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ABSTRACT 

S a l t  of Permian age i n  the subsurface of an a rea  near The Divide, 
e a s t  of Carlsbad, N. Uex., is being considered fo r  a nuclear waste 
repository. .  The geologic h i s to ty  of the region indicates that  
d i s so lu t ion  of s a l t  has occurred i n  the past  during a t  l ea s t  three 
d i s t i n c t  epochs: (1) a f t e r  Tr iass ic  but before middle Pleistocene 
time; (2) during d d d l e  Pleistocene; and (3) during l a t e  Pleistocene. 
Thus, des t ruc t ive  geologic processes have been i n t e r d t t e n t  through 
more than LOO mfl l ion years. 

Nash Drav, near The Divide, foramd during late Pleistocene time 
by the  coalescing of c o i k p s e  sinks.  The r a t e  of i t s  subsidence i s  
estimated t o  have been about LO cm (0.33 foo t )  per thousand years. 
Ihe a d f a t e  a r u  of The Divide adjacent t o  Nosh Draw has not 
undergone s t r e s s  by geologic processes during Pleistocene t i m c  and 
there  a r e  no present indlcat ioas  t h a t  t h i s  geologic envlroamant w i l l  
change drast icaLly within the period of concern fo r  the repository. 

INTRODUCTION 

This report  discusses the C.nozoic geology of 8 portfon of 

southeastern #.u Mexico. The area i s  mostly i n  Eddy and h a  Counties, 

but some dlscusaioa of the Pecos Rlver val ley fa r ther  t o  the north is 

included ( f ig .  1) .  This portion of New Mexico is  i n  the southern 

par t  of the Pecos Rlver sect ion of the G r e a t  Plains physiographic 

province. It is  i n  the northern par t  of the olihuahuan Desert and 

the climate i s  a r i d  to  ramlarid. 



Figure 1. --Iadex map and Pleistocena features of 
- southe8rtern Naw ~ f c o .  
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S o ~ t h e a s t e m  New Hcxico i s  underlain by Upper Permfan sa l t -bear ing 

rocks t h a t  have detetrnined some fea tu res  of the landscape. During 

Cenozoic time t h e  c l imate  var ied  from a r i d  t o  r e l a t i v e l y  humid. During 

s o r e  humid t h s  d i s s o l u t i o n  of subsurface sal t  and associa ted soluble  

rocks f o l l w e d  by co l l ap se  of the  surface  resul ted  i n  extensive  karst - 

pla ine .  During t he  a r i d  i n t e r v a l s  l a rge  f i e l d s  of windblwn sand 

c w e r e d  p a r t s  of t he  surface .  m e s a  two fea tu res ,  lurst p la ins  and 

windblcwn sand, nou dominate the  landscape e a s t  of the  Pecos River. 

West of the  Pecos, k a r s t  topography i s  conmon bu t  a l l u v i a l  f ans ,  

pediments, and assoc ia ted  depos i t s  form major parts of the  landscape, 

and w i n d b l m  sand i s  l e s s  comma. 

West of t h e  Pecor River val ley ,  the  ~ & l u p a  Piountaim and, 

f a r t h e r  nor th ,  t he  backslope of the  Sacramanto Wountains have been 

major f a c t o r s  i n  t h e  developamnt of modern physiography. Drainage 

pa t t e rn8  are influancad by . t he r e  u p l i f t s .  To the  c u t  of the  Pecos 

the  Staked Plaina,  o r  t h e  Wrnn E s t a a d o ,  a r e  underlain by the sandy 

Ogal la la  Formation t h a t  has been a source of the l a rge  depos i t s  of 

windblown sand i n  t h a t  area. Throughout t h i s  region the  present  

landscape i a  v i s i b l y  r e l a t e d  t o  i ts  geologic h i s to ry .  

S o u t h u r t e r n  N w  Mexico is sparse ly  populated., 'Ihe mrjor town i n  

the  area i8 Clr l rbad,  vhich b r  a population of about 18,000. Farther 

t o . t h e  north,  and somuhat ou ts ide  the  a r ea  of t h i s  d i s c w r i o n ,  Ronrell 

has s popula t ioa  of about 25,000. Clrlsbad ir a cen te r  of potash dning, 

pa troleum production,  and ranching. D a v e l ~ n t  o f  these indua t r f  en has 

been ins t rumental  i n  t h e  bui ld ing of mamarow aecond8ry road* and jeep 

trails that g ive  acess t o  much of the  couatr]r. 
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The work i n  this area  was done i n t c n n i t t c n t l y  d u r i n g  1972 -d-l-,:v- 
-. T '  

1973 a s  p a r t  of a U.S. Geological Survey group studying problems of 

d i sposa l  of radioact ive  waste. This work was done on behalf of t h e  

Oak Ridge National Laboratory f o r  the  U.S. Atomic Energy Conrmission. 

Fie ld  work consisted of r e c o n ~ i s s a n c e  geologic mapping from the Pecos 

River eastward t o  Graum Ridge and from the  Querecho P l a im  southward 

t o  Phantom Banks. Selected sites were mapped i n  d e t a i l .  I n  addi t ion 

t o  numerous t raverses  oa the  ground, much of t he  area  w a s  observed 

frwm law-level f l i g h t s  in l i g h t  a i r c r a f t .  

Acknwlednmcnts 
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concepts i n  t h i r  report. L. M. Gard, Jr., C. L. Joues, and P. W. kmberc- 
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ships .  Durlrrg the  1973 f i e l d  seas- I par t i c ipa ted  i n  a conference with 

J. C. Fry., A. B. Lonard ,  C. C. Reeves, Jr., J. W. -ley and 

P. W. M a r t .  ' 'Ibese individuals  contr ibuted f r ee ly  of t h e i r  lurwledge 

of t he  area. S. E. Gal lway of the  Nev ~ x i c o  S t a t e  Engineers Office 

d i s c w s e d  ground- trr r e l a t i onsh ip s  and geology of the Rotwell a r  t e s ian  

basin.  Subsurface infornvtfon f o r  t h e  preparat ion of f igure l lwas 

p rwided  by C. L. Jones. 

Ihe p o r r i b i l i t y  of c o n r t m c t i n g  a m u c l u r  tnrte repor i tory  i n  

sou thear te rn  lQIIl Mexico vithfn ral t  bed8 of t h e  %lado Fornvrion of 

Permian (Ochour) age i r  baing c o ~ r i d e r e d .  One site under considerat ion 



i s  i n  L O ~  Hedaffos a r e a  near the Eddy-Lea County l i ne  about 50 Ian 

(30 mi) e a s t  of Carlsbad. There, t h i ck  beds of s a l t  a r e  present a t  

depths of about 600 m (2,000 f e e t ) .  

The purpose of the present  study is t o  help determine the geologic 

f e a s i b i l i t y  of such a reposi tory .  Marry of. the radioact ive  wastes t o  

be s to red  i n  the repos i to ry  are highly t ox i c  f o r  long periods of t i m e .  

O f  these  wastes, plutoaitrm-239 has the  lorrgest ha l f  life--24,000 years. 

This element must ba contained f o r  a period of about 10 hal f  l i ve s  or  

about 250,000 years t o  decay t o  an irrnocuow level .  Therefore, the  

period of concern f o r  t h i s  r epos i to ry  is defined as 250,000 years. 

The problem i s  t o  dete-ne i f  t he r e  are geologic processes or 

f a c t o r s  i n  southeas tern  New Mexico that might breach, d i s rup t ,  o r  

o t h e w i s e  d i s t u rb  t he  repor i to ry  w i th in  t h i s  period of concern. 

I n  terms of human h i s t o r y  250,000 years i s  a long period of time, 

and i t  would appear to be imprac t i ca l  t o  a t tempt  t o  p red ic t  events 

t h a t  f a r  i n t o  the  fu tu re .  Hawever, i n  term of geologic processes 

250,000 years  is  a r e h t i v a l y  s h o r t  tinn, and an actcmpt t o  p red ic t  

geologic events t h a t  might occur wi th in  t h a t  tinu l i m f t  is  not 

impractLc8l. 

The clorrcept af unLformftariaaism--that geologic processes operat ive  

i n  tho  part ell contiuua t o  bo o p t a t i v e  i n  the  future-is  the basic  

assumption chat pred ica tes  t h i s  study.  S tab le  areas  w i l l  r-in s t a b l e  

f o r  a period af ti=; utterear ca tas t roph ic  geologic pheaomena usual ly  

are confined t o  terrain having s p e c i f i c  geologic prerequis i tes .  



- - - -.. --- 
: . .:- 

The prer tqu is i tes  for  catastrophic c v z t s  such  a s  v i o l c n t  ' r . . r r t w  
-. - - 

quakes, v o l c u i c  a c t i v i t y  , mountain build ink, and regional f e n g - -  --- 

are  not knw: t o  be present i n  southeastern New Mexico. Instead, :he 

geologic pro:esses t h a t  might be potent ia l  hazards t o  a repository 

a re  more sub:le and include erosion by s t r eam and subsurface solution 

of s a l t  by 8:-d water.  Collapsed sinks and assocFated features  that  

indicate  sut turface so lu t ion  a re  present i n  a broad b e l t  between 

Carlsbad ani the  s i t e  of the  proposed repository. N.sh Drav is one 

of these ' f e x u r e s  and i s  about 12-13 km (7-8 m i )  v e s t  of the proposed 

s i t e .  San Simon Sink i n  San Simon Swale is another solut ion feature  

about 25 ka (15 mi) southeast  of the proposed s i t e .  The geologic 

his tory of raase fea tures  has been studied a s  part of t h i s  work. 

The prtblem of predict ing geologic events i n  southeastern N e w  Mexico 

drring the zzxt 250,000 years has been approached by studying past  

geologic evrnts recorded i n  presented s t ra t ig raphic  un i t s .  Active 

geologic ;r:cesses have not  changed slnce the c lose of Ter t iary O g a l t l a  

time, about 3-4 m.y. (mfllion years) ago. Hamvet, the r a t e s  of these 

procesrer have varied conaiderrbly. It i s  arsrrmrd tha t  the r a t e s  of 

these proce+res w i l l  c o n t l a w  t o  vary and tha t  prediction of future  

events can 38 made by a r rwdng  t h a t  the rxtrcmrs of par t  conditions 

w i l l  not  be exceeded Fn the future. 

SlBQUUT OF EROSION S L T  DISSOUJTION 

1. I t d  umstem p a r t  of the Delaware b a r b  ( f ig .  2 )  war exposed t o  

erosion, .rJ prer-bly s a l t  d iarolut ioa,  porribly a s  ear ly  -aa Tt i a s r i c  

tima and cer tafnly ar ea r ly  ar Ju ra r r i c  t h .  Zhir period of exposure 



Figure 2.--Index PYQ shwing subsurface features in 
southeas tern Ncw bxico.  



may have been a s  long as 50 m.y. Hwevsr,  s u r f a c e  r e l i e f  was probably 
! 

i I 

i .  low and e r o s i o n  w a s  n o t  deep. Rocks of T r i a s s i c  age covered much of 

t h e  De1awar.e b a s i n  and helped t o  protec: some of the  underlying Permian 

beds. I n  the  wes te rn  p a r t  of the basin. however, T r i a s s i c  rocks were 

s t r i p p e d  away, i f  they were ever  deposized, and some e r o s i o n  and 

I d i s s o l u t i o n  o f  Permian rocks probably orcurred.  

I 
I 2. During Cretaceous time the D e l z ~ a r e  b a s i n  was submerged beneath 

the  s e a ,  b u t  a t  the  c l o s e  of Cretaceous time r e g i o n a l  u p l i f t  and major 

I 
e r o s i o n  occurred.  This  period of erosi:n l a s t e d  from the  c l o s e  of 

1 Cretaceous u n t i l  l a t e  i n  Te r t i a ry  (Miocine) t ime,  poss ib ly  a period of 

1 a s  much as 50 m.y. A t  t he  begFnning of T e r t i a r y  time Cretaceous rocks 

I 
I 

blanketed t h e  b a s i n  and pro tec ted  the c d e r l y i n g  rocks,  b u t  before  

I t h e  O g a l l a l a  Formation was deposited mcrt of t hese  Cretaceous rocks 

had been eroded away from the western h r l f  of t h e  bas in .  Erosion 

a g a i n  exposed t h e  Permian rocks t o  dfss:lution. Somc d i s s o l u t i o n  of 

Permian sa l t  occurred a t  this tine i n  c e  v i c i n i t y  of San Simon Swale. 

3. While t h e  OgallaL. Formation WAS being  depos i t ed  t h e r e  was 

very  l i t t l e ;  i f  any, e r o s i o n  i n  the DeLrware bas in .  During the  past 

I 3-4 m.y. s i n c e  O g a l h l a  the, wide f1uc:uatioas i n  c l i m a t e  have occurred 
. . 

and e r o s i o n  and  dissolution^ have been i = t e r d t t e n t .  The most humid 

c l f n r t o  rad t h e  g r e a t e s t  e ros ion  were o r r ing  middle P l e i  8tocene time 

when t h e  Gatunr Formation w a s  being d e p s i t e d .  Then stream were 

capable  of  severely e roding  the  ves t e rn  i s c a r p a r n t  of t h e  High Plains 

as vel l  as e rod ing  and car ry ing  pebble i e b r i s  from as f a r  t o  the  west 



a s  the  S i e r r a  Blanca and Capitan u p l i f t s  ( f i g .  9 ) .  Ra infa l l  probably 

exceeded 600 mm (25 in . )  per  year and i t  i s  assumed t ha t  major d issolu-  

t i o n  of salt  i n  the  D e h a r e  bas in  occurred a t  t h i s  ti=--more than 

600,000 years  ago. 

4. After Gat- tlnm, but  s t i l l  during the middle Pleistocene,  

the  region became more s t a b l e  and semiarid. The Msscalero ca l i che  

accumuLated i n  chis  c l m t e .  During late ~ l e i s t o c e n e  tima, hovever, 

the re  were aga in  per iods  of humidity accompanied by erosion and 

d i s s o l u t i o n  of salt. A s  a r e s u l t  of these processes the Mescalero 

ca l i che  has subsided l o c a l l y  and collapsed i n t o  sinks. 

5. Although e ro s ion  and d i s so lu t i on  a r e  s t i l l  ac t ive  processes, 

the  c l imate  dur ing Holocene t i m e  has been somewhat more a r i d  than during 

the  late Pleistocene.  R a s e n t  c l l nu t a  is  ne i the r  a s  humid nor a s  a r i d  

a s  extremes of the  pa s t  and i t  may represent  an  average of the  pas t  

1 m.y. 

6. I h a m  est imated that at  oar place i n  Nuh  Draw, d i s so lu t i on  

of sa l t  and accom~uaylng subsidence of t he  surface  has been about 

58.5 m (180 f t )  dur ing the  pa s t  600,000 y e u s .  

CEOUCIC SETTING 

me production of o i l ,  gas ,  and potash has been an economic 

incen t ive  f o r  t h e  i n t ens ive  study of pre-Tert iary s t ra t ig raphy  and 

geologic h i s t o ry  i n  southeas tern  Nav Ehxico. S o l n  of the  amjor 

sumnary s t ud i e s  include the  work of King (1%2,,1%8), Hayes (1964), 



. - - 
ava i l ab le ;  only a-brfef  Outline of - jo t  a s p e c t r o f  t h c .  - 

p r e - ~ e r t i a r v  h i s t o r y  per t inent  t o  the present  study is presented here. 

During the e a r l y  p a r t  of the Paleozoic Era, the area  of south- 

eastern NW 2 x 1  co w a s  near sea l e v e l  and pe r iod ica l ly  denuded by 

o h a l l m  sear.  This r a i s i n g  and lowering of the sea l eve l  continued 

froln Ute o d r i a n  t o  the c lose  of M s r i s s i p p i a n  time, a span of about 

180 may. &.ring Ute Penrrsylvanian and earliest Permian ti= an a rea  

of uplift, :aiding, and f r ~ l t i n g - - t h e  Centra l  Basin platform--developed 

along a nor:S-trending b e l t  near the present  New Mexico-Texas S t a t e  

line (f ig .  ;I. During Early Permian time t h i s  orogenlc a c t i v i t y  

and :he e n t i r e  region war aga in  submargad beneath sea l eve l .  

h r b g  - a t e  PermIan tLma 8 sedimentary and s t r u c t u r a l  basin, the  

D e b r e  b r ~ b ,  f0-d i n  western T a u s  8nd southeastern New Mexico. 

mi, ba r in  .as closed during p8rtr of Inte Permian time and therefore  

served r hugh eVapOratfn8 pan where salt  and araocia ted  evapor i tes  

were deposi:*d- This f u t u r e  is  nW recognized Lo the subsurface 

where it i s  bounded by the Curtr.1 h ~ f n  platform on the e a s t ,  by 

t h e  ~0rthn-t  s h e l f ,  8nd by tha  D b b l 0  p h t f o m  0~ the s ~ ~ t h w e s t  

( f i 8 - , 2 ) .  r t  tha  su r face  i t  i r  boundad by tha  Guadalupe Mountains 

t o  the  ms: Bockr of Pl-8~ at. thur 3,000 m (10,000 f t )  

thick in e: c e n t r a l  part of the  D a h r a  b u l n .  Of the,. PermIan 
. . 

-b, the uppar par t ,  tha  evaporita-baaring Ochoan Sar ias ,  i s  

of puticu:sr i n t a r e s t  t o  tha p ra ran t  study. h p o r i t i o n  of Padm 
- 

rocb endad about 225 m- y. ago. 



- - - .- 
c - - 

After  the c lose  of Permian time the region was upl i f ted  above 

sea  leve l ,  and during Late Tr iass ic  time stream and associated deposits 

accumulated over eas te rn  New Mexico. These deposits  include reddish- 

b r w n  c l ays ,  sands, and gravels t h a t  c w e r  the Permian rocks a t  many 

places i n  southeastern New Mexico. These Tr iass ic  rocks m y  have 

protected the underlying soluble Permian roclu from dissolut ion a t  

v a r l w s  timer Fn the  geologic past .  

It is por r ib le  t h a t  some d isso lu t ion  of Permian soluble rocks 

occurred i n  the period of u p l i f t  during T r i a s s i c  t i m a .  Far t o  the 

nor th  i n  ea s t e rn  New Nexico, i n  the  v i c i n i t y  of Santa Rosa, kars t  

topography developed during k t e  T r i a s r l c  t i m e  (about 190 m.y. ago). 

Hwever, d i r e c t  evidence f o r  ~ o l u t i o n  and collapae t ha t  occurred 

during Tr lass ic  time has not been fouad i n  southeastern New Mexico. 

Most of southern New PJIxico was probably a b w e  s u  leve l  and 

exposed t o  erosion-from the c lose  of T r i a r r i c  time (about 190 m.y. 

ago) u n t i l  Early Cretacaous tima (about U 6  m.y. ago). Thera i s  no 

evidence that sediments were being depositad i n  t h i s  a rea  during the 

intentening J u r a r r i c  period. I f  rocks of e i t h e r  Jurass ic  or Tr iass ic  

age were deposited i n  southern New Mexico they have s ince been eroded 

away. 

OeporitForul cha rac t e r i s t i c r  and dFstributFon o f  Ju ra s r i c  rocla . 

i nd i ca t e  chat southern New W i c o  war up l l f  tad abwe  aea level  a d  

w a s  a region of low r e l i e f  during JuraarFc time. Continental ,Jurassic 

rocks preserved Fn cen t r a l  and northern New Mexico ind ica te  tha t  t h e i r  

source van f rnn  the south. Farther to  the south I n  v e s t e a  Texas and 



before Crstacaous tfmr . 
Ihe accomp.~ying m p  ( f ig .  3) summrlzes the abwe  infotrrmtion and 

s h w s  t h a t  Pandrr? rock8 along the m s t e r b  edge of the Delaware basin 

war. exposed t o  tha atnrosphera prer-bly eroded durlng Jurass ic  tinw. 

- - 
- -- - -  -- -- 

northern Mexico, marine conditions prevaikd during a t  i ca s t  part.-:+- 

-:- 

- Jiirassic t i m e .  I n  l a t i t udes  intennedlate betveen the Jurass ic  - 
continental  deposi ts  of cen t ra l  New Mexico and the mrrine deposits of 

northern ~ f c o ,  plutonism and volcanism i n  southeastern Arizona 

accompanied u p l i f t  and contributed sediments from that  area (Hayes, 

1970, p. 3 ) .  

In  cen t r a l  and southeastern New Hurlco where Triassic  rocks a re  

preserved they a r e  overstepped by r o c b  of Cretaceous age. In  general, 

these Cretaceous rocks r e s t  on progressively older rocks toward the 

south uld southwest. After cu t t ing  across the wedge edge of Triassic 

rocks the Cretaceous rocks r e s t  on Permian or older s t r a t a  a t  many 

places in southern New Mexico. 

By p l o t t i n g  those l o c a l i t i e s  where Triassic  rocks a r e  ham t o  have 

been missing before Cretaceous tinw, along with local1 t i e s  where Triassic  

rocks a r e  over la in  by Crrtaceow rocks, the general configuration of the 

erosional.vedge edge of Trfasr ic  rocks is indicated. This p lo t  a l so  

indicates  tha a rea  t h a t  war subjacted to  erosion a f t e r  Tr iass ic  and 

S a m  disso lu t ion  of P a x m i . ~  salt deporitr  a l s o  probably occurred along tha 

weatarrr rid. of the Delaware bar in  during t h i s  in te rna l .  Probably a l l  of 

tha D e b r a  b u i n  a r u  war eroded sumevhat during t h i s .  tFmr, but Triassic  

rocks vere present wer -st of tha basin rrcd aerved as a protective cover 

f o r  tha rmdarlyf ng Permian rocks. 



Roch of T r i u r i c  age absent. Rock8 of Cretaceow age ru t  . on rocks of P e e  age or older 

Part of Delnnre b r i n  subject to erorion during Ju ru r i c  t l u  

10. 
ll. 

carthag. coal field (TrLuric 1-8 th.n 300 feet thick; Wflpolt and 
Wmrk, 1951) 

North San Andre. t b t m t h  (Trluric  &rent, Cretrc.our- rests m Pa&; 
Bacbaa mi Hubour, 1970) 

Southern Siarr. B h u  (Triuric  about 100 f-t thick; C. .O. Bachmm, 
-pub., d = d  

- .  

NO- S-to m=t.fPr ( t r i u r i c  abrmt, c-t-a~ -u OE perrim; 
Pr8y 4 u, US) 

C r #  w (T-ie about SO+ feet thick, ..bl.Y 8trUctut.) 
Northamt C I t L b d  (TrLuric remaat. p r u a t  in 8foitboleS) 
Red Bluff Usmreoir (Triruic  pruent) 
South L u  C a m e  (Tr lur ic  pruoat) 
B1& Pimr vaU.lr ( I r i u r i c  . b r a t ,  Crat.uour -t p r u m t  fa akrkbole: 
mu, 1947) 

Comudu khmt.ku (Ttfuric  &at. Crataceow ruu aa Pedoo)  
Otero Mu8 (TrLuric abrmt, Crauc .o~r  ruu an P e e )  

Figure 3.--Hap shwing extent of Jurasr ic  erosion 
i n  southcrn New Mexico. 



bring Early Cretaceous (Washita) t i m c  a sllallov sea transKrcsscd 

acrosssouthern New Mcxico. Only remnants of i t s  deposi ts  remain i n  

p a r t s  of the  region buc they provide evidence f o r  the  extent  of p o s t -  

Cretaceous episodes of eros ion.  Some of these remnants a r e  preserved 

only a s  fragments and blocks i n  co l l apse  s inks  ( f i g .  3) .  To the e a s t ,  

i n  Lea County, more continuous d e p o s i t s  of Cretaceous s t r a t a  under l ie  

the Ter t i a ry  o g a 1 h l a  Formation (Ash and Clebsch, 1961). Far t o  the 

southwest,  Cretaceous (Washita) rocks a r e  a l s o  v e l l  preserved i n  the 

Cornudas Hountains ( f i g .  3,  loc. 10). Present d i s t r i b u t i o n  of these 

remnants ind ica tes  t h a t  the re  has been extens ive  erosion i n  southeastern 

New Mexico s ince  Cretaceous time. 

A t  the  c lose  of Cretaceous time the  western i n t e r i o r  of the 

United S t a t e s  vas  u p l i f t e d  and the  seas  withdrew. l h i s  ~ r k e d  the 

beginning of Ter t iary  t i m e  during which mountain bui lding occurred 
- 

i n  the Rocky Howtoins .  Although igneous a c t i v i t y  occurred t o  the 

west i n  the S i e r r a  ~ l a n c a  ( f i g .  3, loc. 8) and C a p i u n  Mountains 

during e a r l y  Ter i t a ry  time, extens iva  eros ion was the dominant 

process i n  southeas tern  N e w  Mexico. Ihe Ogallala Formrtion of 

l a t e  Ter t i a ry  (Hiocane and Pliocene) age i s  t h e  e a r l i e s t  preserved 

s e d m n u r y  record i n  the  v i c i n i t y  of tha  D e h a r e  basin t h a t  

follarrd Cretaceour depor i t ion .  'Ute Ter t i a ry  and Quaternary 

events  are srtlmurized on t a b l e  1. 



Tabla 1.--?umary o f  l o rc  'l'crt1nr.y dn.1 ()t~.~kc-rl~;lry t ! v c ~ ~ t r  111 r o u t l ~ o n r t c r n  Ncw l lcx lco 

-- 
Probrb l r  e l l - r t s  

Horn d r y  t l u n  prorent.  
W r a  mirt than prarent. 
Hora d ry  t l t r n  prerent. 

b r a  wirt than prercnt.  
Probably coolor. 

W r a  mirt than prerent. 
Probably coo l r r .  

W r a  mirt than prerant.  
Probably coolur.  

Hore d r y  than prsrent. 
Probably urrur. 

b c h  m r a  mlrt than 
prorant.  Probably 
coolar.  

.ice 

:A~JSL.RJ 

LJCJ 

i 

- 
e - . 
r 
a. 

9 i d d l a  

Oarly(?) 

P I  ladena 

Ten t r t l ve  
corre lrt lonr  

U i rconr ln l rn .  

Probably ear l y  
U l rconr ln l rn .  

Probably e a r l y  
Ulrconr l n l r n .  

Y r ruu t l t I rn (1 ) .  
Unnamed arrva 1 

r u r f r c r  wert 
o f  Pecor . 

Anrlo&our t o  
Krnrrn deporl tq 
i n  r r r n r  - Pecor 
rexar . 

D e p ~ r l t r  

Sad. 

I;iwt ~ o m g l o ~ r a t e .  pondr u r a l t .  
ul 1.L. a l l t r .  

CLwrtou-porphyry conglowrat.. 
Calicbm caprock. 

L L w r t o w - p o r p l ~ y r y  c n w l o u r a t a .  
Cal icho caprock. 

i 

Calicha. 

U m a m d  graval. Stream graval rD 
p n d  rod l ron t r ,  r o l u t i o n  
k r i n  t111. Conglamorate, 
mad, rilt, ramo g y p r u .  

Cal ichr.  

F o m  t i o n  

Yaunl rand d u ~ r  
Old r o i l  
Old 8 . d  duma 

L I k ~ w m d  t o r r a c ~  
depor icr  

Orchard Pack 
)oJLwnt d r p r i t r  

B l ~ c W a m  p o d i n n t  
dapuai t r  

niatu. 

I L r c a l a r o  c a l i c h r  

m t m a  F o r u t i a n  

U i a t w  

O ~ a l l o l a  cl imax 
r o i l  

O g a l l r l a  t o c ~ a t l o n  

Evuntr 

Yorktng w i d  trum roucluor t .  

Pafor E ivur  dovalopod a r  r x l r l  r t r c e r  
l rum Fork S-r t o  bmua l l .  

k v o r k i n y  uf ~ l a c W u  dupor l t r .  

kb Jur a ro r lon  o f  back r l o p .  o f  
S i a r r r  Yirnca, Sacramato, and 
Crpicvn Huuntalnr. 

land r u r f a c r  rcabla. S o i l  davalopront 
ova; u c h  o f  routhaar t  lleu Iloxico. 

Pedimnta f o M  k b l r & a  arar.  S t r e a m  
c u t  11iglt P la in r  r rcarpmmt arrtward. 
Extonr ive r o l u t l o n  o f  malt  and ayprur 
i n  rubaurfrce. Co l l rp re  o f  b r h  Drrw 
and Clayton Darin. SM S i l o a  Sur le  
u y  h r v r  boon o f  u Jor atreor. 



T e r t i a r y  Ouallaln Formation 

The Oga l l a l a  Formation of Hiocenc and Pliocene age i s  w e l l  exposed 

a long Mescalero Ridge i n  the  eas t e rn  p a r t  of  Chaves County and i n  p a r t s  

of Lea County. It r e s t s  unconformably on rocks of Permian, T r i a s s i c .  

and Cretaceous age i n  southeas tern  Kew Mexico and i s  the  e a r l i e s t  

T e r t i a r y  sedimentary formation preserved i n  t h a t  a rea .  The Ogallala  

u n d e r l i e s  the  High P l a i n s ,  the Llano Estacado of e a s t e r n  and souttl- 

e a s t e r n  New Mexico; i t  provides much evidence f o r  the i n t e r p r e t a t i o c  

of l a t e  T e r t i a r y  geologic  h i s t o r y  and c l imate .  

A t  exposures a long Mescalero Ridge northward from Maljamar f o r  

about 25 km (15 m i ) ,  the  exposed p a r t  of the Ogal la la  t y p i c a l l y  include 

t h r e e  u n i t s  a s  f o l l w s  : 

Top of exposures 

1. 2.5-3.0 m (8-10 f t )  ca l i che  (caprock), l lght -gray  t o  white ,  

b r e c c i a t e d ;  densely p i s o l i t i c  i n  upper p a r t ,  dense and hard 

under h-r, f o m  prominent Ledge. 

1 2. 2.0-4.0 m (6.5-14 f t )  sand, light-brown (5 YR 6/4)* f ine -  
I 

gra ined,  wel l -sor ted;  g ra ins  subangular t o  w e l l  rounded, 

most ly q u a r t z ;  f o r m  v e r t i c a l  c l i f f  a t  many places ;  weak 

i ca lca reous  cement, f r i a b l e  under hurmrr. Generally darker  

I than  under l y i n g  sand. 

I 
* Color a o u t i o a s  a r e  from Coddard, E. N., chm., and o t h e r s ,  

1948, &el. Research Council ( rapt .  by Geol. Soc. America, 1951, 
1970) 6 p. 



I 

3 .  5-6 m (16-20 f t)  sand, moderate-orange-pink (5 W 8 / 4 )  t o  

grayish-orange-pi nk (5 YR 7/2) ; f ine grained, we 11 rounded, 

wel l  sor ted,  some grains frosted,  mostly quartz; very f r i ab le ,  

forms weak slope. Strongly cross Laminated i n  places 

(apparently eo l i an  origin).  S o w  thin beds ( less  than 10 cm) 

have weak ca lcareow canant. 

Base not exposed 

The upper p a r t  of the cal iche that  caps these deposits,  the 

"caprock" of l oca l  usage, has a d i s t inc t ive  p i s o l i t i c  texture  throughout 

i t s  exposures along Hcscalero Ridga and i n  exposures on Hat b s a  and 

'Ihe Divide. a p o r u r e r  of the up rock  far ther  north may not consistently 

have t h i s  texture  but  more 'observationr a re  needed i n  t h a t  area,  

Examination of n-rous deposi ts  of caliche during the present work 

shwr tha t  p i s o l i t i c  tex ture  f o r m  a t  a l a t e  stage of development and 

m y  indicate  r e l a t i v e l y  old u l i c h e  deposits i n  t h i s  area,  Although 

deposits other  than the 0 g a l L . k  cal iche locally any contain p i s o l i t e s ,  

the p i s o l i t e s  i n  younger cal iche beds a re  not a8 abundant, a s  widespread, 

o r  as well  developed a8 those i n  the O g a l h l a .  

Concentrically banded p i so l i t a s  i n  the Ogallala vary i n  s i z e  

even a t  the r u  locality; however, they gemra l ly  average about 

10-15 um (0.3-0.7 fa.) in d f m t e r .  They a re  usually c losely spaced ' 

and m y  mke up 50 parcent or m a  of the rock. They vary from 

s u b r o d  and w o t d a l  t o  elongata and i r regular  i n  form. The elongate 

ax is  i s  w u a l l y  nearly normal t o  the bedding plain. 



- 
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. Microscopically the caliche i s  ~cnnposr.d o l  variable p & i a  
-- ~ - -. .-- c.f micri te ,  sparry calci te ,  and scattered sand grains. Irregular 

masses of opal are  ccxmn. The concentric s t ructure of t h e  pisol i ths  

i s  uscal ly  composed of a l ternat ing bands of micrite and sparry ca lc i te .  

S o m  micrite i s  clotted i n  s t ructure,  and the more dense portions may 

a l s o  be ccncentric or laminar. Rounded ool i ths  whose walls a re  

composed of ndct i te  surrounding minute masses of sparry ca lc i te  range 

from 0.10 t o  0.30 nm or larger i n  diameter, and a re  c-on throughout 

the matrix. Horlzonully banded, c lo t ted  to  o o l i t i c  mfcrite having 

soate layers of sparry ca l c i t e  usually f o r m  a laminar zone 5 rrnn or 

pore thick a t  the top of the bed. 

With the exception of the upper laminar zone, quartz grains a re  

scat tered throughout the Ogallala caliche. Piey range from about 

0.08 t o  0.30 mt ia diameter. Wnty a r e  w e l l  rounded, and concentric 

b d r  of spa- ca l c i t e  surround rome grains. I r regular  masses of 

opal a8 large as 0.2 = i n  diameter are comma and a re  almost invariably 

s u r r o d e d  by a fine mosaic of #parry ca lc i te .  In  general, the quartz 

gralna a p p u r  t o  f l a t  In a c a l c i t e  nmtrfx,  a8 individual grains a re  

not I n  cuntact. C. lc i t8  appears t o  etch .od probably replaces some 

quartz g r a l ~ .  

m a  flm--hod s a d  tha t  uaderlies the ,Og.llala caliche along 

-a-o Ridaa 18 r rmr rkb ly  &form and w e l l  r a t e d .  .Although the 

part of tha ud a d s  up a8 8 v e r t i c a l  c l i f f ,  i t  i s  probable 

that t h m  re la t iva ly  w a k  cementatiam in  that par t  i s  a r e r u l t  of the 

wer ly ing  calichificatiorr .ad not an indicat ion of ur eavironmrnt of 



d e p o s i t i o n  d i f f e r e n t  from the lower p a r t .  Similar  sand is  preseat  i n  

the  Ogal la la  a t  Hat Mesa but a t  The Divide conglomeratic sandstone 

u n d e r l i e s  the  ca l iche .  There pebbles of rounded q u a r t z i t e  and cher t  
. . 

as much as 35-40 - ' (about  1 1/2 in . )  i n  diameter are present  i n  

l m t i c u l a r  beds. 

I n  southeas tern  Nav Mexico t h e  O g a l h h  Formation th ins  t w a r d  

t h e  south and southwest. Dr i l l -ho le  information ind ica tes  t h a t  i t  is  

. abou t  100 m (315-345 f t )  t h i c k  in sou theas te rn  Chaves County 

(T. 15 S., R. 31 E.). I n  western h a  County (T. 16-17 S., R. 32 E.) 

t h e  Ogal la la  ranges from about 75 t o  90 m (245-300 f t )  i n  thickaers.  

A t  Hat Mesa i t  ranges from about 3 1  t o  55 m (100-180 f t )  i n  thickness 

and a t  The Divide i n  ear tern Eddy County i t  i s  no more than 8.5 m 

(27 f t )  th ick .  A t  a l l  thase  l o c a l i t i e s  t h e  O g a l h l a  ca l iche  caps the 

formattion. This i n d i c a t e s  t h a t  the  t h i a a i a g  occurred before formation 

of the  ca l i che  and s u g g e r u  t h a t  the  th inn iag  is  depor i t ionr l .  

Bretz and Horberg (19498, p. 483) bel ieved t h a t  the  present Pecos 

River drainage southward from Roswell a d  i n  tha  v i c i n i t y  of Carlsbad 

w a s  of pre-Qgallala o r ig in .  They suggested t h a t  O g a l h l a  f i l l  might 

formerly have been as auch ar 400 m (1,300 it) t h i c k  along the Pecor 

depress ion  i n  t h i s  a t u .  Although soem form of major drainage may 

have been present  i n  t h e  v i c i n i t y  of t h e  modem Pecor Bfver during 

p r e - O g a l h l a  t h o ,  t h e  p resen t  work doer not  support  a n  i n t e r p r e t a t i o n  

of t h i c k  Oga lh la  f i l l  souttrvest of The Divide. f a  f a c t ,  the Ogallala 

Formation any not  have been depor i ted  i n  t h e  Pecos depression r o u t h a r d  

from Carlsbad. 



. - --- - .- 

Huch of the Ogallala Formation in-&stern  Ncv Hcxico "a:: ~ x ~ ~ : ~ l  
- - - 

as  a s e r i e s  of complex a l l u v i a l  fans by streams that  f l w e d  eastward 

from the Rocky Mountains. Deposition was on an i r regular  erosional 

surface and the a l l u v i a l  fans coalesced as  depressions were f i l l e d .  

Frye (1970) has revieved problems pertaining to the Ogallala and has 

concluded tha t  deposit ion ceased when the region vss an extensive 

a l l u v i a l  plain. By the  end of Ogallala time the High Plains surface - 
was probably continuous vestward across the present Pecos River 

drainage t o  the backslope of the Sacramento Mountains. Although 

streams vere  responsible fo r  some depoai t ion ' in  southeastern N e w  

Mexico, windblown sand a l s o  accumulated i n  thick deposits i n  tha t  

region. 

Uhan Ogallala deposi t ion began i n  the cen t ra l  Great Plains 

c l imat ic  conditions were somcuhat moist, ground-water conditions 

Vera s tab le ,  and temperature my have been souwhat warmer than a t  

present. A s  O g a l l a l a  ti= progressed the climate became more a r i d ,  

the  vatrr t ab l e  declined, and stream f l a r  became i r regular  (Frye and 

konard ,  1957, p. 8). It i r  probable t ha t  orrly the l a t t e r  part of 

O g . l l a l . 8  tLma, the  most a r i d ,  i s  represented by deposits  i n  south- 

e a r t a m  Nlu Huico. 

Uhan Og.1l.L. dapor i t ion  ceased a t  some ti- during l a t e  Pliocene 

t r ,  the ragion was t a c t o o i a l l y  s u b l a  and tha clLmrte was semiarid 

to  u f d .  Over the Mgb P l a i n s  region ro extensiva fea ture le rs  surface 

f o d  on vhich tha Ogalkk "cli~mx-soil" (Pry., 1970) developed. 

Ibr calicbe caprock was depositad during t h i s  t h  of s t a b i l i t y  i n  the 



zone of i l l ~ v i a t i o n  i n  the  s o i l  p rof i le .  L t e  i n  t h i s  period of s o i l  

development and a f t e r  the cal iche was mature, a s e r i e s  of northwesterly 

trending longi tud ina l  sand dunes formed on the caliche surface i n  ' 

southeas t e r n  New Mexi co ( R i c e ,  1944, 1958). Dissolution of ca l iche  

i n  l i n e a r  troughs between these dunes created systems of p a r a l l e l  

svales and do l ines  (see p. 51) oriented northvesterly. Although the, 

dunes have been removed by erosion, the  swales and dolines a r e  s t i l l  

. v i s i b l e  and a r e  e spec i a l ly  apparent from ehe a f r .  They have a r e l i e f  

of 3-5 m (10-15 f t )  and sme a r e  as much a s  16 km (10 mi) long. They 

probably formed on t h e  High P l a h  (Llano Estacado) surface before 

Pleistocene t i m a ,  because they a r e  not present on Pleistocene surfaces.  

Quaternarv deposits 

F o l l w i n g  the  late Pliocene s t ab i l i za t ion  of the ?Ugh Plains,  

during e a r l y  Pleis tocene t l i m  parts of the bcky  Mountains were re ju-  

venated and a pariod of extensive erosion began. As glac ie rs  a c c ~ r ~ ~ l a t e d  

a t  higher e leva t ions  and oa the continent fa r ther  t o  the north, r a i n f a l l  

increased i n  the  south. C l i n u t e  f luctuated vldely durlng Pleistocene 

cinu and the g l a c i e r s  surged fonmrd or wfthdrcv accordingly. 010 the  

High PlaLru f a r  to  the south of the glaciers ,  c l i n r t e  varied frcm cool 

and -1s t t o  varm a d  r e d a r i d  o r  a r id .  

Pleistocen8 depor i t a  in s o u t h u r t e r n  New l!axico include allwium, 

lake and pLaya sedimants, a01 ls, caliche,  t raver t i ru ,  a d  v indblam 

sand. Although d i r e c t  evidence f o r  the  age of these deporf t r  lmr not - 
been found wi th in  the study area,  moat of this redlprntary record is  



- 

correlated w i t h  events in$ nearby orcis durinl: par t s  of 
- - 

Pleis tocene time. Of these deposi ts  only the  Gatuna Formation !la!; 

been given a formal s t r a t i g r aph i c  name. 

Erosion was widespread during ea r l y  Pleistocene time and a hiatas 

represen t s  t h a t  i n t e rva l  over much of southeas tern  N e w  Mexico. A t  a 

fev l o c a l i t i e s  on the  Mescalero p l a i n  e a s t  of the Pecos River, ca l iche  

is present  on severa l  small  h i l l s  t h a t  rise above the Hescalero p la in .  

There m y  be remuants of an  e a r l y  Ple is tocene (Nebraskan) deposit  

(A. B'. t o n a r d  and J. C. Frye, v r i t t e n  commun., 1974) t h a t  were a c t  

removed by middle Pleistocene erosion,  but  regional ly  these remruncs 

a r e  r a r e .  

Gat- Formation 

?he &tuna Formstion of Ple is tocene age was arrmcd f o r  exposures 

of light-reddish-brown sandstone and conglaaera te  more than 25 m 

(80 f t )  t h i c k  i n  Gotun8 Canyon, e a s t e rn  Eddy County (Robinson and 

k g ,  1938, p. 84-85),  A type s ec t i on  ha8 not  been dmscribed. The 

p & y r i u L  s t r a t i g r aphy  a d  f i e l d  r e l a t i onsh ip r  of t h i s  formation 

i n d i c a t e  eh8t i t  m a  deposited durlng t he  moat moist condit ions t h a t  

p reva i lad  in routhear tarn  N e u  Hexfco dur lng Pleistocene time. Because 

of tha indlcatloar of c l imat ic  corrdFtionr inheren t  in the Qtuna 

Formation It a s  e r r a d  ca r e fu l l y  a t  many arporurer  during the  

prurPt study. 

Iha C;rhmr Formation is  m l l  repreranted along the  east s i d e  o f  

c h y t o a  whet. it tests on toc lu  of P.FIP~- age ard 11 W ~ ~ M E  

by tha 1S.aulero  ca l i che  thrt f o m d  durfng P1eirtoceme tfme. The 
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Gatuna i s  a l s o  present around Nash Draw where i t  was mapped by Vine 

(1963, p. 31) who s t a t ed  t ha t  Gat- deposi t ion "followed ingnediately 

a f t e r ,  o r  i n  pa r t  accompanied, a period of ac t i ve  solut ion i n  the 

Rust ler  and Salado Formt ions  ." I n  the  v i  c i n i t y  of Crow Fla ts ,  Chaves 

County, the Gatunrr Formt ion  is a l s o  associated v i t h  extensive solut ion 

of gypsum and s a l t  and subsequent col lapse  of the surface. The Gat- 

i s  w e l l  exposed i n  Long Arroyo, Qaves County, and is present a t  man9 

out ly ing  l o c a l i t i e s  along the Pecos River drainage. 

Ihe Catuna Formation was examined i n  the  type a rea  during the 

present study. A s t r a t i g r aph ic  s e c t 1  on was measured on the  north s ide  

of Gaturu Canyon (SW 1/4 SW 1/4 sac. 36, T. 19 S., R. 30 E.). Although 

the  Cat- i s  estFnvted t o  be th icker  a t  other  l oca l i t i e s ,  t h i s  

l o c a l i t y  i s  the l e a s t  d l  sturbed by slumping and is  om ,of the b e t t e r  

exposed i n  Cat- Canyon. For these reasons i t  is  here proposed tha t  

t h i s  l o c a l i t y  be  regarded a s  a reference sec t ion  fo r  the Gam 

Formation i n  the type area; i t  can be described a s  follows: 

Begin i n  arroyo bottom, base of f o n a t i o n  not exposed. 

4. 1.0 m (3.25 f t )  sandstone, f r i a b l e ,  moderate-reddish-orange 

(10 R 6/6) t o  pale-reddish-bram (10 R 5/4), f ine-  t o  mrdium- 

grained, 8tlb.IUul.r t o  s u b r d ,  vel l -sor ted.  Grain8 a r e  

rock f ragmnta ,  quar tz ,  o c c a s i o ~ l  f lakes  of b io t i t e .  Weak 

c r l c r r e o w  c m n t .  Bedding i r r egu la r  . t o  l nd i s t i ac t .  Beds 

about 10 cm thick. 



3. 12.3 m (40 f t )  conglomerate, poorly so r ted ,  rangr!; from 

coarse sand t o  pebbles a t  base and grades upiard i n t o  more 

coarse c l a s t s .  Cksts a t  base, subangular t o  subround, do 

not exceed 4 cm i n  diamcter  i n  basa l  metre of un i t .  Upper 

p a r t  of i n t e r n a l  inc ludes  abundant subangular c l a s t s  a s  large  

as 25 cm i n  diameter, derived from O g a l k l a  p i s o l i t l c  ca l i che .  

Clasts c o n s i s t  o f :  Ogal la la  p i s o l i t e ,  36 percent; sordsroce,  

10 percent ;  o t t h o q u r t z i  t e ,  14 percent;  Tert iary porphyries, 

16 percent  (mostly S i e r r a  Elancan rock types, one c l a s t  mry 

be Capitan type);  Permian limestone, 6 percent;  quar tz ,  

4 percent;  che r t ,  2 percent;  and jasper,  2 percent.  

2. 3.5 P (11.2 f t )  surdatone,  pale-reddish-broua (10 R 514): 

medi --grained , subround t o  r o d ,  we 11-sor ted , s l l g h  t l y  ca l- 

careour; bedding indistinct; weathers i n t o  i r r e g u l a r  m s s e s .  

Top of u n i t  engulfed by w e r l y i n g  Hascalero cal iche.  

16.8 n (55 f t )  t o t a l  Gntunrr measured. Estfmrted t o  be a t  

l u a  t '6-7 n (20 f t) t h i c k  i n .  covered slopes b a l m  t h i s  

zmaaured r e c t i  on. 

1. 1.7 m (5.6 f t )  H e r u l e t o  ca l tche .  Nodular zone engulfs  to? 

of Gat-, grades upward i n t o  plugged nodular zone. Caprock . 
aroded a t  t h i s  place.  

'Ihi G.tua8 i r  rlumped a t  moat p lace r  but  an ertimnted thickness 
# 

of 16-30 m . (so-100 f t) in Gntum8 C.apoa i s  r e 8 a o ~ b l e .  A t  a g rave l  

p i t  on the  north afde of Gat- Canyon (S 1/2 sec. 35, T. 19 S., 

B. 30 E.) the fornvticm is a t  laart 17 m (55 f t )  t h i c k  in a slump 



b iock. 'Ihere i t  consis ts  of f r i ab le ,  calcareous, moderate-reddish- 

orange (10 R 616)  conglameratic sand. The sand grains a re  poorly 

sor ted ,  medium to granular, and subangular to  subround. Conglumeratic 

beds a r e  l e n t i c u l a r  and many layers ard 8 trongly cro88bedded. 

CLasts f n  the congloumrates a t  moat placer i n  Gatup. Canyon ore 

l a rges t  near the bare of the exporurer where' they average about 7-10 an 

(3-4 in . )  i n  diameter. Boulders a s  much a r  20 cm (8 in.) in diameter 

a r e  not uncommon. I n  the upper pa r t  of the Catunn, cobbles a re  less  

than 9 cm (3.5 in.  ) i n  diameter. Rouaded cobbles a d  boulders tha t  

have been derived from the p i s o l i t i c  caprock calicha of the  Ogalh la  

Formt ion  are c-on in the  C.tun8 at  many places. A t  the  gravel p i t  

on the north s i d e  of Catup. Canyon (S l / Z  sec. 35, T. 19 S., R. 30 E.) 

c l a s t s  derived from the Ogallala cal iche a r e  7-20 an (3-8 in.) in 

di-ter and mnka up about 30 percent of the cona t i twn t r .  Qu8rtzite 

and or thoquartzi te  a r e  about 50 percent of the c l a r t r  and Tertiary 

porphyri t ic  igneous rock8 a r e  about 10 percent of the  c l a r t s .  The 

q u a r t z i t e s  a r e  generally much snvl le r  in average dimmter than the 

c l a s t s  derived from Ogallala caprock, which indicater  t ha t  the quartzi te  

c l a s  ts a r e  a t  l e a s t  of recad-cycle  derfvaeion. 

I n  Long Arroyo abaut 1 ~ i l e  north of N.Y Mexico Bigbuay 31  (NU 

1/4 sac. ' 14, T. 14 S., & 27 B.) a cougl-ratic channel deporit  is 

w e l l  exposed i n  the Canuu  Formtion along the u e r t  s ide  of the arroyo. 

The base of the Cat- is an uaaveu erosion surface on red beds of the 

Permiam Ar tas la  Group. Saadrtone of the Caturu, in which the channel 

depor i t  i s  presarved, is  moderate reddish orange (LO R ,6/6), Line t o  



coar se  g ra ined ,  and poorly so r t ed .  The channel depos i t  i s  gcnara!;~ 

pa le  red  (5 R 6/2),  poor ly  so r t ed ,  crossbedded, and l e n t i c u l a r  in 

C t b S 8  s e c t i o n .  Chsts a r e  as l a rge  a s  15 cm (6 in . )  i n  diameter  and 

c o n s i s t  of abou t  45 percent  q u a r t z i t e  and o r thoquar t z i t e ,  33 percent  

O g a l k l a  p i s o l i t i c  ca l i che ,  12 percent  red sandstone, and almost  

10 pe rcen t  c h e r t .  

These exposure8 i n d i c a t e  t h a t  same of the  Gatuna Formotion was 

depos i ted  by strerrmrr. Hwever,  i n  Nash Draw the  sand i s  genera l ly  

much f i n e r  gra ined ,  and c l a y  and r e c r y s t a l l i z e d  gypsum a r e  p resen t  

i n  the  &tuna Formation. In t he  scuthern  p a r t  of Nash Draw (SE 1 /4  

sec. 33, T. 23 S,, R. 29 E.) y e l l w i s h - g r a y  c l ays  slumped i n t o  red 

s i l t s  and sands dur ing  Gamma time. Beds of gypsum more than  2 m 

(6 f t )  t h i c k  are assoc ia t ed  w i t h  the y=l lar i sh-gray  c l a y s .  I n  the 

v i c i n i t y  o f  Red hh a d  Pavo Mesi e a s t  of Ar te s i a ,  N. Hcx., the 

Gattrru Formation conta ina  umssive fine-grained beds. These exposures 

i n d i c a t e  t t  some parts of t h e  Gattam were depos i ted  i n  a lw-energy 

aqueour environment and probably ia areas of s ink ing  and co l l apse .  

In s o u t h a m  Eddy County i n  Pferce Canyon and a long Phantom Banks, 

the C.hM con ta in8  f i rm-grabed  sediments a s  w e l l  a s  ex tens ive  b lanket  

d e p o r i t r  of conglomerate- In this a r m  the l w e r  part of the  Gat- 

v u  p r o b b r y  depor t t ad  i n  col lapsed  b a r i n r  and t h e  upper part was 

daporLUd 88 a l l u v i a l  gravela  orr a padimmat aurface.  Beta,  In places ,  

tba 8Iluvi81 gravels have been incorporated by the over ly ing  X e s c a ~ e r o  

ulicha. mi8 ha8 resu r t ed  i n  8 lba-ccrmnted conglomarate t h a t  i s  



hard under the  hammer. Clasts  i n  t h i s  area  a r e  more than SO percent 

Permian limes tone, and the  r emin ing  c o w t i  tuents a r e  quartz, ortho- 

quar tz i te ,  and cher t .  Occasiorul Ter t iary porphyrit ic ignaous rocks 

and pink gran i te  a r e  present. 

Soma siliceous conglomrratas a r a  prasant along tha prasent Pecos 

Rfver and remnants of theam gravela a r e  81- Black River (fig.  3, 

Loc. 9). They were f i r s t  described by Nya (fn Fiedler and Nye, 1933, 

p .  35-38). Bretz and Horberg (1949) and Thouas (1972) have discussed 

these gravels m d  suggasted tha t  they a ra  baaal Ogalk la .  However, 

study of thasa pebblas a s  w a l l  a s  thosa of tha C l t u ~  during tha 

present work fndicata  t h a t  they a ra  Gatw Formation in p h c a  o r  

remzunts of the G i a t u ~  Formation. Cksts detivad from O g a l h h  . '. 

p i s o K t i c  cal icha a r e  prasant  i n  a t  l e a s t  ma of thasa ou t l i e r s  near 

k v t n g  (SE 1/4 sac. 33, T. 23 S., R. 28 E.), and pabbla c o u t s  a t  

othar places suggest pebbla a raoc ia t ioas  of the C l t u ~ .  

Capping tha Dunrhoo Hilla 19 km northeast  of Boawall i s  an o u t l i e r  

of conglomarate t h a t  is  probably equivalent t o  tha C l t u ~  Formation. 

Z t  i s  an i r r egu la r  crosrbaddad ch lnnr l  deporit .  S a m  intarbadr cons is t  

af f i ne  sand tha t  war probably derivad from s t r a t a  of the  uadarlying 

Permian Ar tes ia  Ctorrp. C h r t r  i n  tha c o n g l ~ r a t i c  b d r  a r e  rubround 

to  r d ,  s p h a r i u l  to  o b h t e ,  spheroidal form.  The most c w n  sFza 

L s  6-8 cm (about 3 in.) in di-tar. A f.w r a n  c h r u  a r e  '88 much a s  

20 cm (8 in.) in diameter. Permian lbastoar c m o r a r  n88rly 70 parcent 

of these c l a s  ts . Orthoqurr tz i te ,  cher t ,  and Tert iary porphyrit ic 

i p o w  rocks.mpke up the  re r~r indar .  In roadcuts mar '  tha highway 



t ~ t h c r  rock t y l ~ c s t i  a r e  present ,  but considera t ion of many exposures i n  

t h i s  a r e a  indicates t h a t  these roadcuts have been contaminated by 

e x o t i c  d e b r i s  during highway const ruct ion.  I n  genera l ,  these con- 

glomerates, a11 w e l l  a s  conglomerates of the  Gat-, a r e  composed of 

an assemblage of r e l a t i v e l y  few rock types. 

Sedimentti i n  the Gatuaa Formation were derived from a t  l e a s t  

t h r e e  rrvjor slrurce areas :  (1) the  Ogal la la  Formation, (2)  underlying 

P e r b a n  rod T r i a s s i c  rocks, and (3) u p l i f t s  of Permian limestones and 

T e r t i a r y  ignclms porphyries west of t h e  Pecoa River val ley .  The under- 

Lying Permian and T r i a s s i c  red beds supplied a msljor port ion of the 

f i n e r  grained p a r t i c l e s  t o  tha  Gat- Formrtion. The underlying 

T r i a s s i c  ccnglomeratas suppliad some of t h e  s i l i c e o u s  pebbles but many 
. . 

cf thesa  were darived f r w  tha  Ogallala Formation along with p i s o l i t i c  

c a l i c h e  from tha Ogallala caprock. Permi- l imastone t e r r a i n  was 

e s p e c i a l l y  important as a con t r ibu to r  t o  tha  Gatuaa Fornution i n  

southarn  Eddy County. There, i n  s o w  placas  along tha Phantom Banks, 

Penaian limestopas nab up more than 50 percant  of t h e  c l a s t s .  

Lbmstoae clasts, both Permian and Ogal la la  p i s o l i t i c  cal iche,  

a r a  considered t o  ba f i r s t - c y c l a  dapos i t ion  i n  tha  &tuna Formation. 

Soma T a r t i a r y  i p o w  porphyry c l a s t s  are probably a l s o  f i r s t  cycle 

becau18 *q are of r e l a t i v e l y  h r g a  size in  mrrry placas.  Mort 

a i l f c e o r u  c h a t s ,  h m v e r ,  appear t o  be of second-cycle deposition. 

&st of the a i l i c e o w  c t u t s  are as w e l l  rounded as t h e  general ly 

l a r g e r  l L . a t w  c h a u .  In additto;, i t  s e e r  probable that the  

l i m a a t w  c h a t s  would be m c h  smaller than  t h e  more durable s i l i c e o u s  

c h a t s  if the tvo cons t i tuen t s  had t r ave led  equa l  d is tancas .  



The &tuna Fornation was deposited during a much wetter  climate 

than the present. There is no ind ica t ion  t h a t  modern drainage is 

carrying c l a s t s  of the s i z e  and quant i ty  preserved i n  Gatuna stream 

deposi ts .  ( In  f ac t ,  modern arroyos a r e  frequently choked with 

w i n d b l m  sand i n  southeastern N w  Mexico). . 

There a r e  no pebbles i n  the Gaturu Formrtion that def in i te ly  

i nd i ca t e  an a x i a l  Pecos gravel.  A l l  the  pebbles could have been 

derived loca l ly  i n  southeastern New Mexico. The ra re  rock types 

(pink gran i te )  t ha t  must-have been derived from a s s e s  of Precambrian 

rock f a r  t o  the north i n  the Sangre de Cris to  Mounuirw region or  

the  Pedernal Hills a r e  probably second-cycle elements t h r t  were 

reworked from the O g a l k k  Fonartion. Fresh fe ldspars  t ha t  might 

be expected i n  an a x i a l  gravel  derived from the Sangre de Cris to  

M o u t r i n s  a r e  indeed rare t o  nonexistent a t  most Gatuna exposures. 

Discovery of O g a l k k  p i s o l i t i c  u l i c h a  debr i s  i n  the Gatma 

Formation i n  its type a rea  c l a r i f i e r  ona aspec t  of the Cltuxu's age. 

The Cat- is p o r t - 0 g . l l a k  and, therefore ,  Pleistocene. It b s  been 

suggested by other workers t h a t  the  Cat- could be p re -Og .1kk  

(Kelley, 1971, p.30) o r  t h ~ c  s i l i c e o t u  gmve l r  along the Pacos River 

a l l e y ,  herein  correla ted with part of the Gatun8, could be Oga1l.b 

(Th-s, 1972, p. 17) o t  possibly pre -Ogal lak  (Bretz and Horberg, 

19490, p. 487). 

Foss i l s  have not been found that vould permit de f in i t i ve  

co r r e l a t i on  with other areas, but oa the bas i s  of aaalogies with 

other  a r ea s  i t  i s  possible t o  m8& t enmt fva  co r r e l a t i ow .  A s  the 
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Catuna appears t o  have been .tlcpositccl during t t ~ c  most I~unid c limjt i c 

condit ions t h a t  have existct l  i n  t h i s  a rea  s ince  Ogallala time, i t  

i s  necessary t o  examine evidence fo r  c l i m t i c  conditions i n  adjacent  

areaa . 
Other workers have regarded Kansan time a s  the most humid of 

Pleistocene s tages .  Frye and lnonard (1965, p. 211) have s t a t ed  

t ha t  "m~l luscan a d  v e r t e b r a t e  faunas c l e a r l y  indicate  chat eco log ica l  

condit ions i n  t he  Great P l a in s  reached t h e i r  Quaternary optium during 

the  Kansan Stage. The t rend toward g r ea t e r  p rec ip i t a t ion  and lover 

average annual  temperatures began i n  the Nebraskan and culminated 

in the Kanaon." I n  a d i s cus s ion  of a Kansan fauna from Texas, Hibbard 

(1970, p. 401) has s t a t e d  t h a t  "the d ive r s i t y  of large  grazers  i n  the 

fauna i nd i ca t e s  the presence of t a l l  grasses i n  the va l l eys -  Ihe  

presence of browsers i n d i c a t e s  the  occurrence of shrubs and a good 
/ 

sulrrd of sum11 trees.... Zhe fauna ind ica tes  more e f f ec t i ve  moisture 

a d  teapp.ratures not  b e l w  freezing. .  . . " 
Oa the  ba s i s  of t ha  m n y  stream a d  poad depodtr i n  the &tuna 

. . .  

a d  t he  evidance f o r  v idespread ao lu t ion  and collapsa, C a t u  tinn 

repraaants  t h e  most h d d  Plaiatocana s tage  i n  rou thear tem New Mexico. 
. . 

'Ilharafore, the  &tuna F o m a t i o o  is  here t e n ~ t i v e l p  corre la ted with 

tha xaa8.0 St8ge. 



Mescalero caliche 

The Mescalero p l a i n  is  a geomorphic surface tha t  l i e s  generally 

east of the Pecos River and west of the High Plains i n  southeastern 

New Mexico (Bretz and Horberg, 19498, p. 481). It extenda from the 

v i c i n i t y  of Fort  Srnnner on the north t o  beyond the New Hasico-Taus 

S t a t e  l i n e  on the  south. It is cwered a t  many placer by windblown 

sand, but everywhere t h e  surface i s  observed i t  is  underlain by a 

promineb depos i t  of cal iche.  This caliche has been traced w e t  a 

broad a r e a  during the present work. It is here t reated a s  an informal 

s t r a t i g raph ic  u n i t  and cal led the Hescaleto caliche. 

The Hascalero ca l iche  consis ts  of two parts:  a basa l  earthy-to- 

firm nodular calcareous deposit  and an upper dense laminar caprock. 

The ca l iche  commonly weathers t o  a ledge where the caprock overhangs 

che nodular base. me tuo parts range ftom about 1 t o  4 m (3 t o  U f t )  i n  

thickness, the caprock usually malring up about one-third t o  wet 

one-half of the  t o t a l  t h i ckmsr .  

Although e i t h e r  p a r t  of the h s c a l e r o  caliche m y  engulf under- - 

Lying sedfments, most cammonly i t  is the basal  pa r t  t h a t  ha8 the 

grea tes t  e f f e c t .  N u r  the bare of the caliche prof i le ,  i r regular  

nurser of bedrock r y  k eagulfed,or par t ly  rutrqunded, by caliche. 

In  the upper part of tha p r o f i b ,  scat tered s i l i ceour  pebbles m y  be 

the only ves t ige  of the eagulfed surface. 

The M s c a l a r o  c a l i d e  ha8 undergone a long h is tory  of der r ica t ion  

and racemantation; hwever,  breccia a d  p i r o l i t i c  t ex ture  a r e  not a s  

collrmonplace a s  i n  the  O g a l l r h  caliche along Hescalerg Ridge. Breccia 



i s  generally r a r c ;  whereas, p i so l i ths  a r c  c m o n  i n  ttw Mcscalcro. 

Both a r e  concentrated i n  limited areas.  The most charac te r i s t i c  

feature  of the  Mescalero cal iche i s  the prominent Laminar texture 

throughout much of the caprock. These laminae a r e  generally less  

than 5 mm th ick  and a r e  p a r a l l e l  t o  the surface.  They may be 

weakly crenulated or even disrupted by p i so l i t h s .  

Microscopically the  carbonate of the caprock i s  mostly micri te 

having l e s s e r  amounts of sparry ca l c i t e ,  which occurs a s  ve in l e t s ,  

replacements, and i r r egu la r  laminae. The micr i te  commonly has a 

c iot ted tex ture  which emphasizes the laminar s t ruc ture .  Although 

chemical s t ud i e s  were not made during the present work, the micr i te  

frequently occurs aa y e l l w  bands i n  a reas  of secondary accumulation, 

which suggests the presence of i r on  oxide. 

Sand gra ins  a r e  c m o n  i n  most pa r t s  of the u l i c h e  prof i le .  I n  

the caprock, subangular t o  rounded quar tz  grains that range from about 

0.1 t o  0.3 mn i n  diameter a r e  an i n t e g r a l  par t  of the m i c r i t i c  matrix. 

S m n  of these grains  a r e  etched and are being replaced by sparry ca lc i te .  

B ~ ~ . v e r ,  sand g r a b s  a r e  c o w p i c ~ o ~ ~ l y  rare i n  the laminar zones. Some 

very f i r n  s i l t  g r a i m  (4.01-0.02 mm i n  diameter) a r e  not u n c m o n  i n  

these zones, but it appears that the la rger  grains  have been pushed 

a s i d e  by the  process t h a t  deposited the  kmlnar. It is  here suggested 

that chi8 f a c t  is  o w  of the strorrgast indicat ions  t h a t  the laminar' 

z n  v.8 depo8it.d by a reparate  process from t h a t  which deposited the 

matrix. It is  believed that  the laminar zone represents d i sso lu t ion  and 



r e p r e c i p i t a t i o n  of t h e  m ~ t r i x  dur ing a period of c l imat ic  change from 

the  i d e a l  cl imate s u i t a b l e  f o r  t h e  form8tFbn of ca l iche .  

The Mescalero c a l i c h e  w a s  formed during a n  i n t e r v a l  of clLmPtic 

and t e c t o n i c  s t a b i l i t y  t h a t  followed depos i t ion  of the G a t w  Formation. 

The n e s c a l e r o  engulfs  the upper p a r t  o f  t h e  Gatuaa Formrtion i n  the 

Gat- Canyon and Nash Draw a r e a s  and a t  most o ther  places where t h e  

Gatuna is present .  Harever, t h e  Hcscalero is not confined t o  places 

where the  Gatuna is present .  It overs teps  t o  o lder  fornutions i n  the  

region and a t  var ious  p laces  has engulfed a planar surface on T r i a s s i c  

and Permian rocks. 

The Mescalero c a l i c h e  fonaed aminly i n  a semiarid enviroomant t h a t  

followed the  moist condi t ions  o f  Gaturu the .  By comparison wi th  Ple is tocene 

events  i n  o the r  p a r t s  of  t h e  Southwest and the  Roclry Mountains, the Mescalero 

is t e n t a t i v e l y  cor re la ted  vi th t h e  Yarmouthion i n t e r g l a c i a l  s tage.  

P l e i  s tocene d e p o r i  ts m d  ~~~rphic features  

Five physiographic s u r f a c e s  have been recognized i n  southeas tern  

New Mexico west of the Pecor River. Horberg (1949, p. 464 s ~ r i z e d  the  

work of prevlous workers a d  enummrated these surfaces  from o ldes t  t o  

youngest: (1) the s a c r r ~ r h t o  p l a i n ,  (2) t h e  Dimmad A p la in ,  (3) the  

Blackdom te r race ,  (4) tha  Orchard Park t e r race ,  a d  (5) the k h o o d  

t e r r a c e  (Bretz a d  Horbarg, 1949b, f i g .  1). Although the Sacr.rmnto and 

Diamond A plaFru represen t  p a r t  of  the e a r l y  h i s t o r y  of the  Pecor River 

drainage,  l imi ted  tixm d id  n o t  permit t h e i r  c l o r e  eaumiaation dur ing the 

p resen t  study. Pre Blackdoa, Orchard Park, aad l r h o o d  sur faces  a r e  
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more c l o s e l y  r e l a t e d  t o  the  modern Roswcll a l l u v i a l  basin ~ n d  wcre 

exmined  i n  d e t a i l  a t  some places.  

Sacramento b l a in :  The Sacramento p l a i n  was descr ibed  by Nye (& 

F i e d l e r  and Nye, 1933, p. 14-15) as a h igh ly  d i s sec t ed  p l a i n  about 40 km 

(25 m i )  wes t  of  t h e  Boswell bas in  t h a t  ex tends  weshjard t o  the  

Sacramento Mountains. Horberg (1949, p. 464-465) suggested t h a t  t h i s  

p l a i n  i r  c o r r e ~ a t i v e  wi th  t h e  s u r f a c e  of t h e  High P la ins  on the  

Oga l l a l a  .Fornution t o  t h e  e a s t  of t h e  Pecos and s t a t e d  t h a t  the  

Sacramento p l a i a  i s  probably equ iva len t  t o  t h e  upland su r facc  on the  

Cuada luoe  Mount eias . 
Dfamond: The Diamond A p l a i n  was named by Nye (& Fied le r  

and Nye, 1933, p. 14) ,  a d  o t h e r  workers  have f o l l w e d  t h i s  nomanclaturr. 

Romrunts of  t he  Diamond A p l a i n  a r e  p r e s e n t  about  32-40 km (20-25 mi) 

west  of t h e  Pecos River.  .Th i s  p l a i n  is much l e s s  d i s sec t ed  than  the 

o lde r  Sacraatanto p l a i n  b u t  i t  i s  hmmmcky and marked by numerous 

d o l i n e r .  It is w e l l  preserved about  37 lan (23 mi) v e s t  of Hagerman 

where it. i r  'cappad by well-devaloped bada of ca l i che .  The c a l i c h e  has 

a laadnu caprock and i s  very 'similar t o  t h e  Piascalero c a l i c h e  t o  t h e  

east of t h e  Pacoa River. 

Blackdoe pcdiuent  nravel :  The B h c k d w  p e d h n t  g rave l  was f i r s t  wmed 

tho )lael& t e k a c e  by Nye (& Fied l a r  and Nya, 1933, p. 12, 32-35 ) , 

.Id t h i .  ~ o p y n c l a t u r e  ha r  been f o l l w e d  by o t h a r  vo rke r r  i n  the  a r e a  

@ o r p ,  1938, p. 9-17; Uorgan and Sayre, 1942, p. 35; Borberg, 1949, 

p. 4 6 4 4 6 5 ,  470471) .  It is i m p l i c i t  i n  t h e  d e r c r i p t i o n r  of t he re  workers 



. tat the  Blackdm deposi ts rest on a s u r f a c e  c u t  on older  rocks. Hwever, 

f o r  the  purposes of the present  d i scuss ion  i t  is d e s i r a b l e  t o  separa te  

pediment g rave l s  from the  t e r r a c e  g rave l s  r e l a t e d  t o  the a x i a l  drainage 

of t h e  Pecos Mver .  F ie ld  work by the w r i t e r  ind ica tes  t h a t  Pleistocene 

d ra inage  of  t h e  Pecos River included major tribut.ries from the  w e s t .  

Zlhua, t h e  Blackdm pediment g rave l s  are i n t e r p r e t e d  t o  have been deposited 

by t h e s e  western  t r i b u t a r i e s  during a n  e a r l y  s t a g e  i n  the  d e w l o p ~ e n t  

a f  the  modern Pecos drainage.  

Blackdom pediment gravels  a r e  r e s t r i c t e d  t o  areas west  of the Pecos 

River. They have been traced dur ing  t h e  p resen t  work from a point  about 

16 km (10 m i )  south of Roawell southward i n t e r m i t t e n t l y  f o r  about 64 km 

(40 mi) t o  the  Seven Rivers H i l l s  20 km (12. mi) northwest of Clrlsbad. 

X e s e  g rave l s ,  o r  their equivalents ,  appear t o  extend northward from 

R o a r e l l  a t  least as f a r  as Arroyo d e l  Macho but  have n o t  been examined 

i n  t h a t  area. Mottr (1962) recognized a "Blackdm pla in"  i n  the  v i c i n i t y  
. 

of Carlsbad and a long Dark Canyon east of t h e  f r o n t  of the  Gudalupe 

Mountains, and Horberg (1949, f i g .  3)  recognized a '%lacUom plain" i n  

t h e  v i c i n i t y  of t h e  Clr1sb.d Cavemr. These " p l a k u "  m y  be underlain 

by soma equ iva len t s  of the  Bl rckdm pediment g r a v e l  but they appear t o  

be part of a.more u u r u i v a  f a n  system t h a t  formod l o c a l l y  t o  the e a s t  

of the  C ~ d a l u p .  th8Ui~. 

Batmen  Rosvell .ad the Seven Rivers H i l l s  the Blackdm pedlnwnt 

g r a v e l  rests on r planate  r u t f a c e  t h a t  c u t s  a c r o s s  Permfan rocks. A l m o s t  

100 percent  of t h e  c o n s t f t w n t r  06 the  Blackdm pediment cons i s t s  of 



limestone and dolomit ic  l i m e s  tone of the  underlying Permian rocks. 

Rogressive. ly northward along i t s  exposures, sca t t e red  porphyries 

derived from T e r t i a r y  i n t r u s i v e s  t o  the  west a r e  more common. 

The limestone c l a s t s  vary considerably i n  s i z e  and shape but 

genera l ly  range from about 6 t o  8 cm i n  diameter.  The range from 

i i m e  sand t o  s c a t t e r e d  boulders 0.5 m i n  diameter ind ica tes  the  poor 

s o r t i n g  and extreme v a r i a t i o n s  i n  s i z e .  Clrsts a r e  subangular t o  

round and vary from s p h e r i c a l  t o  ob la te  spheroidal .  Many c l a s t s  a r e  

s o l u t i o n  face ted  and ca lcareous  cups have formed on t h e i r  l w e r  

surfaces .  

The matrix of the  g rave l  is commonly r white ear thy  textured 

ca l i che ,  but  a t  many p lace r  t h e  g rave l  i s  w e l l  cemented. Cemented 

horizons u s t a l l y  occur near  t h e  top  of the  gravel ,  but they may be 

present  a s  i s o l a t e d  zones a t  any p lace  wi th in  the deposi t .  The 

ca lcareotu  cermnt is hard under the  h a m a r  and, unl ike  pedogenic 

ca l i che ,  has a t e l a t i v e l y  uniform d e n s i t y  throughout the cemented zone. 

A weak nodular zone similar t o  t h e  d e r l y f  ng pedogenic laminar zones 

i n  ca l i che  may u n d e r l i e  t h e  more dear. layers ,  but  the nodules i n  the  

Blackdom g r a v e l  coua~only a r e  so lu t ion-faceted  pebbles. I a m i ~ r  zones 

i n  t h e  dense c a l i c h e  of t h e  Blackdw a r e  weakly developed, and 

p i r o l i t i c  tu ture  v u  no t  obrerrred. 

Xlte Blackdm p e d i k t  g r a v e l  average8 about 6.0-8.5 m (20-30 f t )  

i n  t h i c k m a r .  Its r u r f r c e  is h ~ c k y  t o  r o l l i n g  and is rcarred 'by 

small do l ine r .  It i a  more uneven t h a n .  the  younger Orchard Park gravel  



surface.  About 3.2 km (2 m i )  and 8.8 km (5.5 m i )  north of  Lakewood 

are  two lw o u t l i e r s  t h a t  r i s e  above the younger Orchard Park gravel 

but a re  not a s  uneven and pocked as  the Blackdm gravel  surface. 

These a r e  presumed t o  represent a local  deposi t  intermediate between 

I the Blackdom and the Orchard Park. 

Nye (fn Piedler  and Nye, 1933, p. 12) s ta ted tha t  the "Blackdm . 

t e r r ace  rises 30 t o  50 f e e t  [9 t o  15 m] higher than the  Orchard Park 

. terrace along i ts eas te rn  margin and i s  generally 60 t o  80 f e e t  

[18 t o  24 m] higher than the stream channels. It haa an ear ward 

gradient of 30 t o  40 f e e t  [9 t o  l2 m] t o  the mile and is therefore 

50 t o  60 f e e t  [U t o  18 m] higher than the Orchard Park te r race  i n  the 

valleys of the  major t r i b u t a r i e s  of the  Pecos i n  its western margin. " 

The present vork indicates  t ha t  these obsenratiom a r e  generally 

accurate. 

Orchard Park ~ c d i m c n t  nravel: Zhe Orchard Park pedfmnt gravel war 

namtd the  Orchard Park t e r r ace  by Npe (fn Piedler and Nye, 1933, 

p .  11-12, 31-32) a d  t h i s  terminology has been generally fo l lwed  by 

l a t e r  vorkers.  From the present work, hwever, the  Orchard P u k  

pediment gravel  i r  believed t o  be deporited on an e ror ion  aurface 

re la ted t o  the  c u t t l w  of the Blackdm surface. Therefore, i t  i r  

t reated as a y o u r y u  p u t  of the er0sio0.l  cycle t h a t  accmpanied the 

development of t he  western p u t  of the h c o s  River drainage ayrtem. 

Orchard Park p e d h n t  gravels a r e  r e r t r i c t ed  t o  areas  west of the  

Pecos River from Arroyo d e l  U c h o  north of Bonn11 r o u t b a r d  to the 



v i c i n i t y  of Lakewood. Equivalent gravels  may be present  i n  the fan  

complex e a s t  of t h e  Guadalupe Mountains and south of Carlsbad but 

they cannot be d i s t ingu i shed  wi th  c e r t a i n t y .  

The Orchard Park pediment g rave l  contains both limestone and 

porphyry c l a s t s .  I n  a g rave l  p i t  near  Orchard Park (SE 1/4 SE 1/4  

sec .  21, T. 12 S., R. 25 E.) grave l  c l a s t s  c o n s i s t  of 58 percent  

T e r t i a r y  porphyry and 42 percent  Permian lintestone. The porphyries 

were der ived from t h e  Capitan and S i e r r a  Blanca u p l i f t s  t o  the  west.  

The c l a s  ts a t  t h i s  l o c a l i t y  a r e  subround t o  rourd and average about 

3-4 cm i n  diameter .  A maxirrrrrm diameter of about U cm vas observed 

a t  t h i s  l o c a l i t y .  The d e p o s i t  is poorly sor ted  and the matr ix  is 

l i g h t  gray, e a r t h y ,  and calcareous.  

About 45 km (28 mi) routh  of Orchard Park a*d 3.2 km (2 mi) e a s t  

of &te~$8 ,  the Orchard Park g rave l  i s  cmpored cf 100 percent  Penniar, 

l imestoar  c l an  ts. They are s u b r c d  t o  round, average about  2-5 cm i n  

diameter ,  and have maximum d i u a a t e r r  of about 8 em. Sonu c l a s t s  a r e  

o b l a t e  spheroid8 . S o l u t i o n  f a c e t i n s  is comaon and l i r a e s t o ~ e  cups have 

fornvd on t h e  base o f  c l a s t a .  Tbia f a c e t i n g  i r  not as advanced a s  t h a t  

i n  t h e  Blackdom grave l s  m d  the  =trix c l a r t s  ars. e a s i l y  recognized a s  

detrit.1 rinwatone. Wherever the Orchard Park grav.1 war examined, 

i t a  cowtituentr were g e n a r a l l y - m u l l e t  than t h o r e  of t h e  Blackdom. 

A t  tha abwe-ntioaed loea l i t l ,  mar Orchud  Park a bed of ca l i che  

0.5 m (1.5 f t )  t h i c k  over l i e8  the  gravel .  It is moderately indurated and 

. 8 t ruc tu ra1aar  except  f o r  a weakly hmfnr ted  p h l u  a t  OM horizua. It has 

engulfed s c a t t e r e d  cupped pebbles m u  the  bare. 

38 



Nye (fn Fiedler and Nye, 1933, p. 11) s ta ted that  the "Orchard Park 

terrace r i s e s  5 to 10 f e e t  11.5 t o  3 ml above the Iakewood terrace and 

is 20 to  35 f e e t  16.1 t o  10.7 m7 above the present stream channels ." It  

is  d i f f i c u l t  to  estimate the thickness of the Orchard Park gravels because 

exposures are llmited t o  gravel p i t s  a d  other a r t i f i c i a l  cuts, and much 

of the surface is  farmed by i r r iga t ioa .  An incomplete s t ra t igraphic  

sec t ion  i n  the gravel p i t  a t  Orchard Park is 3.8 m (l2.5 f t )  thick. I n  

the v i c in i ty  of klcewood the Orchard Park gravel is estFMted t o  be 

about 6-9 m (20-30 f t )  thick. 

Lakewood terrace: The Lakewood terrace,  named by Nye (& Fiedler and 

Nye, 1933, p. 10) is  present a s  a narrw s t r i p  along the Pecos River 

from the v i c in i ty  of ECorvell a s  f a r  south a8 Carlsbad. It represents a 

formar flood p la in  of the Pecos and is about 3-9 m (10-30 f t )  abwe the 

present channel. It is present wesward -.Long soma of the t r ibu tar ies  t o  

the Pecos and is  especial ly  prolnineot beween kke Arthur and Loleewood. 

This te r race  can be traced al- the Pacor for  about 6 km (4 mi) downstream 

from Corlsbad but there  it loser  i t s  ident i ty .  S o u t b u d  from Herradura 

Bend there  a re  surfacer t ha t  l i e  near the Pacor channel, but these are  here 

incerpreted a s  u h d  collapred surfaces and should mot properly ba called 

Mewood terrace. 

Const i turats  of tho klrcwood t e r race  deporita a r e  var iable  throughout 

the length of t h e i r  urporurer. Ths northernmor t exporurer i n  the Ronrell 

basin contain a great  var ia ty  of rock types tha t  r e f h c t  the nvny source 

areas  of the Pecor River f a r  t o  the north i n  the Sangre de Cristo Hountains. 

- 
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A t  the  south  end of the  Roswcll bas in ,  Lakrwood depos i t s  a r c  g e n e r a , ~ ~  

f i n e  gra ined  and i n d i c a t e  the  e f f e c t i v e n e s s  of t he  Rosvell basin a: a 

s e t t l i n g  b a s i n  du r ing  kkewood t ime.  I n  t he  v i c i n i t y  of Carisbad rne  

kkewood t e r r a c e  sed imcnts a r e  mainly limes tone sand acd grave l ,  w n i c h  

i n d i c a t e  l o c a l  soz rces .  

A b w t  22 km (14 m i )  n o r t h e a s t  of Rosvel l  (SW 114 h'E 1/4 sec .  3 ,  

T. 9 S. ,  R. 25 E.), g r a v e l s i n  t h e  kkevood  t e r r a c e  ccntain s u b r o ~ c f  

t o  round pebbles  t h a t  average  about  3 cm i n  diameter ;  but some c l a s t s  

a r c  as m c h  as iO cm i n  d iameter .  These pebbles  cocois t  o f :  

Or thoquar tz  i t e  22 parce:: 

Permian l i m t s t c c c  22 

Qlert 16 

Sand r tone 12 

Quartz 12 

G r a t i t e ,  ? i r k ,  medium-grained, crystr l : ine,  e p r i o t e  6 

Grani te ,  pink,  c o a r s e l y  c r y s t a l l i n e ,  prominent 

f e l d r p r r r  4 

S c h i s t  .(mica, hornblende, q u a r t z )  2 

Yellw g r a n i t e ,  c o a r s e l y  c r y s t a l l i n e  
* 

Dior i te (7) 

Pe ld rpa r ,  f r e r h  

2 

Rare - 
- 100 percent 

Thera c o a a t i t u r n t r  are t h e  moat d i v e r r e  obrerved i n  any conglomerate 

a l o n g  tha Fecor Bivar  from t h e  R o r v e l l  b a r i n  rocrthuard t o  the  



New Mexico-Texas S t a t e  l i n e .  The g r an i t e s  aad feldspars a r e  s imi la r  

t o  those i n  Pecos River gravels  along the  Pecos River i n  the v i c i n i t y  

of For t  Sumaer about 100 km (63 m i )  t o  the north. It i s  noteworthy t ha t  

Te r t i a ry  porphyries from the Capitan Mountains t o  the v e s t  a r e  apparently 

absen t  i n  the  Lakewood t e r r ace  depo r i t s  i n  the Rome11 baain, although 

these  porphyries a r e  common i n  the  o lder  Orchard Park pediment gravels i n  

the  same a rea .  This s h i k t  ind ica tes  t h a t  t he  Pecos River draiuage changed 

. i t s  c h a r a c t e r i s t i c s  between Orchard Park and &leewood t i m e .  

Fanglomerates e a s t  of the Guadaluoe Hountains: Idma sand and lime pebble 

conglomerate cover an  extensive  a r ea  of lw r e l i e f  i n  Eddy County e a s t  of 

the Guadalupe Howrtains and west of the Pecor Rfver. These deposi ts  a re  

contLnuous from the v i c i n i t y  of Corlsbad southward near ly  t o  Black River. 

They a r e  present  a l s o  i n  an  e longate  b e l t  about 6.5-16 km (4-10 m i )  wide 

southwestward from Black Rlver ( f ig .  3, loc. 9)  along the  eas te rn  f ron t  

of the Guadalupe Mowrtainr. Sonrr of  t h i s  c l u t i c  debr i s  has been described 

a s  an  a l l u v i a l  apron (Hayes and f i 0g l8 ,  1958). It ha8 a l s o  been nmpped 

simply as "youoger" and "older" alluvium and cor ra la tad  wi th  the kkewood 

t e r r a c e  and Orchard P u k  and Bhckdom "plains" m o t t r ,  1962). 

The clasts in thrre depo r i t s  a r e  derived a b o r t  e n t i r e l y  from Permian 

lim+stoaes and aaroctaced sedimentary r o c b  810- the ea r t a rn  r i d e  of the 

Guadalupe huatairu. of the l imer tolu  pebbles .re r t roog ly  so lu t ion  

faceted,  and calcium carbonr te  cements the  depor t t  a t  mamy placer. Although 

sotm of t h i s  calcium carboaate clmrnt may represent  pedograLc caliche,  i t  

is  g e w r a l l y  s t r u c  t u r e l e r r  uzd mor t w a r  probably depor i  tod from surfaca-ur ter  



solut ion.  A dense ca l i che  caprock usually Less than 0.5 rn (18 i n . )  

th ick  is present  a t  some places but i t ,  too, is s t r u c t u r e l e s s  and appears 

t o  b e  a cement derived loca l ly  from the so lu t ion  of limestone c l a s t s .  

Although t he  sur face  on which these deposi ts  accumulated is  not 

we l l  exposed, it appears t o  be an i r r egu l a r  e ros iona l  and karst topography. 

Southward from C a r  lsbad Caverns l e n t i  cular  beds of conglomerate f i l l  

channel-shaped depressions along the tops of r idges.  Northward from 

Black River  t he  depos i t s  appear t o  f i l l  collapse s inks  and a t  some 

places  the  s u r f i c i a l  depos i t s  themselves o re  marked by minor so lo t ion  

and co l lapse  f ea tu r e s .  Lcrv discontinucus r idges  r ad i a t e  eastward 

frcm the  Grudalupe Mountains p a r a l l e l  t o  modern drainages.  These 

' fea tu res ,  a3 w e l l  a s  the  general  configuration of these depos i t s ,  

i nd i ca t e  t h a t  they are fanglomerates deposited on an  i r r e g u l a r  land 

sur f  ace. 

The age of these  fongl-rates has not  been determined. They may 

represent  depos i t s  a6 old o r  the Bhckdom pediment or  e a r l i e r ,  but they 

cannot be t raced northward i n t o  the well-defined pediments along the 

west r i d e  of t he  R O S W ~ ~ ~  a r t e s i a n  basin. Northeast of laving along the 

w e a t  r i d e  of the Pecor River, remnants of these fanglomeratea r e s t  on 

probable Cat- and Mercalero beds. In t h i s  raw v i c i n i t y  near the Pecos 

Ri tnr ,  a geolorphfc r u r f a c e . l  present  a t  r w  places t h a t  a r e  over la in  

by o t b u  r-tsoof the  fanglcmerate. This ru r face  i r  dist inguished 

from the famgla r r ra te  by t he  nunmrour Ter t i a ry  porphyry.axl s i l i ceous  

pebbles cementad fn i ts  caprock. This ru r face  i s  here  in te rpre ted  as  



a n  exhumed surface  on the  Mescalero cal iche where the  Mescalero has 

collapsed along the course of the Pecos Rfver. lherefore ,  a t  l e a s t  the 

eas te rn  f r inges  of the  fanglomerate a r e  assumed t o  be  post-Mescalero i n  

age. F i l l  i n  modern arroyos on the surface  of the fanglomerate ind ica tes  - 
t h a t  p a r t s  of i t  a r e  Holocene. 

Windblwn sand: Windblown rand blankets much of the  a rea  e a s t  of the 

Pecos River. Soma of these sand ‘deposits occur a s  coppice durn f i e l d s  

which have received l o c a l  names such a s  la8 HedaEos and Heclcalero sands. 

Most of these  dunes a r e  r e l a t i v e l y  inac t ive  a t  present but they have been 

ac t i ve  dur ing Holocene ti- and l o c a l  blowouts suggest t h a t  they wauld 

soon'becoau r eac t i ve  i f  the  present p lan t  c w e r  were t o  be disturbed.  

A t  many places i n  coppice dune f i e l d s  a t  l e a s t  tvo d i s t i n c t  deposi ts  

of vindblovn sand a r e  present .  Regiorully, these include a lower deposi t  

of compacted somewhat clayey sand t h a t  m y  be as much a s  0.5 m (1.5 f t )  

th ick and m overlying depos i t  of 1oore windblown s a d  a s  much a s  6-8 m 

(20-25 f t )  thick.  Locally, vary veakly developed s o i l s  a r e  present on 

some d e p o r i t r  of vindblawn rand but the  r e h t i o n a h i p  of there  s o i l  

depos i t s  t o  r eg io ru l  depos i t s  is not ye t  understood. Hmmver, i t  is  

apparent t h a t  t he r e  have been Holocene in te rva l s  when the  climate vas  

more s t a b l e  a d  hPrLd than a t  present.  

The w i d e s p r d  depos i t s  of w i n d b ~ c m  r.nd are ind i ca t i t n  of a 

l a rge  sourca of f i a a  sad  u w e l l  a s  of the u t r c m r  f luc tua t ions  of 

cl imate t h a t  have occurred during P l e i s t o c a ~  timr. There. i r  very 

Little evidence ' t h a t  much s a d  has been derived from the Pecor U v e r .  



I t  is suggested he r e  t h a t  most of the windblwn sand i n  a reas  such as  

b s  HedaZus has been derived from deposi ts  i n  t h e  Ogallala Formation. 

D-lring humid i n t e r v a l s  i n  Pleistocene time t h e  sand has been eroded 

from the Ogallala,  and during a r i d  i n t e rva l s  the wind has moved th i s  

sand across  t he  Mescalero pla in .  

Although these  deposi ts  of v indb lwn  sand a r e  q u i t e  v i s i b l e ,  they 

are more va luab le  a s  records of pas t  climate than a s  ind ica to rs  of the 

permanence o r  l ong  h i s t o ry  of t he  present  landscape. Some of t h i s  sand 

may have been mwing about Frrtermittently s i nce  middle Pleistocene time 

bc t  the  e o l i a n  process i t s e l f  has destroyed much of the  Pleistocene 

reccrd.  The piecing together of t h i s  record w i l l  r equ i re  more time than 

has been cu r r en t l y  ava i  lab l e  f o r  t h i s  study . 

The s t r u c t u r e  of t h e  Iklaware bas in  and adjacent  u p l i f t s  has been 

discussad i n  tha  l i t e r a t u r e  by o thar  vorkers  (King, 1948; Haigler, 1962; 

Hayes, 1964; Katlay, 1971). Ihay hava dascribed tha  I h h a r e  basin as 

a structural feature i n  which the rocks of Poxmian aga d i p  gently eashrard 

from tha Crudalup. Harmtaina toward tha  Centra l  Barin platform. Except 

f o r  a be l t  of r e l a t i v e l y  s t e ep  d ips  along tha f r o n t  of the  Grudalupe 

Wouotaim, ra8i-'l d ips  wi th in  th. Da lmar r  b a s i n u a  generally less  
. , 

than 2. tamrd th. e u t  a d  southeast .  Locally, i r a t t a fo rmt iona l  w a r p i q  

is colplu w i t h i n  t h e  avapar i te  s tq tunce of t he  Permfan rocks (Jones, 



On the  b a s i s  of geometr ic  r e l a t i o n s h i p s  of s t r a t a ,  Kelley (1972) 

has suggested the  p r o b a b i l i t y  of f a u l t i n g  a long  the f r o n t  of the  

Guadalupe Mountains a t  t h e i r  j unc tu re  w i t h  the  Delaware basin.  This 

f a u l t i n g  can be n e i t h e r  proved nor  d isproved ,  but  i ts  p r o b a b i l i t y  has 

been ques t ioned  by Smith (1973). 

Large-scale  geologf c  s t r u c t u r e s  i n  s u r f  i c i a  1 d e p o s i t s  a r e  d i f f i c u l t  

. t o  e s t a b l i s h .  During the  p r e s e n t  work, both s u r f a c e  and subsur face  

informat ion  was used t o  compile a  s t r u c t u r e  contour  map using the 

Mescalero c a l i c h e  a s  a datum ( f i g .  4). Although the  Mescalero c a l i c h e  

was n o t  d e f i n i t e l y  i d e n t i f i e d  t o  t h e  east of  Son Simon Swale, i t  is 

p r e s e n t  over  a n  e x t e n s i v e  a r e a  wescvard from Antelope Ridge ac ros s  Nash 

Draw and a long  Quahada Ridge. It is  also wel l  exposed t o  the nor th  

a long Nimenim Ridge and i t  u n d e r l t e s  the  Querecho Pla i as .  

The Mescalero c a l i c h e  presumably forrmd on an  undulatory s t a b l e  

s u r f a c e ;  bu t  t he  contour  i n t e r v a l  on t h i s  map is  s u f f i c i e n t  t o  d i scoun t  

l o c a l  primary s l o p e s .  These a r e  appa ren t  i n  t he  f i e l d  along Livingston,  

Quahada, and Nimeaim Ridges where the  c o l i c h e  d i p s  ab rup t ly  i n t o  the 

a d j a c e n t  d e p r e s s i o ~ .  The c r w d i n g  of contours ,  t h e  presence of 

f r a c t u r e s ,  and thr uniform th i ckness  of the  c a l i c h e  a long  these  r idges  

i n d i c a t e  that  NU^ Drm aad Clayton Basin were subjec ted  t o  c o l l a p s e  

a f t e r  t he  f o r n u t i o o  o f  t h e  Hesca l e ro  c a l i c h e .  

On the  o t h e r  hand, the r e l a t i v e l y  uniform spac ing  of contours  

under ly ing  the  Querecho P l r i r u  sugges t s  t h a t  t h i s  is an  o r i g i n a l  s lope  

oa the  Mescalero s u r f a c e .  This  s u r f a c e  d ip8  southwcs t c r l y  t w a r d  



Figure 4.--Structure contour nmp of Hascaleto caliche. 
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Nimenim Ridge rbout  5.5-7.5 dkm (30-40 f t/mi) . Eastvard from Gatuna 

Canyon the contours ind ica te  a prominent ma le .  This could be re f lec t ing  

an eas t e r ly  trending drainage system tha t  survived b r i e f l y  from Gatuna 

t i m e .  A t  present the a r ea  of t h i s  w a l e  is occupied by several  prominent . 

depressions t ha t  include W i l l i a m  Sink and Laguru P h t a .  

The uniform spac i tq  of the contours i n  the a rea  of The Divide 

bahreen Livings ton  and. 'Antelope Ridger suggests t ha t  t h i s  surface a l so  

approaches i t s  o r i g i n a l  slope. The closed contour a t  the  3,700-foot 
I 

elevat ion ind ica tes  t ha t  t h i s  haa been a drainage divide between S a n  Simon 

Swale and Nash Draw at  l e a r t  s ince M.sca1ero tfnw. . 

BbDIBIETBfC AGZS 

Re Lative l y  young (Pleistocene ) volcanic ash f a l l s  a re  widespread 

over the c e n t r a l  and western par t s  of the United States .  Formerly 

reference was mrde t o  m8ny of these ash f a l l s  under the  comma ruma 

"Pearlette arh" .ad it war assumed tha t  they reprerented a concentrated 

volcanic event. Oa the  b a r i s  of t h i s  supporit ion many queatioruble 

cor re la t ions  of s t r a t i g r a p h i c  un i t s  were made w e r  the Bigh Plains region. 

Recently soar of there  ash beds have been rtudied inteaaively a d  

i t  has been l e a r d  that they a r e  not a l l  pa r t  of tho s u  volcaaic event 

( f ze t t ,  Wilcor, a d  ochers, 1970; Lzett ,  Uilcox, and Borchardt, 1972). . 

Instead,  they b v m  volcanic sources a s  widely separated a8 Pellowrtone 
1 
b National Park, e a r t e r n  C l l i fomia ,  &ad northern N.w ~ f c o .  hd iomr t r i c  

ages have been determined f o r  nvay of there u h  f a l b  rad they range from 

about 2 mi l l ioa  to 600,000 years ago. b a r e r u l t  of thmre determitutions 

47 



a r e e v a l u a t i o n  of c o r r e l a t i o n s  is  being madk and a t i m e  s c a l e  for  g e o i c g l c  

events  on the  High P l a i n s  is being cons t ruc ted .  A t  p resent  t h i s  time 

s c a l e  i s  i n c w p l e t e  and much work remains t o  be done. Hovever, some 

g e n e r a l i z a t i o n s  can be made t h a t  a r e  u s e f u l  t o  understanding the  r e l a t i v e  

i n t e r v a l s  of l a t e  T e r t i a r y  and Quaternary time on the  High P la ins .  

C o r r e l a t i o n  of North Amcrican and European l a t e  Pl iocene and 

P le i s tocene  even t s  has been d iscussed  ex tens ive ly  i n  the  l i t e r a t u r e  and - 
w i l l  no t  be reviewed here .  Hweuer,  some European g e o l o g i s t s  have 

estimated t h a t  fou r  major a l p i n e  g l a c i a l  even t s  occurred dur ing  the pas t  

600,000 y e a r s .  Other e s t i m a t e s  have var ied  from 300,000 t o  about 1 miliior.  

yea r s  f c r  t h e s e  g l a c i a l  events .  None of these  e s t i m a t e s  is compatibie wit:. 

r ecen t  work i n  t h e  Western United S t a t e s .  Here, major g l a c i a t i o n  of the 

?Leistocene is  c o w i d e r e d  t o  have begun much e a r l i e r  (see Cook ,  1973, f o r  

review of  this problem). Only thvse  rad iometr ic  d a t e s  t h a t  can be 

c o r r e l a t e d  w i t h ' e v e a t s  i n  sou theas t e rn  New Mexico a r e  considered here.  

The youngest  fauna p r e s e n t  i n  t h e  Oga l l a l a  Formation is of Kimball 

age. Zbis  fa- may be am o ld  as 4.6k1.0 m.y.(G. A. f i e t t ,  w r i t t e n  

comnm., 1974). The next  youngest formation i n  t h e  High P la ins  reg ion  

t h a t  ha8 been da ted  r r d i o m r t r i c a l l y  is t h e  Blanco Formation of west  Texas. 

Ibe Blrnco van depor i t ad  a f t e r  s t a b i l i z a t i o n  and somc d i s s e c t i o n  of t h c  

O g a l h h  Formation t h a t  unde r l i e s  t h e  Hi* P l a i n s  su r face .  The Blanco 

a t  it#. typa l o c a l i t y  bra  a minimus age of 1.4 9.9.  ( I z e t t ,  Uilcox,  and 

B o r c h u d t ,  1972). me B h n c a a  faun8 a r e  g e n e r a l l y  considered t o  be e a r l y  

P le i s tocene  (Hebrartun) i.n age. Therefore,  t h e  h i a t u s  t h a t  separa ted  the 



youngest d e p o s i t s  of Ogal la la  time from e a r l i e s t  P le is tocene  depos i t s  m y  

have spamed as much a s  3 m.y. Because t h i s  deduction i s  based on the  

f o r t u i t o u s  p rese rva t ion  of beds of vo lcan ic  ash,  t h i s  e s t ima te  of time 

is considered t o  be conservat ive .  The per iod  of time dur ing  which the  

High P l a i n s  were s t ab iL ized  a f t e r  O g a l l a l a  depos i t ion  and before e ros ion  

of e a r l y  P le i s tocene  time spanned less than 3 m.y. 

Other ash  f a l l s  have da ted  a pre-Kansan event  a t  1.2 m.y. ago and a 

. post-Kansan (Yarmouthian(?)) even t  a t  600,000 years  ago ( I z e t t ,  Wilcox, 

and Borchardt,  1972, p. 562). This is a broad span of tfma but  i t  i s  

u s e f u l  f o r  a s s ign ing  minimum and maximum ages of Kansan t ime .  It is  here 

assumed t h a t  the  Gatuna Formation and t h e  over ly ing  W s c a l e r o  ca l i che  i n  

s o u t h e a s t e r n  New Mexico were depos i ted  a s  much a s  600,000 yea r s  ago. 

Deposi ts  t h a t  r e p r e s e n t  t h e  t i m e  i n t e r v a l  bemeen middle (Mescalero 

ca li che) and l a t e  P l e i s  tocene ( a l l u v i a l  t e r r a c e s )  have not  been recognized. 

However, l a t e  P le i s tocene  d e p o s i t s  a r e  widespread i n  the Pecor River va l l ey .  

Somr of these  d e p o r i t s  have been da ted  by radiocarbon and they include 

t e r r a c e s  as old a s  17,1801140 y e a r s  (Glasr  and ochers ,  1973, p. 8). 

Therefore,  i t  is assumed t h a t  e r o s i o n  and nondepori t ion were prevalent  i n  

sou theas te rn '  N e w  W x i c o  f o r  o per iod  of about  500,000 yea r s  between mfddlc 

and late P l e i s t o c a a ,  t h .  



GEOLOGIC PROCESSES 

Active geologic processes i n  southeas tern  New Hcxfco during l a t e  

T e r t i a r y  and Quaternary time t h a t  have been considered during the 

present  study a r e  : 

1. A l l u v i a l  processes inc lud ing  eros ion,  and formation of f ans ,  

pedimtnts, and r i v e r  t e r r a c e s .  

2.  Dissolut icn  of e v a p o r i t e  depos i t s  and associated col lapse  

and fcrnrotion of k a r s t  topography. 

3.  Formation of playas and o the r  enclosed depressions. 

4. Formation of ca l i che .  

5.- Eolian a c t i v i t y  and d e f l a t i o n .  

6. Moss wasting.  . . 

Of these processes eros ion,  d i s s o l u t i o n ,  and col lapse  of the surface  

over ly ing r o l u t i o n  chambers a r e  d e s t r u c t i v e  and po ten t i a l ly  the  most 

.hazardous t o  beds of s a l t  i n  t h e  subsurface.. Soma a l l u v i a l  processes 

a d  a11 ca1iChe fo-tio* a r e  cons t ruc t ive  and can form pro tec t ive  

covers over evapor i t e  depos i t s .  Eol ian  a c t i v i t y ,  f o r m t i o n  of playa 

deposi ts ,  and mass wast ing a r e  1.88 e f f e c t u a l  e i t h e r  i n  deeply 

scu lp tu r ing  o r  p r o t e c t i n g  the  su r face .  

So lu t ion  and co l l apse  

Ih8 farm -karst r e f e r s  t o  the d i r t f n c t i v e  p i t t e d  topography t h a t  

has poorly daveloped aurface  dra inage r e s u l t t n g  from so lu t ion  of 

so lub le  roclu i n  ueu under la in  by limestone, gypsum, and rock salt .  



Karst  p l a i n s  a r e  e x t e n s i v e  i n  southeas t e r n  New Mexico and i n d i c a t e  

the prominence of rock  s o l u t i o n  a s  a  geologic process. 

I n  chis  r e p o r t  t he  terminology of k a r s t  f ea tu res  gene ra l ly  follcws 

Lxac of Thornbury (1954). A sinkhole r e s u l t s  from the co l l apse  of the  

roof over an  underground s o l u t i o n  cavi ty .  Compound s inkholes  r e s u l t  

irom coa lesc ing  c o l l a p s e  s i n k s .  The term d o l i n e  a p p l i e s  to  r e l a t i v e l y  

shallow s o l u t i o n  s i n k s  t h a t  form on the  su r face  beneath the s o i l  mantle 

without  phys ica l ly  d i s t u r b i n g  underlying rocks. Dolines a r e  not 

under l a in  by subsur face  s o l u t i o n  c a v i t i e s .  They a r e  very common i n  

sourheas tern  New Mexico where they form on limestone bedrock a s  w e l l  

as on c a l i c h e  s u r f a c e s .  

Collapse s i n k s  arp comon along the Pecos River va l l ey  southward 

Lion RosweLl. Many of these  have colLapsed w i t h i n  h i s t o r i c  time. One 

co l l apse  s i n k  formed a t  the edge of the town of Lake Arthur i n  June 1973 

t i .  5 .  That f e a t u r e  is c i r c u l a r  i n  plan and about 40 m (125 f t )  i n  

d iameter .  I t  co l l apsed  a n  est imated LO-U m (30-40 f t )  below the  sur face  

'[he underground s o l u t i o n  chamber i s  not v i s i b l e  because i t  is f i l l e d  by 

r a o i  d e b r i s .  F rac tu res  t h a t  a r e  c i r c u l a r  i n  plan formed around the 

o u t e r  margins o f  t h e  co l lqpse  s ink .  

L t  i s  he ro  suggested t h a t  the  course of the  Pacor River southward 

from Carlsbad t o  t h e  proximity of the Mew Mexico-Texas s t a t e  L i n e  Lies 

i n  a  ma jor b e l t  of  co l lapsed  s inks .  A t  many places the  r i v e r  f o l l w s  

broad meanders y e t .  t he  f lood p l a i n  is u w s w l l y  mr rw  o r  lacking. A t  

p laces  ad jaccnt t o  thc  Pccos KLver, intermi c t e n t  t r i b u t a r i e s  E o l l w  



Figure 5.--Collapse sink near Lake Arthur, N. Mex. 
Collapse occurred in June 1973. 



s e m i c i r c u l a r  c o l l a p s e  v a l l e y s  ( f i g .  6 ) .  Along the  e a s t  s i d e  of  the 

Pecos River s o u t h e a s t  of  Carlsbad a l i n e a r  s c a r p  is be l ieved  to  have 

formed a long  a coLlapse s t r u c t u r e  t h a t  i s  now occupied by t h e  r i v e r  
\ 

( f i g .  7 ) .  

Other  major c o l l a p s e  f e a t u r e s  i n c l u d e  Clayton Basin and Nash Draw. 

These f e a t u r e s  fornzed'as c o a l e s c i n g  s i n k s ,  probably d u r i n g  P l e i s tocene  

time. A t  t h e  sou th  end o f  Nash Draw a s i n k  co l lapsed  d u r i n g  Gatuna 

t i m e  b u t  was s t a b l e  d u r i n g  P 'esca le ro  time. It has s i n c e  been p a r t i a l l y  

exhumed. An even longer  h i s t o r y  o f  s o l u t i o n  and c o l l a p s e  is suggested 

f o r  p a r t  o f  Clayton Basin where bloc& of  Cretaceous and Gatuna rocks 

have been preserved a s  s i n k h o l e  d e b r i s .  San Simon Sink has  co l l apsed  

many times dur ing  i t s  fo rma t ion  and moy have had a long h i s t o r y  d u r i n g  

T e r t i a r y  tima. The Las t  recorded  ep i sode  of i t s  c o l l a p r e  was "as 

r e c e n t l y  a s  25 o r  30 y e a r s  ago" (Nicholson and Clebsch, 1961, p. 14) .  

Crow F l a t s  

Crcu F l a t s  is p a r t  of a c o l l a p r e  f e a t u r e  nor th  of Clayton Basin 

and about  24 km (15 m i )  east of A r t e s i a .  It is of p a r t i c u l a r  i n t e r e s t  

t o  t h i s  s t udy  bacaura  a t  least t h r e e  ep i sodes  of s o l u t i o n  and c o l l a p s e  

i n  geo log ic  h i s t o r y  are i n d i c a t e d .  These ep isodes  occurred (1) a f t e r  
I 

T r i a s s i c  and b e f o r e  (;.tuna time; (2) contemporamour w i th ,  o r  a f t e r ,  

Coturn time; and (3) a f t e r  H e s c a l e r o  time. This  geologic  h i s t o r y  

s u g g e s t s  t h e  complexi ty  t h a t  p robably  accompanied the  format ion  of 



Figure 6.--Oblique a e r i a l  photograph of col lapse  fea tu res  near Harroun. 
N. Mex. Some meanders of the  Pecos River m y  have or ig inated  as  
s i m i l a r  semici rcular  f e a t u r e s .  View is t w a r d  the northwest; the 
Pecos River i s  i n  the  background. 

Figure 7.-zOblique a e r i a l  photograph of Pecoa River shat ing  l i n e a r  sca rp  
: along the  e a r  t a r n  .bank near  Mnlaga Bend. Vim is  routhves t e r l y  . 
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such f e a t u r e s  a s  Clavton Basin and Nash Draw. For t h i s  reason t h e  

Crow F l a t s  a r e a  was s tud ied  i n  some d e t a i l  ( f i g .  8 ) .  

In  t h i s  a r e a  dolomi te  and gypsum of t he  Permian Rus t l e r  Formation 

a r e  t h e  o l d e s t  rocks  exposed. These rocks a-re  o v e r l a i n  by conglomeratic 

crossbedded dark-reddish-brown sandstone of late T r i a s s i c  age.  Owing 

t o  l o c a l  s t r u c t u r e  it is d i f f i c u l t  t o  e s t i m a t e  the  th ickness  of the 

T r i a s s i c  bu t  t h e s e  beds mny not  exceed 15 m (50 f t ) .  m e s e  beds a r e  

o v e r l a i n  a t  many p l a c e s  by the  Gatuna Formation, which c o n s i s t s  of 

pale-reddish-brovn t h i n l y  laminated sandstone i n  t h i s  a r ea  and ranges 

from a f e a t h e r e d g e  to  about  20 m (65 f t )  i n  t h i ckness .  The Catuna 

Formation i s  i n  t u r n  o v e r l a i n  by the  Mescalero c a l i c h e .  A t  p laces  the 

Nesca lero  ove r l aps  the Gatuna and r e s  ts on T r i a s s i c  o r  Permian beds. 

Ihe Mescalero c a l i c h e  ranges from 1-2.5 m (3-8 f t )  i n  th ickness .  

South of Pavo Mesa and a long  the e a s t  s i d e  o f  Crow F l a t s ,  T r i a s s i c  

and Permian rocks  a r e  c o n t o r t e d ,  f r a c t u r e d ,  and exposed a s  chao t i c ,  

angu la r  b locks  f o r  a  d i s t a n c e  of about  11 km (8 mi) .  A t  many p laces  

T r i a s s i c  rocks f i l l  c o l l a p s e  s i n k s  i n  Rus t l e r  gypsum and a r e  slumped 

a t  l e a s e  1 5  m (50 f t )  b a l m  che top  of t h e  Rus t l e r .  These chaocic  

s t r u c t u r e s  f o r d  d u r i n g  the  e a r  lies t r tcognizab  l a  ep isode  of s o l u t f  on 

and c o l l a p s e  in  t h i s  a r e a .  They formed a f t e r  t h e  T r i a s s i c  rocks were 

depos i t ed  and indura ted  and i t  is p o s s i b l e  t h a t  they formed as e a r l y  a s  

T r i a s s i c  ' t i m e  when t h e  e n t i r e  r eg ion  was upLif ted and subjected t o  

e r o s i o n .  'the Catuna Formation rests unconfonarbly ou t h i s  c h a o t i c  s t r u c t u r e ;  

t h e r e f o r e ,  t h i s  ep i sode  of c o l l a p s e  occurred b e f o r e  Catuna t i m e .  
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Along the northern and western s i d e s  of Pavo Mesa the Catuna 

Formation d ips  p e r s i s t e n t l y  t o  the nor theas t  toward the  Nakee Ishee 

Lakes. Apparent d ips  a r e  a s  much as 20'. The Mescalero cal iche  cu t s  

ac ross  these  s teep ly  dipping beds. Along t he  ea s t e rn  and southeastern . 

s i d e s  of the  Nakee Ishee Lakes the  Gatuna..is r e l a t i v e l y  f l a t  lying.  

The s t e e p  d ip s  i n  the Gatuna a t  Pavo Mesa are intarpra ted as  being i n  

p a r t  depos i t iona l  and i n  p a r t  a r e s u l t  of col lapse  a f t e r  Catuna but 

before Mescalero time. 

A t  one place along the  ea s t e rn  edge of the chaot ic  exposure 

(NU 1/4 sec .  14,' T. 17 S . ,  1. 28 &.) th; &tuna Formt ion  is exposed i n  

an i n t e r v a l  of a t  l e a s t  LO m (40 f t )  belov the  uppermost exposures of 

T r i a s s i c  rocks. A t  t h i s  place the  exposures of Gatuna a r e  about 700 m 

(2,000 f t )  across and roughly c i r c u l a r  i n  plan. Thase exposures are 

capped by r e l a t i v e l y  undisturbed Mescalero cal iche .  The Gaturn a t  

t h i s  place represents  a col lapse-s ink f i l l  tha t  was depositad before 

t he  Mescalero ca l i cha  w a s  formrd. This s i n k  ' f i l l  con t ras t s  wi th  those 

described above t h a t  are f i l l e d  with chao t ic  T r i a s s i c  rocks because the 

Gatuna here is f i n e  grained and unfractured.  It was probably deposited 

i n  a low-euer& envfr6rrP3.nt v i t h f n  a preex i s t ing  col lapse  rink.- 

Tho M a c a l e r o  ca l i che  is w e l l  developed on Pavo Mesa and on 

ad jacen t  nnsar .nd but tes .  A t  the  nor th  e d  of Pavo -88 tha Xescalaro 

c rosscu t s  dipping beds of the  Catuna Fornvtion and, along the  e a s t  s i de  

of Pavo Mesa, i t  d ip s  s t e ap ly  tovard the  e a s t  and nor thaar t  i n  the .. - . . . - 
d i r e c t i o n  of the Nakee Ishee kkes. 'I)rase d ips  tango from about 10. t o  



, -nea r ly  v e r t i c a l .  On Favo Hesa the  Nescalero c a l i c h e  is a t  3,700 f e e t  

e l e v a t i o n .  Along a low e s c a r p k n t  sou theas t  of the  Nakee I shee  Lakes 

the  t lesca lero  i s  f r a c t u r e d  and i s  a t  3,590 f e e t  e l eva t ion .  This i n d i c a t e s  

a displacement  of a t  l e a s t  30 m (110 f t )  s i n c e  the  c a l i c h e  formed. 

' , Mass was t i n q  

Mass was t ing  comprises the  movements of masses of rock and s o i l  

down s lopes  by g r a v i t y .  Included under t h i s  broad heading a r e  l a n d s l i d e s ,  

c reep ,  e a r t h f l o w ,  mudflovs, and s h e e t  f looding .  Erosion i s  sometimes 

considered a process  of mass was t ing  but  is  d iscussed  s e p a r a t e l y  here in .  

k i n g  t o  the  r e l a t l v e l y  low r c l i e f  of  t h e  s tudy area, massive l a n d s l i d e s  
, . 

and m d f l & s  have h a d - l i t t l e  e f f e c t  on t h e  l k d s c a p e ;  harever ,  minnr 

k n d s l i d e s  i n t o  s o l u t i o n  c a v i t i e s  i r e  c-on. S ~ U  slides have a l s o  

occurred along'  t h e  Pecos River,  e s p e c i a l l y  a long t h e  s t e e p  e a s t e r n  bank 

south  of Carlrbad and ale-& t h e  margins 'of  Clayton Basin and Nash Draw. 

The s u b t l e  p rocesses  o f  c r e e p  and s h e e t  f looding  c o n t r i b u t e  t o  

t h e  formation of p l a n a t e  s u r f a c e s .  These a r e  ~ o t  major processes of 
.. . - . . . 

des t r u c t i o n  but  t hey  are s i g n i f i c a n t  in s o t a t h ~ a s t e r n  N N  Mexico where 
. . . . - 

they c o n t r i b u t e  t o  the format ion  of  ex tena ive  geomorphic su r faces .  

A l l u v i a l  p rocesses  and t h e  h i r t o r t r ,  . . 
of  madern dra inage  

Geologic r e c o r d s  of e a r l y  T e r t i a r y  ' the a r e  s p a r s e  i n  sou theas t e rn  

New ~ x i c o .  Xf rocka  of t h i s  age  were e v e r  'deposited, most of them 
. . . : '  

have s i n c e  been des t royed  by e ros ion .  A s m a l l  area of s e d h e n t a r y  
. . . . 



--- 
d e p o s i t s  f a r  t o  t h e w e s t  around the  S i e r r a  Blanca u p l i f t ,  igneous 

masses of the  S i e r r a  Blanca and Capitan u p l i f t s ,  and i s o l a t e d  in t rus ive  

d i k e s  a r e  the  only records from Cretaceous t o  l a t e  T e r t i a r y  (Pliocene) 

time. This r ep resen t s  a span of a t  l e a s t  57 m.y. dur ing  which reg iona l  

u p l i f t  occurred and e r o r i o n  was probably the  dominant geologic process. 

Cretaceous rocks,  except  f o r  minor rcmrunts, a s  w e l l  a s  roaw T r i a s s i c  

and Permian rocks were eroded avay i n  p a r t s  of sou theas te rn  New Mexico. 

It is assumed t h a t  sow d i s s o l u t i o n  of s a l t  i n  the Delaware bas in  

occurred dur ing  t h i s  time span. 
- 

According t o  Bcetz an;  orbe erg (1949a, p. 487) a p re -Oga lk la  

a n c e s t r a l  Pacos River l a y  along the  p resen t  course of the  Pecor. They 

assumad t h a t  a continuous geomorphic su r face  extended from the sunnnit 

of the  Guadalupe Hwntaiua  e a s m a r d  t o  the  High Pla ins .  They a l s o  

suggested t h a t  i f  no p o s t - O g a l k l a  deformation had occurred "a former 

Oga l l a lo  f i l l  of more than 1,300 f e e t  along the  Pecor depress ion i s  

ind ica ted"  (Bretz and Horberg, 1949a, p.. 483). Hwever,  dur ing  the  

p resen t  work soma of the  conglumeratic bed8 they s tud ied  were found 

t o  c o n t a i n  pebbles der ived from the Ogal la la  caprock ca l i che .  The 
-. .I---. .- .h- 

conglomarate w& depor i tad a f  t a r  0 g 8 l l ~ l ~ ' ~ ~ .  

It i r  motm probable t h a t  major drainage war e a r  w a r d  t o  southeastward 

r a t h e r  than r o u t h u u d  dur ing  e a r l y  T e r t i a r y  time. During l a t e  Ter t i a ry  

time, w h i l e  t h e  O g a l h l a  Formation war being depor i tad ,  the  dominant 

d i r e c t i o n  of  dra inage  waa southward. The o r i g i n a l  thinning of the  - : .- . - -  . .  . 

C g a l l a l a  Formation toward the  southwest, dercr ibed elsewhere i n  t h i s  



r e p o r t ,  sugges t s  c h a t  t h c r e  m y  have been a l o c a l  Pccos d ra inage  system 

i n  southea'stern New Mexico du r ing  o r  before  Ogal la la  t ime, bu t  t h i s  

southward-flowing system was l imi t ed  i n  e x t e n t  and i ts  headwaters m y  

have been no f a r t h e r  northward t h a n . t h e  v i c i n i t y  of Carlsbad and , . 

San Simon Swale. There were probably eastward-flowing s t reams f r o s  the 

Capitan and S i e r r a  Blanca u p l i f t s  bu t  the  d e t a i l s  of t h a t  system a r e  not 

known. 

The e a s t e r l y  and s o u t h e a s t e r l y  s t ream sys  truu t h a t  were p re sen t  i n  

e a s t e r n  New Mexico d u r i n g  O g a l l a l a  time entrerrched themselves dur ing  l a t e  

' l incene and e a r l y  t o  middle F l e i s t o c e z e  time i n  t h r e e  major systems 

( f i g .  0: t h e s e  are t h e  Canadian t o  the  nor th ,  which c u t  through the. 

Oga l l a l a  Fornnt ion  and flowed eastward i n t o  t h e  Red River  system; a 

majcr dra inage  system from t h e  Sangre d e  C r i s t o  Mountains, which flowed 

s o - t h e a s t e r l y  toward t h e  F o r t a l e r  Vailey a t d  f i n a l l y  i k t o  t h e  Brazos 

dra inage  i n  w e s t e r n  Texas (Baker, 1915, p. 52-54); and a t h i r d  systezn, 

which gene ra l ly  f o l l w e d  t h e  sou the rn  part cf  t h e  3ecos River  v a l l e y .  

i g n e o w  d e b r i s  war c a r r i e d  from t h e  S i e r r a  Blanca and Capi tan  u p l i f t s  

easrward d a m  t h e  FKo Penrsco, Rio Boodo, and o t h e r  v a l l e y s  wes t  c f  the 

Pecos i n t o  t h e  s o u t h w a r d - f l w i n g  ?ecor Rlver. A t  t h i r  ti= t h e  Cltuna 

Formation war be ing  depoa i  t e d  and a s t ream system also d ra ined  westward 
.4--.:  a- -- 

i n  t he  v i c i n i t y  o f  &tuna  Canyon t o  t he  v i c i n i t y  of Clayton h s i n  and 

f i n a l l y  Lnto fho hcos Valley.  

During middla P l e i s t o c e n e  (Gat-) ttw extensive pedimentr were 

formed i n  th. v i c i n i t y  of  Pierce Canyon ( f ig .  10) and a l o n g  t h e  
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Figure 10.--Oblique a e r i a l  photograph shoving channel f i l l i n g  
and caliche-cemented pediment s u r f a c e  t h a t  caps the  mesa 
south  of P ie rce  Canyon. Channel d e p o s i t  exposed i n  south 
w a l l  of canyon is  about 240 m (780 f t )  across  and i s  a s  
much as 24 m (78 f t )  th ick .  It c o n s i s t s  of rounded c l a s t s  
t h a t  average 2-3 cm i n  dipmcter,  but  some a r e  a s  la rge  a s  
7 cm. They a r e  80 percent  Permian limestone, 10 percent 
q u a r t z i t e ,  8 percent T e r t i a r y  porphyry, and 2 percent  cher t .  



. - 
Nev Mexico-Texas S t a t e  l i ne .  Some meanders of the Pecos may have been 

3-16 km (5-10 mi) e a s t  of the  present  channel. Dis t r ibut ion of conglomerates . . 

t h a t  f i l l  channels, a s  w e l l  a s  l oca l  fine-grained sediments t ha t  were 

deposited i n  marshy a reas  and ;inkholes, ind ica tes  t h a t  a broad flood 

p l a i n  occupied p a r t s  of the  Pecos River va l l ey  i n  southern Neu Hcxico. 
.. 

F o l l w i n g  Catunr time there  was a period of regional  s t a b i l i t y ,  and 

extensive  depos i t s  of c<l iche  accumulatd '  i n  a semiarid climate on the  

Mescalero p la in .  Drainage dur ing t h i s  pa r t  of Pleistocene time was g rea t ly  

diminished from t h a t  dur ing Gatuna time but  i t s  d e t a i l s  a r e  not  knoun. 

Af te r  Hescalero time the  Blackdw and Orchard Park pediment surfaces  

were c u t  and the  Pecos River entrenched i t s e l f  i n  the  v i c in i t y  of i t s  

present  channel near the toes  of these  pediments. The increared humidity 

of Blackdom and Orchard Park time caused ao lu t ion  and collapse t o  become 

major processes i n  the Rotwell a r t e s i a n  barin. These processes resul ted  

i n  reduced stream grad ien t  t h a t  had a low s e d h n t - c a r r y i n g  capacity i n  

t h a t  a r ea  dur ing most of l a t e  Quaternary t i m e .  

During Blackdom and Orchard Park t i n m  the  source of s e d h n t s  was 

mainly t o  the west i n  t h e  Sacramento, S i e r r a  Blanca, and Capitan u p l i f t s .  

Aa increase  i n  t he  propor t ion of Te r t i a ry  porphyry c l a s t s  i n  the  Orchard 

Park g rave l s  smart8 t h a t  headward c u t t i n g  i n t o  t h a  S i e r r a  Blanca and 

Capitan u p l i f t s  reached an  opt lmm a t  t h a t  thw. The widespread pedimentation 
t 

i 

of bedrock vest of tha Pecos i nd i ca t e s  t h a t  eros ion w a s  much more e f f ec t i ve  

i n  t h a t  a r ea  during Blackdom and Orchard h r k  time than a t  present. - _. - I 
- .  . . .  



During h t c  Ple is tocene time the Pccos Rivcr cut  hcaduard and 

in te r sec ted  the Por ta les  Valley drainage system i n  the v i c i n i t y  of  

For t  Sumner. This piracy i n i t i a t e d  t h e  present  Pecos River as a 

permanent stream flowing from t h e  southern Rocky Mountains t o  the  

Rfo Grande. 

The preeir. t i m e  of p i r a t y  of the Por ta les  Valley by the  Pecos is 

not  k n m  but i t  is presumed t o  bave occurred long before the deposit ion 

of the- lakcwood t e r r a c e .  Hwe.ver, t h e  fakewood te r race  i s  the e l d e s t  

depos i t  i n  which rock d e b r i s  from t h e  Sangre de Cr i s to  Mountains or the 

Pedernal u p l i f t  has been recognized i n  the  Roswell a r t e s i a n  basin.  Clasts 

from these u p l i f t s  have been found only i n  the  v i c i n i t y  of Roswell a t  the 
- 

nor th  end of the  basin.   his m y  r e f l e c t  the lw carrying capacity of the 

modem Pecos River more than i ts  u ~ c c e s s i b i l i t y  t o  those u p l i f t s .  

The age of pediment g rave l s  a d  major a l l u v i a t i o n  i n  southeastern 

New Mexico i s  no t  knovn b u t  rock units and pediments v e s t  of the Pecos 

a r e  cor re la ted  t e n t a t i v e l y  as f o l l w s  : ... 

Table 2.--Correlation of Pleistocene f o r ~ t i o n s  a d  neomorphic fea tu res  

West of Pecos U v e r  h a t  of Fecoa River Age 

bikewood t e r r a c e  Soma playa depoai ts  Woodfordiau- 1/ 

Orchard Park pad-rrt g rave l  Not recognized (9 
Blackdm p a d h o t  g r a v e l  --do-------------- c ? i  
D i d  A p1.a M r c a l e r o  ca l i che  Yamouthian(?) 

&tun8 lom8tiorr(?) ,  l o c a l l y  cat- P o ~ t i o n  Kansan 

High P l . 1 ~  su r face  k t e  Pliocene- 
(Llano Eatacado e a r l y  P l e i r  tocene 
su r face )  



gnc losed basin deposits 
- 

The ka r s t  topography o f .  southeas t e rn  New Mexico. has resulted in  7 

numerous closed basins. Houever, a11 basins i n  t h i s  region have not 

been formed by solution'and collapse.' Some hove been formed by wind 

blowouts and others a r a  the  r e s u l t  of solut ion or etching of the 
.. 

carbonate surface.  They range i n  s i z e  from 8-11 depressions no more - 
than a few metres .in:diamecer t o  large features  such as  S a l t  L o b ,  

. . 
kguna  Gaturra, and Williams Sink, which a re  several  kilcrpatres i n  

diameter. These depressions a ra  p a r t i a l l y  f i l l e d  with water during 

rainy seasons and many contain f i n e  sand, clay, salines, and related 

playa deposi ts .  

S a l t  t k e ,  southeast  of Carlsbad, is one of the l a rges t  playas 

tha t  occup ie san  area of coalesced collapse sinks i n  the region. It 

has an i r regular  plan and i s  about 3.2 km (2 mi) wide and 4.8 km (3 mi) 

long. Hodern S a l t  t k e ,  or  w e l l  as other larger  playas i n  the v ic in i ty ,  

has ra t rea tad  from the higher levels  f t  a t ta ined i n  the past when i t  w u  

a more permanent lake. Deposits of cal iche a d  other  lh-cemented sands 

a t  the north end of S a l t  k k m ,  as  w e l l  a s  beach rubble along the southwest 

s ide ,  indicata  t ha t  vatrr formerly f i l l e d  th i s  depression t o  a level  

about 3 m (10 it) above its present level.  This fornvr l eva l  increased 

the  a rea  of the laka approximately 30 percent. Its maxhxm vidth was 

about 4.8 9 .(3 mi) a d  its length var about 6.4 km (4 mi). Wave-cut 
-6 

benches are not prerent  a t  higher levels  around the lake becauae a r i s e  
-. 

of more than about 4-5 m (U-17 f t )  would have caured the l a b  to  overflow 



, i n t o  the  ntarby Pecos River .  Hwever ,  the  lakc has probably undergnnc 

numerous c y c l e s  of f i l l i n g ,  and evaporat ion.  Caliche a long t h e  margins 

of the  playa d e p o s i t s  i s  more p i s o l i t i c  than o the r  c a l i c h e  i n  the  v i c i n i t y ,  

which i n d i c a t e s  t h a i  many extremes of we t t ing  and d e s s i c a t i o n  have 

occurred i n  the  v i c i n i t y  of t h e  lake .  Other playa d e p o s i t s  t h a t  o c c ~ p y  

c o l l a p s e  s i n k s  i n  s o u t h e a s t e r n  New Mexico include Son Simon Sink and 

numerous smal i  d c p r e s s i o q  i n  C h y t o n  Bis in .  

U i l i i h  S ink  and o t h e r  nearby depress ions ,  such a s  k g u n a  Gatuna, 
. - .  

appear t o  have formed a s  blowouts i n  windblcwn sand d e p o s i t s .  Although 

c l ay  and s a l i n e  d e p o s i t s  a r e  p re sen t  i n  these  depress ions ,  they a r e  

surrounded by windblown sand. Dune f i e l d s  e x i s t  a long t h e  n o r t h e a s t e r n  

and e a s t e r n  margins of t h e s e  depres s ions  where sand has f a l l e n  c u t  of 

t he  p r e v a i l i n g  winds c n  t h e  lee s i d e  of t he  depress ions .  These d e p r e s s i o r . ~  

a r e  s i t u a t e d  i n  t h e  v i c i n i t y  of a P le i s t ccene  dra inage  system t h a t  flowed 

westvard from t h e  High P la ins .  It is probable t h a t  l a r g e  q u a n t i t i e s  of 

f i n e  sand, der ived  frcm t he  Oga l l a l a  Formation t o  the  e a s t ,  were c a r r i e d  

i n t o  t h i s  d ra inage  s y s t a u ,  helped t o  choke t h e  system, and s i n c e  have been 

moved about  l o c a l l y  by  t h e  wind. Thua, the  procers  of d e f l a t i o n  produces 

s h a l l w  depres s ions  t h a t  m y  be f i l l e d  wi th  water  du r ing  r a i n y  seasons.  

Dolines u e  cormon on l h s t o a e  and c a l i c h e  s u r f a c e s  i n  s o u t h e a s t e r n  

New Piutco .  They are r h a l l w  s u r f i c i a l  dep re r r ioo r  t h a t  formed by l o c a i  

d i r s o l u t i u u ,  or e t c h i n g ,  o f  t h e  s u r f a c e .  They m y  become 8-11 lakes  

du r ing  r a i n y  rear014 aad a fev con t8 in  p-a d e p o r i t r .  



E l ~ n g a t e ' d e ~ r e s s i o n s  on chi  surface  of the High Pla ins  a r e  c lose ly  

r e l a t e d  g e n e t i c a l l y  t o  do l ines .  These fea tu res  a r e  or iented  about N. 60' W. 

and were formed by e tch ing  the  ca l i che  between former log i tud ina l ,  or  s e i f ,  

dunes t h a t  were p resen t  on the  High Pla ins  surface  during l a t e  Pliocene o r  

e a r l y  P l e i s  tocene tlme ( R i c e ,  1946, 1958;. Bachnmn, 1973). 
. -. .s - 

4 

Calfchi  t i c a t i o n  
. . 

A s  used i n  t h i s  repor t '  t he  t a m  "caliche" r e f e r s  t o  a n  accumulation 

of calcium carbonate t h a t  may form e i t h e r  a s  a process of s o i l  formation 

o r  by d F t e c t  p r e c i p i t a t i o n  from ground water. Where poss ib le  throughout 

t h i s  work pedogenic c a l i c h e  has been dis t inguished f r a n  o t h e r  v a r i e t i e s  

because it forum w i t h i n  p red ic tab le  geologic and c l ~ t i c  limits. 

Therefore, d e p o s i t s  of pedogenic ca l i che  a r e  of value f o r  t h e  i n t e r p r e t a t i o n  

of geologic h i s t o r y ,  paleoclimate,  and s t r u c t u r a l  s t a b i l i t y .  Pedogenic c a l -  

iche i s  a l s o  of importance a s  a caprock, o r  p ro tec t ive  cover, f o r  underlying 

rocks  dur ing scam c l i m a t i c  c o n d i t i o w .  

I n  general ,  pedogenfc c a l i c h e  f o r m  .ad is' b e s t  preserved i n  a r i d  t o  

semiarid r e g i o w  where a n n u l  r a i n f a l l  is l e s s  than 625 mu (25 in . )  and 

where annual evaporat ion -. u c e e d a  the  r a i n f a l l .  The formation of pedogenic 

c a l i c h e  a b o  firlrwa the  genera l  precepts  of o t h e r  s o i l  formation. Its 

maximum d a w l o p r n t  occurs on p l u u r  o r  undulatory su r face r  where carbonate 

parent  mrteri.1 fa r e a d i l y  a v a i l a b l e  and where p k n t  growth is  general ly 

spars.. Thick and w e l l 4 e v ~ l o p . d  accumulatioru of padogenic c a l f  che 

appear t o  Fndicrt. reg ions1  t e c t o n i c  s t a b i l i t y  u veil a8 r e l a t i v e  

c l i u u t i c  s t a b i l i t y .  



RATE OF SALT DISSOLUTION 

A s tudy of the l i t e r a t u r e  has resu l t ed  i n  an est imated r a t e  cf  

l a t e r a l  d i s s o l u t i o n  of s a l t  i n  the western p a r t  of the  Delaware basin 

a t  about  9.5-13 km (6-8 mi) per m.y. (Bachman and Johnson, 1973, p. 4 i ) .  

This has been t r a n s l a t e d  i n t o  a  r a t e  of v e r t i c a l  d i s s o l u t i o n  of about 

150 nm (0.5 f t )  per  1,000 years (Jones, 1973, p. 21). However, the 

p resen t  s tudy shows t h a t  fundamental assumptions underlying these e s  t i m t e s  

a r e  f a u l t y .  It war assumed t h a t  a l l  d i s s o l u t i o n  had occurred s ince  t h e  

c l o s e  of Ogal la la  time. Now i t ' i s  kuwn t h a t  d i s s o l u t i o n  has occurre:! a t  

o ther  times i n  the  geologic past .  The rate of salt  wi thdraval  is  muc: 

s :wet  than previously estimated . 
C o l h p r e  of the  Wcscalero c a l i c h e  along the  margins of Nash D r a -  

i n d i c a t e s  t h a t  t h i s  depression has formed, a t  least i n  p a r t ,  s ince  tt.5 

depos i t ion  of the  ca l f  che. A body of br ine  i s  prerent  ir the subsur face  

beuearh Nash Draw and may be a d d i t i o n a l  evidence t h a t  t h i s  is g t3 log i  = a l l y  

a  r e l a t i v e l y  ycung fea tu re .  "It seem l i k e l y  t h a t  t h e  r t r u c t u r a l  cot .2i t ions 

t h a t  caused the  development of N u h  Drau might a l s o  colatrol the position" 

of the  b r ine  beneath i t  (Robinson and t u g ,  1938, p. 86). 

Along .L i  v ingston Ridge on t h e  ua t r i d e  of  Narh Draw the Xercal s r o  

c a l i c h e  i r  d e f o r m e d  -- a t  e leva t io ru  a b w e  3,300 f e e t .  It d ips  steep;:; 

i n t o  the d e p r e r r i o a  a long  the r idge and o c c u r  a t  e levat iona  of 3,200 f e e t  

and 1.88 within the depression.  Along Qu8hrda Ridge on the  -st r i d e  of  

Narh Dra, th. l!arcalero i r  l ikewise d e f o r m e d  a t  e levat iona  a b w e  

3,300 f e e t  b u t  i t  d i p r  r t e e p l y  i n t o  Narh Draw atad i t  occurr ar collap*ed 

f r a c t u r e d  -re. w i t h i n  t h e  d e p n r r i o n  @E 114 sac. 1, T. 22 S., R. 29 E. 



A c r o s s  s e c t i o n  through d r i l l  h o l e s  i n  Nash Draw i n d i c a t e s  t he  
. - . 

approx imate  e x t e n t o f  s a l t  d i s s o l u t i o n  i n  t h e  Sa lado  Formation s i n c e  

Zlescalero t ime ( f i g .  1 1 ) .  Th is  c r o s s  s e c t i o n  shows t h a t  a long  L iv ings ton  

Ridge on t h e  east s i d e  o f  Nash Draw t h e  Sa lado  s a l t  is r e l a t i v e l y  
f 

und i s so lved  ( d r i l l  h o l e  UlX). There  is a t h i cknes s  o f  245 m (750 f t )  

b e m e e n  t h e  t op  of  ' t h e  Sa l ado  Format ion and the top  o f  marker bed 124 

w i t h i n  t he  Sa lado  Format i on .  Westward, t h i s  i n t e r v a l  d imin i she s  t o  

71.5  m (220 f t )  on Quahada Ridge ( d r i l l  ho l e  1127).  A t  both  t h e s e  

l o c a l i t i e s  t h e  Mesca le ro  c a l i c h e  is  und i s t u rbed  a t  t h e  s u r f a c e .  It is ,  

t h e r e f o r e ,  assumed t h a t  172 rn (530 f t )  o f  Sa l ado  s a l t  was removed from 

t h e  v i c i n i t y  o f  Quahqda Ridge b e f o r e  Mescalero time. 

Sash Draw appea r s  t o  have subs ided  between Liv ings ton  and Quahada 

.7idges as much as 58.5 m (180 L t )  s i n c e  Mescalero time. A t  one l o c a l i t y  

( d r i l l  h o l e  U26) t h e  s u r f a c e  o f  Nash Draw is  58.5 m (180 f t )  b e l w  the  

p r o j e c t e d  a l t i t u d e  o f  t h e  Masca le ro  c a l i c h e .  Hwevar ,  t ha  i n t e r v a l  

between t h e  t op  of t he  Sa l ad0  Fo rnu t i on  and t he  top  of marker bed 124 is 

136 m (420 f t ) ,  o r  107 m (330 i t )  l e s s  t han  a t  L iv ings ton  Ridge. It i s ,  

t he r eEore ,  i n t e r p r e t e d  t h a t  a b o u t  48.7  m (150 f t )  o f  Sa lado  s a l t  was 

removed b e f o r e  m s c a l e r o  time and abou t  58 .5  m (180 i t )  of  Sa l ado  s a l t  

h a s  been removed siace ?!escalero ti-. A t  m o t h a r  l o c a l i t y ,  Nash Draw 
4 

subs ided  approx imate ly  52 m (160 f t )  b e l w  t h e  p ro j ec t ed  e l e v a t i o n  o f  t h e  

Mesca le ro  c a l i c h e  w h i l e  about  39 m (120 i t )  o f  Sa l ado  s a l t  was be ing  
. . Ir 

removed ( d r i  11 hole  1 J&& "A"). mare ia' 8 discrepancy h e r e  of about  

13 m ( 40 .E t )  t h a t  cou ld  bo e x p l a i n e d  by s u r f i c i a l  e ro s ion .  
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Figure 11.'--Croaa- section ihwing relatiomhip of ..subsidence in 
Narh. Draw to dissolution of r a l t  i n  Salad0 Formation. 



I f  i t  is assumed t h a t  the  Mescalero ca l i che  vas  deposited during 

a s t a b l e  p a r t  of the  .Yamouthian Stage of the Pleistocene,  the coliche 
: . . 

accumulated ,about  600,000 years ago.. Thua, a t  one place i n  Nash Drav 

there  has been about 58.5 m (180 f t )  of ' subsidence during the past  

600,000 years.  T h f s . i s  equal  t o  about 10 cm (0.33 f t )  per 1,000 years. 
. . . . . -. . . 

These ~ o n c l u s i o n r  are based o n  the  ava i l ab l e  geologic evidence, 

but  the  assumption should not be amde t h a t  t h i s  r a t e  of d i s so lu t ion  is 

a cons cant f o r  the region. A t  l e a s t  two o ther  f a c to r s  must be considered 

i n  t h i s  i n t e rp r e t a t i on ,  but geologic information is  not current ly  avai lable  

t o  permit  evaluat ion of these fac to rs .  'Ihey are: 

1. Subsidence probably h u  not  been c m t a n t  i n  Nash Drnr during 

the  pas t  600,000 years. A mrjor p a r t  of t h i s  subsidence may 

have occurred during periods of hrtmLdity i n  l a t e  Pleistocene 

2.  The subsidence i n  Nash Draw, whenever i t  occurred i n  the 

Pleistocene,  is not an  averag. rate f o r  the region. I n  the 

a r ea  of Zhe Divide, beeveen ht810p a d  Livingston Ridges, 

the Xescalero ca l i che  is r e l a t i v e l y  d i s t u r b e d  and probably 
4 

'no di;solution has occUTred the re  s ince  Hmscalero tima. . 

R e s e n t  knowledge of Cenozoic h i s t o ry  of southeas tern  Naw Mexico 

i nd i ca t e s  t h a t  the  a r ea  of Zhe Divide, behteen Antelop. and Uvingston 

R f d p s ,  has been sub j ec t ed . t o  tlii least i r o s i m  and salt  d i s so lu t ion  



- . - ' -- 
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cf any a r e a  west  of t he  escarpment of the High Plains. Contours drawn 

on pre-Ogallala  bedrock i n d i c a t e  t h a t  a southeas t - f loving  Cenozoic 

stream, probably P le i s tocene ,  may have eroded San Simon Swale ( f i g .  12) 

but  t h a t  t h i s  e r o s i o n  d i d  n o t  c u t  headword t o  The Divide. To the  west 

t h e r e  has been d i s s o l u t i o n  of s a l t  i n  Nash Draw. This d i s s o l u t i o n  has 
.. . 

ceased i t s  eas tva rd  mig ra t ion  i n  t h e  v i c i n i t y  o f '  l i v i n g s t o n  Ridge. 

It is probable t h a t  t he  area of The Divide w i l l  remain the l e a s t  
. . - . 

a f f e c t e d  by e r o s i o n  and d i s s o l u t i o n  of any area  i n  the  v i c i n i t y  f o r  the 

longes t '  period of time. Permian rocks a r e  ove r l a in  by T r i a s s i c  rocks 

which a r e  l o c a l l y  o v e r l a i n  by t h i n  d e p o s i t s  of the Ogal la la  Fcrmation. 

Both of the l a t t e r  u n i t s  a r e  p r o t e c t i v e  covers f o r  the underlying s a l t .  

Addi t ional ly ,  t h i s  area i s  encased on the su r face  by r e l a t iveLy  t h i c k  

a c c u m u l a t i o ~ s  of  c a l i c h e .  Under p resan t  c l i m a t i c  cond i t iocs  of lcv 

r a i n f a l i  and h igh  rates of evapa ra t ion  t h i s  c a l i c h e  v i l l  remain i n t a c t  

and serve as a p r o t e c t i v e  cover .  Erosion 'of the c a l i c h e  under p r e s e n t  

ccnd i t ion r  is i ~ e f f e c t u a l  and a c ~ m p l a t e  and prolonged change i n  c l ima te  

from p resen t  s e m i a r i d i t y  t o  extreme humidity vould be r q u i r e d  t o  a i te r  

these c c n d i t i o w .  

I f  the ~ o l o c & e  is an . i n t a r g l a c i a l  stage and f u t u r e  s t a g e s  of 

g i a c i a t i o n  are t o  be  amt ic ipa ted ,  t h e  r e g i o n a l  climate v i l l  change. 
L 

,However, d e r  t h e  moat s e v e r e  c l i m a t i c  c o a d i t i o w  of la te  P le i s tocene  

t h  f i sh  Dra m b r i d e d  1.88 than  6 1  m (200 f t ) .  If the c l ima te  becomes 

more h d d  in the f u t u r e  it i r  prar trwd t h a t  the  orart stream w i l l  aga in  

be placad on Naah Drw and San SFmon Svale becaure t h e r e  depres r ions  



Figure l.2.--Map shaving contours drawn on surface of bedrock La 
The bivide-San Simon Swale area, New Hextco. 



w i l l  a t L r a c t  r u n o f f .  l t cc rea t  of Antclopc and L i v i n g s t o n  Hidgcs w i l l  

ma in t a in  t h e  a r e a  o f  The Divide a s  a d r a inage  d i v i d e .  Therefore, Thc 

Divide w i l l  be l e a s t  a t t a c k e d  by processes  of e r o s i o n  and d i s s o l u t i o n .  

PROPOSALS FOR FUTURE WORK 

This  r e p o r t  e s t a b l i s h e s  a framework of geo log i c  h i s  t o r y  and pa l eoc l ima t e  

based on a v m i l a b l e  ev i dence  from t h e  l i t e r a t u r e  and reconna issance  f i e l d  

o b s e r v a t i o n s  w i t h i n  t h e  innnedia t e  a r e a  of t h e  proposed r e p o s i t o r y .  Houever, 

t h i s  s t u d y  ' a l s o  s e r v e s  t o  p o i n t  o u t  problem a r e a s  where i n fo rma t ion  is 

l a c k i n g  a.nd where  i n t e n s i v e  s p e c i a  1-purpose s t u d i e s  should  be made. There 

has  been ve ry  l i t t l e  i n t e r e s t  i n  s u r f i c i a l  geology i n  s o u t h e a s t e r n  

N e w  Mexico i n  t h e  p a s t  and t h e r e  have been no d e t a i l e d  s t u d i e s  from which 

t h i s  i n f o r m a t i o n  may be drawn. 

The p r e s e n t  work p o i n t s  o u t  t h e  need f o r  i n t e n s i v e  s t u d i e s  i n  t h e  

fo l l owing  problem a r e a s  : 

1. F u r t h e r  ' s tudy 0.f t h e  e r o r i o n a l  h i s t o r y  o f  the Pecos River  and 

its tributaries. 

The Pecos  Rfve r  d r a i n a g e  from t h e  Rosve l l  b a s i n  nor thward t o  F o r t  Sumner 

is  r e l a t i v e l y  young (late P l e i s t o c e n e ) .  The modern Pecos River ,  which 

- f  l o w s , . i n t o  the Rio Grande, cap tured  a a u j o r  d r a i n a g e  t h a t  flowed 

s o u t h e a r w a r d  from t h e  Rocky Mountains through t h e  P o r t a l e s  Val ley  and 

ea s twa rd  8cro.r Texas  i n t o  the Brazos Rfver  d r a i n a g e .  Before  t h a t  

c a p t u r e  t h e r e  v8r e x t e n a l v e  e r o s i o n  i n  s o u t h e a s t e r n  Ncw Pluxico. 
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Erosion i n  southeastern New Mexico probably began during Jurassic - - 
3 
. . 

time but was intensive during Ter t ia ry  time. Field s tudies  during the . .  
: t  

present work indicate  t ha t  headwaters of the  a c e s  t r a l  Tertiary and - -3 
t.7;r 
b -- 
-b 

Pleistocene Pecos River were i n  the S i e r r a  Blanca and Capitan Mountains. - . 9 
- I  

On= t r i bu t a ry  of. the ances t ra l  Pacos, drainage was i n  Sm Simon Swale. 
C.' 

The present gradient of the Pecor River is not adequate t o  carry heavy - 
loads, and erosion i n  southe'astern 'New Mcxico has been less  severe 

s ince the Pecos captured t h e  Portales Valley drainage and se t t l ed  I 

i n t o  i ts  modern course. 

It would be fnfomiatfve t o  make fu r the r  studfen of ancfent r iver  

gravels and s o i l s  t o  learn the d e t a i l s  of geography aad p a l e o c l ~ t e  

t h a t  preceded the modern Pecos drafnage. The eroafoual his tory of 

the Estoncfa Valley and the southern Rocky Mountafos is par t  of t h i s  

problem. Both areas are sources of d f s t fnc t ive  su i t e s  of rocka tha t  

can be used t o  t race urcient  d ra fmge  systema. Ancient s o i l s ,  mny 

with prominent c r l icha  horizow,  a r e  praaent over mch  of the region 

and can be used t o  cor re la te  remnrnts of formmr s tab i l ized  erosional 

surfaces .  By l inking these drainaga s y s t e m  .LPd re la ted s o i l s  frum 

areas-where they u e  be t t e r  proserved t o  those drainages a d  s o f t  

now r e c o g n i a d ~ i a  the v ic fn i ty  of the proposed reporftory,  it may be 

posrfble  t o  Liz1 i n  may gaps f a  Tertfq-Phistocene~hfrtory and . 

clFppote. 



2 .  Study of c o l l a p s e  h i s t o r y  of p layas  and salt l akes  i n  

sou theas t e rn  Hexico, t h e i r  c l i m a t i c  impl ica t ions ,  

and t h e i r  r a t e s  of  subsidence.  

Adjacent t o  Zhe Divide are numerous c o l l a p s e  s inks  i n  which 

p layas  o r  lakes  have formed and sediments  have accumulated. These 

inc lude  S a l t  k k e  i n  Nash Draw t o  t h e  wes t ,  San Simon Sink on the  

east, and nunrtrous s i n k s  t o  t h e  n o r t h '  i n  C1,ayton Basin. Other playas 
L" . . 

t h a t  do n o t  appear t o  be r e l a t e d  t o  c o l l a p s e  but  which have extens ive  

sedimentary d e p o s i t s  i nc lude  Williams Sink and k g -  Catuna t o  the  

n c r t h .  

Much evidence f o r  P le i s tocene  h i s  t o r y  and c l imate  i s preserved 

i n  t h e s e  playa d e p o s i t s ;  b u t  t h e s e  d e p o a i t s  have never been s tudied .  

Ne i the r  f a c i l i t i e s  nor  funds were a v a i l a b l e  f o r  t h e i r  s tudy dur ing  the  

? r e s e n t  work. Study of  t hese  dcpos i  ts should inc lude  t renching and 

d r i l l i n g  of s h a l l a r  ho le s  t o  o b t a i n  samples of s e d h n t s .  Besides 

mine ra log ic  and chemical s t u d i e s ,  these s e d m n t s  should be exainined 

f o r  p o l l e n  and o t h e r  f o s s i l  remains. Po1l.n is almost  i nva r i ab ly  

p r e s e n t  i n  lake d e p o s i t s  and s h w s  s e q m n t i a l  changes i n  p l a n t  

assemblages t h a t  i n d i c a t e  changes i n  p u t  c l imate .  

It would be m a t  d v r n u g e o w  t o  c a r r y  on these  trro s tudies- - the  

e r o s i o u a l  h i s t o r y  of  the h c o r  River  and t he  h i s t o r y  of  lake depos i t s - -  

concurrent ly .  * 8r.a complennntazy a t u d i e s  in that each would 

c o n t r i b u t e  evidence f o r  the s u b s t u r t f a t i o n  of r e s u l t s  i n  the  o t h e r .  
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