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STJRFICTAL FEA'URES AND LATE CENOZOIC HISTORY 
- I?! SOUTHEASTERN NEW MEXICO 

By George 0 .  Bachman 

ABSTRACT 

S i n c e  d e p o s i t i o n  o f  t h e  0ga 1 l a  l a  Formation d u r i n g  P l iocene  

t ime,  s o u t h e a s t e r n  New Mexico has  been s u b j e c t e d  t o  e r o s i o n ,  

s o l u t i o n ,  s u b s i d e n c e ,  and widesp read  e o l i a n  a c t i v i t y .  These 

p r o c e s s e s  have combined t o  i n f l u e n c e  t h e  fo rma t ion  and morphology 

of  major  d r a i n a g e  s y s t e m s .  A l i n e d  d r a i n a g e  p a t t e r n s  r e s u l t e d  from 

s o l u t i o n  o f  c a l i c h e  l o c a l i z e d  by l o n g i t u d i n a l  sand dunes .  San Simon 

Swale a p p e a r s  t o  have formed by p r o c e s s e s  of e r o s i o n  and s o l u t i o n -  

s u b s i d e n c e  o f  Permian e v a p o r i t e s ,  and was f o r m e r l y  a n  i m p o r t a n t  

t r i b u t a r y  t o  t h e  Pecos R ive r .  The combinat ion  of  p r o c e s s e s  t h a t  

formed San Simon Swale was s i m i l a r  t o  t h e  combinat ion  o f  e r o s i o n  

and c o a l e s c i n g  s i n k s  t h a t  formed t h e  lower Pecos Va l l ey  i n  

s o u t h e r n  Yew Mexico. 



INTRODUCTION 

The p o f t i o n  o f  s o u t h e a s t e r n  New Mexico d i s c u s s e d  h e r e  i s  i n  t h e  

s o u t h e r n  p a r t  o f  t h e  Grea t  P l a i n s  p h y s i o g r a p h i c  p r o v i n c e  ( f i g s .  1 and 

2 ) .  'rhe c l i m a t e  i s  a r i d  t o  s e m i a r i d  and t h e  a r e a  i s  i n  t h e  n o r t h e r n  

p a r t  o f  t h e  C h i : ~ u a h u a  D e s e r t .  Most o f  s o u t h e a s t e r n  New Mexico i s  

u n d e r l a i n  by s a l t - b e a r i n g  r o c k s  of  l a t e  Permian a g e .  The c l i m a t e  

h a s  v a r i e d  from d r y  t o  m o i s t  d u r i n g  t h e  Cenozo ic ,  b u t  a t  t imes  h igh  

p r e c i p i t a t i o n  h a s  p a r t l y  d i s s o l v e d  t h e  s a l t - b e a r i n g  r o c k s  and has  

p a r t i c i p a t e d  i n  t h e  f o r m a t i o n  o f  a  u n i q u e  phys iog raphy  i n  t h i s  p a r t  

of t h e  G r e a t  P l a i n s .  

P r e v i o u s  work  on t h e  phys iog raphy  of  s o u t h e a s  t e r n  New Mexico 

i n c l u d e s  s t u d i e s  hy P r i c e  (1944 ,  1 9 5 8 ) ,  Frye ( 1 9 7 0 ) ,  and Frye  and 

Leonard ( 1 9 7 2 ) .  Mapping and s t u d i e s  o f  s u r f i c i a l  d e p o s i t s  have 

been  l i m i t e d  b u t  incll.!de t h e  work o f  N icho l son  and C lebsch  (1961)  

and Vine (1963 ) .  B r e t z  and Horbe rg  (1949a and 3 )  s t u d i e d  t h e  

Cenozoic  h i s t o r y  o f  t h e  Pecos  V a l l e y  on t h e  we.!. 

The a u t h o r  worked i n  t h i s  a r e a  i n t e r m i t t e n t l y  d u r i n g  1972 a s  

p a r t  o f  a Ceo log i c . a l  Survey  g r o u p  t h a t  was s t u d y i n g  problems o f  

d i s p o s a l  o f  r ad ioac t i l . : e  w a s t e .    his s t u d y  was done  on b e h a l f  of  

t h e  Oak Ridge N a t i o n a l  L a b o r a t o r y ,  Uni ted  S t a t e s  Atomic Energy 

Commission. F i e ldwork  c o n s i s t e d  o f  g e o l o g i c  mapping a s  w e l l  a s  

ground and a i r  r e c o n n a i s s a n c e  be tween L i v i n g s  t o n  and Gramma Ridges 

sou thward  from t h e  Que recho  P l a i n s  t o  t h e  New Mexico S t a t e  l i n e .  



Figure 1 .--Index map of  New Mexico showing locat ion  of 

natural and cu l tura l  features mentioned i n  t e x t .  
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EXPIANAT ION 

S u r f i c i a l  sand and sandy s o i l  G U A T E W R Y  

Sand dunes 
Pleistocene 

Caliche 

Gatuna Formation 

Ogallala Formation I Pliocene 

Rocks of Triass ic  age Triass ic  

Dewey Lake Bed Beds 

ipermian 
Rustler Formation J 
Contact 

Sur f i c ia l  depressions 

Alined depressions or swales 

Traces of annular col lapse 

Dominant wind direct  ion-- 
Indicated by orientation of  sand dunes 



PRE-TERTIARY ROCKS 

- Permian r o c k s  a r e  i m p o r t a n t  t o  the  c o n s i d e r a t i o n  of s u r f i c i a l  

geology of s o u t h e a s t e r n  New Mexico because  they  i n c l u d e  s a l t ,  gypsum. 

a n h y d r i t e ,  and o t h e r  s o l u b l e  c o n s t i t u e n t s  t h a t  have been s u b j e c t  t o  

s o l u t i o n  and s u b s i d e n c e  d u r i n g  Cenozoic t ime.  ' lowever. the  

s t r a t i g r a p h i c  r e l a t i o n s h i p s  of t h e s e  rocks  a r e  complex and i t  i s  

no t  t h e  purpose  of t h i s  r e p o r t  t o  d i s c u s s  them. :he rocks '  main 

c h a r a c t e r i s t i c s  a r e  surmnarized on t a b l e  1. Of t h e s e  Permian 

f o r m a t i o n s  on ly  tile R u s t l e r  Forma t i o n  i s  exposed i n  t h e  s t u d y  a r e a .  

Other  p r e - T e r t i a r y  rocks  exposed a r e  t he  Dewey Lake Redbeds and 

u n d i f f e r e n t i a t e d  r o c k s  of T r i a s s i c  a g e .  

S a l t - b e a r i n g  Permian r o c k s  u n d e r l i e  t h e  Pecos Va l l ey  t o  the  

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

t h e r e  a s  w e l l  a s  i n  C lay ton  Bas in  and Nash Draw. The g e n t l e  ea s tward  

d i p  of  t h e s e  Permian r o c k s  p l a c e s  t h e c  a t  l e a s t  2,000 f e e t  below the  

s u r f a c e  a t  p l a c e s  a l o n g  t h e  Texas S t a t e  l i n e .  D e s p i t e  t h i s  g r e a t  

dep th .  s o l u t i o n  h a s  caused  s u b s i d e n c e  i n  t h e  o v e r l y i n g  T r i a s s i c  and 

Cenozoic d e p o s i t s  a t  San Simon S i n k .  
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TRIASSIC-CENOZOIC :lIATUS 

' A f t e r  T r i a s s i c  t i m e  t h e r e  i s  a  l o n g  h i a t u s  and l i t t l e  of  t h e  

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

s o u t h e a s  t e r n  New Mexico .  D u r i n g  E a r l y  C r e t a c e o u s  t i m e  a  s e a  o c c u p i e d  

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

c o n t a i n  E a r l y  C r e t a c e o u s  m r i n e  f o s s i l s  i n  Lea County e a s t  o f  E u n i c e  

( N i c h o l s o n  a n d  C l e b s c h .  1961 ,  p .  3 7 )  a n d  i n  t h e  P e c o s  R i v e r  d r a i n a g e  

(Lang ,  1 9 4 7 )  a r e  t h e  o n l y  e v i d e n c e  o f  t h e  s e a ' s  a d v a n c e .  ' l o r b e r g  

(1949 ,  p .  4 7 5 )  s u g g e s t e d  t h a t  a n  a n c e s t r a l  Pecos  R i v e r  d e v e l o p e d  

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

P e c o s  R i v e r  d r a i n a g e  may b e  p r e - O g a l l a l a  i n  a g e .  Some s u b s u r f a c e  

s o l u t i o n  o f  P e r m i a n  s a l t  o c c u r r e d  i n  t h e  v i c i n i t y  o f  The D i v i d e  

b e f o r e  O g a l l a l a  d e p o s i t i o n .  The t i m i n g  and  e x t e n t  o f  t h e  e p i s o d e s  

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

b e f o r e  O g a l l a l a  t i m e  i s  l a r g e l y  c o n j e c t . l r a 1 .  



CENOZOIC DEPOSITS 

O g a l l a l a  Forma t  i o n  

The O g a l l a l a  Fo rma t ion  of P l i o c e n e  a g e  i s  t h e  e a r l i e s t  d e f i n i t e  

d e p o s i t  of Cenozoic  a g e  p r e s e r v e d  i n  s o u t h e a s t e r n  New Mexico.  The 

O g a l l a l a  was d e p o s i t e d  on a  s l o p i n g  p l a i n  a s  c o a l e s c i n g  f a n s  l a r g e l y  

by s t r e a m s  r h a t  f lowed s o u t h e a s t e r l y  from t h e  Rocky Mounta in  u p l i f t .  

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

u n d e r l i e s  much o f  t h e  s o u t h e r n  G r e a t  P l a i n s  and i s  w e l l  exposed  

a l o n g  M e s c a l e r o  R i d g e ,  r a t  Mesa,  and a t  The D i v i d e .  The O g a l l a l a  

covers  a  l a r g e  a r e a  of  Eun ice  Mesa w e s t  and s o u t h w e s t  o f  Eunice  where  

i t  i s  o n l y  p o o r l y  e x p o s e d .  

The O g a l l a l a  F o r r a t i o n  c o n s i s t s  o f  l e n t i c u l a r  beds  o f  medium- 

t o  y e l l o w i s h - g r a y  c o n g l o m e r a t i c  s a n d s t o n e  and f i n e -  t o  medium-grained 

w e l l - s o r  t e d  s a n d s  t o n e .  These  d e p o s i t s  a r e  o v e r l a i n  by d i s t i n c t i v e  

beds o f  l i g h t - g r a y  s a n d y ,  p i s o l i t i c  l i m e s t o n e - - t h e  c a l i c h e  "caprock"  

o f  t oe  High P l a i n s .  On t h e  s o u t h e r n  p a r t  o f  Hat Mesa and  a t  C u s t e r  

Mountain t h e  f o r m a t i o n  c o n s i s t s  o n l y  of  s i l i c a - c e m e n t e d  s a n d s t o n e .  

I n  s o u t h e a s t e r n  New Mexico t h e  O g a l l a l a  Fo rma t ion  r a n g e s  i n  t h i c k n e s s  

from a  f e a t h e r e d g e  t o  a b o u t  300 f e e t  ( N i c h o l s o n  and C l e b s c h ,  1961 ,  

P. 3 1 ) .  I t  t h i n s  toward t h e  w e s t  due  t o  p o s t - O g a l l a l a  e r o s i o n .  

A t  The D i v i d e  t h e  O g a l l a l a  i s  27 f e e t  t h i c k  and on t h e  n o r t h  s i d e  

of  Flat Mesa i t  i s  20-25  f e e t  t i l i c k .  A t  t h e  s o u t h  end of  Yat Mesa,  

where t h e  f o r m a t i o n  i s  cemented by s i l i c a ?  i t  i s  o n l y  12-15 f e e t  

t h i c k .  



Ogal la  l a  d e p o s i t i o n  ceased before  the  end of Pl iocene time. 

The p i s o l i t i c  l imestone t h a t  caps the  O g a l l a l a  over much of the  

High P l a i n s  i s  g e n e r a l l y  regarded a s  being p a r t  of a  pedocal  s o i l  

p r o f i l e  ( t h e  Ogallala-Climax s o i l )  t h a t  developed over the  reg ion  

nea r  t h e  c l o s e  of Pl iocene time (Bretz  and Horberg, 1949a and b ;  

Swineford and o t h e r s ,  1958; Frye,  1970).  I t  ranges  i n  th ickness  

from abou t  5  f e e t  t o  a s  much a s  60 f e e t  i n  s o u t h e a s t e r n  New Mexico 

(Nicholson and Clebsch,  1961, p. 39) .  

The top of the  O g a l l a l a  Formation, where no t  e x t e n s i v e l y  e roded ,  

i s  a  c o n s t r u c t i o n a l  phys iograph ic  s u r f a c e  t h a t  has  been c a l l e d  the  

Yigh P l a i n s ,  o r  Llano Estacado.  A t  many p l a c e s  the  top i s  obscured 

by t h i n  s o i l s  and windblown sand .  I n  s o u t h e a s t  New Mexico the  ?igh 

P l a i n s  descend from 4,400 t o  3 ,100 f e e t  i n  a l t i t u d e  and s l o p e s  

s o u t h e a s t e r l y  about  10 f e e t  per  m i l e  w i t h  numerous minor i r r e g u l a r i t i e s .  

I t  has been c o r r e l a t e d  t o  t h e  west  of t h e  Pecos River w i t h  t h e  

Sacramento P l a i n  ( '{orberg,  1949).  The :ligh P l a i n s  s u r f a c e  i s  presumed 

t o  be of l a t e  P l iocene  a g e .  



o r i e n t e d  d r a i n a g e  and d e p r e s s  i o n s  o f  t h e  O g a l l a l a  Forma t i o n  

The High P l a i n s  s u r f a c e  on t h e  c a l i c h e  c a p r o c k  of t h e  O g a l l a l a  

Formation i n  Lea County i s  marked by numerous a l i n e d  d r a i n a g e s  and 

dep re s s ions  ( f i g .  3 ) .  As s e e n  from t h e  a i r  t h e s e  a l i n e d  d r a i n a g e s  

form broad s w a l e s  t h a t  a r e  100-300 f e e t  wide  and a b o u t  3  m i l e s  l ong  

( f i g s .  2 and 3 ) ;  some a r e  a s  much a s  10  m i l e s  l ong .  The s w a l e s  a r e  

c lo se ly  spaced  e a s t  o f  Lov ing ton ;  w e s t  of  Lovington  they  a r e  w i d e l y  

spaced and a r e  marked by i n t e r n a l l y  d r a i n e d  ponds.  These f e a t u r e s  

a r e  o r i e n t e d  a b o u t  N .  60' W .  

Most of  t h e s e  d e p r e s s i o n s  a r e  l e s s  t h a n  4 0  f e e t  deep  i n  

s o u t h e a s t e r n  New Mexico.  '! , e  c a l i c h e  t h i n s  toward t h e  d e p r e s s i o n s  

then e v i d e n t l y  p i n c h e s  o u t .  Trenches  from 3  t o  5  f e e t  deep  w i t h i n  

a  d e p r e s s i o n  b u t  below t h e  c a l i c h e  exposed a t  t h e  marg ins  d o  n o t  

encounter  c a l i c h e  a t  d e p t h .  Havens (1966 ,  p .  F8) a l s o  r e p o r t e d  

t h a ~  d r i l l i n g  i n  d e p r e s s i o n s  w e s t  of Lovington  i n d i c a t e s  t h a t  

c a l i c h e  " t h i n s  toward o r  i s  a b s e n t  b e n e a t h  t h e  c e n t r a l  p a r t  o f  t h e  

d e p r e s s i o n s , "  Most  of  t h e  d e p r e s s i o n s  a r e  p a r t l y  f i l l e d  by s o i l .  

Some s w a l e s  have become i n c i s e d  i n  p l a c e s  and a r e  now occupied  

by s e v e r a l  minor  d r a i n a g e s  i n  e a s t e r n  Lea County. Monument Draw, 

nor thwes t  o f  E u n i c e ,  and San Simon Swale a r e  p a r a l l e l  t o  e x i s t i n g  

swales on t h e  ' l igh P l a i n s  s u r f a c e ,  and i t  i s  p o s s i b l e  t h a t  t h e s e  

began a s  d r a i n a g e s  i n  e t c h e d  s w a l e s .  Dra inage  has  

developed a l o n g  s i m i l a r  s w a l e s  t o  t h e  n o r t h  on t h e  High P l a i n s  

i n  Curry County, N .  Mex. ( P r i c e ,  1958,  p .  6 3 ) .  



F i g u r e  3 . - - A e r i a l  view of  o r i e n t e d  draina:e on Eunice  P l a i n ,  Lea 

County,  N .  Mex. View i s  toward t h e  w e s t - n o r t h w e s t .  Swales 

a r e  marked by d a r k e r  v e g e t a t i o n .  ( ' a l i c h e  of  t h e  O g a l l a l a  

s u r f a c e  i s  exposed a l o n g  t h e  marg ins  of t h e  swa le  i n  t h e  

f o r e g r o u n d .  These s w a l e s  a r e  100-300 f e e t  w ide  and a b o u t  3  m i l e s  

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



These o r i e n t e d  d e p r e s s i o n s  a r e  b e l i e v e d  t o  have formed by t h e  

e t c h i n g  o f  c a l i c h e  between fo rmer  l o n g i t u d i n a l  dunes  ( P r i c e .  1944;  

1958. p .  63)  t h a t  have  s i n c e  d i s a p p e a r e d .  !lack (1941 .  p .  243)  ha s  

de sc r ibed  l o n g i t u d i n a l  d u n e s  i n  t h e  Navajo c o u n t r y  o f  A r i z o n a  

where " the  t r o u g h s  be tween  t h e  r i d g e s .  a s  w e l l  a s  t h e  f l a n k s  o f  

r i d g e s ,  a r e  cove red  w i t h  v e g e t a t i o n ;  o n l y  t h e  l o n g  r i d g e  t o p s  a r e  

ba re .  " P l a n t s  t h a t  grow be tween  l o n g i t u d i n a l  d u n e s  would a c c e l e r a t e  

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

r e l e a s e  of  c a r b o n  d i o x i d e  by growing  r o o t s ,  and d e c a y .  E r o s i o n  by 

wind and w a t e r  c o u l d  remove s e d i m e n t  f rom t h e s e  e t c h e d  s w a l e s .  

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

swales  and l o n g i t u d i n a l  dunes  because  w inds  we re  from t h e  w e s t - n o r t h w e s t .  

a s  i n d i c a t e d  by a l i n e m e n t  o f  s w a l e s ,  r a t h e r  t h a n  f rom t h e  w e s t  o r  

sou thwes t  a s  shown by younge r  d u n e s .  Ev idence  of  t h e s e  wind 

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

s u r f a c e  i n  t h e  r e g i o n ,  t h e  Vigh P l a i n s  s u r f a c e .  Almost  a l l  c r i t e r i a  

f o r  wind d i r e c t i o n s  on younge r  s u r f a c e s  i n d i c a t e  t h a t  l a t e r  dominant  

w i n d s  have Seen f rom t h e  w e s t  o r  s o u t h w e s t .  



PLEISTOCENE AND HOLOCENE DEPOSITS 

At  t he  c l o s e  of O g a l l a l a  t ime the  O g a l l a l a  Forma t i o n  ex tended  

f a r  t o  t h e  w e s t  of  the s t u d y  a r e a  and p robab ly  a b u t t e d  a g a i n s t  the  

e a s t e r n  s l o p e  of t h e  Sacramento  and Rocky Mounta ins .  During 

P l e i s t o c e n e  and 4o locene  t ime e r o s i o n  removed l a r g e  a r e a s  of  t he  

O g a l l a l a ,  t he  Pecos River  and i t s  t r i b u t a r i e s  were e n t r e n c h e d .  and 

both wind and s o l u t i o n - s u b s i d e n c e  were  q u i t e  a c t i v e .  Qua te rna ry  

d e p o s i t s  i n c l u d e  t h e  Ga tuna  Forrna t i o n ,  ca  l i c h e ,  and windblown sand .  

Ga t una  Format i o n  

The Gatuna Format ion  c o n s i s t s  of  l i g h t - r e d d i s h - b r o w n  f r i a b l e  

s a n d s t o n e  and cong lomera t e  more t h a n  8 0  f e e t  t h i c k  i n  Gatuna Canyon 

(Robinson and Lang, 1938,  p. 84-85) .  The cong lomera t e  c o n s i s t s  o f  

c h e r t  and s i l i c e o u s  p e b b l e s  1-2 i n c h e s  i n  d i a m e t e r  t h a t  may have 

been reworked i n  p a r t  from t h e  O g a l l a l a  Format ion .  I n  t h e  t ype  

a r e a  and i n  t h e  v i c i n i t y  of  Nash Draw where t he  Gatuna i s  r e a d i l y  

r e c o g n i z e d  i t  i s  o v e r l a i n  by a  prominent  c a l i c h e  t h a t  marks t h e  

Mesca l e ro  s u r f a c e  ( s e e  be l ow) .  



Vine (1963, p .  R31) s u g g e s t e d  t h a t  Gatuna d e p o s i t i o n  "fol lowed 

immediately a f t e r ,  o r  i n  p a r t  accompanied,  a  pe r iod  of a c t i v e  s o l u t i o n  

i n  the R u s t l e r  and S a l a d o  Forma t ions . "  This  o b s e r v a t i o n  was f u r t h e r  

confirmed d u r i n g  t h e  p r e s e n t  work .  The Gatuna t h i c k e n s  toward a r e a s  

of s o l u t i o n  and s u b s i d e n c e  i n  Nash Draw and i s  a b s e n t  t o  t h e  e a s t  of 

Nash Draw between L i v i n g s t o n  and A n t e l o p e  R idges .  There t h e  c a l i c h e  

of the Mesca le ro  s u r f a c e  r e s t s  on Dewey Lake Redbeds and undiv ided  

rocks of T r i a s s i c  a g e .  

Bretz and ' l o rbe rg  (1949b.  p. 483-486) sugges t ed  t h a t  some g r a v e l s  

a long t h e  Pecos River  cou ld  be  o g a l l a l a  b u t  d e p o s i t e d  i n  a p re -Oga l l a l a  

a n c e s t r a l  Pecos d r a i n a g e .  They assumed " t h a t  no pos t cong lomera t e  

de fo rma t ion  h a s  o c c u r r e d "  and t h a t  "a former O g a l l a l a  f i l l  of  more 

than 1 ,300  f e e t "  accumula ted  a l o n g  t h e  Pecos d e p r e s s i o n  ( B r e t z  and 

Horberg, 1949b, p .  4 8 3 ) .  Subs idence  has  occu r red  a f t e r  d e p o s i t i o n  of  

ome cong lomera t e s ,  and bo th  cong lomera t e s  and o v e r l y i n g  c a l i c h e  may 

ue t i l t e d .  I n  view of t h e  complex h i s t o r y  o f  s o l u t i o n  and s u b s i d e n c e  

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

of d e p o s i t i o n .  K e l l e y  (1971,  p .  31)  s u g g e s t e d  t h a t  t h e  Gatuna 

Formation i s  P l i o c e n e  o r  p r e - 0 g a l  l a  l a ,  and he extended the  f o r m a t i o n a l  

name nor thward  a l o n g  t h e  Pecos d e p r e s s i o n  t o  o t h e r  g r a v e l  and sand 

d e p o s i t s .  However, some sed imen ta ry  s t r u c t u r e s  i n  t h e  type  a r e a  

of the  Catuna i n d i c a t e  t h a t  i t s  s o u r c e  was from t h e  e a s t .  This  

ev idence  i s  l o c a l  b u t  i t  s u g g e s t s  d e r i v a t i o n  from t h e  O g a l l a l a  and 

a p o s t - O g a l l a l a  a g e  f o r  t h e  type  Gatuna.  I t  i s  h e r e i n  sugges t ed  t h a t  

the  Catuna be r e s t r i c t e d  t o  t h e  type  a r e a  and t h e  a d j a c e n t  Nash Draw 

exposures  u n t i l  more d e f i n i t e  age  d e t e r m i n a t i o n s  call be m d e .  



~ e s i d e n t s y  i n  Car lsbad  d i s c o v e r e d  a  p a r t i a l  s k e l e t o n  of a  

mammoth 2 112 m i l e s  s o u t h  of Catuna Canyon i n  1961 (newspaper s t o r y  

i n  t h e  Car l sbad  Cur ren t -Argus ,  August 13 ,  1961) .  I have a t t empted  

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

a r e  n o t  c l e a r  a t  t h e  l o c a l i t y  b u t  i t  i s  p o s s i b l e  t h a t  t h e  specimen 

o c c u r r e d  i n  t h e  Gatuna Format ion .  L a t e r ,  t he  remains  of a  second 

mammoth (Car l sbad  Current-Argus , February  17 ,  1963) were d i s c o v e r e d  

a b o u t  3  m i l e s  n o r t h e a s t  of  Gatuna Canyon. F i e l d  r e l a t i o n s h i p s  h e r e  

i n d i c a t e  t h a t  t h e s e  remains  were  i n  g r a v e l s  younger than  t h e  Gatuna 

Format ion .  Mammoths a r e  c o n s i d e r e d  t o  be  p o s t - P l i o c e n e .  

The Ga t una  Format ion  i s  p r e s e n t l y  cons ide red  t o  be P l e i s t o c e n e ( ? )  

by the  U.S. G e o l o g i c a l  Survey.  I n  view of t h e  u n c e r t a i n t i e s  o u t l i n e d  

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

ev idence  i s  a v a i l a b l e .  

11 I wish  t o  thank Mr. W .  7. Balgemann, S r . ,  o f  Ca r l sbad  f o r  t h e  - 
i n f o r m a t i o n  he p rov ided  me on t h e  remains  of t h e s e  mammoths which 

were  d i s c o v e r e d  i n  t h e  v i c i n i t y  of  C lay ton  Bas in .  



Cal i che  on t h e  Mesca le ro  P l a i n  

A prominent  c a l i c h e  formed on d e p o s i t s  o v e r l y i n g  t h e  Mesca le ro  

P l a i n  i s  t h e  most e x t e n s i v e  p h y s i o g r a p h i c  s u r f a c e  i n  s o u t h e a s t e r n  

New Mexico. The s u r f a c e  i s  a n  uneven one t h a t  has  been d i s r u p t e d  by 

s o l u t i o n - s u b s i d e n c e .  I t  i s  a b o u t  150-250 f e e t  above t h e  f  l o o d p l o i n  

of the  Pecos on t h e  w e s t  and r i s e s  g r a d u a l l y  toward t h e  High P l a i n s  

on t h e  e a s t .  To t h e  n o r t h e a s t ,  n e a r  Mesca le ro  Ridge ,  t h e  s u r f a c e  

r i s e s  t o  3,800-4,100 f e e t  i n  a l t i t u d e ;  sou th  of Big S i n k s , i t  descends  

t o  a b o u t  3,100 f e e t .  

C a l i c h e  on t h e  Mesca le ro  P l a i n  i s  3-5 f e e t  t h i c k ,  l i g h t  gray  

to  w h i t e ,  and sandy .  The beds  a r e  n o d u l a r ,  w i t h  some c o n c r e t i o n a r y  

growth on t h e  n o d u l e s ;  b u t  t h e  c o n c r e t i o n a r y  growth i s  n o t  a s  

mounted a s  on t h e  p i s o l i t i c  l i r ~ s t o n e  of t h e  O g a l l a l a .  Most of 

the  nodu les  a r e  randomly o r i e n t e d ,  bu t  t h e  long a x e s  of some a r e  

h o r i z o n t a l .  V e r t i c a l  c a l i c h e  v e i n l e  ts  i n d i c a t e  s e v e r a l  g e n e r a t i o n s  

of  s o l u t i o n  and r e c e m e n t a t i o n .  O c c a s i o n a l  p i p e s  1 f o o t  i n  d i a m e t e r  

o r  more p e n e t r a t e  2 o r  3 f e e t  i n t o  t h e  c a l i c h e  from t h e  top  and 

a r e  f i l l e d  w i t h  l i g h t - r e d d i s h - b r o w n  sandy s o i l .  Some of t h e s e  

p ipes  p a s s  e n t i r e l y  through t h e  c a l i c h e  bed.  They presumably 

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

i s  g r e a t e r  a t  t h e  d e p r e s s i o n s .  A t  numerous p l a c e s  on t h e  Mescalero  

P l a i n  the  c a l i c h e  t h i n s  towards d e p r e s s i o n s ,  and i n  some of t h e s e  

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



The c a l i c h e  on t h e  Mesca l e ro  P l a i n  i s  t h e  remnant of a n  

e x t e n s i v e  s o i l  p r o f i l e .  A t  p l a c e s  a  younger  sandy s o i l  i s  p r e se rved  

above  t h e  c a l i c h e  b u t  t h e  s u r f a c e  i s  covered  o v e r  broad a r e a s  by 

P l e i s t o c e n e  o r  Holocene windblown s a n d .  Th i s  s u r f a c e  i s  c o r r e l a t i v e  

w i t h  S u r f a c e  I1 of  Leonard and Frye (1962,  p .  11-12) i n  t h e  Pecos 

r e g i o n  of Texas .  The M e s c a l e r o  P l a i n  i s  ana logous  t o  t h e  

Jornada-La  Mesa s u r f a c e  i n  t h e  Rio c r a n d e  t rough  i n  s o u t h e r n  

New Mexico. Faunal  r ema ins  i n d i c a t e  t h a t  rounded g r a v e l s  on 

t h e  Jo rnada -La  Mesa s u r f a c e  a r e  Kansan o r  younger (Ruhe, 1962,  p .  1 6 3 ) .  

Owing t o  l a c k  of  more p o s i t i v e  e v i d e n c e ,  i t  i s  h e r e  sugges t ed  t h a t  

t h e  M e s c a l e r o  P l a i n  formed i n  e a r l y  t o  m i d d l e  P l e i s t o c e n e  t ime.  



P l e i s t o c e n e  and Holocene d r a i n a g e  

I t  i s  n o t  p o s s i b l e  t o  d a t e  p r e c i s e l y  t h e  ent renchment  of  t he  

p r e s e n t  Pecos R ive r  i n  s o u t h e r n  New Mexico. The r i v e r  may have 

begun t o  form a s  a  t r i b u t a r y  a t  t h e  t ime of t h e  removal of  t h e  

b l a n k e t  of O g a l l a l a  d e p o s i t s  e a s t  of t h e  Sacramento  Mounta ins .  

However. s o l u t i o n  and s u b s i d e n c e  were  ma jo r  p r o c e s s e s  i n  t h e  lower 

Pecos V a l l e y  i n  New Mexico and i t  i s  e q u a l l y  p o s s i b l e  t h a t  some of 

t h i s  e a r l y  P l e i s t o c e n e  d r a i n a g e  was i n t e r n a l .  The Pecos Va l l ey  

has  been  r ega rded  a s  h a v i n g  been formed i n  p a r t  by t h e  c o a l e s c i n g  

of t r a i n s  of  s i n k s  (Lee ,  1925;  Morgan, 1942) .  Nash Draw and C lay ton  

Basin a p p e a r  t o  have formed i n  t h i s  way and each  i s  c h a r a c t e r i z e d  

by numerous l a t e r  and s m a l l e r  i n t e r n a l  s i n k s ,  which i n d i c a t e s  t h a t  

I p r o c e s s  i s  c o n t i n u i n g .  I t  i s  p r o b a b l e  t h a t  t h e  Pecos River  

e n t r e n c h e d  i t s e l f  a s  a  t r i b u t a r y  t o  t h e  Rio Grande by a  combina t ion  

3f t he  p r o c e s s e s  of headward c u t t i n g ,  p i r a c y ,  and c o n t i n u i n g  

;elution-subsidence. 



San Simon Swale has been an a r e a  of both subsidence and s t ream 

e r o s t o n  and was probably the  former s i t e  of a  major d ra inage  i n  

s o u t h e a s t e r n  New Mexico. I t  appears  t o  have been a  t r i b u t a r y  t h a t  

joined the  Pecos i n  wes te rn  Texas. More than 500 f e e t  of Cenozoic 

sediments  f i l l  San Simon Sink (C. L. Jones ,  U .  S. Geological  Survey.  

w r i t t e n  c o m u n .  , J a n .  15,  1973) ( f i g .  4 ) .  Southward i n  Texas. 

abou t  2  314 m i l e s  from the  S t a t e  l i n e  a l o n g  San Simon Swale. some 

580 f e e t  of Cenozoic f i l l  has been r e p o r t e d  i n  a  t e s t  w e l l  ( C i t i e s  

S e r v i c e  Beckham No. 1 )  (Garza and Wesselman, 1962, p. 2 ) .  To the  

e a s t  and wes t  of t h i s  channel  f i l l  the Cenozoic d e p o s i t s  a r e  l e s s  

than 100 f e e t  t h i c k .  A t h i c k n e s s  map prepared by Maley and Huffington 

(1953) shows Cenozoic f i l l  a s  much a s  1,500 f e e t  t h i c k  f a r t h e r  

s o u t h ,  i n  Winkler County, Tex., t h a t  d e f i n e s  a  narrow and t h i c k  

d e p o s i t  of Cenozoic f i l l  t h a t  t r e n d s  s o u t h e a s t e r l y  t o ,  and beyond, 

t h e  p r e s e n t  Pecos River .  



Figure  4 .  - -Ob l ique  a e r i a l  p h o t o g r a p h  of San Simon S i n k ,  Lea County ,  

N .  Mex. T h i s  i s  a  l a r g e  c o l l a p s e  f e a t u r e  t h a t  ha s  c o n t i n u e d  

t o  s u b s i d e  i n  h i s t o r i c  t i m e .  I t  i s  more t h a n  3 m i l e s  a c r o s s  

and i s  s u r r o u n d e d  hv numerous d a r k  a n n u l a r  r i n g s  t h a t  mark 

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

i n  t h e  u n d e r l y i n g  R u s t l e r  and  S a l a d o  F o r m a t i o n s .  



The s t r e a m  t h a t  p robab ly  once occupied  San Simon % a l e  would 

have s u p p l i e d  w a t e r  f o r  t h e  s o l u t i o n  of  s a l t  i n  s u b s u r f a c e  Permian 

r o c k s .  An i s o p a c h  map on the  s a l t  i n  t h e  C a s t i l e  and S a l a d o  

Forma t ions  shows t h a t  s a l t  i s  a b s e n t  i n  a  b e l t  c o r r e s p o n d i n g  t o  

t h e  na r row t h i c k  d e p o s i t  o f  Cenozoic f i l l  t h a t  t r e n d s  southward 

from San Simon Swale i n  w e s t e r n  Texas (Maley and H u f f i n g t o n ,  1953, 

p l .  2 ) .  S a l t  ha s  been  l eached  from t h e  uppe r  p a r t  o f  t h e  Sa l adn  

Forma t ion  a s  w e l l  a s  from t h e  R u s t l e r  Format ion  i n  San Simon Swale.  

New Mexico (C. L. J o n e s ,  U.S. G e o l o g i c a l  Survey ,  w r i t t e n  cormnun., 

J an .  15 ,  1973) .  P o s s i b l y  s o l u t i o n  began  i n  t h i s  a r e a  b e f o r e  

O g a l l a l a  t ime ,  b u t  O g a l l a l a  d e p o s i t s  have been removed from San Simon 

Swale and s o l u t i o n - s u b s i d e n c e  has  been  a c t i v e  "as r e c e n t l y  a s  25 o r  

3 0  y e a r s  ago"  (N icho l son  and C lebsch ,  1961, p .  1 4 ) .  Thus,  p r o c e s s e s  

t h a t  have  formed San  Simon Swale a p p e a r  t o  be s i m i l a r  t o  t h o s e  t h a t  

formed t h e  lower  Pecos V a l l e y  i n  New Mexico.  



Windblown sand 

Windblown sand covers  much of s o u t h e a s t e r n  New Mexico. Only 

two types of d e p o s i t s  a r e  shown on t h e  geo log ic  map: s h e e t l i k e  

deposi ts  of s u r f i c i a l  sand ,  sandy s o i l ,  and sand dunes .  ?he 

s h e e t l i k e  d e p o s i t s  a r e  u s u a l l y  5 f e e t  o r  more. t h i c k  and may inc lude  

loca l  hummocky a r e a s  of s t a b i l i z e d  dunes .  The a r e a s  i n d i c a t e d  a s  

dune f i e l d s  a r e  l a rge r ,  p a r t i a l l y  s t a b i l i z e d ,  o r  a c t i v e  dunes .  Many 

of these  dunes a r e  more than  20 f e e t  h igh .  Most a r e  barchans but  

some t r a n s v e r s e  dunes were observed ( f i g .  5 ) .  

Windblown sand has accumulated a t  l e a s t  twice  s i n c e  t h e  format ion 

of the Mescalero P l a i n  ( s i n c e  middle P l e i s t o c e n e  t ime)  i n  s o u t h e a s t e r n  

New Mexico. I n  man! dune f i e l d s  a  l a y e r  of semiconsol idated sand 

2 inches o r  more t h i c k  u n d e r l i e s  the  a c t i v e  p o r t i o n  of t h e  f i e l d .  

This l a y e r  i s  s l i g h t l y  d a r k e r  than t h e  o v e r l y i n g  sand,  and a t  p laces  

the g r a i n s  a r e  weakly bonded by a  c a l c a r e o u s  cement. Mechanical 

analyses  i n d i c a t e  t h a t  the  b a s a l  u n i t  i s  somewhat f i n e r  g ra ined  

( t a b l e  2 ) .  A s i m i l a r  b a s a l  u n i t  i n  the  Monahans dunes a r e a  of west  

Texas, about 40 m i l e s  s o u t h e a s t  of J a l ,  Y .  Mex., has been named the  

Judkins Formation, and the  o v e r l y i n g  windblown sand was named the 

Monahans Forma t i o n  ( l l u f f i n g t o n  and A l b r i t t o n .  1941).  The dune 

i s  complex, and more than two u n i t s  may be p r e s e n t .  

(1961) has recognized seven in fo rmal  u n i t s  i n  the  Monahans 

a rea .  



F i g u r e  5 . - - A e r i a l  view of  t r a n s v e r s e  dunes  a l o n g  t h e  n o r t h  s i d e  

o f  Los Medazos a r e a ,  Eddy County,  N .  Mex. Th i s  i s  a  s m a l l  

dune  f i e l d  o n l y  a b o u t  o n e - q u a r t e r  m i l e  w ide  and t h r e e - q u a r t e r s  

m i l e  l o n g .  I n d i v i d u a l  dunes  a r e  a b o u t  15 f e e t  h i g h .  T y p i c a l  

s t a b i l i z e d  dunes  of  Los Medazos a r e  i n  t h e  f o r e g r o u n d .  



Table 2.--Mechanical  a n a l y s i s  of sand.  (1) Sandy " s o i l "  
under ly ing  dunes ,  Sec .  27 ,  T. 21 S . ,  R .  31 E . ,  

Eddy County, N .  Mex. ( 2 )  Sand from smal l  
ba rchan ,  Sec.  35, T .  21 S . ,  R .  31 E . .  

Eddy County ti. Mex. 

S i z e  

Inch 

0.0394 

.0197 

.0098 

.0070 

.0059 

,004 1 

.002 9  

- .  0029 

Percent  weight 

M i l l i m e t e r  

1 . 0 0  

.500 

.250 

. I78  

. 150 

. l o 4  

. 0 74 

- .  074 

(1) 

0.2 

. 5  

33.8  

38.5  

11.6 

9 .8  

5 . 3  

. 3  

( 2 )  

0.0 

. 4  

23.4 

53.0  

1 1 . 7  

9 . 4  

1 . 9  

. 2  



l 'he w i d e s p r e a d  d e p o s i t s  of windblown sand  i n d i c a t e  i n t e r m i t t e n t  

p e r i o d s  t h a t  have been even  more a r i d  t h a n  t h e  p r e s e n t  c l i m a t e .  Most 

of  t h e  dune f i e l d s  a r e  p r e s e n t l y  s t a b i l i z e d ,  a l t h o u g h  they  were  

p r o b a b l y  more a c t i v e  d u r i n g  t h e  p a s t  few hundred y e a r s :  pre-Columbian 

I n d i a n  a r t i f a c t s  a r e  found p a r t i a l l y  covered  by dunes .  I n  f a c t ,  wind 

a c t i o n  has  been v e r y  s t r o n g  i n  t h e  p a s t  a t  some p l a c e s .  Wi l l i ams  

S i n k ,  Iaguna  P l a t a ,  and Iaguna  Gatuna a r e  p r i m a r i l y  blowouts  w i t h  

accompanying f i e l d s  of  d u n e s .  There i s  no i n d i c a t i o n  t h a t  s o l u t i o n  

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

d e p r e s s i o n s  (C. L. J o n e s ,  U.S. G e o l o g i c a l  Survey ,  w r i t t e n  cemrnun., 

Jan .  15,  1973) .  

SUMMARY AND CONCLUSIONS 

E a r l y  Cenozoic t ime may have been a  p e r i o d  of  n o n d e p o s i t i o n  o r  

o f  d e p o s i t i o n  and e r o s i o n  i n  s o u t h e a s t e r n  Yew Mexico. Some s o l u t i o n  

of  s a l t  beds i n  t h e  s u b s u r f a c e  Permian R u s t l e r  Format ion  n e a r  The 

Div ide  s u g g e s t s  p r e - O g a l l a l a  s o l u t i o n  bllt  p r e - O g a l l a l a  phys iog raphy  

can  o n l y  be c o n j e c t u r e d .  Recorded Cenozoic h i s t o r y  b e g i n s  w i t h  

f l u v i a l  d e p o s i t i o n  o f  t h e  P l i o c e n e  O g a l l a l a  Forma t i o n .  



During  O g a l l a l a  t ime  s t r e a m s  f lowed e a s t w a r d  and s o u t h e a s t w a r d  

f rom t h e  Rocky M o u n t a i n s ,  and t h e  O g a l l a l a  Fo rma t ion  was d e p o s i t e d  

a s  c o a l e s c i n g  f a n s  on a  p e d i m e n t l i k e  p l a i n  o v e r  t h e  a r e a  of  t h e  

Grea t  P l a i n s .  L o c a l l y ,  e o l i a n  a c t i v i t y  was a  f a c t o r  i n  d e p o s i t i o n  

a n d .  p e r i o d i c a l l y ,  w i d e s p r e a d  s o i l s  formed ( F r y e .  1970,  p .  7 ) .  A t  

t h e  c l o s e  o f  O g a l l a l a  t i m e  a  w i d e s p r e a d  s o i l  formed on t h e  G r e a t  

P l a i n s  and  t h e  c a l i c h e  zone  o f  t h i s  s o i l  p r o f i l e  forms t h e  p r e s e n t  

c a p r o c k .  The c a l i c h e  c a p r o c k  h a s  s i n c e  undergone  a  complex h i s t o r y  

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

P robab ly  d u r i n g  l a t e  P l i o c e n e  o r  e a r l y  P l e i s t o c e n e  t ime  d e s e r t  

c o n d i t i o n s  p r e v a i l e d  o v e r  t h e  s o u t h e r n  G r e a t  P l a i n s  and f i e l d s  of  

l o n g i t u d i n a l  dune .  w e r e  formed.  The a l i n e m e n t  o f  s w a l e s  between 

t h e s e  dunes  i n d i c a t e s  t h a t  dominan t  winds  we re  from t h e  w e s t  and 

n o r t h w e s t ,  i n  c o n t r a s t  t o  l a t e  P l e i s t o c e n e  and Holocene winds  from 

t h e  w e s t  and s o u t h w e s t .  

E r o s i o n  was w i d e s p r e a d  i n  s o u t h e a s t e r n  New Mexico d u r i n g  e a r l y  

and m i d d l e  P l e i s t o c e n e  t ime  and s o l u t i o n  and s u b s i d e n c e  were  a c t i v e  

p r o c e s s e s .  Large  a r e a s  o f  O g a l l a l a  d e p o s i t s  we re  s t r i p p e d  away and 

Pecos R i v e r  d r a i n a g e  was e n t r e n c h e d .  A t r i b u t a r y  t o  t h e  Pecos 

occup ied  San Simon Swa le .  A l s o  d u r i n g  e a r l y  and m i d d l e  P l e i s t o c e n e  

t ime  Nash Draw, C l a y t o n  B a s i n .  and p r o b a b l y  San  Simon S i n k  underwent  

e x t e n s i v e  s u b s i d e n c e  and p a r t i a l  f i l l i n g .  



I n t e r m i t t e n t l y  d u r i n g  P l e i s t o c e n e  t ime  c a l i c h e  formed i n  

s o u t h e a s t e r n  New Mexico. Some of t h e s e  c a l i c h e  d e p o s i t s  a r e  u s e f u l  

p l a n e s  of  r e f e r e n c e  f o r  r e l a t i v e  d a t i n g  of g e o l o g i c  e v e n t s .  The 

most  w idesp read  c a l i c h e  h o r i z o n  on t h e  Mesca le ro  P l a i n ,  was formed 

d u r i n g  e a r l y  o r  middle  P l e i s t o c e n e  t ime a f t e r  a  p l r i o d  of  e x t e n s i v e  

e r o s i o n  a l o n g  t h e  Pecos R i v e r .  

Dur ing  l a t e  P l e i s t o c e n e  and Holocene t ime c l i m a t i c  c o n d i t i o n s  

were v a r i a b l e ,  b u t  t h e r e  w a s  a  tendency tuwards a r i d i t y .  S h e e t l i k e  

d e p o s i t s  o f  sand and f i e l d s  of  sand dunes  have accumula ted  ove r  much 

o f  s o u t h e a s t e r n  New Mexico. These r e f l e c t  a  dominant  wind d i r e c t i o n  

from t h e  w e s t  o r  s o u t h w e s t .  Major e r o s i o n  has  been conf ined  t o  t h e  

Pecos V a l l e y  and s o l u t i o n  and s u b s i d e n c e  have been a t  a s lower  r a t e  

t h a n  d u r i n g  e a r l y  P l e i s t o c e n e  t ime .  I n t e r m i t t e n t l y ,  ponds have 

formed i n  blowouts d u r i n g  r e l a t i v e l y  humid i n t e r v a l s .  



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

1. Deep-seated s o l u t i o n  and s u b s i d e n c e  a r e  minima 1 p r o c e s s e s  

i n  a r e a s  now o v e r l a i n  and p r o t e c t e d  by t h e  O g a l l a l a  

Format ion .  

2 .  S o l u t i o n - s u b s i d e n c e  and e r o s i o n  have shaped t h e  p r e s e n t  

l a n d s c a p e  i n  s o u t h e a s  t e r n  New Mexico.  These combined 

p r o c e s s e s  were  i n s t r u m e n t a l  i n  forming  both  t h e  lower 

Pecos R ive r  V a l l e y  and San Simon Swale .  

3 .  F a c t o r s  of  m i c r o c l i m a t e  a r e  i m p o r t a n t  i n  s o u t h e a s t e r n  

New Mexico.  I n  a n  a r e a  of such  widesp read  windblown s a n d .  

d e c r e a s i n g  o r  minor changes  i n  t h e  d i s t r i b u t i o n  of  

r a i n f a l l  ma.: d e c r e a s e  t h e  p l a n t  cove r  and r e a c t i v a t e  

wind e r o s i o n .  Conve r se ly ,  g r e a t e r  r a i n f a l l  may i n c r e a s e  

p l a n t  c o v e r  and change b lowou t s  i n t o  p l a y a s .  
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