in  a s o u t h e a s t e r l y   d i r e c t i o n .  
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The Paguate  tongue i s  poor ly   exposed   in   the  D Cross 

Mounta in   a r ea ,   c ropp ing   ou t   on ly   a s  a low  d iscont inuous  

r i d g e  formed a t  t h e  base o f  t h e  slope  beneath  'Ityowells 

s ands tone   i n  Sec. 8, T. 3 N. ,  R. 8 W. A t  t h i s   l o c a l i t y   o n l y  

a p a r t i a l   s e c t i o n  composed o f  15 f t  ( 5  m )  o f   s t r a t a  is 

exposed;   fur ther   to   the   south   the   Paguate  i s  concealed 

beneath  Quaternary  a l luvium. A comple te   sec t ion   of   Paguate  

does I however I c rop   ou t   app rox ima te ly  1 m i  ( 1 . 6  km) n o r t h   o f  

t h e   s t u d y  area a long   the   course  o f  t h e  Rio SaLado,  and  there 

.the  Paguate is 32 f t  ( 1 0  m )  t h i c k   ( F i g u r e  6 ) .  

The age   of   the   Paguate  was determined  from a well pre- 

served  ammonite   col lected  f rom  the middle  o f   t h e   u n i t   i n  

exposures   a long   the  Rio Salado.  The ammonite was i d e n t i f i e d  

a s  Pa rxacsompsoce ras   l and i s i ,  a l a t e  middle Cenomanian  form 

(S. Hook, o r a l  commun., 1978) .  Landis   and  others  ( 1 9 7 3 )  

have   co l lec ted   spec imens  of Acanthoceras   amphibolum,  a lso a 

Cenomanian  ammonite,  from the lower 25  f t  ( 8  m )  of   the  

Paguate  Sandstone  near  Laguna, New Mexico. A s  the  Paguate  

is a t  l ea s t  100 f t  ( 3 0  m)  s t r a t i g r a p h i c a l l y   l o w e r   t h a n   t h e  

l a t e  Cenomanian  Twowells tongue,  a middle Cenomanian  age f o r  

the   Paguate   appears   reasonable .  

%he Paguate is a coarsening-upward  sequence  of  f ine-  to 

medium-grained  sandstone  that  is gradat ional   f rom  the  under-  

l y i n g  Mancos Shale  ( P l a t e  6 ) .  The lower 2 0  f t  ( 6  m )  o f   the  

u n i t  is green-gray  (10 GY 5/2),  s i l t y ,   m o d e r a t e l y   i n d u r a t e d ,  

c a l c a r e o u s ,   a n d   m o d e r a t e l y   s o r t e d .  This' s i l t y  zone is mas- 

s i v e l y  bedded  and, as  t h e  resul t  o f   i n t e n s e   b i o t u r b a t i o n ,  
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Figure 6 .  Stratigraphic  section of the  Paguate  tongue of 
the  Dakota  Sandstone. The Paguate  accumulated as an 
offshore  bar  sand. 
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P l a t e  6 .  Contact  between  Paguate  tongue of the  Dakota 
Sandstone and the  underlying INM Springs  tongue of  
t h e  Mancos Shale- - the   contact  i s  g r a d a t i o n a l .  

bentonites .   Photograph was t a k e n   i n   S e c t i o n  5 r  T. 
L i g h t e r   c o l o r e d   a r e a s   i n   t h e   s h a l e   i n t e r v a l   a r e  

3 N .  R 8 W . ,  Wiley Mesa quadrangle.  
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h a s  a swirled appearance.  Due t o  the h i g h   c l a y   c o n t e n t  o f  

t he   base  of t h e   u n i t ,   t h e   r o c k  is sphero ida l   weather ing .  

F o s s i l s  are o f t e n   p r e s e n t  and include  unabraded  inoceramids 

and ammonites. 

The lower   pa r t   o f  t h e  u n i t  is o v e r l a i n   b y  1 0  f t  ( 3  m )  
~ 

! o f   b i o t u r b a t e d  , h o r i z o n t a l l y   l a m i n a t e d   t o  s t ructureless ,  I 

t h i n   t o  t h i c k  wavy beds  of  medium-grained  sandstone.  Iron 

oxide  within  the  burrowed  zones  imparts a reddish-orange (10 

R 4 / 6 )   c o l o r   t o   t h e   s t r a t a .  

The upper 2 f t  ( 6 1  cm) of t h e  Paguate i s  a r e s i s t a n t ,  

whi te  ( N  9 )  , c r o s s - s t r a t i f i e d  , well-sorted,   medium-grained 

g l a u c o n i t i c   q u a r t z a r e n i t e .  The c r o s s - s t r a t i f i c a t i o n s   o c c u r  

i n  sets up  t o  1 f t  ( 3 0  cm) t h i c k  and a r e   o f   t h e   p l a n a r  

wedge-shape type. The cross- laminae   a re   inc l ined   un i formly  

t o   t h e   s o u t h - s o u t h e a s t .  

Fine-  to  medium-grained  quartz  comprises  from  94-95%  of 

t he   f r amework   cons t i t uen t s   i n  t h e  f i v e   t h i n - s e c t i o n s  

examined. The q u a r t z   g r a i n s   a r e   g e n e r a l l y   f r e e   o f   i n c l u -  

s i o n s  and h a v e   s t r a i g h t   e x t i n c t i o n ;   a l t h o u g h   g r a i n s   w i t h  

n e e d l e - s h a p e d   r u t i l e   i n c l u s i o n s  and gra ins   wi th   undulose  

e x t i n c t i o n   a r e   p r e s e n t .  Most g r a i n s   a r e   s u b e q u a n t  and 

subrounded  to   subangular .  Other c o n s t i t u e n t s   t h a t   o c c u r  i n  

amounts greater than 1% include:   rounded , medium-green  (5G 

5 /6 )   g l aucon i t e  ( 2 % ) ,  g r e y   c h e r t  ( 2 % ) ,  potass ium  fe ldspar  

(l%), and s i l t s t o n e  (1%). Trace a m o u n t s   o f   p a r t i a l l y  

d e g r a d e d   b i o t i t e  and  muscovite were also  recorded  (Appendix 

A )  * 
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The rock t ex tu re  ranges  f rom  moderately  overpacked,   in  

which t h e   g r a i n s   h a v e   s h o r t   s t r a i g h t   c o n t a c t s ,   t o   t i g h t l y  

packed i n  which  sutured,  concave-convex, or  l o n g ,   s t r a i g h t  

g r a i n   c o n t a c t s  are the   dominan t   t ype .   So f t   g ra ins   o f  mica, 

g l a u c o n i t e ,  and  mudstone a r e  deformed because of   the  

compact  ion.  

Calcite and s i l i c a   a r e   t h e   p r i m a r y   c e m e n t i n g   a g e n t s .  

Sil ica was t h e   e a r l i e s t   p r e c i p i t a n t .  The s i l i c a  cement was 

d e r i v e d   f r o m   s o l u t i o n   o f   q u a r t z  a t  g r a i n   c o n t a c t s  and 

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

t e r m i n a t i o n s .  Calcite cement is f i n e l y   t o   c o a r s e l y   c r y s -  

t a l l i n e   w i t h  some c r y s t a l s   a t t a i n i n g  a s i z e  up t o  0 .3  i n .  

( 7 . 6  mm) i n   d i a m e t e r .  The l a r g e r   c r y s t a l s   e n c o m p a s s  

numerous  framework g r a i n s  and a r e  t h e  product   of   aggrading 

neomorphism.   Par t ia l   replacement   of   f ramework  const i tuents  

by t h e  ca lc i te  cement is .common. 

The Paguate  Sandstone is sandwiched  between  open  marine 

Mancos Sha le   un i t s   and   r ep resen t s   an   o f f shore   mar ine   s and  

bar complex .   Glauconi te   in   the   sands tone  is g e n e r a l l y  

a s c r i b e d   t o  a normal  marine  environment ( Cloud,  1955),  and 

the  presence  of   an  open  marine  fauna  provides   s t rong  sup-  

p o r t i v e   e v i d e n c e   f o r   t h e   m a r i n e   o r i g i n   o f   t h e   r o c k .  The 

sequence  of   pr imary  and  biogenic   sedimentary s t ruc tures  and 

t e x t u r e s   o b s e r v e d   i n  t h e  rock is s imi l a r   t o   t hose   p roduced  

dur ing   prograda t ion   of  a sha l low  of fshore   mar ine   sand  bar as 

described by Carter  (1978)  and  Reineck and Singh  (1975).  

Migra t ion   of   an   o f fshore  sand bar will produce a coarsening-  

I 
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upward  sandstone  package as b i o t u r b a t e d   o f f s h o r e  muds are  

over r idden   by   coarse-gra ined ,   c ross -bedded   bar   c res t  

sediments  ( R e i n e c k  and  Singh,  1975).  The observed  charac- 

t e r i s t i c s  o f   t he   Pagua te   c lose ly   approx ima te   t h i s  model f o r  

a p rograd ing   o f f shore   s and   ba r .   Pa l eocur ren t   i nd ica to r s ,  a s  

well as  r e g i o n a l   g e o m e t r i c   r e l a t i o n s ,   i n d i c a t e   t h a t   p r o g r a -  

d a t i o n  was t o  t h e  s o u t h e a s t .  

Twowells  Tongue 
< 

The !lMowells tongue was named by  Pike ( 1 9 4 7 )  f o r  

exposures near Two Wells, New Mexico, i n  the   nor thwes tern  

p a r t   o f   t h e  s ta te .  P i k e  ( 1 9 4 7 )  o r i g i n a l l y   i n c l u d e d   t h e   u n i t  

as a l e n t i l  o f   t h e  Mancos S h a l e ,   b u t   s u g g e s t e d   t h a t   t h e  

sandstone  body  might  be more c l o s e l y   r e l a t e d  to  the  Dakota 

Sands tone ,   Subsequent   inves t iga t ions  by Dane and o t h e r s  

( 1 9 7 1 )  have   demonst ra ted   tha t   the   Wowel l s   merges   wi th   the  

Dakota near Window Rock, Arizona. The u n i t  is now con- 

s i d e r e d   t o   b e  a tongue of the  Dakota.  

Dane and o t h e r s   ( 1 9 7 1 )  were t h e   f i r s t   t o   a p p l y   t h e  

Twowells t e r m i n o l o g y   t o   s t r a t a   i n   t h e  D Cross-Alamo Day 

Schoo l   a r ea .   The i r   u sage   supe rcedes   t he   ea r l i e r   des igna t ion  

o f  R e s  Hermanos Sands tone   u t i l i zed   by  Herrick ( 1 9 0 0 ) ,  

Tonking  (1957), Given (1958) , and  J icha   (1958) .  

Reg iona l ly ,   t he  nYowells is a southeas tward   th inning  

sheet-sand.  Dane and o t h e r s   ( 1 9 7 1 )   r e p o r t e d   t h a t   t h e   s a n d -  

s tone  package  extends a t  l ea s t  140 m i  (90 km) southeastward 

from Window Rock ,  Arizona,  and  has a maximum width  of 200 m i  
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Acoma bas in ,   immedi ia te ly   eas t   o f  

a i n ,   t h e  Twowells c o n s i s t s   o f  a s e r i e s   o f  d i s -  

c o n t i n u o u s   s a n d s t o n e   l e n t i l s   ( T o n k i n g ,  1957, and  Givens, 

1958) .  The Twowells i s  n o t   p r e s e n t   i n   t h e   R i l e y   a r e a  

( M a s s i n g i l l ,  1 9 7 9 ) .  

In t h e  D Cross  Mountain  quadrangle,  t h e  Twowells is t h e  

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

( P l a t e  7 ) .  S t r a t i g r a p h i c   s e p a r a t i o n   o f  t h e  Twowells  and 

Dakota   by  an  intervening Mancos Shale  tongue  and  Paguate 

Sandstone is 209 f t  ( 6 4  m )  on t h e   e a s t  s ide of D Cross  

Mountain. The Twowells is 4 4  f t  (13 m )  t h i c k  ( F i g u r e  7 ) .  

Ihe upper  contact  of  the  Twowells  with  the  Rio  Salado 

Shale   tongue  of   the Mancos Shale  is poorly  exposed.  In  most 

a r e a s   t h e r e   a p p e a r s   t o   b e  a 4-6 f t  ( 1 2 - 2 4  cm) t h i c k  zone  of 

interbedded  sandstones  and  dark  shales   near   the  top of t h e  

u n i t .  The upper   contac t  was placed a t  t h e   t o p  of t h e  l a s t  

r e s i s t a n t   s a n d s t o n e  bed. The lower  Twowells  contact is 

g r a d a t i o n a l  and conformable  with  the  underlying  Whitewater 

Arroyo  tongue  of  the Mancos Shale  and was drawn a t   t h e   p o i n t  

where sand is g r e a t e r   t h a n  50% by  volume  of t h e  rock.  

No d i a g n o s t i c   f o s s i l s  were c o l l e c t e d  from t h e  Twowells 

i n   t h e  D Cross  area. E x t e n s i v e   c o l l e c t i n g  from t h e   t o p   o f  

t h e  Twowells i n   t h e   P u e r t e c i t o   a r e a   h a s   y i e l d e d  a l a t e  

Cenomanian age fauna (S .  Hook, o r a l  commun., 1979) .  In  t h e  

D Cross  area  Pycnodonte   newberr i ,  a l a t e  Cenomanian t o   e a r l y  

Turon ian   oys t e r ,   and   Sc ipnoce ras   g rac i l e ,  a l a t e  Cenomanian 

ammonite,  occur  within 1 0  f t  ( 3  m) above   the   top  of t h e  

1 
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r 

P l a t e  7 .  Cli f f - forming  outcrop of 'Ibuowells' sandstone--the 
Twowells is the  orange  weathering u n i t  forming  the 
second c l i f f  in  the  photograph.  Photograph was 

quadrangle.  
taken   in   Sec t ion  5 ?  T. 3 N . ,  R. 8 W. Wiley Mesa 
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Twowells. This i n d i c a t e s  a l a t e  Cenomanian age  for  t h e  

sandstone u n i t .  I n  a n o r t h w e s t e r l y   d i r e c t i o n ,  t h e  Twowells 

is e s s e n t i a l l y   s y n c h r o n o u s  ( S .  Hook, o r a l  commun., 1 9 7 8 ) .  

Dane and o t h e r s  (1971) have  reported  that   toward  the 

southwest  t h e  !Itvowells r ises  . s l i g h t l y   s t r a t i g r a p h i c a l l y .  

In t h e  D Cross  Mountain  area  the  Twowells i s  a 

coarsening-upward  sequence  composed  predominantly of 

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

mature, s i l i c a  cemen ted ,   f i ne -g ra ined   g l aucon i t i c   che r -  

t a r e n i t e s  and subarkoses  (Appendix A ) .  The b i o t u r b a t e d  

zones   cons i s t   o f   spa r se   bu r rows  w i t h i n  d e p o s i t i o n a l  u n i t s ,  

OK of a b u n d a n t   c i r c u l a r  , f l a t - l y i n g ,   b r a n c h i n g ,  0 . 1  i n .  ( 2 . 5  

m m )  d iameter   bur rows   tha t   a re   concent ra ted   a long   bedding  

p l anes .  The d i f f e r e n c e   i n   t y p e  and  abundance o f  the   burrows 

probably  re f lec ts  r a t e   o f   s e d i m e n t a t i o n .  Near the   middle   o f  

t h e   u n i t ,  a zone t h a t  is composed of   one or  more beds o f  

dark-brown ( 5  YR 2/1), t a b u l a r   c r o s s - s t r a t i f i e d ,  medium- t o  

coarse-grained  sandstone , c o n t a i n i n g   s q u a s h e d   c l a y   c l a s t s  , 
impar t s  a banded  appearance  to t h e  s t r a t a .  The upper 1 0  f t  

( 3  m )  o €  t h e  Twowells i s  composed o f  medium beds   o f   f i ne -  

gra ined  , b io tu rba ted   s ands tone .   Mine ra log ica l ly  t h e  

Twowells is s imi l a r   t o   t he   Pagua te   Sands tone .  
I 

The geometry  and  the  presence  of a marine  fauna  and 

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

accumulated  as a n  e x t e n s i v e   o f f s h o r e   m a r i n e  sheet s a n d   t h a t  

developed  during  a jmarine  regression.   Thinning  of  t h e  

s a n d s t o n e   p a c k a g e   t o   t h e   s o u t h e a s t ,   t h ' e   d i s t r i b u t i o n   o f  a 

I 



38  

sui te  of metamorphic   minerals  (Owens ,  1963) ,   and   t he   d ip  

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

sediments  were de r ived  from the  northwest  (Appendix B) . 
C h a r a c t e r i s t i c s   o f  t he  rock   c lose ly   r e semble   t hose  

produced  in   the  lower  and  upper   shoreface  environments   of  

recent s h a l l o w   m a r i n e   o f f s h o r e   b a r s  (Re ineck  and  Singh, 

1975) and anc ien t   sho re face   depos i t s   (Molenaa r ,   1973) .  The 

lower par t  o f   t h e   u n i t   r e p r e s e n t s   l o w e r   s h o r e f a c e   t o  

t r a n s i t i o n a l ,   b i o t u r b a t e d ,   s i l t y   s a n d s  t h a t  accumulated 

below wave base.  The upper   par t  o f  t h e  u n i t  i s  c ross -  

s t r a t i f i e d  and c o n t a i n s  mud r i p - u p   c l a s t s .  mese sediments 

accumulated i n  agi ta ted  waters   above  normal  wave base ,   pe r -  

haps  on a b a r   c r e s t .   F o s s i l s  and bur rows   a re ,   expec ted ly ,  

n o t  common in   t h i s   h igh   ene rgy   env i ronmen t .  

%e ' h o w e l l s   a p p e a r s   t o   r e p r e s e n t  a shoreface   sands tone  

tha t   accumula ted   dur ing  a regress ive   seguence   (Pe terson   and  

K i r k ,  1977) .  However, s e v e r a l   f a c t o r s  l e n d  ev idence   t o  a 

d i f f e r e n t   o r i g i n   f o r   t h e   s t r a t a .  F i r s t ,  t h e  Twowells is 

"time-flat" from P u e r t e c i t o ,  New Mexico, t o   S h i p r o c k ,  New 

Mexico, i n  a d i r e c t i o n   o b l i q u e   t o   t h e   C r e t a c e o u s   s h o r e l i n e ;  

t h i s  phenomenon is n o t   g e n e r a l l y   a t t r i b u t e d   t o   t r a n s g r e s s i v e -  

r eg res s ive   cyc le s .   Second ,   t he  Twowells c o n t a i n s   g l a u c o n i t e  

i n   c o n s i d e r a b l e   q u a n t i t i e s ,  which is sugges t ive   o f   long  

p e r i o d s   o f  slow or nondepos i t ion .   Thi rd ,   there  i s  no 

l i t ho log ic   ev idence   wh ich  would suppor t  a. s h i f t   o f   t h e  

sho re l ine   du r ing   t he   accumula t ion   o f   t he  Twowells s t r a t a .  

An a l t e r n a t i v e   d e p o s i t i o n a l   m o d e l ,   w h i c h  h a s  l e s s   c o n j e c -  
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t u r a l   q u a l i t i e s ,  is tha t   the   l lvowel l s   sands tone   accumula ted  

a s  an   o f fshore   bar   complex   tha t   p rograded   para l le l  t o  t h e  

sho re l ine .   Th i s  would e x p l a i n   t h e   t r a n s i t i o n a l   l o w e r  con- 

t a c t  w i t h  open marine s h a l e s ,   t h e   r e g i o n a l   “ t i m e - f l a t ’ ’  

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

t h e   p a l e o s h o r e l i n e ,  and t h e  lack o f   l a t e r a l l y   r e l a t e d  

r e g r e s s i v e   d e p o s i t s .  

Mancos S h a l e  

Mancos Shale  was the  name a p p l i e d  by  Cross  (1899) t o  

approximately  1200 f t  (366 m )  o f   d a r k   s h a l e   t h a t   c r o p   o u t  

near   the  town of Mancos, Colorado.  In  the San Juan,  Z u n i  , 
and Acoma b a s i n s   o f  N e w  Mexico , t h e  Mancos Shale  is s p l i t  

i n t o  numerous   tongues   by   in te rvening   sands tone .   un i t s .  The 

i n t e r tongu ing  is t o  t h e  west and southwest  ( P i k e ,  1947;  

Sea r s   and   o the r s ,  1 9 4 1 ;  and  Molenaar,  1974). Four Mancos 

Shale  tongues  were mapped i n   t h e  D Cross Mountain quad- 

r a n g l e .   I n   s t r a t i g r a p h i c   o r d e r  these a r e :  INM Springs  (new 

name) , Whitewater  Arroyo, Rio Salado,  and D Cross.  

- I N M  S p r i n g s  Tongue 

On t h e   e a s t e r n   s l o p e  of D Cross  Mountain,   approximately 

90 f t  (27 m )  of Mancos s h a l e   s e p a r a t e  t h e  Paguate  and  Dakota 

sands tones .  This s h a l e  i s  l a t e r a l l y   e q u i v a l e n t   t o   t h e   C l a y  

Mesa tongue o f  t h e  Mancos S h a l e   a s   d e s c r i b e d  by L a n d i s  and 

o t h e r s   ( 1 9 7 3 ) .  A t  t h e  Clay Mesa s t r a t o t y p e ,   t h e   s h a l e   s e c -  

t i o n  i s  bounded  by the  Cubero Member and  Paguate  Sandstone 
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tongue  of  the  Dakota  Sandstone.  However,  the  Cubero  wedges- 

ou t   w i th in   t he  Mancos Shale   south   o f  t h e  Laguna a r e a  (Hook 

and o t h e r s ,  1 9 8 0 )  and t h e  Clay Mesa terminology  cannot   be 

ex tended   f rom  the   r e f e rence   s ec t ion   i n to   t he  D Cross 

Mountain area.  In t h i s   r e p o r t   t h e   l o w e s t   s h a l e   t o n g u e  o f  

t h e  Mancos is named t h e  INM Spr ings   tongue   of   the  Mancos 

Shale .  The name is  de r ived  from INM Spr ings   l oca t ed  i n  Sec. 

28, T. 3 N., R. 8 W. 

Regiona l ly ,   t he  INM Spr ings   tongue   th ins   to  t h e  nor th-  

west (Landis   and   o thers ,  1 9 7 3 )  and west (Hook and o t h e r s ,  

1 9 8 0 )  as the  bounding  Dakota  Ssndstone  tongues  merge. 

P inchou t   po in t s   o f  t h e  sha le   tongue   occur   a long  a l i n e  

passing  through Mount Powell ,  TWO Wells,  and  Atarque, New 

Mexico.  North  of D Cross Mountain, a t  t h e   r e f e r e n c e   s e c t i o n  

of  the  Clay Mesa S h a l e ,   t h e  INM S p r i n g s   e q u i v a l e n t  is 7 0  f t  

( 2 1  m) t h i ck   and   cons i s t s   " . . .mos t ly  o f  medium- to   da rk -g ray  

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

t i o n s ,  and th in   l imes tone   beds"   (Landis   and   o thers ,  1 9 7 3 ) .  

East o f  D Cross Mountain, where the  Paguate   Sandstone is 

absen t  and the   l owes t  Mancos s h a l e  and  overlying  Whitewater 

Arroyo  tongue  of t h e  Mancos Sha le   merge ,   t he   sha l e   i n t e rva l  

has   been   l oose ly   r e f e r r ed   t o   a s   t he   Whi t ewa te r   Ar royo   t ongue  

o f  the Mancos S h a l e   ( M a s s i n g i l l ,  1 9 7 9 ) .  

The INM Springs  tongue is poorly  exposed i n  t h e   s t u d y  

area .   Eros ion  of t h e   s h a l e   g e n e r a l l y  r e s u l t s  i n  t he   deve l -  

opment  of a low grass   covered   f la t   be tween   the   Paguate   and  

Dakota  sandstones.  For d e s c r i p t i v e   p u r p o s e s  a "composite" 
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s e c t i o n  was cons t ruc t ed  from i so la t ed   exposures  o f  t h e  s h a l e  

wi th in  and a d j a c e n t   t o  t h e  s t u d y   a r e a .  The lower   contac t  

between  the INM Spr ings  and the  main  body o f  t h e  Dakota 

Sandstone is one   of   in te rbedding  and was a r b i t r a r i l y   p l a c e d  

a t  t h e   t o p  of t h e   l a s t   s a n d s t o n e  bed t h a t  is g r e a t e r   t h a n  2 

f t  ( 6 1  cm) th ick . .  The contac t   be tween   the  INM Springs  and 

Paguate  Sandstone i s  a l s o   g r a d a t i o n a l .  %e g r a d a t i o n a l  

change i s ,  however,   the r e su l t  of   an increase in   median  

g r a i n  size n e a r   t h e   t o p   o f  t h e  INM Springs  and  not  o f  an 

interbedded nature.  Therefore ,  t h e  upper   contac t  was placed 

a t   t h e   p o i n t  where the   rock  is t e x t u r a l l y  a sands tone .  

Cobban (1977a)   has   co l l ec t ed  a Thatcher  age  (middle 

Cenomanian)   fauna  f rom  concret ions  in   the  lower  par t   of  t h e  

INM S p r i n g s   s h a l e .   I d e n t i f i e d   i n v e r t e b r a t e s   i n c l u d e :  

P l i c a t u l a   a r e n a r i a ,   p e c t e n i d s ,  and  Ostrea _" b e l o i t i .  

The INM Spr ings   cons i s t s   p redominan t ly  of b l a c k  (Nl) t o  

g r e y  (N5) s h a l e  w i t h  m i n o r   i n t e r c a l a t i o n s  of l i m e s t o n e ,  

b e h t o n i t e ,  a n d   c a l c a r e o u s   s i l t s t o n e .  The lower 2 0  f t  ( 6  m )  

is p r imar i ly   da rk -b lack  (Nl), nodu la r   wea the r ing ,   ve ry  

c a l c a r e o u s  , s i l t y   s h a l e s  and in te rbedded ,  0.3-1.0 f t  ( .75- 

2 . 5  cm) t h i c k ,   v e r y   c a l c a r e o u s ,   m o d e r a t e l y   i n d u r a t e d  , l i g h t -  

yel low ( 1 0  Y 4 / 2 ) ,  v e r y   f i n e - g r a i n e d   l i t h i c a r e n i t e s   a n d  

s i l t s t o n e s .   F e e d i n g  tracks and t r a i l s   a r e  common on t h e  

soles  of the   s ands tone  and s i l t s t o n e   b e d s .  The upper 6 0  f t  

(18 m) of t h e  INM Spr ings  is a m o d e r a t e l y   c a l c a r e o u s ,  

s p l i n t e r y   w e a t h e r i n g ,   s i l t y ,  medium-grey (N5) s h a l e ,  
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Near t h e  base  of   the  INM S p r i n g s ,  a zone  of   large,  3 f t  

(I m)-d iame te r ,   e l l i p so ida l ,   l imes tone   nodu les  form a n e a r l y  

cont inuous  bed tha t   fo rms  a weak bench i n  some a r e a s .  The 

nodules  are  medium-brownish-grey ( 5  Mc 5 / 1 )   m i c r i t e  and  con- 

t a i n   m e g a f o s s i l s .  

Bentoni tes   occur  i n  t h e  INM S p r i n g s   a t   a p p r o x i m a t e l y  1 0  

f t  ( 3  m ) ,  26  f t  ( 

t h e  u n i t .  These 

cm) , and  .25 f t  ( 

weather   greenish-  

8 m ) ,  and  43  ft.  

b e n t o n i t e s   a r e  0 

7.5 cm) t h i c k   r e  

o r a n g e   ( 5  Y 6 / 6 )  

S 

1 3  m) above t h e  base   o f  

1 f t  (1 cm), 0.5 ft ( 1 5  

p e c t i v e l y .  The b e n t o n i t e s  

on a f r e s h   s u r f a c e   t h e y  

a r e   v e r y   l i g h t - g r e y  (N8) .  

Gypsum c r y s t a l s   a r e  common i n   t h e   u p p e r   p a r t  of t h e  

shale   tongue.  The gypsum is conf ined   t o   pos t -depos i t i ona l  

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

s u r f a c e s .  

The INM Springs  Shale  accumulated i n  an o f f s h o r e ,   s h e l f  

mud environment   during t h e  i n i t i a l   C r e t a c e o u s   m a r i n e   t r a n s -  

g r e s s i o n .  The sha le   tongue  is g rada t iona l   i n to   l ower   sho re -  

face  sandstones  of   the   underlying  Dakota   Sandstone  and  into 

of fshore   bar   depos i t s   o f   the   over ly ing   Paguate   Sands tone .  

The presence  of  an  unabraded  open  marine  fauna  and  the  high 

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

no rma l ,   mar ine   cond i t ions   p reva i l ed   du r ing   depos i t i on   o f   t he  

sediments  . 
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Whitewater  Arroyo  Tongue 

Owens ( 1 9 6 6 )  f i r s t   a p p l i e d  t h e  term  Whitewater  Arroyo 

tongue  to  a s e c t i o n  of d a r k   s h a l e s   t h a t   s e p a r a t e   t h e   m a i n  

body  of  the  Dakota  Sandstone  and  'Ityowells  Sandstone  tongue 

i n  the   Zuni   bas in .  He, however,   considered  the  Whitewater 

Arroyo  to  be a member of  the  Dakota  Sandstone.  Landis  and 

o t h e r s   ( 1 9 7 3 )   l a t e r   i n c l u d e d   t h e   s h a l e   u n i t   a s  a tongue o f  

t h e  Mancos as had Moench ( 1 9 6 3 ) ,  and Moench and Schlee  

( 1 9 6 7 ) .  The Whitewater  Arroyo is used i n  t h i s  r e p o r t   i n   t h e  

sense of  Landis   and   o thers   (1973) .  This u s a g e   r e q u i r e s  a 

c o r r e l a t i o n   o f   a p p r o x i m a t e l y  40 m i  ( 6 4  km)  from the n e a r e s t  

Whitewater  Arroyo  outcrop  in t h e  Narrows a r e a .  

The Whitewater  Arroyo is 9 2  f t  (28 m )  t h i c k  i n  Sec. 1 7 ,  

T. 3 N . ,  R. 8 W. on t h e  east s i d e  of t h e  D Cross Mountain. 

The s h a l e  i n t e r v a l  appears t o   m a i n t a i n  a un i form  th ickness  

i n  a n o r t h w a r d   d i r e c t i o n   a t   l e a s t  as f a r  as Laguna, New 

Mexico,  where  Landis  and  others  reported a t h i c k n e s s  o f  9 0  

f t  ( 2 7  m) . 
Northwest of D Cross Mountain,  the  Whitewater  Arroyo 

t h i n s   t o  a 60 f t  (18 m )  t h i c k  i n  t h e   v i c i n i t y   o f   G a l l u p ,  N e w  

Mexico (Owens, 1963) .   Eas t   o f  D Cross Mountain t h e  Paguate 

Sandstone is n o t   p r e s e n t  and the  Whitewater Arroyo o f  

Mass ingi l l   (1979)  is 187 f t  ( 5 7  m )  t h i c k .  This s e c t i o n  

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

tongue of t h e  Mancos Shale  and  the  Paguate  tongue  of t h e  

Dakota  Sandstone a s   d e s c r i b e d   i n   t h e  D CKOSS a r e a ;   t h u s ,   n o  
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more than  1 0 0  f t  ( 3 0  m) of the i n t e r v a l  is Whitewater  Arroyo 

e q u i v a l e n t s .  

?he  Whitewater  Arroyo is s i m i l a r  i n  l i t h o l o g y  and 

w e a t h e r i n g   c h a r a c t e r i s t i c s   t o  t h e  INM Springs  Shale .  I n  t , h e  

D Cross Mountain a r e a ,  t h e  i n c o m p e t e n t   s h a l e s   a r e   t y p i c a l l y  

poorly  exposed and t h e  contac t   be tween  the Whitewater  Arroyo 

and  Paguate  Sandstone is concea led   benea th   Qua te rna ry   a l lu -  

vium. However , i n  t h e  bed o f   t h e  Hio Salado,   approximately 

1 m i  ( 1 . 6  km) nor th  of t h e  s t u d y   a r e a   i n   S e c .  5, T. 3 N., R. 

8 W., t h e  contact   between t h e  two u n i t s  i s  g r a d a t i o n a l .  'Ihe 

contact  between  the  Whitewater  Arroyo and t h e  ove r ly ing  

Twowells  Sandstone is a l s o   g r a d a t i o n a l ,  and is t h e  r e s u l t  of 

an  increase i n  s i l t  and sand   con ten t   i n   t he   uppe r   pa r t  of 

t h e  s h a l e   u n i t .  

F o s s i l s   a r e   r a r e  i n  t h e  Whitewater  Arroyo.  Occasionally,  

unabraded  specimens  of  an  Exogyra  and  Inoceramus  species  occur 

a s   f l o a t  i n  t he   uppe r   pa r t   o f  t h e  s e c t i o n .  A f o s s i l  assem- 

b l a g e   c o l l e c t e d  by  Landis  and o t h e r s  (1973)  i n d i c a t e s  a 

Cenomanian   age   for   the   sha le   s t ra ta .  

The Whitewater  Arroyo i s  dominant ly  a s i l t y ,   v e r y   c a l -  

careous ,   dark-grey  (N4) sha le   t ha t   wea the r s   ye l lowish -g rey  

( 5  Y 7 / 2 ) .  Sandy  zones   occur   sporadica l ly   th roughout  t h e  

u n i t  and s m a l l ,  0 .2  f t  ( 6  cm)-diameter, e q u a n t ,   m i c r i t e  

nodu les   a r e   abundan t   i n  t h e  upper 1 0  f t  ( 3  m) o f   t h e   u n i t .  

Seve ra l   wh i t e  (N9) ben ton i t e s   occu r   w i th in  t h e  s h a l e  

s e c t i o n .  The s t r a t i g r a p h i c a l l y   l o w e s t  of these i s  0.5 f t  

(15  cm) t h i c k ,  and  occurs   approximately 35 f t  (11 m )  above 
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the   top   o f   the   Paguate   Sands tone   tongue .  Hook and o t h e r s  

(1980)   be l i eve   t h i s   ben ton i t e   bed  may be   equiva len t  t o  t h e  

"x" b e n t o n i t e  " . . .which lies w i t h i n  t h e  " Acanthoceras  'amphi- 

bolum Zone and has   been   da ted  a t  92.1 m.y." by  Obradovich 

and  Cobban (1975) .  The second  bentoni te   occurs  a few fee t  

below  the  Whitewter  Arroyo-Twowells  contact.  This  bed is 

o n l y  3 i n .  ( 7 . 6  cm) t h i c k .  

?he Whitewater   Arroyo  grades  above  and  below  into  off-  

shore   bar   sands tones   and   represents   sed iments   depos i ted  

below wave base.  The presence  of  a sparse ,   unabraded,   open 

marine fauna and the   absence  -.6f a p p r e c i a b l e   q u a n t i t i e s   o f  

s i l t  and  sand i n  t he   &a le   sugges t   depos i t i on  i n  an   o f f shore  

open  marine  shelf-mud  environment. 

- Rio  Salado - T o n e  

The Rio  Salado  Shale  tongue  of t h e  Mancos Shale  was t h e  

name a p p l i e d  by S. Hook and W. Cobban ( o r a l  commun., 1 9 7 9 )  

t o  a t h i c k ,   b l a c k   s h a l e  sequence t h a t   s e p a r a t e s   t h e    ow ells 

and Tres Hermanos sands tones  i n  the P u e r t e c i t u   a r e a .  . A t  t h e  

s t r a t o t y p e ,   a l o n g   t h e   c o u r s e  of t h e  Rio Sa lado ,   Mass ingi l l  

(1979)  measured 238 f t  (73  m )  of Rio S a l a d o   s t r a t a .  The 

sha le   t ongue   ma in ta ins  a uni form  th ickness   eas tward   as   fa r  

as t h e   o u t c r o p  can be   t r aced  and is 229 f t  (711 m )  t h i c k  on 

t h e  eastern s l o p e   o f  D Cross Mountain. The Rio Salado is 

probably   cor re la t ive   wi th   the   upper   170-200 f t  (52-cil m)  o f  

Mass ingi l l ' s   Alami to  Well tongue of t h e  Mancos Shale .  
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The age   o f   the  Rio Salado is e s t a b l i s h e d   a s   l a t e  Ceno- 

manian  to   ear ly   Turonian  based on t h e   c o n t a i n e d   f o s s i l s .  

S c i p o n o c e r a s   g r a c i l e ,  a s t anda rd  zone  ammonite  of t h e  

Western  Interior  Cretaceous  (Cobban  and  Reeside,  1 9 5 2 ;  and 

Cobban and S c o t t ,   1 9 7 2 )  , o c c u r s  a few f e e t  above  the  lower 

Rio  Salado  contact.  This ammonite  zone  marks  the  Cenomanian- 

Turonian  boundary.  ?he  upper Rio Salado is o f   e a r l y   t o  

middle  Turonian  age as ind ica t ed   by   t he   p re sence   o f  Mammites 

depressus ( P l a t e  8 ) .  A change from c a l c a r e o u s   s h a l e   t o  non- 

c a l c a r e o u s   s h a l e s   w i t h i n   t h e  Rio Salado i s  considered  by 

many workers   to   mark  the  Carl i le-Greenhorn  boundary.  I n  t h e  

D Cross Mounta in   a rea ,   th i s   boundary   occurs   approximate ly  70 

f t  ( 2 1  m )  below t h e  Rio  Salado-Tres Hermanos c o n t a c t .  

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

c a l v i n g  of huge  blocks  of  Tres Hermanos sands tone   on to  t h e  

Rio Salado  s lope.  Where exposures   o f   the   rock  can be  found, 

i t  i s  a dark-grey (N3), noncalcareous  t o  modera t e ly   ca l -  

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

l h i n ,  l ight-brownish-grey ( 5  YR 4/1) c a l c a r e n i t e s   o c c u r  

throughout  t h e  s h a l e  u n i t .  ' k icker   zones  o f  c a l c a r e n i t e s  

c r o p   o u t   a t  33  f t  ( 1 0  m)  and 80 f t  ( 2 4  m )  above t h e  

Twowells-Rio  Salado  contact. The c a l c a r e n i t e s   a r e   p l a t y  

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

l i n e a t e d  , and  form poor ly   deve loped   benches   in   the   o therwise  

smooth  s lope.   Fossi l   hash is common i n  t h e  c a l c a r e n i t e  

beds. The most common f o s s i l   c o n s t i t u e n t s   a r e   M y t i l o i d e s  
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Plate 8 .  Specimen of Mammites depressus- - th is   spec imen was 
c o l l e c t e d  from t h e  center  of a large   concre t ion  6 0  
f t  ( 1 8  m )  b l o w  the  Rio Salado-Tres Hermanos 
c o n t a c t .  



m y t i l o i d e s ;   s h a r k   t e e t h  and o t h e r   b i o c l a s t s  are  a l s o  

recorded.  

L imes tone   conc re t ions   occu r   i n  two s t r a t i g r a p h i c   h o r i -  

zons   wi th in   the  shale s e c t i o n .  The lower   un i t  i s  composed 

o f   l i g h t - g r e y  ( N 7 )  t o   o l i v e   g r e y  ( 5  Y 5/2) ,   mass ive ,  micrite 

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

zone is wi th in  10 f t  ( 3  m )  of t h e  Twowells-Rio  Salado  con- 

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

and inc lude :   Pycnodonte   newberry i , '   un ident i f ied   ech inoids ,  

and t h e  ammoni te   Sc iponoceras   g rac i le .  The upper  concre- 

t i o n a r y  zone is 2-3 f t  (30-61 c m )  t h i c k  and occurs   approxi -  

mate ly  6 0  f t  (18 m )  belo'w t h e  Tres Hermanos Sandstone. The 

concre t ions   a re   ye l lowish-brown (10 YR 5/2) , as  much a s  2 f t  

( . 7  m )  i n   d i a m e t e r  , s e p t a r i a n - l i k e ,  and  spaced 70-100 f t  

(21-30 m )  a p a r t .  The n u c l e i  o€ t h e   c o n c r e t i o n s   o f t e n   c o n -  

sist of t h e   l a r g e  ammonite Mammites depressus .  The f o s s i l -  

b e a r i n g   c o n c r e t i o n s  are .of p a r t i c u l a r   i n t e r e s t   i n   t h a t  (1) 

t h e  c o n c r e t i o n s  are conf ined   t o  a n a r r o w   s t r a t i g r a p h i c   z o n e  

and ( 2 )  t h e   o y s t e r s   a r e   a t t a c h e d   i n   g r o w t h   p o s i t i o n   t o   t h e  

ammonite cast .  S. Hook (o ra l  commun. , 1980) has   observed 

similar o c c u r r e n c e s   o f   o y s t e r s   a t t a c h e d  on both   the   upper  

and  lower surfaces o f  casts o f  - M. d e p r e s s u s   i n   o t h e r   a r e a s .  

The p o s i t i o n   o f   t h e  Rio Salado   sha les   be tween paralic 

shore face   s ands tones   o f   t he  Atarque Member o f   t he   T res  

Hermanos Sandstone  and  'Ikrowells  Sandstone,  and  the  presence 

of  a l a rge ly   unabraded ,   open   mar ine   f auna   sugges t   t ha t   t he  
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Rio  Salado was deposi ted  below wave base a s  o f f s h o r e ,   m a r i n e  

shelf-muds  during a t r ansg res s ive - reg res s ive   s equence .  

The Sc iponoce ras   g rac i l e -bea r ing   l imes tone   nodu les  may 

have accumulated seaward o f  t h e  o f f s h o r e   m a r i n e  mud f a c i e s  

i n   d e e p e r ,   c l e a r  waters and   could   represent  maximum t r ans -  

g r e s s i o n   i n   t h e  area. Seaward p rogres s ion  from s a n d s   t o  

c las t ic  muds t o   c a r b o n a t e s  is a well known model f o r   e p e i r i c  

sea deposits (Shaw, 1964). 

C a l c a r e n i t e s ,  composed of f i n e   s a n d   s i z e   c a r b o n a t e   b i o -  

c las t s ,  may e i the r   r ep resen t   s ed imen t s   t ha t   were   accumula t ed  

through  reworking  of   the  marine muds dur ing   s torm  events ,  or 

t h a t  were t r a n s p o r t e d  offshore b y   s t o r m - r e l a t e d   c u r r e n t s .  

?he o f f s h o r e  movement of   sand   s ize   mater ia l   by   s torm-genera ted  

c u r r e n t s  is well known from the  Recent  (ilayes, 1967). 

Ihe presence  of o y s t e r   s h e l l s ,   a t t a c h e d   i n   g r o w t h  

posi t ion  on  ammonite  casts ,  s u g g e s t s   a n   e r o s i o n a l   s u r f a c e  

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

This assumption i s  based on the  f ac t  t h a i  t h e   o y s t e r s   o c c u r  

attached t o  ammonite casts and n o t   t o   o r i g i n a l  skeletal 

material. The f o l l o w i n g   h i s t o r y  is suggested:  (1) depos i -  

t i o n  of ammonite shel ls ,  ( 2 )  b u r i a l  and i n t e r n a l   f i l l i n g   o f  

t h e  ammonite she l l s ,  ( 3 )  l i t h i f i c a t i o n  of the m o l d - f i l l i n g  

sed iments ,  (4) d i s s o l u t i o n   o f   t h e   o r i g i n a l  ammonite s k e l e t a l  

material, ( 5 )  e r o s i o n  and  accumulation  of t h e  f o s s i l  c a s t s  

i n  a s ing le   ho r i zon ,   and  (6) attachment  and  growth  of  oys- 

t e r s  on the  casts. Regional ly ,  the  presence  of a n   e r o s i o n a l  

conglomera te   wi th in  t h e  same t i m e - s t r a t i g r a p h i c   i n t e r v a l  
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suppor t s   t he   p re sence   o f   an   unconfo rmi ty   w i th in   t he   s t r a t a  

(S .  Hook, o r a l  commun., 1 9 8 0 ) .  Other   minor   hiatuses   and 

e r o s i o n a l   v a c u i t i e s  may e x i s t  i n  t h e  Mancos s h a l e   u n i t s   t h a t  

cannot  be i d e n t i f i e d   w i t h o u t  detai led s t u d y .  

- D Cross Tongue 

The D Cross tongue was de f ined   by  Dane and o t h e r s   ( 1 9 5 7 )  

a s   t h e   s h a l e   t h a t   c r o p s   o u t  on t h e   e a s t e r n   f l a n k   o f  D Cross 

Mountain i n  Sec. 30, T. 3 N . ,  R. 8 W. between  the  "Gallego" 

(upper Gal lup)  and a "lower  Gallup  sandstone" (Tres Hermanos 

Sands tone ) .  A t  t h e   s t r a t o t y p e   t h e  D Cross tongue is 173 f t  

(53 m )  t h i c k .  Fast o f   t h e  D Cross area, Massingi l l   (1979)  

r epor t ed   t h i cknesses   o f   t he  D Cross   Shale   of   121 f t  ( 3 7  m )  

near   Puer tec i to ,   and   290  f t  (88 m) near   Ri ley ,  New Mexico, 

where the  "Gal lego"  sandstone is n o t   p r e s e n t .  I n  t h e  

Jornada de l  Muerto a r e a ,   t h e  D Cross is 363 f t  (111 m )  

t h i c k .  West and n o r t h   o f  D Cross Mountain,   the  D Cross 

Shale  tongue is s p l i t  i n t o  two u n i t s  by   an   in te rvening   sand-  

s t o n e :   t h e  "E" sands tone  of Molenaar  (1973 and 1974) .  

P i k e  (1947) ,  i n  a r e g i o n a l   s t u d y  of the   Cre taceous ,  

c o r r e l a t e d   t h e ,  as of t h e n  unnamed, D Cross tongue  with  the 

Pescado  tongue  of  the Mancos Shale   in   the   Zuni   bas in .  A t  

t h e  time t h e  D Cross   Shale  was f o r m a l l y   d e f i n e d ,  Dane and 

o t h e r s   ( 1 9 5 7 )   b e l i e v e d   t h e  D Cross was a s t r a t i g r a p h i c a l l y  

higher   shale   tongue  than  the  Pescado.   Molenaar   (1974)   la ter  

p a r t i a l l y   s u b s t a n t i a t e d  P i k e ' s  o r i g i n a l   c o r r e l a t i o n   b y  
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d e m o n s t r a t i n g   t h a t   a t  l eas t  the   l ower   ha l f   o f  D Cross   Shale  

is equ iva len t   t o   t he   Pescado   t ongue .  

The D Cross Shale  is l a t e   m r o n i a n   t o   e a r l y   C o n i a c i a n  

in   age  (S. Hook, o r a l  commun., 1 9 7 9 ) .  Hook b e l i e v e s   t h a t  

s and ie r   zones   i n  the lower par t  o f   t h e   u n i t  are time 

equ iva len t   t o   t he   Juana  Lopez Member o f   t h e  Mancos Shale  

(Carl i le  Shale  of  the  Raton  and Denver b a s i n s )  as de f ined  by  

Dane and o t h e r s  (1966)  i n   t h e  San Juan  Basin. 

The D Cross tongue i s  the   h ighes t   p rominen t   s lope -  

forming   un i t   in   the  D Cross  Mountain  area. The rock is a 

medium-grey (N3 t o  5 Y 5 /2 ) ,  c h u n k y   w e a t h e r i n g ,   s l i g h t l y   t o  

noncalcareous , modera te -o l ive   g rey  ( 5  Y 4 / 1 )  , b i o t u r b a t e d ,  

s i l t y   s h a l e   c o n t a i n i n g  numerous   fo s s i l -bea r ing   conc re t ion  

z o n e s .   I d e n t i f i a b l e   f o s s i l s   c o l l e c t e d  from t h e   l o w e r   p a r t  

of   the   uni t   include:   Pr ionocyclus   wyomingensis ,   Pr iono-  

cyclus   novimexicanus,   Coi lopoceras   inf la tum,  and Lopha 

b e l l a p l i c a t a .  

The midd le   po r t ion  of t h e  u n i t  is g e n e r a l l y   v e r y   s i l t y ,  

modera t e ly   ca l ca reous  , and  conta ins   abundant   oys te r   hash  , 
Pr ionocyclus   novimexicanus ,   and   var ious   microfoss i l s .  The 

upper 4 0  f t  ( 1 2  m)  of D' Cross   sha l e  is s l i g h t l y   c a l c a r e o u s  

and c o n t a i n s  t h e  f o l l o w i n g   f o s s i l s :  Lopha sannionis ,   Ino-  

ceramus  perplexus,   Prionocyclus  novimexicanus,  - P. q u a d r a t u s ,  

and Bacul i tes   yokoyami.  

Concret ionary  zones are common i n   t h e  D Cross s h a l e ;  

occu r r ing  a t  1 f t  (30 cm), 9 f t .  (3 m), 22 f t  ( 7  m), 134 f t  

(41 m )  , and 143 f t  (44 m )  above  the  formation base. The 
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c o n c r e t i o n s   v a r y  from i s o l a t e d  , s o l i d ,   s m a l l  , subequant , 
g r e y  (N5) m i c r i t e   n o d u l e s   t o   l a r g e ,  3 f t  (1 m)-diameter , 
subequant   to   e longate ,   ye l lowish-grey  ( 5  Y 7 / 2 ) ,  s e p t a r i a n -  

l i k e  concre t ions   tha t   form  near -cont inuous  beds. F o s s i l  

ammoni tes   o f ten   form  the   nuc le i   o f  t h e  c o n c r e t i o n s  i n  t h e  

lower  two  concretion  zones. 

The l o w e r   c o n t a c t   o f   t h e  D Cross s h a l e  w i t h  t h e  Tres 

Hermanos Sandstone is s h a r p  and f l a t  or, l o c a l l y   u n d u l a t o r y .  

The upper contac t   wi th   the   Gal lup   Sands tone  is g r a d a t i o n a l ;  

sandstone  and shale beds a re   i n t e rbedded   ove r  a s t r a t i -  

g r a p h i c   i n t e r v a l   o f  5-6 f t  (1.5-1.8 m) . The upper   con tac t  

was placed a t  t h e   b a s e  o f  t h e   f i r s t   s a n d s t o n e   t h a t  was 

greater  than  1 f t  ( 30 c m )  t h i c k .  

The D Cross   sha les   accumula ted   in  a nearshore   mar ine  

mud environment  during a r e g i o n a l   t r a n s g r e s s i v e - r e g r e s s i v e  

sequence as documented   by   the   sha le   un i t   conta in ing   an   open  

mar ine   fauna   and   grad inq   in to   over ly ing   mar ine   shoreface  

sands tones .  The s i l t y   c h a r a c t e r   o f  t h e  s h a l e ,   p r e s e n c e   o f  

abraded s h e l l   h a s h ,  and a b u n d a n t   f o s s i l s   s u g g e s t   s h a l l o w  

. water   depths   and   depos i t ion  i n  a t r ans i t i ona l   zone   be tween  

t y p i c a l   " c l e a n "   o f f s h o r e  muds and  lower  shoreface 

environments.  

- Tres Hermanos  Sandstone 

The  name TKeS Hennanos was f i r s t  used  by Herrick ( 1 9 0 0 )  

f o r   t h e   C r e t a c e o u s   a g e   s t r a t a   t h a t   c r o p   o u t   a l o n g   t h e   c o u r s e  

o f  t h e  Rio Sa lado   i n   wes t - cen t r a l  New Mexico. Herrick's 
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f a i l u r e   t o   a d e q u a t e l y   d e s i g n a t e  a type l o c a l i t y   f o r   t h e   f o r -  

mation h a s  l e d   t o   c o n s i d e r a b l e   c o n f u s i o n  among l a t e r   w o r k e r s  

a s  t o  h is   in tended   usage .  In t h e  D Cross  Mountain  area,  

both  Pike ( 1 9 4 7 )  and  Givens  (1957)  used  the Tres Hermanos 

terminology for what is now cons idered   the  TMowells 

Sands  tone. 

S. Hook and W. Cobban ( o r a l  commun., 1979)   have  recent-  

l y  redef ined  and  e levated t h e  Tres Hermanos t o   f o r m a t i o n a l  

s t a tus  and d e f i n e d   t h r e e   f o r m a l   m e m b e r s ;   t h e s e   a r e ,   i n  

ascending   order :  (1) a lower  sandstone - the   Atarque Mem- 

b e r ,  ( 2 )  a middle   coa l -bear ing   sands tone   and   sha le   sec t ion  - 
the  Carthage Member, and ( 3 )  an  upper   concret ionary  sand-  

s t o n e  - t h e   F i t e  Ranch Member. The combined  thickness of 

t h e  three members is 230 f t  ( 7 0  m )  i n  Sec. 1 9 ,  T. 3 N.,  R. 8 

W. on   t he   sou theas t e rn   s lope   o f  D Cross Mountain  (Figure 8 ) .  

The f o r m a t i o n ,   a s  a package, i s  p robab ly   co r re l a t ive   w i th  

t h e  Atarque member of  the  Gallup  Sandstone  and F sands tone  

( o r  equivalent)   of   Molenaar   (1973)   in   the  Zuni   basin  of  

western New Mexico. 

Regional ly ,  the  Tres  Hermanos  Sandstone t h i n s   t o  the 

n o r t h e a s t .  "he th inn ing   occu r s   i n   t he   Ca r thage  Member, and 

i s  d u e   t o   t h e   s t r a t i g r a p h i c  r ise  of  the  Atarque Member i n  a 

n o r t h e a s t w a r d   d i r e c t i o n .  The r i s e  of the  Atarque resu l t s  i n  

a wedging-out  of  the  Carthage Member along a l i n e   e x t e n d i n g  

n o r t h w e s t - s o u t h e a s t   f r o m   t h e   v i c i n i t y   o f   G r a n t s ,  New Mexico, 

t o   C a r r i z o z o ,  New Mexico. A t  Carthage  the  Tres  Hermanos i s  

2 4 4  f t  (74 m) t h i c k .   E a s t  of Grants   an   o f fshore   mar ine  
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Sandstone. The Tres Hermanos  accumulated  during 
a regressive-transgressive  episode. 
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sands tone ,   the   Semi l la   Sands tone   of  Dane and o t h e r s   ( 1 9 6 8 )  , 
is of Tres Hermanos age  (Molenaar ,   1973) .  

The TKeS Hermanos is ass igned  a m i d d l e   m r o n i a n   a g e  

based   on   the   p resence   o f   Col l ignoniceras  " wool lga r i   woo l lga r i  

a t  t he   base  0.f t he   fo rma t ion   and   Scaph i t e s   f e r ronens i s ,  - S. 

whi t f ie ld i ,   Pr ionocyclus   novamexicanus ,   and   Coi lopoceras  

i n f l a t u m  w i t h i n  a few fee t  above  the Tres Hermanos-D Cross 

Sha le   con tac t .  The age   o f   t he   base   o f   t he  Tres Hermanos 

becomes  younger  from  southeast   to  northwest  along a l i n e  

from  Truth or Consequences , New Mexico , t o  Cuba , New Mexico. 

The t o p   o f   t h e   f o r m a t i o n   a p p e a r s   t o   b e  "time-flat'' between 

t h e  same a reas   a s   deno ted   by   t he   p re sence   o f   P r ionocyc lus  

maconbi a t   b o t h   l o c a l i t i e s  ( S .  Hook and W. Cobban, o r a l  

commun. , 1979) .  This s u g g e s t s   e i t h e r  a v e r y   r a p i d   r a t e   o f  

mar ine   t r ansg res s ion  or a n o r t h w e s t - s t r i k i n g   s h o r e l i n e .  

Rapid   mar ine   t ransgress ions   appear   to   have   been  common 

dur ing  t h e  C r e t a c e o u s   i n   t h e   s o u t h e r n  Rocky Mountains,  and a 

n o r t h w e s t - t r e n d i n g   p a l e o s h o r e l i n e   f i t s  well i n t o   t h e   p a l e o -  

geography  as   d i scussed   by  Hook and o t h e r s   ( 1 9 8 0 ) .  

The base   o f   t he  Tres Hermanos is g r a d a t i o n a l l y   i n t e r -  

bedded w i t h  the  underlying  Rio  Salad;  Shale  tongue  of  the 

Mancos Shale .  Along the   base   o f   the   scarp- forming   ou tcrop ,  

b i o t u r b a t e d   t h i n  t o  v e r y   t h i n   b e d s   o f   h o r i z o n t a l l y  lami- 

n a t e d ,   s i l t y   s a n d s t o n e  and s i l t s t o n e   a r e   i n t e r b e d d e d   w i t h  

da rk   o rgan ic - r i ch  Mancos s h a l e s   o v e r  a s t r a t i g r a p h i c  inter-  

va l   o f   approximate ly  5 f t  (1.5 m ) .  The con tac t   be tween   t he  
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Tres Hermanos  and the   ove r ly ing  D Cross Shale  is sharp  and 

f l a t .  

Atarque Member 

The Atarque Member forms t h e  b o l d   c l i f f   t h a t  is promi- 

nen t  on t h e  east  s i d e  of D Cross Mountain. This sands tone  

u n i t  is composed o f  53 f t  ( 2 5  m )  o f   i n t e r c a l a t e d   s a n d s t o n e  

and t h i n   s h a l e   b e d s   ( P l a t e  9 ) .  The frequency  and  thickness  

of t h e   s h a l e . b e d s   i n c r e a s e s   t o w a r d s   t h e   t o p  of ' t h e  u n i t .  

The Atarque is c h a r a c t e r i z e d   b y  medium t o  t h i c k  beds   o f  

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

t o  medium-grained  subarkoses. 

Numerous l a r g e ,   u p   t o   3 ' f t  (1 m )  d i a m e t e r ,   p o o r l y  

deve loped ,   sphe r i ca l  , c a l c a r e o u s   c o n c r e t i o n s   a r e   p r e s e n t   a t  

the   base  of the  Atarque Member. S im' i la r   concre t ions  were 

noted by Herr ick ( 1 9 0 0 )  i n   h i s   o r i g i n a l   d e f i n i t i o n   o f   t h e  

Tres Hermanos. The c o n c r e t i o n s   a r e   o n l y   s l i g h t l y  more 

r e s i s t an t   t o   wea the r ing   t han   t he   su r round ing   rock  and  appear 

as   vague  brown zones a t   t h e   o u t c r o p .  

The Atarque, i n   g e n e r a l ,   e x h i b i t s   c y c l i c   s e d i m e n t a t i o n .  

A typical  coarsening  upward c y c l e   c o n s i s t s   o f  (1 1 t h i n ,  

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

sequence,  ( 2 )  a m i d d l e   u n i t   o f   s t r u c t u r e l e s s ,   h o r i z o n t a l l y  

laminated or low  angle   c ross - lamina ted ,   f ine-gra ined   sand-  

s tone   con ta in ing  Ophiomorpha  burrows (P la t e  1 0 )  .and ( 3 )  an 

uppe r   s equence   o f   p l ana r   c ros s - s t r a t i f i ed   s ands tone .  fie 

wedge-planar sets average  less than  '1 f t  ( 3 0  c m )  i n  .. 
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Plate 9 .  Cl i f f - forming  outcrop of  the  Atarque Member of 
the  Tres Hermanos Sandstone--the  Atarque i s  a 
coarsening-upward  sequence of  c r o s s - s t r a t i f i e d  
subarkoses.   photograph was t a k e n   i n   S e c t i o n  2 9 ,  
T. 3 N., R. 0 W. 
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P l a t e  10. Ophiomorpha burrows--these trace f o s s i l ,  which 

common i n   t h e  Atarque Member o f   t h e  "res Hermanos 
a r e   c h a r a c t e r i s t i c  of shoreface  environments,   are 

Sandstone. 
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t h i c k n e s s ,   a n d   f o r e s e t   s t r a t i f i c a t i o n s  are i n c l i n e d  t o  t h e  

southeast   (Appendix B) . 
The upper   par t   o f   the   Atarque  is composed o f   r i p p l e d ,  

microcross- laminated , b i o t u r b a t e d  , thin-bedded , f ine-gra ined  

sandstone,   dark-colored , f o s s i l i f e r o u s ,   b i o t u r b a t e d   s h a l e ,  

and ra re  b i o t u r b a t e d   b i o m i c r i t e s   a n d   r i p p l e d   b i o s p a r i t e s .  

Cymbophora - sp., Cardium  paraeculum',  Laternula - sp.,  Gyrodes 

d e s p r e s u s ,   a n d   o y s t e r s   a r e  common a t   t h e   t o p   o f   t h e   A t a r q u e  

Member. The s k e l e t a l  material is gene ra l ly   unabraded .  The 

A t a r q u e   g r a d e s   v e r t i c a l l y  i n t o  t h e  overlying  Carthage Member. 

Carthage Member 

The Carthage Member is 123 f t  ( 3 8  m )  t h i c k  and c o n s i s t s  

o f  numerous  3-5 f t  (0.9-1.5 m ) - t h i c k ,  l e n t i c u l a r  , l i g h t -  

yellow t o  o l i v e   g r e e n   ( 5  Y 8/3 t o  56 Y 3 / 2 ) ,   s i l t y ,   p o o r l y  

s o r t e d  , t r o u g h   a n d   t a b u l a r   c r o s s - s t r a t i f i e d ,  and r i p p l e d  , 
f i n e - g r a i n e d   f e l d s p a t h i c   l i t h a r e n i t e s .  These sands tones  

have   sharp ,   undula tory   cu t   bases   and   conta in  a b a s a l   c l a y -  

clast  congomera te .   Bio turba t ion   fea tures  are r a r e .  

The sandstone  pac'kages become cleaner  and  more persis- 

t e n t   t o w a r d   t h e   t o p   o f   t h e  member and t h e  shale i n t e r v a l s  

i n c r e a s e   i n   b o t h ,   t h i c k n e s s  and i n  o r g a n i c   c o n t e n t .  The 

s h a l e   i n t e r v a l s  are d a r k ,   o r g a n i c - r i c h ,   s i l t y ,  and   conta in  

small, 0 . 1  f t  (3  cm)-diameter , subequant ,   dark-red ( 5  R 3/4) 

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

Severa l   th in ,   dark- reddish-brown ( 1 0  R 3/4)  zones  in 

the  h i g h e r   p a r t   o f  the  Car thage   conta in   approximate ly   50% 
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carbonaceous matter. No c o a l  i s ,  however , developed i n  t h e  

Carthage Member. Unusual   rock   types   assoc ia ted   wi th   the  

ca rbonaceous   i n t e rva l  are a t h i n ,   l a t e r a l l y   p e r s i s t e n t ,  3 f t  

(1 m ) - t h i c k ,  s t r u c t u r e l e s s ,   g r e y  (N7) , s i l t y   s u b a r k o s e ,  

which   conta ins   abundant   d i sseminated   organic   f ragments   and  a 

l e n t i c u l a r   z o n e   o f   r e d  ( 5  R 4/6) c l a y s t o n e   c l i n k e r s  formed 

as t h e   r e s u l t  of " i n  s i t u  combustion. 

The carbonaceous  Carthage Member i s  o v e r l a i n   b y   t h e  

F i t e  Ranch Member. The con tac t   be tween   t he   F i t e  Ranch 

Member and  Carthage is s h a r p  and s l i g h t i y   e r o s i o n a l .  

F i t e  Ranch Member - 
The F i t e  Ranch is 24 f t  ( 7  m )  th ick   th roughout  t h e  s t u d y  

area .   Regional ly ,  t h e  F i te  Ranch ( F  sand of Molenaar,  1973) 

averages  5 f t  ( 1 . 5  m )  i n  t h i c k n e s s ,  b u t  it is n o t   p r e s e n t  

eve rywhere ,   such   a s   i n   t he  Nutria monocline. 

A t  t h e   b a s e  of the  s e c t i o n   t h e   r o c k  is a structureless,  

sphero ida l   weather ing  , ye l lowish -g rey   (5  Y 7 / 2 )   s l i g h t l y  

c a l c a r e o u s ,   b i o t u r b a t e d  , moderately-sor ted , medium f i n e -  

gra ined   subarkose .  Dark organic  streaks and  coal   f ragments  

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

uppe r   pa r t  of t h e   u n i t  i s  a medium f i n e - g r a i n e d ,   c a l c i t e  

cemented  subarkose . 
Large, moderate-brown ( 5  YR 3 / 4 )   c o n c r e t i o n s   t h a t   a r e  

a s  much as 5 f t  (1.5 m )  i n  diameter. , are common i n   t h e  F i te  

Ranch Member. These c o n c r e t i o n s  are very  conspicuous  and 

weather   ou t  as huge   sphe r i ca l   bou lde r s .  
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Eigh t   t h in - sec t ions ,  of seven  sandstones and a lime 

s tone ,   f rom  the  Tres Hermanos were examined   pe t rographica l ly .  

A wide v a r i e t y  o f  rock types are represented i n   t h e  Wes 

Hermanos s t ra ta .   Sands tones   f rom  the  Atarque Member gener-  

a l l y   c o n t a i n  less than  80% q u a r t z   g r a i n s  and are subarkoses .  

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

undulose   ex t inc t ion   and  are free o f   i n c l u s i o n ,   a l t h o u g h  

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

p r e s e n t .   S p a r r y  ca lc i te  is the   ch ie f   cemen t ing   agen t .  

Feldspars are   the   second  most   abundant   minera l   cons t i t -  

uent.   Potassium feldspars,  m o s t l y   o r t h o c l a s e  and lesser 

amounts of microcline, are the   dominan t   f e ldspa r   t ypes  

recorded,   compris ing up  t o  11% of t h e   g r a i n s   i n  some samples. 

Many of t h e   g r a i n s  are m i c r o p e r t h i t e  a s  e x h i b i t e d   b y  t h e  

c h a r a c t e r i s t i c   a l t e r a t i o n   p a t t e r n   o f   t h e   g r a i n s .  %e 

feldspars are   subangular   to   subrounded,   and are g e n e r a l l y  

smaller than   t he   qua r t z   g ra ins .   Bo th   unwea the red   g ra ins   and  

g r a i n s   t h a t  have  undergone  varying  degrees  of k a o l i n i z a t i o n  

and /o r   vacuo l i za t ion   a r e   p re sen t .   Sod ic   p l ag ioc la ses   a r e  

ra re ly   observed   and   a re   poor ly   p reserved .   Other   cons t i tu -  

e n t s   t h a t   o c c u r   i n  small q u a n t i t i e s ,   b u t   w h i c h  may be 

a b u n d a n t   l o c a l l y ,   i n c l u d e  : muscovite , b i o t i t e ,   g l a u c o n i t e ,  

skeletal  c a r b o n a t e  material , opaque   minera ls  ( i r o n   o x i d e s  

and o r g a n i c  material) , c h e r t ,   s i l t s t o n e   g r a i n s  , phosphat ic  

s k e l e t a l   m a t e r i a l ,  and   an iso t ropic   heavy   minera ls   (Appendix  

A)  
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Sands tones   in   the   Car thage  Member a r e   v e r y   c a l c a r e o u s ,  

s i l t y ,   c o n t a i n   n o   g l a u c o n i t e ,   h a v e  a h igher   percentage   o f  

o rgan ic   deb r i s ,   m ica ,   and   muds tone   c l a s t s   t han   t he   A ta rque  

sands tones .   Sands tones   i n   t he  Fi te  Ranch Member are miner- 

a l o g i c a l l y   s i m i l a r   t o   t h o s e   o f   t h e   A t a r q u e .  lhe h igh  

o r g a n i c   c o n t e n t ,  lack o f  g l aucon i t e   and   p re sence  of a c l ay -  

cas t   conglomera te  a t  t h e  base o f   t he  F i t e  Ranch sands tone  is 

noteworthy. 

The Tres Hermanos is composed of  a t h i c k   s e c t i o n   o f  

marshy   coas t a l   p l a in   s ed imen t s   (Ca r thage  Member) t h a t   a r e  

sandwiched  between  regressive  (Atarque Member) and t r a n s -  

g r e s s i v e  ( F i t e  Ranch Member) sands tones .   These   s t r a t a  

accumulated during  one of two m a j o r   f l u c t u a t i o n s   i n   t h e  

p o s i t i o n   o f   t h e  Upper C r e t a c e o u s   s h o r e l i n e   i n   c e n t r a l  N e w  

Mexico . 
The Atarque Member represent   sed iments   tha t   accumula ted  

as  a near-shore  submerged  bar or barr ier  is land  complex 

du r ing  a l a t e  Greenhorn-early Carlile r e g r e s s i o n .  The 

s a n d s t o n e   e x h i b i t s   v a r i a t i o n s   i n   t e x t u r e  and  sedimentary 

s t r u c t u r e s   t h a t  are similar t o   t h a t   i n t e r p r e t e d   b y  Molenaar 

(1973)   a s  a prograding  sand bar. These c h a r a c t e r i s t i c s  

i nc lude :  (1) coarsening-upward   gra in   s ize ,  ( 2 )  v e r t i c a l  

decrease i n   b i o t u r b a t i o n ,  ( 3 )  preva lence  of p a r a l l e l  

l amina t ions   ( l ower   sho re face )   i n   t he   l ower   pa r t  of t h e   u n i t ,  

and ( 4 )  g r a d a t i o n  from o f f s h o r e   m a r i n e  muds a t  t h e   b a s e   i n t o  

coa l -bea r ing   coas t a l  p l a in  sediments  a t  t h e   t o p .  As many a s  

t h r e e   v e r t i c a l l y  stacked bars e x i s t  i n   t h e  D Cross   a rea .  
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Near t h e  t o p   o f   t h e   A t a r q u e  Member, a series o f   t h i n ,  imma- 

tu re  , b i o t u r b a t e d   a n d   c r o s s - s t r a t i f i e d ,   o y s t e r - b e a r i n g  

sands tones  , b i o m i c r i t e s  , and i n t e r c a l a t e d   d a r k - c o l o r e d  

b i o t u r b a t e d   s h a l e s  are i n t e r p r e t e d   a s   l a g o o n a l   i n   o r i g i n .  

Len t i cu la r   s ands tones   i n   t he   Ca r thage  Member r e p r e s e n t  

channe l - f i l l   depos i t s   t ha t   accumula t ed   i n   channe l s   t ha t   were  

c u t  i n t o   r o o t - m o t t l e d   o r g a n i c - r i c h  shale and   "coa ls"   tha t  

accumulated  in  a f l o o d   p l a i n  and i n t e r d i s t r i b u t a r y   e n v i r o n -  

ment  on a f l u v i a l l y - c o n s t r u c t e d   l o w e r   c o a s t a l   p l a i n .  

Similar channe l   s ands ,   pea t -bea r ing   f l ood   p l a in  and i n t e r -  

d i s t r i b u t a r y   d e p o s i t s  are p resen t ly   accumula t ing  on t h e  

Miss i s s ipp i   R ive r   de l t a   p l a in   complex  (Gould and Morgan , 
1962) and a r e  well known from the  rock-record  (Erpenbeck  and 

F lo res ,   1979) .  

The F i t e  Ranch s a n d s t o n e   r e p r e s e n t s  a s i n g l e   d e p o s i -  

t i ona l   env i ronmen t   i n   t he  D Cross  Mountain  quadrangle. This 

sands tone  i s  a ,   m o d e r a t e l y   b i o t u r b a t e d  , fining-upward 

sequence. The u n i t   h a s  a s l i g h t l y   e r o s i o n a l   b a s e  and i s  

o v e r l a i n   b y   m a r i n e   s h a l e s   o f   t h e  D Cross   tongue.   Similar  

sand   sequences   a re   p resent ly   accumula t ing   on   the   southeas t  

Texas Gulf C o a s t   a s  a r e s u l t  of a mar ine   t r ansg res s ion  

caused   by   loca l   subs idence   and  a d e f i c i e n c y   o f   s a n d   e n t e r i n g  

the   sho re l ine   sys t em.  me t h i n n e s s   o f   t h e  F i t e  Ranch 

Member , its a b s e n c e   i n  some areas , and its synchronous  age 

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

o n l a p   s a n d s t o n e   t h a t  was depos i t ed  on a r a p i d l y   s u b s i d i n g  

s a n d - s t a r v e d   c o a s t l i n e .  
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MESAVERDE GROUP 

The name "Mesaverde Group" was f i r s t  appl ied   by  Holmes 

(1877)   t o  a thick  sequence  of   Cretaceous  sandstones  and 

s h a l e s   t h a t   c r o p   o u t  i n  Montezuma County,  Colorado. Since 

Holmes' o r i g i n a l  work the  term  "Mesaverde"  has  been  used 

i n c o n s i s t e n t l y   t o   c o n n o t a t e   e i t h e r   g r o u p  or format iona l  

rank.  'Bo formations  of   the   Mesaverde Group c r o p   o u t   i n   t h e  

s t u d y  area. T h e s e   a r e ,   i n   a s c e n d i n g   o r d e r ,  t h e  Gal lup 

Sandstone  and  the  Crevasse Canyon Formation. 

Gallup Sandstone 

The name Gallego was f i r s t  used by  Winchester  (1920) 

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

t h e  Rio Salado and the  Alamoci ta  Creek b e d s   i n   w e s t - c e n t r a l  

New Mexico.   Winchester   (1920)   or iginal ly   considered  the 

Gal lego   to  be a part  o f   t h e  now o b s o l e t e  Miquel Formation. 

La ter ,  P i k e  ( 1 9 4 7 ) ,   i n  a r e g i o n a l   s t u d y   o f   t h e   C r e t a c e o u s ' o f  

N e w  Mexico,  included  the  Gallego as t h e   b a s a l  member of   the  

Mesaverde  Formation. The Gallego was r a i s e d   t o   f o r m a t i o n a l  

rank  by  Molenaar ( 1 9 7 4 )  who suggested t h a t   t h e   s a n d s t o n e  i s  

co r re l a t ive   w i th   t he   uppe r   Ga l lup   s ands tone   o f  t h e  San Juan 

Basin.  %e Gallup  terminology is now used throughout   the  

Acoma b a s i n  for Winchester ' s   Gal lego  Sandstone.  

In   t he   R i l ey -Pue r t ec i to  area, t h e   G a l l u p  is d iv ided  

i n t o  two u n i t s   b y  an in te rvening   tongue  of t h e  Mancos Sha le  

(Molenaar ,   1974) .   Mass ingi l l  ( 1 9 7 9 )  op ted   t o   app ly   t he  
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"Gal lego   te rminology"   on ly   to  t h e  lower  of   these two sand- 

s t o n e s ;   i n c l u d i n g   t h e   u p p e r   u n i t   i n  h i s  undivided  Mesaverde 

Formation ( s i c )  . 
In t h e  D Cross   a r ea   t he   Ga l lup  i s  a s i n g l e ,  80 f t  ( 2 4  

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

l a t e r a l l y   p e r s i s t e n t   c l i f f   o n   t h e   e a s t  face of D Cross Moun- 

t a i n  ( P l a t e  11). The u p p e r   p a r t   o f   t h e  Gallup is  bleached 

white  and is v e r y   d i s t i n c t i v e  when viewed  from a d i s t a n c e .  

Foss i l s   a r e   no t   abundan t   i n   t he   Ga l lup   Sands tone .  In  

t h e  D Cross  area Prionocyclus   novimexicanus,   Bacul i tes  

yokoyami,  Inoceramus perplexus, and  Lopha  sannionis   occur   in  

the   under ly ing  D C r o s s   s h a l e   w i t h i n  1 0  f t  ( 3  m )  of t h e  base 

of   the  Gal lup.  Lopha s a n n i o n i s  is common in   t he   uppe r   f ew  

feet  o f   t h e  Gallup Sandstone  and  Inoceramus - sp. fragments  

occur   t h roughou t   t he   un i t .   Mass ing i l l  ( 1 9 7 9 )  has   r epor t ed  

Pr ionocyclus  - sp. and B a c u l i t e s  yokoyami  ftom  the  base o €  t h e  

Gal lup i n  t h e   P u e r t e c i t o   a r e a .  Based on the   con ta ined  

fos s i l   a s semblage ,   t he   Ga l lup  i s  l a t e   l U r o n i a n   i n   a g e .  

In t h e  D Cross  Mountain  quadrangle,   the  Gallup is com- 

posed  of a coarsening-upward  sequence  of  subarkoses  (Figure 

9 ) .  A t  t h e  base o f   t h e   u n i t   t h i n ,   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  are in t e rbedded   w i th   sha l e s   ove r  a v e r t i c a l   d i s t a n c e  

of 2-5 f t  (0.6-1.5 m ) .  The contac t   be tween   the   Gal lup  

Sandstone  and  overlying Crevasse Canyon Formation is s h a r p  

and i r r e g u l a r   b u t   p o o r l y   e x p o s e d .  

The greatest  p a r t   o f   t h e  G a l l u p  is composed o f  a l ter-  

n a t i n g  beds o f  f ine-   to   medium-gra ined ,   modera te ly   sor ted  
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Plate 11. Cl i f f - forming  outcrop of  Gallup  Sandstone--the 
u n i t  i s  a coarsening upward sandstone  package 
measuring 8 0  f t  ( 2 4  m) t h i c k .  The contac t  w i t h  
the  underlying D Cross s h a l e  i s  g r a d a t i o n a l .  
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Depositional Environment 

Crevasse 
Canvon I coal  seam,  laterallv  ovster 

biolithites 
- I  

-root-mottled Lagoon and swamp 

Upper Shoreface abular  cross-stratified 

Lower Shoreface 

“horizontal  laminations 
and  burrows 

I - bioturbated 

- interbedded  contact 

3 Cross 
Shale 

mud I sand 

Lower Shoreface 
and 

Transitional 

Transitional  zone 

Off-shore  muds 

10  f t  

L O f t  

Figure 9 .  Stratigraphic  section of the  Gallup 
Sandstone. The Gallup  sandstone  represents 
a  coastal  barrier  bar  deposit. 



68 

s u b a r k o s e s   t h a t  are  h o r i z o n t a l l y   l a m i n a t e d  and s p a r s e l y  

b i o t u r b a t e d  , or i n t e n s e l y   b i o t u r b a t e d  and s t r u c t u r e l e s s .  

Abraded  pelecypod  shel l   hash  occurs   a long  bedding  planes 

throughout  t he  u n i t ,   b u t  it is  more common a t   t h e   b a s e   o f  

t h e  formation.  

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

where t h e  rock is a medium-grained,  white  (N8) , mature ,  well 

s o r t e d ,   t a b u l a r   c r o s s - s t r a t i f i e d   s a n d s t o n e   ( P l a t e   1 2 ) .  

T a b u l a r   c o s e t s   c o m p r i s e   a n   i n t e r v a l   t h a t  is approximately 1 5  

f t  ( 5  m) t h i c k .  The cross- laminae are h i g h   a n g l e ,   i n c l i n e d  

uni formly   to   the   southeas t   (Appendix  B) , and  occur   in  sets 

t h a t   a r e  a s  much as  1 f t  ( 3 0  cm) t h i c k .   L a t e r a l l y ,   s m a l l  

s and- f i l l ed   channe l s   occu r  a t  t h e   t o p   o f   t h e   c l i f f - f o r m i n g  

u n i t .  

A series of   thin-bedded,   dark-colored , b i o t u r b a t e d  

s h a l e s  and i n t e r c a l a t e d  medium-bedded, b i o t u r b a t e d  , struc- 

tureless  t o   h o r i z o n t a l l y   l a m i n a t e d ,   a n d  r ipple  c ross -  

s t r a t i f i e d   s a n d s t o n e s   o c c u r  i n  t he   uppe r   f ew   f ee t   o f   t he  

Gallup. The s a n d s t o n e s   a r e   m o d e r a t e l y   s o r t e d ,   c a l c i t e  

cemented  subarkoses.   Locally,   small  , l e n t i c u l a r   o y s t e r  

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

zones are dark-brown ( 5  YR 2/4)  and s t a n d   o u t   c o n s p i c u o u s l y  

aga ins t   t he   wh i t e   Ga l lup   s ands tones  (P la t e  1 3 ) .  ?he o y s t e r s  

are l o n g ,   s l e n d e r ,   b l a c k  ( N l )  Ostera s o l e n i s c u s   t h a t   o c c u r  

i n   g r o w t h   p o s i t i o n .  

Long, 0.3 i n .  ( 7 . 6  mm)-diameter, c i rcu lar ,  branching 

root - tubes  are p resen t   i n   t he   uppe r  par t  of t h e   u n i t   i n  many 
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P l a t e   1 2 .   C r o s s - s t r a t i f i e d ,  upper   shoreface   depos i ts   a t   the  
t o p  of the  Gallup  Sandstone.  Photograph was 
taken  along  the  north bank o f  Alamocita Creek i n  
S e c t i o n  30,  T. 3 N., R. 8 W. 
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P l a t e  13 .  oys ter  bioherm i n   t h e  upper  Gallup  Sandstone-- 
t h e   o y s t e r s  are Ostera   so l en i scus   that   occur   in  
growth   pos i t ion .  Brown weathering of the  bioherm 
is d i s t i n c t i v e   a g a i n s t   t h e   w h i t e   G a l l u p   s t r a t a .  

W. 
Photograph was taken   in   Sec t ion  3 0 ,  T. 3 N., R. 8 
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a r e a s .  The tubes  a re   bes t   exposed  i n  ou tc rops   a long   t he  

n o r t h  bank of t h e  Alamocita Creek due   south  of D Cross 

Mountain. 

Examinat ion   of   the   Gal lup   sands tones   in   f ive   th in-  

s e c t i o n s  show the   rock   t o   be  a s u b a r k o s e   o r   l i t h i c   a r k o s e .  

The dominan t   mine ra l   cons t i t uen t  is quartz   which  comprises  

60-75% of  t h e  rock. The q u a r t z   g r a i n s   a r e   u n i f o r m l y  sub-  

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

and a r e   f r e e  of inc lus ions .   Fe ldspar   compr ises   approxi -  

ma te ly  1 9 %  by  volume  of  the  framework  grains. The f e l d s p a r  

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

sma l l e r   t han   qua r t z   g ra ins .   On ly  a trace of   p lag ioc lase   and  

mic roc l ine  were   no ted .   Other   minera ls ,   p resent   in   vary ing  

q u a n t i t i e s ,   i n c l u d e :   m u s c o v i t e   ( t r a c e )  , c h e r t   ( a s  much a s  

3 % )  , g l a u c o n i t e   ( t r a c e ) ,   o p a q u e   c o n s t i t u e n t s  (1-2%) , and 

mudstone c l a s t s  (1-3%) (Appendix A ) .  

The rock   var ies   f rom  loose ly   packed ,  w i t h  g r a i n s   i n  

p o i n t   c o n t a c t ,   t o   t i g h t l y   p a c k e d ,  w i t h  gra ins   having  mul- 

t i p l e  concave-convex  or s t r a igh t   boundar i e s .   Squash ing   o f  

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

f a b r i c  is common. 

The primary  cement   in   the  rock i s  c a l c i t e .  The calci te  

c r y s t a l s  are l a r g e ,   u p   t o  0 . 1  i n .  (2.5 mm) i n   d i a m e t e r  , 
equant,   and  enclose  numerous  framework  grains.  The cement 

is o f   an   aggrad ing ,   neomorph ic   o r ig in   a s  shown by   t he  

presence of framework g r a i n s   f l o a t i n g   i n  t h e  s p a r r y   c a l c i t e  

c e m e n t .   F i n e l y   c r y s t a l l i n e  s i l i c a  cement   occurs   in   mos t  
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rock specimens,   but  it is more common i n   t h e   t i g h t l y   p a c k e d  

rocks. S i l i ca  is s u b o r d i n a t e  t o  ca lc i te  i n   t o t a l   v o l u m e .  

Minor amounts   o f   c lay   mat r ix  were observed  in   most   samples .  

Some o f   t h i s   " m a t r i x "  may be   squashed   c lay-c las t s .  

The G a l l u p   s t r a t a   a c c u m u l a t e d   a s  a nea r shore ,   r eg res -  

s i v e ,  marine  sand  body  and  in   re la ted  environments .   Sort ing,  

g r a i n   s i z e ,  and   mine ra logy   (g l aucon i t e ) ,  as well as s t r a t i -  

g r a p h i c   r e l a t i o n s  and the   con ta ined   f auna ,   suppor t   t he  

concept   o f  a m a r i n e   o r i g i n   f o r   t h e   u n i t .  lhe lower   pa r t  of 

t h e   u n i t  i s  composed o f   b i o t u r b a t e d  and s t r u c t u r e l e s s  or 

hor i zon ta l ly   l amina ted   s ands tone  t h a t  g r a d e s   i n t o   m a r i n e  mud 

of D Cross   Shale .   Bioturbated,  s t ructureless  to   ho r i zon-  

t a l l y   l a m i n a t e d   s a n d s   g r a d e   i n t o   m a r i n e  muds i n  typical 

Holocene  lower  shoreface  environments  (Bernard  and  others,  

1970) .   So r t ing  and g r a i n   s i z e   i n c r e a s e   t o w a r d   t h e   t o p   o f  

t h e   u n i t  and t a b u l a r   c r o s s - s t r a t i f i c a t i o n s  are well developed 

'Ihese deposits resemble   upper   shoreface   sed iments   tha t   accu-  

mulate  above  wave-base a s   d e s c r i b e d  by  Reineck  and  Singh 

(1975)  . 
L o c a l l y ,   b l a c k ,   o y s t e r   p a t c h  reefs and b i o t u r b a t e d  

b l a c k   s h a l e s  and small t i d a l   c h a n n e l s  document a c o e x i s t i n g  

lagoonal   environment   for  a t  l e a s t  p a r t  of t h e  Gallup. ?bin 

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

wi th   the   l agoonal   sed iments  are similar t o  washover  fan 

depos i t s   (Hayes ,   1967)  or t h e  d i s t a l  p o r t i o n s   o f   t i d a l  

d e l t a s   ( B e r n a r d  and o t h e r s ,   1 9 7 0 ) .  
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In   the  Alamo Day School  area a c l a s s i c  sequence from 

lower   shoreface   th rough  dune   depos i t s  i s  exposed   i n   t he  

Gallup  Sandstone. This s e c t i o n  is ove r l a in   by   coa l -bea r ing  

sediments   of   the   Crevasse Canyon Formation.  In  the D Cross 

a r e a   t h e   c l o s e   r e l a t i o n s   o f   t h e  G a l l u p  sand  body t o  non- 

marine  environments is well documen ted   by   coa l s   t ha t   ove r l i e  

the  Gallup  and  by t h e  presence  of   mangrove-l ike  root  tubes 

( C h a i f f e t z ,   o r a l  commun., 1977)   wi th in   the   upper   par t   o f   the  

sandstone.  No beach or d u n e   d e p o s i t s   s e p a r a t e  these swamp 

and s h o r e f a c e   d e p o s i t s .  However, due  to  contemperaneous 

e ros ion ,   dune  and   beach   depos i t s   o f t en   a r e   no t   p re se rved   i n  

the  rock-record  (Dickerson  and  others ,   1972) .  

Crevasse Canyon  Formation 

Givens  (1957)  extended  the  Crevasse Canyon terminology 

of   Allen  and  Balk  (1954)   into  the D Cross a r e a ;   a p p l y i n g   t h e  

format iona l  name t o  a t h i c k  sequence  of  coal-bearing  sand- 

s tones   and   sha l e s  t h a t  o v e r l i e  t h e  Gal lup  (Gal lego)   Sandstone.  

Givens,  however , made no attempt t o   d e f i n e   a n y   o f   t h e   f o r m a l  

members o f   t h e   f o r m a t i o n   t h a t  are . r e c o g n i z e d   i n   t h e  San Juan 

Basin. I h a v e   r e c o g n i z e d   t h r e e   d i s t i n c t   u n i t s   w i t h i n   t h e  

Crevasse Canyon Forma t ion ;   t hese   a r e ,   i n   a scend ing   o rde r :  

(1) basal sands tone ,  ( 2 )  i n t e r b e d d e d   s h a l e  and  sandstone, 

and ( 3 )  upper   sandstone.   ' Ihese  divis ions are used i n f o r -  

mal ly   and  cannot ,  as y e t ,  be c o r r e l a t e d  with t h e  members 

described by   Al len   and   Balk   (1954) .   In   the   Ri ley-Puer tec i to  

a r e a ,   M a s s i n g i l l  ( 1 9 7 9 )  r e c o g n i z e d   t h r e e   i n f o r m a l   d i v i s i o n s  
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of   h i s   undi f fe ren t ia ted   Mesaverde   Format ion  ( s i c )  (Crevasse  

Canyon Formation) .   These  uni ts   correspond  roughly  to   the 

d i v i s i o n s  I h a v e   u t i l i z e d  i n  t h e  D Cross  Mountain  area.  

The Crevasse Canyon Formation d i p s  g e n t l y   t o  the south-  

west and is exposed i n  a lmos t   con t inuous   ou tc rop   a long   an  

east-west l i n e  from  Pietown, New Mexico, t o   P u e r t e c i t o ,  New 

Mexico.  North o f  t h i s  l i n e ,  t h e  s t ra ta   have   been   e roded   due  

to   up l i f t   o f   t he   Co lo rado   P l a t eau .   Sou th   o f   t he   ou tc rop  

b e l t ,   t h e   C r e v a s s e  Canyon is present o n l y  i n  t he   subsu r face .  

I n  g e n e r a l  , the   Crevasse Canyon t h i c k e n s  t o  t h e  e a s t  and 

p inches-out   wi th in   the  Mancos Shale   nor th   o f  D Cross 

Mountain  (Molenaar , 1 9 7 4 )  . 
In t h e  D Cross  Mountain  quadrangle  an  incomplete  sec- 

t ion  of   Crevasse Canyon, 793  f t  ( 2 4 2  m )  t h i c k  ( F i g u r e  1 0 )  

was measured  on t h e  no r th   f ace   o f  B l u e  Mesa. %e formation 

may be a p p r e c i a b l y  th icker  , b u t  t h e  l a c k  of marker beds ,  

v a r i a b l e  d i p s ,  and  rugged t e r r a i n  make a c c u r a t e   t h i c k n e s s  

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

!the Crevasse Canyon c r o p s   o u t   i n   t h e   s o u t h w e s t e r n  and 

n o r t h e a s t e r n   p a r t s   o f  t h e  mapped a r e a  on o p p o s i t e  sides o f  

t h e  Red Lake f a u l t .  The s t r a t a ,  where  not   protected  by a 

r e s i s t a n t   c a p   r o c k   s u c h  as t h e   b a s a l t   f l o w s  on Blue  Mesa, 

e r o d e s   t o  form a series o f   l o w   c u e s t a - l i k e   h i l l s .  

No d i a g n o s t i c   m e g a f o s s i l s  were observed  in   the  Crevasse 

Canyon s t r a t a ,   a l t h o u g h  a few poor ly   p reserved   pe lecypods  

were c o l l e c t e d  from the  lower   par t   o f   the   format ion .  The 

Crevasse Canyon rests conformably  on  the l a t e  TUronian t o  



Feet Depositional 
Environment 
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Fluvial 
vertically  stacked  fining  meandering 
upward sandstone  packages; 
no interbedded coals 

fining upward channel 
sandstones 

300 

dominantly  dark,  organic-  Delta  plain 
rich  shale;  sandstoness  are 
lenticular,  fine upward and 
have  cut  bases  and  basal 
clay-clast  conglomerates; 
coal  seams  locally  developed 

mud] sand 

coal  or  laterally  oyster Coastal marsh 
biolithites or  lagoon 

Shoreface 

Figure 10 .  Stratigraphic  section of the  Crevasse 
Canyon  Formation.  Note  fining upward sandstone  units. 
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ear ly   Coniacian  Gal lup  Sandstone and is unconformably  over- 

l a i n   b y  t h e  Eocene Baca Formation. A l a t e   C o n i a c i a n   t o  

e a r l y  Eocene age   appea r s   r ea sonab le   fo r   t he   Crevasse  Canyon 

s t ra ta .  Pollen  from  Crevasse Canyon s h a l e s   p a r t i a l l y  sub- 

s t a n t i a t e s   t h i s   a g e   d e t e r m i n a t i o n   ( C h a i f f e t z ,   o r a l  commun., 

1 9 7 7 ) .  

The basal   sandstone  sequence  of   the   Crevasse Canyon 

Forma t ion   cons i s t s  of approximately  50 f t  (15 m) o f   s i l t y  

s h a l e  and a s i n g l e   l a t e r a l l y   p e r s i s t e n t ,  30 f t  ( 9  m)- thick 

sandstone.  The middle un i t   o f   t he   Crevasse  Canyon is 

approximate ly  500 f t  (152  m)  t h i c k  a n d   c o n s i s t s   o f  a monoto- 

n o u s   r e p e t i t i o n   o f   i n t e r b e d d e d   s h a l e s  and  sandstone. The 

upper sandstone  sequence i s  250 f t  ( 7 6  m)  t h i ck ,   and  is com- 

posed  predominant ly   of   sandstone w i t h  t h i n   s h a l e   i n t e r b e d s .  

Ind iv idua l   s ands tone   bod ie s   o f   t he  upper sequence   a re   no t  

t h i c k e r   t h a n   t h o s e   i n   t h e  middle un i t   bu t ,   packages   o f  

v e r t i c a l l y  stacked sands tones   compr i se   i n t e rva l s   o f   con -  

s i d e r a b l e   t h i c k n e s s .  The lack o f  a n   a p p r e c i a b l e   t h i c k n e s s  

o f   s h a l e  and the   absences  of c o a l  is t h e   b a s i s   f o r  d i f f e r -  

en t ia t ion   be tween  the   upper   and  middle u n i t s   o f   t h e   C r e v a s s e  

Canyon. me upper sequence crops o u t  as a ser ies  of p o o r l y  

d e v e l o p e d   c l i f f s  on t h e   n o r t h   a n d   e a s t  sides of B l u e  Mesa 

and   p robab ly   r ep resen t s   t he  s t r a t a  shown as  Point  Lookout 

Sands tone   in   the   1965  ed i t ion   o f   the  New Mexico S t a t e  

Geolog ic Map. 

S a n d s t o n e s   w i t h i n   t h e   t h r e e  members are v e r y  similar 

( P l a t e  1 4 ) .  I n   g e n e r a l   t h e y  are l e n t i c u l a r ,  and t h e y   a r e   i n  
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P l a t e  14 .  Channel sandstone  in  the  Crevasse Canyon 
Formation--the  sandstone  unit  has  a c u t  b a s e ,  
l e n t i c u l a r   g e o m e t r y ,  and is  a f i n i n g  upward 
sequence.  Photograph  taken  in  Section 22, T. 3 
N. I R. 0 W. 
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e ros iona l   con tac t   w i th   e i the r   an   unde r ly ing  shale u n i t  or 

ano the r   s ands tone .   Grave l - s i ze   c l ay  rip-up c l a s t s  are com- 

mon i n   t h e   b a s e   o f  the  sandstone  packages.  ' !%e sands tones  

a r e   l i g h t - y e l l o w  (5 Y 8 / 6 )  , well i n d u r a t e d ,   c o n c r e t i o n a r y ,  

c r o s s - s t r a t i f i e d   s u b a r k o s e   t h a t   g r a d e s  from  coarse  sand a t  

t h e   b a s e   t o   f i n e   s a n d   a t  the  top .  The fo l lowing  

sequence   of   sed imentary   s t ruc tures  is p r e s e n t :  ( 

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

c r o s s - s t r a t i f i e d   z o n e ,  ( 3 )  t a b u l a r   c r o s s - s t r a t i f i  

wi th  sets of   cross- laminae as much as 1.5 f t  ( 4 6  

ver t  i c  a1 

1) s t r u c -  

( 2 )  t rough 

ed i n t e r v a l  

cm) t h i c k ,  

( 4 )  zone  of   interbedded , f ine -g ra ined  , t r a c t i o n - c u r r e n t - t y p e  

r ipp led   s ands tones  and s h a l e s   w i t h   t r a c k s  and t r a i l s  on bed 

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

cate a no r theas t   pa l eo - f low  d i r ec t ion   (Append ix  B ) .  

Genera l ly   the   upper   few  inches   o f   each   sands tone  is 

moderate-brown (5 Mi 3 / 4 )  and v e r y   c a l c a r e o u s .  The c a l c i t e  

cemented  zone r e s u l t s   i n   t h e   d e v e l o p m e n t   o f  a r e s i s t a n t  dip-  

forming  cap on which a kar ren- type   weather ing   sur face   deve l -  

ops .   Hickory-nut   s ize ,  brown ( 5  YR 4 /4 )  , c a r b o n a t e  or i r o n  

ox ide   cemen ted   conc re t ions   occu r   spo rad ica l ly   w i th in   t he  

sands tones .  

Mine ra log ica l ly ,   t he   s ands tone   f r amework   g ra ins  are 

modera t e ly   so r t ed   and   rounded   t o   sub rounded   qua r t z   and   a s  

much a s  17% po tas s ium  f e ldspa r .  Rarer m i n e r a l   c o n s t i t u e n t s  

i n c l u d e  g r e y   c h e r t   ( 3 - 4 % )  , plagioc lase   (3-10%) , micas ( 2 % ) ,  

and a t race  of   rounded  z i rcon  (Appendix A ) .  Ihe g r a i n s   a r e  
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l o o s e l y  bound  by s i l i c a  and hematite  cement O K  have a c l a y  

po re -C i l l i ng   ma t r ix .  

In t e rven ing   sha l e   un i t s   a r e   poor ly   exposed ,   dusky  

y e l l o w - g r e e n   t o   l i g h t - o l i v e   ( 5  GY 5 /2  t o  1 0  Y 5/4) , s i l t y ,  

s p l i n t e r y   w e a t h e r i n g ,   o r g a n i c   r i c h ,   a n d   c o n t a i n  wood impres- 

s i o n s ,   r a r e   p e l e c y p o d s  and i r regular   ca lc ium  carbonate   and  

s i d e r i t e  cemented  concret ions.   Local ly ,  t h i n ,  s t r u c t u r e -  

l e s s ,   f i ne -g ra ined ,   i ron   ox ide   cemen ted   s ands tones  w i t h  

t r a c k s  and t r a i l s  on  bed s o l e s ,  0.5 f t  ( 1 5  a n ) - t h i c k ,  l e n -  

t i c u l a r   c o a l  seams ( P l a t e   1 5 ) ,  and  cone-in-cone  limestone 

O C C U K  i n   t h e   s h a l e   u n i t s .  The th ickes t  coa l  seam i n  t he  D 

Cross a r e a  is 2 f t  ( 6 1  cm) t h i c k  and O C C U K S  w i t h i n  t h e  s h a l e  

i n t e r v a l   i n   S e c .  30 ,  T. 3 N., R. 8 W. 

Deposi t ion of the  Crevasse Canyon s t r a t a   t o o k   p l a c e  i n  

c o a s t a l   m a r s h ,   f l u v i a l   c h a n n e l  and f lood   p la in   envi ronments .  

Dark c o l o r e d   s h a l e s   t h a t   o v e r l i e   t h e   m a r i n e   s h o r e f a c e  and 

l agoona l   Ga l lup   s ands tones   con ta in  t h i c k  l a t e r a l l y   p e r s i s -  

t e n t  " C l a s s o p o l l i s   p o l l e n - b e a r i n g   c o a l s  and f i n e  sands tones .  

mese depos i t s   accumula t ed   i n  a c o a s t a l   b r a c k i s h   t o   f r e s h  

water  marsh  environment  behind the s t r a n d l i n e   s a n d s t o n e .  

S imi l a r   accumula t ions   o f   pea t   a r e  known i n   R e c e n t   c o a s t a l  

environments  and  from t h e  rock-record  (Roehler ,   1977;  

Shomaker  and o the r s ,   1971 ;  Young, 1955;  Gould and Morgan, 

1962; and F i s k ,  1960) .  The presence  of mangrove-l ike  root-  

c a s t s   e x t e n d i n g   i n t o   t h e   u p p e r   p a r t s  of  the Gal lup  sandstone 

i n d i c a t e s   t h a t   r o o t e d  t rees  or  s h r u b s  f l o u r i s h e d  i n  t h e  

swamp. 
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P l a t e  15 .  Coal seam i n  t h e  Crevasse Canyon Formation--this 
seam i s  less than 1 f t  ( 3 0  cm) th ick  and cannot 
be   t raced   l a tera l ly .   Sands tone   un i t   d i rec t ly  

was taken i n  Sec t ion  21 ,  T. 3 N., R. 8 W .  
above t h e  coal  i s  a crevasse   sp lay .  Photograph 
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Sands tone   and   sha le   in  t h e  lower and m i d d l e   p a r t   o f   t h e  

Crevasse Canyon e x h i b i t   f e a t u r e s   t h a t  are similar t o   d e p o s i t s  

t h a t  accumulate i n   t h e   l o w e r   r e a c h e s  o f  meandering  stream 

sys t ems   t ha t   deve lop  on a low relief , c o a s t a l   p l a i n .  The 

sands tones  are c h a r a c t e r i z e d   b y   e r o s i o n a l   b a s e s ,  basal c l a y -  

c l a s t  conglomerates , fining-upward textures  , l e n t i c u l a r  

geometry,   t ract ion-current- type  cross-bedding , and a 

d i s t i n c t i v e   s e q u e n c e  of sedimentary s t ruc tures  t h a t  is 

g e n e r a l l y   a s s o c i a t e d  w i t h  meandering stream point-bar  

depos i t s   (Maberry ,   1971) .  The th inness   o f   t he   s ands tone  

packages   sugges t s   t ha t  a series of   small   anastomosing 

c h a n n e l s   e x i s t e d ;  similar to   the  Niger   (Allen,   1965)   and 

p a r t s   o f   t h e  Mississippi River  (Coleman  and  Gagliano,  1965) 

d e l t a   p l a i n s .   G e n e t i c a l l y - r e l a t e d  dark  s h a l e s ,   c o a l  seams 

con ta in ing   ang iospe rm  po l l en ,   and   t h in   d i r ty   s ands tones ,  

t h a t  are l a t e r a l l y   a s s o c i a t e d   w i t h   t h e   c h a n n e l   s a n d s t o n e s  

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

be tween  sand-f i l l   channels .  . T h e s e   i n t e r d i s t r i b u t a r y   a r e a s  

probably  f luctuated  between  open  water  lakes c h a r a c t e r i z e d  

b y   d e p o s i t i o n   o f   c l e a n   s h a l e s  and a f r e s h  water fauna,  and 

vegetat ion-clogged , s t a g n a n t  , chemical ly-reducing swamps i n  

which t h i n  coals developed. Similar gene t i c   s equences  are 

well documen ted   on   t he   de l t a   p l a in  of the   Miss i s s ipp i   R ive r  

( F i s k ,  1960) .   Thin   "d i r ty"   sands tones   in te rbedded   wi th   the  

f lood-bas in   sed iments  are p r o b a b l y   c r e v a s s e   s p l a y   i n   o r i g i n .  

. .  

! 

The upper par t  of the  Crevasse Canyon is  composed pr i -  

m a r i l y   o f   t h i c k ,   l e n t i c u l a r   s a n d s t o n e   p a c k a g e s   t h a t   c o n s i s t  
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of a ser ies  o f  ve r t i ca l ly   s t acked   channe l   s ands tones .   F lood  

p l a i n   c l a y s  and s i l ts  a r e   n o t i c e a b l y   a b s e n t .  The sands tones  

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

t h e   m i d d l e   u n i t  and d i f f e r   o n l y   i n  s i z e  and  number. No 

c o a l s   o c c u r   i n  t h e  upper  sequence  of  the  Crevasse Canyon 

Formation. The mass ive   sands tones   resemble   those   tha t  

accumula t e   i n   t he   uppe r   r eaches   o f  a meandering stream 

sys t em,   i n   an  area o f  slow subs idence  , perhaps  beyond  the 

h inge - l ine   o f   coas t a l   subs idence .  Here t h e  channe l s  would 

m i g r a t e   l a t e r a l l y   o v e r   g r e a t   d i s t a n c e s   r e w o r k i n g   a n d   r e d i s -  

t r i b u t i n g   f l o o d   p l a i n  muds wh i l e   depos i t i ng   on ly  a t h i n  

point-bar  sand  sequence. Each sweep  of   the   r iver   sys tem 

a c r o s s   t h e   a r e a  would then   depos i t   another   po in t -bar  

channe l - f i l l   s equence   above   t he  l a s t .  The resu l t  is a 

ser ies  o f   v e r t i c a l l y   s t a c k e d   c h a n n e l s   s a n d s .  Thick T e r t i a r y  

sandstone  packages  from t h e  upper  Texas Gulf  Coast  have  been 

a s c r i b e d  to  a s i m i l a r  mode o f   d e p o s i t i o n   ( F i s h e r ,   1 9 6 8 ) .  

In   conc lus ion ,   t he   s t r a t a   o f   t he   Crevasse  Canyon 

r e p r e s e n t  a t r a n s i t i o n  from coastal  marsh  and  lagoonal 

c o n d i t i o n ,   t h r o u g h   d e l t a   p l a i n   c o n d i t i o n s ,   i n t o  a "normal" 

meander ing   f luv ia l   sys tem.  This v e r t i c a l   s e q u e n c e  is 

t y p i c a l  of a low relief , c las t ic  , prograd ing   sho re l ine .  

T e r t i a r y  System 

S t r a t a  t h a t  accumulated  during  the  Cenozoic  document 
I 

p e r i o d s  of f luv ia l   depos i t ion ,   widespread   vo lcanism,   and  

a s s o c i a t e d   e r o s i o n .  The o l d e s t   T e r t i a r y   r o c k s   e x p o s e d   i n  
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t h e  D Cross area are Eocene  red  beds of the  Baca Formation 

tha t   d i sconformably   over l ie   Cre taceous   age   Crevasse  Canyon 

s t r a t a .  During  the  Oligocene, a t h i c k ' p i l e  of q u a r t z   l a t i t e  

t u f f s  and r e l a t e d   r o c k s  were de r ived  from a v o l c a n i c   c e n t e r  

l oca t ed   i n   t he   Ga l l inas   Moun ta ins .   Fo l lowing   t he   e rup t ive  

e v e n t s   t h e   d e t r i t u s   s t r i p p e d  from t h e   v o l c a n i c a l l y   c o n -  

s t ruc t ed   h igh lands   accumula t ed   a s  a Miocene a l l u v i a n   f a n  

apron.  During t h e  P l iocene ,  a second  e rupt ive   event   spread  

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

l a t e  P l iocene  was a time of e r o s i o n  and  pediment  construc- 

t i on   a s soc ia t ed   w i th   r eg iona l   l ower ing   o f   base - l eve l .  

Baca  Formation 

The term Baca Formation was o r i g i n a l l y  used i n  t h e  

R i l ey -Pue r t ec i to  area by   Wi lpol t   and   o thers   (1946)   for  t h e  

lower 687 f t  (208  m) of Winches te r ' s  ( 1 9 2 0 )  Dat i l   Formation.  

Givens  (1957)  extended  the  Baca  terminology  into the  D Cross 

Mountain area. Well d a t a   i n d i c a t e   t h a t  2500 f t  (760 m )  of 

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

Datil   Mountains maximum exposures  are less than  1 1 0 0  f t  (335 

m )  th ick   (Snyder  , 1971).   In t h e  D Cross Mountain  quadrangle, 

a minimum of 670 f t  (204 m)  o f   r ed   (5  R 4/6) s h a l e s  and silt- 

s t o n e s  , and  red  to   white  ( 5  R 5/4 t o  N8) l i t h i c  arkoses 

c o n s t i t u t e   t h e  Baca Formation (P la t e  1 6 ) .  

Regional ly ,  Baca, or Baca equ iva len t s ,   a r e   exposed   f rom 

Carthage,  New Mexico, wes tward   i n to   Ar i zona .   S t r a t a   co r re -  
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Plate 16 .  Exposure o f   t h e  Baca  Formation--Section 3 5 ,  T. 3 
N., R. 8 W. The s e c t i o n  i s  640 f t  (195  m )  t h i c k  
and composed of interbedded  red  shale  and white  
sands   tone .  
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l a t i v e  w i t h  the Baca i n c l u d e  t h e  Eager  Formation  (Johnson, 

1978)  and  Mogollon R i m  g r a v e l s   i n   A r i z o n a  ( Cather ,   1980) .  

No d i a g n o s t i c   f o s s i l s  were  recovered  from  the Baca 

s t r a t a .  S i l i c i f i e d  wood is, however , p r e s e n t   i n  a few 

conglomerate  beds,   and a few small   bone  fragments were 

c o l l e c t e d  from exposures of  Baca  below  the  prospect  on  the 

n o r t h  face of  Blue Mesa. In the '  Socorro area,  Garfer ( 1 9 1 0 )  

c o l l e c t e d  middle Eocene rh inoce ros - l ike   r ema ins  from t h e  

Baca  and Protoreondon p u m i l u s  has   been described from  Baca 

outcrops  exposed west o f   t h e   s t u d y   a r e a   ( S n y d e r ,   1 9 7 1 ) .  

Vertebrate remains of Eocene t o   e a r l y   O l i g o c e n e   a g e  are 

known from the Datil Mountains  and Quemado a r e a s ,   T i l i a c e o u s  

and  Juglandaceous  (Linden-walnut)   pol len  have  been  iden-  

t i f i e d  from t h e   b a s a l  Baca s h a l e s   i n  t h e  D Cross  Mountain 

a r e a  ( M .  C h a i f f e t z ,   o r a l  commun., 1978) .  

A 

The c o n t a c t   o f   t h e  Baca with  the  underlying  Crevasse 

Canyon Format ion   has   been   concluded   loca l ly   to  be: e ro -  

s i o n a l  , angular ly   unconformable , or conformable   by   var ious  

workers.  'Ihe n a t u r e   o f   t h e   c o n t a c t   c a n n o t  be p h y s i c a l l y  

demonstrated from t h e  l imited e x p o s u r e s   i n   t h e   s t u d y   a r e a .  

%e upper   con tac t  between t h e  Baca  and  Spears  Formation 

is e r o s i o n a l   a l o n g   t h e   n o r t h  face of   the   Gal l inas   Mounta ins .  

Approximately  0.5 m i  (1 km) south  of  Sec. 34 ,  T. 2 N . ,  R. a 
W., Spears t u f f s   c r o p   o u t   a p p r o x i m a t e l y  1 0 0  f t  (30  m )  below 

the   p ro j ec t ed   Spea r s -Baca   con tac t  as o b s e r v e d   i n   t h e   G a l l i n a s  

Mountains. No f a u l t i n g  i s  e v i d e n t   b u t  a th ick   sequence   of  

gravels  obscure   t he  f i e l d  r e l a t i o n s .  
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The base of the Baca  was p l a c e d   a t   t h e   f i r s t   o c c u r r e n c e  

o f   v a r i e g a t e d   s h a l e s .   I n   t h e  D C r o s s   a r e a ,   v a r i e g a t e d  

s h a l e s  occur i n  a zone  tha.t is approximate ly  50 f t  (15 m )  

t h i c k  (Plate  1 7 ) .  The s h a l e s  are s i l t y ,   h o r i z o n t a l l y  lami- 

nated  to  s t r u c t u r e l e s s ,   s l i g h t l y   c a l c a r e o u s  , root-mott led , 
o l i v e   g r e y   ( 5  Y 6/1)  t o  medium-dark g r e y  ( N 4 )  , l ight-brown 

( 5  YR 6/4)  , g r e y i s h - p u r p l e   ( 5  P 6 /2)  , and  ye l low  (5  Y 7/4).  

Ironstone  nodules  and  0.5-1.0 f t  (15-30  cm)-diameter,   black 

t o  yel low ( N 2  t o  5 Y 7 /4 ) ,   s ep ta r i an - l ike   ca rbona te   conc re -  

t i ons   a r e   l oca l ly   abundan t .   Th i s   basa l   zone  i s  cons idered  

“ t r a n s i t i o n a l “   t o   t h e   C r e v a s s e  Canyon and is composed o f ,  i n  

p a r t ,  reworked  Cretaceous  s t ra ta .   Johnson  (1978)   reported a 

s i m i l a r   t r a n s i t i o n   z o n e ,   a s  much a s  250 f t  ( 7 6  m )  t h i c k ,  

between  the Baca and  Crevasse Canyon i n  t h e  Datil   Mountains.  

D. Chamber l in   (ora l  commun., 1 9 8 0 )   b e l i e v e s   t h i s   “ t r a n s i t i o n  

zone” may b e   a c t u a l l y  a weathered  zone  in   the  top  of   the  

Crevasse Canyon Format ion .   Another   poss ib i l i ty  is tha t  t h e  

v a r i e g a t e d   s h a l e s  are of  Paleocene  age.  

?he Baca c o n s i s t s   p r i n c i p a l l y   o f   s i l t y   s h a l e s   i n  which 

numerous  4-30 f t  (1 .2 -9 .1  m ) - t h i c k ,   l e n t i c u l a r   s a n d s t o n e  

beds  occur .  ?he s h a l e s   a r e   r e d   ( 5  R 4 / 6 ) ,   s i l t y ,   n o n c a l -  

ca reous  to  s l i g h t l y   c a l c a r e o u s ,  and  vaguely  laminated or 

s t r u c t u r e l e s s .  ‘&in, i r r e g u l a r   i r o n s t o n e   l a y e r s ,   i s o l a t e d ,  

0.1-.02 i n .  ( .25- .50  cm)-diameter ,   botryoidal   i ron  oxide 

nodules ,   and  pea-s ize ,   whi te   (N7) , calcium carbonate   nodules  

or t h i n   c a l i c h e   b e d s   o c c u r   s p o r a d i c a l l y   w i t h i n  t h e  s e c t i o n .  
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P l a t e  17. Sha le   s t ra ta   in   the   base  of the  Baca Formation-- 
the   sha le   in terva l  i s  approximately 5 0  f t  ( 1 5  m) 
th ick  and composed of var iegated ,   concre t ionary  
sha le   o f   poss ib le   Pa leocene  age. 
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T h i n   s t r u c t u r e l e s s  or h o r i z o n t a l l y   l a m i n a t e d  , muddy, 

s l i g h t l y   c a l c a r e o u s ,   f i n e - g r a i n e d ,   r e d  ( 5  R 5/4) l i t h i c  

a r k o s e s  are common i n  t h e  s h a l e   u n i t .  The sands tones   range  

from 0.1-3.0 f t   ( - 2 5  cm-1 m )  t h i c k  and have   e ros iona l  or 

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

Thicker sandstone  packages  are   f ining-upward  sequences 

composed o f  medium- to   coa r se -g ra ined ,   modera t e ly   so r t ed  , 
i ndura t ed  , c a l c i t e  cemented ar koses.  These s a n d s t o n e s   a r e  

a s  much as 30 f t  ( 9  m )  t h i c k   b u t   p i n c h - a n d - s w e l l   l a t e r a l l y .  

The base  of a t y p i c a l   s a n d s t o n e  i s  e r o s i o n a l   i n t o   e i t h e r  

s h a l e  or another   sands tone   un i t .  The lower   ha l f   o f  a typi- 

cal sands tone  is s t r u c t u r e l e s s  , h o r i z o n t a l l y   l a m i n a t e d  or 

t r o u g h   c r o s s - s t r a t i f i e d  and may conta in   zones .   o f   t abular  

wedge- se t s   t ha t   a r e  up  t o  1 f t  ( 3 0  cm) th ick .   Large ,   red  

s h a l e   r i p - u p  c las t s  a r e  common a t   t h e   b a s e  of t h e  sand- 

s tones .  The u p p e r   p a r t   o f  a t y p i c a l   s a n d s t o n e  is medium- 

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

s e d i m e n t a r y   s t r u c t u r e s :  (1) h o r i z o n t a l   l a m i n a t i o n ,  

( 2 )  zones  of   small   asymmetr ical  r ipples;  l o c a l l y   c l i m b i n g ,  

and ( 3 )  hor i zon ta l   l amina t ion   w i th   r a r e   con to r t ed   l aminae .  

The sandstone  body may b e   g r a d a t i o n a l l y  or s h a r p l y   o v e r l a i n  

b y   s h a l e ,  or it may be in   e ros iona l   con tac t   w i th   an   ove r -  

l y ing   s ands tone .  

A s i n g l e ,  6 f t  ( 3  m) thick,   dip-slope  forming  conglom- 

e r a t e  crops ou t   app rox ima te ly  70 f t  (24 m )  above t h e  base   o f  

t h e  Baca  Formation. The conglomerate is cont inuous  through-  
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out  t h e  D Cross  Mountain  area  and I have  observed a s i m i l a r  

conglomerate west of D Cross  Mountain i n   t h e  Cal  Ship Mesa 

quadrangle .  The conglomerate   has   an  erosional   base  and is 

composed of   randomly   or ien ted ,   equant   to   b laded ,   rounded  

pebbles   and  cobbles  of v a r i o u s l y   c o l o r e d   q u a r t z i t e  and 

c h e r t  , arkosic sands tone  , g r e y  (N6) f o s s i l i f e r o u s   P a l e o z o i c  

l imes tone ,   and   g ran i t e .  me l a r g e r  c las ts  a r e  as much as 6 

i n .   ( 1 5  cm) i n   d i a m e t e r .  This conglomerate may s e p a r a t e   t h e  

Eocene Baca f rom  the   under ly ing ,   perhaps   Pa leocene ,   var ie -  

ga t ed   sha l e   zone .   Abundan t   g rave l - s i ze   c l a s t s  l i t t e r  t h e  

s lope   h ighe r  i n  t h e   s e c t i o n ;   b u t ,  a source f o r   t h e   m a t e r i a l  

could   no t   be   loca ted .  

Mine ra log ica l ly  the Baca s a n d s t o n e s   a r e   l i t h i c   a r k o s e s  

and a rkoses .   Quar t z  is t h e  mos t   abundan t   cons t i t uen t   bu t  

compr i se s   on ly  50-608 of t he   rock .  The g r a i n s   a r e  a mix- 

tu re  o f   s i n g l e   g r a i n s  and   composi te   g ra ins   which   have   e i ther  

undulose or s t r a i g h t   e x t i n c t i o n .  Most a r e   i n c l u s i o n  free 

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

i n c l u s i o n s   d o   o c c u r .  The q u a r t z   g r a i n s  are g e n e r a l l y  

subrounded. 

Fe ldspa r s  comprise 20% of t h e  framework g r a i n s  (Appen- 

d i x  A). Most are potassium feldspars (13%). Orthoclase  i s  

the  most   abundant   K-feldspar ,   microcl ine is common, and 

p e r t h i t e   g r a i n s  are rare.  Most of t h e   K - f e l d s p a r s   g r a i n s  

are subrounded,  moderately  weathered , and  due to  vacuo l i -  

z a t i o n  and k a o l i n i z a t i o n ,   a p p e a r   c l o u d y   i n   p l a i n - l i g h t ,  

a l t hough   t he   spec t rum  f rom  f r e sh   t o   i n t ense ly   wea the red  

g r a i n s   a r e   p r e s e n t .   P l a g i o c l a s e   g r a i n s   c o m p r i s e  8% o f  t h e  
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s a n d   f r a c t i o n .   P a r t i a l   a l t e r a t i o n   o f   t h e s e   g r a i n s   t o  

se r ic i te  or i l l i t e  i s  common. S e l e c t i v e   a l t e r a t i o n   o f  

p l a g i o c l a s e   t o  i l l i t e  or s e r i c i t e  w i t h i n   p e r t h i t e   g r a i n s  is 

a1 so noted .  

Other   cons t i tuents   compr ise   approximate ly  1 2 %  of t h e  

rock.   These  include  grey (N4) m i c r o c r y s t a l l i n e   c h e r t  ( 6 % ) ,  

l imes tone  ( 2 % ) ,  muscovi te  (1%), g r a n i t e  and q u a r t z  s c h i s t  

( 3 % ) ,  c h l o r i t e  ( t r a c e ) ,  b i o t i t e   ( t r a c e ) ,  and heavy  minera ls  

( t r a c e ) .  

The rock is cemen ted   by   b locky   spa r ry   ca l c i t e .  The 

c a r b o n a t e   c r y s t a l s   a r e   a s   l a r g e   a s  0 . 3  i n .  ( 8  mm) i n  diam- 

e ter .  Other c e m e n t i n g   a g e n t s   a r e   r a r e l y   p r e s e n t ,   a l t h o u g h  

f ine -g ra ined ,   poor ly   so r t ed   s ands tones  may have a c l a y  

matrix . 
In   the  D Cross   Mounta in   a rea ,   the  Baca s t r a t a  accu- 

mula ted   in  a series of   southeast   f lowing  meandering streams, 

a s   c h a n n e l - f i l l  and f l o o d   p l a i n   d e p o s i t s .   V e r t e b r a t e   f o s s i l  

remains   and   assoc ia t ion   wi th   o ther   cont inenta l   envi ronments  

a re   s t rong   ev idence   fo r  t h e  c o n t i n e n t a l   o r i g i n   o f   t h e   r o c k  

u n i t .  

Regional ly ,  many l o c a l   s o u r c e s  exis ted f o r   t h e  Baca 

Formation  (Johnson,  1978;  and  Cather,  1980). The l i t h o l o g y  

of p e b b l e - s i z e d   c l a s t s   i n   t h e  Baca s u g g e s t s  a Precambrian  to  

P a l e o z o i c   g r a n i t i c  , metamorphic , and  sedimentary  provenance. 

Rounding of t h e   l a r g e s t  c las ts  i n d i c a t e s  on t h e   o r d e r   o f  1 0 0  

m i  (160 km) of t ranspor t   and   c ross - laminae   in   the   upper   par t  

o f   t he   fo rma t ion   g ive  a s o u t h e a s t e r l y   p a l e o - f l o w   d i r e c t i o n  
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(Appendix B ) .  This d a t a   s u g g e s t s   t h a t   t h e  Baca sediments  

were  derived  from rocks t h a t  c r o p   o u t   i n   t h e  Zuni Mountains 

o f  New Mexico. Inf lux   of   sed iments  from the  Mogollon  high- 

l a n d s ,  however , ist documented  by the presence  of   sand-sized 

vo lcan ic   rock   f r agmen t s   and   c ros s - l aminae   t ha t   i nd ica t e  a 

more n o r t h e r l y   p a l e o - f l o w   d i r e c t i o n   i n  t h e  lower 1/3 of t h e  

uni t .   Ca ther   (1980)   has   documented   tha t  much o f   t h e  Baca 

exposed i n  the   Gal l inas   Mounta ins   southeas t  of  t h e  D Cross 

a r e a  was deposi ted  in   north-f lowing  s t reams  and  in   an 

a s s o c i a t e d   l a k e - d e l t a  complex. The s o u r c e   f o r   t h e s e  

sediments  was s t rongly   in f luenced   by   the   Mogol lon   h ighlands .  

Len t i cu la r  , f in ing-upward   sands tones   tha t   have  c u t  

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

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

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

typ ica l   meander ing   s t ream  poin t -bar   sand  as d e s c r i b e d   b y  

Al len   (1964)  , Visher   (1972)  , and  Bernard and o t h e r s  ( 1 9 7 0 ) .  

V e r t i c a l   s t a c k i n g   o f   g e n e t i c   u n i t s  is common. Hor i zon ta l ly  

laminated and r i p p l e d   f i n e - g r a i n e d   s a n d s t o n e s   t h a t   a r e  

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

similar t o   n a t u r a l   l e v e e   d e p o s i t s   o f   t h e   B r a h m a p u t r a   R i v e r  

(Coleman,  1969). 

The h i g h   c l a y   c o n t e n t  o f  t h e  Baca is evidence  of a h igh  

suspended-load  meandering stream sys tem,   because   ex tens ive  

mud-covered f l o o d   p l a i n s  are r equ i r ed  for  bank s t a b i l i z a t i o n  

before   meander ing   can   occur   (Bernard   and   o thers ,   1970) .  

Mudstones make up  60%  of  the  Baca  Formation. The mudstones 
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are r e d ,  e x h i b i t  d e s i c c a t i o n   f e a t u r e s ,   c o n t a i n   c a l i c h e  

nodu les   and   ve r t eb ra t e   fo s s i l   r ema ins ,  and are r o o t   m o t t l e d .  

S imi l a r   depos i t s   accumula t e  on i n t e r f l u v i a l   f l o o d   p l a i n s  

a long   t he   cour ses   o f  many la rge   meander ing  streams (Bernard 

and o the r s ,   1970) .   Th in   s ands tones   w i th in  t h e  dominant ly  

mud i n t e r v a l  may be o f   c r e v a s s e   s p l a y   o r i g i n .  

Cather ( 1 9 8 0 )   b e l i e v e s   t h a t  t h e  red c o l o r a t i o n  of t h e  

Baca s t r a t a  i s  a d i a g e n e t i c  phenomenon  and t h a t  t h e  Baca 

accumulated  under a " h o t ,   s e m i a r i d  , poss ib l e   s avanna - l ike  

climate ." The extensive  meandering stream complexes 

developed  in  t h e  D Cross Mounta in   a rea   sugges t   tha t  a 

wetter, perhaps  subhumid climate ex is ted .  

Spears  Formation 

The Spears  Member was o r i g i n a l l y   s e p a r a t e d  from 

Winches t e r ' s   (1920)  Datil  Formation  by  Tonking  (1957). 

Givens  (1957)  extended the Spears   t e rminology  in to   . the  Dog 

Spring  quadrangle   but   used  the term Spears  Ranch Member of 

t h e  Datil Formation. The u n i t  was e l eva ted   t o   fo rma t iona l  

rank  and  renamed  the  Spears  Formation  by  Chapin  (1974).  

The Spears is a n   e x t e n s i v e   u n i t   c r o p p i n g   o u t   i n   t h e  

Dat i l ,  Bear I Iemitar, Gallinas,  Magdelena,  and  Chupadera 

Mountains ,   and  Joyi ta  Hills. The Spears  i s  probably  

e q u i v a l e n t   t o   t h e  Rubio Peak Forma t ion   i n   ' t he   ea s t - cen t r a l  

pa r t   o f   t he   Da t i l -Mogo l lon   vo lcan ic   f i e ld  ( C .  Chapin ,   o ra l  

commun. , 1980) .  A t  t h e  r e f e r e n c e   s e c t i o n ,   i n   t h e   n o r t h e r n  

Bear Moun ta ins ,   t he   Spea r s   cons i s t s  of  approximately 1200  f t  
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(365 m)  o f   sands tone   and   conglomera te   tha t  accumulated a s  a 

volcanic las t ic   apron   a round  an   Ol igocene   vo lcanic  f i e l d  

(Chapin  and  Seager,   1975;  and  Massingill  , 1 9 7 9 ) .  In   the  D 

Cross Mountain  quadrangle, the  Spears  is approximately 2000 

f t  ( 6 1 0  m )  th ick  and is composed predominant ly  o f  t u f f  

b r e c c i a s  and v o l c a n i c l a s t i c   s e d i m e n t a r y   r o c k s .  

'Ihe no r the rn  face of   the  Gal l inas   Mountains   and 

southern   par t   o f   Blue  Mesa ( n o r t h e r n  Datil Mountains)   are  

p r i m a r i l y   u n d e r l a i n   b y   S p e a r s   l i t h o l o g y .  'Ihe r e s i s t a n c e   t o  

weather ing   of  t h e  r o c k   r e s u l t s   i n   t h e   d e v e l o p n e n t   o f   s m o o t h -  

sided h i l l s  and v a l l e y s   i n  which exposures  are poor. 

Throughout  the D Cross area,  the   Spears   d i sconformably  

o v e r l i e s   t h e  Baca Formation  and is sepa ra t ed   by   an   angu la r  

unconformity from younger   s t r a t a .   Sou th   o f   t he  mapped area 

however ,   the  Spears is confo rmab ly   ove r l a in   by  a t h i c k  p i l e  

o f   a s h - f l o w   t u f f s  and  f low  rocks  (Givens,   1957;  and 

Harr i son ,   1980) .  

I n   t h e   s t u d y  area, t h e   S p e a r s  is composed o f  a s u i t e   o f  

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

t u f f s  and v o l c a n i c l a s t i c   s e d i m e n t a r y   r o c k s .   V o l c a n i c l a s t i c  

rocks are the  most   abundant   rock  types.  The lower par t  o f  

t h e   u n i t  is p redominan t ly   l i gh t -g rey  (N7) t u f f  ( P l a t e  1 8 )  

w h i c h   g r a d e s   v e r t i c a l l y   i n t o   v o l c a n i c l a s t i c   r o c k s .  Due t o  

poor   exposures ,   l ack  o f  d i s t i n c t i v e   m a r k e r  beds, s t r u c t u r a l  

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

bers were not   de l inea ted   dur ing   mapping .  
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p l a t e  1 8 .  C r y s t a l - l i t h i c  t u f f s  in  the  Spears  Formation. 
The t u f f s   a r e   q u a r t z - r i c h  and pumice  poor. 
D e v i t r i f i c a t i o n  of the  groundmass is e x t e n s i v e .  

Canyon approximately 1 m i  ( 1 . 6  km) s o u t h   o f   t h e  
Photograph  taken on the  west side of Dog Springs 

Martin Ranch house.  
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G e n e r a l l y ,   t h e  t u f f s  a r e   l i g h t - g r e y  (N7), l i t h i c -  

c r y s t a l   a n d ,   d u e   t o   e x t e n s i v e   d e v i t r i f i c a t i o n ,  show l i t t l e  

evidence  of  welding or compaction. The l i t h i c   f r a g m e n t s  

range  from  sand  to small p e b b l e   s i z e ,  and a r e  composed 

predominant ly   o f   rounded   to   angular   vo lcanic   rock   f ragments  

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

m a t r i x .  Sand s i z e  c las ts  o f   q u a r t z a r e n i t e s  , f o s s i l i f e r o u s  

l i m e s t o n e s ,   g r a n i t e s ,  and g n e i s s e s   a r e   a l s o   p r e s e n t  (0-10%) . 
P h e n o c r y s t s   w i t h i n   t h e   t u f f s   i n c l u d e   s t r o n g l y  embayed 

q u a r t z   ( r a r e )  , zoned , e u h e d r a l  or broken  andesine  (abundant)  

t h a t  e x h i b i t s   m u l t i p l e   g r o w t h   s t a g e s  and  have a more calcic  

c o r e  , euhedral  amphibole (common) , opaque   minera ls  (common) , 
and a t r a c e   o f   a u g i t e  a n d   s a n i d i n e .   D e v i t r i f i c a t i o n   o f   t h e  

groundmass makes d e t a i l e d   s t u d y   o f   t h e   r o c k   d i f f i c u l t .  X-ray 

f l u o r e s c e n c e   a n a l y s i s   o f  a Spears  t u f f  i n d i c a t e s   a p p r o x i -  

mate ly  68% s i l i c a  (Table 1). 

Debris f lows are common i n  the Spears   sec t ion .   Both  

monomictic  and  polymictic debr i s  f l o w s   a r e   p r e s e n t .  Gen- 

e r a l l y   t h e  c las ts  are e i the r   un i fo rmly   rounded  or a n g u l a r ,  

and are v o l c a n i c  i n  o r ig in .   Occas iona l   cobb les  or boulders  

of   sed imentary  or i n t r u s i v e   i g n e o u s   o r i g i n  are a l s o  encoun- 

tered. Debr is   f lows   conta in ing   enormous   b locks   o f   foss i l -  

i f e r o u s   P a l e o z o i c   l b e s t o n e  are common i n   t h e   b a s e   o f   t h e  

formation.  

Rare rock types w i t h i n   t h e   u n i t   i n c l u d e   b l a c k  ( N l )  

basal t ic  a u t o b r e c c i a s  and t h i n  , c r o s s - s t r a t i f i e d  , moderate- 

yel low (5 Y 7/6) v o l c a n i c a r e n i t e s .  The l a t t e r  rock types 
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OXIDE 

S i0  

T i 0 2  

A1203 

Fe 0 

M g 0  

2 3  

C a 0  

Na20 

K2O 

Mn02 

67 905 

0 .741  

14 .649  

4 .766  

2 .081  

3 .888  

3 . 8 8 3  

2 .784  

0 .076  

0 .413  

Blue Mesa  Basalt 

47.384 

2.614 

14 .079  

11 .464  

8.902 

9.409 

2 .971  

1.110 

0.186 

0 .706  

Total % 101.186 98.826 

TABLE 1 

X-ray Fluorescence  Analyses of Volcanic Rocks 
from the D Cross  Mountain Area 
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are conf ined   to   the   southernmost   exposures  i n  t h e  

quadrangle .  

Bedding  within  the  Spears  Formation is r e l a t i v e l y  

c h a o t i c  w i t h  d ips   chang ing   eve ry  few t e n s   o f  fee t ,  a l though 

t h e  g e n e r a l  d i p  is to   t he   sou thwes t .  An unusua l   s t ruc tu re  

o c c u r s   i n   t h e   t u f f s   a p p r o x i m a t e l y  0.5 m i  ( 0 . 8  km) s o u t h   o f  

the  Fred  Martin  Ranch. mere,  l i g h t - g r e y   c r y s t a l - l i t h i c  

t u f f s  d i p  a s  much a s  80 and  have s t r ikes  t h a t   c u r v e   t h r o u g h  

a 180   a r c .  

0 

0 

S e v e r a l   c r y s t a l - r i c h   t u f f   s a m p l e s  were c o l l e c t e d   f o r  

r ad iomet r i c   da t ing .   Unfo r tuna te ly   t h in - sec t ion   ana lyses  

ind ica t ed   t he   p re sence  of s m a l l   x e n o l i t h s  and p o s s i b l e  

x e n o c r y s t s   i n   a l l   s p e c i m e n s  ( G .  Osborn ,   o ra l  commun., 1 9 7 9 )  . 
f i e r e f o r e ,   n o   r a d i o m e t r i c   d a t e s  were a t tempted .  f i e  Spears  

o v e r l i e s  Eocene Baca s t r a t a  and i s  l a t e r a l l y   e q u i v a l e n t   t o  

rocks   o f   the  Bear Mountains-Joyita Hills a r e a ,   t h a t   h a v e  

been   da t ed   a s  3 3  t o  37 m.y. o l d  ( C .  Chapin ,   o ra l  commun., 

1980) .  

The Spears   s t ra ta   accumula ted   in   numerous   gene t ica  

r e l a t ed   env i ronmen t s  i n  close p r o x i m i t y   t o  a suspected 

Ter t ia ry   cau ldron   complex .  Mapping i n   t h e  D Cross Moun 

.11 y 

t a i n  

and Dog Spr ings   quadrang les   has   no t ,   however ,   de l inea ted  

e i t h e r  a s t ruc tura l  or geomorphic  cauldron  margin.   In t h e  D 

Cross Mountain  quadrangle   the  Spears   unconformity  overl ies  

t h e  Baca Formation.  South  of  the mapped a r e a ,   t h e   S p e a r s  is 

covered  by  younger   ash-f low  tuffs   (Harr ison,   1980) .  It is 
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c o n c e i v a b l e   t h a t  a c a u l d r o n   c e n t e r  is concea led   i n   t he  

southern  Gal l inas   Mountains .  

?he thick  accumulat ion  of   mudflows  in   the D Cross   a r ea  

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

center .   Al though  the   t ec tonic   f ramework   assoc ia ted   wi th  

d e p o s i t i o n   o f   t h e   S p e a r s  is n o t   f u l l y   u n d e r s t o o d ,   t h e   s t r a t a  

a r e  similar t o  mudflow  aprons  that   accumulate  around  caul-  

d r o n   c e n t e r s  i n  o the r   a r eas .   La rge   b locks   o f   Pa l eozo ic  

l imes tone   i n   t he   Spea r s   Fo rma t ion   p robab ly   r ep resen t  debris 

t h a t  was t r a n s p o r t e d   i n t o   t h e  area from a Laramide h igh  as 

c las ts  w i t h i n  debris f lows .  

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

eve ry  f e w  hundred fee t .  L a t e r a l   v a r i a t i o n s   i n   l i t h o l o g y  are  

also  pronounced.  lhe c h a o t i c  d ips  a re   due   to   bo th   penecon-  

temporaneous   sof t   sed iment   deformat ion   and   to   the   o r ig ina l  

d i p s  o f  debr i s  f l o w s   t h a t  were depos i ted   in   an   en t renched  

channel   system. 

Conglomerate of Rock  Tank  Canyon 
" <- * 

Approximately 290  f t  (88 m )  o f   coa r se   s ands tone  and 

conglomerate  crop o u t  east o f   t h e  Red Lake f a u l t .  ?he best  

e x p o s u r e s   o f   t h e   u n i t   o c c u r   i n  Rock Tank Canyon and   t he   un i t  

is h e r e   r e f e r r e d   t o  as  the conglomerate   of  Rock Tank Canyon. 

These same s t r a t a  were e a r l i e r   d e s i g n a t e d   S a n t a  Fe Formation 

by  Givens  (1957) .  

An a t t e m p t   t o  r e s t r i c t  the   San ta  Fe terminology  by 

Galusha  and B l i c k  (1971)   has   no t  been well received  and  most 
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“ l a t e  T e r t i a r y   v a l l e y  f i l l  of Atlantic d ra inage”   i n  New 

Mexico i s  p r e s e n t l y   c o n s i d e r e d   t o  be Santa Fe Formation 

(E l s ton ,   1976) .   Because   t he   r e l a t ions   o f   t he   cong lomera te  

of Rock Tank Canyon t o   o t h e r   c o n g l o m e r a t e   u n i t s ,  or to  t h e  

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

understood,  I have   op ted   no t   t o   app ly  a f o r m a l   l i t h o s t r a t i -  

g r a p h i c  name t o   t h e   u n i t .  

Ihe conglomerate   of  Rock Tank Canyon is exposed  in  

d i s c o n t i n u o u s   o u t c r o p   a d j a c e n t  to  t h e  Red Lake f a u l t  from 

t h e   v i c i n i t y   o f   B l u e  Mesa Tank northward  beyond  the mapped 

area. I s o l a t e d   o u t c r o p s   o f  a similar conglomerate  have been 

r epor t ed   sou th  of t h e   s t u d y   a r e a  and  from ?res Hermanos Mesa 

and Table Mountain Mesa (Givens,   1957) .  

%e conglomerate rests w i t h   a n g u l a r i t y   o n   o l d e r   s t r a t a  

o f   t h e  Spears , Baca ( P l a t e   1 9 )  , and Crevasse Canyon Forma- 

t i ons ,   f rom  sou th   t o   no r th ,   and   appea r s   t o   have   been  

depos i ted   on  a nor th - s lop ing   su r f ace .  The t h i c k e s t   a n d  best 

exposed   sec t ions   occur   in  Sec. 35, T. 3 N. , R. 8 W. , along 

the   no r th   end   o f   t he   no r th - t r end ing   r i dge .  A t  t h a t   l o c a l -  

i t y ,   t h e  base of the  conglomerate  is i n   e r o s i o n a l   c o n t a c t  

with Baca s t r a t a .  Local re l ief  on t h e   c o n t a c t  is on ly  1-2 

f t  (30-61 m). 

Ihe conglomerate  of Rock Tank Canyon is though t   t o   be  

o f  l a t e  Miocene to   P l iocene   age .  No f o s s i l s  were c o l l e c t e d  

from t h e  s t ra ta  and t h e   a g e  i s  t h e r e f o r e  based on 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 o n s .  The u n i t   a n g u l a r l y   o v e r l i e s  

the   Ol ig iocene   Spears   Format ion   bu t  is c u t   b y   t h e  Red Lake 
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Plate  19 .  Conglomerate of b c k  Tank Canyon. The l i g h t - g r e y  
h i l l s   i n   t h e  background are  composed of  2 9 0  f t  
( 8 8  m )  of volcanic   pebble   conglomerates .  This 
conglomerate is i n  erosional contact   wi th   red  
Baca Formation s t r a t a .  Photograph was taken 
looking  southwest  from S e c t i o n  3 6 ,  T. 3 N . ,  R .  8 W. 
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f a u l t .  Latest movement along t h e  f a u l t   h a s   b e e n   t e n t a t i v e l y  

e s t a b l i s h e d  as l a t e   P l i o c e n e .  

?he conglomera te   un i t  is a fining-upward  sequence 

composed o f   l i g h t - g r e y  (N7) s t r u c t u r e l e s s   t o   h o r i z o n t a l l y  

laminated  conglomerates  and  interbedded  pinkish-grey (5 YR 

8/1)   sandstones.  Near t h e   b a s e   o f   t h e   u n i t ,   t h i n -   t o  

medium-th ick   l en t icu lar   beds   o f   modera te ly  t o  p o o r l y   s o r t e d ,  

i ndura t ed  , l a rge-pebble   conglomera tes   a re   the   dominant   rock  

type. Ihe l a r g e r  c las ts  are as much a s  8 i n .  ( 2 0  an) 

diameter   bu t   average   on ly  0.5 i n .  (1.3 cm) i n   d i a m e t e r .  

'Ihe c l a s t s  are g e n e r a l l y   p l a t y   t o  compact, imbr i ca t ed ,  

subangular  to  subrounded  pebbles  and  cobbles  of q u a r t z  

l a t i t e   t u f f .  Black ( N l )  ba sa l t ,   l imes tone ,   and   s ands tone  

c l a s t s  o c c u r   i n  trace amounts. The rock is g ra in   suppor t ed  

and has  a l i g h t - g r e y  (N7) t o   f a i n t - p i n k  ( 5  YR 8/1) c a l c a r e -  

ous , muddy, v o l c a n i c a r e n i t e   m a t r i x .  

?he upper   par t   o f   the   conglomera te   o f  Rock Tank Canyon 

is composed o f  l i g h t - p i n k  ( 5  E 8/1) , very   pebbly ,   coarse-  

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

ca ren i t e s   (Append ix  A ) .  The sands tones   a r e   modera t e ly  

s o r t e d  and are composed o f   vo lcan ic   rock   f r agmen t s ,   f e ld -  

s p a r s ,  and q u a r t z   g r a i n s   t h a t  are cemen ted   by   ca l c i t e  or , 
l o c a l l y ,   b y   a n   u n i d e n t i f i e d   z e o l i t e .   P l a c e r s   o f   d a r k -  

co lored   heavy   minera ls   occur   a long   ind iv idua l   l aminae .  

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

cong lomera te s   and   occas iona l ly ,   t h in ,   d i scon t inuous  , mud- 
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s t o n e s   t h a t   e x h i b i t   d e s s i c a t i o n   c r a c k s  and th in ,   wh i t e   (N9)  

ca l i che   ho r i zons   occu r   i n   t he   s ands tone   s equence .  

The conglomerate of Rock Tank Canyon accumulated  in  a 

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

sedimentary  apron  around t h e  f l a n k s   o f  t h e  Spea r s   vo lcan ic  

pi le .  Loca l ly   de r ived   vo lcan ic   pebb les   w i th in  t h e  un i t   and  

t h e   d e c r e a s e   i n   g r a i n  s i ze  toward   the   top   o f   the   un i t   sug-  

g e s t   d e r i v a t i o n  f rom  e ros ion   of  the Spears  Formation  during 

a pe r iod  of t ec ton ic   qu ie scence .  The p resence   o f   l a rge ,  

a n g u l a r ,   l o c a l l y   d e r i v e d  clasts,  oxid ized   co lor ,   mud-cracks ,  

c a l i c h e   h o r i z o n s ,   r a p i d  tex tura l  changes ,   and   r e l a t ions   t o  

o t h e r   c o n t i n e n t a l   s t r a t a  are c h a r a c t e r i s t i c s  commonly 

a s s o c i a t e d   w i t h   a l l u v i a l   f a n   c o m p l e x e s   ( B u l l ,   1 9 7 2 ) .  Len- 

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

r ap id  l a t e ra l  changes   i n   t ex tu re   bea r  close resemblance to  

sed iments   depos i ted  as  f l u v i a l   c h a n n e l - f i l l  and  sheet-flood 

d e p o s i t s   o f   t h e   p r o x i m a l  and midfan  portions  of  Holocene  and 

rock-record humid a l l u v i a l   f a n   c o m p l e x e s  as  d e s c r i b e d   b y  

B l i s senbach   (1954) ,  McGowen and  Groat  (1971),  and  Robinson 

(1976) 

" 
Blue Mesa B a s a l t  

S e v e r a l   b a s a l t   f l o w s   c r o p   o u t  on Blue Mesa and D Cross  

Mountain Mesa.  !these f l o w s   d i s c o r d a n t l y   o v e r l i e  t u f f s  o f  

t h e  Spears  Formation a t  the  southern  end  of  Blue Mesa and 

p rogres s ive ly   younger   rocks   t o   t he   no r th .  On D Cross 

Mountain Mesa the   f l ows   ove r l i e   Crevasse  Canyon s t r a t a .  
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Two flows are p r e s e n t  on D Cross Mountain Mesa and a s  

many as t h r e e   f l o w s  may be   p re sen t  on Blue  Mesa. Ind iv idua l  

f lows  average less than  50 f t   ( 1 5  m )  t h i c k  and e x h i b i t  well- 

developed v e r t i c a l  co lumnar   jo in t ing .   Typica l ly ,  a 1-10 f t  

(0 .3-3.0 m)-thick  dark-yellowish-orange ( 1 0  YR 6/6) zone  of 

a s h   a n d   v e s i c u l a r   b a s a l t   b r e c c i a  i s  o v e r l a i n   b y   b l a c k  ( N l )  , 
blocky  weather ing , d e n s e ,   p o r p h y r i t i c   b a s a l t   t h a t   c o m p r i s e s  

t h e   b u l k  of the  u n i t .  

?he b a s a l t s  are dense ,   b lack  ( N l ) ,  p r o p h y r i t i c ,  and 

do t t ed   w i th   f a in t -wh i t e  (N8) s p o t s  on weathered surfaces. 

%e phenocrys ts  are o r i e n t e d ,   l a t h   s h a p e d ,   s u b h e d r a l  , una l -  

t e r e d   a n d e s i n e - l a b r a d o r i t e   ( 4 5 - 5 5 % )   ( P l a t e  20 )  t h a t  e x h i b i t .  

a l b i t e  and  car lsbad  twinning and r a r e   z o n i n g ,   e u h e d r a l   t o  

s u b h e d r a l ,   e q u a n t   o l i v i n e   ( 2 0 - 2 5 % )   c r y s t a l s   t h a t   a l w a y s   h a v e  

a l t e r a t i o n  rims of  reddish-brown ( 1 0  R 4/6)  i d d i n g i s t e ,  and 

anhedra l   to   subhedra l   pyroxene   c rys ta l s   (20-25%).  The 

phenocrys ts  are surrounded  by a f e l t y  groundmass  composed o f  

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

and m a g n e t i t e .   V o l c a n i c   g l a s s  i 

o f   t h e   b a s a l t  i s  g iven  i n  Table 

%e source  of the   f lows  on 

tes  o f   a u g i t e ,   o l i v i n e  ( ? )  , 
s r a r e .  A chemica l   ana lys i s  

1. 

D Cross Mountain Mesa was 

the  volcanic  neck  which  forms D Cross Mountain. The source  

fo r   t he   f l ows  on B l u e  Mesa was t h e   p r o b l e m a t i c a l  Blue Mesa 

ven t .  On t he   mesas   t he  flows d i p  1-2 r a d i a l l y  away  from 

t h e   s o u r c e   b u t   d i p s   s t e e p e n   a b r u p t l y   t o  9-10 nea r   t he  v e n t s  

( P l a t e  2 1 ) .  A small  segment of a c o l l a p s e d  lava  tube  on t h e  

no r th  face o f  Blue  Mesa is o r i e n t e d  N 10' E. 

0 

0 

! 
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P l a t e  20.  Photomicrograph of th in-sect ion  of   Blue  Mesa 
b a s a l t .  The l a r g e   l a t h   s h a p e d   c r y s t a l s   a r e  
a n d e s i n e - l a b o r d o r i t e ,   h i g h   b i r e f r e n g e n c e   c r y s t a l s  
a r e   o l i v i n e  and pyroxene.  Felty groundmass i s  
composed of f e l d s p a r s ,   o l i v i n e ,   p y r o x e n e  and 
magnet i t e   ( cross   N icho l s ,   l ow  power) .  
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Plate 21. Flows of Blue Mesa basa l t   capping  D Cross 
Mountain Mesa. Two flows, each  approximately  50 
f t  ( 1 5  m) th i ck   can   be   s een .  Notice how t h e   d i p s  
of  t h e  flow rocks   increase  (from l e f t  to r i g h t )  
near  the D Cross v e n t .  



1 0 6  

Seve ra l   basa l t   s amples   were   co l l ec t ed   fo r   r ad iomet r i c  

d a t i n g ;   n o n e ,   h o w e v e r ,   p r o v e d   a d e q u a t e   f o r   a n a l y s i s .   S t r a t i -  

g raph ic ,   t opograph ic ,   and   r eg iona l   r e l a t ions   sugges t   t ha t   t he  

f lows are approximately 3-4 m.y. o l d .  The f lows  are younger 

than   the   conglomera te   o f  Rock Tank Canyon based  on  the 

r e l a t i o n   o f  t h e  two u n i t s   t o   t h e  Red Lake f a u l t .  In Secs .  

28  and  33, T. 3 N. , R. 8 W. , t h e  Miocene ( ? )  conglomerate 

has   been t i l t e d  t o   t h e  east  by movement a l o n g   t h e   f a u l t .  

This same f a u l t  is covered   by   the   f lows   severa l  miles t o   t h e  

south . 
In sur rounding   a reas ,   vo lcanic   necks   wi th   assoc ia ted  

f l o w s   t h a t  are l i t h o l o g i c a l l y ,   s t r a t i g r a p h i c a l l y ,  and  topo- 

g r a p h i c a l l y  similar t o   t h o s e   o f   t h e  D Cross Mountain a r e a  

have   been   da ted   a t  3.4-3.6  m.y. B. P. ( C .  Chapin ,   o ra l  com- 

mun.,  1980)  and  3.1 m.y. B.P. (Bachman  and  Mehnert,  1978). 

A similar a g e   a p p e a r s   l i k e l y   f o r   t h e  D Cross Mountain b a s a l t  

f lows.  

Quaternary  System 

Pediment  Gravels 

Three  gravel  covered  pediments  have  been mapped i n  t h e  

s t u d y  area: 

g r a v e l s  is based  on  e levat ion  and  degree of indura t ion .   In  

g e n e r a l ,  t h e  sediment  cover , i s  less than 1 0  f t  ( 3  m )  t h i c k  

and is composed o f   p o o r l y   s o r t e d   g r a v e l  and c r o s s - s t r a t i f i e d  

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

Qgl ’  Qg2 , and Qg3. D i f f e r e n t i a t i o n   o f  t h e  
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c a l i c h e .  These sediments  were de r ived  from t h e   e r o s i o n   o f  

Dat i l   vo lcanics   in   the   sur rounding   mounta ins   and  res t  wi th  

a n g u l a r i t y   a b o v e   o l d e r  s t r a t a .  

!the o l d e s t   g r a v e l ,  which is a l s o   t o p o g r a p h i c a l l y  the 

h i g h e s t ,  is north-sloping  and was d e p o s i t e d  on a widespread,  

3-4 m.y.-old  geomorphic  surface.  Remnants  of t h e  g r a v e l -  

covered surface o c c u r   i n   t h e  extreme s o u t h - c e n t r a l   p o r t i o n  

of   the  quadrangle   and are approximate ly  200 f t  ( 6 1  m) above 

t h e   p r e s e n t   d r a i n a g e .  

An e x t e n s i v e   n o r t h e a s t - s l o p i n g   s u r f a c e  was developed  by 

t h e  l a t e ra l  p l a n i n g   a c t i o n   o f  streams flowing a t  a lower 

e l e v a t i o n   t h a n   t h o s e  t h a t  depos i t ed  the  Q gravels .   ! this  

gravel-covered surface ( Q  ) s l o p e s   t o   t h e   n o r t h e a s t  away 

from t h e  Datil Mountains  and is less than  1 0 0  f t  ( 3 0  m )  

h igher   than t h e  p r e s e n t   d r a i n a g e .  The g r a v e l s   a r e   s i m i l a r  

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

b l ack  (N2) basalt  c las t s  t h a t  were de r ived   p r inc ipa l ly   f rom 

e r o s i o n   o f  the basa l t   f l ows   c ropp ing   ou t   on  the mesa su r -  

f a c e .   C r o s s - s t r a t i f i c a t i o n   m e a s u r e m e n t s   i n d i c a t e  a nor th-  

eas t  pa l eos lope   du r ing   depos i t i on   o f   t he   g rave l s .  

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

g l  

92 

g l  

Qg2 

Q~~ or Q 93' 
and may r e p r e s e n t  a coalesced  bajada  complex 

t h a t  b u i l t  outward  f rom  the  mountain  f ront .  

!the l owes t  and   mos t   ex tens ive   g rave l -covered   sur face  is 

a few t e n s  of feet  above   the   p resent   d ra inage .  The s u r f a c e  

on  which t h e   g r a v e l s  accumulated is nor th-s loping  and c u t  on 

w e a k l y   r e s i s t a n t  Baca and  Crevasse Canyon s t r a t a .  The most 
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ex tens ive   exposure  is i n   t h e   e a s t - c e n t r a l   p o r t i o n   o f   t h e  

mapped area.   Sediment  cover i s  o n l y  a few feet  t h i c k   i n  

most areas and  composed dominant ly  of  unconsol idated  sand 

and pebble s i z e   v o l c a n i c   c l a s t s .  

The g rave l - cove red   su r f aces   r ange   i n   age  from l a t e s t  

Pliocene  to  Holocene  and were developed   by   the   ac t ion   o f  

l a t e r a l l y   p l a n i n g   s t r e a m s   d u r i n g  a step-like lowering  of  

base- leve l .  For t h i s  r e a s o n   t h e   o l d e r   s u r f a c e s  are t h e  more 

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

Alluvium,  Colluvium,  Landslide,  _. and Eol ian   Depos i t s  

The ephemera l   c r eek   beds   i n   t he   a r ea   a r e   f l oo red   w i th  

l o c a l l y   d e r i v e d   g r a v e l ,   s a n d   a n d  mud. Unconsolidated  sedi-  

ments  deposited  along  the  course  of  Alamocita Creek have 

been mapped as: Q a l s ,   r e c e n t   s t r e a m   d e p o s i t s ;   Q a l t ,   f l o o d  

p l a i n   d e p o s i t s ;  and Qs, dune  deposi ts .   Qals   sediments  are 

modera t e ly   t o   poor ly   so r t ed   and   c rude ly   c ros s - s t r a t i f i ed .  

P e t r o l o g y   o f  t h e  d e p o s i t s  re f lec ts  t h e   l o c a l   g e o l o g y   o f  t h e  

Alamocita Creek d r a i n a g e   b a s i n .   F l o o d   p l a i n   d e p o s i t s  are 

p o o r l y   s o r t e d  muds and sands  a n d ,   l o c a l l y ,   g r a v e l s   w h i c h  

form the  banks  of  Alamocita Creek and i ts  t r i b u t a r i e s .  

Cross - s t r a t i f i ed   dune   depos i t s ,   f o rmed   by  the accumula- 

t i on   o f   s and  blown  from t h e  bed of Alamocita Creek, l o c a l l y  

form th ick   accumula t ions .  The dunes are composed dominant ly  

of   quar tz   sand   and   reach  30 f t  ( 9  m )  i n   h e i g h t   i n  some 

areas. %e l a r g e r   d u n e s   o c c u r  on t h e   s o u t h   s i d e   o f  t h e  
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c reek  as  a r e s u l t  of the p r e v a i l i n g   n o r t h w e s t   t o   s o u t h e a s t  

winds. 

U n d i f f e r e n t i a t e d   w a t e r - l a i n   g r a v e l s ,   s a n d s ,   a n d  muds 

have  been mapped a s  Qa l .   These   depos i t s   i nc lude   l oca l ly  

deve loped ,   i so l a t ed   ped imen t   g rave l s  or  a l l u v i a l   f a n  

d e p o s i t s  on Blue  Mesa,  and  slope-wash  covered  areas  such a s  

the   Cre t aceous   sha l e   va l l eys   no r th   o f   A lamoc i t a  Creek. 

Colluvium (Qc) was  mapped on ly  where t a l u s  and  other  

l o c a l l y   d e r i v e d   d e b r i s  were so t h i c k  a s   t o   c o n c e a l  the 

unde r ly ing   rock .   La rge r   a r eas .o f   co l luv ium  a re   a s soc ia t ed  

w i t h  t h e  D Cross Mountain  vent  and t h e  f lows  capping B l u e  

Mesa and D Cross  Mountain Mesa. 

Landslide  blocks  have  been mapped a s  Qls. Two such 

areas were d e l i n e a t e d .  The l a r g e s t   l a n d s l i d e   f e a t u r e   o c c u r s  

on t h e   e a s t   s i d e   o f   B l u e  Mesa. There numerous  blocks  of 

b a s a l t   h a v e  s l i d  down t h e  east s i d e   o f   t h e  mesa. The b locks  

appear t o  have s l i d  a l o n g   s t e e p l y   i n c l i n e d   s h a l e   u n i t s   i n  

t he  Baca Formation. A zone of  jumbled  Dakota  Sandstone  and 

Chinle  Formation  in  Sec.  9, T. 3 N., R. 8 W. ha s   a l so   been  

mapped as  a l a n d s l i d e   t e r r a i n .  

I n t r u s i v e  Focks 

A s i n g l e   v o l c a n i c   n e c k ,  D Cross  Mountain, was  mapped i n  

t h e   s t u d y   a r e a .  %e ven t   rock  a t  D Cross Mountain is a 

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

Canyon s t r a t a  (P la t e  2 2 ) .  Due t o   t h e   r e s i s t a n t   n a t u r e   o f  

t h e   i n t r u s i v e   r o c k ,  t h e  neck now s t a n d s  300 f t  ( 9 1  m )  above 



Pla te  22. D Cross  Mountain.  Formerly called Turtle 
Mountain. D Cross Mountain is a v o l c a n i c   v e n t ,  
co lumnar   jo in t ing  is well developed i n  the  lower 
p a r t   o f   t h e   e x p o s u r e .  The ven t   rock  is capped  by 
a s e r i e s   o f   f l a t   l y i n g   l a v a   f l o w s   t h a t   s o l i d i f i e d  
i n  a l a v a  lake. The "DX" v i s i b l e  on t o p   o f   t h e  
mountain is a na tu ra l   rock   fo rma t ion .  
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t h e   i n t r u d e d   s t r a t a .  lhe D Cross  neck i s  s e m i c i r c u l a r   i n  

p l a n  and  approximately  1500 f t  ( 4 6 0  m)  i n  diameter. Due t o  

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

i n t r u s i v e   c o n t a c t  is not   exposed.  

Columnar j o i n t i n g  is well deve loped   w i th in   t he   i n t ru -  

s ion .  The j o i n t s  are  g e n e r a l l y   v e r t i c a l .   o r   n e a r   v e r t i c a l  a t  

t h e  base of t h e  exposure ,  b u t  f l a r e   w i l d l y  from place t o  

p lace .   In   the   upper   th i rd   o f   the   neck ,   the   cool ing   co lumns  

f l a t t e n   o u t  and a r e   o v e r l a i n   b y   h o r i z o n t a l   l a v a s .  lhese 

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

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

M i n e r a l o g i c a l l y   t h e  D Cross   Mounta in   in t rus ive   rock  i s  

similar to   the   f lows   capping   Blue  Mesa and D Cross  Mountain 

Mesa. lhe rock is, however ,   more  vesicular   and  contains  

abundan t   l a rge  to  small xeno l i th s   o f   s ands tone ,   sha l e ,   and  

v a r i o u s  types of igneous  rocks.  

A p r o b a b l e ,  less we l l - exposed ,   ven t   ex i s t s   benea th   t he  

b a s a l t  flows on Blue  Mesa. Here t h e  magma has   i n t ruded  

S p e a r s   t u f f s  a t  approximate ly   the  same e l e v a t i o n  as t h e  D 

Cross  Mountain neck. Criteria for t h e   e x i s t e n c e   o f   t h e   B l u e  

Mesa v e n t  inc lude :  t h i cken ing  of t h e   l a v a  section, a l tera-  

t i o n  of t h e  Spears t u f f s ,  and   t he   r ad ia l  d i p s  o f   l a v a   f l o w s  

away from the   suspec ted   ven t   a r ea .  lhe geometry   o f   the  

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

lhree small, i r r e g u l a r   i n t r u s i o n s   m e a s u r i n g  less than  

100 f t  ( 3 0  m) i n  diameter were mapped. L i t h o l o g i c a l l y ,  t h e  

p l u g s  are similar to  t h e  1) Cross  Mountain  vent  rock. lhese 



1 1 2  

small i n t r u s i o n s   p r o b a b l y   r e p r e s e n t   f i n g e r - l i k e   i n t r u s i o n s  

o f  magma t h a t   o r i g i n a t e d  from a b u r i e d  magma chamber b u t  

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

In   su r round ing   a r eas   i n t rus ions   and   a s soc ia t ed   f l ow 

r o c k s   t h a t  are r e l a t e d   t o  a widespread  geomorphic  surface 

have  been  dated a t  3.4-3.6 m.y. B.P. ( C .  Chapin, o ra l  

commun., 1980) and 3 .1  m.y. B.P. (Bachman  and  Mehnert, 

1978) .   Vents   and   p lugs   in   the   s tudy   a rea  were a l s o   p r o b a b l y  

emplaced  during t h i s  p e r i o d   o f   v o l c a n i c   a c t i v i t y .  

Two nor thwes t - t r end ing   d ikes  crop ou t   on   t he   sou thwes t  

s i d e   o f  D Cross Mountain. These t a b u l a r   i n t r u s i o n s   c a n  be 

t r a c e d   i n t e r m i t t e n t l y  f o r  a t  least  5 m i  ( 8  km) and   main ta in  

a r e l a t ive ly   un i fo rm  th i ckness   o f   be tween  6-10 f t  (1.8-3.0 

m ) .  Two miles (3.2 km) n o r t h   o f   t h e  D Cross Mountain 

quadrangle ,   one or b o t h   o f   t h e   d i k e s   t h i c k e n   t o  form a 

l a r g e ,   i r r e g u l a r   i n t r u s i v e  body. The trace o f   t h e   d i k e s  i s  

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

t h e  east  is i n d i c a t e d .  

A l t e r a t i o n   a l o n g   t h e  d i k e  margins  is minimal.  Gener-. 

a l l y ,  a th in ,   r edd i sh -o range  ( 1 0  R 6/6)  baked  zone  extends a 

few i n c h e s   i n t o   t h e   h o s t   r o c k   a n d  a 1-2 in .   (2 .5-5  c m )  

t h i c k ,   b l a c k  ( N l )  g l a s s y   c h i l l e d   z o n e  is developed a t  t h e  

d ike   margin .  The d ike   rock  i s  n o n r e s i s t a n t  t o  weather ing 

and forms a s l i g h t   t o p o g r a p h i c   d e p r e s s i o n   a l o n g  its t r a c e .  

The rock is sugary   weather ing  , a p h a n i t i c ,   o l i v e   g r e e n  

( 5  GY 3/2) , and  porphyr i t ic .   In  two th in-sec t ions   examined ,  

brown,   p leochlor ic  , e u h e d r a l   b i o t i t e  is the  dominant  pheno- 
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c r y s t .  The b i o t i t e   c r y s t a l s   r a n g e  from 0 . 0 1  mm to  1 mm i n  

d i a m e t e r ,   a r e   f r e s h   t o  s l i g h t l y  a l t e r e d ,  and a re   a r r anged  

s u b p a r a l l e l   t o   t h e  d i k e  margins .  Many of  t h e  b i o t i t e  

c r y s t a l s   e x h i b i t  a d a r k - r e d   a l t e r a t i o n  rim. Opaque m i n e r a l s  

comprise less than 1% of  the  rock. 

Other   phenocrysts   in  t h e  rock   have   been   a l t e r ed   t o   c l ay  

m i n e r a l s  (7) and z e o l i t e s ,  or have   been   rep laced   by   ca lc i te  

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

subhedra l  b u t  p o s i t i v e   i d e n t i f i c a t i o n   c o u l d   n o t   b e  made. 

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

hornblende or, perhaps ,   py roxene .   l he   phenoc rys t s   a r e   s e t  

i n  a s i l i c i f i e d  or z e o l i t i z e d   m a t r i x .  The rock may have 

o r i g i n a l l y   b e e n  a b a s a l t i c   a n d e s i t e .  

The d i k e s   c r o s s - c u t   s t r a t a   a s  young as the  Crevasse 

Canyon Formation.   Relat ions  to   post-Crevasse Canyon s t r a t a  

a re   based  on r e l a t i v e   r e l a t i o n s   t o   t e c t o n i c   e v e n t s .  The two 

d i k e s   c r o p   o u t   a d j a c e n t   t o ,  and on o p p o s i t e   s i d e s  o f ,  t h e  D 

Cross f a u l t  and a r e   t h o u g h t   t o  be r e p e a t e d   p a r t s   o f  a s i n g l e  

d ike   t ha t   has   been   cu t   by   t he   down- to - the -eas t   f au l t .  If 

t h i s  r e l a t i o n  is c o r r e c t ,   t h e  d i k e s  a r e   a t   l e a s t  as young a s  

Oligocene. 'Ihe d ikes ,   fu r the rmore ,   appea r   t o   be   o f f se t  on 

t h e   n o r t h   f a c e  of Blue Mesa by  Miocene ( ? )  movement along 

t h e  Red Lake f a u l t .  

N o r t h - t r e n d i n g ,   b a s a l t i c   a n d e s i t e  d i k e s  i n   t h e   R i l e y -  

P u e r t e c i t o   a r e a   t h a t   a r e   a s s o c i a t e d  w i t h  Rio  Grande r i f t i n g  

are dated a t  24-25 m.y. o l d  ( C .  Chap in ,   o ra l  commun., 1980).  

A s i m i l a r   a g e   a p p e a r s   l i k e l y   f o r   t h e  d i k e s  i n   t h e  D Cross 
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Mounta in   a rea .  Based on the  composition  and  age of t h e  

d i k e s ,  t h e y  are thought   no t  t o  be g e n e t i c a l l y   r e l a t e d   t o   t h e  

vents   and   assoc ia ted  flow rocks  of   Blue Mesa and D Cross 

Mountain I but   to   have   formed  dur ing   an   o lder   event  I perhaps  

related t o   e x t r u s i o n   o f   t h e   p o s t - S p e a r s   v o l c a n i c s  of  t h e  

southern  Datil Mountains. 
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STRUCTURAL  GEOLOGY 

The g e n e r a l   s t r u c t u r e   o f   t h e  D Cross  Mountain  area is a 

southwest   dipping  homocline.  The c o n t i n u i t y   o f  t h e  s t r u c -  

t u r e  i s ,  however,  broken  by a ser ies  of   north-northwest  

t r e n d i n g   n o r m a l   f a u l t s  and  by a broad   nor theas t -or ien ted  

a n t i c l i n e   t h e  crest  of  which is c u t  by a ma jo r   no r theas t -  

s t r i k i n g   n o r m a l   f a u l t .   T e c t o n i c   e v e n t s   t h a t  are well 

documented i n   t h e  area inc lude :  Laramide fo ld ing ,   Bas in   and  

i Range f a u l t i n g ,   a n d   t h e  u p l i f t  o f   the   Colorado   P la teau .  

L i t t l e  can  be  gleaned  concerning  pre-Cretaceous  tecton-  

ism i n  t h e  area. However, there is an  angular  unconformity 

s e p a r a t i n g  t h e  Triassic Chinle  Formation  from t h e  Cretaceous 

Dakota   Sandstone.   Regional ly ,   the   Chinle   pinches  out  

a g a i n s t   t h e   e r o s i o n a l   s u r f a c e   t o   t h e   s o u t h .  The g e n t l e  up- 

l i f t  and no r thward   t i l t i ng   o f   t he   Ch in le   p robab ly   occu r red  

d u r i n g   t h e   J u r a s s i c   P e r i o d .  

Broad ,   open ,   no r theas t - t r end ing   an t i c l ines  and syn- 

c l i n e s  are p rominen t   f ea tu re s   no r th   o f   t he   s tudy  area. One 

o f   t h e  m o r e   i m p r e s s i v e   s t r u c t u r e s ,   t h e  Red Lake a n t i c l i n e ,  

has  a maximum width of 4 m i  (6 km) and  can  be  t raced  south-  

ward f o r  a minimum of  10 m i  ( 1 6  km)  t o  a po in t   nea r  the 

abandoned INM Ranch h e a d q u a r t e r s   i n  Sec. 21, T. 3 N.,  R. 8 

W. The crest  of t h e  Red Lake a n t i c l i n e  is c u t  b y   t h e  Red 

Lake  f a u l t  which p a r t i a l l y  m a s k s  t h e   a n t i c l i n a l   s i g n a t u r e   i n  

t h e  D Cross Mountain  quadrangle. 
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The Red Lake a n t i c l i n e  is asymmetrical  and south- 

plunging. The axis  o f   t h e  s t ructure  t r e n d s  N 30' E and 

p lunges   southward   a t  1 0  . S t r a t a   a t   l e a s t  as young as 

Crevasse Canyon a r e   i n v o l v e d   i n   t h e   f o l d i n g .  Dips o f   s t r a t a  

on the western l imb a r e  5-8 t o  t h e  west. Ihe e a s t e r n  l imb 

d i p s   a s  much a s  4 7  t o   t h e   e a s t - s o u t h e a s t .  These h ighe r  

d ips  o c c u r   i n   c l o s e   p r o x i m i t y   t o   t h e  Red Lake  f a u l t  and drag  

along t h e  down-to-the-east   normal  fault  i s  r e s p o n s i b l e  for 

t h e   h i g h e r  d ips .  

0 

0 

0 

The nose of t h e  Red Lake a n t i c l i n e  i s  broken  by  several  

small west-northwest-trending tear f a u l t s  and t h e   s t r a t a  

have   loca l ly   been   deformed  in to  a ser ies  of small a n t i c l i n e s  

and s y n c l i n e s .  These subs id ia ry   fo lds   involve   Dakota   (main  

body) and  Twowells s t r a t a  and were produced  by movement 

a long   t he   f au l t .   Fo ld ing   occu r red   du r ing   t he   La te   Cre t aceous  

t o   e a r l y  Eocene a s   t h e  r e s u l t  of nor theas t -d i rec ted   compres-  

s iona l   forces   assoc ia ted   wi th   the   Laramide   orogeny.  

As many a s  20 subpara l le l   nor thwes t - t rending   normal  

f a u l t s  were mapped i n   t h e  D Cross  Mountain  quadrangle. The 

f a u l t s   a r e   m o s t l y   d o w n - t o - t h e - e a s t   i n  a step-like f a s h i o n .  

A few f a u l t s ,  howkver, are  down-to-the-west  and  several  have 

dips  of less than  70'. Horst  and g r a b e n   s t r u c t u r e s  are r a r e  

and  no reverse f a u l t i n g  was demons t r a t ed .   In   gene ra l   t he  

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

a few d e g r e e s   g r e a t e r   t h a n   t h a t   o f   t h e   r e g i o n a l  dip.  D i s -  

p lacement   a long   the   normal   fau l t s  is g e n e r a l l y  less than  7 5  
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f t   ( 2 3  m)  and t h e  f a u l t s  c a n n o t   b e   t r a c e d   l a t e r a l l y   f o r  

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

Most of   the  down-to- the-east  movement is concen t r a t ed  

along D C r o s s   f a u l t .  The D Cross f a u l t  t r ends   no r thwes t -  

ward,  has a maximum displacement   of  700 f t  (213  m )  , and  can 

be   t raced   for  a minimum of 7 m i  (11 k m ) .  The f a u l t   p l a n e  

d i p s  80-85' t o   t h e  eas t .  In   most   areas  upper and lower 

Crevasse Canyon s t r a t a  are  j u x t a p o s e d   a c r o s s   t h e   f a u l t  

p lane .   In   topographica l ly   lower   a reas   a long   Alamoci ta  

Creek, exposed  middle  Crevasse Canyon s t r a t a  have  been 

dropped down a g a i n s t  t h e  Carthage Member of t h e  Tres 

Hermanos Sandstone. 

The D C r o s s   f a u l t   c a n   b e   t r a c e d  from the  northwest  

corner   of  the q u a d r a n g l e   a s  far sou th   a s   Sec .  6, T. 2 N. , R. 

8 W. be fo re   be ing   l o s t   i n   Crevasse  Canyon s t r a t a .  The f a u l t  

m u s t  cont inue  southward  because  displacement  on t h e  f a u l t  is 

s t i l l  on t h e   o r d e r   o f  500 f t  (152  m )  i n   t h a t  area. A l a r g e  

f a u l t ,  on t h e  no r th   f ace   o f  Blue Mesa, east  o f   t h e  Red L a k e  

f a u l t ,   h a s  a similar sense  and  magni tude  of   displacement  and 

it probably is an   of f - se t   segment   o f   the  D Cross f a u l t .  

This unnamed f a u l t   c o n t i n u e s   s o u t h e a s t w a r d  and is concealed 

b e n e a t h   Q u a t e r n a r y   g r a v e l s   i n   t h e   v a l l e y   e a s t   o f  B l u e  Mesa. 

F a u l t s   i n   t h e  D C r o s s   f a u l t  zone o f f s e t   s t r a t a   a s  young 

as  the  Spears  Formation.  Miocene ( ? )  conglomera tes   in   Secs .  

11 and 1 4 1  T. 3 N. , R. 8 W. pos t -da te  movement a long   s eve ra l  

nor thwes t - t rending   fau l t s .   Therefore ,   the   nor thwes t -  

t r end ing  f a u l t s  are o f   l a t e   O l i g o c e n e   t o  Miocene  age. This 
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sugges t s  a Basin  and  Range o r i g i n   f o r   t h e   f a u l t s ,   a l t h o u g h  

the   fau l t -zone- t rend  is p a r a l l e l   t o  Laramide s t r u c t u r e s   o f  

t h e  Zuni  Mountains. The o r i en ta t i . on   o f  the f a u l t s  may have 

been   in  par t  c o n t r o l l e d   b y   o l d e r   p l a n e s  of weakness. 

S e v e r a l   n o r t h e a s t - t r e n d i n g   f a u l t s  were mapped i n   t h e  

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

t h e  Spears t u f f .  Due t o   t h e   c h a o t i c   d i p s   o f   t h e   S p e a r s  

s t r a t a  and t h e  lack o f  marker beds ,  re la t ive  d i sp lacemen t s  

c o u l d   n o t   b e   a s c e r t a i n e d  and many smal l  f a u l t s  probably  

e x i s t  i n  t h e  t u f f   s e c t i o n  which were n o t  mapped. 

?he Red Lake f a u l t  is a prominent   nor theas t - t rending ,  

h igh   angle ,   down- to- the-eas t   normal   fau l t   tha t   can  be t r a c e d  

th roughou t   t he   s tudy  area. Dip a n g l e s   o f   t h e   f a u l t  plane 

vary  f rom 70 in   Sec.  1 0 ,  T. 3 N., R. 8 W. t o  85 on t h e  

s o u t h w e s t   s i d e  of Blue Mesa. Displacement  along  the Red 

Lake f a u l t  i s  more  than 1200 f t  (365 m )  and i s  e i t h e r  con- 

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

s eve ra l   f au l t   sp l ays .   Nor th   o f   A lamoc i t a  Creek, Chinle 

s t r a t a  have  been  juxtaposed  against   Crevasse Canyon s t r a t a  

by  movement a long   the  Red Lake f a u l t .   I n   t h e   n o r t h w e s t  

quarter o f  Sec. 33, T. 3 N. , R. 8 W., t h e   f a u l t  splits i n t o  

two major  segments. One segment   cont inues   to   the   southwes t  

where it cu ts  a c r o s s   t h e  west s ide   o f   B lue  Mesa and  extends 

beyond t h e   s o u t h e r n  limit of   t he   s tudy   a r ea .   Loca l ly ,  t h i s  

f a u l t  is c o n c e a l e d   b y   t h e   b a s a l t   f l o w s   t h a t   c a p   t h e  mesa. 

The eas te rn   segment  of t h e  Red Lake  f a u l t  is concealed 

0 0 
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b e n e a t h   Q u a t e r n a r y   g r a v e l s   i n   t h e   v a l l e y   e a s t   o f  B l u e  Mesa 

and it is not   exposed  south  of  Sec. 33, T. 3 N . ,  R. 8 W. 

Drag on the downthrown  block  of  the Red Lake f a u l t   h a s  

l o c a l l y   t i l t e d   t h e   s t r a t a   a s  much a s  90 . The d i p s ,  how- 

e v e r ,   d e c r e a s e   r a p i d l y  away  from t h e  f a u l t  p l ane  and s t r a t a  

w i t h i n  0.5 m i  ( 0 . 8  km) o f  the f a u l t  appear   to   be   unaf fec ted  

b y   t h e  movement.  Blue Mesa is a f au l t -bound   b lock   t ha t   has  

been  caught  up  between t h e  two  major  segments o f  t h e  Red 

L a k e  f a u l t .  The e n t i r e   m o u n t a i n   h a s   b e e n   t i l t e d ,  and 

p e r h a p s   r o t a t e d ,  30-35 t o   t h e   e a s t - s o u t h e a s t .  

0 

0 

S t r a t a  as young as t h e  Miocene ( ? )  conglomerate  of Rack 

Tank Canyon a r e   c u t   b y   t h e  Red Lake  f a u l t ;   t h e  3-4 m.y.-old 

b a s a l t   f l o w s   o n  B l u e  Mesa o v e r l i e   t h e  f a u l t  t race,  and a r e  

therefore   younger .  Thus t h e  l a t e s t  movement a long   the  Red 

Lake  f a u l t  is of Miocene or Pl iocene   age .  

An unusual s t ruc ture  o c c u r s   i n   t h e  Spears t u f f   a p p r o x i -  

ma te ly  1 m i  ( 1 . 6  km)  sou th   o f   t he  Fred Martin  Ranch. On t h e  

east  side of Dog Spr ings   Canyon,   the   tu f fs   have  d ips  o f  a s  

much as 80' and  have  been  folded  into a 180°, 0.3 m i  ( 0 . 5  

km)-diameter semicircular arc. The f a u l t i n g  , f r a c t u r i n g ,  

and   fo ld ing   of   the  Spears may b e   r e l a t e d   t o   c o l l a p s e ,  or 

subs idence   o f   t he   ove r ly ing  s t r a t a  i n t o  a d e p l e t e d  magma 

chamber from which  the t u f f s  emanated. However , no  cauldron 

s t r u c t u r e   h a s   b e e n   r e c o g n i z e d .  

'Ihe Colorado  Plateau is a h i g h   s t a n d i n g ,   d i s s e c t e d  

c r u s t a l   b l o c k   t h a t  measures n e a r l y  500 m i  ( 8 0 0  km) i n  

d iameter   (King ,   1977) .  Uplift a long   the   margins   o f  t h e  
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P l a t e a u ,   b e g i n n i n g   i n   t h e   e a r l y  Miocene  (Chapin  and  Seager, 

1975) ,   has   been  dominant ly   a long  monocl inal  f lextures  t h a t  

may i n   p a r t  re f lec t  o lde r   c rus t a l   weaknesses .  

The D Cross a r e a   o c c u p i e s  a p o r t i o n   o f   t h e   s o u t h e a s t e r n  

margin of t h e  p l a t e a u .  In t h e  s t u d y  area,  s t r a t a   t h a t   h a v e  

been   a f f ec t ed  by Laramide and  Basin  and Range t e c t o n i c  

even t s   d ip   be tween  10-19 to   t he   sou thwes t .  Ihe conglom- 

e r a t e   o f  Rock Tank Canyon (Miocene 7 )  pos t -da tes  these 

e a r l i e r   d e f o r m a t i o n   e v e n t s ,   b u t  is t i l t e d   a s  much a s  8' t o  

t h e  s o u t h .   T i l t i n g   o f   t h e s e   s t r a t a   r e p r e s e n t   t h e   r i s i n g   o f  

the Colorado   P la teau .   Mass ingi l l   (1979)   has   repor ted   700  f t  

(213 m )  o f   Colorado   P la teau-assoc ia ted   up l i f t   in   the   Ri ley-  

P u e r t e c i t o   a r e a   s i n c e   t h e   P l i o c e n e  (3-4 m.y. B.P.)  based  on 

t h e   e l e v a t i o n   o f  a r eg iona l   geomorph ic   su r f ace .   Up l i f t  

along t h e  margins   o f  t h e  P l a t eau  may s t i l l  b e   a c t i v e .  

0 
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GEOMORPHOLOGY 

Alamocita Creek is  a la rge   eas t - f lowing   ephemera l  

stream which c u t s   a c r o s s  t h e  s t r u c t u r a l   f a b r i c   o f   t h e  D 

Cross   Mountain  quadrangle .   Field  evidence  suggests   the 

s t r eam was superposed  onto t h e  u n d e r l y i n g   s t r u c t u r e s .  mwn- 
c u t t i n g   o f   o v e r  2000 f t  (610  m )  i n   t h e   p a s t  few m i l l i o n  

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

b a s e - l e v e l   s t a b i l i t y  and per iods   o f   rap id   downcut t ing .  

lhree pediment surfaces were formed  during  per iods of 

t e m p o r a r y   s t a b i l i t y   o f   t h e   l o c a l   b a s e - l e v e l   b y   l a t e r a l l y  

p l a n i n g   t r i b u t a r i e s   o f   t h e  master stream. mese g r a v e l -  

covered surfaces a re  mapped,  from o l d e s t   t o   y o u n g e s t :  Q g l ,  
Qg2r and Q 

93' 
A f o u r t h ,   o l d e r   s u r f a c e  was n o t  mapped b u t  is 

d e f i n e d  by t h e   d i s t r i b u t i o n  of b a s a l t   f l o w s  on B l u e  Mesa and 

on D Cross  Mountain Mesa. and Q surfaces s l o p e  

g e n t l y   t o   t h e   n o r t h  from the   Ga l l inas   Moun ta ins   a t  1 0 0  f t  

(30  m) per mile and  were  graded  to  Alamocita Creek  when it 

flowed a t  a h i g h e r   e l e v a t i o n .  The Qg2 s u r f a c e   s l o p e s  

eastward away  from B l u e  Mesa and was c u t   t o   g r a d e   t o  a 

n o r t h - o r i e n t e d   t r i b u t a r y  of Alamocita Creek t h a t  worked i t s  

way by   headward   e ros ion   in to  Rock Tank Canyon. This 

s u r f a c e ,  i f  t r a c e d   t o  the s o u t h  beyond the   r ead jus tmen t  

e f fec t  t o   t h i s  sidestream, merges  with  the Q s u r f a c e .  

Alamocita Creek is c u r r e n t l y ,   i n  a degrada t iona l   phase   and  

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

geomorphic   surfaces .  

Qgl  93 

g l  
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ECONOMIC GEOLOGY 

Co a1 

The D Cross  Mountain  quadrangle i s  w i t h i n  t h e  D a t i l  

Moun ta in   coa l   f i e ld   t ha t   cove r s  765 m i  (1958 km ) i n  

Socorro, Catron,  and Valencia c o u n t i e s ,  New Mexico ( F i g u r e  

11). No m i n e s   a r e   p r e s e n t l y   o p e r a t i n g   w i t h i n   t h e  f i e l d .  

Five  underground  mines  operated  sporadical ly   between t h e  

early  1900's  and  1949  during  which time more than  9 0 0  t o n s  

o f   c o a l  were removed. Read and o t h e r s  (1950)   e s t ima ted   t ha t  

more  than a b i l l i o n   t o n s   o f   r e s e r v e s   e x i s t   i n  t h e  f i e ld .  

R e c e n t   e x p l o r a t o r y   d r i l l i n g   b y   t h e  New Mexico  Bureau o f  

Mines  and  Mineral   Resources  suggests  that   commercial   coal 

d e p o s i t s   a r e   p r e s e n t  i n  t h e  Datil Moun ta in   coa l   f i e ld   (F ros t  

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

2 2 

Coal  seams i n   t h e  Datil Mountain f i e l d  average less 

than 2 f t  ( 6 1  cm) t h i c k   b u t   r a n g e  up t o  5 f t  (1.5 m) i n  

t h i c k n e s s .  The Coal -bear ing   in te rva l   occurs   in   the   lower  

200 f t  ( 6 0  m )  of   the   Crevasse Canyon Formation  (Dilco 

Member ? )  . !the thicker  seams  are ,   however ,   confined  to  a 

zone w i t h i n  60 f t  (18 m)  above the t o p  of t h e  Gallup 

Sandstone. 

I 

In   the  D Cross  Mountain  quadrangle  the t h i c k e s t  seam is 

approximately 2 f t  ( 6 0  cm) t h i c k  and   occurs   in   the   lower  5 

f t  (1.5 m) of the  Crevasse Canyon Formation (Plate  2 3 ) .  

This seam is p robab ly   co r re l a t ive   w i th   t he  seam t h a t  

Winchester   (1920)  mapped i n   t h e   P a s t u r e  Canyon and  Wild 
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MEXICO 

D  CROSS  MT. 
COAL FIELD QUADRANGLE 

0 10 mi  

Figure 11. Map  showing  the  location  and 
extent of the  Datil  Mountain  coal  field. 



1 2 4  

Plate  23.  Coal seam a t   t h e   b a s e   o f  t h e  Crevasse Canyon 
Formation. This seam occur s   w i th in  a few f e e t  
above  the  Gallup  Sandstone  and  can be t r a c e d  

Wild Horse Mesa quadrangles .  The seam is 2 f t  
a lmos t   con t inuous ly   i n to   t he   Pas tu re  Canyon  and 

( 6 0  cm) t h i c k .  Dark s h a l e   u n i t  a t  base   o f  
pho tograph   r ep resen t s   coas t a l   mar sh   depos i t s .  
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Horse Canyon quadrangle  and  the seam cored  by t h e  New Mexico 

Bureau  of  Mines and Mineral   Resources   in   the  Pueblo  Viejo 

Mesa and Wild Horse Canyon q u a d r a n g l e s   ( F r o s t  and o t h e r s ,  

1 9 7 9 ) .  Numerous t h i n   c o a l  seams t h a t  do n o t   h a v e   g r e a t  

l a te ra l  e x t e n t   o c c u r   s t r a t i g r a p h i c a l l y   h i g h e r   i n   t h e  

Crevasse Canyon Formation. 

Coals i n  t h e  D Cross  Mountain  area  accumulated i n  both 

coas t a l   mar sh  and i n t e r d i s t r i b u t a r y  swamps on a low-lying 

c o a s t a l   p l a i n   d u r i n g  a major   marine  regression.  %e t h i c k e r  

coa l  seams a r e   c l o s e l y   a s s o c i a t e d   w i t h   c o a s t a l   s a n d s t o n e  

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

w a t e r   C l a s s o p o l l i s   p o l l e n .   M a n g r o v e - l i k e   r o o t   c a s t s  com- 

monly  extend  from t h e  coa l   ho r i zon   i n to   t he   unde r ly ing  

Gallup Sandstone. These coals   accumulated  in   an  environment  

similar t o   t h e  Dismal Swamp o f  North  Carol ina  and  Virginia .  

Accumulations  of  mangrove-peat swamps above  marine  sand- 

b o d i e s  are well known from c o a s t a l  swamps o f   s o u t h e a s t e r n  

Flor ida  (Teichmuller   and Teichmuller , 1975)  . 
C o a l s   h i g h e r   i n   t h e   s t r a t i g r a p h i c   s e c t i o n   a r e  more 

c l o s e l y  related to   f luv ia l .   sands tone   bodies .  As a r e s u l t  of 

t h e  l a t e r a l  mig ra t ion   o f   t he   s t r eam  channe l s  and  over  bank 

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

Similar  deposits  have  been  documented  from t h e  Mississippi 

River de l t a  p l a i n  (Gould and  Morgan, 1 9 6 2 ) .  

The D Cross   Moun ta in   coa l s   a r e   c l a s s i f i ed   a s   h igh -  

v o l a t i l e  C bituminous.  On a " f r e s h "  surface, the c o a l s   a r e  

of t h e   s e m i s p l i n t   v a r i e t y  and c l e a t   f a c e s   a r e  well 
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developed. me face c l e a t s  s t r i k e  N 25' w and t h e  b u t t  

c l e a t s  s t r i k e  N 70' E. On t h e  outcrop ,   secondary  

m i n e r a l i z a t i o n   a l o n g  the  c l e a t s  i s  r a r e ,   a l t h o u g h   p y r i t e  

c r y s t a l s  are common i n   c o r e d  samples ( F r o s t  and o t h e r s ,  

1 9 7 9 ) .  

T r a n s p a r e n t   a t t r i t u s  is the   dominant   macera l   cons t i tu -  

e n t  (Plate  2 4 ) .  Antraxylon  and  opaque a t t r i t u s   a r e  common 

and f u s a i n  is ra re .   C lay ,   ca l c ium  ca rbona te ,   and   s i l i ca  

occur   a long   mic ro f rac tu res  and a s   v o i d - f i l l i n g   p r e c i p i t a n t s .  

Most s amples   a l so   con ta in  wind  blown ( ? )  q u a r t z  g r a i n s .   I n  

a few i n t e r f l u v i a l   c o a l s ,   q u a r t z   g r a i n s   c o m p r i s e   a s  much as  

4 0 %  of   the  rock  volume.   Cored  samples   yield  calor imetr ic  

values   ranging  f rom 1 1 , 7 0 0  to   12 ,600  B.T.U. (Table 2); a s h  

low.  Sulfur i s  

( F r o s t  and 

( 9 - 1 6 % )  and s u l f u r  ( l ess  than  1%) c o n t e n t  is 

most   f requent ly   encountered   in   o rganic   form 

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

The lower  coal seam i n   t h e  D Cross  Moun t a i n  area would 

appear  to  be  thick  enough  and  continuous  enough  to  be mined 

commerc ia l ly .   Severa l   fac tors ,   however ,  limit t h e  f e a s i -  

b i l i t y  of economic  mining o f  c o a l   i n   t h e  D Cross  Mountain 

quadrangle .   Unfavorable   condi t ions  i n c l u d e :  (1) s t r u c t u r a l  

compl i ca t ions ;  ( 2 )  rugged  topography; ( 3 )  l i m i t e d   a c c e s s ;  

( 4 )  nature  and  thickness  of  overburden:  and (5) l ack  o f  

l o c a l  market. Many of t h e s e   l i m i t a t i o n s   d o   n o t   a p p l y   t o  

a reas   su r round ing   t he   s tudy   ' a r ea  (e .9 .  Red Lake  V a l l e y )   i n  

which   coa l   poss ib ly   could  be commercially  mined. 



P l a t e  24 .  Photomicrograph o f  c o a l   t h i n - s e c t i o n .  Large 
ye l low and red  fragments are anthraxylon;   smal l  
ye l low and red   cons t i tuents   are   t ransparent  
a t t r i t u s ;  b lack   mater ia l  i s  opaque matter and 
whi te   areas   are   quartz   gra ins .  
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TABLE 2 

I 

I1 

I11 

Iv 

Coal Ana lyses  from the   Da t i l   Moun ta in   F i e ld  
N e w   M e x i c o  

Mois t .   Ash  Vol. F . C .   S u l f u r  BTU Type 

0 . 6  

1 . 4  

2 . 5  

4 .1  

8 . 4  

1 4 . 3  

1 6 . 7  

1 1 . 9  

1 9 . 0  

9 . 1  

7 . 6  

13 .6  

25 .9  

9 . 1  

NA 

~ ~~ 

16 .0  35 .8  48   2 .7  

16 .4  40 .0  42 0 .8  

9 .6  41 .0  47   0 .5  

8 . 9  41 .3  46  0 .5  

32 .7  31 .9  27  0 .4  

23 .2  30 .9  3 3   0 . 4  

36 .6  24 .3  22  0.3 

3 0 . 0  2 8 . 4  21   0 .6  

14 .2  30 .9  36 0 . 5  

12.9 35 .3  4 3   0 . 4  

40.3 25 .9  26  0.4 

9 . 8  3 5 . 1  41   0 .3  

9 . 1  30 .3  34  0.4 

11.1 37.2  4 3   0 . 3  

12.2 40.9 47   0 .5  

12 ,238  

1 1 , 7 2 5  

1 2 , 6 4 6  

12 ,017  

1 1 , 6 2 1  

11 ,642  

9 , 8 2 1  

10 ,467  

1 0 , 7 4 0  

1 1 , 9 5 1  

11 ,672  

1 1 , 5 9 1  

7 ,430  

9 ,120  

1 0 , 0 3 0  

C 

C 

C 

C 

W 

W 

W 

w 
w 
W 

w 
W 

W 

W 

W 

NA NA 46 .6  53 0 .6  11 ,430  w 
6.5  7 .1  3 4 . 5  52 0.5 1 1 , 9 9 0  w 
5 . 3  7 .2  34 .9  53  0 .5  12 ,150  w 



129 

Moist. Ash  Vol . F . C . Sulfur BTU TYPE 

NA 7.6 36 .9  56 0.5 12,820 W 

NA NA 39.9 60 0.6 13,870 W 

18.5 10.8 31.7 39  0.4 8,480 W 

12.6  11 .6  34.0 4 2  0.5  9,090 W 

NA 13.2 38.9 48  0.5 10,400 W 

NA NA 44.8 55  0.6 11,990 w 
V 6.6 6.4  32.0  54 NA 11,555 M 

I  Frost  and  others, 1979; as received  bases 

11 Massingill, 1979; BTU, dry mineral  matter  free 

I11 Campbell  and  Clark, 19  15 

IV Campbell, 1912 

V Tabet  and  Frost, 1978 

C - core  sample 
W - weathered  surface  or mine sample 
M - mine sample 
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Uranium 

The Baca Formation is a well known uranium  host  rock i n  

wes t - cen t r a l  New Mexico  and c r o p s   o u t   e x t e n s i v e l y   i n   t h e  D 

Cross  Mountain  quadrangle. A small   uranium  prospect is 

l o c a t e d  on t h e   n o r t h  face o f  B l u e  Mesa i n   t h e   " t r a n s i t i o n  

zone"  between  Crevasse Canyon and Baca s t r a t a .  The p rospec t  

o c c u r s   n e a r   t h e   i n t e r s e c t i o n   o f   t h e  D Cross  and Red Lake  

f a u l t s  and it is  n o t  known i f  t h e  anomaly was a s s o c i a t e d  

with these f a u l t s  or i f  it is s t r a t i g r a p h i c a l l y   c o n t r o l l e d .  

However,  uranium p r o s p e c t s  west o f  t h e  s t u d y  area i n   t h e  Fed 

Bas in  d i s t r i c t  have  been  centered  on  the  Baca-Crevasse 

Canyon " t r a n s i t i o n  zone .'I 

Within   the  s t u d y  area t h e  Baca Formation  appears   to  be 

a poten t ia l   u ran ium  hos t   rock .  The sands tone   bodies  are o f  

f l u v i a l  o r i g i n ,   t h e y  resemble o t h e r   h o s t   r o c k s   o f   t h e  

Colorado  Plateau  region  and  they  have a bleached  white   color  

which is o f t e n   a s s o c i a t e d   w i t h   u r a n i u m   m i n e r a l i z a t i o n .  The 

t h i c k  pi le  o f  s i l i c i c  tu f f s   i n   t he   Ga l l inas   Moun ta ins   cou ld  

p rov ide  a sou rce   o f   u ran ium.   Unfo r tuna te ly ,   o rgan ic   deb r i s  

is scarce   wi th in   exposed  Baca channel   sands tones .  

O i l  and Gas 

Wells (1919) ,   Winchester  ( 1 9 2 0 ) ,  and Foster  (1964)  have 

d i s c u s s e d   t h e   o i l  and g a s   p o t e n t i a l  of t h e  D Cross  Mountain 

area. They conc luded   t ha t  s t ruc tu ra l  traps invo lv ing  

Pennsylvanian or Permian  carbonates  or Cretaceous   sands tones  



131 

had p o t e n t i a l  as o i l  and g a s   r e s e r v o i r s .   S e v e r a l  o i l  wells 

d r i l l e d   p r i o r  to  1 9 6 4   i n   t h e   v i c i n i t y  of D Cross Mountain 

d i d   n o t   d e t e c t   s i g n i f i c a n t  shows of e i t h e r  o i l  or g a s  

( Foster ,  1 9 6 4 )  . 
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SUMMARY OF GEOLOGIC HISTORY 

Red s h a l e s  and sands tones  of the  Chinle  Formati '  

accumulated on an   ex tens ive   l ow- ly ing   coas t a l   p l a in  

meandering stream complex  during  the Upper Triassic. 

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

on 

i n  a 

equent :1 y 

eroded  due  to  u p l i f t  of  the  Mogollon  Highlands  and  north- 

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

For most of t h e  Lower Cre taceous   t he   a r ea   r ema ined   i n  

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

beveled  the  area  and  deposi ted  the  basal   Dakota   Sandstone.  

Regional   subsidence  during  the  Coniacian  brought   encroach-  

ment   of  the mid-cont inent   Cretaceous  seaway  into  the Acoma 

embayment  from t h e   s o u t h e a s t .  

For the  remainder  of t he   Cre t aceous ,   t he  area f l u c t u -  

ated between  paral ic   and  coastal   non-marine  environments .  

l h e  o s c i l l a t o r y   n a t u r e   o f   t h e   s h o r e l i n e  was t h e  r e su l t  of   an 

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

and   s low  subs idence   o f   the   depos i t iona l   bas in .  As a resu l t ,  

a complex  sequence of d a r k   o f f s h o r e   m a r i n e  muds o f   t h e  

Mancos S h a l e   i n t e r f i n g e r  t o  t h e  west w i t h   c o a s t a l  and 

f luv ia l   s ands   and  muds , and paludal. c o a l s  of the  Dakota ,  

Tses Hermanos, Gallup, and  Crevasse Canyon Formations. 
I 

Near t h e  end of the   Cre t aceous ,   no r theas t -d i r ec t ed  

compress iona l   fo rces   a s soc ia t ed   w i th   t he  Laramide orogeny 

produced a series of  broad  open folds  and u p l i f t e d   b l o c k s  

such as t h e  Zuni"Mountdins  and  Mogollon  Highlands,  and 1 
I i 
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resulted i n  t h e   f i n a l   e a s t w a r d   r e g r e s s i o n  of t h e  marine seas 

from t h e  a r e a .  Pebble conglomerates   and  arkosic   sands '  

eroded  from  the  Zuni  Mountains were t r a n s p o r t e d   t o   t h e  

s o u t h e a s t   i n  a f l u v i a l   c h a n n e l - f l o o d p l a i n  complex  and 

accumulated  in  a west- t rending , e longated  s t ruc tura l  b a s i n  

forming  the Eocene Baca Formation. I 

Depos i t ion   o f   the  Baca Formation was followed  by a 
I 

per iod  of e r o s i o n   b e f o r e  a t h i ck   cove r   o f   vo lcan ic   and  

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

Ol igocene .   L i th i c -c rys t a l   and   c rys t a l - l i t h i c  t u f f s  , and 

d e b r i s  flows of   the   Spears   Format ion  were de r ived  from  an 

e rup t ive   cen te r   l oca t ed   a long   t he   sou the rn   boundary  of t h e  D 

Cross   Mountain  quadrangle .   Erupt ion  of   the   tuffs  was fo l -  

lowed  by   the   ex t rus ion  of a t h i c k   p i l e   o f   a s h - f l o w  t u f f s  

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

d i k e s  and  normal   faul t ing.  The conglomerate of Rock Tank 

Canyon (Miocene ? )  was d e r i v e d   p r i n c i p a l l y   f r o m   e r o s i o n   o f  

Spears t u f f  upon c e s s a t i o n   o f   v o l c a n i s m  and was d e p o s i t e d   i n  

a n   a l l u v i a l   f a n  complex that  extended  northward  from  the 

Gal i inas   Mountains .  

Uplift of   the   Colorado  Plateau, b e g i n n i n g   i n   t h e   e a r l y  

t o  middle Miocene, t i l t e d  a l l  o l d e r   s t r a t a  a s  much as 8' t o  

t h e   s o u t h .  East-west o r i e n t e d   e x t e n s i o n a l   f o r c e s   d u r i n g   t h e  

l a t e s t  Miocene to   P l iocene ,   perhaps   re la ted   to   renewed  open-  

ing of t h e  Rio Grande r i f t  r e s u l t e d   i n   t h e   f o r m a t i o n  of a 

large  down-to-the-east   normal f a u l t  with as much as 1 2 0 0  f t  

(365 m) o f   d i sp lacement .  
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Volcanic   necks  and  plugs  cropping  out   on D Cross 

Mountain  and B l u e  Mesa were emplaced  during  the Late 

Tert iary.   During  the  Pleis tocene,   Alamoci ta   Creek  began 

downcutting  and was superposed across t h e   s t r u c t u r a l   g r a i n  

of  t he   a r ea .   Dur ing   pe r iods  of b a s e - l e v e l   s t a b i l i t y ,   p e d i -  

ment and terrace s u r f a c e s  were c o n s t r u c t e d   b y   l a t e r a l l y  

p l a n i n g   t r i b u t a r i e s  of the   mas te r   s t r eam.  The p r e s e n t  

p h y s i o g r a p h y   o f   t h e   a r e a  is r e l a t e d  t o  cont inued   lower ing   of  

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

sequence of sed iments   and   vo lcanic   rocks .  
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Point-count  Mineralogy of Selected  Thin-sections 

Sample Number 
" 

Quartz 

K spar 

Plagioclase 

Mica 

Glauconite 

Sed. Rx. Frags. 

Meta. Rx. Frags. 

Ign. Rx. Frags. 

Others 

4 6 7 9 
90 8 6  7% 70 

T 

0 

T 

T 

10 

0 

0 

T 

T 

0 

T 

0 

12  

0 

0 

T 

1 7  

0 

T 

2 

11 

0 

0 

T 

Quartz 

K spar 

Plagioclase 

Mica 

Glauconite 

Sed. Rx. Frags. 

Meta. Rx. Frags. 

Ign. Rx. Frags. 

Others 

Sample Number 
11 12 1 7   1 9  
94  95 75  64 

11 

1 

1 

1 

10  

0 

0 

2 

10  

2 

2 

T 

3 1  

0 

0 

1 



1 5 1  

Sample  Number 

Quartz 

K s p a r  

Plagioclase 

Mica  

Glauconite 

Sed. Rx. Frags.  

M e t a .  Rx. Frags. 

Ign. Rx. Frags.  

Others  

Quartz 

K spa r  

Plagioclase 

Mica  

Glauconite 

Sed. Rx. Frags.  

M e t a .  Rx. Frags.  

Ign. Rx. Frags.  

Others  

2 1   2 3  93  45 
60 75 7 60 

24  

2 

1 

T 

10 

0 

0 

5 

1 5  

1 

T 

T 

4 

0 

0 

5 

1 

1 5  

1 

0 

0 

0 

71 

5 

13 

8 

1 

0 

7 

6 

2 

3 

62 
Sample  Number 

63 4 1   9 4  

70 65 56   69  

1 7   1 0  11 4 

3 1 0  8 8 

1 2 1 1 

0 0 0 0 

7 11 11 12 

0 0 4 0 

0 0 1 T 

2  3 1 4 



1 5 2  

Sample  Number 

Quartz 

K spar 

Plagioclase 

Mica 

Glauconite 

Sed. Rx. Frags. 

Meta. Rx. Frags. 

Ign. Rx. Frags. 

Others 

69 

8 

10 

0 

15 

0 

T 

4 

Code to sample  numbers in Appendix A 

Sample Code 

4 

6 

7 

9 

11 

12 

17 

Rock Unit 

Dakota-  main body 

Dakota- main body 

Twowells  tongue 

Twowells tongue 

Paguate  tongue 

Paguate  tongue 

Tres  Hermanos  Sandstone 

Rock Name 

Sublitharenite 

Sublitharenite 

Subarkose 

Lithic  arkose 

Sublitharenite 

Quartzarenite 

Subarkose 
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Sample Code 

1 9  

2 1  

23 

4 1  

45  

62 

63 

93 

94 

95  

Rock Unit 

Tres  Hermanos  Sandstone 

Gallup  Sandstone 

Gallup  Sandstone 

Baca Formation 

Baca  Formation 

Crevasse  Canyon Fm. 

Crevasse  Canyon Fm. 

Conglomerate of Rock Tank 

Chinle Formation 

Chinle Formation 

Rock  Name 

Feldspathic  Litharenite 

Lithic arkose 

Subarkose 

Lithic arkose 

Lithic  arkose 

Arkose 

Lithic  arkose 

Volcanicarenite 

Lithic  arkose 

Lithic  arkose 

The.mineralogy is based on 200 grain-count. A l l  samples were 
stained  for  potassium.  Sedimentary  rock  fragments  include  locally 
derived  clay-clasts. Rock names  are  after Folk (1968). 
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1' vector 

n 20 
mean N 2 E 

0 8 

number of readings 
( n )  

~ 

mean S 

mean 

\I vector mean 

i 
3 O  E Qn mean 19 

vector mean d 

& vector mean 

s l o o  w 

Paleocurrent Rose Diagrams: A) Chinle Formation 
B) Dakota  Sandstone - main body C)  Paguate  Sandstone 
D) Twowells  Sandstone. 



n 15  
mean 

mean S 34 E vector mean 

0 8 

number of readings 
( n )  
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! 

Paleocurrent Rose Diagramsf A) Atarque  Member 
B) Gallup  Sandstone  C)  Crevasse  Canyon Formation 
D) Baca Formation. 
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MEASURED S E C T I O N  1 

Dakota  Sandstone  (Main Body)  and INM Spr ings   Sha le  

Measured  along  an  east-west l i n e  s t a r t i n g   i n  t h e  NW 1/4  

Section  21, T. 3 N . ,   R .  8 W. on J u l y  24,  1978,  with  Jacob 

s ta f f  and  Brunton compass. 

U n i t  Descr ip t ion  
Thickness 

Feet Meters 

INM S P R I N G S  ( p a r t i a l   s e c t i o n )  

8 Composite.  Sandstone  and  shale: 

0 . 1  t o  0 . 3  f t   t h i c k   s i l t s t o n e s  and 

ve ry   f i ne -g ra ined   suba rkoses  ( 1 0  Y 

4/2) , modera te ly   indura ted  , v e r y  

c a l c a r e o u s  , f o s s i l i f e r o u s .  Abun- 

dant   burrows  on  bedding  planes.  

S h a l e s   a r e   s i l t y ,   m o d e r a t e   t o   v e r y  

c a l c a r e o u s  , thin-bedded , and  nodular 

appear ing   (10  Y 7 / 4 ) .  . . . . . . . 10.1 

7 S i l t s t o n e :   S i m i l a r   t o   s i l t s t o n e s  

of u n i t  8 .   Contains   large,  3.0 f t  

d iameter  , sub-spher ica l   ye l low 

red ( 5  YR 5/1) micrite c o n c r e t i o n s  

con ta in ing  sparse megafoss i l s .  

Thatcher  fauna. . . . . . . . . . . 0.5 

6 Composite.  Sandstone  and  shale : 

Same as  u n i t  8. One-half  inch 

3.1 

0 . 1  



Thickness  
Unit   Descr ipt ion Feet Meters 

b e n t o n i t e  bed a t  4 .7  ft above 

base .  . . . . . . . . . . . . . . .  1 0 . 7  3 . 3  

5 Covered.  Contains INM Springs-  

Dakota  (Main  Body) c o n t a c t .  . . . .  - 5.1  1 .5  

TOTAL INM SPRINGS TONGUE 26 .4  7 .9  

DAKOTA SANDSTONE (MAIN BODY) 

4 Sandstone:  Thin,  wavy and f l a t  

b e d s   s e p a r a t e d   b y   t h i n   s h a l e  

pa r t ings .   L imon i t e   s t a ined  , 
i ndura t ed .   Modera t e ly   so r t ed ,  

c a l c a r e o u s .  Burrow casts abun- 

dant   a long   bedding   p lanes .  

Grades   t o   un i t   be low.   (5  YR 

6 / 1   t o  N 7 )  . . . . . . . . . . . . .  9.3 

3 Composite.  Sandstone  and  shale : 

In t e rbedded   t h in   ca l c i t e   cemen ted  

s a n d s t o n e s   a s   u n i t  2 and  very 

s i l t y   f i n e - g r a i n e d   s a n d s t o n e s  

( 1 0  YR 6/6)   with  abundant   dis-  

semina ted   o rganic   debr i s .  

Sha le s  occur i n   i r r e g u l a r   t h i n  

t o  medium beds  and are nodular  

weathering ( N  6 t o  N 8 ) .  Grades 

to   uni t   below.   Slope-former.  . . .  7.1 

2. a 

2.2 
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Unit   Descr ipt ion 

2 Sandstone : Moderately resis- 

t an t   nonca lca reous   ve ry  f i n e -  

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

a r e n i t e  ( 1 0  YR 8/2)   with  black 

( N  4) carbonaceous streaks.  

S i l t i e r ,  more carbonaceous,   and 

less  r e s i s t a n t   a t   b a s e .  Abun- 

Thickness  
Feet 

d a n t   b u r r o ,  

( 5  YR 5/6) 

burrows. 

1 Sandstone : 

ws. Limoni t e   s t a in ing  

a long   f r ac tu res   and  

S h a r p ,   f l a t   b a s e .  . . . . 1.2 

Indura t ed ,  calci te  

Meters 

0.4 

and s i l ica-cemented ,   wel l - sor ted  

medium- to   coa r se -g ra ined   che r t -  

a ren i te .   Lenses   o f   quar tz -  

pebble  and  chert-pebble  conglom- 

erate  abundant i n  lower   pa r t  of 

u n i t .  Base is t rough  c ross -  

s t r a t i f i e d ,   t o p  is t a b u l a r   c r o s s -  

s t r a t i f i e d .   M a s s i v e l y   b e d d e d  

f i n e s  upward. Upper few inches  

are l imon i t e - s t a ined .   Sha rp  

e r o s i o n a l   c o n t a c t   w i t h   C h i n l e  

s h a l e s .  . . . . . . . . . . . . . . 15.2 4.6 

32.8 1 0  .o 
TOTAL MEASURED SECTION 59.2  18.0 

- - 
TOTAL DAKOTA SANDSTONE - - 



MEASURED  SECTION 2 

INM Springs  and  Twowells  Tongues 

Measured  along  an east-west l i n e  s t a r t i n g   i n   t h e  1/4 

of   Sec t ion  8, T. 3 N . ,  R. 8 W. on July  25,   1978,  with  Jacob 

s taff  and  Brunton  compass. 

Unit   Descr ipt ion 
Thickness 

Feet Meters 

TW(IWELL.9 TONGUE 

13  Covered.  Landslide block o f  Tres 

Hermanos Sandstone.  Abundant - P. 

newber ry i   a s  f l o a t  a t  base of 

u n i t .  . . . . . . . . . . . . . . .  3.0 

12  Sandstone:   Fine-grained  cher t -  

a r en i t e   w i th   squashed  mud c las ts .  

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

modera t e ly   ca l ca reous .  Lower 6.0 

f t  t h i ck -bedded ,   poor ly   so r t ed ,  

s t roncj ly   bioturbated.   Burrows 

are 0.2 i n .  i n   d i ame te r   and   ho r i -  

zonta l .   Pa le   ye l lowish-orange  

( 1 0  YR 8 / 6 ) .  Upper 2.0 f t  form 

weak bench. . . . . . . . . . . . .  8.2 

11 Covered.   Probably  shale .  . . . . .  1 . 5  

1 0  Sandstone: Medium f ine -g ra ined ,  

modera te ly   ca lcareous ' ,   modera te ly  

0.9 

2.5 

0.5 



Unit 

9 

8 

7 

6 

Descr ip t ion  
Thickness  

Feet 

t o   p o o r l y   s o r t e d ,   m a s s i v e   t o  

vaguely  medium-bedded. S t r o n g l y  

b i o t u r b a t e d .  Small c i r c u l a r   b u r -  

rows concentrated  a long  bedding 

pl  ane s . . . . . . . . . . . . . . .  
Sandstone : Well i n d u r a t e d ,  s i l i c a  

cemen ted   che r t a ren i t e .   F ines  

upward  from medium coarse   pebbly  

sandstone  to  lower  medium-grained 

cross-bedded or h o r i z o n t a l l y  

laminated  sandstone.   Sharp  upper  

contac t .   L imoni te   s ta ined .   L ight  

g r e y  (N 7 )  to   dark  yel lowish-orange 

( l O Y R 6 / 6 )  . . . . . . . . . . . .  
Sandstone:  As u n i t  1 0 .  . . . . . .  
Sandstone:   Indurated,  s i l i c a  

cemen ted   che r t a ren i t e .   F ines  up- 

ward t o  medium coarse  pebbly  sand-  

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

11.6 

2.3 
. "  
1.3 

or h o r i z o n t a l l y   l a m i n a t e d .   S l i g h t l y  

c a l c a r e o u s ,  medium thick-bedded. 

Moderate brown ( 5  YR 4 / 4 )  t o   l i g h t  

g r e y  (N 7 ) .  . . . .  ',. . . . . . . .  4.9 

Sandstone: Base o f   c l i f f - f o r m e r .  

Massively  bedded,   f ine-grained 

3.5 

0.7 

0 . 4  

1 . 5  
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Thickness  
Unit   Descr ipt ion Feet Meters 

c h e r t a r e n i t e .   M o d e r a t e l y   t o  well 

s o r t e d ,   c l a y ,  s i l i c a  and ca lc i te  

cemen t s .   S t rong ly   b io tu rba ted   i n  

upper part .  Liesegang  banding 

pronounced.  Grades  to  unit   below. 

Greyish-orange ( 1 0  YR 7/4). . . . . . 11.2 - 3.4 

TOTAL TWOWELLS 44.0  13.4 

WHITEWATER ARROYO TONGUE 

5 Sha le  : S i 1   t y ,   v e r y   c a l c a r e o u s ,  

dark-grey ( N  3 t o  N 5). Lower 

h a l f   o f   u n i t   p o o r l y   e x p o s e d .  Con- 

t a i n s  two b e n t o n i t e   b e d s ;   t h e  

l o w e s t   s t r a t i g r a p h i c a l l y  i s  0.6 

f t  t h i c k  and  occurs 13.0 f t  above 

t h e  base of t h e   u n i t .  'Ihe second 

b e n t o n i t e  is 0.2 f t  t h i c k  and 

o c c u r s  87 .0  f t above base o f   t h e  

uni t .   Float   of   cone-in-cone 

1 imestone  and micr i t e  nodules .  

Grades   t o   un i t  6. . . . . . . . . . 91.8 2 8 . 0  

TOTAL WHITEWATER ARROYO TONGUE 91.8 28.0 

PAGUATE TONGUE 

4 Covered.  Base of s l o p e .  Iater-  

a l l y   s a n d s t o n e .  . . . . . . . . . . 21.8 6.6 
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Unit   Descr ipt ion 

3 Sandstone : Coarsening upward 

from s i l t y ,   p o o r l y   s o r t e d ,   v e r y  

f i n e - g r a i n e d   q u a r t z a r e n i t e   t o  

modera t e ly   so r t ed  , i n d u r a t e d ,  

b io tu rba ted ,   dusky   ye l low ( 5  Y 

6/4)  f ine-gra ined   sands tone .  

L imon i t e   s t a ined .  Lower p a r t  

o rganic- r ich .  Forms weak bench. 

Base  not  exposed. . . . . . . . . .  1 4 . 2  

TOTAL PAGUATE TONGUE 36.0 

INM SPRINGS TONGUE 

2 Sha le  : Modera te ly   ca l ca reous  , 
s p l i n t e r y   w e a t h e r i n g ,   s i l t y ,  

common m e g a f o s s i l   f l o a t  and 

gypsum c r y s t a l .  Medium-grey 

( N  5 ) .  'Ituo b e n t o n i t e s ;   t h e  

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

is 0.2 f t   t h i c k  and o c c u r s   a t  

26.0 f t  a b o v e   t h e   b a s e   o f   t h e  

u n i t ;   t h e   o t h e r  is 0.3 f t   t h i c k  

and  occurs  a t  43.0 f t  above 

u n i t  base. Ben ton i t e s  are p a l e  

greenish-ye l low ( 1 0  Y 8/2)  and 

weather  greyish-orange ( 1 0  YR 

7 / 4 ) .  . . . . . . . . . . . . . . . .  57.2 

Thickness  
Feet Meters 

4.3 

1 1 . 0  

17.4 



1 6 5  

Th i c  kne ss 
U n i t  Description  Feet  Meters 

1 Covered. Forms g r a s s y  f l a t .  

L a t e r a l l y  s h a l e  . . . . . . . . . . 30.1 - 9 . 2  

TOTAL INM SPRINGS TONGUE 8 7 . 3  - 26.2 

TOTAL  MEASURED SECTION 259.1  79.0 



1 6 6  

MEASURED SECTION 3 

Paguate  Sandstone 

Measured i n   t h e  bed o f  Rio Sa lado   i n   Sec t ion   5 ,  T. 3 

N., R. 8 W. Wiley Mesa quadrangle  on J u l y  30, 1978  with 

Jacob s taff  and  Brunton  compass. 

Thickness 
Unit   Descr ipt ion Feet Meters 

PAGUATE TONGUE 

3 Sandstone : Medium-grained, 

s l i g h t l y   g l a u c o n i t i c   q u a r t z -  

a r e n i t e .  Well s o r t e d ,  c a l c i t e  

cemented , b i o t u r b a t e d  , t a b u l a r  

c r o s s - s t r a t i f i e d .  Knobby 

wea the r ing ,   l i gh t -g rey  (N 7 ) .  

Scarce  inoceramids.   Grades 

to   un i t   be low . . . . . . . . . . . 2.5 

2 Sandstone:  Upper f i n e -  to lower 

medium-grained , modera t e ly   so r t ed  , 
calci te  cemented   quar tzaren i te .  

Hor i zon ta l ly   l amina ted .   B io tu r -  

ba ted   zones .   L ight -o l ive   g rey  

( 5  Y 6/2) .   Grades   to   un i t   be low.  . 14.5 

1 S a n d s t o n e :   s i l t y   v e r y   f i n e -  

g r a i n e d   q u a r t z a r e n i t e .  Hard , 
i n d u r a t e d ,   l i g h t - o l i v e   g r e y  

0.8 

4 . 4  



Unit 

167 

Thickness 
Feet Meters 

( 5  Y 5/2)  to medium-grey ( N  6). 

Extremely  bioturbated.   Isolated 

l e n s e s  o f  inoceramids and rare  

ammonites; - P .  l a n d i s i .  Grades 

to uni t   be low . . . . . . . . . . . 15.5 4 . 7  

TOTAL PAGUATE TONGUE 3 2 . 5  9 . 9  

TOTAL MEASURED SECTION 3 2 . 5  9 . 9  

" - 



13 

1 2  

11 

10 

9 

8 

7 

168 

Meters 

8.2 

MEASURED SECTION 4 

Rio Salado  Shale  

Measured   a long   an   ea s t -wes t   l i ne   s t a r t i ng  from the  t o p  

of t h e  Twowells  Sandstone i n   t h e  SW 1 / 4  Sec t ion  20,  T. 3 N . ,  

R. 8 W. on  August  29,   1978  with  Jacob  staff   and  Brunton 

compass. 

Thickness 
Unit   Descr ipt ion Feet 

R I O  SALAD0 TONGUE 

Covered to   base  of  Res Hermanos. . 26.8 

Shale:   Greyish-ol ive  green ( 5  GY 

3 / 2 ) ,   s i l t y ,   s p l i n t e r y   w e a t h e r i n g ,  

noncalcareous . . . . . . . . . . .  41.6 12.7 

Concretion  zone: 2 .0  f t  d i a m e t e r ,  

s u b s p e r i c a l  , ca rbona te   conc re t ions  , 
c o n t a i n i n g  Mammites dep res sus  . . .  2.3  0.7 

Shale :   Ol ive   g reen   to   modera te -  

g r e y  ( 5  G Y  4/2 t o  N 6 )  , v e r y  cal- 

c a r e o u s ,   s i l t y .  . . . . . . . . . .  79.1  24.1 

Ben ton i t e :  White ( N  E ) ,  wea thers  

greyish-orange ( 1 0  YR 7 / 4 ) .  . . . .  0.2 0 . 1  

Sha le :  As un i t   10 .  . . . . . . . .  11.1 3.4 

Sands tone :   Calcareni te  , g r e y  t o  

brown ( N  5 t o  5 YR 5 / 2 ) ,   t h i n l y  



Unit 

6 

5 

4 

3 

2 

1 

Thickness  
Desc r ip t ion  Feet 

l a m i n a t e d ,   l i n e a t e d ,   M y t i l o i d e s  

mytolodies hash abundant.  . . . . .  0.9 

Sha le :  As u n i t   1 0 ,   s h a r k   t e e t h  

as f l o a t .  . . . . . . . . . . . . .  32.5 

Sandstone : C a l c a r e n i t e ,  a s  u n i t  

7 . .  . . . . . . . . . . . . . . .  1.2 

S h a l e :  Poorly exposed,  g rey  ( N  6 ) ,  

s i l t y ,  non-calcareous . . . . . . .  3.4 

Covered .   Probably   sha le  as u n i t  

4 .  . . . . . . . . . . . . . . . .  1 0 . 1  

Bentoni te :   Covered   in  l i n e  of 

s e c t i o n   e x p o s e d   l a t e r a l l y  . . . . .  0.1 

Covered. Across grassy f l a t ,  

p r o b a b l y   s h a l e  a s  u n i t  4. . . . . .  20.1 
TOTAL RIO SALAD0 TONGUE 229.4 

TOTAL SECTION MEASURED 229.4 

169 

Meters 

0 . 3  

10.0 

0.4 

1.0 

3.0 

0.1 

6.1 

69 -9 

69.9 
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MEASURED  SECTION 5 

Tres Hermanos Sandstone 

Measured  along  an east-west l i n e   s t a r t i n g   i n   t h e  SW 1/4 

Sect ion  l g r  T. 3 N.r  R. 8 W. on J u l y  30,  1978 w i t h  Jacob 

s t a f f  and  Brunton  compass. 

Thickness 
Unit   Descr ipt ion Feet Meters 

TRES  HERMANOS  SANDSTONE 

FITE RANCH MEMBER 

17  Sandstone : Fining upward 

sequence. Base is  massive 

spheroidal   weather ing ' ,   b io-  

t u r b a t e d ,  medium f ine -g ra ined  

s i l t y ,   m o d e r a t e l y   s o r t e d   s u b -  

arkose con ta in ing  common  mud 

c l a s t .  Upper p a r t  of u n i t  

is f i n e - g r a i n e d ,   s l i g h t l y  

c a l c a r e o u s  and carbonaceous.  

Large, 5.0 f t  diameter, brown 

(5 YR 4 /2)  carbonate  cemented 

c o n c r e t i o n s  are common a t  top .  

E r o s i o n a l   b a s e ,   s h a r p   f l a t  

upper   contac t   wi th  D Cross. . . . . 24 .1  7.3 

I_ 

TOTAL FITE RANCH MEMBER 24.1  7.3 
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Thickness  
F e e t  Meters 

. .  
U n i t  Desc r ip t ion  

CARTHAGE MEMBER 

1 6  Shale :  Black (N 2)  , non- 

ca lcareous   carbonaceous ,  si1 t y  

C o n t a i n s   s e v e r a l  muddy v e r y  

f ine-gra ined   subarkoses  . . . . . .  27.2 

1 5  Sandstone:  Fines  upward.  Fine- 

g ra ined ,   nonca lca reous ,  moder- 

a t e l y  to  poor ly   so r t ed  , subar  kose. 

Common coal   f ragments .   Greyish-  

ye l low  green  ( 5  GY 7 /2 ) .  Sharp 

b a s a l   c o n t a c t  . . . . . . . . . . .  3 . 1  

14 Shale :   Grey   to   b lack  ( N  6 t o  

N 2 ) ,  si1 ty ,   nonca lca reous ,  

carbonaceous.  . . . . . . . . . . .  3 . 9  

1 3  Sandstone : Moderately res is-  

t a n t ,  punky  weathering, non- 

c a l c a r e o u s .  Muddy ‘f ine-grained 

subar  kose.   Moderately  Sorted 

a t   t o p .  Weak bench-former. 

Light-grey t o  greyish-ye l low 

g reen  ( N  6 t o  5 G Y  7/2) . . . . . .  4 . 0  

12 Covered.  Probably  shale.  . . . . .  7.2 

11 Sha le :  Black ( N  3 ) ,  non- 

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

8 . 3  

0.9 

1 . 2  

1 . 2  

2 . 2  
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Thickness  
Unit   Descr ipt ion Feet Meters 

w e a t h e r i n g ,   c l e a n ,  t race 

carbonaceous   mater ia l  . . . . . . .  17.6  5.4 

1 0  Composite.  Sandstone  and  shale: 

S h a l e s   a r e   p a l e   o l i v e  (10 Y 6/2) 

poorly  exposed. Rare i r o n s t o n e  

c o n c r e t i o n s  and l i g n i t e   z o n e s ;  

Sandstones are noncalcareous 

m o d e r a t e l y   r e s i s t a n t ,  (5 GY 6/1) 

and d iscont inuous .   Pebble-s ized  

c l a y   c l a s t   a b u n d a n t   a t   b a s e .  

F i n e - g r a i n e d   l i t h i c   a r e n i t e s .  

C l a y   p o r e - f i l l  and l imoni te   cement .  

Sha rp   l ower   con tac t ,   g rada t iona l  

upper   contac t  . . . . . . . . . . .  44.2  13.5 
7 Sands tone :   Res is tan t  I s o r t e d ,  

h o r i z o n t a l l y   l a m i n a t e d   t o   s t r u c -  

tureless  I th in-bedded   b io turba ted ,  

f ine-grained  subarkose.   Light-  

g r e y   t o   g r e e n i s h - y e l l o w  (N 8 t o  5 

Y 7/2). . . . . . . . . . . . . . .  1 .O 0.3 

TOTAL CARTHAGE MEMBER 123.2 37.6 

- 

ATARQUE MEMBER 

6 Sandstone:  Iower p a r , t ;   l i g h t  

g r e y  (N 7), modera te ly  resis- 

t a n t ,   v e r y   c a l c a r e o u s  I f i n e -  + 
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Thickness  
Unit   Descr ipt ion Feet Meters 

gra ined ,   subarkose .   Modera te ly  

b i o t u r b a t e d .  Upper p a r t ;  Iower 

f ine-gra ined  , m o d e r a t e l y   s o r t e d  , 
h o r i z o n t a l l y   l a m i n a t e d ,   s l i g h t l y  

c a l c a r e o u s  ( N  8 t o  N Y  7/2). 

Grades  to   uni t   below.  'lbp of 

c l i f f - fo rming   s ands tone  . . . . . . 4.9 

5 Composite.  Sandstone and s h a l e :  

T h r e e   c y c l i c a l   u n i t s  as f o l l o w s ;  

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

mudstone,  carbonaceous,  (5 Y 4/2)  , 
b locky   wea the r ing ,   g rades   t o  

punky  weathering , noncalcareous  , 
( 5  Y 7/2)  , s i l t y   f i n e - g r a i n e d ,  

modera t e ly   r e s i s t an t   ca rbonaceous  

subarkose.  'Ibp o f   u n i t  is lower 

medium-grained, s a l t  and pepper 

wi th   o range   p inpoin ts  , i r r e g u l a r  

medium-bedded , wel l - sor ted  , h o r i -  

zon ta l ly   l amina ted  , modera te ly  

b io tu rba ted   suba rkose .  Each sub-  

u n i t  i s  i n v e r s e l y   g r a d e d .  . . . . . 15.0 

4 S a n d s t o n e :   T h i c k   t o   v e r y   t h i c k  

beds , modera te ly   ca lcareous   sub-  

a rkoses .  Base i s  punky, s i l t y  

1.5 

4 . 6  

1 
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Thickness  
Feet Meters Unit   Descr ipt ion 

and  f ine-grained,  with  vague 

hor izonta l   l amina t ions .   Middle  

p a r t  is f ine -g ra ined ,  medium- 

bedded I s l i g h t l y   b i o t u r b a t e d ,  

h o r i z o n t a l l y   l a m i n a t e d .  Minor 

tabular   c ross - laminae .   Poor ly  

deve loped   carbonate   concre t ions  

near  top. ( N  8 )  with  orange 

specks .  . . . . . . . . . . . . . . 24.4 

3 Covered. L a t e r a l l y   s l o p e -  

forming   very   ca lcareous  I bio-  

t u r b a t e d  , c o a r s e  si1 t s t o n e   t o  

f i n e   s a n d s t o n e .  ( 5  Y 7 / 2 ) .  . . . . 13.1 

2 Sandstone : S h a r p   i r r e g u l a r   b a s e  

wi th   so l e   mark ings .  L o w  a n g l e  

cross-laminae a t  base  and rare 

r ipp led   zones .  Medium- t o  t h i c k -  

bedded. ( 1 0  YR 7/4).   Moderately 

c a l c a r e o u s   r e s i s t a n t .  Fine-  

g ra ined  I modera te ly  sorted sub- 

a rkose .  Upper p a r t  o f  u n i t  is 

t h i n   t o  medium-bedded I t rough 

or t a b u l a r   c r o s s - s t r a t i f i e d ,  

f l aggy ,   ve ry   ca l ca reous   con-  

cret ionary  lower  medium-grained 

7.4 

4 .0  
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T h i c k n e s s  
Unit   Descr ipt ion  Feet  Meters 

subarkose,   rounded  weather ing 

ou tc rop  . . . . . . . . . . . . . .  30.8 9.4 

1 Composite.  Sandstone  and  shale: 

Sandstones are t h i n ,   h o r i z o n t a l l y  

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

carbonaceous  and  very  f ine-grained.  

( 5  YR 5/1).  Micaceous.  Sharp 

i r r e g u l a r   b a s e s  and f l a t   s h a r p  

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

t u r b a t e d ,   g r o o v e   c a s t  on soles. 

S h a l e s   a r e   d a r k   g r e y  ( N  3 ) ,  

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

carbonaceous.  . . . . . . . . . . .  5 .O 1.5 

TOTAL ATARQUE MEMBER 83.2  25.4 

TOTAL TRES  HERMANOS  SANDSTONE 230'.5 70.3 

TOTAL SECTION MEASURED 230.5  70.3 

- 
__ 
- 
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MEASURED SECTION 6 

D Cross  Shale 

Measured   a long   an   ea s t -wes t   l i ne   s t a r t i ng   i n   t he  NW 1/4 

Sec t ion  30, T. 3 N. ,  R. 8 W. on August 3, 1978  with  Jacob 

s t a f f  and  Brunton  compass. 

U n i t  Descr ip t ion  
Thickness 

Feet Meters 

D CROSS TONGUE 

4 S h a l e :   S l i g h t l y   t o   m o d e r a t e l y  

c a l c a r e o u s .  Breaks chunky. 

Broken  oyster  fragments  and 

m i c r o f o s s i l s  common. Dark-grey 

t o   l i g h t - o l i v e   g r e y  ( N  3 to 5 

Y 5/2) .  Gypsum  common i n   f r a c -  

t u r e s  and  along  bedding  planes.  

Concret ionary  zones  a t   143.0 f t  

and  134.0 f t  above  base  of  forma- 

t i o n .   C o n c r e t i o n s   a r e ;   c a r b o n a t e ,  

two to   fou r  feet  i n   d i a m e t e r  and 

subsphe r i ca l   and   o f t en   have   fo s s i l  

( ammoni t e )   nuc le i .   ( 5  Y 4/1  t o  

5 Y 7 / 2 ) ,   o l i v e   g r e y  to  yel lowish-  

grey .   In te rbedded  w i t h  Gallup 

Sandstone . . . . . . . . . . . . . 107.1  32.6 



1 7 7  

Unit 

3 

2 

1 

Thickness  
Feet  Meters Descr ip t ion  

S h a l e :   S i l t y ,   n o n c a l c a r e o u s ,  

chunky   wea the r ing   fo s s i l i f e rous .  

Medium-dark g r e y   t o   o l i v e   g r e y  

( N  4 t o  5 Y 5/1) .  . . . . . . . . .  
Limestone : Concretion  zone I 

undulatory  bed.  Sandy micrite 

c o n t a i n i n g   f o s s i l   d e b r i s .  A few 

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

Common gypsum v e i n - f i l l i n g  . 
Yellowish-brown  weathering ( 1 0  YR 

5 /6) .  . . . . . . . . . . . . . . .  
Shale  : S i l t y ,   n o n c a l c a r e o u s  I 

d a r k - o l i v e   g r e y   ( 5  Y 4 / 1 ) .  Con- 

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

sands tone   and   sands tone- f i l l ed  

burrows.  Prominent  concretionary 

zones 1 . 0  f t  and 9 . 0  f t above 

base of  un i t .   Concre t ions   o f t en  

contain  ammonites  as  n u c l e i :  

Pr ionocyclus  - sp . I Coilopocer as 

c o l l e c t i .  Sharp f l a t  t o  undula- 

t o ry   l ower   con tac t .  . . . . . . . .  - 

44. 0 

2 . 1  

13.4 

0.6 

20 .o 6 . 1  

TOTAL D CROSS TONGUE 173.2 52.8 

TOTAL MEASURED SECTION 173.2  52.8 

- 
- 
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MEASURED SECTION 7 

Gallup  Sandstone 

Measured   a long   an   ea s t -wes t   l i ne   s t a r t i ng  from 

1/4 S e c t i o n  30, T. 3 N., R. 8 W. on August 6 ,  1978, 

J a c o b   s t a f f  , steel tape  and  Brunton compass. 

Unit   Descr ipt ion 
Thickness 

Feet 

GALLUP SANDSTONE ( P a r t i a l   S e c t i o n )  

6 Sands tone :   Mass ive   to   th ick ly  

bedded, s t ructureless .  Non- 

c a l c a r e o u s ,  medium f i n e -  

g ra ined  , s o r t e d  , moderate1 y 

bio turba ted   subar   kose  with 

c l a y   p o r e - f i l l  matrix.  One 

t o  5.0 f t  t h i c k   s t r o n g l y  

b io tu rba ted   zones ,  pale 

yellowish-brown ( 1 0  YR 7/2) . . . . 20.1 

5 Sandstone: Parallel  lami- 

nated , modera t e ly   ca l ca reous  , 
r e s i s t a n t  , s o r t e d  , subar  kose , 
ca lcareous   cement ,   pa le -  

orange ( 1 0  YR 8 /2 ) .  . . . . . . . . 3.1 

4 Sandstone : Thickly  bedded, 

g e n e r a l l y   s t r u c t u r e l e s s  wi th  

minor   e longate ,   l igh t -brown 

t h e  SE 

with 

Meters 

6.1 

0.9 



Unit  

3 

2 

1 

179 

Thickness  
Feet Meters Desc r ip t ion  

( 5  YR 6/4) burrows.  Locally 

i n t e n s e l y   b i o t u r b a t e d   n e a r  

base  of  u n i t ,  So r t ed ,  upper 

f ine-gra ined  , noncalcareous  

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

t a n t ,  subarkose.  . . . . . . . . .  24.8 

Sandstone : Very   ca lcareous  , 
modera t e ly   so r t ed  , f r i a b l e ,  

yel lowish-grey ( 5  Y 7/2) , 
subarkose.  Forms base  of 

c l i f f .  Upper f ine-gra ined  

and th ick ly   bedded .  Each 

bed f i n e s  upward. Tops o f  

b e d s   s t r o n g l y   b i o t u r b a t e d .  

Minor para l le l  l amina t ion .  

Sharpe f l a t  base. . . . . . . . . .  31.2 

S h a l e :   S i l t y ,   s l i g h t l y  cal-  

careous,   chunky  weather ing,  

dark-grey to pale-brown 

(N 3 t o  5 YR 5/2). Simi la r  

t o   unde r ly ing  D Cross s h a l e s .  . . .  1.5 

Sandstone : Very   ca l ca reous  , 
greyish-orange  (5 Y 7 / 2 ) ,  

carbonaceous .   Hor izonta l ly  

branching  burrows  on  bedding 

1 

7.6 

9.5 

0.5 



Unit   Descr ipt ion 

p l a n e s .   R e s i s t a n t ,   p o o r l y  

s o r t e d ,   v e r y   f i n e - g r a i n e d  

s u b a r k o s e .   L a t e r a l l y   d i s -  

cont inuous .  Minor low 

a n g l e   c r o s s - l a m i n a e   a t   t o p  

o f  u n i t  . . . . . . . . . . 
TOTAL GALLUP SANDSTONE 

TOTAL MEASURED  SECTION 
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Thickness  
Feet Meters 

I . . 0.6 0.2 

81.3 24.8 

81.3 24.8 

- 
- 



MEASURED SECTION 8 

Gallup  Sandstone 

Measured  along  the  north  bank of Alamocita  Creek s t a r t -  

ing i n  t h e  SE 1 / 4  Sec t ion  30, T. 3 N . ,  R. 8 W. on August 1 0 ,  

1978 w i t h   J a c o b   s t a f f  and Brunton  compass. 

m i c k n e s s  
U n i t  Descr ip t ion  Feet Meters 

GALLUP SANDSTONE ( P a r t i a l   S e c t i o n )  

3 Composi te .   Sandstone,   shale ,  

l imes tone  : Sands tones   a r e  

b io tu rba ted ,   vague ly   l amina ted ,  

poorly s o r t e d ,   f i n e - g r a i n e d  

s u b a r k o s e s .   S h a l e s   a r e   g r e y  

( N  6), s i l t y ,   o r g a n i c   r i c h ,  

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

weather ing.   Limestones  are  

e l l i p o s o i d a l ,   b i o l i t h i t e s  : 

O s t r e a   s o l e n i s c u s .  Coal 

d e v e l o p e d   l a t e r a l l y  . . . . . . . . 15.4 4 . 7  

2 Sandstone: Medium-bedded, 

s o r t e d ,   t a b u l a r   c r o s s -  

s t r a t i f i e d ,   r o o t - m o t t l e d  

suba rkoses .  Root c a s t   a r e  

l o n g ,   c i r c u l a r ,   b r a n c h i n g  



Uni t  Desc r ip t ion  

182 

T h i c k n e s s  
Feet  Meters 

and  most common a t  t o p  o f  

u n i t .  . . . . . . . . . . . . . . .  1 0 . 1  3.1 

1 Sandstone:  Thickly  bedded, 

grey ish-orange   p ink  ( 1 0  YR 

7 /2 )  , m o d e r a t e l y   s o r t e d ,  

h o r i z o n t a l l y   l a m i n a t e d ,  

s l i g h t l y   b i o t u r b a t e d ,   s u b -  

a r k o s e .   R e s i s t a n t .  . . . . . . . .  - 23.2 7.1 

TOTAL GALLUP SANDSTONE 48.7 14 .8  

TOTAL SECTION MEASURED 48.7 14.8 



MEASURED SECTION 9 

Crevasse Canyon Formation 

183 

Measured 

1/4 Sec t ion  3 

along a n o r t h - s o u t h   l i n e   s t a r t i n g  

1, T. 3 N.,  R. 8 W. on August 21, 

Brunton  compass   and  Jacob  s taff .  

Uni t   Descr ip t ion  

i n  

1 9 7  

m i c k n e s s  
Feet 

CREVASSE CANYON FORMATION ( P a r t i a l   S e c t i o n )  

50 Sandstone : Fining  upward 

sequence.  !tko s u b u n i t s  ; coa r se -  

g r a i n e d   a t  base, w i t h   c l a y  

c l a s t   cong lomera te   above  

e ros iona l   l ower   con tac t .  

S t r u c t u r e l e s s   t o   c r u d e l y  

c r o s s - s t r a t i f i e d .  Upper 

p a r t s  of s u b u n i t s   a r e   f i n e -  

g ra ined ,   modera t e ly   so r t ed  , 
microcross- laminated and 

rippled. Moderately 

c a l c a r e o u s .  . . . . . . . . . . . . 
4 9  Shale:   Poorly  exposed,  medium- 

g r e y  ( N  5), v e r y   s l i g h t l y  

c a l c a r e o u s  , c o n t a i n s   s e v e r a l  

6 i n .   t h i c k   g r e y i s h - o l i v e  

18.2 

t h e  SE 

8 w i t h  

Meters 

5.5 
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Thickness  
Uni t   Descr ip t ion  Feet Meters 

( 1 0  Y 4/2), s t r u c t u r e l e s s ,  

d i r t y   s a n d s t o n e s .  . . . . . . . . .  90.2  25.5 

48  Sandstone: Two s u b u n i t s  

s e p a r a t e d   b y   e r o s i o n a l  sur- 

face .  Rock i s  v e r y   s i m i l a r  

i n  t ex ture ,  composition  and 

t y p e  and  sequence  of sedi- 

m e n t a r y   s t r u c t u r e s   t o   u n i t  

50. . . . . . . . . . . . . . . . .  2 0 . 1  

47  Covered.  Probably  shale.  . . . . .  1 0 . 0  

4 6  Sandstone: C u t  b a s e   o v e r l a i n  

by   smal l   pebble   c lay  c las t  

conglomerate .   Base  s t ruc-  

tureless , top  cross-bedded  and 

r ipp le- lamina ted  , f l a g g y ,  

poorly  sor ted.   Large  brownish-  

g r e y   ( 5  YR 4 / 1 )  carbonate  con- 

c r e t i o n s  common. . . . . . . . . .  15.1 

4 5   S a n d s t o n e :   F r i a b l e ,   s i l t y ,  

f l a g g y ,   m o d e r a t e l y   s o r t e d ,  

medium-grained  subarkose  to 

l i t h i c   s u b a r k o s e .  Cut  base.  

Yel lowish-grey  (5  Y 8/4). . . . . .  6.5 

44 Sandstone:  Pale-greenish- 

ye l low ( 1 0  Y 8/2) .   Fines  

6 .1  

3.0 

4.6 

2.0 
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Unit 

43 

42 

41 

40 

39 

38 

37 

Descr ip t ion  
Thickness  

Feet  

upward  from medium t o   f i n e -  

g ra ined  a t  top. 0 . 1  f t  

diameter c l a y  c l a s t  common 

a t  base .   Rough   c ros s -  

s t r a t i f i e d   a t   b a s e .   S l i g h t l y  

ca l ca reous .  . . . . . . . . . . . .  
Shale:  Poor ly   exposed ,   pa le -  

o l i v e  ( 1 0  Y 6/2), s i l t y  . . . . . .  
Sands tone :   Gene ra l ly   a s   un i t  50. . 
Sands tone :   S l igh t ly   ca l ca reous ,  

m a s s i v e ,   f l a g g y ,   p o o r l y   s o r t e d ,  

c layey  subar   kose.   Fines  upward , 
contains   hickory-nut-s ize   con-  

c re t ions .   Pa le -greenish-ye l low 

(10 Y 8/2). . . . . . . . . . . . .  
Sandstone: C u t  base.  As un 

above . . . . . . . . . . .  
S h a l e :   S i l t y ,   v e r y   s l i g h t l y  

ca l ca reous   spa rce   roo t -mot t l  

i 

i 

t 

. . .  

ng I 

p a l e - o l i v e  (10 Y 6/2) . . . . . . .  
Sandstone:   Fines   upward,   cut  

base .   T rough   c ros s - s t r a t i f i ed  

modera te ly   sor ted   upper   f ine-  

gra ined ,   ca lcareous   cement .  . . . .  
Shale:   Poorly  exposed.  . . . . . .  

8.6 

5. 8 

30.9 

15.2 

15.1 

10.1 

0.7 

25.8 

Meters 

2. 6 

1.8 

9 . 4  

4.6 

4.6 

3.1 

0.2 

8.2 



Thickness  
Uni t   Descr ip t ion  Feet 

36 Sandstone : Very   ca l ca reous ,  

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

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

Yellowish-grey  (5 Y 7 / 2 ) .  . . . . .  4 . 1  

35 Shale:   Poorly  exposed.  Slope- 

former. Contains  a few d i r t y  

sands tone   i n t e rbeds .   Grades  

t o   u n i t  36. . . . . . . . . . . . .  25.9 

34 Sha le  : Si1  t y ,   n o n c a l c a r e o u s  , 
' chunky  weathering , carbonaceous.  

Contains   numerous  thin,   d iscon-  

t i n u o u s   d i r t y   l i g h t - o l i v e   g r e e n  

( 5  Y 5/2)   sandstones.  . . . . . . .  30.6 

33  Composite.  Sandstone  and  shale: 

S h a l e s   a r e  similar to  u n i t  34: 

s ands tones  are 2.0-3.0 f t  t h i c k ,  

s t ruc ture less  and c o n t a i n  wood 

impressions.   Pale-greenish- 

yel low (10 Y 8/2) . . . . . . . . .  1 2 . 1  

32  Sandstone : S1 i g h t l y   c a l c a r e o u s  , 
medium-grained  moderately  sorted , 
f i n e s  upward t o   u p p e r   f i n e -  

gra ined   c ross - lamina ted   concre-  

t i ona ry   suba rkose .  Cut  base  with 

c l a y   c l a s t   c o n g l o m e r a t e  . . . . . .  1 0 . 1  
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Meters 

1.3 

7.9 

9.3 

3.7 

3 .1  



U n i t  

31 

30 

29 

28 

27 

26 

25 

24 

\ 

187 

T h i c k n e s s  
Descr ipt ion  Feet   Meters  

Shale .   Pa le -o l ive  (10 Y 6/2), 

s i l t y ,   s l i g h t l y   c a l c a r e o u s .  . . . .  18.0 5.5 

Sandstone:  C u t  base   ove r l a in  

b y   c l a y   c l a s t   c o n g l o m e r a t e .  

Lower par t ;   mass ive ,   lower  

medium-grained,  upper  part  ; 

upper   f ine-gra ined ,   c ross -  

s t r a t i f i e d   w i t h   s m a l l  brown 

(5 YR 4/4) carbonate  con- 

c r e t i o n s .  Very ca l ca reous   t op .  

Grades  to u n i t  above. . . . . . . .  25.0  7.6 
Shale:   Poorly  exposed. . . . . . .  36.5 11.1 

Sandstone: As u n i t  32. . . . . . .  10.0 3.0 

Shale  : Light-green , noncal-  

c a r e o u s ,   s i l t y   c o n t a i n i n g  two 

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

i n  m i d d l e  p a r t .  . . . . . . . . . .  15.1 
Sandstone: As u n i t  24. . . . . . .  5.1 

Sha le :  As u n i t  23. . . . . . . . .  17.0 

Sandstone: C u t  base   w i th   c l ay  

c l a s t   c o n g l o m e r a t e .   F i n e s  up- 

ward. Base is s t r u c t u r e l e s s  

t o  c rude ly   t rough   c ros s -  

s t r a t i f i e d ,  medium-grained, 

m o d e r a t e l y   s o r t e d ,   c a l c i t e  

4.6 

1.5 

5.2 
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Unit 

23 

22 

21  

20 

19 

Descr ip t ion  

cemented subarkose.  Upper 

p a r t  i s  lower  medium-grained 

pale-yellowish-orange ( 1 0  YR 

8 /4 )  and has  s m a l l   s c a l e  cross- 

laminae.   Grades  to   uni t   above.  . . 
Shale:   Ol ive  green ( 1 0  Y 6 / 2 ) ,  

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

a 0.5 f t  t h i c k   c o a l  seam. . . . . . 
Covered.   Probably  shale .  . . . . . 
Sha le :   S i l t y ,   modera t e -ye l lowish -  

g reen  (10 Y 7 / 4 )  nonca lcareous ,  

conta ins   one   0 .5  f t  t h i c k ,  mod- 

e r a t e l y   s o r t e d  , c a l c a r e o u s   v e r y  

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

Thickness  
Feet  Meters 

Sandstone : 

c l a s t  cong 

ward. Med 

c a l c a r e o u s  

medium-gra 

lamina ted .  

1 

i 

I 

i 

C u t  b a s e   w i t h   c l a y  

omerate.   Fines up- 

um-grained,  very 

modera t e ly   so r t ed  , 
ned subarkose.   !Ihinly 

Pa le-o l ive  ( 1 0  Y 6/2) 

weathers  brown. . . . . . . . . . . 
Shale:  Moderate-greenish-yellow 

( 1 0  Y 7/2) , s i l t y ,   n o n c a l c a r e o u s ,  

c o n t a i n s  rare o n e   t o   t h r e e   i n c h  

diameter g r e y i s h - o l i v e  ( 1 0  Y 4/2) ,  

1 2 . 1  

15.5 

5 .1  

10.0 

12.0 

3.7 

4.7 

1 .5  

3.0 

3.7 
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Thickness  
Uni t   Descr ip t ion  Feet Meters 

brownish  black  weathering  iron- 

s t o n e   c o n c r e t i o n s  and th in   s and-  

s t o n e   i n t e r b e d s  . . . . . . . . . .  28.9 

18  Sandstone:  Poorly  exposed , v e r y  

p a l e   o r a n g e  ( 1 0  YR 8/2) , f l a g g y ,  

ca lcareous   cement .  Brown ( 5  YR 

4 / 1 )  weather ing   top  . . . . . . . .  7.8 

17  Shale:   Poorly  exposed,   con-  

c r e t i o n a r y .  . . . . . . . . . . . .  2 0 . 1  

1 6  Shale:   Poorly  exposed , medium 

g r e y  ( N  5 ) ,   c o n t a i n i n g  a t h i n  

very  sandy  l imestone  with  cone-  

i n - c o n e   s t r u c t u r e s   n e a r   t o p ,  

l a t e r a l l y   c o a l l y .  . . . . . . . . .  7 . 0  

15  Shale :   Poor ly   exposed  , c o n t a i n s  

one  0.5 , f t  t h i ck   f i ne -g ra ined  

c l a y e y ,   p o o r l y   s o r t e d   l i t h i -  

c a r e n i t e ;   r i p p l e d   u p p e r  surface, 

common i n v e r t e b r a t e   t r a c k s  and 

t r a i l s .   P a l e - g r e e n i s h - o l i v e  

( 5  Y 5/4) . . . . . . . . . . . . .  13.2 

1 4  Sands tone :   F l aggy ,   s l i gh t ly  

c a l c a r e o u s ,   c l a y e y ,   c r u d e l y  

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

zones.  Brown ( 5  YR 4 / 1 ) .  . . . . .  9.5 

8.8 

2 .4  

6 .1  

2 . 1  

4.0 

2.9 
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Thickness  
Feet Meters Unit   Descr ipt ion 

13 S h a l e :   S i l t y ,   m o d e r a t e - o l i v e  

brown ( 5  Y 4 / 4 )  homogenous, 

wood impressions  and  small  

c a r b o n a t e   c o n c r e t i o n s  . . . . . . .  2 . 1  

1 2 '  Sandstone:  Light-brown (5 YR 

5/6) , f ine -g ra ined   ve ry  cal-  

careous .  Grades to   sandy 

l imes tone  a t  top.  Karren 

s u r f a c e  . . . . . . . . . . . . . .  2 . 1  

11 Shale:   Poorly  exposed. . . . . . .  4 . 9  

10 S a n d s t o n e :   b w e r   p a r t ;   c r o s s -  

s t r a t i f i e d  , thin-bedded , f l aggy ,  

non to   modera t e ly   ca l ca reous  , 
f ine-gra ined  , c layey ,   modera te -  

yellowish-brown (10 YR 5 / 4 ) .  

Upper p a r t ;   v e r y   s a n d y   l i m e s t o n e ,  

pale orange (10 YR 8/2)   contain-  

i n g   a n g u l a r   q u a r t z   g r a i n s ,   c l a y  

c l a s t s  wood and da rk   ca rbona te  

c o n c r e t i o n s .  Wood is s i l i c i f i e d .  . 8.0 

9 Shale :   Poor ly   exposed ,   car -  

bonaceous, (N 4 ) .  . . . . . . . . .  25.2 

a Sandstone : Weak bench-former , 
noncalcareous  subar  kose , poor ly  

0.6 

0.6 

1.5 

2.4 

7.7  



Unit 

7 

6 

5 

4 

3 

2 

Descr ip t ion  

191 

s o r t e d   v a g u e l y   c r o s s - s t r a t i f i e d  , 
c u t  base .  . . . . . . . . . . . . .  
Shale:   Poorly  exposed.  . . . . . .  
Sandstone : Moderate-brown (5 YR 

4 / 4 )  wea the r ing ,   f i ne -g ra ined  , 
p o o r l y   s o r t e d  , weakly  indurated , 
v e r y   c a l c a r e o u s  , a n g u l a r   g r a i n s .  

Subar kose t o   l i t h i c a r e n i t e  , c u t  

b a s e   w i t h   c l a y  c l a s t  conglomerate . 
Covered.  Probably  shale.  . . . . .  
Sandstone : Fines  upward. Upper 

fine-  to  lower  medium-grained , 
subarkose I modera te ly  sor ted ,  

c r u d e l y   c r o s s - s t r a t i f i e d ,  wood 

impress ions  , sparce   p lecypods .  

C u t  base w i t h  c l a y   c l a s t  

conglomerate .  . . . . . . . . . . .  
Shale:  Poorly  exposed,  Moderate 

o l i v e  (5 Y 4 / 4 )  noncalcareous , 
con ta in ing  small c o n c r e t i o n s  , 
very   ca rbonaceous   nea r   t op  ( N  4 )  , 
minor   t h in   g reen i sh   s ands tones .  . .  
Sandstone:   Cut   base  with  c lay 

c l a s t  conglomerate.   Fining up- 

ward sequence ,   very   coarse-  to  

Thickness  
Feet Meters 

8.3  2.5 

LO. 3 3.1 

6.9 

6.5 

2.1 

2.0 

5.8 1.8 

10.4 3.2 
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Thickness  
Uni t   Descr ip t ion  Feet Meters 

coarse-gra ined  , m o d e r a t e l y   s o r t e d .  

Upper su r face   d ip - s lope   fo rmer .  

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

sands tones  a t  t o p  of un i t .   Un i t  

is t r a c e a b l e   o v e r   e n t i r e  D Cross  

quadrangle .   Concre t ionary ,  nbn- 

calcareous. . . . . . . . . . . . . 27.1 8.3 

1 Composite.  Sandstone and s h a l e :  

Gradat ional   to   Gal lup  Sandstone.  

Sandstones are yel lowish-white  , 
f ine -g ra ined   modera t e ly   t o   poor ly  

sor ted   subar   koses  , with small 

r ipples  and  cross- laminae.   Shales  

are p o o r l y   e x p o s e d ,   s i l t y ,  car- 

bonaceous , and  have common feeding  

tracks.  L a t e r a l l y  coal seams . . . 53.0 16.1  

TOTAL CREVASSE CANYON 793.6 241.9 

TOTAL SECTION MEASURED 793.6 241.9 
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MEASURED SECTION 1 0  

Baca Formation 

Measured  along a s o u t h w e s t   t r e n d i n g   l i n e   s t a r t i n g   i n  

t h e  NE 1 / 4 ,  NW 1 / 4  Sect ion  36,  T. 3 N. ,  R. 8 W. on October 

3r  1978  with  Jacob  staff  and  Brunton  compass. 

Unit   Descr ipt ion 
Thickness 

Feet Meters 

BACA FORMATION (Par t ia l  S e c t i o n )  

4 6  Shale:  Moderate-red (5 R 5/4) 

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

with  very  minor   thin  sandy 

zones . . . . . . . . . . . . . . . 8.0 

45 Sandstone: As u n i t  43. . . . . . . 7.1 

4 4  Sandstone:  Greyish-p ink   (5  R 8 / 2 ) ,  

m o d e r a t e l y   s o r t e d   v e r y   s l i g h t l y  

c a l c a r e o u s  , f r i a b l e  , f i n e -   t o  

medium-grained ar kose.  Massive 

a t   b a s e  , h o r i z o n t a l l y   l a m i n a t e d  

a t  top .   Grades   to   un i t  45. . . . . 3.5 

43   Sands tone :   S i l t y ,   g rey i sh -p ink  

(5 R 8/2) I f r i a b l e   s l i g h t l y  

calcareous , f ine -g ra ined   a rkose  . . 10 .2  

42 Sands tone :   Sharp   i r regular  

c u t   b a s e   w i t h   c l a y  c l a s t  con- 

glomerate.  Medium-grained, 

2 . 4  

2.2 

1.1 

3.1 
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Uni t  

4 1  

40 

39 

38 

37 

Thickness  
Feet Meters Desc r ip t ion  

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

c a l c a r e o u s  , arkose  , g r e y i s h -  

p i n k  ( 5  R 8 /2 ) ,   vague ly  

laminated or cross-bedded, 

minor  contoured laminae. F ines  

upward to   upper   f ine-gra ined  

cross-bedded  sandstone.  Grades 

t o  u n i t  43. . . . . . . . . . . . .  
Sands tone :   Sharp   cu t   base  w i t h  

basa l   conglomera te  , t h i ck -  

bedded , mass ive ,   modera te ly  

s o r t e d  I s l i g h t l y   c a l c a r e o u s  

medium coarse-grained  arkose.  . . .  
Shale:  Very  sandy, rare l i g h t -  

r e d   ( 5  R 6/6), 0.1-0.5 f t  

t h i c k   s a n d s t o n e   i n t e r b e d s  . . . . .  
Sandstone: As u n i t  17. . . . . . .  
Shale :   L ight - red   (5  R 6/6) , 
s i l t y ,   w i t h   i n t e r b e d s  of t h i n ,  

0 . 1  t o   0 . 2   f t   t h i c k   f l a g g y  

sands tone  . . . . . . . . . . . . .  
Sandstone:  Poor  exposure I upper 

f ine-gra ined  , massive , f r i a b l e  I 

c a l i c h e   n o d u l e s  a t  top .  . . . . . .  

30.0 

12.9 

4 .0  

3.6 

15.1 

4.2  

9.1 

3.9 

1 . 2  

1.1 

4.6 

1.3 



Uni t  

36 

* 

35 

34 

33 

32 

Thickness  
Descr ip t ion  Feet 

Covered. Red s h a l e s   l a t e r a l l y .  

Note : Common r o u n d e d   r e s i s t a t e  

pebbles l i t t e r  s lope   f rom  uni t  

35 through 40. Source n o t  

determined.  

Sandstone : Medium-bedded, 

massive a t   b a s e   c o n t a c t   n o t  

exposed. Upper part is hor i -  

z o n t a l l y  laminated to  low  angle  

cross- laminated.   Moderately 

s o r t e d ,   c a l c a r e o u s  , medium- 

to   coarse-gra ined   subarkose .  

Upper few feet  are in te rbedded  

sands tone   and   sha le  similar t o  

u n i t  34 . . . . . . . . . . . . . .  1 0 . 0  

Composite.  Sandstone  and  shale: 

Sec t ion   poor ly   exposed .   Sands tones  

are whi te  (N 9 )  , l e n t i c u l a r ,  0.3- 

5 . 0  f t   t h i c k  and  more  numerous 

toward top of u n i t ,   s h a l e s  are 

s i l t y  . . . . . . . . . . . . . . . .  34.1 

Covered. L a t e r a l l y  red s h a l e s .  . .  16.9 

Sandstone:  Cut base w i t h   c l a y  

c l a s t  conglomerate.  Base is 

th ick-   to   th in-bedded ,   mass ive  

I 

195 

Meters 

3.0 

1 0 . 4  

5.1 



Unit 

31 

30 

29 

28 

27 

26 

196 

Thickness  
Feet Meters Descr ip t ion  

t o  low ang le   c ros s - l amina ted ,  

moderately  sorted  medium-grained 

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

F ines   upward ,   g rades   to  u n i t  

above   by   in te rbedding  . . . . . . .  2 2 . 0  

Shale  : Moderate- to- l ight   red 

( 5  R 5/4 t o  5 R 6/6), s i l t y ,  

s t ructureless  . . . . . . . . . . .  9.1 

Sands tone :   Three   beds   as   un i t  

29 sepa ra t ed  by  0.5-1.0 f t  s h a l e  

breaks .  . . . . . . . . . . . . . .  15.9 

Sandstone:  Sharp f l a t   b a s a l  

con tac t .   Th in ly   l amina ted ,  

low a n g l e   c r o s s - l a m i n a t e d ,   f i n e -  

g ra ined ,   c l ayey   a rkose   w i th  

sha le   pa r t ing .   Grades   t o  u n i t  

above . . . . . . . . . . . . . . .  4.8 

Sha le :   C lean ,   l i gh t - r ed  ( 5  R 

6/6), s l i g h t l y   c a l c a r e o u s  . . . . .  8.9 

Covered .   La te ra l ly   sha l e  as 

u n i t  above. . . . . . . . . . . . .  28.8 
Sandstone:   Fine-grained  arkose,  

g rey i sh -p ink   (5  R 8 / 2 ) ,  moder- 

a t e l y   c a l c a r e o u s ,   t a b u l a r   c r o s s -  

s t r a t i f i e d   i n  sets t h a t   a r e  

6.7 

2.8 

4 . 8  

1 . 5  

2.7 

8.9 
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Thickness  
Uni t   Descr ip t ion  Feet Meters 

e i g h t   i n c h e s  t h i c k .  Grades t o  

uni t   above .  . . . . . . . . . . . .  7.5 2.3 

25 Sha le :  As un i t   17 .  . . . . . . . .  1.2 0 . 4  

24  Sands tone :   Sharp   cu t   base ,  

t a b u l a r  and h o r i z o n t a l l y  lami- 

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

m o d e r a t e l y   s o r t e d ,   f i n e -  t o  

medium-grained  greyish-pink 

( 5  R 8/2), a rkose  w i t h  minor 

s h a l e   b r e a k s .  . . . . . . . . . . .  6.3 

23 Sha le  : Dominate ly   l igh t - red ,  

s i l t y  ( 5  R 6/6) f l a g g y   f i n e -  

g ra ined   s ands tones  and silt- 

s t o n e s  common . . . . . . . . . . .  19.1 

22 Sandstone: White (N 9 ) ,  resis- 

t an t ,   c a l ca reous ,   med ium-gra ined ,  

sor ted   a rkose .   Tabular  cross- 

l amina ted   i n  sets 0.3 f t  t h i c k ,  

g r a d e s   t o   u n i t   a b o v e   b y   i n t e r -  

bedding . . . . . . . . . . . . . .  4 .0  1.2 

21  Shale :  As un i t   17 .  . . . . . . . .  5.8 1.8 

* Crossed small f a u l t ,  d i sp lacement  

unknown. 

1.7 

5.8 
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Thickness  
Uni t   Descr ip t ion  Feet Meters 

20 Sands tone :   Poor ly   exposed ,   cu t  

b a s e ,  s t ructureless  , ar kose , 
f i n e s  upward. . . . . . . . . . . .  5 .2  1. 6 

19   Sha le :  As u n i t  1 7 ,  g rades  

l a t e r a l l y   t o   s i l t s t o n e  and 

sands tone  . . . . . . . . . . . . .  5 . 5  

18  Sands tone :  As u n i t  1 6 .  . . . . . .  12.9 

1 7  Shale:   Light-red ( 5  R 6 /6) ,  

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

s l o p e - f o r m e r ,   s t r u c t u r e l e s s  . . . .  4.9 

1 6  Sandstone:  Fines  upward, c u t  

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

Base is whi te  ( N  9 )  , mass ive   t o  

h o r i z o n t a l l y   l a m i n a t e d ,  moder- 

a t e l y   s o r t e d   a r k o s e .  Upper. p a r t  

i s  t h i n l y   l a m i n a t e d   w i t h  rare 

r i p p l e d   z o n e s .   P a r t i n g   l i n k a -  

t i o n s  common. Grades t o  unkt 

above . . . . . . . . . . . . . . .  30.1 

I 

15 Composite.  Sandstone  and  shale : 

Sands tones   a r e   t h in ly   bedded ,  

l i g h t - r e d  (5 R 6 / 6 ) ,  moder- 

a t e l y   s o r t e d  , ca lca reous .  

S h a l e s   a r e  as  u n i t  17. Grades 

t o   u n i t  1 4 .  . . . . . . . . . . . .  20.0 

1.7 

3.9 

1.5 

9.2 

6.1 



Thickness  
Uni t   Descr ip t ion  Feet 

1 4  Sandstone : Modera te ly   t o   poor ly  

sorted,   medium-grained , l i g h t  

p i n k ,  a rkose .  Low a n g l e   c r o s s -  

s t r a t i f i e d ,   g r a d e s   t o   u n i t   1 5  . . .  21.5 

13 Shale :  As u n i t  17: numerous 

t h i n   s a n d s t o n e   i n t e r b e d s  , 
t h i c k e s t  is 2.0 f t ,  s ands tones  

increase i n  number v e r t i c a l l y ,  

g r a d e s   t o  1 4 .  . . . . . . . . . . .  15.9 

1 2  Sandstone: Medium- t o   f i n e -  

gra ined   a rkose .  Grades above 

and  below to   bound ing   un i t s ,  

m i d d l e   p a r t  is medium-bedded 

and h o r i z o n t a l l y   l a m i n a t e d  , 
t o p  and  bottom are s t r u c t u r e -  

less . and  thin-bedded . . . . . . .  15.8 

11 Sha le :  As u n i t  15 wi th  

c a l i c h e   c o n c r e t i o n s   i n  some 

hor i zons  . . . . . . . . . . . . . .  20.2 
1 0  Sandstone:  Cut base w i t h   c l a y  

c l a s t   c o n g l o m e r a t e ,   v e r y   c a l -  

ca reous  , coarse-grained  arkose.  

F ines  upward i n t o  inkerbedded 

sands tones  and s h a l e s .  Base 

is low angle  c r o s s - s t r a t i f i e d  . . .  12.0 

1 9 9  

Meters 

6.5 

1 1 . 4  

4. a 

6.2 

3.7 



Uni t  

9 

8 

7 

6 

* 

5 
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Thickness  
Descr ip t ion   Fee t  Meters 

Sandstone:  Light-red (5 R 6/6)  , 
f ine-gra ined  , p o o r l y   s o r t e d ,  

modera te ly  calcareous , d i r t y ,  

thin-bedded , c r o s s - s t r a t i f i e d  

micaeous arkose.   Fines   upward.  . .  19.0  5.8 

Covered .   La tera l ly   in te rbedded  

sands tone   and   sha le  . . . . . . . .  45.0  13.7 

Sandstone : Modera te ly   sor ted ,  

c a l c a r e o u s ,   f r i a b l e  , f i n e -  

g ra ined  , c r o s s - s t r a t i f i e d  

arkose.   Cut   base,  weak bench- 

former. (10  R 8/2) . . . . . . . .  5.0 1 .5  

Shale:   Poorly  exposed,  vague 

bedding . . . . . . . . . . . . . .  15.4 4.7 

Crossed small fau l   t -d i sp lacement  

unknown. 

Cong lomera te :   S l igh t ly   e ros iona l  

base.  Dip-slope  former,  brown 

( 5  YR 3/4) , with  rounded,  compact, 

o r   e l o n g a t e ,   c l a s t  up  t o  0.5 f t  

diameter .   Vaguely  laminated and 

c r o s s - s t r a t i f i e d .   M o d e r a t e l y  

c a l c a r e o u s ,  c las t s  are   randomly 

o r i e n t e d   q u a r t z ,   c h e r t  , l imes tone  , 
g r a n i t e ,  arkose , s c h i s t  , q u a r t z i t e .  
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Thickness  
Unit   Descr ipt ion  Feet  Meters 

Minor i n t e r b e d d e d   c r o s s - s t r a t i f i e d  

a rkoses .   Uni t  i s  p r o b a b l y   t h e  

base of Givens  measured  sect ion 

f o r  Baca Formation. . . . . . . . .  15.8 4.8 

4 Sandstone : Greyish-yellow ( 5  Y 

8/4)  , f r i a b l e  , modera te ly  cal-  

ca reous ,   mass ive   t o   c rude ly  

c r o s s - s t r a t i f i e d ,  a t  base. Top 

is modera t e ly   so r t ed  , c a l c a r e o u s ,  

indurated.   Tabular  cross- 

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

modera te ly   indura ted   subarkose .  . .  13.9 4.2 

3 Covered.  Grassy f l a t .  May b e  

similar t o   u n i t  2 . . . . . . . . .  15.2 4.6 

2 Sandstone : Yellowish-grey ( 5  Y 

8/1) , medium-grained , modera te ly  

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

a r k o s e .   S h a r p   c u t   b a s e   w i t h   c l a y  

c l a s t  conglomerate .   Both  tabular  

and h o r i z o n t a l   l a m i n a t i o n s   p r e s e n t .  

F ines  upward , under ly ing   sha l e  

are bleached  white .  Upper con- 

t a c t   c o v e r e d .  . . . . . . . . . . .  7.6 2.3 

1 Composite.  Sandstone  and  shale: 

Sands tones  are v e r y   f i n e - g r a i n e d ,  
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Thickness  
Unit   Descr ipt ion Feet Meters 

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

hemat i t e   s t a ined .   Bo t toms   a r e  

e r o s i o n a l ,   i r r e g u l a r  and  have 

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

s h a l e s .  Thin-bedded . Sha les  

are d o m i n a t e   l i t h o l o g y  and are;  

va r i ega ted ,   vague ly   l amina ted  , 
s l i g h t l y  t o  noncalcareous , and 

s a n d y   i n   a r e a s .   C o l o r s   i n c l u d e  

hues of yel low,   red , l a v e n d e r ,  

g r e e n   g r e y ,   o l i v e .  0.1-0.2 f t  

d iameter   hemati te   nodules   and 

l a y e r s  and 1 . 0  f t  d iameter  car- 

bona te   conc re t ions   a r e   abundan t  . . 45.0  13.7 

TOTAL BACA FORMATION 638.9  194.8 

TOTAL MEASURED SECTION 63 8.9  194.8 
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MEASURED  SECTION 11 

Conglomerate of Rock Tank Canyon 

Measured  along a west t o  east  t r e n d i n g   l i n e   s t a r t i n g   i n  

t h e   c r e e k  bed i n   t h e  SE 1 / 4 ,  Nw 1 / 4  Sect ion  34,  T. 3 N., R. 

8 W . ,  on  July  18,   1978  with  Jacob  s taf€  and  Brunton  compass .  

Uni t   Descr ip t ion  

CONGLOMERATE OF ROCK TANK CANYON 

3 Composite.  Conglomerate  and 

s a n d s t o n e :   B a s a l   p a r t  of u n i t  

is pebble   conglomera tes   as  

u n i t  1. Fines  upward t o  

in te rbedded   p inkish-grey  

( 5  YR 8/1) I c r o s s - s t r a t i f i e d ,  

coarse-grained I modera te ly  

t o   p o o r l y   s o r t e d ,   v o i a n i -  

ca ren i t e s .   Modera t e ly  

indura ted   wi th  ca lc i te .  

Interbedded  conglomerates 

a re  in   beds  0 .5-3.0 f t   i n  

diameter  and cross- 

s t r a t i f i e d  : t a b u l a r .  

Clast  are e x c l u s i v e l y  of 

vo lcan ic   o r ig in .   ' I h in  

Thickness 
Feet Meters 



Unit 

2 

3 

Thickness  
Feet 

204 

Meters 

6 . 7  

B s c r  i p t  ion 

ca l iche   zones   and  mud- 

cracked s h a l e   o c c u r  

th roughou t   t he   un i t  . . . . . . . . 225.3 68 .7  

Sandstone : Very  pebbly 

coa r se -g ra ined   vo lca ren i t e .  

Crudely medium- t o   t h i c k -  

bedded. Dominately 

h o r i z o n t a l l y   l a m i n a t e d .  . . . . . . 22.0 

Conglomerate:  Grey (N 6 t o  

N 8)  , abundant,   cut-and- 

f i l l  s t r u c t u r e s ,  wavy- 

l e n t i c u l a r  beds,  well s t r a t i -  

f ied , bo th   t abu la r  and ho r i -  

z o n t a l   l a m i n a t i o n s   p r e s e n t .  

Minor s a n d s t o n e s   t h a t   a r e  

c r o s s - s t r a t i f i e d  and grade 

v e r t i c a l l y  and l a t e r a l l y   t o  

conglomerates .  Medium-bedded . 
Maximum c las t  s i z e   2 . 5  f t ,  

ave rage  is less than  0 . 1  f t ,  

imbr ica ted  , subrounded to  

subangular  , r h y o l i t i c   t o  

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

basal ts .  Trace l imes tone  

and sands tone  as clasts.  

I 



Uni t  
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Th ic  kne ss 
Feet Meters Desc r ip t ion  

P l a t y  t o  compact shape .  

Sharp erosional c o n t a c t  .wi th  

Baca Formation. . . . . . . . . . . 4 7 . 1  - 1 4 . 4  

TOTAL CONGLOMERATE OF 
ROCK TANK CANYON 2 9 4   - 4   8 9 . 8  

TOTAL MEASURED SECTION 2 9 4 . 4   8 9 . 8  
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MEASURED SECTION 1 2  

Mesaverde  Undivided--Tres Hermanos Sandstone 

Jornada  del   Muerto area. Bustos  Well  7-1/2'  quadran- 

g l e r   S e c t i o n  5 ,  T. 3 S., R. 3 E. Measured on September 15, 

1978  wi th   Jacob   s ta f f   and  Abney l e v e l   b y  B. Robinson, D. 

Tabet,  G. Massingill   and S. Hook. 

Thickness 
Unit   Descr ipt ion Feet Meters 

MESAVERDE UNDIVIDED (Par t ia l  S e c t i o n )  

37  Sandstone : Fine-grained 

modera t e ly   so r t ed  I v e r y  

c a l c a r e o u s  , subangular  

q u a r t z   g r a i n s ,   m i n o r  

c h e r t  and  opaques . 
(10 R 8/2 to 10 YR 7/4).  

Medium-bedded with 

p a r a l l e l   p l a n a r  cross- 

l amina t ions .   Basa l  

c o n t a c t   s h a r p  and 

Undulatory.  . . . . . . . . . . . . 19.5  5.9 

TOTAL MESAVERDE 19 .5  5.9 

D CROSS TONGUE 

36 Sha le  : Noncalcareous , f i s s i l e  

(5 Y 6/2) . . . . . . . . . . . . . 15.0 4.6 
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U n i t  Desc r ip t ion  
Thickness  

Feet 

35 Limestone : M i c r i t e   c o n c r e t i o n s ,  

( 5  Y 8/4) c o n t a i n i n g  Lopha 

s a n n i o n i s  . . . . . . . . . . . . .  1 . 0  

34 Shale:   Noncalcareous,  f i s s i le ,  

(N 6 )  . . . . . . . . . . . . . . .  20.5 

33 S a n d s t o n e :   C a l c a r e n i t e ,   s i l t y ,  

t h in ly   l amina ted ,   bu r rowed ,   w i th  

grada t iona l   top   and   bo t tom,  

(5 Y 7/2) . . . . . . . . . . . . .  0.5 

32 S h a l e :   S i l t y ,  f issi le,  

(5  YR 6 / 1 ) .  . . . . . . . . . . . .  15.0 
31 Shale:  Noncalcareous , f i s s i l e ,  

( 5  Y 5/1) . . . . . . . . . . . . .  18 .0  

30 Shale : Fiss i le ,  c o n t a i n s  

numerous  l imestone  concret ions 

e longate   to   bedding   p lane ,  2.0 

f t  by  5.0 f t ,  ( 5  Y 5/1) . . . . . .  47.0 
29 Sha le :   Nonca lca reous ,   f i s s i l e ,  

c o n t a i n s   t h i n   s i l t s t o n e  beds a t  

20.0 f t ,  30.0 f t  and 34.0 f t  

above base o f   u n i t .   S i l t s t o n e s  

are laminated and  calcareous.  . . .  44.9 
28 Limestone: Micrite , (10 YR 7/4). . 0.1 

27 Shale:  As u n i t  29, t h i n  cal-  

I 

c a r e n i t e  beds a t  128.0 f t ,  1 3 0 . 0  

Meters 

0.3 

6.3 

0.1 

4.6 

5.5 

14.3 

13.7 

0 . 1  
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Unit 

26 

25 

18 

1 7  

16 

15  

Desc r ip t ion  
Thickness  

Feet Meters 

f t  and  132.0 f t  above  base of 

u n i t .  . . . . . . . . . . . . . . .  137.0  41.8 

Limestone : Concre t ionary  

micrite nodules  form  almost 

comple te   bed .   Bacul i tes  

yokoyami  and Pr ionocyclus  - sp. . . .  
Shale  : Noncalcareous , fissile, 

(5 Y 5/1), c o n t a i n i n g  s i x  inch  

micrite c o n c r e t i o n s   a t  23.0 f t ,  

26.0 f t  and  32.0 f t  above  base.  

C o n c r e t i o n s   a r e   s i m i l a r   t o  

u n i t   2 6 .  . . . . . . . . . . . . .  
S a n d s t o n e :   S i l t y   c a l c a r e n i t e ,  

f o s s i l i f e r o u s ,  (10 YR 7/2) 

c o n t a i n s :   S c a p h i t e s   f e r r o n e n s i s ,  

Prionocyclus  wyomingensis . . . . .  
Shale:   Noncalcareous,  f iss i le ,  

c l e a n ,   ( 5  Y 6 /1 ) .  . . . . . . . . .  
Sands tone :   Calcareni te  as 33 . . .  
c o n t a i n s :   S c a p h i t i e s   w a r r e n i  

and  Prionocyclus  wyomingensis 

Shale:   Very  poorly  exposed . . . .  - 

0.5 

42.5 

0.2 

9.7 

0.3 

0.1 

13.0 

0.1 

3.0 

0.1 

8.5 - 2.6  

TOTAL D CROSS TONGUE 360.7 110.0 
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Thickness  
uni t   Descr ip t ion   Fee t   Meters  

TRES HERMANOS SANDSTONE 

14 Sandstone:  Coarsening  upward 

sequence.  Very  f ine-grained 

a t   b a s e ,   f i n e - g r a i n e d  a t  t o p .  

Modera te ly   sor ted   subarkose  

( 5  Y 8/1) , 1 0  YR 8/4 ,  7 YR 8 /2 ,  

1 0  YR 7 / 6 ) .  Upper s u r f a c e  

r ipp led   and   b io tu rba ted .  

Massively bedded. . . . . . . . . .  41.0 12.5 

13 Shale  : S i l t y  , f i s s i l e  , 
abundant gypsum c r y s t a l s ,  

( N  5 t o  N 7 ) .  S e p t a r i a n  

c o n c r e t i o n s   c o n t a i n i n g  

f o s s i l s   t h r o u g h o u t   u n i t .  

Grades to   un i t   above .  

Lopha b e l l a p l i c a t a  and 

Ostrea sp.  . . . . . . . . . . . .  35.0 10.7 - 
1 2  Composite.  Sandstone  and 

I 

s h a l e :   s a n d s t o n e s  are f i n e -  

g ra ined  , modera te ly  cal- 

careous , 0.3-1.0 f t t h i c k  

and  comprise 50% of t h e  u n i t .  

Sha le s  are poorly exposed . . . . .  15.0 4.6  

11 Sandstone: Base is t h i c k -  

bedded and  cross-laminated; 
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Thickness  
Uni t   Descr ip t ion  Feet Meters 

t o p  is h o r i z o n t a l l y   l a m i n a t e d .  

Fines  upward  from medium- 

g r a i n e d   t o   f i n e - g r a i n e d .  

Modera te ly   ca lcareous ,  

wood impressions  and  con- 

c r e t i o n a r y   ( l a r g e )  , a l s o  

wood ( p e t r i f i e d ) .  ( 1 0  YR 8 / 2 ) .  . .  7.5 

1 0  Shale  : F i s s i l e  , noncal-  

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

u n i t  9 ,  s h a r p   c o n t a c t   w i t h  

u n i t  10 .  ( N  6 )  . . . . . . . . . .  4.0 

9 Sandstone:  Light-grey ( N  4 )  , 
p o o r l y  sorted,  angular   subarkose .  

Thick-bedded ,   t abular   c ross -  

s t r a t i f i e d  w i t h   s p a r c e   p e t r i f i e d  

wood and dark-brown ( 5  YFz 2/4) 

c a r b o n a t e   c o n c r e t i o n s   t h a t  are 

up t o  4 . 0  f t  th ick   and  20 .0  f t  

l ong   nea r   base .   Sha rp   i r r egu la r  

b a s a l   c o n t a c t  . . . . . . . . . . .  20.0 

0 Sandstone : Very  f ine-grained,  

l o c a l l y   s i l t s t o n e  and  mudstone. . .  5.0 

I Sandstone:   Noncalcareous,   f ine-  

g r a i n e d ,  medium-bedded,  subarkose, 

( 1 0  YR 7 / 4 ) ,  low  angle   p lanar  

2 . 3  

1.2 

6.1 

1.5 



Uni t   Descr ip t ion  

c ross - lamina ted  and mot t led  or 

s t ructureless .  Minor  knobby 

Ophiomorpha  burrows . . . . . . .  
6 Sha le :   S i l t y ,   micaceous ,  

f i s s i le ,  s l i g h t l y   t o  non- 

ca l ca reous .  . . . . . . . . . . .  
5 Sandstone:  Very  f ine-grained, 

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

modera t e ly   b io tu rba ted  , 
(10 YR 7/4) . . . . . . . . . . .  

4 Shale:   Poorly  exposed. . . . . .  
3 Sandstone : S l i g h t l y   c a l c a r e o u s  , 

fine-  to  medium-grained,  moder- 

a t e l y   s o r t e d  , medium-bedded, 

t a b u l a r   c r o s s - s t r a t i f i e d   s u b -  

a rkose ,  (10 YR 7/4)  . . . . . . .  
2 Shale :  Fissile , ( N  6) w i t h  a 

few th in   f i ne -g ra ined   s ands tone  

i n t e r b e d s  . . . . . . . . . . . .  
1 Sandstone:  Medium- to  t h i c k -  

bedded , s t r u c t u r e l e s s  , mottled or  

c ross - lamina ted .   Loca l ly  cuspate 

r i p p l e s ,   m o d e r a t e l y   s o r t e d ,   f i n e -  

t o  medium-grained , subarkose.  

Hor i zon ta l   l amina t ions  a t  base , 

Thickness  
Feet 

. 5.0 

. 5.0 

. 0 .9  

. 12.0 

. 4 . 0  

. 5 . 0  
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Meters 

1.5 

1.5 

0.3 

3 . 7  

1.2 

1.5 



Unit   Descr ipt ion 

t a b u l a r   c r o s s - l a m i n a t i o n s   n e a r  

Minor c l a y   c l a s t   c o n g l o m e r a t e s  

c o n c r e t i o n s   t h r o u g h o u t   u n i t .  

F o s s i l i f e r o u s ;   C o l l i g n o n i c e r a s  

w o o l l a r i   w o o l l g a r i .  . . . . . , 

TOTAL TRES  HERMANOS 

TOTAL MEASURED SECTION 

Thickness  
Feet 

top .  

and 

I . . 79.0 

238.4 

618.6 

212 

Meters 

24.1 

72.7 

188.6 
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