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ABSTRACT 

Morrowan through  lower  Desmoinesian  Series) is exposed  agbng t h e  west 
face  of  the  Sacramento  escarpment,  i n  south-cent ra l  New Mexico. The 
Lower Gobbler  Formation  contains  as much a s  700 feet of  l imestones,  
s ands tones ,   sha l e s ,   s i l t s tones ,  and  conglomerates. T h i s  pa r t   o f   t he  
formation  can  be  subdivided  into  four   t ime-strat igraphic   intervals .  

The lower  Gobbler  Formation  (lower  and  middle  Pennsylvanian; 

The lowest   subdivis ion i s  termed t h e  lower Morrowan i n t e r v a l  
and is  e a r l y   t o   m i d d l e  Morrowan i n  age.   This   interval  i s  composed of 
a basa l   s i l t s tone ,   i n t e rmi t t en t   l imes tones ,   spo rad ic   s ands tones ,  and 
sha le s .   Over ly ing   t h i s   i n t e rva l  i s  the  upper Morrowan i n t e r v a l ,  which 
i s  middle   through  la te  Morrowan in   age .  The upper Morrowan i n t e r v a l  
inc ludes   p r imar i ly   sands tones ,   l imes tones ,   and   sha les .  Two d i s t i n c t  
f a c i e s  are present   wi th in  t h e  over ly ing   Atokan   in te rva l ,  and b o t h   a r e  
te r r igenous  i n  nature .  The nor thern ,   l a rge ly   a renaceous   fac ies  i s  
made up of   sandstones,   in terbedded  shales ,   s i l ts tones,   and some ca r -  
bonate  mudstones. The sou the rn   a rg i l l aceous   f ac i e s   cons i s t s   o f   sha l e s ,  
th in   in te rbedded   and   in te rmi t ten t  medium-bedded limestones.  The upper 
subdivision,  the  lower  Desmoinesian  interval,  encompasses  parts  of 
two d i s t i n c t   f a c i e s .  The no r the rn   t e r r igenous   f ac i e s  i s  composed of 
t h i n   c y c l i c   i n t e r b e d s o f   s h a l e s ,   s i l t s t o n e s ,  and  sandstones,   with a 
few limestones and medium- to  very  thick-bedded  sandstones.  The 
southern   carbonate   fac ies  i s  composed of  grain-supported  l imestones . . 
and  interbedded  shales  and  carbonate  mudstones. 

range  f rom  shal low  marine  (shelf)   to   nonmarine  (del ta ic) .  
The deposi t ional   environments   of  t h e  lower  Gobbler  Formation 

t r ansg res s ion  (Morrowan) t o  the   nor theas t ,   an   ear ly-middle  Pennsylvanian 
The lower  Gobbler Formation  encompasses  an  early Pennsylvanian 

r e g r e s s i o n   ( l a t e  Morrowan through  early  Desmoinesian)  to  the  southwest 
and a middle   Pennsylvanian  t ransgression  (ear ly   Desmoinesian)   again  to  
t he   no r theas t .  These  sea level changes were p robab ly   r e l a t ed   t o   t he  
u p l i f t   o f   t h e   P e d e r n a l  landmass  and  the  subsidence  of t h e  Orogrande 
Basin. 
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INTRODUCTION 

The Sacramento  Mountains,   located  in  south-central  New Mexico, 

c o n s t i t u t e  a sharply  asymmetrical  escarpment a t   t h e   e a s t e r n   e d g e   o f   t h e  

Basin and  Range province  of   the  western  United  States .  The range is 

fau l t -b lock   cont ro l led  and t i l t e d   a b o u t  one degree   t o   t he   ea s t ,   w i th  

a l t i t u d e s   a l o n g   t h e   c r e s t  commonly exceeding 9000 f e e t  above  sea  level.  

The range i s  a r b i t r a r i l y  bounded by t h e  Pecos  River  (east) ,  t h e  Otero 

Mesa (south),   the  Tularosa  Basin  (west) ,   and  the  Sierra  Blanca  igneous 

complex (north) .  

S t r a t ig raph ica l ly ,   t he   r ange   d i sp l ays   abou t  8000 feet (aggre- 

gate   thickness)   of   sedimentary  rocks.  The exposed  rock  of  the  escarp- 

ment ranges i n  age from la te   Precambr ian   to   Cre taceous ,   wi th   Ter t ia ry  

igneous  rocks  intruded  as  s i l ls  and  dikes.  

The Pennsylvanian   s t ra te   inc lude  a complex  assemblage  of 

shales ,   sandstones,   and  l imestones.  The th ickness  of the  Pennsylvanian 

i n   t h e  Sacramento  Mountains  ranges  from less than 2000 f e e t   t o   a p p r o x i -  

mately 3000 feet. L a t e r a l  and ver t ica l   changes ,  many of  which a r e  

cyc l ic ,   occur  commonly. In   general ,   the   Pennsylvanian is thought   to  

be  representat ive  of  a shelf   environment (see Figure  1). 

The lowest 1200-1600 f e e t   o f   S t r a t a  of  Pennsylvanian  age  are 

known as  the  Gobbler  Formation. The in t e rva l   s tud ied   i nc ludes   approx i -  

mately  the  lower  one-third of this   formation,   extending upward  from the 

1 
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Miss i s s ipp ian   con tac t   t o   t he   base   o f   t he  Bug Scuff le   Limestone Member of 

the   format ion .   This   in te rva l   var ies   in   th ickness   f rom  approximate ly  300 

t o  700 f e e t  and  ranges  in  age  from Morrowan through  early  Desmoinesian 

(see P l a t e  I). The deposi t ional   environment   ranges from t e r r e s t r i a l   t o  

marine, Common r o c k   t y p e s   i n   t h i s  segment a r e   s h a l e s ,   s i l t s t o n e s ,   s a n d -  

stones,  conglomerates,  and  limestones,  Gray t o  b l ack   sha l e  makes up 

an   apprec iab le  amount o f   t he   s ec t ion .   S i l t s tone  is found i n   t h e   b a s a l  

par t   of   the   formation  and i n  the   no r the rn   de l t a i c   f ac i e s   o f   t he  Bug 

Scuffle  Limestone Member (Pray,  1954). The sandstone i s  commonly 

cross- laminated  and  local ly   contains   plant   fossi ls .   Thin  conglomerates  

a r e  common sporadica l ly   th roughout   the   sec t ion .  The l imes tones   a re  

a r g i l l a c e o u s ,   s i l t y ,  and commonly a s soc ia t ed   w i th   che r t .  

Pennsylvanian  sediments (Morrowan through  lower  Desmoinesian) 

crop  out   a long  the  escarpment   in  a s l i g h t l y   a r c u a t e - l i n e a r   p a t t e r n  for 

approximately  25 miles. Most e l e v a t i o n s   w i t h i n   t h i s   i n t e r v a l   r a n g e  

from  5000 t o  6480 feet above  sea level. The s t r a t i g r a p h i c   s e c t i o n  

measured  can  be  found i n   p a r t s   o f  Townships 16, 17, 18, and  19  South, 

and  Ranges 10 and 11 Eas t   ( s ee   F igu re  2 and  the  index map on the  Cross  

Sec t ion) .  The  lower p a r t  of the  Gobbler  Formation i s  mostly  covered 

by t a l u s  f rom  the  overlying Bug Scuf f l e  Member. Rare  exposures   are  

found i n   t h e  canyons   d i ssec t ing   the   escarpment   a t   roughly   r igh t   angles .  

L a t e r a l   t r a c i n g  on  the  slopes was r e s t r i c t e d  by talus  and  colluvium. 

The s t u d i e d   u n i t s   a r e  most commonly expressed  topographical ly  as  poorly 

exposed  slopes  between t h e  underlying  Mississ ippian  and  overlying Bug 

S c u f f l e   c l i f f s  or ledges.  Some sandstone  and  l imestone  uni ts   wi thin 

t h e   i n v e s t i g a t e d   i n t e r v a l  form  minor c l i f f s  or ledges. The a t t i t u d e s  

3 
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of   the  lower  Gobbler   uni ts   are   var iable   and  range  f rom N85% - NS.O% s t r i k e  

and 34'SE, 5OoNE, and   25%  d ip ,   wi th   the   l a t te r  reverse d i p  found i n  Grape- 

v i n e  Canyon on the   f l ank   o f  a l o c a l   a n t i c l i n e .  The s e c t i o n s   a r e  free of 

i n t e n s e   f a u l t i n g  or fo ld ing .  

Previous  general   invest igat ions  deal ing  with  the  Pennsylvanian 

sediments   or iginated  with G. H. G i r ty ' s   gene ra l   obse rva t ions  on t h i s  

pa r t   o f   t he   s ec t ion   ea s t   o f  Alamorgordo,  published i n  1908. N. H. Darton 

(1922) different ia ted  and  termed  the  Pennsylvanian  in   the  Sacramento 

Mountains  the  Magdalena  Formation. M. L. Thompson (1942)  included  the 

Sacramento   a rea   in   h i s   c lass i f ica t ion   of   the   Pennsylvanian   Sys tem  of  

New Mexico,  based on fusu l in id   zones .  

Regional   s tud ies   dea l ing   wi th  some aspects   of   the   Pennsylvanian-  

Permian  of sou th -cen t r a l  New Mexico  have  been made by Frank E. Kott lowski  

(1960), Richard F. Mayer (1966),  and  James L. Wilson (1970). The region-  

a l  geology  and  stratigraphy  of  the  Sacramento  Mountains  has  been  described 

by  Lloyd C. Pray  (1961).  This work has   provided  an  important   basis   for  a 

w ide   va r i e ty   o f   fu r the r   i nves t iga t ions  by Pray and others .   These  s tudies  

have  concentrated  most  heavily  on  the  Mississippian  bioherms  and  also on 

the   s t ra t igraphy  and   depos i t iona l   envi ronments   o f   the   l a te   Pennsylvanian  

(Virgil ian)  and  the  lower  Permian. L i t t l e  a d d i t i o n a l  work has  been  done 

on t h e   s t r a t i g r a p h y  of t h e  lower p a r t  of the  Pennsylvanian  System  except 

fo r  a few Mississ ippian  s tudies   which  have  overlapped  into  the  lower 

Gobbler  Formation (see p. 9 and 10) 

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

The genera l   purpose   o f   th i s   s tudy  was t o  set  up a l i t h o   s t r a t i -  

graphic   and  possibly a b i o s t r a t i g r a p h i c  framework .for lower  Pennsylvanian 
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s t r a t a  i n  the  Sacramento  Mountains.  Recognition  of  correlations, facies 

changes,   deposi t ional   environments ,   re la t ive  ages   and  unconformit ies  

within  the  formation were pursued. 

Methods  of  Investigation 

F i e l d  work was la rge ly   comple ted   in  a 2% month p e r i o d   i n   t h e  

summer of 1974. Pre l iminary   reconnaissance   and   la te r   f ie ld   checking  

o f   t he   t hes i s   a r ea   necess i t a t ed   an   add i t iona l  % month.of   f ie ld  work. 

A t o t a l  o f   e i g h t   d e t a i l e d   s t r a t i g r a p h i c   s e c t i o n s  were measured 

a long   the  face of  the  Sacramento  escarpment. m o  p a r t i a l   s e c t i o n s  were 

a l s o  measured.   Li thologic   samples   and  fossi l   col lect ions were made 

from  each  measured  section. The Mississippian-Pennsylvanian  boundary 

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

t ions ,   where   p rac t ica l ,   except  i n  the  Nigger Ed Canyon a r e a  and Dead- 

man Canyon area.  

From t h e  255 l i tho logic   samples   co l lec ted ,  70 t h i n   s e c t i o n s  

and 233 pol i shed   s labs  were prepared.  Binocular  and  petrographic  micro- 

scope  s tudies  were made on these  samples.  The desc r ip t ion   o f  t h e  l i t h o -  

logic  samples  can  be  ' found  in  the  Appendix.  
. .  

Megafossils  were col lected  where  observed  in   the  process  of 

measu r ing   t he   s t r a t ig raph ic   s ec t ions .   Iden t i f i ca t ion  of  these   spec i -  

mens was made by P. K. Sutherland.  Detailed  conodont  samplings were 

made from  l imestones  throughout  the Deadman Canyon sec t ion ,   and   i so-  

lated  samples weqe taken  from  three  other  sequences.  These  conodont 

samples were prepared  and  described  by H. R. Lane. Fusul in ids  were 

c o l l e c t e d  when obse rved   i n   t he   f i e ld  and l a t e r ,   c u t   l i t h o l o g i c   s a m p l e s  

produced a few add i t iona l   fu su l in ids .   Fusu l in ids  were found i n  s i x  

6 



d i f f e r e n t   s t r a t i g r a p h i c   s e c t i o n s .  The fusul inid  samples  were prepared 

and i d e n t i f i e d   b y  G .  A .  Sanderson.  Faunal  l istings  can  be  found i n  

the   Appendix .   D iagnos t i c   fo s s i l s   are   l i s t ed   in   Table  1 (page 8).  

S p e c i f i c   f i e l d   t e c h n i q u e s  and parameters  are  described i n  

the in troduct ion   to   the  measured sect ions   ( see   Appendix) .  



TABLE I 

BIOSTRATIGRAPHIC EVIDENCE FOR ZONATION OF L M R  GOBBLER  INERVALS 

SECTIOX 
I d i a n  Meus Alamo Mule Muleshoe Deadman Escordido Nigger Ed 

INTERVAL 
Canyon  Canyon  Canyon  Canyon 

&LFusulinids 7O-Brachiopods &-Fusulinids 70-Fusulinids  32-Fusulinids  3l-Brachiouods  21-Fusulini& 
&-Brachiopod: 

Lower 39-Fusulinids 

esmoinesian 

I &2-Brachiopcds 684rachiopcdr 

Il-Brachiopods I Corals 

3l-COncdO~1tS 

Brachiopods 

294onodonts 

274onodonts 

Fusulinids 

194onodonts 

Grapevine 
Canyon 

Corals 

39-Fusulinids 

14-Brachiopods Conodonts: H.R. LRNE 00 

Fusulinids: G.A. SANDERSON 

Morrowan 



STRATIGRAPHY 

Previous   Inves t iga t ions   o f   the  Lower Gobbler  Formation 

A smal l  number of   publ ica t ions   have   dea l t   wi th   inves t iga t ions  

of  the  Gobbler  Formation. However, i n  most of these s t u d i e s ,   t h i s  

format ion   has   been   ana lyzed   on ly   in   par t ia l   de ta i l .  L. C.  Pray  (1952, 

1959, 1961) has  published several e x c e l l e n t   s t u d i e s   d e s c r i b i n g   t h e  

general   geology of the  Sacramento  Mountains,  including a general   de-  

scr ipt ion  of   the  Gobbler   Formation.  He des igna ted   t he   t ype   s ec t ion  

for   the   Gobbler   Format ion   in  Mule  Canyon. Pray  (1952)  observed  that: 

The relief of   the  pre-Pennsylvanian  erosion  surface 

decreases   toward  the  south  and  the amount  and  coarse- 

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

the  Gobbler  Formation  decreases  correspondingly.  

The lower part  of  the  Gobbler  Formation  (200-500 

feet), below the   c l i f f - forming  Bug Scuff le   Limestone 

Member, w e a t h e r s   t o  a less s t eep   s lope .  

The most common r o c k  types i n   t h i s   i n t e r v a l   a r e   q u a r t z  

sandstones  (probably  nonmarine),   dark  l imestones,   and 

b l ack   t o   g ray   sha l e s .  

R. Lane (1974) ,  i n   h i s  work on Mississippian  conodonts 

* of   southeas te rn  New Mexico,  confirmed t h a t   t h e   h i a t u s   o f   t h e   b a s a l  
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unconformity  increases   in   magni tude  to   the  north i n  the Sacramentos. 

Lane set up a conodont  zonation for t h e   a r e a   t h a t   t a k e s  i n  the  lower- 

most p a r t  of the  Gobbler  Formation  and  concluded  that t h e  b a s a l   p a r t  

of t h i s   fo rma t ion  i s  e a r l i e s t  Morrowan. 

W. J. Meyers'  (1974) work on the  Lake Valley  Formation 

(Mississippian),  Sacramento  Mountains,  discussed  the  lowermost  over- 

lying  Pennsylvanian  uni ts  i n  the   nor thern   par t   o f   the   s tudy   a rea .  He 

made a petrographic   s tudy  of   these  basal   uni ts .  

G. B. Asquith  (1974)  described  the  petrography  and  petro- 

genes is  of several   of   the   Tert iary  igneous  dikes   and sills t h a t   a r e  

found i n  t h e  lower  Gobbler  Formation. 

D. A. Yurewitz 's   thesis   project   (1973  Universi ty   of  Wiscon- 

s i n   a t  Madison) on the  Rancheria  Formation  included a d i scuss ion  on 

the  unconformable  contact  between  the  Mississippian  Rancheria  and 

the  Gobbler  Formation. J. Van Wagoner is in the   p rocess  of working 

on t h e   d e l t a i c   p o r t i o n   o f   t h e  Bug Scuff le   Limestone Member i n   t h e  

n o r t h e r n p a r t  of the t h e s i s  area as a d i s s e r t a t i o n   p r o j e c t   a t   R i c e  

Universi ty .  His a n a l y s i s  will c a r r y  down i n t o   t h e  lower p a r t  of t h e  

Gobbler  Formation. 

Methods  of D i f f e r e n t i a t i n g   I n t e r v a l s  

The  lower  Gobbler  Formation  was  subdivided  into  four  inter- 

va l s   u s ing   p r imar i ly   b ios t r a t ig raph ic  and s e c o n d a r i l y   l i t h o s t r a t i -  

g r a p h i c   c r i t e r i a .  It was no t   poss ib l e   t o   subd iv ide   t hese   i n t e rva l s  

i n t o   r e l i a b l e   r e g i o n a l   l i t h o l o g i c  members because  of   rapid  facies  

changes   (ve r t i ca l  and l a t e ra l )   and   t he   l ack  of c o n t i n u o u s   l a t e r a l  

exposures. 
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A r e l i a b l e   r e g i o n a l  datum could  not   be  discerned by e i t h e r  

b ios t r a t ig raph ic '  or l i t h o s t r a t i g r a p h i c  means. Ind iv idua l   un i t s   cou ld  

not   be  walked  out   la teral ly   and  could  not   be   t raced  using  aer ia l   photo-  

graphs. Some marker beds   a re   p resent   bu t   these   a re   geographica l ly  

r e s t r i c t e d .  The Mississippian-Pennsylvanian  boundary was n o t   u t i l i z e d  

as a datum,  due t o   t h e   e r r a t i c   c h a r a c t e r  of t h i s   e r o s i o n a l   s u r f a c e .  

The Bug Scuff le   Limestone Member i s  p r e s e n t   i n   t h e  s i x  southern   sec t ions ,  

bu t  was not  chosen  for a datum, s ince   the   base   o f   th i s  member rises 

s t r a t i g r a p h i c a l l y   i n  t h e  format ion   to   the   nor th .  It is  be l i eved   t ha t  

t h e  use   o f   e i ther  one  of  the  aforementioned  possible  datums  would 

d i s t o r t  or b i a s  t h e  i n t e r p r e t a t i o n ,  

A combination  of  generalized tiine-bounded in te rva ls  from  key 

sec t ions ,   co r re spond ing   l i t ho log ic   co r re l a t ions ,   and   s ca t t e r ed   f auna l  

evidence was used t o  form  the intervals .  

The b ios t r a t ig raph ic   co r re l a t ions   a r e   based  on conodont  zona- 

t i o n  in t h e  Deadman Canyon sec t ion ,   fu su l in id   zona t ion  i n  the  Muleshoe 

Canyon sec t ion ,  and scat tered  conodont ,   fusul inid,   brachipod,   and  coral  

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

Table I, page 8 ) .  Conodonts  occur i n  abundance i n  t h e  middle  and 

upper pa r t s   o f   t he  Deadman Canyon section.  Fusulinds  occur  most com- 

monly i n  t he   uppe r   pa r t s   o f   t he   s t r a t ig raph ic   i n t e rva l   s tud ied .  It 

was n o t   f e a s i b l e   t o  sample more sections  for  complete  conodont or 

fusul inid  sequences.   Brachiopods,   corals ,   and  other   megafossi ls  

were c o l l e c t e d  where p o s s i b l e   a t   s c a t t e r e d   l o c a l i t i e s   t h r o u g h o u t  

the  sect ion.   Megafossi ls   do  not   occur  commonly enough t o  form a 

framework f o r  t h e  recogni t ion   o f   reg iona l   faunal   zones ,  
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The l i t h o s t r a t i g r a p h i c   c o r r e l a t i o n s   a r e   b a s e d  on the  recogni-  

t i on   o f  marker   beds ,   re la t ive   th icknesses ,   charac te r i s t ic   fea tures   o f  

u n i t s ,   l a t e r a l   c o r r e l a t i o n s ,   p o s i t i o n   i n   l i t h o l o g i c   s e q u e n c e   a n d  simi- 

l a r   l i t h o l o g i e s .  

These intervals   do  not   imply  complete   coincidence  with  the 

system or series subdiv is ion  on a r e g i o n a l   s c a l e ,   b u t   a r e   a n   a t t e m p t   t o  

d i sp lay   the   da ta   and   conclus ions  on a l o c a l   s c a l e .  

"- Pre-Pennsylvanian  Erosion  Surface 

The Mississippian-Pennsylvanian  contact  has  been  described by 

Pray (1952) and   o the r s ,   a s  a well-marked  unconformity  throughout  the 

Sacramento  Mountains. He no ted   the   f ie ld   exposure   o f   the   contac t  itself 

was expres sed   a s  a major   disconformity  with  local  relief a s  much a s  100 

feet (channel   cuts) .  

The M i s s i s s i p p i a n   s t r a t a  below the   basa l   unconformi ty   a re   p laced  

i n  t h ree   fo rma t ions   w i th in   t he   t hes i s   a r ea .  As i n t e r p r e t e d  by  Lane (1974), 

these  formations  in  the  Sacramento  Mountains  have a wedge-on-wedge r e l a -  

t i o n .  The upper   const i tuents   of   the   northern wedge,  termed Caballero- 

Lake  Val ley,   include  the  Tierra   Blanca  through Dona  Ana members (of   the 

Lake Val ley   Format ion)   in   the   inves t iga ted   a rea .  The Tierra   Blanca mem- 

be r ,  Osage in   age ,  i s  found a t   t h e   n o r t h e r n m o s t   s t r a t i g r a p h i c   s e c t i o n  

(see u n i t  6-1, Appendix). The Dona  Ana member, l a s t  Osage - e a r l y  

Meramec i n  age,  is found a t   t h e  Alamo Canyon s e c t i o n   ( s e e   u n i t  3-1, 

Appendix).  These two l imes tones   a r e   s imi l a r   i n   phys i ca l   appea rance  

and only wi th   de t a i l ed   f auna l   ev idence   can   t hey   be   d i f f e ren t i a t ed   fo r  

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

t h e   t h e s i s   a r e a ,  t h e  southern   Miss i ss ippian  wedge,  termed the  Las 
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Cruces-Rancheria-Helms  wedge, is rep resen ted . .  Only the  Rancheria  and 

Helms Formations  are   present  i n  t he   s tud ied   a r ea .  The Rancheria  ranges 

from Meramec through  middle- la te  Chester i n   a g e .  I n  t h r e e  of t h e   s t r a t i -  

graphic   sect ions  measured,   th is   formation is found  immediately  underlying 

the   Pennsy lvan ian   s t r a t a   ( s ee   un i t s  1-16, 4-7, 2-L,  Appendix). The Helms 

Formation is l a t e   Ches t e r   i n   age   and  i s  present  i n  t h e  two southernmost 

s t r a t i g r a p h i c   s e c t i o n s  (see 8-1, 5-1, Appendix). The Rancheria common- 

ly   can   be   d i f fe ren t ia ted   f rom t h e  Helms and  the Lake Valley  Formation 

members i n  t h e   f i e l d  by i t s  topographic   expression.  The upper  Rancheria 

forms a s teep   s lope   wi th   minor ,  medium-bedded, l imestone  ledges.  The 

Helms is commonly exposed a s  a slope  of  thin-bedded  limestone w i t h  inter- 

bedded s h a l e s   a n d   s i l t s t o n e s .  The Lake Val ley members are   exposed  as  

s t e e p   l e d g e s   a n d   c l i f f s  and are  very  thick-bedded. The  upper  southern 

wedge const i tuents   can  be  readi ly   segregated  f rom t h e  upper  north wedge 

u n i t s  by l i t ho log ie s   ( s ee   r e spec t ive   a fo remen t ioned   un i t s  i n  Appendix). 

This   s tudy  supports   the  disconformable  nature   of   the   contact  

between  the  Mississ ippian  and  Pennsylvanian  s t ra ta .   This   contact  is ,  

however, d i f f i c u l t   t o   d e t e c t   i n  many areas  because  of extens.ive cover 

and  the  lack  of   discordance;   but   usual ly ,  i ts approximate  posi t ion  can 

be  del imited.  The ac tua l   contac t   sur face   has   been   observed   in   on ly  a 

few l o c a l i t i e s .  These are  s e c t i o n s  4 (Muleshoe  Canyon), 8 (Nigger  Ed), 

and 5 (Grapevine Canyon). Loca l ly   t h i s   unconfo rmi ty   va r i e s   i n   e ros ion -  

a l  relief,  h ia ta l   gap ,   and   l i tho logic   change   be tween  ad jacent   s t ra ta .  

The relief between the Pennsylvanian  and  Mississippian  ranges 

f r o m   n e g l i g i b l e   t o   a s  much a s   p l u s  60 feet where channel l ing  has   taken 

place.  Commonly the   con tac t   su r f ace   undu la t e s   w i th in  limits of 0.5 
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feet of relief or less. A channel   observed   in   the   wes te rn   par t   o f  Alamo 

Canyon c u t s  down 60 feet i n t o   M i s s i s s i p p i a n   s t r a t a  (see P l a t e  111, Number 

4). Pray  (1959)  reported  100 feet of relief,  shown by a channel   cut ,  

i n   t h e  same area .  

The h i a t a l  gap  between  the  Mississippian  and  Pennsylvanian 

inc reases  from t h e   s o u t h   t o   t h e   n o r t h .  I n  t h e  most   southern  sect ion 

studied  (Grapevine Canyon),  Lane  determined t h a t   a t   l e a s t   t h e  Adetqg- 

nathus  unicornisand  Rhachis tognathus  muricatus   and  possibly the  Klado_g- 

nathus - Cavusgnathus  naviculus  conodont  zones a r e  missing.  This is 

e s s e n t i a l l y   t h e   l a t e   C h e s t e r  series, wi th   poss ib ly  some l a t e   t o   m i d d l e -  

late  Chester  missing  (Lane,  1974).  Overlying  Pennsylvanian  beds  are 

e a r l i e s t  Morrowan, contakning  the  Rhachistognathus  primus  conodont 

zone. 

I n   t h e  most nor thern   sec t ion   s tud ied   ( Indian  Wells), Meyers 

(1974)   confirms  Pray 's   conclusion  that   the   Pennsylvanian  overl ies   the 

Tierra  Blanca member of   the  Lake Valley  Formation.  With  Sutherland's 

a n a l y s i s  of Mo'rrowan brachiopods   in   the   lower   Pennsylvanian   (a t   l eas t  

,100 feet of Morrowan presen t )   a t   t h i s   l oca l i t y ,   and   Lane ' s   conodon t  

age  assignment of a t   l e a s t   p o s t   l a t e  Osage - e a r l y  Meramec missing a t  

h i s  Alamo Canyon s e c t i o n ,   t h e   h i a t a l  gap i n   t h e   n o r t h e r n   p a r t  of t h e  

Sacramento  Mountains  could  be immense. A t  Alamo Canyon, Lane  found 

a f auna l   un i t   co r re spond ing   t o   t he  combined  Gnathodus  texanus - 
Taphrognathus  varians - Apatognathus  zones  of  Collinson et  a 1  (Lane, 

1974). And by Lane ' s   reassessment   o f   h i s   co l lec t ions ,   an   age   o f  

l a t e  Osage - e a r l y  Meramec was assigned  (Lane,  1974).   Lane's  earli-  

est Morrowan conodont  zone was a l s o  found i n  Alamo Canyon over ly ing  
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Miss i s s ipp ian   s t r a t a .   Wi th   an   appa ren t   i nc reas ing  time gap  northward 

( the   Ind ian  Wells sect ion  being  approximately 4.5 miles nor th   o f   the  

Alamo Canyon sect ion  of   Lane) ,   the   probable  time gap  ranges  from a t  

l e a s t   l a t e  Osage t o   e a r l y  Morrowan i n  the  northernmost  section. 

In   the   nor th ,   basa l   Pennsylvanian   s i l t s tones   over l ie   mass ive  

t o  thick-bedded  l imestones.   In   the  south,   the   basal   Pennsylvanian 

c o n s i s t s  commonly of s i l t y   s h a l e   w i t h  a th in   basa l   conglomera te   loca l -  

l y   p re sen t ,   ove r ly ing   Miss i s s ipp ian   i n t e rbedded   l imes tone   and   sha l e .  

Lower Morrowan I n t e r v a l  

Def in i t ion .  The Lower Morrowan i n t e r v a l  i s  approximately 55 

t o  95 feet  th i ck  and i s  bounded  below  by the  Mississippian-Pennsylvanian 

unconformity. The  upper  boundary is  a r b i t r a r i l y   p l a c e d   a t   t h e   s h a r p  

c o n t a c t   ( s e e n   i n   s e c t i o n s  6 ,  1, 4 ,   7 )  between a d i s t i n c t i v e   l i m e s t o n e  

(packstone,   wi th  a 4-6 inch  median  black  chert   band)  and  an  overlying 

sands tone   (or thoquar tz i te ) ,  or  t h e   v a r i a b l e   c o v e r e d   i n t e r v a l   ( u p   t o  6 

feet)  between  these  uni ts  (see Cross   Sect ion or Figure  3)  

Bios t ra t igraphy.  The lower Morrowan i n t e r v a i  is approximate- 

l y   e a r l y   t o   m i d d l e  Morrowan in   age ,   based  on local  conodont  information. 

Lane, in   an  analysis   of   conodonts   f rom  the Deadman Canyon sec t ion ,   has  

recognized two establ ished  zones.  The lowest  occurrence  of  conodonts 

i s  e a r l i e s t  Morrowan in   age.   This   corresponds  with  the  Rhachis tognathus 

primus Zone of  Lane  and  Straka (1974) .  This  fauna was a l s o  found i n   t h e  

lowes t   Pennsylvanian   in   the  Deadman Canyon Branch  of Alamo Canyon, Dog 

Canyon,  and Grapevine Canyon by  Lane (1974) .  This  zone i s  p r e s e n t   i n  

a t   l e a s t   t h e  lower 30 feet  o f   t he   i n t e rva l  and  could  range  higher 



s t r a t i g r a p h i c a l l y .  The uppermost  sample  of  conodonts  collected  from 

t h i s   i n t e r v a l   c o r r e s p o n d s   t o   t h e  Neognathodus bassheri   symmetricus 

Zone of  Lane  and  Straka (1974). In northwestern  Arkansas   this   zone 

is mos t ly   ea r ly  Morrowan i n  age   bu t   ex tends   in to   the   middle  Morrowan. 
l 

Foramin i f e ra ,   l a rge ly   o f   t he   Eos t a f f e l l a   and   Mi l l e re l l a  

types,  were common i n  some of  the  lower  limestones,  but were not  

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

Brachiopods,   corals,   and  other  fauna were found  sparingly,  

bu t   cou ld   no t   be   u t i l i zed  f o r  c o r r e l a t i o n  or age  approximations. 

L i thos t ra t igraphy.  The lower Morrowan i n t e r v a l  i s  charac-  

t e r i z e d  by a basa l   s i l t s tone ,   i n t e rmi t t en t   l imes tone ,   and   spo rad ic  

sandstone. The s i l t s t o n e s   a r e   c o n f i n e d   l a r g e l y   t o   t h e  lower  one-fourth 

o f   t h e   i n t e r v a l .  They a r e   t y p i c a l l y   p a l e   o l i v e   i n   c o l o r ,   r h y m i t i c a l l y  

bedded  and  bioturbated. 

Limestones  occur   intermit tent ly  i n  t h i s   i n t e r v a l   t h r o u g h o u t  

the  length  of   the  escarpment ,   but  are much more  numerous i n  the   south-  

e rn   s ec t ions .  Most common are  packstones  and  wackestones,  with  minor 

occurrences  of  carbonate  mudstones  and  grainstones.  These  limestones 

(which are commonly p a r t i a l l y   r e c r y s t a l l i z e d   a n d   s i l i c i f i e d )   c o n t a i n   a n  

apprec iab le  amount o f   che r t   i n   t he   fo rm of nodules ,   s t r ingers ,   and  

bands. 

The sandstones are g e n e r a l l y   l a t e r a l l y   e x t e n s i v e ,   a n d   t h i n  

t o   t h e   s o u t h .  Most are   cross-bedded  ( tabular   and  t rough)   or thoquartz-  

i tes,  having  plant  fragments,  a basal  conglomeratic  zone,  and  channel- 

l i n g   r e l a t i o n s h i p s   i n t o   u n d e r l y i n g   l a y e r s  (see P l a t e  111, Number 3 ) .  

The lower Morrowan in te rva l   has   modera te   to   smal l  amounts of 

black-gray, f issi le sha le ,   wh ich   t h ins   t o   t he   sou th .  
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Unique u n i t s  of t h i s  lower i n t e r v a l   i n c l u d e  a thin  bedded, 

arenaceous,  limestone  pebble  conglomerate (see 2-15) ;   an   oo l i t i c   g ra in-  

s tone  (see 4-14 and  P la te  11, Number 3) ;  and a subarkosic   sandstone 

wi th   an   opa l ine   mat r ix  (see 4-17). 

- 

Corre la t ions .  The b a s a l   s i l t s t o n e   c a n   b e   c o r r e l a t e d   i n   a l l  

the  sections  where  exposed. A thin-medium  bedded,  limestone  pebble, 

arenaceous  conglomerate  and  orthoquartzit ic  sandstone  sequence  occur-,  

r i ng   i n   t he   midd le   o f   t he   i n t e rva l   can   be   r ecogn ized   i n   s ec t ions   i n   t he  

middle  and  northern  parts of the  escarpment. A breccia-conglomerate,  

with  cher t   and  l imestone  pebbles ,   occurs   in   the  southernmost   sect ion 

and  occurs   in   the same s t r a t i g r a p h i c   p o s i t i o n s   a s   t h e   a f o r e m e n t i o n e d  

sequence. 

The  upper  boundary of the  lower Morrowan i n t e r v a l   c a n   r e a d i l y  

be  followed  along  the  length of the  Sacramentos by a packstone  uni t  

w i th  a d i s t i n c t i v e  median 4 t o   6 - inch   b l ack   che r t  band.   This   uni t  

ranges   in   th ickness   f rom 4 t o   1 2 - f e e t ,   i n c r e a s i n g   t o   t h e   s o u t h .  To 

t h e   n o r t h   t h i s   l i m e s t o n e  i s  channe l l ed   l oca l ly  by an  overlying  sandstone 

u n i t  (see P l a t e  11, Number 5). 

Gene ra l ly ,   pos i t i on   i n   s equence ,   r e l a t ive   t h i cknesses ,   s imi l a r  

l i t h o l o g i e s ,  key  marker  beds,  and  the  Rhachistognathus  primus  conodont 

occurrences were used i n   c o r r e l a t i n g   w i t h i n   t h i s  lower Morrowan i n t e r v a l  

(see Figures  3 ,  4 ,  and  Cross  Section). 

Upper Morrowan I n t e r v a l  

Def in i t ion .  The  upper Morrowan i n t e r v a l  is approximately 55 

t o  150 feet th i ck .   Th i s   i n t e rva l  is bounded by t h e   s h a r p   b a s a l   c o n t a c t  

of a n   o r t h o q u a r t z i t e   ( p r e s e n t   i n   f i v e   s e c t i o n s )  or by a var iab le   covered  
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i n t e r v a l   ( u p   t o  6 feet) a t   t h e   t o p  of t h e   d i s t i n c t i v e   p a c k s t o n e   u n i t   t h a t  

makes the  upper  boundary  for t h e  lower Morrowan interval.   Brachiopod- 

conodont   age  determinat ions  of   la tes t  Morrowan t o   e a r l i e s t  Atokan  (from 

Deadman Canyon) make p o s s i b l e   t h e   a r b i t r a r y   s e l e c t i o n  of an  upper  bound- 

ary  of  the  upper Morrowan i n t e r v a l  a t  the  contact   between a ledge-form- 

ing  packstone  to  wackestone  (below)  and  an  overlying  shale  sequence  with 

thin  interbeds  of   l imestone.  These l i tho logic   un i t s   can   be   recognized  

i n  one s e c t i o n  (8) t o  t h e  south.  However, t o   t he   no r th ,   t he   ove r ly ing  

s h a l e s  change f ac i e s   i n to   s ands tones .  The base of t h i s   s ands tone   f ac i e s  

is chosen  for  the  upper  boundary i n  t h e  nor thern   sec t ions   because   l a te  

Morrowan brachiopods  are  present  immediately below. Usua l ly   t h i s   f ac i e s  

i s  marked  by thin  basal   conglomerates   and  appears   to   channel   the  under-  

lying  beds (see Figures  3 and 4 ) .  

Bios t ra t igraphy.  The upper Morrowan i n t e r v a l  is middle  through 

l a t e  Morrowan i n  age.  Conodonts were obta ined   f rom  th i s   par t   o f   the  

Pennsylvanian   sec t ion ,   and   the   cor re la t ion   wi th  two e s t a b l i s h e d  conodont 

zones was made by Lane. Lower u n i t s   w i t h i n   t h i s   i n t e r v a l  were ba r ren  of ' 

conodonts a t   t h e  conodont  reference  section (Deadman Canyon).  Conodonts 

were recovered  from  an  isolated  sample a t  t h e  Mule Canyon sec t ion ,   ap-  

proximately  in   the  middle  of t h e  upper Morrowan interval.   These  fauna 

probably   cor respond  to   the   Id iognathus   s inuos is  Zone of Lane and  Straka 

(1974). This   could  dictate   an  ear ly-middle  Morrowan age.  Conodonts 

col lected  approximately  three-fourths   the  dis tance  above t h e  base of 

t h i s  i n t e r v a l  a't Deadman Canyon (2-41) were assigned a general   age of 

l a t e   t o   v e r y  l a t e  Morrowan. Near the   top  of  t h e  upper Morrowan i n t e r v a l  

i n  Deadman Canyon, conodonts  corresponding  to  the  Idiognathoides n. sp.  
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Zone of Lane  and  Straka (1974) were recovered. Lane previously  regarded 

t h i s  zone a s   b e i n g   e a r l i e s t  Atokan i n  age,   but  now s t a t e s   t h a t   I d i o g n a -  

thoides   fossatus   (Branson and  Mehl) ranges down into  the  uppermost  Morrow- 

an. The l a t t e r   i n t e r p r e t a t i o n  is a c c e p t e d   i n   t h i s   t h e s i s .  

Brachiopods were c o l l e c t e d  from s c a t t e r e d   l o c a l i t i e s ,   w i t h i n  

t h i s  upper Morrowan in te rva l ,  i n  t h e  f ive   no r the rn   s ec t ions .  From Dead- 

man Canyon, un i t . 2 -1   (uppe r   pa r t   o f   t h i s   i n t e rva l ) ,   Su the r l and   i den t i f i ed  

brachiopods  with a l a t e  Morrowan age .   In  Muleshoe  Canyon,,brachiopods 

from  near  the  top of t h e   i n t e r v a l  were ass igned  a d e f i n i t e  Morrowan age. 

Brachiopods,   from  the  isolated  conodont-sampled  unit   in Mule Canyon,  con- 

firmed  the  conodont  age  assignment. Two separa te   b rachiopod  co l lec t ions  

from Alamo Canyon, from  approximately  one-third  the  distance  above t h e  

base of t h i s   i n t e r v a l ,  were des igna ted   a s   p robab le   l a t e  Morrowan in age 

by Suther land.  From t h e   I n d i a n  Wells sec t ion ,   b rach iopods   co l l ec t ed  

from  the  middle   par t   of   the   upper  Morrowan in t e rva l ,   cou ld   be   i den t i f i ed  

only   as   be ing  of Morrowan age. 

Fo ramin i f e ra   o f   t he   t ex tu l a r id ,   Eos t a f f e l l a   and  Millerella types 

were common i n  most  of t h e  l i m e s t o n e s   w i t h i n   t h i s   i n t e r v a l ,   b u t  were not  

a n a l y z e d   i n   d e t a i l .  

L i thos t r a t ig raphy .  The upper Morrowan i n t e r v a l   c o n s i s t s   l a r g e -  

l y  of wackestones to   g ra ins tones ,   subgraywackes   to   o r thoquar tz i tes ,  and 

minor  amounts  of  shales. The l i m e s t o n e s   a r e   t y p i c a l l y   p a r t i a l l y   s i l i c i -  

f i e d  or r e c r y s t a l l i z e d ,  have  appreciable  amounts  of  chert   segregations,  

and are dominant i n  the   southern   sec t ions .  

The sandstones  within  the  upper  Morrowan i n t e r v a l   a r e  la.rge1y 

r e s t r i c t e d   t o   t h e   n o r t h e r n   p a r t   o f  t h e  t h e s i s   a r e a ,   e s p e c i a l l y  i n  s t r a t i -  
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graph ica l ly   h ighe r   po r t ions .   Sands tones   i n   t he   no r theas t e rn   pa r t  of the 

s tudied   a rea   range  from  subgraywackes to   p ro toqua r t z i t e s   t o   o r thoqua r t z -  

ites. The n o n o r t h o q u a r t z i t e s   a r e   g e n e r a l l y   v e r y   f i n e   t o  medium-grained, 

thin-bedded,   have  f inely  divided  plant   mater ia l ,  mica or  g lauconi te  

g r a i n s ,  and sha le  or s i l t  pa r t ings .  The lower  and  southern  areni te  oc- 

cur rences   a r e   o r thoqua r t z i t e s .  These typ ica l ly   con ta in   p l an t   f r agmen t s ,  

coarse  angular  grains,   tabular  crossbedding,  have a t h i n   b a s a l  conglom- 

e r a t i c  zone,   and  sometimes  display  local   channel l ing  (see  Plate  111, '.' 

Numbers 5 and 6). 

The s h a l e s  of t h i s   i n t e r v a l  a r e  commonly b lack ,   b i tuminous   to  

calcareous,   and  have f iss i le  to  laminated  bedding. They a r e   g e n e r a l l y  

s i l t y  and  micaceous t o  t h e  nor th  and f o s s i l i f e r o u s   t o   t h e   s o u t h .  

D i o r i t e  and  camptonite s i l ls  are common within  the  upper  

Morrowan i n t e r v a l ,   e s p e c i a l l y  i n  the  northern  sect ions  (see  Cross   Sec-  

t i o n ) .  

Unique u n i t s  w i t h i n  t h i s   i n t e r v a l   i n c l u d e  a l imes tone   in t ra -  

formational  conglomerate  (see 3-42) and, i n  th ree   sec t ions ,   occur rences  

o f   s i l i c i f i e d   s h a l e  (see 5-31).  

Corre la t ions .  T h i s  i n t e r v a l  i s  generally  poorly  exposed  and 

has   apparent   rapid  facies   changes  within i t ,  m a k i n g , c o r r e l a t i o n   d i f f i c u l t .  

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

ou ts ide   th i s   upper  Morrowan in te rva l ,   wi th   the .except ion   of   the   upper  

boundary  south  of Deadman Canyon. W i t h i n  t h e   i n t e r v a l ,   t h e   b a s a l   o r t h o -  

qua r t z i t e   co r re l a t e s   i n   f i ve   s ec t ions   a long   t he   e sca rpmen t .   Ano the r  

sequence  of  sandstone  (mainly  orthoquartzites),   generally 35 t o  45 feet 

s t r a t ig raph ica l ly   h ighe r ,   c an   be   t r aced   i n   t he   no r the rn   f i ve   s ec t ions .  
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I n  t he   sou the rn   po r t ion   o f   t he   t hes i s   a r ea ,  a 20  foot  thick,   ledge-form- 

ing  packstone-wackestone  can  be  recognized i n  fou r   s ec t ions ,   w i th in   t he  

middle   par t   o f   the   in te rva l  (see Figures  3 ,  4 ,  and  Cross  Section).  

I n  g e n e r a l ,   c o r r e l a t i o n s  were made  by recognizing key  marker 

beds ,   pos i t i on  i n  l i t h o l o g i c   s e q u e n c e ,   s i m i l a r   l i t h o l o g i e s ,   r e l a t i v e  

thicknesses,   and by faunal   evidence.  

Atokan  Interval  

Def in i t ion .  The Atokan i n t e r v a l   v a r i e s  in thickness  from  ap- 

proximately 65 t o  155 feet. The lower  boundary for   the  Atokan in te rva l  

i s  the  previously  described  upper  boundary  of  the  upper Morrowan i n t e r v a l .  

The upper  boundary  of t h i s   i n t e r v a l  is der ived  f rom  faunal   age 

de t e rmina t ions .   In  Deadman Canyon, conodonts  from  unit  2-15  suggest a 

l a t e  Atokan  age  assignment,   and  from  unit   2-19,  definite  early Desmoines- 

ian  conodonts were recovered.  This  narrows a poss ib l e  time boundary t o  

wi th in  a s t r a t ig raph ic   i n t e rva l   o f   20  feet. The boundary 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   o f   u n i t  2-15  because  this  ledge-forming  packstone- 

wackestone  has a d is t inc t ive   a renaceous   l ayer   (approximate ly  1-1.5 feet) 

capping i t ,  Over ly ing   t h i s   un i t ,   an   admix tu re  of s h a l e s ,   t h i n   i n t e r b e d s  

of  carbonate  mudstones-wackestones,   and  si l tstones i s  common. Boundary 

e x t e n s i o n s   t o   t h e   n o r t h  and  south were l a r g e l y   a r b i t r a r y  and  dependent 

on th ickness  of t he   s equence ,   s imi l a r   l i t ho log ie s ,   and   i so l a t ed   fu su -  

l i n id   i n fo rma t ion .  

B ios t r a t ig raphL .   Foss i l   co l l ec t ions  were s c a t t e r e d   i n   t h e  

Atokan  interval,   and a good,  continuous  zonation  could  not  be  dis-  

cerned.  Conodonts  collected  from Deadman Canyon, i n   t h e   b a s a l   p a r t  

o f   the   in te rva l   (2-3 ,  2-6, 2-13), were de termined   to  be no e a r l i e r  
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t h a n   e a r l y  Atokan i n  age by  Lane.  Conodonts recovered  from t h e  upper 

p a r t  of t h e  i n t e r v a l  ( 2 - 1 5 )  were assigned a late Atokan  age. 

Brachiopods were c o l l e c t e d   a t   s c a t t e r e d   l o c a l i t i e s ,  and spa r se ,  

poor ly   p reserved   co l lec t ions  were t h e  rule w i t h i n   t h i s   i n t e r v a l .  A par-  

t i c u l a r l y  well p re se rved   co l l ec t ion  from 2-14 (near  t h e  upper p a r t  of 

t h e   i n t e r v a l )  was assigned a d e f i n i t e  Atokan  age by Suther land.  

Tentat ive  fusul inid  age  ass ignments  by Sanderson  re la ted a 

l a t e  Atokan  age for fauna  found i n  t h e  upper p a r t   o f   t h e   i n t e r v a l  from 

the   Ind ian  Wells s e c t i o n  ( 6 - 3 4 ) .  Also ,   the  same assignment is t en ta -  

t i v e l y   p o s s i b l e   f o r   f u s u l i n i d s   c o l l e c t e d  i n  Grapevine Canyon from t h e  

upper p a r t   o f   t h e   i n t e r v a l  ( 5 - 3 9 ) .  

Li thos t r a t ig raphy .  The Atokan in t e rva l   has  two dominant 

f a c i e s  (see Cross   Sect ion  and  Figures  3 and 4 ) .  To the   nor th ,  a terri- 

genous ,   l a rge ly   a renaceous   fac ies  exists. Or thoquar t z i t e s   ove r l a in  by 

in t e rmixed   t h in   sha l e s ,   s i l t s tones ,   and  some s i l t y  carbonate  mudstones 

a r e   t y p i c a l   l i t h o l o g i e s   f o r   t h i s   f a c i e s .  To the  south,   the  interval  i s  

cha rac t e r i zed  by an   a rg i l l aceous   f ac i e s .   Sha le s   w i th   i n t e rbeds  of t h i n  

l imestones  and intermittent a rg i l l aceous   ca rbona te  mudstones t o  pack- 

s t o n e s   a r e  common l i t h o l o g i e s   f o r   t h i s   s o u t h e r n  facies. 

The te r r igenous   s t ra ta   o f   the   Atokan   in te rva l   a re   dominant  

a long  most  of the  escarpment. The s h a l e s   a r e  brown to   g ray   t o   b l ack ,  

micaceous  and s i l t y  i n  t he   no r theas t   po r t ion   o f  t h e  i nves t iga t ed   a r ea .  

To the   sou thwes t ,   t he   sha l e s   a r e  commonly  medium g ray   t o   b l ack ,  have 

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

a re   l amina ted ,   a rg i l laceous ,   and   ca lcareous .  They are   interbedded  with 

s h a l e s  and  carbonate  mudstones,  and  occur commonly i n  the   upper   par t   o f  
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t h e   i n t e r v a l   t o   t h e   n o r t h e a s t .  The a r e n i t e s   a r e   a l s o   c o n f i n e d   t o   t h e  

no r theas t e rn   po r t ion  of t he   t hes i s   a r ea .   These   s ands tones   a r e   u sua l ly  

o r thoqua r t z i t i c   excep t   fo r  one u n i t  (6-32) i n   t h e   n o r t h  which is a proto-  

q u a r t z i t e .  The o r thoqua r t z i t e s  have medium t o   v e r y   c o a r s e   a n g u l a r   g r a i n s ,  

t abular   c ross -bedding ,   and   inverse   g rad ing   ( for   the   en t i re   un i t ) .  Con- 

g lomera tes   a re  commonly a s soc ia t ed   w i th   t he   o r thoqua r t z i t e s ,  and a r e  

v a r i a b l e  i n  conten t   and   tex tures .  Some are arenaceous,   having  granule- 

s i z e d   q u a r t z   c l a s t s   w i t h  a fe r rugenious   coa t ing  on the   g ra ins .   Others  

have   an   a rg i l l aceous ,   s i l t y  matrix wi th   quar tz   pebbles  or pebble-sized 

c l ay   ga l l s .   The re  is a l imestone  intraformational-type  conglomerate i n  

t he   no r the rn   po r t ion   o f   t he   t hes i s   a r ea ,  which  has a l imestone matrix 

with  an  admixture  of  c lay ,   b ioc l a s t i c ,   and   qua r t z   g ra ins .   Th i s   un i t  

has a d i s t i n c t i v e l y  banded top   sur face .  

The carbonates  of the   Atokan   in te rva l  are gene ra l ly  mudstones 

t o  wackestones  with some packs tone   ( e spec ia l ly   t o   t he   sou th   and  upper 

p a r t   o f   t h e   i n t e r v a l ) .  The l imes tones   usua l ly   have   sha le   par t ings  br 

interbeds,   are   thin-bedded,   and  form  s teep  to   moderate   s lopes.  

D i o r i t e  and  camptonite, s i l ls  a r e  common t o   t h i s   p a r t  of t h e  

Pennsy lvan ian   s ec t ion ,   bu t   a r e   con f ined   t o   t he   no r the rn   pa r t   o f   t he  

s tud ied   a rea .  

Corre la t ions .  The or thoquar tz i te   beds  of t h e  Atokan  interval  

can   be   t r aced   ac ross   t h ree   s ec t ions   i n  t h e  northern  port ion  of   the 

t h e s i s   a r e a .  A d i s t inc t ive   conglomera te   (wi th  a color-banded  top 

su r face )  above the  or thoquartzi te   sequence  can  be  recognized  dis-  

t i n c t l y   i n   t h e  two northernmost  sections,   and  can be extended two 

sect ions  southward by a s imilar   occurrence  of   an  arenaceous conglom- 

e r a t e .  
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Above this  sandstone-conglomerate  sequence, a s h a l e   i n t e r v a l   o f   v a r i a b l e  

th ickness   (usua l ly   10  feet) could b.e p o s t u l a t e d   a s   c o r r e l a t i n g   a c r o s s  

the  escarpment by i t s  p o s i t i o n  i n  s equence   w i th in   t h i s   i n t e rva l   ( s ee  

F igures  3, 4 ,  and  cross   Sect ion) .  

Corre la t ions  made w i t h i n   t h i s   i n t e r v a l  were n o t   l a t e r a l l y  

d e f i n i t e .  In genera l ,  .however, the   Atokan   in te rva l   can   be   cor re la ted  

and d i f f e r e n t i a t e d  from  the  other intervals by the   fo l lowing   c r i t e r i a :  

1) t h e   g e n e r a l   t e r r i g e n o u s   c h a r a c t e r   o f   t h e   s t r a t a ,  2) an  abundance  of 

cove red   i n t e rva l s   and   gen t l e   t a lu s   s lopes ,   a s soc ia t ed   w i th   t he   a rg i l l a -  

ceous   con ten t   o f   t he   s t r a t a   ( expec ia l ly   i n   t he   sou the rn   po r t ion ) ,   and  

3) t he   gene ra l   absence   o f   che r t   w i th in   t he   ca rbona te   s t r a t a .  

Lower Desmoinesian  Interval 

Def in i t ion .  The lower  Desmoinesian  interval is bounded  below 

by the  previously  described  upper  boundary  of  the  Atokan  interval.  The 

upper  boundary  of t h e  lower  Desmoinesian in te rva l  is a r b i t r a r y  and  un- 

d o u b t e d l y   v a r i e s   i n   a g e   ' l a t e r a l l y .  It is  p laced   a t   t he   base   o f   t he  

l o c a l  Bug Scuffle  Limestone Member and t h i s   t r a n s g r e s s i v e   l i t h o l o g i c  

con tac t  rises s t r a t i g r a p h i c a l l y   t o  t h e  north.  As defined by Pray 

(1961), t h i s  member is a lmost   to ta l ly   devoid  of other   rock  types,  

ranges from  predominantly  mudstones  to  grainstones, i s  t h i c k   t o   v e r y  

thick-bedded,  and  forms  sheer,  conspicuous c l i f f s  a long   t he   f ace  of 

the  escarpment. The upper  boundary  of  the lower Desmoinesian  interval 

was designated  topographical ly   where a s h e e r   c l i f f  of l imestone  ap- 

pea red   i n   t he   s t r a t ig raph ic   s ec t ions ,   hence  is not   exac t  i n  a l l   s e c t i o n s  

due t o   v a r y i n g  amounts  of t a l u s   a t   t h e   b a s e  of t h i s   c l i f f .   T h i s  is not 

a t ime-strat igraphic   boundary.  
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The Bug Scuff le   Limestone Member is conf ined   to   the   southern  

three- four ths  of t he   t hes i s   a r ea .   The . th i ckness   o f   t he  lower  Desmoines- 

ian   in te rva l   capped  by t h e  Bug Scuff le   Limestone Member ranges from 

approximately  25 feet ( in   t he   sou the rnmos t   s ec t ion )   t o  375 feet ( i n  

Mule  Canyon). The Bug Scuff le   Limestone Member changes   fac ies   to   the  

no r th  and is absent  between Mule Canyon nor th -nor theas t   t o   F re sna l  Box 

Canyon ( see   F igu re  2-where t h e  term "tunnel" is). Rep lac ing   t h i s   ca r -  

bona te   f ac i e s  i s  a t e r r i g e n o u s   f a c i e s  composed l a rge ly   o f   sha l e s   and  

quar tz   sands tones ,   wi th   on ly  minor  amounts  of  limestones. The b a s a l  

pa r t   o f   t h i s   t e r r igenous   f ac i e s   ( a s   desc r ibed  by Pray) i s  not  defined. 

The base  of  an  interbedded  dark  shale  and  carbonate  mudstone  sequence 

is chosen  as   an  arbi t rary  upper   boundary i n  t h e  two northernmost sec- 

t i o n s .   T h i s   u n i t  (see 3-73) i s  cha rac t e r i zed  by i t s  weathered  appear- 

ance of t h i n   w h i t e   s t r e a k s  on a dark  gray  surface.  The th ickness   o f   the  

lower  Desmoinesian i n t e r v a l  i n  these  two sec t ions   var ies   f rom  approxi -  

mately 225 t o  245 feet ( see   Cross   Sec t ion) .  

Biostrat igraphy.   Scat tered  faunal   occurrences were c o l l e c t e d  

from  the  lower  Desmoinesian  interval.  Limited  conodont  fauna were 

c o l l e c t e d   w i t h i n   t h i s   i n t e r v a l   a t  Deadman Canyon. From u n i t  2-19 

( lower   par t  of the  interval) ,   conodonts   recovered were assigned by 

Lane a s   ea r ly   Desmoines i an   i n   age .  

Megafoss i l s ,were   co l l ec t ed  from t h i s   i n t e r v a l   i n  most sec t ions .  

From Grapevine Canyon, un i t   5 -42 ,   Su the r l and   i den t i f i ed   co ra l s  and  bra- 

chiopods  as   being  ear ly   Desmoinesian  in   age.  U n i t  7-31 (Escondido  sec- 

t ion)   brachiopods were assigned  an  ear ly   Desmoinesian  age.   In  Deadman 

Canyon, brachiopods  and  corals  collected  from t h e  upper   par t  of the  
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i n t e r v a l  were determined  to  be  definitely  Desmoinesian.   Brachiopods 

from  the lower and  middle  part  of t h e   i n t e r v a l  i n  Muleshoe Canyon were 

no t   spec i f i ca l ly   d i agnos t i c ,   bu t   p robab ly   r ep resen t  a Desmoinesian  age. 

Brahiopod  collections  from Mule  Canyon (middle  and  upper  portion of the  

interval)   are   probably  Desmoinesian  in   age.  A d e f i n i t e  Desmoinesian 

brachiopod  co l lec t ion  was procured  f rom  the  top  par t  of t h e   i n t e r v a l   i n  

t h e  Alamo Canyon section.  Poorly  preserved  brachiopods  and  corals  from 

the   Ind ian  Wells sec t ion   (midd le   po r t ion   o f   t he   i n t e rva l )  were i d e n t i -  

f i e d  by Sutherland  as  probable  Desmoinesian. 

Fusu l in ids  were c o l l e c t e d  from a sequence  of  limestones i n  

Muleshoe Canyon (approximately  the  upper 360 feet o f . s t r a t a ) . .   Th i s  

c o l l e c t i o n   e x t e n d s   i n t o   t h e  Bug Scuff le   Limestone Member (approximately 

the  upper 230 feet of the  aforementioned  sect ion) .   Col lect ions were 

obtained i n  t he   basa l   pa r t   o f   t he  Bug S c u f f l e  Limesone Member from . 

th ree   o ther   sec t ions .   Fusul in ids 'were  commonly foupd i n  t h e  

s o u t h e r n   f a c i e s   a s  low as   approximately 50 f e e t  below t h e  Bug S c u f f l e  

i n   f o u r   s e c t i o n s .  A 1 1  of these fusu l in id   co l lec t ions   a re   Desmoines ian  

i n  a g e ,   a s   i d e n t i f i e d  by Sanderson. He a l s o   t e n t a t i v e l y   p o s t u l a t e s  

t h a t   t h e   f u s u l i n i d s   w i t h i n   t h i s   f a c i e s  become younger t o  t h e  no r th  

( co inc id ing   w i th   t he   s t r a t ig raph ic  rise of t h e  Bug Scuff le   Limestone 

Member t o   t h e   n o r t h ) .  

Fusulinids  recovered  from  the  northern  terrigenous  facies 

a r e   r e s t r i c t e d   t o   t h e   I n d i a n  Wells sec t ion .   Col lec t ions  from the  

lower  and  middle  parts  of t h e  i n t e r v a l  were i d e n t i f i e d   a s  Desmoines- 

i a n  i n  age by  Sanderson. 

L i thos t r a t ig raphx .   The re   a r e  two d e f i n i t e   f a c i e s   w i t h i n  

t h e  lower  Desmoinesian  interval. A t e r r igenous   f ac i e s  is dominant. 
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It i s ' b e s t   d e v e l o p e d   i n   t h e   n o r t h e r n   p o r t i o n   o f   t h e   s t u d i e d   a r e a   a n d  

t h i n s   t o   t h e   s o u t h   ( i n   t h e  lower p a r t  of t h e   i n t e r v a l ) .  It is charac- 

t e r i z e d  by th in   i n t e rbeds   o f   sha l e s ,   s i l t s tones ,   s ands tones ,   w i th  minor 

limestones  and medium to  very  thick-bedded  sandstones.  The carbonate  

f a c i e s  is as soc ia t ed  w i t h  t h e  Bug Scuff le   Limestone Member and is b e s t  

developed i n  the  upper   port ion  of   the  lower  Desmoinesian  interval   in  

the   southern   sec t ions .  I t  is cha rac t e r i zed  by wackestones,  packstones, 

and   gra ins tones ,   wi th   in te rbeds   o f   th in   sha les .  

The th in   i n t e rbeds   o f   sha l e s ,   s i l t s tones ,   and   s ands tones  of 

t he   t e r r igenous   f ac i e s   a r e   e spec ia l ly   dominan t  i n  t h e  lower p a r t   o f  

t h e  lower  Desmoinesian i n t e r v a l .  These s t r a t a   a r e   c y c l i c   w i t h   t h e  

s h a l e s   s i l t y  and   micaceous ,   t he   s i l t s tones   s l i gh t ly   ca l ca reous ,   a rg i l -  

laceous,   and  micaceous,   and  the  sandstones  ( largely  protoquartzi tes)  

micaceous,and  cross-bedded  (small  scale  and  minor)  with  varying  per- 

centages of g lauconi te   and   fe ldspar   g ra ins .  The medium t o   v e r y   t h i c k -  

bedded a r e n i t e s   a r e  f rom  subarkos ic   to   p ro toquar tz i t ic   to   o r thoquar tz ;  

i t i c  i n  nature  and  occur i n  the  upper   par t   of   the   interval .   These 

sandstones are generally  poorly  soried,  medium-grained,  micaceous, 

g l a u c o n i t i c ,   s l i g h t l y  l i m y ,  and  have  minor  cross-bedding. 

The ca rbona te s   o f   t he   sou the rn   f ac i e s   t yp ica l ly   a r e   g ra in -  

supported,   have  interbeds of sha le ,  and  minor  amounts  of  glauconite, 

mica,   and  quartz  grains.   ,To  the  south  these  carbonates  are  bioturbated 

and s l i g h t l y   s i l t y .  

Corre la t ions .   Regional   cor re la t ions  were d i f f i c u l t   w i t h i n   t h e  

lower  Desmoinesian  interval,  due  to  the  large  amounts of  f ine-gra ined  

cyc l i c   t e r r igenous   rocks  and in t e r f inge r ing   f ac i e s   changes .   Th i s  i s  

e s p e c i a l l y   t r u e   i n   t h e  lower and t h e  nor thern   por t ions  of t h e   i n t e r v a l .  
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The medium to  very  thick-bedded  sandstones  of   the   upper   port ion of t h e  

northern  facies  can  be  traced  between two s e c t i o n s .  .. A .sequence.  of,  pack- 

s tone  to   wackestones  (approximately 3-5 feet th i ck )  i n  t h e  upper po r t ion  

of   the  interval   can  be  recognized i n  t h e  th ree   nor thernmost   sec t ions   o f  

southern  carbonate   facies .  ' Charac te r i s t i c   o f  t h i s  sequence is t h e  f irst  

occurrence of phy l lo id   a lgae   and   fu su l in ids   t oge the r  (see P l a t e  11, 

Number 1). The  upper  boundary  of  the  northern  facies  correlates  across 

two sec t ions   and  is  ex tended   ten ta t ive ly  one s e c t i o n  further south.  

The base  of t h e  Bug Scuffle  Limestone Member c o r r e l a t e s  i n  t h e  s ix  

southern   sec t ions .   Tenta t ive   fusu l in id   cor re la t ions   a re   poss ib le  i n  

the   upper   par t  of t h e   i n t e r v a l  i n  t he   sou th   f ac i e s   ( s ee   F igu res  3 ,  4 ,  

and Cross Sect ion) .  
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DEPOSITIONAL  ENVIRONMENTS 

Regional   Geologic   Set t ing 

The u n d e r l y i n g   M I s s i s s i p p i a n   s t r a t a   a r e   b e l i e v e d   t o   b e  a con- 

t inua t ion   of   she l f   sed imenta t ion ,  common to   the   Pa leozoic   o f   south-  

c e n t r a l  New Mexico. Negat ive   a reas   dur ing   the   l a te   Miss i ss ippian  were 

the  Pderegosa  Basin  ( to  the  southwest)  and t h e  Delaware  Basin  (to  the 

e a s t ) .  The Penasco Dome (to t h e  nor th)  is t h e  on ly   d i scernable   pos i -  

t i ve  a rea   p re sen t   du r ing   l a t e   Mis s i s s ipp ian  time. The pre-Pennsylvanian 

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

u p l i f t  was pre-Pennsylvanian i n  o r i g i n  or concurren t   wi th   the   Pederna l  

up l i f t   o f   ea r ly   Pennsy lvan ian  time (see Figure  1). 

The Pedernal  landmass wag a nor th-south   s t ruc tura l   e lement  

l o c a t e d   e a s t   o f   t h e ' p r e s e n t  day  Sacramento  Mountains.' I n   r e l a t i o n   t o  

the   t hes i s   a r ea ,   Ko t t lowsk i  (1960) has   pos tu la ted   tha t   the   p resent   day  

area  of  Sierra  Blanca,   located  approximately 36 miles north of  Alamor- 

gordo, was a highland area of the  Pedernal  landmass. The Pedernal  land- 

mass was the  dominant  terrigenous  source for the   south-cent ra l  New Mexico 

area  throughout  Pennsylvanian time. The la te   Miss i ss ippian   Penasco  Dome 

( the   southern   edge   loca ted   in   nor th-cent ra l  New Mexico)  probably  provid- 

ed l i t t l e  i f  any i n f l u x  of   t e r r igenous ' sed iment   to  t h e  south.  

The Orogrande  Basin was the  dominant  depocenter  during  the 

entire Pennsylvanian  epoch i n  south-cent ra l  New Mexico ( see   F igu re  1). 
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A t  times during  the  ear ly-middle   Pennsylvanian,   th is   basin  could  have 

connected  with  the  Delaware B a s i n  ( t o   t h e   e a s t ) ,   t h e  San  Mateo,  Lucero, 

and  possibly  Estancia   Basins   ( f rom  northwest   to   north  respect ively) ,  

and t h e  Pedregosa  Basin  ( to   the  southwest) .  For t h e   e a s t e r n   s e c t i o n  . 
of  the  Orogrande  Basin,   corresponding  with  the  thesis  area,   pray (1961) 

be l ieved   the   shore l ines  were oriented  north-south  during  most  of  the 

Pennsylvanian  (pre-Virgi l ian) .   Kot t lowski  (1968) has   pos tu la ted   an  

east-west shore l ine   du r ing   t he   ea r l i e s t   pa r t   o f   t he   Pennsy lvan ian   fo r  

t h i s   a r e a .  

Lower Morrowan I n t e r v a l  

The lower Morrowan in te rva l   has   depos i t iona l   envi ronments  

ranging  from  nonmarine to   sha l low marine. The s t r a t a   o f   t h i s   i n t e r -  

v a l   r e p r e s e n t  a t ransgression  of   shal low.Pennsy1vanian seas over  the 

Miss i ss ippian   sed iments .   Upl i f t   o f  t h e  Pedernal  landmass  ( located  north- 

east  of t he   t hes i s   a r ea )   occu r red   poss ib ly   p r io r   t o ,   and   p robab ly   a t  

times concomitant  with,  t h e  t ransgression. .  T h i s  sea  advanced t o   t h e  

no r theas t ,   a long   an   i r r egu la r   no r th -nor thwes t   t o   sou theas t   sho re l ine .  

This  encroachment was not   s teady   and   regress ive   f luc tua t ions   occur red  

(see Figures  3 and 4 ) .  

The basa l   Pennsy lvan ian   s i l t s tone   ove r l i e s   t he   Miss i s s ipp ian  

a s  a b lanket   depos i t .   Loca l   basa l   channel l ing  or t h e   f i l l i n g  of k a r s t  

depress ions  i n  the   Miss i ss ippian  is common i n   t h e   n o r t h e r n   a r e a .  A 

concordant  contact  between  these  systems exis ts  i n ~ t h e   s o u t h e r n  and 

basinward  areas.  However, t he re  is a h i a t u s  here, as shown by cono- 

dont   assessment ,   basal   conglomerates   in   the  Pennsylvanian,   and mud 

c r a c k   c a s t s  i n  t h e  Helms format ion   ( see   P la te  111, Number 2).  T h i s  
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s i l t s t o n e  is gray-brown,  subangular,   laminated,  and  has  marine  fossils  

i n  the  southwest  (basinward),   but becomes gray,   angular ,   b ioturbated 

(see P l a t e  11, Number 6 ) ,  and   has   p l an t   fo s s i l s   t o   t he   no r theas t   ( l and -  

ward).  These cr i ter ia  i n d i c a t e  a marginal   marine  environment   for   this  

s i l t s t o n e   a n d   t h e   b a s a l   p o r t i o n   o f   t h e  lower Morrowan interval .  

The in t e rmi t t en t   l imes tones   o f  the lower Morrowan i n t e r v a l  

a r e  more numerous i n  the   southern   par t   o f  t h e  s tud ied   a r ea .  The lime- 

s tones   a r e   gene ra l ly   da rk   packs tones   t o   wackes tones ,   a r e   pa r t i a l ly  

s i l i c i f i e d  o r  r e c r y s t a l l i z e d ,  have  appreciable  amounts  of  chert  segre- 

g a t i o n s ,   a n d   a r e   s l i g h t l y   s i l t y .   F e a t u r e s  (more r a r e   t h a n  common) 

such   a s   an   oo l i t i c   g ra ins tone ,   he r r ingbone   c ros sbedd ing   i n   an   a r enac -  

eous  wackestone,  and  the  presence  of  glauconite  grains i n  some l imestones 

seem t o   i n d i c a t e  a shallow  marine to   near   shore  environment .  

The c l a s t i c   t e r r i g e n o u s  s t r a t a  of  the  lower Morrowan i n t e r v a l '  

are sporadic  i n  na tu re ,   bu t   a r e   con f ined   t o   de f in i t e   ho r i zons .  These 

beds   a re  more numerous i n  t h e  nor thern   par t  of t he   t hes i s   a r ea .  The 

shales   are   calcareous  to   bi tuminous  and  probably  marine.  The sand- 

s tones   a re   genera l ly   o r thoquar t i i t i c ,   coarse-gra ined ,   c ross -bedded ,  

have p l a n t   f o s s i l s ,  and sometime disp lay   channel l ing .  The cross-bedding 

is trough or tabular   and  the  foresets   have  bimodel   dips ,   general ly   to  

t he   no r theas t  or no r thwes t .   These   cha rac t e r i s t i c s   a r e   i nd ica t ive  of 

d i s t r i b u t a r y   c h a n n e l s  or e s t u a r i n e   d e p o s i t s .  A unique  sandstone  unit  

near   the  top  of   this   lower  Morrowan i n t e r v a l  is subarkos ic   wi th   po tass -  

ium-fe ldspar   g ra ins .   This   p robably   ind ica tes   nearness   to   an   in t rus ive  

igneous  source. The terrigenous  rocks  of  the  lower Morrowan i n t e r v a l  

gene ra l ly  have  angular   grains .   This   suggests   proximity  to  a source.  
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Thin-bedded,   l imestone-pebble   conglomerates   are   interpreted  as . representa-  

tive of depos i t i on  i n  a nearshore  environment. 

Upper Morrowan I n t e r v a l  

The upper Morrowan in t e rva l   has   depos i t i ona l   env i ronmen t s   r ang-  

ing  from  nonmarine to  shallow  marine.  The s t r a t a   o f   t h i s   i n t e r v a l   a p p e a r  

i n   g e n e r a l   t o  be a cont inua t ion  of the  lower Morrowan t ransgress ion .  How- 

eve r ,   t he re  seems t o   b e  more prominent   f luctuat ions  of   regression,   pro-  

grada t ion ,  or s t i l l s t a n d   c o n d i t i o n s   w i t h i n   t h i s   i n t e r v a l .  The Pedernal  

landmass  could  have  experienced  rejuvenation  during  the  regressive  pulses.  

The l imes tones   o f   t h i s   i n t e rva l   r ange  from  wackestones  to  pack- 

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

s i l i c i f i e d  or r e c r y s t a l l i z e d ,   a n d  have chert   nodules.   These  l imestones 

and   a s soc ia t ed   che r t s  sometime  have  reddish,  brownish, or green i sh   t i nges  

i n  color ,   suggest ing  as   shal low  marine  to   nearshore  environment  of  de- 

pos i t i on .  

Mot t led   t ex tures ,   g lauconi te   g ra ins ,   a lga l   f ragments ,   (Dvine l la ,  

among o thers )   and   sha le   par t ings  and in t e rbeds  are f a i r l y  common charac-  

t e r i s t i c s  of  these  upper   interval   l imestones.  These f e a t u r e s   t e n d   t o  

i n d i c a t e  a nearshore-marginal  marine  environment. 

Del ica te   foss i l s ,   such   as   b ryozoans ,   a re   ra re ly   found  in tac t .  

This  would seem t o   s u g g e s t   e i t h e r   t u r b i d   c o n d i t i o n s ,  or the   f ragments  of 

t hese   de l i ca t e   fo rms   a r e   a l l ogen ic .   The re   a r e   de f in i t e   b io tu rba t ion  

features   found i n  the   l imes tones ,   bu t   these   fea tures  seem t o   b e  re- 

s t r i c t e d   t o   t h e   n o r t h e r n   s e c t i o n s .   G e n e r a l l y  these c r i t e r i a   t e n d   t o  

suggest  a probable  pattern  of  slow  sedimentation o r  poss ib l e  s t i l l-  

s tand   condi t ions .  However', ,brachiopods  found  in  growth  posit ion  might 
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sugges t   rap id   depos i t ion .  The b io tu rba t ion   p re sen t   cou ld   be   due   t o   so f t  

bottom  sediment  conditions.  

The t e r r i g e n o u s   s t r a t a   o f   t h i s   i n t e r v a l  are la rge ly   conf ined  

t o  t h e  no r the rn   pa r t   o f   t he   s tud ied   a r ea   ( e spec ia l ly   t he   s ands tone   f ac -  

t i on ) .  The sha les   a re   dark ,   ca lcareous   to   b i tuminous ,   micaceous ,   and  

sometimes s i l i c i f i e d .  The shales   are   probably  (shal low?)  marine  depos-  

i ts .  The sands tones   a r e   gene ra l ly   o r thoqua r t z i t i c ,  have  angular  coarse 

g ra ins ,   p l an t   f r agmen t s ,  and d isp lay   channel l ing .  They a l s o   d i s p l a y  

planar   cross-bedding  with  the  foresets   bimodal ly   or iented  to   the  north-  

e a s t  and   nor thwes t .   These   a ren i tes   a re   p robably   representa t ive  of a 

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

thes i s   a rea ,   p ro toquar tz i tes   and   subBaywackes   a re  common. These 

"d i r ty"   a r en i t e s  have marine fos s i l   f r agmen t s  and a r e   s l i g h t l y   c a l c a r -  

eous ,   micaceous ,   and   s i l ty .   These   c r i te r ia  seem t o   r e l a t e   a n   i n t e r d e l -  

taic environment  of  deposit ion.  

A t okan   In t e rva l  

Deposit ional  environments  withi ,n t h e  Atokan in t e rva l   r ange  

from  nonmarine to   shal low  marine.   During  this  time regressive  con-  

d i t i o n s  were dominant  and  the  Pedernal  landmass  probably  experienced 

re juvenat ion  or poss ib ly   epe i rogenes is .   Del ta ic   p rocesses   a re   be l ieved  

to   be  the  dominant   sedimentat ion  factor  i n  t he   no r the rn   pa r t   o f   t he  

s tud ied   a rea .   This   regress ive  or p r o g r a d a t i o n a l   s t a t e  was not   s teady ,  

and   per iodic   minor   t ransgress ive   and   s t i l l s tand   condi t ions   ex is ted   ( see  

F igure  4) .  

The arenaceous   fac ies  i s  cha rac t e r i zed  by o r thoqua r t z i t e s  

w i th   angu la r ,  medium to   very   coarse   g ra ins ,   t abular   c ross -bedding ,  
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and  inverse  grading.  The f o r e s e t s  of the  cross-bedding  have a bimodal 

d i s t r i b u t i o n   t o   t h e   n o r t h e a s t  and  southwest. These a r e n i t e s   a r e   a l s o  

s l i g h t l y  micaceous  and  ferrigenous.  Associated w i t h  these a r e n i t e s  

are  conglomerates   (basal  and l a t e r a l )  which are arenaceous  and i n  one 

case   conta in   c lay   ga l l s .   These   charac te r i s t ics ,   coupled   wi th   the  

len t icu lar   geometry   o f   the   sands tones   ( see   Cross 'Sec t ion   in   pocket )  

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

depos i t .  The over ly ing   sequence   of   th in   in te rbeds   o f   s i l ty   sha les ,  

s i l t s t o n e s ,  and a r g i l l a c e o u s - s i l t y   c a r b o n a t e  mudstones i s  probably 

interdel ta ic .   This   sequence  has   appreciable   amounts  of  mica f l a k e s ,  

p l an t   ma te r i a l ,  and b io tu rba t ion   f ea tu re s .  

The s h a l e   f a c i e s  i s  b e s t   d e v e l o p e d   i n   t h e   c e n t r a l  and  south- 

ern por t ions   o f  t h e  Atokan  interval .  The shales a r e  medium g r a y   t o  

b l a c k ,   l o c a l l y   f o s s i l i f e r o u s ,  and  have  interbeds  of  thin  l imestones.  

These  sediments  appear t o  be   representa t ive  of a r e s t r i c t ed   sha l low 

marine  environment. 

The l imes tones   o f   th i s   in te rva l   a re   conf ined   to   the   upper  

po r t ion   o f   t he   s t r a t ig raph ic  column. S i l t y   c a r b o n a t e  mudstones a r e  

found in   the   nor th .   These   a re   p robably   sha l low  ( t ida l   f la t? )   mar ine  

deposits.   Wackestones  to  packstones  with some i so l a t ed   g ra ins tones  

probably   represent  minor t r ansg res s ive   f l uc tua t ions .  The presence 

of   appreciable   amounts   of   a lgal   f ragments   (especial ly  Dvinel la)  i n  

some limestones  implies a shallow  sedimentary  environment. 

Lower Desmoinesian  Interval 

Depositional  environments  within  the  lower  Desmoinesian 

i n t e r v a l   r a n g e  from  nonmarine to   shal low  marine.   There  are  two 
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sed imen ta ry   f ac i e s   w i th in   t he   i n t e rva l .  A nor the rn   t e r r igenous   f ac i e s  

is c o n f i n e d   t o   t h e  lower po r t ions  of t h e   e n t i r e   i n t e r v a l   a n d   u p p e r  

p o r t i o n s   i n   t h e   n o r t h .  And a southern   carbonate   fac ies  is confined 

t o   t h e  uppe r   po r t ion   o f   t he   i n t e rva l   and   c l imbs   i n   t he   s t r a t ig raph ic  

sec t ion   f rom  south   to   nor th .  The no r the rn   f ac i e s  i s  i n t e r p r e t e d   a s  a 

de l ta ic - regress ive   sequence .  The d e l t a i c   f a c i e s . a p p e a r s   t o   t r e n d  from 

a n o r t h e a s t   t o  west d i r e c t i o n .   T h i s   f a c i e s  is be l ieved   to   be  a cont in-  

u a t i o n  of t h e  Atokan  regression. The sou the rn   f ac i e s  is a t r ansg res s -  

ive sequence,  probably  r ising  from  the  west-southwest to t he   no r theas t .  

The two f a c i e s   d i s p l a y   i n t e r f i n g e r i n g   r e l a t i o n s h i p s  (see Figure  4 ) .  

The t h i n   c y c l i c   i n t e r b e d s  of s h a l e s ,   s i l t s t o n e s ,  and  sand- 

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

ceous,   glauconitic,   and  have small scale  cross-bedding,  brachiopods,  

and  plant   fossi ls .   This   cycl ic   ' sequence i s  bes t   deve loped   i n   t he   t h ree  

no r the rnmos t   s ec t ions   and   i n t e r f inge r s   t o   t he   sou th .  The medium t o  

very  thick-bedded  sandstones  of  the  northern,   upper  portion  of  the 

i n t e r v a l   a r e   c h a r a c t e r i s t i c a l l y  medium-grained,  poorly  sorted,   cross- 

bedded,   micaceous,   g lauconi t ic ,   and  lent icular .   These  cr i ter ia   are  

s u g g e s t i v e   o f   d e l t a i c   d i s t r i b u t a r y  or i n t e r - d e l t a i c   d e p o s i t s .  The 

Pedernal  landmass  could  have  experienced  rejuvenation  through  the 

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

The grain-supported  carbonates  with minor carbonate  mudstones 

and  interbedded  shales   of   the   southern  facies   represent   shal low  marine 

to nearshore  deposi t ion.   This   sequence is commonly b i o t u r b a t e d ,   s i l t y ,  

has   va r ious  amounts  of  glauconite,   mica,   and  quartz  grains,   and  con- 

t a i n s   a l g a l   a n d   c o r a l   f o s s i l s .   T h e s e   c r i t e r i a   s u b s t a n t i a t e  a shallow 
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sedimentary  environment .   Brachiopods  found  in   growth  posi t ion may 

suggest  rapid  sedimentatiom. The Bug Scuff le   Limestone Member d i s -  

p lays   basa l   channel l ing  i n  t h e  southernmost   sect ion.  Relief on the  

order  of 6 feet was recorded  with  l imestone  boulders admixed i n  the  

overlying  l imestone  conglomerate.   This  could mark a diastem  where 

r eg res s ive   cond i t ions  were modified t o  t ransgress ive   p rocesses  (see 

P l a t e  111, Number 1). 
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SUMMARY A M )  CONCLUSIONS 

The lower  Gobbler  Formation i s  composed of   approximately.300 

t o  700 feet of sandstones,   l imestones,shsles ,   conglomerates ,   and silt- 

s tones .  It can  be  subdivided  into four gene ra l i zed   t ime- s t r a t ig raph ic  

in te rva ls  ranging  in   age  f rom Morrowan through  early  Desmoinesian.  

The s t r a t a   w i t h i n   t h e s e   i n t e r v a l s  were depos i ted   in   envi ronments  

ranging   f rom  sha l low  mar ine   ( she l f )   to   in te rde l ta ic .  Complex f a c i e s  

changes  are  common wi th in   these   in te rva ls   and   cor respond  wi th  t h e  vary-  

ing   t rans i t iona l   envi ronments .  

The lower Morrowan i n t e r v a l  is cha rac t e r i zed  by a basa l  silt- 

s tone ,   sha les ,   in te rmi t ten t   l imes tones ,   and   sporadic   sands tones .   This  

i n t e r v a l  i s  e a r l y   t o   m i d d l e  Morrowan i n  age. The depos i t iona l   envi ron-  

ments of t h e  lower Morrowan i n t e r v a l   r a n g e  from  shallow marine ( s h e l f )  

t o  nonmarine ( d e l t a i c  or e s t u a r i n e ) .  The s t r a t a   o f   t h i s   i n t e r v a l  re- 

p resen t  a marine  t ransgression.  T h i s  encroachment  rose t o   t h e   n o r t h -  

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

The upper Morrowan i n t e r v a l  i s  l a r g e l y  composed of l imestones,  

sands tones ,   and   sha les .   This   in te rva l  i s  middle  through l a t e  Morrowan 

i n  age. The deposit ional  environments  range  from  shallow  marine (shelf)  

t o  nonmarine ( d e l t a i c ) .   O v e r a l l   t h e  upper Morrowan i n t e r v a l  i s  a con- 

t i nua t ion   o f   t he  lower Morrowan t r ansg res s ions .  However, s t i l l s t a n d  

and   regress ive   t rends  were present   dur ing  t h i s  time. The t r ansg res s ion  
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encroached  from  the  southwest,   while  the  regressive  pulses  originated 

from  the  northeast .  

The Atokan i n t e r v a l  has two f ac i e s ,   bo th   be ing   t e r r igenous  

i n   n a t u r e .  A nor thern ,   l a rge ly   a renaceous   fac ies   conta ins   o r tho-  

q u a r t z i t e s   o v e r l a i n  by in te rbedded   sha les ,   s i l t s tones ,   and   carbonate  

mudstones. The sou the rn   a rg i l l aceous   f ac i e s  i s  composed of s h a l e s  

w i t h  thin  interbedded  l imestones  and some sporadic   l imestones.   This  

i n t e r v a l  is rep resen ta t ive   o f   sha l low  mar ine   ( r e s t r i c t ed )   t o   de l t a i c  

sedimentation.  During  Atokan time reg res s ive   cond i t ions  were dominant. 

The lower  Desmoinesian i n t e r v a l   c o n t a i n s  two f a c i e s .  A north-  

ern t e r r igenous   f ac i e s ,   cons i s t ing  of  cyc l ic   in te rbeds   o f   sha les ,  s i l t -  

s tones,   and  sandstones,  w i t h  medium-to very thick\.bedded.sandstones is 

dominant   wi th in   th i s   in te rva l .  It is  l a r g e l y   r e g r e s s i v e  or prograda- 

t i ona l   ( t o   t he   sou thwes t )   i n   na tu re .  A southern   carbonate   fac ies ,  

a s soc ia t ed   w i th   t he  Bug Scuff le   Limestone Member (extending less than 

50 feet down below t h i s   a r b i t r a r y  boundary) is composed of   grain-  

supported  l imestones,   and some carbonate  mudstones  and  shales. T h i s  

f ac i e s   t r ends  w i t h  t h e  Bug Scuff le   and  rises s t r a t i g r a p h i c a l l y   t o   t h e  

north.  The sou the rn   ca rbona te   f ac i e s   t r ansg res ses   t o  t h e  east-north-  

east .   These two f a c i e s   a r e   l a r g e l y   s i m u l t a n e o u s   d e p o s i t s ,   w i t h   t h e  

t r ansg res s ive   f ac i e s   even tua l ly   p redomina t ing ,   e spec ia l ly   i n   t he   sou th  

and extreme nor th   (F resna l  Canyon - see Figure  2 - the   " tunnel"   loca l -  

i t y ) .  The lower  Desmoinesian interval   has   environments   ranging  f rom 

shallow  marine  (shelf)   to  nonmarine  (deltaic).  

Within  the  lower  Gobbler  Formation,  there  are two d i s t i n c t  

t r ansg res s ions   s epa ra t ed  by a regress ion .  The encroachments seem t o  
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be   or ig ina t ing   f rom  the   Orogrande   Bas in   fo l lowing   an   i r regular   nor th-  

nor thwes t   to   southeas t   shore l ine .  The r eg res s ive   cond i t ion  is probal- 

ly concomitant  with  rejuvenation or  ep ierogenic   pu lses   o f   the   Pederna l  

landmass t o   t h e   e a s t - n o r t h e a s t .  
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APPENDIX 

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

I n  t h e  measurement   of   the   s t ra t igraphic   sect ions,   f ie ld   methods 

described  by  Kottlowski  (1965, pp.  59-91) were employed. The most com- 

mon technique  for   ver t ical   measure was the  Abney level held on top  of a 

f i v e - f o o t   J a c o b ' s   s t a f f ,   g r a d u a t e d   i n t o  feet  and ten ths   o f  feet. Oc- 

casionally  the  Brunton  compass eye height  and s tee l  tape  measurement 

methods were used. 

F i e ld   desc r ip t ions  were compiled a t   t h e   o u t c r o p   a n d  were com- 

pleted  in   the  laboratory.   Data   record were 1) l i t ho logy ,  2) c l a s s i f i -  

ca t ion   of   modi f ie r   o f   l i tho logy ,  3) color  (-fresh/weathered), 4) c l a s t i c  

gra in   parameters   ( s ize ,   roundness ,   sor t ing ,   contac ts ) ,  5) compositional 

a d j e c t i v e  (example:  cement, d e t r i t a l   m i n e r a l s ,  e tc . ) ,  6)  bedding 

th i ckness ,  7) modifier  of  bedding or in te rna l   t ex ture   (example :  wavy, 

b io turba ted ,   mot t led ,  e t c . ) ,  8) unique  characterist ics  (example:  con- 

t a c t   r e l a t i o n s h i p s ,   c h e r t   n o d u l e s ,   w e a t h e r i n g   t r a i t s ,   e t c . ) ,  9) topo- 

graphic  and  exposure  expression, 10) fossil   occurrences  (abundance  and 

type) ,  11) a t t i t u d e   o f   s t r a t a ,  and 1 2 )  un i t   th ickness .  The d a t a  is 

presented   in   th i s   appendix   wi th   the   a forement ioned   format .  

Each  measured  section was a s s igned   an   a rb i t r a ry  number. This  

s e c t i o n  number i s  followed  by a u n i t  number.  The u n i t  number was 

pa in ted  on the   su r f ace   o f   s e l ec t ed   c l i f f - fo rming   un i t s   w i th   ye l low 

49 1 



highway paint.  Measurements  begin a t   t h e   b a s e   o f   t h e   s e c t i o n s .  When 

t h e   u n i t  number i s  followed  by a lower-cased letter or  is underl ined,  

i t  means t h a t   a d d i t i o n a l   b e d s  were discovered or t h e   o r i g i n a l   u n i t  

has  been  subdivided. 

The g e n e r a l   l o c a t i o n   f o r   t h e  measured s e c t i o n  is given  ac-  

cording  to   township,   range,   and  sect ion.  A four-wheel   dr ive  vehicle  

or motorcycle i s  recommended f o r  access t o  a11 o f   t he   s ec t ions .  

Loca t ions   o f   s t r a t ig raph ic   s ec t ions   and  most   horizonal   dis-  

t ances  were der ived   f rom  aer ia l   photographs ,   fores t  maps, a county 

highway map, and  the  geologic  map of  Pray (1961). 

Rock samples,   averaging 10 cubic   inches,  were c o l l e c t e d  from 

most un i t s .  A l l  rock  specimens were slabbed  and  about 70 t h i n   s e c t i o n s  

made. In t h e   l i s t i n g  of e a c h   d e s c r i p t i v e   l i t h o l o g y ,   t h e   f i e l d   d a t a  was 

modi f ied   where   poss ib le   by   e i ther   s lab  or t h in   s ec t ion   da t a ,   based  on 

binocular  and/or  petrographic  microscope  examination. The t h i n  sec- 

t i o n   d a t e  is designated  by  brackets .  

Megafoss i l   co l l ec t ions  were made where   poss ib le   wi th   par t ic -  

ular   emphasis  on brachiopods  and  corals.   Limestone  samples  to  be  pro- 

cessed  for  conodonts were t aken   a t   r egu la r   i n t e rva l s   (where   poss ib l e )  

i n  Deadman Canyon and a t  s c a t t e r e d   l o c a l i t i e s   e l s e w h e r e .   F u s u l i n i d  

samples were taken  wherever  examples were s e e n   i n   t h e   f i e l d .   F a u n a l  

l i s ts  ( i n   b r a c k e t s )   f o r   e a c h   s t r a t i g r a p h i c   s e c t i o n   f o l l o w   e a c h   l i t h o -  

g raph ic   un i t   desc r ip t ion .  

Terminology 

The  Wentworth (1972) c l a s s i f i c a t i o n   f o r   t e r r i g e n o u s   s e d i -  

mentary  rocks  was  used, i n   a d d i t i o n   t o   t h e  more s p e c i f i c   c l a s s i f i -  
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c a t i o n s  by Dunham (1962) for   carbonate  rocks and   Pe t t i j ohn  (1957) 

for   sandstones.  

Desc r ip t ive   mod i f i e r s   a r e   p l aced   i n   o rde r   o f   i nc reas ing  

impor tance   ad jacent   to   the  noun, i n   t h e   l i t h i c   d e s c r i p t i o n s .  

The weathered   and   f resh   co lor   de te rmina t ions  were made 

us ing  t h e  Rock Color   char t   d i s t r ibu ted  by the   Geologica l   Soc ie ty  

of  America. 

F e a t u r e s   s u c h   a s   s o r t i n g  and  roundness   are   descr ibed  using 

procedures   out l ined by Folk (1968). The bedding  thickness  parameters 

are   those  proposed by Ingram (1954). i 

A u n i t ,   a s   u s e d   i n   t h i s   i n v e s t i g a t i o n ,  is def ined   as   having  

a d i s t i n c t   l i t h o l o g i c   c h a r a c t e r ,  which is r e c o g n i z a b l e   i n   t h e   f i e l d  

a n d   d i f f e r s  f rom  superjacent   and  subjacent   uni t .  I n  some ins tances ,  

the  author   has   subdivided a s i n g l e   l i t h o l o g i c  en t i t e ,  on t h e  b a s i s  

of  bedding  character  changes.  A u n i t  may change l a t e r a l l y   a s  well 

a s   v e r t i c a l l y .  
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PLATE I 

1. Alamo Canyon Sec t ion  ( 3 ) .  View is  toward  the  north,  from 

Long Ridge. The Bug Sucffle  Limestone Member is present  a t  

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

va l   ( r igh t -median   s ide  of  photo)  ranges  from  eroded dome pos i -  

t ion   ( lower  lef t  s ide  of   photo)  up t o   j u s t  below l i g h t   c o l o r e d  

u n i t   ( r i g h t  median s ide  of   photo) .  

2, Muleshoe Canyon Sec t ion  ( 4 ) .  View i s  toward  the  east ,   f rom  the 

Tularosa  Basin.  Note  Mississippian  bioherm ( l e f t  s i d e   o f   p i c -  

t u r e ) .  The Bug Scuff le   Limestone Member is r e p r e s e n t e d   a t  

t h i s   l o c a l i t y   ( a n d  commonly along  the  escarpment)   as  a s teep-  

s loped  c l i f f .   Studied  interval   ranges  f rom  bioherm up t o   b a s e  

of   the Bug Scuf f l e   c l i f f   ( caps   e sca rpmen t ) .  
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PJATE I1 

1. Unit  4-50, Packstone-wackestone.  Unique  marker  bed  of Des- 

moinesian  age,   in  the  middle  part   of  the  escarpment.   Phylloid 

a l g a e   a r e   t h e  dominant  allochems.  Magnification X 3.5, polar ized  

l i g h t .  

2. Unit 2-25, - S i l i c i f i e d   l i m e s t o n e .  Sponge s p i c u l e s  are  dominate. 

Magnif icat ion X 6.5,  po la r i zed   l i gh t .  

3.  Unt t  4-14, Grainstone.   Coated  grains   and  ool i tes   are   cemented  by 

microspar   calci te .   Pelmatazoan, .   foraminifera ,   and  ostracode 

allochems a re  common to   t h i s   l imes tone .   Magn i f i ca t ion  X 4 . 2 ,  

crossed   n ico ls .  

4 .  Unit  1-26, Packstone. Datum bed for  the  lower  Gobbler  Formation. 

Charac t e r i s t i c   fo ramin i f e ra   o f  Morrowan age.   Condi t ions  of   being 

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

typ ica l   t o   t he   l imes tones   o f   t he  Lower Gobbler  Formation.  Magni- 

f i c a t i o n  X 4.2, crossed   n ico ls .  

5. Unit  6-53, Subarkose.   Note  feldspar  grain  in  the  center  showing. 

twinning.   opaque  grains   are   glauconi te ;  large w h i t e   g r a i n s   a r e  

quartz .   Magnif icat ion X 4.2 ,  crossed   n ico ls .  

6 .  Unit 2-6, - Siltstone.   Bioturbated  and  burrowed.  Magnification 

X 1, po la r i zed   l i gh t .  
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PLATE 111 

1. Atokan - Desmoinesian  contact,  Grapevine Canyon (5). Hammer and 

s ix - inch   ru l e r  mark t h i s   l o c a l   d i a s t e m  (?). The con tac t  i s  angu- 

l a r  and  has a s  much a s  s ix  feet of relief i n   l o c a l   c h a n n e l s .  The 

lower  stratum is a packstone,  loaded w i t h  pseudozaphrentoides   (coral) .  

The upper  stratum is a l imes tone   cong lomera te   w i th   c l a s t s   a s   l a rge  

a s  two feet in   d i ame te r .  

2. Helms Formation,  mudcracks,  Grapevine Canyon (5). S ix- inch   ru le r  

lies upon su r face  of a carbonate  mudstone  bed.  Polygonal  patterns 

a r e  mud c rack   ca s t s .  

3.  Lower Morrowan sandstones  and  conglomerates, Mule Canyon (1). Note 

cobble-sized  mudstone  clast   behind hammer handle. Dark p a r t  of 

hammer handle is six inches i n  length.  

4 .  Channel  sand, Lower Morrowan, Alamo Canyon "west" loca l i t y .   No t i ce  

trough  cross-bedding. Hammer head is 7 inches  long. 

5. Channel  sand, Upper  Morrowan,  Mule Canyon (1).  Note sets of planar  

cross-bedding.  Ruler i s  s ix  inches i n  length.  

6. Channel  sand, Upper  Morrowan, Indian  Wells (6). S ix - inch   ru l e r  

marks planar  cross-bedding. 
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St ra t ig raph ic   Sec t ion  6 

Indian Wells 

General  Location 

The s e c t i o n  was measured  trending  northeast   in  the 

SWk of  Section 11, T.16.S, R.lO.E., Otero  County, New Mexico. 

Descr ipt ion  of   Local i ty  

The s e c t i o n  is  located  3.75 miles northeast   a long paved 

and gravel  roads,  from a point on U.S. 54,  3.25 miles nor th  

of its in t e r sec t ion   w i th  U.S. 70.  local landmarks  and d i r e c t i o n s  

are: t u r n  east o f f  of U.S. 54 on Indian Wells S t r e e t  and  proceed 

east 1.75 miles t o  i t s  intersection  with  Scenic  Drive;  proceed 

east through  the   in te rsec t ion  and turn  south  a long a l l e y  f o r  0.18 

miles; t u r n  east, c ross   b r idge   a f te r   0 .3  miles; proceed east 1.5 

miles following  gravel  road t o  its end.  Proceed  northeast on 

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

The sect ion  begins   in   the  aforementioned  t rending  t r ibu-  

t a ry .  Measurement is o f f s e t   e a r l y  t o  the  next   north  t rending 

t r i b u t a r y .  The sec t ion   t r ends   gene ra l ly   no r th  t o  north-northwest. 

General Remarks 

The s e c t i o n  was measured  August  10-15,  1974. The 

s e c t i o n  i s  generally  poorly  exposed, especially in   the  upper   por-  

t ion. 

The gene ra l   a t t i t ude   o f   t he  strata is N 290 E w i t h .  d ips  

averaging 150 t o  the  northwest.  
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Lower  Desmoinesian  Interval 

Atokan  Interval 

Upper  Morrowan  Interval 

Lower  Morrowan  Interval 

Approximate  Thickness 
(in  feet) 

223 

155 

55 

57 

Total 490 

Unit  Lithology  Thickness 
(ft.) 

6-54  Limestone,  wackestone-packstone  and 
Shale;  olive  black/buff;  thin  bedded, 

white  on  black  banding  or  streaks;  forms 
rhythemitric,  shale  partings;  distinct 

a  slope,  fair  exposure;  trace  (debris) 5 . 0  

Lower  Desmoinesian  Interval 

6-53  Sandstone,  calcarous  subarkose;  light 

very  coarse  grained,  angular-subrounded, 
olive  graylmedium  gray-buff;  medium- 

poor  sorting,  [point-concavo-convex 
contracts];  glauconite;  thin-thin  medium 
bedded;  forms  a  ledge,  good  exposure; 
moderate  (brachiopod,  coral) 15.0 

6-52 Covered 12 .o 
6 - 5 1  Limestone,  grainstone-packstone,  arena- 

ceous;  medium  olive  black-graylmedium 
gray-buff;  glauconite;  thin  medium bedded, 
minor  crossbedding;  coated  grains;  forms 
a  ledge,  good  exposure;  abundant  (brach- 

N7OE 14ONW 
iopod,  pelmatazoan,  bryozoan,  coral) 

5 . 3  

6-50 Covered;  probably  siltstone 4 5 . 0  
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Unit  Lithology Thickness 
(ft .) 

6-49 

6-48 

6-47 

6-46 

6-45 

Sandstone,   ferrugenic   calcareous 
p ro toqua r t z i t e ;   g ray i sh   o range - l igh t   o l ive  
gray/buff;   coarse-granule  grained,  sub- 
angular ,   poor   sor t ing,   [point   contacts] ;  

minor  crossbedding;  forms a ledge, good 
g laucon i t e ,   f e r rugen ic ;   t h in  medium bedded, 

exposure;  moderate  (pelmatazoan,  bryozoan, 
brachiopod,   fusul inid,   os t racode)  4.8 

Limestone,  mudstone,  and  Sil tstone; 

t h i n  bedded;  poor  exposure;  unfossiliferous 5.5 
l ight  gray-yellowish  browdbuff;   laminated- 

Covered 15.0 

Sandstone,  calcareous  subgraywacke; 
grayish  orange-l ight   gray/buff ;  medium- 
coarse  grained,   subangular , ,   fa i r -poor  

g lauconi te ,   fe ldspar ,   fe r rugenic ;   th in-  
sorting,  [concavo-convex  contacts];  

t h i n  medium bedded;  coated  grains (?), 
minor  conglomerate at  the   base ;  a ledge 
cons t i t uen t ,  good exposure;  trace  (pel-  
matazoan,  bryozoan,  fusulinids) 6.5 

Limestone,  packstone-wackestone,  slightly 

medium da rk   g ray -buf f ;   pa r t i a l ly   r ec rys -  
s i l t y ;  medium o l i v e   g r a y - l i g h t   o l i v e  brown/ 

algal  "texture";   forms a minor  ledge, good 
t a l l i z e d   o r   s i l i c i f i e d ;   t h i n  medium bedded, 

exposure;  moderate-abundant  (pelmatazoan, 
brachiopod,  gastropod,  bryozoan,  algae, 
co ra l )  5.0 

S i l t s t o n e  and  Shale,   l imy;  l ight  gray 

exposure;  moderate  (brachiopod,  pelmatazoan) 
/ l igh t   t an-buff ;   f i s s i le - th in   bedded ,   poor  

[brachiopod:  Neospirifer  sp.,  Desmoinesia  sp., 
Beecheria  sp.,  Composita s p . ]  5.0 

Covered;  probably 6-44' 60.0 

6-44 

6-43 
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Unit Lithology Thickness 
(ft .I 

6 -42 

6-41 

6-40 

6-39 

6-38 

6-37 

6-36 

6-35 

Sandstone,  ferrugenous  calcareous  proto- 
quartzite;   dark  yellowish  brown-moderate 
browdlight   tan-buff ;   very  f ine-medium 
grained,  subrounded, fair sor t ing;   mica,  
b i o c l a s t s ;   t h i n - t h i n  medium bedded,  bio- 
tu rba ted ;   fa in t   co lor   banding;   forms  a 

pelmatazoan) 
ledge, good exposure;  moderate  (brachiopod, 

N70°E 13ONW 

Covered 

Limestone,  packstone;  olive  black- 
ol ive  gray/buff ;   th in   bedded;   moderate  

brachiopod) 
(foraminifera,  pelmatazoan,  bryozoan, 

g r a y / b u f f ;   t h i n  bedded;  forms a minor 
Limestone,   grainstone;   ol ive  black-l ight  

brachiopod,  pelmatazoan) 
ledge, good exposure;  moderate  (fusulinid,  

Si l ts tone,   calcareous;   mica;   laminated-  

matazoan,  brachiopod)  [brachiopod: 
t h i n  bedded; rare exposure ;   t race  (pe l -  

Linoproductus s p . ]  

Covered 

Sandstone,   protoquartzi te ,   calcareous;  
medium ol ive-yel lowish  grayfbuff ;   f ine-  
medium grained,  subrounded, f a i r   s o r t i n g ;  
g lauconi te ,  mica, f e r rugen ic ;   t h in  bedded, 

moderate-abundant  (coral,  brachiopod, 
bioturbated;  minor  bench, fa i r  exposure; 

pelmatazoan,  bryozoan,  plant) 

Covered 

P a r t i a l   t h i c k n e s s   o f  Lower Desmoinesian 
I n t e r v a l  

60 
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3.0 

10.0 
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Unit Lithology Thickness 
(ft. 1 

Atokan I n t e r v a l  

6-34 Limestone,   grainstone;   ol ive  gray/buff ;  
g lauconi te ,  mica, q u a r t z ;   t h i n  bedded, 
shale   par t ings;   forms a bench, good 
exposure;   abundant   ( fusul inid,   coral ,  

bryozoan)  [brachiopod:  Linoproductus 

pelmatazoan,  foraminifera,   gastropod, 

SP. 1 
6-33 

6-32 

6-31  

6-30 

6-29 

9 . 0  

Limestone,  mudstone,  Sil tstone  and  Shale;  
medium gray- l igh t   g ray jbuf f ;  fissile- 
t h i n  bedded; par t ia l ly   covered ,   poor ly  
exposed;  trace  (pelmatazoan) 30.0 

Sands tone ,   p ro toquar tz i te ,   fe r ru-  
genous,  calcareous;  moderate  yellowish 

angular ,   fa i r -good  sor t ing;   glauconi te ;  
brownlbuff;  fine-medium  grained,  sub- 

t h i n  bedded,  burrowed,  bioturbated, 
shale   par t ings;   forms a bench,  good- 
f a i r  exposure;   t race  (debris)  14.0 

Covered;  probably  shale 44.0  

Conglomerate,  arenaceous,  limy;  grayish 
black-olive  gray-grayish  red/yellow-buff;  
medium-pebble grained,  subangular,  poor 

t h i n  bedded,  blocky;  top  surface  has 
sorting,  f loating-concavo-convex  contacts;  

retangular  colored  bands;  forms a broken 
minor  ledge,  fair-good  exposure; trace 
(pelmatazoan,  coral)  
o f f s e t   t o   t h e   n e x t  west t r i b u t a r y  

Covered 

6 1  

1.0 
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Unit Lithology Thickness 
(ft . ) 

6-28 
very   l igh t   g ray-ye l lowish   gray /buf f ;  
Sandstone,   or thoquartzi te ,   ferrugenic;  

medium-very coarse-granule  grained,  sub- 
angu la r ,   poor   so r t ing ,   [ s ty lo t i t i c  con- 
tacts]; mica;  very  thick  bedded,  cross- 
bedding,  graded  bedding; rill  marks (?) on 
sur face ,   top   2 -3  f t .  darker  and  coarser:  

6-27 

6-26 

6-25 

forms a- ledge;   t race  (brachiopod)  
N27OE  14ONW 

Covered 

Sandstone,   or thoquartzi te ,   ferrugenic;  
grayish  orange-dark  yellowish  orange/ 
buff ;   f ine-coarse  grained,   subangular ,  
poor  sorting;  very  thick  bedded,  cross- 
bedding;  forms a ledge, good exposure; 
trace (plant)  

Shale;   b lack/buff ;  mica; f i s s i le  
bedded;  forms a s lope,  fair exposure; 
un foss i l i f e rous  

P a r t i a l   t h i c k n e s s  of Atokan   In te rva l  

Upper Morrowan I n t e r v a l  

6-24  Covered 

6-23  Sandstone,   protoquartzi te ,   ferrugenic;  
grayish  orange-moderate  brown/buff; 
fine-medium  grained,  angular,  poor 
so r t ing ;   g l aucon i t e ,  mica; t h i n  bedded; 

abundant-moderate  (pelmatazoan,  bryo- 
forms a minor  ledge, fa i r  exposure; 

N27OE 14OW 
zoan,  brachiopod,  plant) 

62 

33.0 

16.0 

10.0 

7.0 

155.0 
- 

7.0 

2.2 



Unit  Li thology Thickness 
Ut.) 

6-22 

6-21 

6-20 

6-19 

6- 18 

6- 17 

6-16 

Sandstone,   protoquartzi te ,   ferrugenious 
calcareous;   grayish  red,   grayish  orange/  
buff;   mica,   glauconite;   laminated-thin 

nating  color  banding  from  pinkish  white 
bedd ing ,   sha l e   pa r t ings ;   d i s t i nc t  alter- 

exposure;  moderate  (pelmatazoan,  bryozoan, 
t o  maroonish purp le ;  forms a s l o p e ,   f a i r  

brachiopod)  [brachiopod:.  Sandia  welleri 
(Mather) ,   Punctospir i fer  sp. ,  Anthra- 

C le io thv r id ina  sp.] 
cosp i r i f e r   newber rv i   ( su the r l and  h Harlow), 

7.5 

Covered;  probably 6-22 4.0 

Sands tone ,   o r thoquar tz i te ,   ca lcareous ;  
ye l lowish   grayfbuff ;  medium-very coarse  
g ra ined ,   sub rounded   f a i r   so r t ing ,  
concavo-convex to  s t y l o l i t i c   c o n t a c t s ;  

crossbedding;   forms  an  intermit tent   ledge,  
l imestone  grains;  medium-very t h i c k  bedded, 

f a i r   exposure ;   un foss i l i f e rous   22 .0  

Limestone,  grainstone; medium gray/buf f ;  
t h i n  bedded;  sharp  upper  contact;  forms 
a discontinuous  bench,  rare  exposure; 
moderate  (pelmatazoan)  0.8 

Limestone,  wackestone;  brownish  black- 
da rk   g ray /bu f f ;   t h in  bedded,  wavy; 

abundant  (foraminifera,  pelmatazoan, 
forms a minor  "ledge",  rare  exposure; 

brachiopod,  bryozoan,  sponge  spicules)  0.22 

wackestone;  gray-black/dark  gray-buff; 
Shale  and  interbedded  Limestone, 

f i s s i le   bedded-sha le ,   th in   bedded- l ime-  
s t o n e ,   n o d u l a r ;   s l o p e   c o n s t i t u e n t ,   f a i r  
exposure;  trace  (brachiopod)  2.2 

Covered;  probably  shale 3.0 

P a r t i a l   t h i c k n e s s  of  Upper Morrowan 
I n t e r v a l  

- 
55.0 

63 



Unit  Lithology  Thickness 
(ft.1 

Lower  Morrowan  Interval 

6-15 Limestone,  packstone-grainstone;  dark 
yellowish  brown,  medium  olive  gray/buff; 
glauconite;  medium  bedded,  shale  partings; 
light  bluish  gray  chert  stringers;  forms 
a bench,  fair  exposure;  moderate-abundant 
(bryozoan,  pelmatazoan,  foraminifera, 
coral) 4 . 6  

6- 14 Limestone,  packstone;  olive  black-gray/buff; 
thin  bedded;  coated  grains,  black-blue 
gray  chert  nodules  and  layers;  forms a 

moderate  (gastropod,  pelmatazoan,  brach- 
bench  and  ledge,  fair-good  exposure; 

iopod) 
N3SoE 20oNW 2.2  

6- 13 Covered 8 .5  

6-12 Sandstone,  orthoquartzite,  ferrugenious; 
grayish  orange,  pale  brown/buff;  medium 
coarse  grained,  subangular,  fair  sorting, 
concavo-convex  to  stylolitic  contacts; 
thin-medium  bedded;  crossbedding;  basal 
conglomerate 6 in.  thick;  forms a ledge 
and  bench,  fair  exposure;  trace  (plant) 
N80W 25 15.5 

6-11 Shale;  black/buff;  fissile-laminated 
bedded;  forms a slope,  rare  exposure; 
unfossiliferous 2 . 0  

6- 10 Covered;  probably  shale 9.0 

6-9 Limestone,  packstone;  medium  olive 
gray-dusky  yellow/buff;  glauconite; 

good  exposure;  abundant  (brachiopod, 
thin  bedded,  mottled;  forms a ledge, 

bryozoan,  pelmatazoan,  pelecypod,  coral, 

NISOE 14% 
algae) 

offset  east  to  next  tributary 
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Unit Lithology Thickness 
(ft . ) 

6-8 Limestone,  wackestone;  olive  black- 
g ray i sh   o range /buf f ;   pa r t i a l ly  s i l ic-  

s h a l e   p a r t i n g s ,   a l g a l  "mat", wavy; 
i f i e d   o r   r e c r y s t a l l i z e d ;   t h i n  bedded, 

dant-moderate  (pelmatazoan,  brachiopod, 
forms a ledge,  fair-good  exposure; abun- 

bryozoan,  foraminifera)  [brachiopod: 
AntracosDir i fer   sp. ]  2.0 

6-7 Covered;  probably  black  shale 1.3 

6-6 Limestone,  packstone;  dark  yellowish 

c o a t i n g s ;   t h i n  bedded,  mottled;  coated 
browdgrayish  orange-buff ;   ferrugenic  

grains;   forms a minor  ledge, fair 
exposure;  moderate  (bryozoan,  pelmatazoan, 
brachiopod,  foraminifera,   algae) 2.3  

6-5 Shale ,   arenaceous,   s i l ty;   b lack/orange-  
brown-buff; fissile bedded; s lope  
consti tuent,   poor  exposure; u n f o s s i l i f e r o u s  0.15 

6-4 Shale,   arenaceous;  black,  tan-brown/olive,  
maroon, gray-buff ;   f iss i le- laminated  bedded;  
forms a ledge,  poor  exposure,   trace 
(brachiopod) 0.8 

6-3 Covered, t a lus ;   cou ld  be s i l t s t o n e   6 . 5  

6-2 Limestone, s i l i c i f i e d ;  medium l i g h t  
gray-light  gray/tan,   green,  blue-buff;  

coa ted   g ra ins ,   l imon i t e   c rys t a l s  and 
thin-medium  bedded,  nodular,  wavy; 

concre t ions ,   f i s sures ;   forms  a d i s -  
continuous  ledge,  fair   exposure;  moderate 
(pelmatazoan) 
N6oE 20OW 3 . 0  

P a r t i a l   t h i c k n e s s   o f  Lower Morrowan - 
I n t e r v a l  57.0 
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Unit Lithology Thickness 
(ft .I 

Tierra Blanca Member (Mississippian) 

6-1 Limestone, grainstone;  yellowish gray/ 

very thick bedded; light  bluish gray 
buff;  partially  recrystallized; medium- 

chert  nodules,  limonite replacement; 
forms a c l i f f ,  good exposure; abundant 
(pelmatazoan, brachiopod) 
N7OE 14% 5.0 



St ra t ig raph ic   Sec t ion  3 

Alamo Canyon 

General  Location 

The s e c t i o n  was measured  trending  north-northeast  

i n   t h e  W/2 of   Sect ion 6 ,  T. 16.S., R . U . E . ,  Otero  County, New 

Mexico. 

Descr ip t ion  of Loca l i ty  

The s e c t i o n  i s  located 7.7 miles   ea s t   a long  paved, 

g rave l ,  and dirt-arroya  bottom  roads  from a point  on U.S. 54, 

1.5 miles nor th  of i t s  i n t e r s e c t i o n   w i t h  U.S. 70. Local 

landmarks  and  directions  are:  2.5 miles from  highway i n t e r -  

s e c t i o n  t u r n  e a s t  on 1st. Street ;   proceed east one mile and 

tu rn   sou theas t  on Canyon Road; proceed 1.8 mi les   southeas t  

and a l a rge   wa te r   t ank   ( s i l ve r )   can  be seen on t h e   s o u t h   s i d e  

of the  road;  proceed  southeast   another 1.0 mile   and  turn  east  

i n t o  Alamo Canyon; proceed as f a r  as poss ib l e  by v e h i c l e   o r  

foot   for   approximately 3.9 miles .  

The sec t ion   beg ins   i n  a nor theas t   t rending  main 

t r i b u t a r y  and   fo l lows   th i s   t r ibu tary   in   the   lower   ha l f ,   then  

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

General  Remarks: 

The s e c t i o n  was measured J u l y  3-14, 1974. This 

s e c t i o n  i n  gene ra l  is well   exposed,  but  the  largest  amount 

of igceous sills and  dikes  were  found at  t h i s   l o c a l ,  

undoubtedly   a l te r ing   the   t rue   na ture  of t h e   s t r a t a .  
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The g e n e r a l   a t t i t u d e  of t h e  strata is N70oW wi th  

dips   averaging 27O t o   t h e   n o r t h e a s t .  

Lower Desmoinesian  Interval 

Atokan  Interval  

Upper Morrowan I n t e r v a l  

Lower Morrowan I n t e r v a l  

T o t a l  

Approximate  Thickness 
( i n   f e e t )  

241 

155 

124 

9 1  - 
6 12 

Unit Lithology Thickness 
( f t  . 

3-73 Limestone,  wackestone-packstone,  and 
Shale ;   o l ive   b lack/buf f ;   th in   bedded ,  
rhy thmet r i c ,   sha l e   pa r t ings ;   d i s t i nc t  
white  on  black  banding;  forms a s lope ,  
f a i r   e x p o s u r e ;   t r a c e   ( d e b r i s )  5.0 

3-71 

Lower Desmoinesian  Interval 

3-72 Limestone,  mudstone,  and  interbedded 
Shale ,  s i l t y ;  dark  gray-grayish  black/ 

bedded- l imes tone ;   s i l t .pwt ings ;   forms  
buff;   laminated  bedded-shale,   thin 

a slope, fair  exposure ;   unfoss i l i fe rous  1.5 

Conglomerate,  arenaceous,  limy;  gray- 
black-grayish  orange/buff ;   f ine-pebble  
grained,  angular-subrounded,  poor  sorting, 
f l oa t ing -po in t   con tac t s ;   f e ldspa r   g ra ins ,  
glauconi te ,   l imestone  pebbles;   th in   bedded;  
forms a minor  ledge, fa i r   exposure,   moderate  
(pelmatazoan,  bryozoan,  algae) 0.2 
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0 

Unit Lithology Thickness 
(ft .I 

3-70  Limestone,  packstone,  silty;  dark 
yellowish  brown/buff;  thin  bedded, 
shale  partings;  gradation  lower 
contact;  forms a discontinous  ledge, 
fair-good  exposure;  abundant  (brachiopod, 
pelmatazoan,  bryozoan)  [brachiopod: 
Kozlowskia  havdenensis  (Girty), Nee- 
spirifer  sp.,  Buxtonia s p . ,  LinoDroductus 
sp.,  Phricodothvris  sp.,  Crurithvris  sp., 
Punctospirifer  sp.,  Anthracospirifer  sp.] 

3-69 

3-68 

3-67 

3-66 

3-65 

Conglomerate,  limy;  moderate  yellowish 
browdbuff; medium-granule  grained, 
subangular,  poor  sorting;  limy  matrix, 
glauconite,  limestone  and  quartz 
granules;  thin  bedded;  forms a ledge, 
good  exposure;  moderate  (bryozoan,  coral, 
brachiopod,  pelmatazoan) 

Sandstone,  protoquartzite,  limy;  light 
olive  graylbuff;  fine-medium  grained, 

mica;  thin-thick  bedded,  silty-shale 
subrounded,  fair  sorting;  glauconite, 

good  exposure;  trace  (brahiopod) 
partings,  crossbedded;  forms a ledge, 

Covered,  probably  3-66 or 3-68 

Sandstone,  protoquartzite;  dark  yellowish 
browdbuff:  medium-coarse  grained,  sub- 

3.1 

2 . 1  

29.9 

11.8 

- 
angular,  poor  sorting;  glauconite,  mica, 
limestone  grains;  laminated-thin  bedded; 
forms a slope,  poor  exposure;  trace  (plant) 7.0 

Sandstone,  protoquartzite,  ferrugenious 
and  Limestone,  packstone;  dark-moderate 
yellowish browdbuff; fine  grained,  sub- 
rounded,  fair-good;  ferrugenious  coatings; 
thin  bedded;  clay  galls  and  nodules;  caps 
top  of  ledge,  fair  exposure;  abundant 
(brachiopod,  gastropod,  pelmatazoan,  coral) 2.0 
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Unit Lithology Thickness 
(ft .) 

3-64 
micaceous;  dark  yellowish  brownlbuff; 
Sandstone,  protoquartzite,  ferrugenious, 

fine-medium  grained,  angular,  fair 
sorting,  point  contacts ; glauconite, 
mica,  ferrugenious  coatings,  limestone 
grains;  medium-very  thick  bedded,  cross- 
bedded;  forms a ledge,  good  exposure; 
trace  (plant) 30.0 

3-63 

3-62 

3-61 

3-60 

Siltstone,  argillaceous;  tan-gray/ 

nodules  and  galls;  forms  bottom  of 
buff;  mica;  laminated-thin  bedded;  clay 

ledge,  fair  exposure;  trace  (plant) 23.0 

Shale,  silty, and Partially  Covered; 
tan-gray/buff;  mica;  fissile-laminated 

trace  (brachiopod) 
bedded;  forms a slope,  poor  exposure; 

Limestone,  packstone,  and  Siltstone, 
limy;  medium  dark gray-tadbuff; fine- 
coarse  grained;  glauconite,  mica, 
ferrugenious  coatings;,  thin  bedded- 
limestone,  laminated-siltstone,  shale 
partings;  forms a slope,  fair  exposure; 
trace-moderate  (pelmatazoan,  brachiopod, 
bryozoan,  coral) 27.0 

Limestone,  packstone,  arenaceous;  grayish 
black-olive  blacklbuff;  mica,  glauconite, 
feldspar  grains;  thin  bedded,  coated 

moderate-trace  (brachiopod,  coral,  pelma- 
grains;  caps  ledge, good exposure; 

tazoan,  foraminifera) 2 . 4  

49.0 

3-59 

0 

70 

e 
" 

Limestone,  grainstone;  rose-pale  reddish 

medium  bedded,  cross-bedded;  basal  contact 
brown-light  gray/buff;  glauconite,  mica; 

upper  portion;  forms a ledge,  good  exposure; 
is a weathered  yellow  zone,  arenaceous  in 

abundant  (pelmatazoan,  brachiopod,  bryozoan, 
coral) 
N80% 21°N 11.0 



Unit  Lithology  Thickness 
(ft .) 

3-58 Limestone,  packstone;  grayish  brown/ 

medium  bedded;  coated  grains;  forms 
buff;  ferrugenic  coatings,  glauconite; 

moderate-abundant  (brachiopod,  pelmata- 
bottom  of  ledge,  good  exposure; 

zoan,  foraminifera,  bryozoan) 4.7 

3-57 Covered;  probably  shale 49.7 

Partial  thickness  of  Lower  Desmoinesian 
- 

Interval 241.0 

Atokan  Interval 

3-56 Siltstone,  limy,  Shale  and  Limestone, 
mudstone;  olive  gray-grayish  black/buff; 
fine  grained;  mica;  fissile-thin  bedded, 
bioturbated;  sand  casts;  forms a slope, 
fair  exposure;  trace  (pelmatazoan,  sponge 

N48W 21ONE 
spicules,  debris) 

20.0 

3-55 Conglomerate,  limy,  argillaceous;  grayish 
black-olive  black/buff;  fine-pebble  grained, 
angular,  poor  sorting,  floating  contacts; 

glauconite;  thin  bedded;  forms a minor  ledge, 
limy  matrix,  quartz  pebbles,  feldspar  grains, 

fair  exposure;  trace  (coral,  pelmatazoan) 0.86 

3-54 

3-53 

3- 52 

Shale;  gray-black/buff;  fissile  bedded; 
forms a slope,  fair  exposure;  unfossili- 
ferous 17.1 

Covered;  probably  shale 12 .o 
Conglomerate,  arenaceous,  limy;  grayish 
black-olive  gray-grayish  red/yellow-buff; 
medium-pebble  grained,  subangular, 
sorting,  concavo-convex  to  stylolitic  contacts; 
mica;  very  thick  bedded,  cross-bedded;  top 
3 ft. weathers  rust-maroon:  forms a massive 
ledge,  good  exposure;  unfossiliferous 
N53%  39% 
offset 5-70 yards  west 

7 1  
28.0 
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0 
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Unit  Lithology Thickness 
( E t .  

3-51 Covered;  probably  shale 

3-50 Sands tone ,   o r thoquar tz i te ;   ye l lowish  
gray/buff ; medium-granule  grained,  sub- 
angular ,   fa i r -poor   sor t ing ,   concavo-  
convex t o - s t y l o l i t i c   c o n t a c t s ;   m i c a ;  
ve ry   t h i ck  bedded,  cross-bedded;  top 3 f t .  
weathers  rust-maroon;  forms a massive 
ledge, good exposure ;   unfoss i l i fe rous  
N530W 39% 
o f f s e t  50-70 yards  west 

3-49 

3-48 

3-47 

Covered;  probably  black  shale 

Igneous s i l l  

4.9 

28.0 

33.7 

21.0 

Conglomerate,   arenaceous,   argil laceous; 
l i gh t   o l ive   g ray lbu f f ;   f i ne -pebb le   g ra ined ,  
angular ,   poor   sor t ing,   point  t o  s t y l o l i t i c  
contacts ;   mica,   c lay  pebble-clasts ;  
laminated-thin bedded; c l a y   g a l l s ;   s l o p e  
cons t i tuent ,   poor   exposure ;   t race   (p lan t )  1.1 

P a r t i a l   t h i c k n e s s  of  Atokan I n t e r v a l  155.0 
- 

Upper Morrowan I n t e r v a l  

3-46 Sandstone,  subgraywacke; medium o l i v e  
grayldusky  yellowish  green-maroon,  buff; 
very  fine-medium  grained,  subangular,  poor 
sorting,  [concavo-convex to s t y l o l i t i c  
contacts]  ; mica,   l imestone  grains;   th in  
bedded, shale   par t ings;   forms a s lope ,  
fa i r   exposure;   t race  (bryozoan,   pelmata-  
zoan,  plant)  

3-45 Shale  and  Partially  Covered;  black/ 
buff;   f issi le-laminated  bedded;  forms a 
s lope ,   f a i r -poor   exposure ;   un foss i l i f e rous  
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0 

0 

0 

Unit Lithology 

3-44 

3-43 

3-42 

3-41 

3-40 

3-39 

3-38 

3-37 

Sands tone ,   o r thoquar tz i te ;   ye l lowish  
gray/buff;  medium-granule  grained,  angular, 
poor  sorting,  concavo-convex  contacts;  
some limestone  grains;  thin-medium  bedded, 
graded;   minor   ledge  former,   fa i r   exposure;  
u n f o s s i l i f e r o u s  

Shale;   grayish  black/yel lowish brown- 
b u f f ;   f i s s i l e  bedded;   s lope  const i tuent ,  
poor- fa i r   exposure ;   unfoss i l i fe rous  

medium gray/buf f ;  p a r t i a l l y  s i l i c i f i e d ,  
Conglomerate,  limestone;  olive  gray- 

p y r i t e ;   t h i n  bedded,  wavy,  nodular; 

fair-good  exposure;  moderate  (pelmatazoan, 
intraformational ;   forms a minor  ledge, 

brachiopod,  pelecypod,  bryozoan) 

Shale ,   s l igh t ly   l imy;   g ray ish   b lack/buf f ;  
mica;  fissile-laminated  bedded;  forms a 
slope,  poor  exposure;  moderate  (brachio- 
pods) 

Limestone,  packstone;  olive  gray-dark 

6 . 7  

0 .2-  
0 .5  

1.9 

1.9 

grayfbuff ;   g lauconi te ;   th in   bedded;  
coated  grains;   forms a minor  ledge, good 
exposure;  abundant  (pelmatazoan,  brachiopod, 
pelecypod,  bryozoan) 3.0 

Sandstone,  subgraywacke;  olive  grayfmaroon- 

f a i r   s o r t i n g ,   f l o a t i n g - p o i n t   c o n t a c t s  ; mica; 
buff;  very  fine-medium  grained,  subangular, 

t h i n  bedded,  burrowed,  bioturbated,  shale 
partings;   l imestone  nodules;   forms a s lope ,  

N160W 50% 
f a i r   exposure ;   t r ac t   (b rach iopod ,   p l an t )  

Shale,  limy; medium gray/olive-maroon,  buff; 

exposure ;   unfoss i l i fe rous  
pyrite;  laminated  bedding;  forms a s lope ,  good 

3 . 1  

Igneous s i l l  9.6 

3.6 
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Unit Lithology Thickness 
(ft . ) 

3-36 S h a l e ,   s l i g h t l y  s i l t y  and limy; o l i v e  
gray-dark  gray/buff;   mica;  laminated 
bedding;   s lope  const i tuent ,  fair  expo- 
su re ;   un foss i l i f e rous  1 .8  

3-35 Covered;  probably 3-36 1.5 

3-34 Limestone,  grainstone; medium dark  gray- 
o l ive   g ray /bu f f ;  medium bedded; forms a 
ledge, good exposure;  abundant  (pelmata- 
man,  bryozoan,  brachiopod) 2 . 9  

3-32 Limestone,  packstone-grainstone;  olive 
gray-medium g r a y / b u f f ;   p a r t i a l l y   r e -  
crystal l ized;   thin  bedded;   forms a minor 
ledge, fair   exposure;  moderate  (pelmatazoan, 
d e b r i s )  1.78 

3-31a Sandstone,  subgraywacke,  limy,  and  Siltstone; 
o l i v e   g r a y - o l i v e   b l a c k / b u f f ;   s i l t y - v e r y   f i n e  
grained;  quartz  and  l imestone  grains,   mica; 

f a i r   e x p o s u r e ;   t r a c t   ( p l a n t )  
laminated-thin  bedded,  mottled;  forms a s lope ,  

o f f s e t  measurement 10.0 

3-31 Igneous  dike,   camptonite;  l ight  greenish 
gray-moderate  yellowish  greedbrown- 
green-buff ;   d ike   t rends   a long   minor   fau l t  
poss ib ly  10.0 

3-30 Limestone,  packstone;  dark gray- 
medium g ray /buf f ;   g l aucon i t e ;   t h in  bedded; 
caps  ledge,  poor-good  exposure;  moderate 
(pe1matazoan;debris) 0 . 5  
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Unit  Lithology  Thickness 
(ft .) 

3-29 Limestone,  packstone;  medium  dark  gray- 

bedded,  shale  partings;  intraformational 
olive  gray/buff;  glauconite,  pyrite;  thin 

conglomeratic  basal  zone  (arenaceous, 
limy  matrix),  has a distinct 1 ft.  thick 
tan-rust  weathered  zone  at 5 ft.  above 
base;  forms a ledge,,good  exposure;  abundant 
(pelmatazoan, brachmpod, wood,  bryozoan)  12.4 

3-28 

3-27 

3-26 

3-25 

3-24 

Limestone,  packstone;  olive  graylmedium 
gray-buff;  thin  bedded,  mottled; forms a 
ledge,  good  exposure;  abundant  (pelmatazoan, 
foraminifera,  coral,  bryozoan) 2 . 0  

Limestone,  wackestone,  and  Shale;  olive 
black/medium  dark  gray-buf f ;  mica;  thin 
bedded-limestone,  laminated  bedded-shale, 
nodular,  wavy;  slope  constituent,  fair 
exposure;  abundant  (brachiopod,  pelmatazoan, 
sponge  spicules)  [brachiopod:  Antiquatonia 

Amplexocarinia corru.zata  (Mather)] 
coloradoensis (Girty),  Desmoinesia  sp.;  coral: 

1.3 

Limestone,  packstone;  brownish  black/ 
dark  gray-buff;  mica,  ferrugenic  coating 
on grains;  thin  bedded,  mottled;  bituminous; 
slope  constituent,  fair  exposure;  moderate 

algae) 
(foraminifera,  pelmatazoan,  brachiopod, 

0 . 8  

Limestone,  wackestone,  silty,  and  Shale; 

fissile-thin  bedded;  slope  constituent,  poor 
brownish  blackldark  gray-buff;  mica,  pyrite; 

exposure;  trace  (brachiopod,  pelmatazoan) 2 . 8  

Limestone,  packsgone;  medium  dark  gray/ 
green,  red,  buff;  partially  silicified,  mica, 
glauconite;  thin  bedded,  algal  mat (?); 
slope  constituent,  poor  exposure;  trace 
(pelmatazoan,  brachiopod) 
N52W 2 l0NE 0 .87  



, 
Unit Lithology Thickness 

( f t  . I  

3-23 Limestone,  wackestone;  olive  black/ 
med ium,da rk   g ray -buf f ;   pa r t i a l ly   s i l i c i -  
f i e d  and r ec rys t a l l i zed ;   t h in   bedded ,  
nodular ,  wavy;  forms a slope,  poor 
exposure;  abundant  (brachiopod,  pelmata- 
man)   [brachiopod:   Antiauatonia   color-  
adoensis  (Gir ty) ,  Linoproductus s p . ,  
S p i r i f e r   c f .  
(?) sp . ,  Phr icodothvr i s  sp .  

3-22 
. gray -b lack / l igh t   g reen -buf f ;   f i s s i l e - th in  

P a r t i a l l y  Covered,  Shale  and  Sil tstone; 

bedded;  covered  part-probably  shale;  forms 
a slope,  poor  exposure;  trace  (brachiopod) 

3-21   Sha le ,   s i l i c i f ied ;   modera te   b lu ish   g ray-  
brownish  black/buff;   mica;  laminated-thin 
bedded; forms a slope,  poor  exposure; 
t race  (brachiopod)  

3-20  Covered;  probably  gray  shale 

3-19 Limestone,  packstone;  olive  gray/medi& 
gray-buff ;  p a r t i a l l y  s i l i c i f i e d ,   g l a u -  

b lue-gray   cher t   s t r ingers ;   forms  a minor 
c o n i t e ;   t h i n  bedded; i ron   conc re t ions ,  

ledge,  fair   exposure;  moderate-abundant 
(pelmatazoan,  foraminifera,   brachiopod, 
os t racode ,   debr i s )  

3- 18  Covered;  probably gray s h a l e  

P a r t i a l   t h i c k n e s s  of  Upper Morrowan 
I n t e r v a l  

1.2 

4.7 

0.87 

28.0 

2.5 

5.7 - 
124-0 
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B 

b 

0 

I, 

0 

Unit  Lithology  Thickness 
Ut.) 

* 

Lower  Morrowan I n t e r v a l  

3- 17  Limestone,  packstone; o l ive black/medium 
g r a y - b u f f ;   p a r t i a l l y   s i l i c i f i e d ,   g l a u -  
coni te ;   th in   bedded;   i ron  s ta ined  concre-  
t ions ,   coa ted   g ra ins ;   s lope   cons t i tuent ,  
fair  exposure;  abundant  (coral,  bryozoan, 
pelmatazoan,  foraminifera,  brachiopod, 
a lgae)  
N710W  24ONE 

3- 16 Limestone,  packstone;  olive  black/ 
medium d a r k   g r a y - b u f f ;   p a r t i a l l y  s i l i c i -  
f i e d  and r ec rys t a l l i zed ;   t h in   bedded ;  
caps Ledge,  good exposure;  abundant 

fera, bryozoan,  algae) 
(pelmatazoan,  brachiopod,  coral,  foramini- 

3-15 Limestone,  packstone;  olive  black/ 
medium gray-buff;  thin-medium  bedded; 
b io turba ted ;   b lack   cher t  seam and  nodules; 
l edge   cons t i tuent ,  good exposure;  moderate 

cu le s ,   a lgae  (?>) 
(pelmatazoan, foraminifera ,   sponge  spi-  

3- 14 Limestone,  packstone;  olive  black/medium 
g r a y - b u f f ;   p a r t i a l l y   r e c r y s t a l l i z e d  and 
s i l i c i f i e d :   t h i n  bedded, sha le   pa r t ings ,  

0.4  

1.1 

5.2 

mott led;   dark  gray  cher t   nodules;   led& 
c o n s t i t u e n t ,  good exposure;  moderate  (foramini- 
fera, pelmatazoan,  bryozoan,  brachiopod, 
pelecypod,  algae) 
N6OoW 2OoNE 4.1 

3- 13 Limestone;  olive  gray/medium  gray-buff; 
p a r t i a l l y   s i l i c i f i e d ;  medium bedded;  gray 

sure;   moderate   (brachiopod,   foraminifera ,  
chert   nodules;   forms a ledge, good  expo- 

bryozoan,  pelmatazoan,  gastropod,  coral, 
a lgae)  
N75% 27ONE 

77 . .  
0 

3.2 



Unit  'Lithology  Thickness 
(ft.) 

3- 12  Limestone,  packstone,  arenaceous;  olive 
blacklmedium  gray-buff;  mica;  thin 
bedded;  forms a slope,  fair  exposure; 
trace  (debris) 0.6 

3-11 Sandstone,  subgraywacke,  argillaceous; 
olive  gray,  moderate  pale  yellowish 

grained,  angular,  poor  sorting,  floating 
brownlmedium  gray-buff;  fine-medium 

contacts;  some  portions  have  an  opaline 
matrix,  glauconite,  mica,  limestone 
grains;  laminated-thin  bedded,  biotur- 
bated;  bituminous;  forms a slope,  fair 

N73W 25ONE 
exposure;  trace  (brachiopod) 

5.8 

3- 10 

3-9 

3- 8 

3-7 

3-6 

Shale,'  arenaceous;  blackldark  gray-buff; 
glauconite,  mica;  fissile-laminated 
bedded,  burrowed;  sand  casts;  forms a 
slope,  good-fair  exposure;  moderate 
(brachiopod) 3 . 0  

Covered;  probably 3-10 11.7 

Sandstone,  orthoquartzite,  calcareous; 
yellowish  graylbuff;  medium-very  coarse 
grained,  subangular,  poor  sorting,, 
floating-stylolitic  contacts;  glauconite, 
mica;  laminated-thin  bedded;  slope  consti- 
tuent,  fair  exposure;  trace  (pelmatazoan, 
plant) 
N70°W 260NE 4.2 

Shale;  blackldark  gray-buff;  mica;  fissile 

unfossiliferous 
bedded;  slope  constituent,  poor  exposure; 

Shale,  silty  and  slightly  limy;  olive 
black/medium  dark  gray-buff;  mica; 
laminated  bedding,  nodular;  forms a 
slope,  fair  exposure;  unfossiliferous 0.56 

0.54 

78 
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Unit Lithology Thickness 
(ft.1 

3-5  Limestone,  mudstone,  argillaceous- 
silty,  and  Shale;  olive  black/medium 
gray-buff;  thin  bedded-limestone, 
laminated  bedding-shale;  forms a slope, 
poor  exposure;  trace  (brachiopod,  debris) 
N700W 36ONE  18.2 

3-4 

3-3 

3-2a 

3-2 

Shale;  black/dark  gray,  brown,  yellow- 
buff;  laminated-fissile  bedded;  caliche 
veins;  forms a slope,  poor  exposure; 
trace  (brachiopod) 10.0 

Siltstone,  limy  and  argillaceous; 

yellow-buff;  partially  silicified,  glau- 
yellowish  gray-pale  olive/pale  greenish 

coated  grains,  gypsum-caliche  replacement 
conite;  thin-laminated  bedded,  nodular; 

veins;  forms a slope,  poor-fair  exposure; 
trace-abundant  (pelmatazoan,  bryozoan, 
pelecypod,  brachiopod,  plant)  19.9 

Sandstone,  orthoquartzite;  conglomeratic 
zones;  found  in  the  "west"  Alamo  Canyon 
locality 60.0 

Covered;  probably  3-3 3 .O 

Partial  thickness  of  Lower  Morrowan 
- 

Interval  91.0 

Tierra  Blanca  Member  (Mississippian) 

3- 1 Limestone,  grainstone;  light  olive  gray/ 
olive  gray-yellowish  gray,  light  gray; 

crystallized;  medium-very  thick  bedded; 
[stylolitic  contacts];  partially  re- 

white-moderate  bluish  gray  chert  nodules; 
resistant  cliff,  good  exposure;  moderate 
(pelmatazoan) 
N60W 27"NE 5.0 
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St ra t ig raph ic - 'Sec t ion  1 

e Mule Canyon 

General  Location 

0 
The s e c t i o n  was measured  trending  approximately 

eas t -wes t   in   the  NW/4 Sect ion  15, T.17.S, R.lO.E, Otero  County, 

New Mexico. 

e Descr ip t ion  of Loca l i t y  

The s e c t i o n  i s  loca ted  5.25 miles southeas t   a long  

paved  and d i r t   r o a d s ,  from a point  on U.S. 54,  0.65 miles 

e south  of  i t s  i n t e r s e c t i o n   w i t h  U.S. 70. Local  land  marks 

and   d i r ec t ions  are: t u r n  east of f   o f  U.S. 54 and  proceed 

east, passing  Country  Club  and  gravel  pit   operation,  for 

0 0.95 miles; t u r n   s o u t h  and  proceed 0 . 3 5  miles; veer i n  a 

s o u t h e a s t   d i r e c t i o n  f o r  1.5 miles ;   t u rn  east and follow  road 

f o r  0.95 m i l e s   t o  i t s  end / local   surroundings  include a 

0 cement-lined pond, wooden shack  ruins ,   and  the  base  of   the  

escarpment;  walk 1.5 miles east through  the main  canyon. 

The sec t ion   beg ins   i n  a minor   northeast   t rending 

a t r i bu ta ry   co inc id ing  w i t h  the  easternmost  exposure  of 

Mississippian  beds.  The sec t ion   t r ends  N800E with  only  one 

minor o f f s e t   t o   t h e   n e x t   t r i b u t a r y   t o   t h e   s o u t h e a s t ,  

0 occurr ing   in   the   middle  part of   the   sec t ion .  

General  Remarks 

@ The s e c t i o n  was measured  June 15-21, 1974. This 

s e c t i o n   e s s e n t i a l l y   c o i n c i d e s   w i t h   P r a y ' s   t y p e   s e c t i o n  of 

80 
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the   Pennsylvanian  in   this   mountain  range.  It is poorly 

exposed i n   t h e  basal por t ion  and in t e rva l s   unde r ly ing  

th ick   sands tone   un i t s ,   bu t  fa i r  t o  well exposed i n  o t h e r  

parts o f   t he   s ec t ion .  

The g e n e r a l   s t r i k e   o f   t h e  strata averages  from 

N35'W t o  N33'E with  dips   ranging  f rom 4 O  t o  25O t o   t h e  

no r theas t  and  southwest  respectively.  

Lower Desmoinesian  Interval 

Atokan I n t e r v a l  

Upper Morrowan I n t e r v a l  

Lower Morrowan I n t e r v a l  

. T o t a l  

Approximated  Thickness 
( i n   f e e t )  

37 1 

14 1 

103 

75 

6 90 
- 

Unit Lithology Thickness 
(f t .)  

Bug Scuffle  Limestone Member 

1- 50 Limestone,  packstone;  olive  black-grayish 
b lack- l igh t   b lu ish   g rayhedium  gray-buff ;  
p a r t i a l l y   s i l i c i f i e d ;  thin-medium  bedded; 
d i s t i n c t   l e d g e  and c l i f f   f o r m e r ,  well 

deb r i s )  
exposed;  moderate  (fusulinid,  pelmatazoan, 

' 5.0 

Lower Desmoinesian  Interval 

1-49  Covered;  probably  shale 11.0 
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Unit  Lithology Thickness 
(ft. 

1-42 Interbedded  Shale,  Siltstone  and  Limestone, 

medium  dark  gray-buff;  mica;  thin  bedded- 
mudstone;  olive  black-brownish  black/ 

limestone,  laminated  bedding-silstone, 

units  at 25, 30, 50, 7 1  and 90 ft.  above 
fissile  bedded-shale; 1 ft.  thick  limestone 

the  base;  forms a slope,  fair  exposure; 
trace  (brachiopod)  (brachiopod:  Echinaria s p . ]  
N76OE 6ONW 144.0 

Silstone,  limy;  light  olive  gray-moderate 
yellowish  brown/medium  dark  gray-buff; 
very  fine-medium  grained;  ferrugenous 
grains  (bioclastic);  thin  bedded;  friable 
surface;  forms a blocky  slope,  poor-fair 
exposure;  abundant  (brachiopods)  [brachiopod: 

1-41 

- 
Neospirifer  sp.,  Linoproductus  sp.,  Buxtonia 
(?) sp.,  Composita s p . ]  
E-W .9OS 5.1 

1-40 

1-39 

Sandstone,  orthoquartzite;  grayish  orange- 
yellowish  gray-whitelbuff;  medium-very  coarse 
grained,  subrounded,  fair  sorting,  concavo- 
convex to stylolitic  contacts;  some  limestone 
grains,  glauconite;  medium-very  thick  bedded; 
cross-bedded;  distinctive  cliff  former,  good 
exposure;  trace  (plant) 
N39'E  6'SE 54.5 

Covered,  talus 103.0 - 
Partial  thickness  of  Lower  Desmoinesian 

interval 371.0 

Atokan  Interval 

1-38 Interbedded  Silstone,  Shale  and  Limestone, 
mudstone;  grayish  black-olive  black/medium , 

dark  gray-buff;  mica;  laminated  thin  bedding; 
gradational  lower  contact;  forms  a  slope, 
fair  exposure;  trace  (sponge  spicules) 34.0  
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Unit Li thology Thickness 
(ft.) 

1-37 Sha le ,   s i l t y ,   l imy ,  and interbedded 
S i l t s t o n e ,   a r g i l l a c e o u s ;   g r a y i s h  ' 

gray-buff ;   pyr i te ,  mica; laminated-thin 
black-dark  gray-olive  graylmedium  dark 

bedding,  bioturbated;  forms a ledge, 

N2% 5"SW 
good exposure;   t race  (sponge  spicules)  

1-36 

1-35 

1-34 

1-33 

1-32 

0 

0 

e 

0 

0 

0 

0 

e 

0 

0 

83 

0 

5.8  

Igneous s i l l ,  campton i t e ;   l i gh t   o l ive  
gray-moderate  yellowish  greenlbrown- 
buff;   white  phenocrysts;   forms a ledge, 
f a i r  exposure 3 . 0  

Covered,   ta lus;   probably  contains  a 
sandstone  with  conglomerat ic   upper   port ion-  
approximately 15 f t .  t h i c k  31.5 

Limes tone ,   g ra ins tone ;   l i gh t   o l ive  brown- 

medium bedded;  coated  grains;  forms a 
o l ive   g ray lgreenish   g ray-buff ;   g lauconi te ;  

broken  ledge, good exposure;  moderate 

N4OE 12ONW 
(pelmatazoan,  brachiopod,  algae) 

Sandstone,   .protoquartzi te  (?); grayish  
yellow/green-buff;  fine-medium  grained, 
subrounded, good sor t ing ;   mica ;   th in  
bedded;  forms a s t e e p   s l o p e ,   f a i r  
exposure 
NZOE 1Z0SE 

Igneous s i l l ,  campton i t e ;   l i gh t   o l ive  
gray,  moderate  yellowish  greedbrown- 
buff;  forms a blocky  slope,   poor 

N l l O E  10°NW 
exposure 

3.4 

17.8 

8 .1  



Unit Lithology Thickness 
(ft . I  

1-31 Sandstone,   or thoquartzi te ,   calcareous;  
pale o l ive - l igh t   g ray /bu f f ;  fine-medium 
grained,  subangular,   poor  sorting, 
s t y l o l i t i c   c o n t a c t s ;  mica;  thin-very 
t h i c k  bedded;  cross-bedded; forms a 
r e s i s t a n t   l e d g e ,  good exposure; trace 

N37'E 7OSE 
(p lan t )  

33.0 

P a r t i a l   t h i c k n e s s   o f  Atokan i n t e r v a l  141.0 
- 

Upper Morrowan I n t e r v a l  

1-30m Covered 16.0 

1-301 Sandstone,  sub-protoquartzite;   yellowish 
graylbuff;  fine-medium  grained,  sub- 
angular ,  fair s o r t i n g ,   f l o a t i n g   t o   p o i n t  
contacts ;   l imestone and qua r t z   g ra ins ,  
g lauconi te ,  mica, f e r rugen ic   coa t ings  
on some g ra ins ;   ve ry   t h i ck  bedded,  cross- 
bedded; 'c lay  gal ls ;   forms a l e d g e ,   f a i r  
exposure ;   t race   (p lan t )  10.0 

1-30j Limestone,  packstone;  olive  grayjmedium 
g r a y - b u f f ;   p a r t i a l l y   s i l i c i f i e d ,   g l a u c o -  
n i t e ;   t h i n  bedded, shale   par t ings;   forms 
a s t eep   s lope ,  good exposure;  moderate 

algae)  [conodonts: Upper  6 in .   Idioanathodus 
(brachiopod,  pelmatazoan,  coral ,   ostracode, 

s i n u o s i s   ( E l l i s o n  & Graves) ( l e f t ) ,  
Id ioana thodus   s inuos i s   (E l l i son  & Graves) 

Adetognathus  gigantus  ( left) ,   Adetonnathus 
( r igh t ) ,   Ade togna thus   g igan tus   ( r igh t ) ,  

sp . ,   Hindeodel la  s p . ;  brachiopod: Antra- 

Buxtonia  nrandis (?) (Sutherland & Harlow), 
cospi r i fe r   newberrv i   (Suther land  & Harlow), 

Antiauatonia  cf . '   coloradoensis  (Girty),  
Desmoinesia  sp.,  Linoproductus sp . ;  cora l :  
Rhynchopora  maanicosta  (Mather)] 6.0 
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Unit Lithology Thickness 
(ft . I  

1-30h  Limestone,  wackestone; o l ive   b l ack /  
medium dark  gray-buff ;  th in  bedded; 
slope  consti tuent,   poor  exposure;  moderate 
(coral,  brachiopod,  pelmatazoan,  sponge 
s p i c u l e s )  

1-30g  Limestone,  packstone;  grayish  blackf 
b l a c k - b u f f ;   p a r t i a l l y   s i l i c i f i e d ;  
thin-medium  bedded,  bioturbated;  black 
che r t   s t r i nge r s ;   fo rms  a broken  ledge, 
good-fair  exposure;  abundant  (brachio- 
pod, coral,  bryozoan,  pelmatazoan, 
deb r i s )  
N20E 3om 

1-30f 

1-30e 

1-30d 

1-3Oc 

Limestone,  packstone  and  Shale;  olive 
b lack-o l ive   g ray- l igh t   o l ive  brown/ 
medium gray-brown-buff; p a r t i a l l y  
s i l i c i f i ed ;   t h in   bedded- l imes tone ,  
f issile-laminated  bedded-shale;   forms 
a s t e e p   s l o p e ,  f a i r  exposure;  moderate 

deb r i s )  
(brachiopod,  bryozoan,  pelmatazoan, 

Covered;  probably 1-f 

Limestone,  packstone;  brownish  black- 
o l ive   b l ack ida rk   g ray -buf f ;   pa r t i a l ly  
s i l i c i f i e d ;  medium bedded,  mottled; 
bitumenous,   black-bluish  ‘gray  chert  
nodules and layers;   forms a ledge, f a i r  
exposure;  moderate  (coral ,   brachiopod, 

a lgae)  
pelmatazoan,  foraminifera,  bryozoan, 

Covered, t a lus ;   p robab ly   sha l e  
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Unit  Lithology  Thickness 
(ft .I 

1-30b  Sandstone,  protoquartzite,   calcareous; 
o l i v e  gray/medium  gray-medium dark 

angular ,   poor   sor t ing ,   f loa t ing  t o  
gray-buff;  medium-coarse  grained,  sub- 

p o i n t   c o n t a c t s ;   p a r t i a l l y   s i l i c i f i e d ,  mica, 
g l aucon i t e ;   t h in  bedded,  crossbedded; 

abundant-moderate  (pelmatazoan,  brachiopod, 
forms a r e s i s t a n t   l e d g e ,  good exposure; 

p l an t )  
N37OE 7OSE 1.0 

1-30a 

1-29 

1-28 

Limestone,  packstone;  black-olive  black- 
grayish  blackldark  gray-l ight   gray-buff ;  

mo t t l ed ,   sha l e   pa r t ings ;   b lue   o r   g ray i sh  
p a r t i a l l y   s i l i c i f i e d ;  thin-medium  bedded, 

black  chert   nodules;   forms a ledge, fair- 
good exposure;  moderate  (pelmatazoan,  for- 
aminifera,  bryozoan,  brachiopod,  algae, 

NlOW 6OSW 
debr i s )  

Sandstone,   or thoquartzi te ;  pale yel lowish 
brown-yellowish  graylbuff;  medium-coarse 

convex t o   s t y l o l i t i c   c o n t a c t s ;   c h e r t   g r a i n s ;  
grained,  subrounded, fair sorting,  concavo- 

very  thick  bedded,   tabular   crossbedding;  
local   d iscont inuous  ledge,   fa i r -good  exposure;  

N35W 3osw 
t race   (p lan t )  

Conglomerate,  arenaceous;  dark-moderate 
yellowish  brown-olive  blacklbuff; medium- 
cobble   grained,   subangular ,   poor   sor t ing,  
po in t  t o  s t y l o l i t i c   c o n t a c t s ;   l i m e s t o n e  
cobb les ,   b ioc l a s t i c ,   che r t ,  and  quartz 
gra ins ,   g lauconi te ,   fe ldspar ;   th in   bedded;  
channels  lower strata; loca l   l edge   cons t i t uen t ,  
fair-good  exposure;  tract   (pelmatazoan, 
p l an t )  1.6 

12.3 

10.5 

P a r t i a l   t h i c k n e s s  of  Upper Morrowan 
- 

i n t e r v a l  103.0 
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Unit Lithology Thickness 
(ft . ) 

Lower  Morrowan  Interval 

1-26 

1-25 

1-24 

1-23 

1-27  Limestone,  wackestone;  dark  gray/ 
tingy  green-buff;  thin  bedded;  is  chan- 
nelled;  locally a ledge  constituent, 
poor  exposure,  trace  (debris)  0.2 

Limestone,  packstone;  olive  grayldark 

and  silicified;  medium  bedded;  medium 
gray-buff;  partially  recrystallized 

exposure;  moderate  (pelmatazoan,  brachiopod, 
black  chert  seam;  forms a cliff,  good 

N650E  40SE 
foraminifera,  debris) 

4.6-7 

Siltstone,  argillaceous  and  limy,  and 
Shale;  grayish  black-olive  black/ 
medium  dark  gray-buff;  fine-medium 
grained,  .subrounded,  fair  sorting; 
mica;  fissile  thin  bedded,  bioturbated; 
forms a slope,  poor-fair  exposure; 
trace  (pelmatazoan,  brachiopod) 

Covered;  probably 1-25 

Limestone,  packstone,  arenaceous, 
silty,  Shale  and  Siltstone;  dark  gray- 
dark  yellowish  orangelmedium  gray- 
buff;  glauconite,  pyrite,  mica, 

and  siltstone,  fissile  bedded-shale; 
ferrugenic  coatings;  thin  bedded-limestone 

herringbone  crossbedding;  forms a slope, 
fair  exposure;  moderate  (brachiopod, 

12.2 

2.0 

bryozoan,  pelmatazoan) 
N17'W 4ONE 

87 

11.0 



Uri i  t Lithology Thickness 
(ft.) 

1-22 Conglomerate,   arenaceous,   sl ightly 
l imy;  olive  gray-moderate  yellowish 
brown/medium dark  gray-buff ;  medium- 
pebble   grained,   subangular ,   poor   sor t ing,  
concavo-convex t o   s t y l o l i t i c   c o n t a c t s ;  
fe r rugenic   coa t ings ,   l imes tone   pebbles ,  
b i o c l a s t i c  and  quartz   grains;  medium 
bedded,  graded;  coated  grains;  forms a 
s teep   s lope ,   poor   exposure ;   t rac t -  
moderate  (pelmatazoan,  brachiopod,  pelecy- 

1-2 1 

1-20 

1-19 

o f f s e t   t o   t h e   n o r t h  15-30 f t .  2.6 

Sands tone ,   o r thoquar tz i te ,   s l igh ty ly  
l imy;   l igh t   o l ive   g ray ,   ye l lowish   gray ,  

g ra ined ,   subangu la r ,   poor   so r t ing ,   s ty lo l i t i c  
pa le   ye l lowish   browdbuff ;  medium-very coarse  

contac ts ;   cher t ,   l imes tone   gra ins ;   th in  
bedded,  graded,  minor  trough  crossbedding; 
basal conglomeratic  zone 10 in .   th ick;   forms 
a steep slope,   poor   exposure;   t ract   (pelmatazoan,  

N51% 2 5 9  
plant,   brachiopod) 

4.83 

Sands tone ,   p ro toquar tz i te  (?), s l i g h t l y  

brown/buff; medium-very coarse   g ra ined ,  
l imy;  yellowish  gray-pale  yellowish 

subangular ,   poor   sor t ing;   l imestone 
gra ins ,   f r iab le ;   l amina ted   bedding;  

u n f o s s i l i f e r o u s  
s lope  const i tuent ,   poor   exposure;  

Limestone,  wackestone;  dark  gray-olive 
g ray /bu f f ;   t h in  bedded,  nodular, wavy 
s lope   cons t i tuent ,   poor   exposure ;  trace 
(pelmatazoan) 

0.14 

0.33 



Unit Lithology 

1- 18 Conglomerate,  arenaceous,  slightly 
limy;  light  olive  gray-yellowish  gray- 
pale  yellowish  brownlbuff;  medium-cobble 
grained,  angular-subrounded,  poor  sort- 

quartz  grains,  friable;  thin  bedded; 
ting;  limestone,  mudstone  cobbles, 

unfossiliferous 
slope  constiruent, poor exposure; 

1.0 

1-17 

1- 16a 

Covered,  talus,  colluvium;  possible 
igneous  sill 3 ft. thick  at 2 1  ft.  above 

trending 
base;  proceeded  out  of  minor  tributary 

N7 50E 30.1 

Siltstone;  pale  olive-light  olive  gray/ 

subrounded,  fair  sorting;  partially 
reddish  brown-buff;  medium-coarse  grained, 

silicified;  laminated-thin  bedded,  bio- 
turbated;  is  found  in  channels  or  pre- 
Pennsylvanian  valleys,  fair  exposure; 
trace  (pelmatazoan,  plant) 10.0, 

Partial  thickness  of  Lower  Morrowan 
- 

interval  75.0 

Rancheria  Formation  (Mississippian) 

1- 16  Limestone,  wackestone;  light  gray- 
medium  gray/buff;  thin  bedded; 
gray-tan  chert  nodules,  vuggy;  forms 
a minor  ledge,  good  exposure;  moderate 
(pelmatazoan,  brachiopod) 
N13OW 4OSW 1.5 



Unit Lithology Thickness 
(ft . I  

1- 15 
miedum gray-ol ive grayfrnedium  gray- 
Limestone,  packstone-grainstone; 

b u f f ;   t h i n  bedded; basa l   p ro t ion  is 
f r i ab le ,   g ray -b lue ,   r ed ,  brown, and 
b l a c k   c h e r t   s t r i n g e r s  and  nodules, 1-4 

weathers a rust-orange  color ,   has   i ron 
in.   zone  on  upper  surface is vuggy, 

c o n c r e t i o n s ,   a n d   s i l i c i f i e d   c o r a l s ;  
forms a ledge, good exposure;  abundant 

N18W 6OSW 
(pelmatazoan,  bryozoan,  coral,  brachiopod) 

measured  up  minor t r i bu ta ry   t h rough  
Miss i ss ippian  7.7 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

90 

0 



S t r a t i g r a p h i c   S e c t i o n  4 

Muleshoe Canyon 

General  Location 

The s e c t i o n  was measured,   t rending  north  in   the 

wes t - cen t r a l  p a r t  of   Sect ion 27 and t h e  NE14 p a r t  of Sec t ion  

28, T. 17.S, R.lO.E., Otero  County, New Mexico. 

Descr ip t ion  of Loca l i t y  

The s e c t i o n  i s  located 6 .3  mi les   southeas t   a long  

g rave l  and d i r t  roads,  from a point  on U.S. 54,  5.0  miles 

south  of i t s  i n t e r s e c t i o n   w i t h  U.S. 70. Loca1,landmarks 

and d i r e c t i o n s   a r e :   t u r n   e a s t   o f f   t h e  U.S. 54, t u r n  south 

at i n t e r s e c t i o n  and  proceed  0.55  miles;   turn  east  a t  water  

tank  and  proceed  east  0.5 miles; veer   northeast   and  proceed 

a l o n g   d i r t   r o a d   f o r   0 . 1 5  miles pas t   water   wel l s ,  to minor 

a r roya .   I f   poss ib le   fo l low  eas t   t rending   rough  road  1.0 mile 

and veer   nor theas t   for   another   0 .5   mi les  to roads end. 

The sec t ion   beg ins   i n  Muleshoe  Canyon, i n   t he   ma jo r  

n o r t h e a s t   t r e n d i n g   t r i b u t a r y .  The s e c t i o n  is o f f s e t  to t h e  

west   in   minor   t r ibutar ies   where  advantageous.  The measurement 

t r e n d s   i n  a nor the rn   d i r ec t ion .  

General Remarks 

The s e c t i o n  was measured Ju ly  16-21, 23-28,  1974. 

T h i s  s e c t i o n  is well   exposed  in   the  lower  and  especial ly  

upper  portion. It i s  poorly  exposed  in  the  middle  portion. 

The g e n e r a l   s t r i k e  of t h e  strata is N30°E and 

9 1  



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

N500W  with  dips  averaging 80 and loo to the  northwest  and 

southwest  respectfully. 

Lower  Desmoinesian  Interval 

Atokan  Interval 

Upper  Morrowan  Interval 

Lower  Morrowan  Interval 

Total 

Approximate  Thickness 
(in  feet) 

123 

95 

132 

67 - 
4 17 

Unit  Litho  logy  Thickness 
(ft.) 

Bug  Scuffle  Limestone  Member 

4-71 Limestone,  grainstone;  olive  grayllight 
olive  gray-buff;  thin-thick  bedded;  forms 
a ledge-cliff,  good  exposure;  moderate 
(fusulinid,  foraminifera,  coral,  pelmata- 
zoan,  debris) 

4-70 

4-69 

4-68 

Limestone,  wackestone-packstone;  .olive 
blacklmedium  dark  gray-buff;  partially 
recrystallized;  thin-thick  bedded,  wavy, 
shale  partings;  forms a slope  with  minor 

zoan,  fusulinid,  phylloid  algae,  debris) 
ledges,  fair  exposure;  moderate  (pelmata- 

Covered 

Limestone,  wackestone,  slightly  silty; 
brownish blackhedium dark graybuff; thin 

5.0 

33.0 

7.0 

" 

bedded,  shale  partings;  forms a ledge, 
good-fair  exposure;  moderate-abundant 

gastropod,  sponge  spicules)  [brachiopod: 
(pelmatazoan,  brachiopod,  fusulinid, 

Antiquatonia  hermosana  (Girty),  Koslowskia 
havdenensis  (Girty),  Composita  sp. ; corals: 
Pseudozaphrentoides sp.11 17.0 

92 



Unit Li thology 

4-67 Covered;  probably 4-66  55.0 

4-66 Limestone,  wackestone-packstone,  sl ightly 
s i l t y ;  brownish  black/medium  gray-buff; 
p y r i t e ;   t h i n  bedded, b io tu rba ted ,   sha l e  
pa r t ings ;  forms a s teep   s lope ,   poor  expo- 
s u r e ;  trace (pelmatazoan,  fusulinid,   sponge 
sp icu le s )  

4-65 

4-64 

4-63 

4-62 

4-6 1 

4-60 

Limestone,  packstone-wackestone;  olive 

mica; t h i c k  bedded, f a i n t l y   m o t t l e d ;   c h e r t  
black-dark  gray/buff;   minor  pyrite  and 

nodules and s t r i n g e r s ;  forms a ledge, good 
exposure;  moderate  (pelmatazoan,  brachio- 
pod, cora l ,   sponge   sp icu les ,   debr i s )  

Covered 

Limes tone ,   g ra ins tone ;   l igh t   o l ive   g ray /  
medium l i g h t   g r a y - b u f f ;   p a r t i a l l y  re- 
c r y s t a l l i z e d ;   t h i c k  bedded;  coated  grains; 

moderate  (coral,  brachiopod,  pelmatazoan, 
forms a ledge, good exposure;  abundant- 

fusulinid,   bryozoan) 

Limestone,  mudstone;  dark  gray/buff;  thin 
bedded,  shale  partings;   forms a s lope ,  
poor  exposure; trace (brachiopod) 

Covered;  probably 4-62 

Limestone,  wackestone-packstone,  sl ightly 
s i l ty ;   o l ive   b lack-gray-brownish   b lack/  
medium g r a y - b u f f ;   p a r t i a l l y   s i l i c i f i e d ;  
t h i n  bedded, sha le   pa r t ings ,   mo t t l ed ,  
bioturbated;   black  cher t   nodules   and 
s t r i n g e r s ;  forms a s t e e p   s l o p e ,  fair 
exposure;  trace-moderate  (brachiopod, 
pelmatazoan,   fusul inid,   sponge  spicules ,  
coral,  bryozoan) 

93 

20.0 

5.0 

9.0 

4.0 

4.2 

17 .O 

10.0 



Unit Lithology Thickness 
(ft .) 

4-59 Shale  and  interbedded  Limestone,  mudstone; 
dark  gray/buff;  fissile-laminated  bedded- 
shale,  thin  bedded-limestone,  nodular,  wavy; 
round  limestone  nodules;  forms a slope, 
fair  exposure;  unfossiliferous 5.0 

4-58 

4-57 

4-56 

4-55 

4- 54 

Limestone,  packstone-grainstone;  olive 
gray/olive  gray-medium  gray-buff; 

mottled;  coated  grains ; forms a ledge, 
partially  silicified;  very  thick  bedded, 

good  exposure;  moderate  (pelmatazoan, 

sponge  spicules,  bryozoan,  algae) 
brachiopod,  fusulinid,  foraminifera, 

6.5 

Limestone,  mudstone,  and  Shale;  dark  gray- 
olive  black/buff;  thin  bedded-limestone, 
fissile-laminated  bedded-shale,  nodular, 
wavy;  forms a slope,  fair  exposure; 
moderate  (coral) 4.0  

Limestone,  packstone;  olive  black/medium 
gray-buff;  thin  bedded;  forms a ledge, 
good  exposure;  trace  (pelmatazoan,  fusulinid, 
brachiopod,  debris) 2.0 

Limestone,  wackestone-packstone;  olive  black/ 
medium  gray-buff;  partially  recrystallized; 
thin  bedded;  bluish  chert  nodules;  forms a 
cliff,  good  exposure;  moderate  (pelmatazoan, 
coral,  bryozoan,  fusulinid,  foraminifera, 
gastropod) 34.0 

Limestone,  wackestone-packstone;  brownish 
black-olive  black/dark  gray-buff;  thin 
bedded;  chert  nodules  and  stringers;  forms 
a ledge,  good  exposure;  trace-moderate 

algae) 
(pelmatazoan,  foraminifera,  fusulinid, 

2.8 



Unit Lithology Thickness 
(ft.) 

4- 53 Limestone,  packstone;  olive  black/medium 
dark  gray-buff;  partially  recrystallized; 
thin  bedded;  ledge  constituent,  good 
exposure;  moderate-abundant  (fusulinid, 
pelmatazoan,  bryozoan) 1.2 

Lower  Desmoinesian  Interval 

4-52 Limestone,  mudstone-wackestone  and  inter- 
bedded  Shale;  dark  gray-olive  black/ 
medium  dark  gray-buff;  mica;  thin  bedded- 
limestone,  fissile-laminated  bedded-shale; 
forms a cliff,  fair  exposure;  trace 
(debris) 32 .O 

4-51 

4-50 

4-49 

4-48 

4-47 

Shale;  dark  gray-grayish  black/buff; 
fissile-laminated  bedded;  thin  limestone 
stringers;  forms a slope,  good  exposure; 
unfossiliferous 1.6 

Limestone,  wackestone-packstone;  olive 
gray/medium  gray-buff;  thin  to  medium 

abundant  (pelmatazoan,  fusulinid,  phylloid 
bedded;  forms a cliff,  good  exposure; 

algae,  brachiopod,  bryozoan) 9.2 

Limestone,  wackestone  and  interbedded 
Shale;  grayish  black/dark  gray-buff;  mica; 
thin  bedded-limestone,  fissile-laminated 
bedded-shale;  forms a ledge,  fair  exposure; 
trace  (pelmatazoan,  brachiopod,  coral,  debris) 
[brachiopod:  Linoproductus  planiventralis 

N21°E ZOSE 
(Hoare)] 

dark  gray,  olive  black/medium  gray-buff; 
Limestone,  packstone,  slightly  silty; 

thin  bedded;  forms  base  of  cliff,  good 
exposure;  abundant  (pelmatazoan,  foraminifera, 
coral) 2.8 

Shale,  slightly  silty;  dark  gray/buff; 

exposure;  unfossiliferous 
laminated  bedding;  forms a slope,  poor 

33.0 

1.5 
95 



Unit Lithology 

4-46 Covered,  talus;  probably 4-45 or  shale 7 .O 

4-44 

4-45 Limestone,  mudstone-wackestone;  olive 
black-grayish  black/medium dark gray- 
buff;  mica;  thin-medium  bedded,  shale 
partings;  forms a steep  slope,  fair- 
good  exposure;  trace  (debris,  brachiopod) 
[brachiopod:  Linoproductus  planiventralis 

N40°E 8ONW 17.5 
@are) 1. 

Limestone,  grainstone-packstone;  medium 
dark  graylmedium  light  gray-buff; 
thin-massive  bedded,  shale  partings; 
forms a cliff,  good  exposure;  abundant 

nautioloid,  pelmatazoan,  brachiopod) 
(fusulinid,  bryozoan,  coral,  gastropod, 

[brachiopod:  Hustedia  sp.,  RhvnchoDora  sp., 
Composita  sp.,  Kowlowskia  cf.  havdenensis 

N80W &ONE 
(Girty), Pustula (?) sp.] 

18.1 - 
Partial  thickness  of  Lower  Desmoinesian 

Interval 123.0 

Atokan  Interval 

4-42 

4-43 Limestone,  wackestone,  slightly  silty; 
olive  black;  grayish  blacklmedium  dark 
gray-buff;  thin  bedded,  shale  partings, 
mottled;  forms a steep  slope,  fair 
exposure;  trace-moderate  (coral,  brachiopod, 
pelmatazoan) 23.0 

Limestone,  slightly  silty;  olive  black- 
dark  gray-brownish  blacklmedium  gray- 

thin  bedded;  coated  grains;  forms 
buff;  quartz  grains,  glauconite,  mica; 

bottom  of  ledge,  good  exposure;  moderate 
(pelmatazoan,  brachiopod,  algae) 1.0 

96 



Unit Lithology Thickness 
(ft .) 

4-41 Shale ,   s l igh t ly   l imy;   g ray-b lackfbuff ;  
mica; f iss i le- laminated  bedded;  t h i n  lime- 
s tone   s t r inge r s ;   fo rms  a s lope ,  good 
exposure ;   unfoss i l i fe rous  9.2 

4-40 Limestone ,   muds tone ,   s l igh t ly   s i l ty  
and   in te rbedded   S i l t s tone ,   a rg i l laceous  
and  l imy;  dark  gray-olive  blackhedium 
dark  gray-buff ;  mica; th in - th i ck  bedded, 
shale  Dartinns,   bioturbated:  forms a steep 

4-39 

4-38 

4-37 

4-36 

- _  . *  
s lope ,  fair exposure; t r a c e   ( d e b r i s )  
mow 2osw 15.3 

Sandstone,   calcareous  protoquartzi te ;  
moderate  yellowish brown-medium gray/  
buf f ;  medium-very coarse   g ra ined ,   angular ,  
p o o r   s o r t i n g ,   s t y l o l i t i c   c o n t a c t s ;  
mica ,   fe ldspar ,   quar tz ,   b ioc las t ic   g ra ins ,  

basa l   con tac t ;   l edge   cons t i t uen t ,  good 
limy matrix; t h i n  bedded;  gradational 

exposure, trace (pelmatazoan) 0.7 

Conglomerate,  arenaceous  and  limy; 

granule-fine  grained,  angular-subrounded, 
l i gh t   o l ive   g ray -ye l lowish   b rowdbuf f ;  

poor  sorting,  concavo-convex  contacts; 
l imestone,   quar tz ,   fe ldspar   grains ,   l imy 
m a t r i x ;   t h i n  bedded;  ledge  consti tuent,  
fa i r   exposure ;   t race   (pe lmatazoan)  1.4 

Conglomerate,  arenaceous;  dark  yellowish 
orangeldark  yellowish  brown-buff;   f ine- 
granule   grained,   angular ,   poor   sor t ing,  
po in t  to concavo-convex  contacts;  feldspar, 
b ioc l a s t i c ,   qua r t z   g ra ins ,   l imon i t i c - l imy  
matrix; t h i n  bedded;  forms  bottom  of  ledge, 
fair exposure;  trace-moderate  (pelmatazoan, 
brachiopod) 1.1 

Covered;  probably some sha le  43.0 

97 



Unit Lithology Thickness 
(ft.) 

4-35 Conglomerate, l imy, arenaceous;  moderate 
yel lowish brown,  dusky orange-black/buff;  
f ine-granule  grained,  subrounded,  poor 
s o r t i n g ,  concavo-convex t o   s t y l o l i t i c  
contac ts ;   l imoni t ic - l imy  mat r ix ,   quar tz ,  
l imes tone ,   cher t   g ra ins ;   th in   bedded;  a t  
bottom  of s lope,   poor   exposure;   t race 
(coral,  pelmatazoan) 0 . 5  

P a r t i a l   t h i c k e n s s  of  Atokan I n t e r v a l  95 .0  
- .  

Upper Morrowan I n t e r v a l  

4-34 Igneous s i l l ,  camptoni te ;   l igh t   o l ive   g ray-  
moderate  greenish yellow/brown-green-buff; 
a t  bottom  of  slope,  poor  exposure 0.68 

4-33 

4-32 

4-31  

Covered;  probably  shale 17.0 

Limestone,  packstone;  olive  black-dark 

s i l i c i f i e d ;   v e r y   t h i c k  bedded,  shale part- 
g rayhed ium  da rk   g ray -buf f ;   pa r t i a l ly  

s i l i c i f i e d   s h a l e   p a r t i n g s ;   f o r m s  a ledge, 
ings; , top  weathers   rusty  orange, ;   has  

good exposure;  moderate  (pelmatazoan, 
brachiopod,  bryozoan;  sponge  spicules) 
[brachiopod:   Rhipidomella   cf .   t rapezoidea 

Ant iqua tonia   c f .   co loradoens is   (Gi r ty) ,  
(Sutherland 61 Harlow),  Neochonites sp . ,  

Hustedia sp . ,  Derbvia s p . ,  An th racosp i r i f e r  
sp . ,  Zia c f .  novamexicana  (Sutherland & 
Harlow)] 
N 2 0 E  2oNw 

Mississippian  bioherm 
o f f s e t  to f i r s t  main t r i b u t a r y   e a s t   o f   l a r g e  

12.4 

S h a l e ,   s i l i c i f i e d ;   o l i v e   b l a c k l o l i v e  
green- rus t -buf f ;   f i s s i le - th in   bedded;  
forms a slope,  poor  exposure;  trace 
(deb r i s )  
N250E 6ONw 

98 
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4-30 Limestone,  wackestone-packstone; medium 
dark  gray-ol ive black/medium  gray-buff; 
p a r t i a l l y   r e c r y s t a l l i z e d   o r   s i l i c i f i e d ;  
t h in -ve ry   t h i ck  bedded, f a i n t l y   m o t t l e d ;  

exposure;  moderate  (foraminifera,  pelma- 
chert   nodules;   forms a c l i f f ,  good 

tazoan,  brachiopod) 18.0 

4-29 

4-2 8 

4-27 

4-26 

4-25 

4-24 

Unit Lithology Thickness 
(ft .I 

Covered;  probably  black  shale 33 .0  

Sands tone ,   s l igh t ly   l imy,   o r thoquar tz i te ;  

red,  copper,  buff;  fine-medium  grained, 
l igh t   o l ive   g ray-grayish   o range/dusky  

subangular,  fair sorting,  concavo-convex 
con tac t s  ; mica; medium bedded,  minor 
c ros sbedd ing ;   t o   t he   wes t   g rades   i n to  
s i l t y   sha l e ;   l edge   fo rmer ,   f a i r   exposure ;  
trace (plant)  
N60W 9OSW 3.9  

Limestone,  packstone;  olive  black/ 
medium l ight   gray;   l imonite   replacement  
o r   s t a i n  on b i o c l a s t i c   g r a i n s ;   t h i n  
bedded;  forms a broken  ledge, good 
exposure;  trace-moderate  (pelmatazoan, 
foramini fe ra ,   debr i s )  2.0 

Covered;  probably  shale 1.0 

Limestone,  packstone;  olive  black/medium 
dark  gray-buff ;   l imonite   replacement   or  

mottled,   nodular;   forms a minor  ledge, 
s t a i n  on b i o c l a s t i c   g r a i n s ;   t h i n  bedded, 

fair-poor  exposure;  trace-moderate  (for- 
aminifera,  pelmatazoan,  brachiopod, 
bryozoan) 1.0 

Covered;  probably 4-23  0 .5  



Unit Lithology Thickness 
( E t .  1 

4-23 
medium gray-medium bluish  gray-brownish 
S h a l e ,   s i l i c i f i e d ,  and S i l t s t o n e ;  

gray/maroon-buff; mica, p y r i t e ;  fissile- 
t h i n  bedded.  bottled:  forms a s looe.  
fair exposure; trace (plant)  
N22OE 8 O N w  6.0 

4-22 

4-2 1 

4-20 

4- 19 

Limestone,  packstone-grainstone;  olive 
black/dark  gray-buff ;   par t ia l ly  re- 
c r y s t a l l i z e d ;  thin-medium  bedded, s h a l e  

exposure;  moderate  (coral,  pelmatazoan, 
pa r t ings ,  forms a s teep   s lope ,   fa i r -good 

N85OE 5 O N w  

foraminifera,   bryozoan,  brachiopod,  algae) 
10.1 

Igneous s i l l ,  campton i t e ;   l i gh t   o l ive  
gray-moderate  greenish  yellow/brown-buff; 
forms a discont inuous  ledge,   fa i r -good 
exposure 
N l O W  7OSW 5.1 

Limestone,  packstone;  grayish  black/ 
medium dark   g ray-buff ;   pyr i te ;   th in  
bedded,  mottled,   shale  partings;   forms 
a minor  ledge,  poor  exposure;  moderate 

algae,   debris)   [brachiopod:  Phricodothvris 
(brachiopod,  pelmatazoan,  foraminifera, 

- 
sp.,  Composita  sp.J 
N30°E 9ONW 3 . 0  

Sands tone ,   o r thoqua r t z i t e ;   l i gh t   o l ive  
gray/buff ;   f ine-very  coarse   grained,   sub-  
angular,   poor  sorting,  concavo-convex  to 
s t y l o l i t i c   c o n t a c t s ;  mica; t h i c k  bedded, 
minor  crossbedding,  inverse  grading; 
forms two ledges,  good exposure ;   unfoss i l i -  
f erous 
N32ow ll0SW 12 .o 



0 

0 

0 

0 

0 

0 

0 

Unit Lithology 

4-18 Limestone,  packstone;  olive gray /  
medium gray-buff;   thick  bedded,  nodular 
i n  parts; gray-blue medium c h e r t  band 
and  nodules;  forms a weak continuous 
ledge, good exposure;  trace-moderate 
(pelmatazoan,  foraminifera,   brachiopod, 
bryozoan) 

P a r t i a l   t h i c k n e s s  of Upper Morrowan 
I n t e r v a l  

Lower  Morrowan I n t e r v a l  

4- 17 

4- 16 

4- 15 

4- 14 

4-  13 

Sandstone,   subarkose;   grayish  ol ive/  
buff;  medium-coarse  grained,  angular, 
f a i r   s o r t i n g ,   [ f l o a t i n g  to s t y l o l i t i c  

martix; t h i n  bedded;  channels lower 
con tac t s ] ;   f e ldspa r   g ra ins ,   opa l ine  

strata; forms a ledge,  fair-good 

N18OW lloSW 
exposure ;   t race   (p lan t )  

5.0 - 
132 .O 

2 . 1  - 3.5 

Limestone,  packstone;  black-olive 
blackfmedium  dark  gray-buff;  thin-medium 
bedded,  mottled;  gray  olive-gray  blue 
c h e r t   l a y e r s  and  nodules, is channel led;  
forms a discontinous  slope,   poor  exposure; 
moderate  (pelmatazoan,  brachiopod, 
d e b r i s )  
N26% 10°SW 4.0 - 5.4 

Covered 4.0 

Limestone,   grainstone;   ol ive gray-medium 
gray/dusky   ye l low-pale   o l ive-grayish   o l ive ;  
[mic rospa r   ca l c i t e  cement] ; t h i n  bedded, 
nodular ,   sha le   par t ings ;   coa ted   g ra ins ,  
co l i tes ,   cher t   nodules ;   forms  a discont inuous 
ledge, good exposure;  moderate-abundant  (forami- 
nifera ,   os t racode,   pelmatazoan,   a lgae 
coa t ings)  
N15OE 130NW 5 . 1  

Covered 6.9 

10 1 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Unit Li thology Thickness 
( f t  .I 

4- 12 Sands tone ,   o r thoquar tz i te ;   g reenish  
gray/maroon-dark  green,  buff;  very 
fine-coarse  grained,  subangular,   poor 
s o r t i n g ,   f l o a t i n g   c o n t a c t s ;   p a r t i a l l y  
r e c r y s t a l l i z e d ,   o p a l i n e  martix; medium- 
thick  bedded;  forms a ledge,  poor 

N29OE 6ONW 
exposure ;   unfoss i l i fe rous  

6 . 5  

4- 11 

4- 10 

4- 9 

4-8 

Covered;  probably  shale 11.0 

Shale ;   g ray ish   b lack/grayish   b lack ,  
maroon, r u s t  b u f f ;   p a r t i a l l y   s i l i c i f i e d ,  
m i c a ;   f i s s i l e - t h i n  bedded;  forms a s lope ,  

o f f s e t   w e s t   t o   n e x t   n o r t h   t r e n d i n g   t r i b u -  
f a i r   e x p o s u r e ;   t r a c e   ( d e b r i s )  

t a r y  10.5 

Limestone,  packstone;  olive  black-medium 
da rk   g ray l l i gh t   g ray -buf f ;  p a r t i a l l y  re- 

good exposure;  moderate  (brachiopod, 
c r y s t a l l i z e d ;   t h i n  bedded;  forms a ledge, 

coral,,   foraminifera,  bryozoan,  pelmatazoan, 

N30E 4ONW 

pelecypod) 

S i l t s t o n e  and interbedded  Shale;   l ight  
ol ive  gray-grayish  black/ol ive  gray-  
b u f f ;   p a r t i a l l y   s i l i c i f i e d ,  mica, p y r i t e ;  
f i s s i l e - th in   bedded ,   b io tu rba ted ;  forms 
a s t e e p   s l o p e ,   f a i r   e x p o s u r e ;   t r a c e  
(deb r i s )  9.0 

2.9 

Partial thickness   of  Lower  Morrowan 
I n t e r v a l  67.0 

Rancheria  Formation  (Mississippian) 

4-7 Limestone,  packstone;  olive  black/medium 
g ray -buf f ;   t h in  bedded,  "rhythmitic"; 
coa ted   g ra ins ;   caps   c l i f f ,  good exposure; 
abundant  (brachiopod,  pelmatazoan,  pelecy- 
pod 1.1 
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Unit Lithology 

4-6 Shale;  medium dark  gray/buff;   laminated 
bedding;   ledge  const i tuent ,  poor  exposure; 
trace (brachiopod) 0 . 2  

4- 5 Limestone,  packstone-grainstone; medium 
da rk   g ray l l i gh t   g ray -buf f ;   t h in - th i ck  
bedded,  vuggy,  shale  partings;  dark  gray- 
pale blue  cher t   nodules;   forms a c l i f f ,  
good exposure;  abundant-moderate  (pelmata- 
man,   brachiopod,   coral ,   bryozoan,  
pelecypod,  algae) 8.5 



General Remarks 

The s e c t i o n  was measured  June 23-30 and  August 1-4, 

1974. This local i ty   has   the  best   exposed  lower  Pennsylvanian 

s e c t i o n   t h a t  was measured. 

The s t r i k e  of   the  strata is genera l ly  N22% with 

dips   averaging 4 O  t o   t h e   n o r t h e a s t .  

S t r a t ig raph ic   Sec t ion  2 

Deadman Canyon 

General  Location 

The s e c t i o n  was measured  trending  approximately 

n o r t h e a s t   i n   t h e   c e n t r a l   p a r t   o f   S e c t i o n  14, T.M.S., R. lO.E. ,  

Otero  County, New Mexico. 

Descr ipt ion  of   Local i ty  

The s e c t i o n  i s  located  4.35 miles east a l o n g   d i r t  

roads,  from a point   on U.S. 54, 8.93 miles south of i ts i n t e r -  

s ec t ion   w i th  U.S. 70. Local  land marks  and d i r e c t i o n s  are: 

t u r n  east of f  U.S. 54 a t  Dog Canyon ex i t ,   p roceed  east past 

houses   for  3.25 miles; turn   south  a t  i n t e r s e c t i o n  and veer 

southeast  1.10 miles; walk,   roughly  due  east   1.9 miles. 

The s e c t i o n   b e g i n s   i n  a no r theas t   t r end ing  main 

t r i b u t a r y  and a l i t t l e   o v e r   h a l f   o f   t h e  lower part o f   t he   s ec t ion  

is measured i n   t h i s   t r i b u t a r y .  The remaining  par t   of   the  

s e c t i o n  i s  of fse t   a long   the   southeas t   s lope   o f   the   main   t r ibu tary .  



Approximate  Thickness 
( i n   f e e t )  

Lower Desmoinesian I n t e r v a l  138 

Atokan I n t e r v a l  84 

Upper Morrowan I n t e r v a l  147 

Lower Morrowan I n t e r v a l  

To ta l  

90 - 
459 

Unit Lithology Thickness 
(f t  .) 

Bug Scuffle  Limestone Member 

2-32 Limestone,  packstone;  light  gray-dark 
g r a y f t a n - b u f f ;   p a r t i a l l y   s i l i c i f i e d ;   t h i n -  
t h i c k  bedded,   mott led,   shale   par t ings;  
moderate  (algae,  pelmatazoan,  sponge 
sp icu les ,   b rachiopod,   fusu l in id ,   os t ra -  
code) 
W38% 5OSW 

Lower Desmoinesian  Interval  

5.0 

2-31 Limestone,  packstone;  dark  gray-olive  gray/ 
buff;   thin  bedded;  [coated  grains];  forms 
a slope,   poor-fair   exposure;   moderate   (coral ,  
ostracodes,   pelecypod,  sponge  spicules,  
brachiopod,  bryozoan,  pelmatazoan) 

sp.;   brachiopod:  Echinaria cf .  k n i g h t i  
[conodont: 12 f t .  from  base.  Idiomathodus 

(Dunbar & Condra),   Calliprotonia  n.   sp.  A 
(Sutherland & Harlow);  coral:  Pseudozaphrent- - o ides  s p .  1 17 .O 

2-30 Covered;  probably 2-29 
o f f s e t   s o u t h  25 f t .  2 . 0  



Unit Lithology Thickness 
et.) 

2-29 Limestone,  packstone-grainstone;  light 
gray-olive  gray/buff;  thin-medium  bedded; 
minor  shale  interbeds,  [coated  grains]; 
forms  two  ledges,  good  exposure;  abundant 
(foraminifera,  algae,  sponge  spicules, 
pelmatazoan,  brachiopod,  bryozoan) 

F Gunnell),  basal  1  ft.  Idionnathodus conodont:  top 1 ft. Idioanathodus  delicatus 

delicatus  (Gunnell)]  13.0 

2-28 

2-27 

2-26 

2-25 

2-24 

Covered;  probably 2-27 6.1 

Limestone,  packstone-wackestone,  and  Shale 

dark  gray-buff;  thin  bedded-limestone,  laminated 
interbeds;  grayish  black-olive  black/medium . 

bedded-shale,  nodular;  [coated  grains 1; 
slope  former,  poor  exposure;  abundant  (phylloid 
algae,  fusulinid,  ostracode,  bryozoan,  brachiopod, 
sponge  spicules,  pelmatazoan) 
[conodont:  Idionnathodus  delicatus  (Gunnell) 17.1 

Limestone,  packstone;  grayish  black-brownish 
blackhedium  dark  gray-buff;  "laminated" 
bedding;  [coated  grains];  minor  ledge  former, 
good-fair  exposure;  abundant  (fusulinid, 
pelecypod,  bryozoan,  ostracode,  pelmatazoan, 
coral,  algae,  sponge  spicules,  brachiopod) 0.75 

Limestone,  wackestone-packstone;  dark  gray- 
olive  graylbuff;  "laminated"  bedding,  banded; 
bituminous;  slope  constituent,  fair-good 
exposure;  abundant-moderate  (fusulinid, 
pelmatazoan,  sponge  spicules) 0.26 

Limestone,  packstone-grainstone;  olive 
gray/dark  gray-medium  dark  gray;  thin 
bedded,  mottled; forms a ledge,  good  exposure; 
moderate  (foraminifera,  brachiopod,  ostracode, 
algae) 
N58OW 1% 2.6 
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Unit Lithology Thickness 
et.) 

2-23 Sandstone,  protoquartzite (?); light 
greenish  yellow/light  bluish  green-buff; 
fine-medium  grained,  subangular,  poor 
sorting;  feldspar  grains (?); thin 

fair  exposure; unfossiliferous 
bedded;  forms a  discontinuous  minor  ledge, 

2.0 

2-22 

2-2 1 

2-20 

2-19 

2-18 

Limestone,  packstone-grainstone;  light 
gray-light  olive  gray/buff;  partially 
silicified;  thin  bedded;  [oolites]; 
[coated  grains],  bituminous;  forms  a 
discontinuous  minor  ledge,  fair  exposure; 
abundant-moderate  (brachiopod,  sponge 
spicules,  pelmatazoan,  bryozoan,  pelecypod, 
coral) 1.4 

Covered;  probably  black  shale 19.8 

Shale,  slightly  silty  and  limy,  and 

gray-olive  gray-reddish  brown-buff;  mica; 
interbeded  Limestone,  wackestone;  dark 

laminated  bedded-shale,  thin-medium  bedded 
limestone;  bituminous;  forms  a  slope,  fair 
exposure;  trace  (foraminifera,  brachiopod, 
sponge  spicules) 
N22W 12ONE 45.0 

Limestone,  packstone-wackestone;  dark  gray- 
olive  gray/buff;  medium  bedded;  black  chert 
nodules  and  stringers;  forms  a  minor  ledge, 
good  exposure;  moderate  (sponge  spicules, 
brachiopod,  pelmatazoan,  algae,  foraminifera, 
ostracode)  [conodont: 1-2 ft.  above  base. ' 

Gnathodus  co-loradoensis  n.  subsp.,  Gnathodus 
n.  sp., Idiomathodus delicatus  (Gunnell), 
Neognathodus  colombiensis  (Stibane), 
Spathoanathodus  minutus  (Ellison),  Liaonodina 
sp.  Hindeodella sp.] 
N44% 3ONE 2.6 

Shale,  limy;  dark  grayfgray-buff;  fissile- 

abundant  (brachiopod) 
laminated  bedded;  forms  a  slope,  fair  exposure; 

offset  to  the  south  to  east-west  tributary 4.6 
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Unit Lithology Thickness 
(ft .) 

2- 17  Limestone,  packstone;  dark  gray-olive 
gray/buff;  thin-medium  bedded,  shale 
partings;  forms a resistant  ledge,  good 
exposure;  trace-moderate  (brachiopod, 

mow lorn 
sponge  spicules,  foraminifera) 

3.0 

2- 16 Shale;  dark  gray-black/buff;  mica; 
fissile-laminated  bedded;  bituminous; 
slope  former,  fair  exposure;  trace 

offset south 20 ft. 
(sponge spicules) 

9.0 

Partial  thickness  of  Lower  Desmoinesian 
~ ~~ 

Interval  138.0 

Atokan  Interval 

2-15  Limestone,  packstone to wackestone- 
mudstone;  dark  gray-olive  graylbuff; 
thin-thick  bedded;  shale  partings,  top 
1-1.5  ft.  arenaceous;  forms a resistant 
cliff,  good  exposure;  moderate  (gastropod, 
pelmatazoan,  sponge  spicules,  brachiopod, 
bryozoan,  algae)  [conodont:  1-1.5 ft. below 
top.  Neognathodus cf. & colombiensis 
(Stibane),  Neognathodus  colombiensis  (Stibane), 
Spathognathodus  minutus  (Ellison), 
Idiognathodus  delicatus  (Gunnell),  2-3  ft. 
above  base.  Idiognathodus  delicatus  (Gunnell), 
Idiognathodus  magnidicus  (Stauffer & Plummer), 
Neognathodus  colombiensis  (Stibane), 
Spathognathodus  orphanus  (Merrill) , Ozarkodina 
delicatula  (Stauffer & Plummer),  Svnprionio- 

Ozarkodina sp.] 
N1PW 4oNE 17.0 

- dina  microdentata  (Ellison),  Hindeodella  sp., 

2- 14 Shale;  dark  graylbuff;  fissile-laminated 
bedded;  forms a slope,  good  exposure; 
abundant  (brachiopod,  coral)  [prachiopod: 

sp.,  Desmoinesia  sp.,  Antiquatonia  sp. 
offset  approximately 50 ft.  South 

(Sutherland & Harlow), - 
11.0 
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Unit Lithology 

2- 13 Limestone,  mudstone,  argillaceous; 

wavy;  shale  partings 0.2 ft. thick,  has  a 
black-dark  graylbuff;  pyrite;  thin  bedded, 

grains-from  grainstonej;  forms  a  steep  slope, 
1-3 in.  grainstone  layer  near  top;  [coated 

good  exposure;  trace  (brachiopod)  from 
grainstone  (foraminifera,  brachiopod, 
pelmatazoan,  bryozoan)  [conodont:  top 1 ft. 
Idioanathodus  parvus  (Dunn),  Idioenathodus 
delicatus  (Gunnell),  Idiopnathoides 
fossatus  (Branson & Mehl)  (right),  Neoanathodus 
colombiensis  (Stibane);  brachiopod:  Buxtonia 
SP. 7 19.0 

2-12 

2-11 

2- 10 

2-9  

2-8 

2-7 

2-6  

Igneous  sill,  camptonite;  light  olive 
gray-moderate  greenish  yellow/brown-buff; 
forms  a  ledge,  fair-good  exposure; 

NloW lOSW 
offset  in  direction  of  dike  (ENE) 

3 . 0  

Covered;  probably  shale 5.1  

Shale,  limy;  dark  graylbuff;  fissile-laminated 

fossiliferous 
bedded;  forms  a  slope,  poor  exposure;  un- 

3.5 

Covered;  probably  shale 6.5 

Shale;  medium  grayldark  gray-buff; 
fissile-laminated  bedded;  forms a slope, 
poor  exposure;  unfossiliferous 4.0 

Covered;  probably  shale 2.0 

Shale;  dark  graylbuff;  fissile-laminated 
bedded;  thin  limestone,  wackestone  stringers; 
slope  former,  poor  exposure;  abundant 
(brachiopod)  [conodont: 4-5 ft. above  base. 

Neochonetes (?) sp.,  Derbvis  sp.,  Anthra- 
Idioanathodus  (Dunn);  brachiopod: 

cospirifer  curvilateralis  (Easton),  Puncto- 
spirifer  sp.,  Composita  sp.,  Neospirifer (?) 
sp.,  Rhipidomella  sp. ] 9.0 
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Unit Lithology Thickness 
(ft.1 

2-5 Covered;  probably  shale 1.0 

2-4 Shale;  dark  gray/buff;  fissile  bedded; 
thin  limestone  stringers;  forms  a  slope, 

offset  into  main  tributary 
poor  exposure;  trace  (brachiopod) 

2.8 

2-3 Limestone,  packstone;  dark  gray-olive 
gray/buff;  partially  recrystallized ; 
thin-thick  bedded,  bioturbated,  nodular; 
forms  a  discontinous  ledge,  poor  exposure; 
moderate  (brachiopod,  pelmatazoan,  sponge 
spicules,  bryozoan)  [conodont:  basal 1 ft. 
Idiomathodus parvus  (Dunn),  Spathonnathodus 
minutus  (Ellison)] 4.6 

Partial  thickness  of  Atokan  Interval 84.0 

Upper  Morrowan  Interval 

2-2 Limestone,  packstone;  dark  gray-olive 
gray/dark  gray-buff;  thin  bedded,  bio- 
turbated;  forms  a  ledge,  good  exposure; 
moderate  (brachiopod,  bryozoan,  pelmata- 
zoan,  foraminifera,  sponge  spicules, 
ostracode) 1.5 

2 -1  Shale  and  Limestone,  wackestone-packstone; 
dark  gray-olive  gray/dark  gray-buff;  thin 
bedded-limestone,  fissile-laminated  bedded- 
shale,  nodular;  coated  grains  limestone 
in 6 in.  thick  bed 2.5 ft. up;  forms  a 
steep  slope,  good  exposure;  abundant-moderate 

matazoan,  ostracode,  algae)  [brachiopod: 
(bryozoan,  brachiopod,  sponge  spicules,  pel- 

Anthracospirifer  curvilateralis  (Easton), 
Spirifer  goreii  (Mather),  Neospirifer  sp., 

Antiquatonia  coloradoensis (?)(Girty), 
Hustedia  nibbosa (?)(Lane), Desmoinesia.sp., 
Spiriferellina (?) sp.;  coral:  Amplexocorinia 
corrugata  (Mather) ] 5.42 
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Unit Lithology Thickness 
(ft . 

2 -44 Limestone,  packstone;  dark  gray-olive 
gray/  dark  gray-buff;  thin  bedded; 
[coated  grains],  bituminous;  caps  ledge, 
good  exposure;  abundant  (pelmatazoan, 

foraminifera)  [conodont:  Idionnathoides 
brachiopod,  bryozoan,  sponge  spicules, 

fossatus  (Branson & Mehl)  (right)] 0.6 

mudstone;  olive  gray-olive  black/medium 
Limestone,  wackestone to packstone to 

bedded;  forms  a  resistant  ledge,  good 
light  gray-light  olive  gray-buff;  thick 

exposure;  abundant  (foraminifera,  sponge 
spicules,  pelmatazoan,  brachiopod, 
ostracode,  nautiloid). 
offset to northern  face  of  slope 

2 -43 

30 .0  

2 -42 

2-41  - 

Shale  and  partially  covered;  black/buff; 
fissile-laminated  bedded;  forms  a  slope, ' 
poor  exposure;  unfossiliferous 10.0 

Limestone,  packstone;  olive  black-grayish 

silicified  and  recrystallized];  thick 
blackhedium dark  gray-buff;  [partially 

bedded,  mottled;  black  chert  nodules  and 
layers,  [oolites];  forms  a  ledge,  good 
exposure;'  trace-moderate  (foraminifera, 
brachiopod,  pelmatazoan,  sponge  spicules, 
bryozoan)  [conodont:  Approx. 1 ft.  below 
top.  Streptognathodus  angustus  (Dunn), 
Adetognathus  gigantus  (Gunnell)  (right) ] 5 . 3  

2-40 
I Shale;  black/green-maroon,  buff;  laminated- 

unfossiliferous 
thin  bedded;  forms  a  slope,  poor  exposure; 

5.6 

2-39 - Covered 5.0 
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Unit  Lithology Thickness 
(ft.) 

2 -38 Si l t s tone ;   l i gh t   o l ive   g ray -dusky   ye l low-  
medium bluish  graylpale   ol ive-dusky  reddish 
buff ;   f ine-coarse  grained,   subangular ,  
fa i r -poor   sor t ing ,   [ f loa t ing-poin t   contac ts ] ;  
mica; t h i n  bedded;  forms a minor  ledge, 
fair exposure; trace (plant,   brachiopod) 4.0 

2 -37 

2 -2 

2-35 

2 -34. 

2 -3 

2 -32 

Shale ;   b lack/buf f ;   f i s s i le - lamina ted  

u n f o s s i l i f e r o u s  
bedded;  forms a s lope ,  fair  exposure; 

Limestone,  packstone;  olive  gray, medium 
dark  gray-dark  gray-l ight  medium b l u i s h  
g r a y l r e d d i s h   g r a y - b u f f ;   p a r t i a l l y   s i l i c i f i e d ;  
th in-very   th ick   bedded ,   b io turba ted ;   s l igh t ly  

brachiopod i n  growth  posit ion;  forms a bench 
bi tuminous,   b lack  cher t   s t r ingers   and  nodules ,  

and  ledge,  good  exposure;  trace-moderate 

foraminifera)  
(brachiopod,  bryozoan,  sponge  spicules, 

15.0 

Covered;  probably  black  shale  2.8 

Limestone,   packstone;   l ight   ol ive  gray-  
dusky  yel low-ol ive  gray/buff ;   par t ia l ly  
s i l i c i f i e d ,   p y r i t e ;   t h i n  bedded;  forms 
a ledge, fair exposure;  moderate  (forarni- . .  
nifera,   pelmatazoan,  brachiopod,  algae,  
bryozoan,  gastropod,  ostracode) 1.4 

S i l t s tone ,   s l i gh t ly   a r enaceous   and  
arg i l laceous ;   l igh t   o l ive   g ray-dusky  
ye l low/ l igh t   o l ive   g ray-buff ;   coarse  
gra ined ,   subangular ,   fa i r -poor   sor t ing ,  
[ f loa t ing - s ty lo l i t i c   con tac t s ] ;   py r i t e ;  

f iss i le- laminated  bedded,   bioturbated;  
s l i gh t ly   b i tuminous ,   sha l e   pa r t ings   0 .1  f t .  
thick;  forms a s t e e p   s l o p e ,   f a i r   e x p o s u r e ;  
trace (brachiopod) 5.0 

Covered 1.5 

2.0 
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Unit Lithology Thickness 
(ft.1 

2 -31 Sandstone,  orthoquartzite;  light  olive 
gray-dusky  yellow/buff;  fine-very  coarse 

convex-stylolitic  contacts];  [some 
grained,  subangular,  poor  sorting,  [concavo- 

calcite  cement];  thick  bedded; forms a 
ledge,  fair-good  exposure;  trace  (plant) 5.3  

2-30 

2 -2 

2 -28 

Limestone,  packstone;  dark  gray/medium 

mottled;  shale  partings 1/2 in.  thick,  black 
dark  gray-dark  gray;  pyrite;  thin  bedded, 

chert  nodules;  forms a ledge,  good  exposure; 
moderate  (foraminifera,  pelmatazoan) 11.0 

Sandstone,  orthoquartzite;  light  olive 
gray/dusky  yellow,  light  grayish  red,  rust- 
buff;  very  fine-coarse  grained,  subangular, 

bedded;  bituminous  inclusions; forms a ledge, 
poor  sorting,  concavo-convex  contacts;  thin 

fair  exposure;  unfossiliferous 2.0 

Covered 30.0 

Partial  thickness  of  Upper  Morrowan 
_._. 

Interval 1&7 .O 

Lower  Morrowan  Interval 

2 -a Limestone,  packstone;  olive  gray-dark  gray/ 
medium  gray-buff;  partially  silicified; 
thin  bedded;  [coated  grains];  forms a ledge, 
good  exposure;  moderate-trace  (coral, 
bryozoan,  brachiopod,  pelecypod,  gastropod, 

Neoanathodus  bassleri  symmetricus  (Lane), 
foraminifera,  pelmatazoan)  [conodont: 

Hindeodella  sp. ] 1.8 

2 -3 Shale;  black/buff;  fissile-laminated 

unfosslliferous 
bedded;  forms a slope,  fair  exposure; 

1.0 
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Unit  Lithology  Thickness 

(ft.) 

2 -GA Conglomerate,  arenaceous;  olive  black- 
black/dark  gray-buff;   coarse s i l t  s i z e /  
f ine-granule   sand  s ize   grains ,   subangular ,  
poor  sorting,  [concavo-convex t o   s t y l o l i t i c  
contacts] ;   l imestone and quartz   granules;  
t h i n  bedded;   bi tuminous,   i r regular   basal  
contact;   caps  ledge, good exposure ;   t race  
(pelmatazoan,  brachiopod) 0.1 

2 -21. 

2 -24. 

2-23 

2 -22 

2 -21 

2-20 

Limes tone ,   s i l c i f i ed ;   l i gh t   o l ive   g ray -  
o l i v e   g r a y ,   l i g h t   b l u i s h - l i g h t  medium 
b l u i s h   g r a y / l i g h t   o l i v e  gray-medium 
bluish  gray-buff ;   th ick  bedded;   upper  
contac t   sharp   and   i r regular ;   forms  a 
ledge, good exposure;  trace-moderate 
(sponge  spicules,  pelmatazoan,  pelecypod) 3.1 

Shale ;   b lacklbuf f ;   f i s s i le - lamina ted  
bedded;   unfossi l i ferous 6.0 

Covered;  lower 5 feet probably  limestone 18.0 

Conglomerate,   arenaceous,   sl ightly  l imy; 

gray-buff;   f ine-pebble  grained,  angular,  
l i g h t   o l i v e   g r a y - o l i v e   g r a y l l i g h t   o l i v e  

p o o r   s o r t i n g ,   [ f l o a t i n g - s t y b l i t i c   c o n t a c t s 3  
l imestone  pebbles ,   cher t   and  quartz   grains ,  
mica, blauconi te ;   th in   bedded;   ledge 
cons t i t uen t ,  fair exposure; trace (brachio- 
pod,  pelmatazoan) 1.0 

Sands tone ,   s l igh t ly   l imy;   g ray ish   o range/  
buff ;  medium-very coarse  grained,   subangular ,  
poor   sor t ing;   thin  bedded;   ledge  const i tuent ,  
fair exposure ;   unfoss i l i fe rous  0.4 

Si l t s tone ,   s l i gh t ly   a r enaceous ;   g ray i sh  
black-medium dark  gray-ol ive  graylblack-  
buff ;   coarse   grained,   subangular ,  f a i r  
sorting,  concavo-convex  contacts;  mica, 
glauconi te ,   pyr i te ;   laminated-thin  bedded,  
bioturbated;  bituminous;  forms a ledge, 
fair exposure ;   unfoss i l i fe rous  2.2  
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Unit Lithology 

2 -2 

2 -17 

2-& 

2 -2 

2 -14 

2 -a Conglomerate,  arenaceous;  light  olive 
gray/buff;  granule  to  fine  grained, 
subangular,  poor  sorting,  [point  to 
concavo-convex  contacts:];  limestone  and 
quartz  granules,  mica;  thin  bedded;  forms 
a minor  bench,  fair  exposure;  trace  (plant, 
brachiopod) 1.0 

Shale,  black-gray/buff;  fissile  bedded; 
unfossiliferous 0.9 

gray-moderate  greenish  yellow/brown-buff; 
Igneous  dike,  camptonite;  light  olive 

discontinuous,  fair  exposure; 

Sandstone,  slightly  limy;  grayish  orange/ 
buff;  fine-very  coarse  grained,  subangular, 
poor  sorting;  mica;  thin  bedded;  forms a 
discontinuous  ledge,  fair  exposure;  trace 
(brachiopod,  plant) 4 . 3  

Conglomerate,  arenaceous,  slightly  argillace- 
ous; olive  graylgrayish  black-medium  gray- 
buff;  medium-pebble  grained,  angular,  poor 
sorting,  [point-long-stylolitic  contacts]; 
limestone  pebbles,  quartz  grains,  mica;  thin 
bedded;  gradation  upper  contact,  coated 
grains ; forms a ledge,  fair  exposure; 
moderate  (plant,  coral,  brachiopod,  pelmatazoan, 
bryozoan,  foraminifera,  pelecypod) 1.4 

Conglomerate,  arenaceous  and  slightly  argil- 

olive  gray/dusky  buff;  medium-granule  grained, 
laceous;  black-dark  yellowish  brown,  light 

angular,  poor  sorting,  floating-long  contacts 1; 
limestone  and  quartz  granules;  thin  bedded; 
forms a ledge,  fair  exposure;  trace  (plant, 
brachiopod) 2.0 
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Unit Lithology 

2-13 Shale;   black/gray-red,  yellow-buff;  
f iss i le  bedded;   s lope  const i tuent ,  
f a i r  exposure;   unfossi l i ferous 1.0 

2 -12 Sandstone,   or thoquartzi te ;   grayish  orange/  
buff ;  medium-very coarse  grained,  sub- 
angular ,  fair sor t ing;   thin  bedded,   graded;  
minor  discontinuous  ledge, fair exposure; 
u n f o s s i l i f e r o u s  2.0 

2 -11 Shale;   black/green-buff;  mica; becomes 
s l i g h t l y   s i l t y  upwards;   s lope  const i tuent ,  
fair exposure ;   unfoss i l i fe rous  1.0 

2 -g Covered;  probably 2 - a  20.0 

2 -8 

2 -2 

2 -2 Limestone;  grayish  black-olive black/medium 
l i g h t   g r a y - b u f f ;   p y r i t e ;   t h i n  bedded, 

moderate  (coral,  brachiopod,  bryozoan, 
mottled;  forms a bench, good exposure; trace- 

foraminifera,   plematazoan) 
N280E 4 w a  1.5 

Limestone,  packstone;  grayish  black-olive 

r e c r y s t a l l i z e d  1, pyr i t e ;  thin-medium  bedded; 
black/dark  gray-buff;   glauconite , [ p a r t i a l l y  

forms a weak ledge, good exposure;  moderate 

bryozoan,  sponge  spicules)  [conodont: 
(brachiopod,  foraminifera,  pelmatazoan, 

Rhachis tomathus (Dunn), Adetovnathus 
ginantus  (Gunnell)  (right),  Adetonnathus 

Hindeodel la   sp.  ] 
ginantus  (Gunnell) ( left) ,  Adetonnathus  sp,, 

3 . 5  

Shale;   black/buff;   forms a s lope,  poor 
exposure ;   unfoss i l i fe rous  2.0 



Unit Litho  logy Thickness 
(ft.) 

2 -6 Siltstone,  slightly  limy,  arenaceous  and 
argillaceous;  grayish  black-olive  black, 
dusky  yellowish brown/black-gray-maroon- 
buff;  coarse  grained,  rounded-angular, 
fair  sorting,  [floating to point  contacts]; 
mica;  thin  bedded,  bioturbated;  bituminous; 
forms a bench,  good  exposure;  trace  (sponge 
spicules,  brachiopod,  pelmatazoan) 6.0 

2 -5 Siltstone,  argillaceous  to  arenaceous; 
grayish  black-olive  black/olive  black-buff; 
coarse  grained,  subangular  to  subrounded, 

mica;  fissile-laminated  bedded,  bioturbated, 
fair  sorting,  [floating to point  contacts]; 

rhythmitic;  bituminous;  steep  slope  consti- 
tuent,  good  exposure;  trace  (brachiopod)  13.5 

2 -A Shale;  black/buff;  mica;  fissile  bedded; 
forms a slope  on  one  side of stream  cut, 
good  but  intermittent  exposure;  moderate 
(brachiopod) 2.0 

2 -2 Siltstone,  slightly  limy;  olive  gray-olive 
black/light  olive  gray;  coarse  grained, 
angular,  well  sorted,  [point  contacts]; 

medium  bedded, faint.interna1'laminations; 
partially  silicified  and  recrystallized ; 

black  plant  markings  on  surface;  stream  cut 
bench,  good-fair  exposure;  trace-moderate 
(plant,  pelmatazoan)  3.6 

2-2 Covered 1.0 

Partial  thickness  of  Lower  Morrowan 
- 

Interval 90.0 
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Unit Lithology Thickness 
et. ) 

Rancheria  Formation  (Mississippian) 

2 -z Limestone,  grainstone;  light  olive  gray/ 
olive  gray-yellowish  gray;  jsparry  calcite 
cement],  partially  recrystallized;  medium 
to  very  thick  bedding;  [coated  grains], 
slightly  vuggy;  resistant  bench  in  stream 
cut,  good  exposure;  moderate  (pelmatazoan, 
brachiopod,  bryozoan,  debris)  [conodont: 
Gnathodus  bilineatus  (Roundy) , -Gnathodus 
N14OE loNW 
texanus  (Roundy) , Cavusmathus spa 1 

5.0 
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Stratigraphic  Section 7 

Escondido 

General  Location 

The  section  was  measured  trending  approximately 

northeast  in  the SWk of  Section 25 and  the NE% of  Section  36, 

T.18.S.,  R.lO.E.,  Otero  County,  New  Mexico. 

Description  of  Locality 

The  section  is  located  13.4  miles  northeast  along 

various  dirt  roads,  from a point  on U.S. 54,  19.9  miles  south 

of  its  intersection  with U.S. 70. Local  land  marks  and  directions 

are:  turn  east  off U.S. 54  and  proceed  east,  stop  sign  and 

military  fence  gate  mark  this  turn;  veer  to  right  fork  after  3.6 

miles,  continue  east;  abandoned  bunkers,  fences,  concrete  pads, 

and  storage  tank  at 0 .3  miles  mark  this  route;  veer  north  around 

pond;  turn  north  at  intersection 2 . 3  miles  from  pond;  proceed  in 

a NNE direction  for 1.2 miles  and  turn  north  at  intersection; 

cross  arroya,  and  road will end  within 2 miles;  walk  approximately 

4 miles  to  the NNE. 

The  section  begins  on  the  southern  and  western  slope  of 

Moore  Ridge.  The  section  trends  gennerally  N55OE. 

General  Remarks 

The  section  was  measured  August 6-7, 1974.  This  section 

is  poorly  exposed,  with  limestone  ledges,  commonly  the  only  visible 

strata.  The  Mississippian-Pennsylvanian  "contact-interval"  could 

not  readily  be  determined  at  this  locality,  hence  no  attempt  was 
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made  to  define  definite  Mississippian  (probably  Ranchera (?)) 

rocks. 

The  strike  of  strata  is  gemerally N12W with dips 

averaging 150 to  the  northwest. 

Approximate  Thickness 
(in  feet) 

Lower  Desmoinesian  Interval 80 

Atokan  Interval 64 

Upper  Morrowan  Interval  14 7 

Lower  Morrowan  Interval 80 

Total 
I_ 

371 

Unit Litholoky 

Bug  Scuffle  Limestone  Member 

7-34  Limestone,  packstone;  olive  black/ 
medium  dark  gray-buff;  thin  bedding, 
bioturbated;  black  chert  nodules  and 
stringers,  limestone  in 1 ft.  thick 

ft.  beds;  slope  former, semi-fair 
beds,  shale  partings  in less  than .2 

exposure;  trace-moderate (algae,  pel- 
matazoan) 5.0 

Lower  Desmoinesian  Interval 

7-33  Limestone,  mudstone-wackestone,  Shale 
slightly  silty;  olive grayhedim light 
gray-buff;  thin  bedded,  bioturbated; 

. sporadic  black  chert  nodules;  inter- 
mittent  ledge  and  slope,  fair  exposure, 
partially  covered;  moderate  (coral, 
pelmatazoan) 18.5 

7-32  Shale;  black-gray/buff;  fissile  bedded; 
slope  former,  fair  exposure,  unfos- 
siliferous 1.2 
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D 

B 
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Unit Lithology Thickness 
(ft .) 

7-31 

7-30 

7-29 

7-28 

7-2 7 

Limestone,  mudstone  and  Shale;  olive 
gray  ( l imestone) ,   b lack  (shale) /buff ;  
t h i n  bedded ( l i m e s t o n e ) ,   f i s s i l e -  

bu lbular  sand casts; s lope  former, 
laminated bedding  (shale);  small 

semi-fair exposure;  moderate  (brachiopod) 
[brachiopod:  Linoproductus  cf. L. p l a t -  
yumbonus  (Dunbar & Condra),  Neospirifer 
cameratus  (Morton),  Orbiculoidea s p .  ] 7.5 

Covered, t a l u s  ; 10.0 

Limestone,  grainstone;  olive  gray1 
medium gray-buff;   thin  bedded;  caps 
ledge,  fair-good  exposure;  abundant 
(coral,  brachiopod,  pelmatazoan, 
f o r a m i n i f e r a ,   p e l l e t s )  1.4 

Limestone,  packstone  and  Shale;   olive 
blackhedium  dark  gray-buff;  medium- 
ve ry   t h i ck  bedded (l imestone),  f iss i le-  
laminated  bedded  (shale);   gray-blue  chert  
s t r i n g e r s ,   l i m e s t o n e   i n  3-1 f t .  t h i c k  
beds ,   sha l e   i n  less than 0.2 f t .  beds; 
forms a r e s i s t a n t   l e d g e ,  good exposure; 
abundant  (coral,  brachiopod,  pelmatazoan, 
a lgae)  35.5 

Conglomerate ,   l imestone;   l ight   ol ive 
gray-ol ive  graylbuff ;  medium-pebble 
grained,   rounded,   poor   sor t ing,   f loat ing 
contac ts ;   l imes tone   gra ins ;   th in   bedded;  
intraformational ,   b lue-gray  cher t   nodules  
and s t r i n g e r s ;  forms base  of  ledge, good 
exposure;  trace-moderate  (pelmatazoan,  coral ,  

a lgae)  
bryozoan,  sponge  spicules,  brachiopod, 

2.1 

P a r t i a l   t h i c k n e s s   o f  Lower Desmoinesian 
- 

I n t e r v a l  80.0 
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Atokan I n t e r v a l  

7-26 Limes tone ,   packs tone ,   s l i gh t ly   s i l t y  
and   Sha le ;   o l ive   b lack   ( l imes tone) ,   b lack  
(shale)/medium  dark  gray-buff;   thin bedded 
( l imestone) ,   f iss i le- laminated  bedding 
(sha le) ;   l imes tone   in  1.0-0.4 f t .  beds, 
s h a l e   i n  less than 0.4 f t .  beds;  forms a 
s lope,   fa i r -poor   exposure;   moderate  
(brachiopod,   sponge  spicules ,   coral)  

7-25 Covered,  probably 7-24 

7-24 Shale ,   l imy;   black/buff ;   f iss i le- laminated 
bedded;  l imestone,  madstone  stringers;  
un foss i l i f e rous  

7-23 Limestone,   grainstone;   ol ive  gray-black/  
medium l igh t   g ray -buf f ;   pa r t i a l ly   r ec rys -  
ta l l ized ;   th in- th ick   bedded;   coa ted   g ra ins ,  
l ineat ion  par t ings;   forms a ledge, good- 
fair exposure;  abundant  (brachiopod,  coral, 

Neosp i r i f e r  sp.] 
pelmatazoan, foraminifera)  [brachiopod: 

Pa r t i a l   t h i ckness   o f   A tokan   In t e rva l  64.0 
- 

Upper Morrowan In t e rva l  

7.-2 1 Limes tone ,   wackes tone ,   s l i gh t ly   s i l t y ;  
o l i v e   g r a y ,   o l i v e  black/medium  gray-buff; 
pa r t i a l ly   r ec rys t a l l i zed ;   t h in - th i ck   bedded ,  
bioturbated;   has   ' "s t r ing-streak"  weathered 
su r face ,   s ty lo l i t e s ,   g reen   che r t   l aye r s   and  
nodules;  ledge  former, good exposure;  moderate 
(brachiopod,  coral,  pelmatazoan) 26.0 

7-20 Covered, t a l u s ;  16.0 

Unit Lithology Thickness 
(ft.) 

7-22 Covered, ta lus ;   p robably   sha le   and   in te r -  
bedded, t h i n  bedded  limestone 

19.4 

2.0 

1.0 

8.5 

93.0 



Unit Lithology Bickness 
(ft . ) 

7-19 Limestone,  grainstone-packstone;  olive 
graylmedium  gray-buff;  partially  silic- 

black  chert  nodules  and  stringer;  forms 
ified;  very  thick  bedded;  blue-gray, 

a ledge,  fair  exposure;  trace-moderate 

pelmatazoan) 
(algae,  foraminifera,  brachiopod,  coral, 

9.4 

7-18 

7-17 

7- 16 

7- 15 

7-  14 

7- 13 

Covered,  talus; h.0 

Limestone,  packstone  and  Chert;  olive 

gray-buff;  partially  silicified;  thin 
gray  (limestone),  black  (chert)/medium 

nodules  and  layers;  steep  slope  constituent, 
bedded;  bluish-light  olive-maroon  chert 

poor  exposure;  moderate-abundant  (pelmatazoan, 
sponge  spicules,  algae,  foraminifera) 1.6 

Limestone,  packstone;  olive  graylmedium 
gray-buff;  glauconite;  thin  bedded;  stream 
cut  bench,  poor  exposure;  moderate  (pelmatazoan, 
coral,  bryozoan,  brachiopod,  algae) 1.5 

Covered,  talus; 1.0 

Limestone,  packstone;  light  olive  gray/ 
medium  gray-buff;  partially  silicified; 
thin-very  thick  bedded,  faintly  mottled; 
stringlike  bands  of  rust-orange  on  weath'ered 
surface;  forms a ledge,  fair  exposure;  abundant 
(foraminifera,  pelmatazoan,  bryozoan,  coral, 
algae) 6 . 3  

Covered,  talus; 17.5 



Unit Lithology Thickness 
(ft . ) 

7- 12 Sandstone,  orthoquartzite;  light  olive 
gray-yellowish  graylbuff;  medium-coarse 
grained,  angular-subrounded,  fair-good 
sorting,  [concavo-convex,  stylolitic 
contacts];  partially  recrystallized , 
[heavy  minerals];  thin-medium  bedded; 
stream  cut  ledge,  semi-poor  exposure;  trace 

offset  east  to  west  minor  tributary  on 
7-11 5.5 

(plant) 

Partial  thickness  of  Upper  Morrowan 
- 

Interval 147.0 

Lower  Morrowan  Interval 

7- 10 

7-9 

7-11 Limestone,  packstone;  brownish  blackfdark 

very  thick bedded;  blue  chert  layers  and 
gray-buff; partially  silicified;  medium- 

nodules;  forms a ledge,  fair-good  exposure; 
moderate-abundant  (foraminifera,  bryozoan, 
coral,  algae) 
N3% 16ONE 12.5 

7-8 

7-7 

Covered:  probably  shale 0.5 

Sandstone,  orthoquartzite;  light  olive 

angular-subangular,  poor  sorting,  stylolitic 
gray/buff;  fine-very  coarse  grained, 

contacts;  minor  calcite  cement,  heavy  minerals; 
thin  bedded;  discontinuous  bench,  poor 
exposure;  trace  (plant) 1.3 

Covered 11.0 

Limestone,  packstone  and  Chert;  black 
(chert),  olive  black  (limestone)  /medium 

bedded;  chert  layer 718 of  total,  fractured; 
light  gray-buff;  silicified  in  spots;  thin 

chert  caps  ledge,  semi-rare  exposure;  abundant 
(pelmatazoan,  coral,  bryozoan,  foraminifera) 0.2 

124 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Unit Lithology 

7-6  Limestone,  wackestone-packstone;  olive 
blackimedium  gray-buff;  thin-medium  bedded, 
mottled;  fractured,  blue-gray,  black  chert 
nodules  and  layers;  forms a broken  ledge, 
fair  exposure;  abundant  (coral,  brachiopod, 

N14W 1 4 O N E  
pelmatazoan,  bryozoan) 

. 6.1 

7-5 

7-4 

7-3 

7-2 

7- 1 

Limestone,  packstone-grainstone;  black- 

buff;  thin  bedded,  faint  banding; 
olive  black/medium  gray,  yellowish  pinkish 

abundant  (coral,  pelmatazoan,  foraminifera, 
forms a minor  ledge,  fair-poor  exposure; 

bryozoan,  pellets) 3.1 

Covered,  talus 10.0 

Limestone,  packstone;  light  olive  gray/ 
olive  gray-buff;  partially  silicified;  thick 
bedded; gray  blue,  black  chert  layers  and 
nodules;  ledge  former,  good  exposure;  abundant 

foraminifera,  sponge spicules) 
(coral,  brachiopod, pelmatazoan,  bryozoan, 

5.0 

Limestone,  packstone;  olive  gray/medium  dark 
gray-buff;  partially  silicified;  very  thick 
bedded;  black  chert  layers  and  nodules;  forms 
a broken  ledge,  fair  exposure;  moderate-abundant 

spicules,  foraminifera) 
(algae,  coral,  brachiopod,  pelmatazoan,  sponge 

N15'E 160SE  7.2 

Covered,  talus ; 5.0 

Partial  thickness  of  Lower  Morrowan 
- 

Interval 80.0 
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S t r a t i g r a p h i c   S e c t i o n  8 

Nigger Ed 

General  Location 

The s e c t i o n  measured trends  approximately  east-west 

i n  t h e  Nw/4 Sect ion  18,  T. 19.S., R . U . E . ,  Otero  County, New 

Mexico. 

Descr ip t ion  of Loca l i t y  

The s e c t i o n  i s  located 11.3 miles   northeast   a long 

va r ious   d i r t   r oads ,   f rom a point  on U.S. 54, 19 .9  miles   south 

of its i n t e r s e c t i o n   w i t h  U.S .  70. Local  land  marks  and 

d i r e c t i o n s   a r e :  t u r n  e a s t   o f f   o f  U.S.  54 and  proceed  east ,  

s t o p   s i g n  and m i l i t a r y  fence   ga te  mark t h i s  t u r n ;  veer  to r i g h t  

f o r k   a f t e r  3.6 miles,   continue  east;   abandoned  bunkers,   fences,  

concre te  pads,  and s to rage   t ank  a t  0.3  miles  mark t h i s   r o u t e ;  

veer   north  around pond; t u rn   no r th  a t  i n t e r s e c t i o n  2.3 miles 

from  pond;  proceed i n  a NNE d i r e c t i o n   f o r  1 .2   miles   and  turn  north 

a t  in t e r sec t ion ;   c ros s   a r roya ,  and  road w i l l  end wi th in  2 miles;  

walk  2.2  miles i n  a N75OE d i r e c t i o n .  

The sec t ion   begins  on the  southern  s lope  of   Nigger  Ed 

Canyon, roughly  west  of  Table Top Butte .  The s e c t i o n   t r e n d s  

gene ra l ly  N58OE. 

General Remarks 

The s e c t i o n  was measured  August  8,  1974. It i s  poorly 

exposed  with  res is tant   l imestone  ledges commonly the  only 

v i s i b l e   s t r a t a .  The writer l a t e r   v i s i t e d  a l o c a l i t y  0.5 miles  
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to  the  north,  and  noted a sandstone-limestone  interval 

interpreted  as  being  part  of  unit 8-5. 

This  section  is  close  to  the  frontal  fault  of  the ' 

escarpment. At the  northern  locality,  faulting  was 

noticed  and  the  lower  Gobbler  stratigraphic  section  appeared 

to  be  distorted.  Detailed  measurement  of  the  section  at 

this  northern  locality  was  not  procured. 

The  strike  of  strata  is  generally N30oE with  dips 

averaging 30' to  the  southeast. 

Approximate  Thickness 
(in  feet) 

Lower  Desmoinesian  Interval 31 

Atokan  Interval 69 

Upper  Morravan  Interval 142 

Lower  Morrowan  Interval 

Total 

66 - 
308 

Unit  Lithology  Thickness 
(ft .) 

Bug  Scuffle  Limestone  Member 

8-2 1 Limestone,  wackestone-packstone,  slightly 

olive  gray-buff-limestone,  black/buff- 
silty,  and  Shale;  light  olive  gray/light 

shale;  partially  silicified;  fissile-thin 

massive  cliff  former,  excellent  exposure; 
bedded-shale;  brachiopod  in  growth  position; 

moderate  (pelmatazoan,  fusulinid,  brachio- 
pod,  algae) 5.0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

Unit Lithology Thickness 
(ft . I  

Lower  Desmoinesian  Interval 

8-20 Covered 20.0 

8- 19 Limestone,  mudstone to wackestone, 
slightly  silty,  interbedded  Shale,  part- 
ially  covered;  grayish  blackfdark  gray-buff; 

shale;  limestone  in  1.5  ft.  thick  beds, 
thin  bedded-limestone,  fissile  bedded- 

shale  in 1 ft.  thick  beds;  forms  a  slope, 
poor-fair  exposure;  trace  (debris)  35.0 

Partial  thickness  of  Lower  Desmoinesian 
- 

Interval  31.0 

Atokan  Interval 

8- 18 Covered,  talus  45.0 

Partial  thickness  of  Atokan  Interval 69.0 
- 

Upper  Morrowan  Interval 

8-17 Limestone,  packstone-wackestone;  olive 
blackfmedium  gray-buff;  partially  silicified; 
thin-medium  bedded;  black  chert  stringers; 

nifera,  pelmatazoan,  coral) 
ledge  former,  good  exposure;  trace  (forami- 

15.0 

8-16 

8- 15 

8- 14 

Covered;  two  limestone  beds  approximately 
2 ft.  thick  each  within  this  interval 20.0 

Limestone,  mudstone-wackestone;  olive  gray- 
medium  dark  grayfmedium  gray-buff;  thin 
bedded;  forms  a  ledge, fairpoor exposure; 
trace  (brachiopod,  pelmatazoan)  6.5 

Covered,  talus; 9.0  



Unit Lithology 

8- 13 Limestone,  packstone-wackestone;  olive 
grayfmedium  gray-buff;  glauconite  grains; 
thin-thick  bedded;  green-tan-black  chert 
bands  and  nodules  and  black  chert  stringers 

stone-wackestone,  slightly silty)  grains; 
9-19 ft.  up,  coated  grains, limestone  (mud- 

ledge  former,  good  exposure;  moderate  (pel- 
matazoan,  bryozoan,  coral,  brachiopod, 
foraminifera) 19.0 

8- 12 

8- 11 

8- 10 

8-9 

8-8 

8-7 

e 

0 

0 

0 

0 

e 

0 

0 

9 

e 
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Covered,  talus; 7.5 

Limestone,  packstone-wackestone;  olive 
gray/olive  gray-medium  gray-buff;  partially 
silicified;  thin-medium  bedded;  forms  a 
discontinuous  ledge,  fair  exposure;  moderate- 

aminifera,  pelmatazoan) 
trace  (coral,  bryozoan,  brachiopod,  for- 

10.0 

Covered-partially  covered,  Shale;  black/ 

shale  is  exposed  intermittently;  unfossili- 
buff;  fissile  bedded;  forms  a  talus  slope, 

f  erous 14.0 

Limestone,  grainstone-packstone;  dusky 
yellowish  brown-grayish  orangeldark  gray- 
light  gray-buff;  thin  bedded,  mottled; 
forms  minor  broken  ledge,  good-fair  exposure; 
trace  (pelmatazoan,  bryozoan,  foraminifera) 1.0 

Limestone,  packstone;  medium  olive  gray/ 
medium  dark  gray-buff;  glauconite  grains; 
thin-medium  bedded;  black  chert  layer 3 ft. 
up;  ledge  former,  good  exposure;  moderate 
(coral  foraminifera,  bryozoan,  brachiopod) 5.0 

Shale;  gray-black/light  gray-red-black; 
fissile-laminated  bedded;  forms  a  slope, 
partially  covered at top;  unfossiliferous 3.0 



Unit Litho logy 

8-6 Limestone,  wackestone,  slightly  silty; 
olive  black/medium  gray-buff;  thin  bedded; 
fractured;  minor  ledge  former,  intermittent 
exposure; trace-abundant.(foraminifera, 
bryozoan,  pelmatazoan,  brachiopod) 3.0  

a- 5 Covered;  probably  contains a sandstone  bed 
overlain  by a limestone  approximately 
15 ft.  thick 63.5 

Partial  thickness of Upper  Morrowan 
Interval 142.0 

Lower  Morrowan  Interval 

8-4 Limestone,  grainstone;  olive  grayllight 
olive  gray-buff;  sparry  calcite  cement ; 
thin-medium  bedded;  [coated  grains] ; forms 
a ledge, good exposure;  trace  (pelmatazoan, 
bryozoan,  debris) 
N4OE 340SE 10.5 

8-3 

8-2 

Covered;  probably  shale 4 . 0  

Siltstone,  arenaceous  and  limy,  and 
interbedded  Limestone,  mudstone  and  Shale; 
light  olive  gray/light  olive  gray-buff; 
medium-coarse  grained,  subangular,  fair- 
good  sorting,  floating-point  contacts; 
calcite  cement;  thin  bedded,  banded,  bio- 

ward  coarsening;  forms a slope,  fair 
turbated;  concordant  contact  with 8-1 ,  up- 

exposure;  trace  (debris) 
N3oE 240SE 15.0 

Partial  thickness  of  Lower  Morrowan 
_I_ 

Interval 6 6 . 0  
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0 

0 

0 

0 

e 

0 

0 

e 

0 

0 

Unit Lithology Thickness 
(ft .I 

Helms Formation  (Mississippian) 

8- 1 S i l t s tone ,   l imy  and s l igh t ly   a r enaceous  
and interbedded  Shale  and  Limestone, mud- 
s tone ;  medium dark   g ray-o l ive   g ray- l igh t  
o l i v e  graylmedium  gray-buff;  medium-coarse 
grained,  subrounded, good so r t ing ,   f l oa t ing -  

t h i n  bedded, f inely  laminated  banding; s i l t -  
po in t   con tac t s ;   ca l c i t e   cemen t ;  fissile- 

s t o n e   i n  1 f t .  thick  beds  and  shale   in  0.3 
f t .  thick  beds;  forms a s l o p e ,   f a i r  
exposure;   unfossi l i ferous 5.0 
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S t r a t i g r a p h i c   S e c t i o n  5 

Grapevine Canyon 

General  Location 

The s e c t i o n  was measured  on the   no r the rn   s lope  of 

Grapevine Canyon i n   t h e  NWh, Sect ion  27,  T. 19.S., R. 11.E., and 

SWk, Sec t ion  22,  T.19.S., R . U . E . ,  Otero  County, New Mexico. 

Descr ip t ion  of Loca l i t y  

The s e c t i o n  i s  loca ted  14.5 miles   eas t   a long   var ious  

d i r t   r o a d s ,   f r o m  a point  on U.S. 54,  19.9  miles  south of i ts 

i n t e r s e c t i o n   w i t h  U.S. 70. Local  land  marks  and  directions  are:  

t u r n   e a s t   o f f   o f  U.S. 54 and proceed   eas t ,   s top   s ign   and   mi l i ta ry  

fence  gate mark t h i s   t u r n ;   v e e r   t o   r i g h t   f o r k   a f t e r  3.6 miles ,  

con t inue   ea s t ;  abandoned  bunkers,  fences,  concrete pads,  and 

s torage   t ank  at  0.3 miles  mark the   rou te ;   veer   nor th   a round pond 

a t  2.5 miles ;   t u rn   no r th  at  i n t e r s e c t i o n  2.3 miles  from pond; 

proceed  in a NNE d i r e c t i o n   f o r  1.2 miles   and   tu rn   eas t  at  i n t e r -  

sec t ion ;   p roceed   eas t  4 miles   and   t hen   vee r   l e f t   i n   g rave l   a r roya ;  

0.1 mi les   fur ther   fo l low main t r i b u t a r y  and  proceed e a s t   t o   n o r t h -  

e a s t  0.5 mile;  walk up t r ibu tary   approximate ly  0.75 of a 

mile.  

The section  begins  along  the  lowest part of t he   no r the rn  

s l o p e   a d j a c e n t   t h e   t r i b u t a r y .  The s e c t i o n   t r e n d s  NNW and is o f f s e t  

i n  small t r i b u t a r i e s  where  advantageous. The uppermost p a r t  of t h e  

s e c t i o n  i s  measured i n   t h e  main t r i b u t a r y   w e s t  of the  or igin,   where 

t h e  Bug Scuf f l e  i s  cut  by t h e   t r i b u t a r y .  
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General  Remarks 

The  section  was  measured  July 21 and  August 10-11, 

1974. It  is  well  exposed  in  the  basal  and  upper  portions,  but 

is  poorly  exposed  in  the  middle  portion;  with  limestone  ledges 

generally  the  only  visible  strata. 

The  general  strike  of  the  strata  is N25w with  dips 

averaging 250 to  the  southwest. 

Lower  Desmoinesian  Interval 

Atokan  Interval 

Upper  Morrowan  Interval 

Lower  Morrowan  Interval 

Approximated  Thickness 
(in  feet) 

26 

75 

148 

65 

Total 3 14 

Unit Lithology Thickness 
(ft .I 

Bug  Scuffle  Limestone  Member 

5-44 Conglomerate,  limestone,  slightly  silty 
(53) and  shale;  light  olive grayhedim gray- 

buff;  medium-pebble  grained,  subrounded, 
poor  sorting,  floating  contacts;  limestone 
grains;  fissile-thin  bedded;  intraformational, 
basal  contact  channelled  as  much  as 4-5 ft.; 
ledge  constituent,  good  exposure;  moderate 
(coral,  brachiopod,  foraminifera) 5.0 
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Unit Litholoty 

Lower  Desmoinesian  Interval 

5-43 
(5-f) 

5-43 
(5-e) 

Limestone,  packstone;  pale  brown-olive 
gray/olive  gray  buff;  glauconite;  thin- 
thick  bedded,  mottled;  channelled  upper 

abundant (brachiopod, pelmatazoan,  coral, 
contact; ledge  former, good  exposure; 

foraminifera,  bryozoan)  [brachiopod: 
Antiquatonia  cf.  coloradoensis  (Girty); 
coral:  PseudozaDhrentoides  sp.] 
offset  west  approximately 50 ft. on 5-43 11.0- 

Shale  and  Limestone,  wackestone-mudstone; 
black  (shale),  dark  gray  (limestone)/buff; 
mica;  fissile-laminated  bedding-shale,  thin 

moderate-abundant  (coral,  brachiopod,  pel- 
bedded-limestone;  forms a wall,  good  exposure; 

matazoan)  15.0 

15.0 

Partial  thickness  of  Lower  Desmoinesian 
- 

Interval 26 .O 

Atokan  Interval 

5-41  Limestone,  grainstone-packstone;  medium  olive 
(5-d)  gray-dusky  yellow/medium  olive  gray-buff; 

partially  silicified,  quartz,  glauconite 
grains;  thin-medium  bedded;  ledge  former,  good 
exposure;  abundant  (pehatazoan,  bryozoan, 
coral,  brachiopod,  algae) 4.8 

5-40  Limestone,  wackestone-packstone,  slightly 

buff;  thin  bedded,  bioturbated,  burrowed; 
stream  cut  slope,  good  exposure;  trace 
(brachiopod,  algae,  worm,  debris) 1.1 

(5-c)  silty;  olive  black-grayish  orange/light  gray- 



Unit Lithology Thickness 
( f t  .) 

5-39 
(5-b) 

5-38 
(5-1 

5-37 

5-36 

5-35 

5-34 

Limes tone ,   packs tone ,   s l igh t ly   s i l ty ;  

c o a r s e r   g r a i n e d   i n   b a s a l   p o r t i o n   o f   u n i t ;  
p a r t i a l l y   s i l i c i f i e d ;   t h i n - v e r y   t h i c k  bedded; 

matazoan,  bryosoan,  brachiopod,  foraminifera, 
forms a ledge, good exposure;  abundant  (pel- 

N15'E 14ONW 
f u s u l i n i d ,   d e b r i s )  

11.3 

Shale  and  Limestone,  wackestone  with  pack- 
s t o n e   m i c r o l e n s e s ,   a r g i l l a c e o u s ,   s l i g h t l y  
s i l t y ;   da rk   g ray -ye l lowish   o l ive  brown/ 
dark  gray-buff;  mica; f i s s i l e   bedded- sha le ,  
thin  bedded-l imestone;   s t ream  cut   s lope,  
fair-good  exposure;  moderate  (pelmatazoan, 
brachiopod,  bryozoan,  foraminifera) 

[brachiopod:  Neospirifer  sp.]  
o f f s e t  west t o  main t r i b u t a r y  on t h e  base 
of 5-38 2 . 2  

Covered 20.0 

Limes tone ,   wackes tone ,   s l igh t ly   s i l ty ;   o l ive  

small black  chert   nodules;   forms a ledge, 
black/medium dark  gray-buff;   thin  bedded; 

f a i r  exposure;  trace  (pelmatazoan,  brach- 
iopod) 10.3 

Covered 10.0 

Limestone,   grainstone;   l ight   gray-dark 
grayfmedium  dark  gray-buff;   partially 
r e c r y s t a l l i z e d ;   t h i n  bedded;  forms a minor 

brachiopod, bryozoan, deb r i s )  
ledge, good exposure; abundant  (pelmatazoan,. 

1.3 



Unit 

~~ ~ 

Li thology 

5-33  Limestone,  mudstone,  and  Shale;  grayish 
black  ( l imestone)   gray-black  (shale) /buff ;  
thin  bedded-l imestone,   f iss i le- laminated 
bedded-shale;  forms  discontious  minor 
ledges and s lopes ,  poor  exposure;  moderate 
(cora l )  9.0 

0 

0 

0 

0 

0 

0 

e 

0 

0 

0 

136 

0 
.. 

P a r t i a l   t h i c k n e s s   o f  Atokan In t e rva l   75 .0  

Lower Morrowan I n t e r v a l  

5-32 Covered  55 .O 

5-31 
moderate  reddish brown, moderate  yellowish 
S h a l e ,   s i l i c i f i e d ;   d a r k   r e d d i s h  brown, 

b r o w d b u f f ;   t h i n  bedded, i n t e rna l   l amina t ions ;  
caps  bench, good exposure;  trace  [sponge 
sp icu le s ]   0 .3  

5-30 Limes tone ,   packs tone ,   s l igh t ly   s i l ty ;  pale 
reddish  brown-yellowish  gray/medium  light 
g r a y - b u f f ;   p a r t i a l l y   s i l i c i f i e d ;   t h i n - t h i c k  
bedded;  brachiopod i n  growth  position;  forms 
a minor  bench, good exposure;  moderate 

matazoan,  foraminifera) 
(brachiopod,   coral ,   bryozoan,   a lgae,   pel-  

24.5 

5-29  Limestone,   s i l ic i f ied,   wackestone;   dark 

yellow-buff;  thin  bedded;  stream  cut  minor 
reddish  brown, l i gh t   o l ive   g ray /pa le   g reen i sh  

ledge,  poor  exposure; trace (brachiopod)  1.5 

5-28  Covered  9.0 

5-2 7 Shale;   b lack/maroon-buff ;   f iss i le- laminated 
bedded;  blocky  slope,  poor  exposure;  minor- 
t r ace   (deb r i s )  7.0 



0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Unit Lithology Thickness 
(ft .) 

5-25 

5-24 

5-23 

5-22 

5-2 1 

5-20 

5- 19 

5-26 Limestone,  packstone-grainstone;  dark 
reddish  brown-light  olive  brown/dark  reddish 

rugenic  coating  or  cement;  thin  bedded; 
brown-buff;  partially  recrystallized,  fer- 

coated  grains,  color  bands;  stream  cut 
slope,  poor-fair  exposure;  moderate  (coral, 

minifera) 
brachiopod,  pelmatazoan,  bryozoan,  fora- 

5.2 

Covered 3.5 

Limestone,  grainstone;  pale  yellowish  brown- 

buff;  partially  recrystallized;  thin  bedded; 
light  olive  gray-light  gray/yellowish  gray- 

blue  gray-black  chert  nodules;  forms  a  minor 
ledge,  semi-fair  exposure;  trace-moderate 
(algae,  foraminifera,  bryozoan,  pelmatazoan) 5.0 

Covered 15.0 

Limestone,  grainstone,  slightly  silty; 

bedded;  has a pitted  (weathered)  surface, 
light  olive  gray-browdlight  gray-buff;  thin 

dusky-very  dark  red  dissemanations;  forms 
a minor  bench,  good  exposure;  moderate 

offset  north  to  intersection  of  northwest 
(foraminifera,  algae,  brachiopod,  pelmatazoan) 

slope  and a northeastern  branch  of  main 
tributary  on  unit 5-16  9.5 

Covered 5.0 

Limestone,  grainstone-packstone;  medium  olive 
grayldark  gray-buff;  thin  bedded;  forms  a 
minor  bench,  fair-good  exposure;  moderate 
(pelmatazoan,  foraminifera,  pellets,  debris) 1.0 

Covered 4.0 
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Unit Lithology Thickness 
(ft .) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

138 

0 

5- 18 Limestone,  packstone;  brownish  black-olive 
black/medium  dark  gray-buff;  partially  re- 
crystallized,  pyrite;  thin  bedded;  blue 
gray-black  chert  layers  and  stringers;  forms 
a minor  ledge,  fair  exposure;  trace-moderate 

bryozoan) 
(foraminifera,  brachiopod,  pelmatazoan, 

2 .o 

5- 17 Partially  Covered  and  Sandstone,  ferrugenic 
protoquartzite;  dark  reddish  brown/grayish 

[ subangular],  fair-good  sorting,  [floating- 
red  purple-buff;  very  fine-fine  grained, 

concavo-convex  contacts] ; partially  recrys- 
tallized,  biotite,  feldspar,  [glauconite], 

minor  ledge,  poor  exposure;  unfossiliferous 8.0 
pyrite  grains;  thin  bedded;  discontinuous 

Partial  thickness  of  Upper  Morrowan 
- 

Interval 148.0 

Lower  Morrowan  Interval 

5- 15 

5- 16 Limestone,  packstone;  yellowish  gray-olive 
grayllight  olive  gray-buff;  partially 
silicified  and  recrystallized;  medium-very 
thick  bedded;  blue  gray-black  chert  layers 
3 ft. up,  light  gray  chert 8 ft.  up;  ledge 
former,  fair  exposure;  trace-moderate  (brachio- 
pod,  coral,  foraminifera,  bryozoan,  debris) 17.0 

Partially  Covered  and  Sandstone,  orthoquartz- 

pink-pale  red/light  buff;  fine-coarse  grained 
ite;  moderate  yellowish  brown-grayish  orange 

subangular,  fair-poor  sorting,  concavo-convex- 
stylolitic  contacts;  glauconite,  feldspar, 
heavy  minerals,  biotite,  limonite;  thin  bedded, 
faint  banding,  minor  cross-bedding;  discontin- 
uous ledge,  poor  exposure;  trace  (plant) 1.5 



0 

0 

e 
Unit Li thology Thickness 

(ft .) 

0 

0 

0 

0 

5- 13 

5- 12 

5- 14 Limestone,  wackestone-packstone;  olive  gray- 
l i g h t   o l i v e  grayfmedium  gray-buff;   partially 
s i l i c i f i e d  and r e c r y s t a l l i z e d ;  thin-medium 
bedded;  blue-gray to   b l ack   che r t   nodu les  and 
s t r inge r s ;   l edge   fo rmer ,  f a i r  exposure; 
trace (sponge  spicules,   pelmatazoan,  fora- 
minifera,  bryozoan) 4.5 

5- 11 

5-10 

0 

5-9 

0 

Covered 7.0 

Breccia-Conglomerate, l i m y ,  s l i g h t l y   s i l t y ;  

dark  gray-buff ;   f ine-pebble   grained,   angular-  
ol ive  gray-dark  gray-dark  yel lowish brown/ 

subrounded,  poor  sorting,  f loating-point o r  
s t y l o l i t i c   c o n t a c t s ;   p a r t i a l l y   s i l i c i f i e d ,  
black  cher t   pebbles ,   l imestone  grains   and 
pebbles;  thin-medium  bedded; i n t r a fo rma t iona l  
(?), c h e r t   s t r i n g e r s  2 f t .  up;  forms a minor 
ledge ,   fa i r   exposure ;   t race   (bryozoan ,   foramini -  
fera, brachiopod,   coral)  6.0 

Covered 8.0 

Limestone,  packstone-wackestone,  sl ightly 
s i l t y ;   o l i v e   b l a c k - o l i v e  grayfmedium  gray- 

medium bedded; cher t   nodules   in   round  tube-  
b u f f ;   p a r t i a l l y   s i l i c i f i e d ,   p y r i t e ;   t h i n -  

l i ke   l aye r s ,   coa ted   g ra ins ,   b rach iopod   i n  

abundant  (bryozoan,  pelmatazoan,  foraminifera, 
growth  posit ion;  ledge  former,  good exposure; 

sponge  spicules ,   brachiopod,   coral)  4 . 3  

Limestone,  packstone-wackestone;  brownish 
b l ack - l igh t   o l ive   g ray /da rk  gray-medium l i g h t  

medium bedded, mott led;   b lack  cher t   nodules  
g r a y - b u f f ;   p a r t i a l l y   s i l i c i f i e d ,   p y r i t e ;   t h i n -  

and layers;   forms a ledge, good exposure; 
abundant  (foraminifera,  pellets,  brachiopod, 
coral ,   pelmatazoan,  bryozoan,  sponge  spicules,  
a lgae)  5.3 
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Unit Li thology 

5-8  Shale;  black/maroon,  yellowish brown, bu f f ;  
f i s s i l e  bedded;  forms a slope,  poor  exposure; 
un foss i l i f e rous   0 .9  

5-7 Limestone,  packstone-wackestone;  olive 
gray-grayish black/medium gray-buff ;   par t -  
i a l l y   s i l i c i f i e d ;   t h i n  bedded; s lope  
c o n s t i t u e n t ,  good exposure;  trace-moderate 
(brachiopod,  pelmatazoan)  0.95 

5-6 

5- 5 

5-4 

5-3 

Limestone,  packstone;  brownish  black-olive 
black/dark gray-medium g ray -buf f ;   pa r t i a l ly  
s i l i c i f i e d ;   t h i n  bedded, s l i g h t l y   m o t t l e d ;  

moderate-abundant  (brachiopod,  pelmatazoan, 
f r ac tu red ;   l edge  former, good exposure; 

bryozoan,  sponge  spicules,   algae) 
N350W  22OSW 3.9 

Shale;   very  l ight   gray/maroon,   greenish  gray,  

a s lope ,  rare exposure;   t race  (brachiopod)  1.0 
pale ye l lowish   o range ;   f i s s i l e  bedded;  forms 

Limestone,   packstone,   s l ight ly   arenaceous;  
o l ive   b lack/dark  gray-medium g r a y ,   l i g h t  
b l u e   g r e e n ,   b u f f ;   p a r t i a l l y   s i l i c i f i e d ,  
g l a u c o n i t e ,   q u a r t z   g r a i n s ;   t h i n   b e d d e d ,   a l g a l  
s t r u c t u r e s ,   m o t t l e d ;   f r i a b l e  1 i n .   l a y e r  

moderate-abundant  (brachiopod,  coral, pel- 
capping   the   un i t ;   l edge   former ,  f a i r  exposure; 

matazoan,  bryozoan,  foraminifera,  algae, 
sponge  spicules)  0.8 

Shale  and in te rbedded   S i l t shane ;  medium l i g h t  
gray-pa le   reddish   b rowdl ight   g ray ,   ye l lowish  
brown,  maroon, pale   yel lowish  orange;  mica; 
f iss i le- laminated  bedding;   black  splotches  on 
su r face ;   s lope   cons t i t uen t ,  semi-rare exposure; 
trace (brachiopod,  plant)  1.2 
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Unit Lithology Thickness 
(ft. 1 

5-2 Conglomerate,  limy-arenaceous;  light  olive 
brown-light  medium  olive  gray/brownish 
black-pale  yellowish  orange,  buff-yellowish 
orange;  medium-cobble  grained,  subangular, 
poor  sorting, concavo-convex-stylolitic 
contacts;  quartz  and  limestone  grains, 
chert  cobbles;  thin  bedded;  abrupt  basal 
contact;  slope  constituent,  semi-rare 
exposure;  unfossiliferous 0.4 

Partial  thickness  of  Lower  Morrowan 
- 

Interval 65.0 

Helms  Formation  (Mississippian) 

5- 1 Limestone,  mudstone  and  shale,  slightly 
silty  and  limy;  olive  gray-light  olive 
gray/  light  olive  gray-light  buff; [ micro- 

fine  banding;  mud  crack  casts,  limestone  in 
clastic  micrite];  thin  bedded,  wavy,  faint- 

beds;  talus  ledge  unless  stream  cut,  good- 
1 ft.  thick  beds,  shale  in 0.6 ft.  thick 

excellent  exposure;  unfossiliferous; 
started  measurement  in  main  tributary  floor 

NlO% 27OSW 
trending  north-northwest 

5.0 
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