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ABSTRACT 

I n  southeastern  New Mexico a prominent escarpment marks t h e  southeastern  boundary of t he  

Guadalupe Mountains and t h e  massive Capitan Limestone o f  Permian age i s  w e l l  exposed along the  

mountain f r o n t .  V incent  K e l l e y  (1971, 1972) descr ibed f a u l t s  t h a t  he named t h e  Bar rera  and 

Carlsbad Fau l t s  along t h e  escarpment. 2 s  p a r t  o f  t he  ear th-sc ience i n v e s t i g a t i o n s  f o r  the  

Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) s i t e ,  we examined the  evidence f o r  those f a u l t s  i n  t h e  

f i e l d  and conclude t h a t  t h e  f a u l t s  a re  nonex is tent  and t h a t  K e l l e y ' s  conclusions were based on 

m i s i n t e r p r e t a t i o n  o f  exposures o f  f a n  g rave l ,  j o i n t i n g ,  and shrub a1 inement. 

INTRODUCTION 

The Guadalupe Mountains a r e  a n o r t h e a s t e r l y  t r end ing  p la teau i n  Trans-Pecos Texas and 

southeastern New Mexico. A prominent escarpment, remin iscent  o f  b l o c k - f a u l  t e d  mountain f r o n t s  

i n  t h e  Basin and Range Prov ince,  marks t h e  southeastern boundary o f  t he  Guadalupe Mountains i n  

New Mexico. Th i s  escarpment i s  t h e  eroded mass o f  a l imestone-reef complex of Permian age 

which e n c i r c l e s  t h e  Delaware Basin. The r e e f  complex i s  w e l l  exposed along the  f r o n t  o f  t he  

Guadalupe Mountains b u t  plunges eastward from the  mountains i n t o  t h e  subsurface. Recent ly,  

t h e  mountain escarpment has been i n t e r p r e t e d  i n  p a r t  as being bordered by a f r o n t a l  f a u l t  

(Ke l l ey  1971, 1972). Th is  r e p o r t  i s  t h e  r e s u l t  o f  a f i e l d  i n v e s t i g a t i o n  t h a t  examined the  

evidence f o r  f a u l t i n g  presented by Ke l l ey .  

D e f i n i t i o n s  

D e f i n i t i o n  o f  some depos i t s  and fea tu res  discussed i n  t h i s  r e p o r t  i s  as f o l l ows :  

Breccia--a cemented rock  composed o f  p o o r l y  so r ted  angular fragments. 

Col lapse brecc ia- -a  b r e c c i a  formed by co l l apse  o f  rock o v e r l y i n g  a c a v i t y  produced by 

d i s s o l u t i o n .  

Gravel--unconsol idated, coarse-grained, rounded rock  fragments produced by eros ion.  

Fan gravel--coarse, unconso l ida ted grave l  deposi ted on an a1 1 u v i a l  fan.  

Fan--a fan-shaped mass o f  d e t r i t u s  o r  a l l uv ium t h a t  accumulates a t  a p lace where t h e  

g r a d i e n t  o f  a s l ope  decreases. 

Pediment--a broad, f l a t  o r  g e n t l y  s l op ing ,  rock - f l oo red  e ros ion  su r face  o r  p l a i n  o f  low 

re1 i e f .  



STRATIGRAPHY 

The rocks discussed i n  t h i s  r e p o r t  a r e  summarized i n  t a b l e  1. Deta i led  desc r i p t i on3  o f  

these rock  u n i t s  have been pub l i shed  elsewhere (Hayes, 1957, 1964). 

The Capitan Limestone i s  an o r g a n i c - b a r r i e r  r e e f ,  o r  bar ,  which was deposi ted i n  sha l low 

seas around t h e  edge o f  t he  Delaware Bas in  d u r i n g  t h e  Guadalupian P r o v i n c i a l  Ser ies  o f  Permian 

t ime ( f i g .  1 ) .  The Capitan i nc ludes  a massive member and a t a l u s  member. The massive member 

i s  composed o f  ye l lowish-gray ,  f i ne -g ra ined  1 imestone v i r t u a l l y  w i t hou t  bedding planes. The 

t a l u s  member i s  mos t l y  f i ne -g ra ined  angu la r  fragments, bu t  a l s o  inc ludes angular cobbles and 

bou lders  de r i ved  from t h e  massive member. It was depos i ted  on the basinward f r o n t  o f  t h e  

massive member du r i ng  r e e f  growth.  The average th ickness o f  the  Capitan i s  about 385 m (1,250 f t )  

Equ iva lent  fo rmat ions  on t h e  nor thwest  s h e l f  t h a t  grade l a t e r a l l y  i n t o  t h e  massive member 

o f  t h e  Capitan Limestone have been i nc luded  i n  t h e  A r t e s i a  Group. These a re  t he  Seven Rivers .  

Yates, and T a n s i l l  Formations which a r e  composed o f  in terbeds o f  l imestone, do lomi te ,  s i l t s t o n e ,  

and sandstone. Both t h e  Seven R ive rs  and T a n s i l l  Formations a re  predominant ly dolomite;  whereas. 

t he  Yates Formation inc ludes a l a r g e  p r o p o r t i o n  o f  sandstone and s i l t s t o n e .  The combined 

th ickness o f  t h e  Seven Rivers. Yates, and T a n s i l l  i s  about 300 m (975 f t ) .  

W i t h i n  t he  Delaware Basin,  t h e  B e l l  Canyon Formation was deposi ted contemporaneously w i t h  

t h e  Capitan Limestone and grades l a t e r a l l y  i n t o  t h e  t a l u s  member o f  t h e  Capitan a long the  bas in  

margin.  The B e l l  Canyon i s  as much as 215 m (700 f t )  t h i c k  and inc ludes f i v e  l imestone members 

which a re  separated by t h i c k e r  i n t e r v a l s  of sandstone. 

A t  t h e  end o f  Guadalupian t ime,  t h e  Delaware Basin was c u t  o f f  f rom f r e e  access t o  normal 

marine waters o f  t h e  open sea and s a l t s  i n  t h e  bas in  became h i g h l y  concentrated. The C a s t i l e .  

Salado, and R u s t l e r  Formations were depos i ted  i n  t h e  bas in  du r i ng  the Ochoan 1 a r g e l  y b y  

p r e c i p i t a t i o n  f rom t h i s  concent ra ted s o l u t i o n .  The C a s t i l e  Formation, which i s  conf ined t o  t h e  

Delaware Basin,  cons i s t s  p r i m a r i l y  o f  gypsum and anhyd r i t e  w i t h  in terbeds o f  s a l t ,  and i s  about 

560 m (1,825 f t )  t h i c k .  

The Salado Format ion i s  composed ma in l y  o f  h i g h l y  s o l u b l e  rock s a l t .  Consequently, t h i s  

fo rmat ion  i s  n o t  exposed as complete s t r a t i g r a p h i c  sec t ions .  Where the  Salado i n t e r v a l  i s  

p resent  a t  t h e  sur face,  i t  i s  represented by c h a o t i c  co l lapse b-eccia composed o f  i n s o l u b l e  

residuum o f  gray and p i n k  gypsum embedded i n  r e d  o r  gray  c l ay .  I n  complete s t r a t i g r a p h i c  

sec t i ons  i n  t he  subsurface, t h e  Salado Format ion i s  about 615 m (2,000 f t )  t h i c k ,  and inc ludes 

potassium-bear ing evapor i tes  and m ino r  beds o f  anhyd r i t e  as w e l l  as h a l i t e .  The Salado i s  n o t  

conf ined t o  t h e  Delaware Basin b u t  extends northward across t h e  Capitan Limestone and A r t e s i a  

Group i n  areas east  o f  t he  Pecos R i v e r  ( f i g .  1 ) .  

The R u s t l e r  Formation i s  as much as 155 m (500 f t )  t h i c k  and inc ludes anhydr i te ,  gypsum, 

sandstone, shale,  and do lomi te .  The do lom i te  occurs as two d i s t i n c t i v e  members, t h e  Culebra 

near t h e  base and t h e  Magenta near  t h e  t o p  o f  t h e  format ion.  

Gravel and a l l u v i u m  cover  p a r t s  o f  t h e  reg ion.  The g rave l  occurs main ly  as co l luv ium,  f an  

g rave l s ,  and t a l u s  along t h e  Reef Escarpment. A l luv ium occurs as sand and grave l  i n  ar royo 

beds. There are  no t r u e  pediments a long t h e  base o f  t h e  Reef Escarpment. 
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Figure 1 .--Index map showing major features of the Carlsbad area. 
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GEOLOGIC STRUCTURE 

The Guadalupe Mountains up1 i f t  i s  a major  s t r u c t u r a l  f e a t u r e  i n  southeastern New Mexico. 

Th i s  up1 i f t  i s  a nor theastward t i 1  t e d  b lock  bounded on t h e  west by a zone of en echelon normal 

f a u l t s  and on t h e  e a s t  by t he  Huapache monocline. The southeast margin o f  t h e  Guadalupe 

Mountains co inc ides  w i t h  t h e  Cap i tan Reef Escarpment. 

The t e c t o n i c  component o f  d i p  on the  Reef Escarpment forms the  southeast f l a n k  o f  a long, 

sinuous no r theas t - t r end ing  a n t i c l i n e .  A depos i t i ona l  d i p  o f  20"-30" i n  t he  r e e f  t a l u s  beds 

has apparent ly  been increased as much as 10" by Cenozoic tec ton ism which formed t h i s  a n t i c 1  i ne .  

Numerous j o i n t s  and a few normal f a u l t s  o f  a few meters displacement i n  t he  Capitan Limestone 

p a r a l l e l  t he  Reef Escarpment ( f i g .  2 ) .  Associated w i t h  these j o i n t s  and smal l  f a u l t s  a re  o the r  

l ess  conspicuous j o i n t s  t h a t  t r e n d  a t  r i g h t  angles t o  t h e  Reef Escarpment. 

The j o i n t s  a re  eve rywheree i t he r  p a r a l l e l  o r  a t  r i g h t  angles t o  t he  Reef Escarpment, regard- 

l e s s  o f  t h e  t r e n d  o f  t he  escarpment, which suggests a r e l a t i o n  between the  Capitan Limestone and 

the  j o i n t s .  'The j o i n t s  c o u l d  have formed soon a f t e r  d e p o s i t i o n  o f  t h e  Permian rocks  by d i f f e r e n -  

t i a l  compaction, b u t  i t  seems more probab le  t h a t  they formed du r i ng  Cenozoic reg iona l  up1 i f t  by 

tens iona l  s t resses r e s u l t i n g  f r om d i f f e r e n t i a l  movement between the  s h e l f  and the bas in .  

DISCUSSION 

"Bar rera  Faul t" 

Ke l l ey  (1971, p. 48-49) named t h e  Bar rera  F a u l t  a long the  base o f  t he  Capitan Reef Escarp- 

ment. He s t a t e d  t h a t :  

"The f a u l t  i s  expressed a t  t h e  sur face by smal l  scarps and a l i n e  o f  bushes. It i s  

shown s t r i k i n g l y  on a i r  photos by a smooth we l l - de f i ned  l i n e .  'The f a u l t  su r face  has 

been found i n  two p laces,  a t  t h e  mouth o f  Rat t lesnake Canyon i n  t h e  west bank o f  t he  

ar royo,  where t h e  d i p  i s  65" S. on a carbonate f o o t w a l l .  The o the r  exposure i s  near 

U.S. Highway 62, 2.4 m i l e s  e a s t  ( s i c )  o f  White C i t y  where the d i p  i s  about 80" S. 

Highway 62 crosses t h e  f a u l t  d i a g o n a l l y  on the  eas t  bank o f  Jurn igan Draw j u s t  west 

o f  S t a t e  Road. . . The n e x t  g u l l y  west o f  t h i s  p o i n t  i s  where the  above s teep f a u l t  

su r face  i s  exposed and he re  a t  l e a s t  20 f e e t  o f  pediment grave l  i s  downthrown 

oppos i te  t h e  T a n s i l l  near  t h e  f a u l t .  
* * * * * * *  

I n  sununary, t he  evidence f o r  t h e  f a u l t  inc ludes exposure o f  i t s  surface, scarps, a 

well-marked t race ,  o f f se t  o f  bedrock, and displacement o f  pediment grave l  ." 
Dur ing t h e  course of t h i s  i n v e s t i g a t i o n  we examined the  exposures mentioned by Ke l l ey  and 

t r a c e d  the  f o o t  o f  t h e  escarpment and p a r t s  o f  t he  l i n e  o f  vege ta t i on  on the ground from near 

White C i t y  northeastward t o  Ju rn igan  Draw ( f i g .  3 ) .  The l i n e  o f  bushes mentioned by  K e l l e y  

corresponds t o  a zone o f  open j o i n t s  i n  t h e  Capitan Limestone. It i s  presumed t h a t  these j o i n t s  

h o l d  more mo is tu re  t han  the  sur round ing t e r r a i n  which accounts f o r  t he  more dense vege ta t i on  

a long t h e i r  t r ace .  No v e r t i c a l  d isplacement was observed on any o f  these j o i n t s  a l though they 

do form low eroded scarps a t  many places. 

K e l l e y  apparent ly  d i d  n o t  f o l l o w  t h i s  l i n e  o f  vege ta t i on  i n  demarkation o f  the  Bar rera  

Fau l t ,  because northeastward f rom Jurn igan Draw the  l i n e  o f  vege ta t i on  curves toward the no r th ;  

whereas Ke l l ey  p r o j e c t e d  t h e  f a u l t  t o  t h e  nor theast .  



Figure 2.--View o f  open j o i n t i n g  i n  Capitan Limestone, about 
2 km northeastward from White's C i t y .  



Figure 3. --View southwester ly along Capitan escarpment showing 
vegetat ion band. White's C i t y  i n  background. 



A t  no p lace  d i d  we observe displacement o f  t he  g rave l .  I n  t he  g u l l y  descr ibed by Ke l ley ,  

g rave l  has f i l l e d  depressions i n  t h e  j o i n t  system b u t  we cou ld  f i n d  no c l e a r  i n d i c a t i o n  t h a t  

t h i s  g rave l  i s  d isp laced.  Our f i e l d  examinat ion concurs w i t h  the  o r i g i n a l  i n t e r p r e t a t i o n  by 

Hayes (1964) t h a t  t hese  exposures a r e  fan g rave l s  de r i ved  from the  Capitan Limestone and r e l a t e d  

rocks  exposed upgrad ient .  

A d d i t i o n a l l y ,  K e l l y  appears t o  have m i s i n t e r p r e t e d  some exposures along the south bank of 

Chinaberry Draw as Salado Formation. We d i d ,  however, observe exposures of laminated gypsum 

o f  t he  C a s t i l e  Format ion o v e r l a i n  by g rave l  i n  t h i s  area. We cou ld  n o t  f i n d  any exposures o f  

t h e  Salado residuum as mapped by  Ke l l ey .  

Search f o r  d isp lacement  of bedrock l e a d  t o  comparison of geo log ic  maps by Hayes (1957. 

1964, p l .  I )  and K e l l e y  (1971, p1. 4). These i n d i c a t e d  cons iderab le  d i f f e rences  o f  i n t e r p r e -  

t a t i o n  o f  su r face  exposures i n  t h e  Delaware Bas in  a long t h e  f r o n t  o f  t he  Guadalupe Mountains. 

I n  d i scuss ing  t h e  Ba r re ra  F a u l t ,  K e l l e y  s t a t e s  (1971, p. 49) :  

"A t  t he  su r face  between Jurn igan and Chinaberry Draws ( p l .  4 )  t he  Salado contac t  i s  

d i sp laced  t o  t h e  r i g h t  about two m i l e s  and on t h e  bas i s  o f  meager exposures i t  i s  

es t imated t h a t  t h e  s t r a t i g r a p h i c  th row may be 200 t o  400 fee t . "  

We examined t h i s  area c a r e f u l l y  on the  ground and concluded t h a t  Ke l l ey  m is in te rp re ted  a f a n  

g rave l  f o r  su r face  express ion o f  t h e  Salado Formation. D e l i n e a t i o n  o f  exposures as Salado 

Format ion between Ju rn igan  and Chinaberry Draws (secs.  17, 19, 20, 21, T. 24 S., R. 26 E.) by 

Ke l l ey  f o l l ows  c l o s e l y  t hose  exposures mapped by Hayes as "Gravel"  (Qg).  

"Car lsbad F a u l t "  

A second f a u l t ,  t h e  Car lsbad f a u l t  ( f i g .  I ) ,  was i n d i c a t e d  and descr ibed by Ke l l ey  (1971, 

p. 50, p l  . 4) a long t h e  no r the rn  p a r t  o f  t h e  Guadalupe Mountains (sec. 6. T. 23 S., R. 26 E.). 

The main evidence f o r  t h i s  f a u l t  p resented by Ke l l ey  i s  t h a t  d i p s  on the  downthrown s i d e  o f  t h e  

f a u l t  would have t o  be about 35". Apparent ly  such d ips  seem abnormal t o  him and he con jec tured 

t h a t  a f a u l t  must be present .  However, south  o f  White C i t y  where the  Reef Escarpment i s  b e t t e r  

exposed, d i p s  i n  excess o f  35" are  n o t  uncommon a long the  r e e f  f r o n t .  An i n i t i a l  d i p  o f  about 

30" i s  n o t  unreasonable f o r  t h e  Cap i tan t a l u s  member. Th is  a t t i t u d e  has been increased by a t  

l e a s t  10" by Cenozoic tec ton ism.  

A major  f a u l t  system borders t h e  Guadalupe Mountains a long t h e i r  western margin and a 

g e n t l e  monocl ine t r ends  nor thwest  across t h e  mountains ( f i g .  1 ) .  These a r e  the  o n l y  major  

t e c t o n i c  f ea tu res  recogn ized i n  t h i s  reg ion.  

CONCLUSION 

A f t e r  cons ide ra t i on  and examinat ion o f  t h e  evidence i n  t he  f i e l d  we do n o t  be l i eve  t h e r e  

i s  a sound bas i s  f o r  i n t e r p r e t i n g  a f a u l t  a long t h e  f o o t  o f  t h e  Reef Escarpment o f  t he  Guadalupe 

Mountains. Th i s  conc lus ion  i s  based on t h e  f o l l o w i n g  observat ions  r e l a t e d  t o  Kel l e y ' s  (1971, 

p. 49)evidence f o r  t h e  Ba r re ra  F a u l t :  

1. Exposure o f  t h e  f a u l t  p lane o r  f a u l t  scarps was n o t  d e f i n i t e l y  observed i n  t he  f i e l d .  

2. The vege ta t i on  l i n e  near  t h e  base o f  t h e  escarpment c i t e d  as evidence f o r  a f a u l t  by 

K e l l e y  co inc ides  w i t h  a j o i n t e d  zone i n  t h e  Cap i tan Limestone and f o l l o w s  a stream course 

( f i g .  3) r a t h e r  than a f a u l t  t r ace .  

3. Displacement cannot be demonstrated i n  e i t h e r  t h e  bedrock o r  t h e  sur face grave ls .  



A c a r e f u l  f i e l d  examinat ion o f  t he  area o f  t h e  Car lsbad F a u l t  as descr ibed by Ke l l ey  

f a i l e d  t o  revea l  any f a u l t  p lanes o r  f a u l t  scarps. 
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