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GEOLOGY MID UYDR0LM;Y OP THE CMLSBAD POTASH AREA, 
EDDY W D  U A  COIMXES, NEU W l W  

BY 

, !rnc,ld L. Brokaw. C. L. Jones, U. E .  Cmley. and U. U. Hay. 

The potasb mines o f  a w t h e a s t e r n  Uew Uerieo arc i n  a sparse ly  
populatad a r m  15-30 milas  e a s t  of Carlsbad. Topographic r e l i e f  is 
la, surface drainape p w r .  a d  co l lapse  fea tures  c-n. The cl imate 
1. s e d s r i d .  

S c d h n t a r y  r o e b  a t t a i n  thicknesses  of more than 20,000 fee t  and 
range i n  age Era Ordovician to Q u a t s r ~ r y .  The a r e a  includes the 
northern end of the Delaware bas in  and the largnly buried Capitan l a e f .  
The basin c m t a i n s  as u c h  a s  13.000 f r e t  of P e n i a n  s t r a t a .  The 
o ldes t  sxpossd rocks arm of U t s  Permian ape, but d r i l l i n g  bas provided 
much da ta  on the  buried o lder  rock.. The pr inc ipa l  structures a r e  broad 
pentl. f ea tures  r e l a t e d  t o  l a t e  Paleozoic s e d h e n t a t i o n :  the  northern 
Dslawara baain, a s h e l f  nor th  and v a s t  of the basin, and a c e n t r a l  basin 
platform t o  t h s  eas t .  Thasa s t r u c t u r e s  wars t i l td  eastward befora 
P l i o c e w  t h e .  bws bean i M c t i v e  ainc., and n w  s h w  a penera1 eastward 
dip of I s a s  t h m  2.. 

The salt deposit. a r e  i n  the  U t e  Permian 0ch0.n S e r i e s  cmposed of 
a th ick  sal t -bear-  w a p o r i t a  1w.r p.rt (C.s t i l e ,  Salado. and Rust ler  
rormatiolu) and a t h i n  a m - s a l t - b u r i n p  upper p a r t  (Dewey Redbeds). 

The Castils P o r n t i o n  c o n s i a t s  I s rge ly  of i n t e r l u i n a t e d  gray 
snhydri ta  and b r a m i s h - p a y  limeston.. but includes much rock s a l t .  It 
is about 1,500-1.600 f r e t  t h i c k  along the  southern edpe of the potash 
area;  it t h i n s  northward t o  about 1.000 fee t  near the margin of the 
Delaware basin and t w u e s  out  i n  the  swther-at p a r t s  of the  
northwest ahe l f .  A 1 1  the  s a l t  i m  concentrated i n  a th ick  middle melber 
which l i e s  200-300 f e e t  above the  base of the  formation. 

The Salmdo Formst i~n .  the  main sa l t -bear log  u n i t  of the potaah 
a rea ,  rsnpes i n  thieknesn f ro l  about 1.900 feet  i n  tho south t o  about 
1.000 fea t  i n  the  north.  The f o r u t i o n  is ch.r.ctcsized by th ick  
Persistent u n i t s  o f  rock s a l t  ml ta r lu t inp  with thinner  u n i t s  of anhydrite 
and polyhal i ta .  Thin s a u .  o f  clayatone underl ie  the  anhydrl te  and 



polyha l i t e  uni t .  and there  are a few beds of sandstone and s i l t s t o n e  a t  
l a rge  i n t e r v a l s .  The Salad0 Formation i s  dlvided i n t o  th ree  informal 
unit.: a l w e r  and an upper s a l t  member, general ly  f r e e  of 8 y l v i t e  and 
other  potassium and magnesium evapori te  minerals; and the McNutt potaeh 
ronc, general ly  r i c h  i n  there  minerals.  

The Rus t le r  Formt ion  mostly anhydri te  and rock s a l t .  t h i n s  f r m  
300 t o  400 fee t  i n  the  southern p a r t  of the  ace. t o  about 200-250 fee t  
i n  the northern par t .  S a c  d o l m i t e  is present  i n  the  upper and l w c r  
p a r t s  of t h e  formation. and t h i n  t o  th ick  u n i t s  of sandatone and s h a l e  
are interbedded a t  long t o  shor t  intewalm. 

The Dewey Lakc Redbeds a t  the t o p o f  the  Ochwn S e r i e s  cons i s t  of 
rcddish-brwn s i l t r t a n e  and fine-grained aandstonc. The formation is 
250-550 f e e t  th ick  i n  the potash area.  

Three u i n  hydrologic u n i t s  con t ro l  the  ground-water hydrology of 
the Carlsbad potash mining a rea :  the Pecos River. the water-bearing 
s t r a t a  overlying the Salado P o r u t i o n .  and the Capitan Limestone and 
other  water-bearing s t r a t a  underlying the Salado. The dimtr ibut ion and 
development of large d i s s o l u t i o n  features .  p a r t i c u l a r l y  i n  the  Wash 
Drau and Clayton Basin area., exer t  a u J o r  e f f e c t  on the occurrence 
.ad movement of the  ground water. The Pecos River receives nearly a11 
of  the  ground-water o u t f l w  f r m  the a rea .  Mast of t h a t  outflow reaches 
the Pceos near Malapa Bend. 

The main water-yielding u n i t s  overlying the  Salad0 Formation are 
the  basal  s o l u t i o n  breccia  zone and the  Culcbra D a l a i t c  Meder  of the  
Rust ler  P o r u t i o n ,  the  S m t a  Rosa Sandstone, and the  alluvium. The 
basa l  so lu t ion  breccia  zone is the hydrologic un i t  most s i g n i f i c a n t  i n  
the  so lu t ion  of h a l i t e  f r a  the upper part of the Salada P o r u t i o n .  
The easter-st e r t e n t  of evapor i te  s o l u t i o n  i n  the  potaah mining a rea  
i a  roughly a t  the c a ~ l o n  boundary between Ranges 30 and 31 E. The 
f a r u t i o n s  above the Salado Formation s e a  t o  be connected hydrolopical ly 
and can be considered s i n g l e  mul t ip le  aqu i fe r  syatam. Solut ion 
a c t i v i t y  and associated col lapse,  subsidence. and f r a c t u r i n g  have 
increased the o v e r a l l  permeability of the rocks and the interformational  
movement of water i n  the  aquifer  s y s t m .  

Ground water i n  the  formations above the Salado moves general ly  
southward and .outhurstuard across  the potash mining a r e a  t m r d  the 
Pecoe Rivcr. Although the t o t a l  amount o f  ground water discharging t o  
the Pecos River is not known, i t  ha8 been cstimatcd t h a t  200 g.110m 
per minute en te r  the r i v e r  E r a  the basa l  a o l u t i o n  brecc ia  zone. 



The p o t e n t i o l e t r l e  and water- table  contours o u t l i n e  a eerie. of 
ground-water r idges  and troughs which a r e  imposed on the regional  
southward t o  southwestward p a t t e r n  of ground-water movelent. A large 
southwestward-plunginp ground-water trough extends f rop  Urnlag. Bend 
northcastward roughly through Naeh Draw to  beyond the  mining area in  
the v i c i n i t y  of Laguru P la ta .  Another much s u l l e r  trough i s  east and 
aouthcast  of the ProJect Cnme s i t e .  

The Salado l o r u t i o n  has an  i n t e r g r a n u l ~ r  porosi ty  and 
permeability t h a t  ramgas from low t o  v i r t u a l l y  none. Locally. f rac tures  
and s o l u t i o n  openings impart a spo t ty  f o r u t l o n r l  permeability. I n  
the  potaah mining a rea ,  the Salado P o r u t i o n  la  dry except for  water i n  
the leached zone a t  the  top of  the formation and s u l l  pockets of water 
o r  water aod gas encountered occaalolul ly during mining. 

l l m  C u b r i a n  t o  Permian sedimentary rocks underlying the Salado 
P o r u t i o n  contain water of b r ine  c a p o a i t l o o  and arc under high a r t e a i a n  
pressure. Theas rocks a r e  not exposed i n  the potaah mining a rea  but l i e  
deeply buried throughout much of southeastern New Mexico and western 
Texas. I n  the  potash mining a r e a  the clcvat iana of the p o t e n t i m e t r i c  
sucfmces of d i f f e r e n t  r m e s  of these rocks range from a few f e e t  t o  a 
few hundred fea t  above o r  b s l w  the  land surface.  

The U.S. Geological Survey, on behalf of the  A t a i c  Energy 

Commission. has a u u r i r e d  the  ava i lab le  geologic and hydrologic 

i n f o r u t i o n  on the  Carlsbad. Y .  Wsx., potamh area .  The purpoae of t h i s  

s u u r y  is t o  fu rn i sh  the A t a i c  Energy C a i a s l o n  with da ta  t h a t  would 

be u6eful  t o  them i n  t b e i c  evaluat ion of varioua geologic f o r u t i a n .  

for the  d i sposa l  of rad ioac t ive  wastes. The pro jec t  was s t a r t e d  on 

Apri l  1. 1972, and co lp le t rd  ~l June 30.  1972. 

I n  preparillp t b i s  report  we have drawn l i b e r a l l y  on published 

repor t s  and on unpublished f i l e  da ta  of  the U.S. Gealogical Survey. Us 

have benefi ted f r a  the f u l l  cooper.tion of R .  S. Pulton. Pegioaal 



Uining Supervisor.  U.S. Geological Survey. Carlsbad. N. Uex., and 

D. U.  Van Sickle .  Pegiorul  Ccalogis t .  U.S. Geological Survey. Poawell. 

N. Uer. Ue had the pleasure of d i scuss ing  the ob jec t ives  of t h i a  prole ,  

wi th  Donald Baker. Director .  New Nerico Bureau of n i n e s  and Uineral  

Peawrcea ,  and with Prank Kott louski  and Boy Poster .  a l s o  of t h a t  

o r ~ a n i z a t i o n .  Diacusaioru and undersrwnd t r i p s  with W i l l i a m  Stanley 

of the U.S. Potash Company, and KArl Ehlers  of the Duval Cmpany were 

a l s o  vary he lp fu l  in our work. 

GEOGRAPHY 

Location and populat ian 

The potash mines of southeaatarn New Uexico a r e  i n  e a s t e r n  Eddy 

County and w a s t e r a w s t  Lea Cwnty.  Most of the mines l i e  a long a 

north- t rending l i n e  15 miles  e a s t  of the c i t y  of Carlsbad and 

25-45 miles  nor th  of the Texas border ( f i g .  1).  Two mines a r e  10 miles  

f a r t h e r  e a s t .  

The a r e a  i s  sparsely populated. Populations given here  are 

e s t h a t e e  fo r  1.0. 1. 1972 (Rand UeNally and Co.. 1972). Eddy County 

b s  a populat ion of 39,800 and Lea County 48.800. Other than Carlsbad 

(20.500). the only c i t i e s  o f  1,000 or l a r g a r  populat ion wi th in  50 miles  

o f  the mines a r e  Hobbs (25.800), Ar tes ia  (10.300). Lovington (8.900). 

Eunice (2.600). J.1 (2,600). and Loving (1,200). except fo r  widely 

ecmtterad ranch and farm houm.s. the only hab i ta t ion6  within 20 miles  





of the mines are in Carlsbad. Loving. and the r8unll c-unities of 

malag., Otis, Loco Hills, and UalJamar. Population is highly dependent 

on the petroleum and pota8h industries. and any large increase other 

than through possible expansion of these industries seems improbable. 

Surface watec 

The Peeos River, which riacs in northca.tern New Mexico and 

ulthtcly Joins the Pio Grandc st the Uaxican border. Is the only 

through-going perennial etrcu in this area. Here and farther south 

the Pecos receives almost a11 the m r L c a  discharge and at least the 

greater part of the subsurface discharge from the area. Surface drsinsgc 

f r m  a s t  of the .re% Is poor. m e  only significant cwtinuwslg 

floviw tributmry of the Pccos is Black liver. #ouch of Carlsbad. Tho 

abundmt small intermittent stre-. generally drain into drprcssiona 

produced by .and dunes or by solutim subsidence where the water 

evaporates or sinks into the subsurface. Of the intermittent streams, 

the longest is in Monument Draw, which drains southward a l o w  the eastern 

sdsc of Lea Cwnry. It is rare for such penexally dry channels to eaxry 

eoatinuous f l w s  of water. as the runoff f r m  thunder shwers ordinsrily 

sinks into depresaims in the floor. 

The Pecos River, 9-11 reservoir8 behind two d a m  between Carlsbad 

and Loving. and a 8-11 part of Salt Lake. east of Loving. are the only 



bodies of perennial  sur face  water within 14 miles of any potash mine. 

The northern edge of S a l t  U k e  is 4 milee southwest of the Internat ional  

n i n e r a l  and Chemical Corp. mine. Other lake@ (or  "Lagulu.") east of  

the  Pacoa c a r t a h  u a t a r  only a f t e r  heavy =aims. Ukes 4IcHIllan a d  

Avalon and the  a u l l e r  renervoir  an the r iv - r  a t  the e a s t  edge of 

Carlabad a r e  15 milea o r  -re f r m  the  w a r a r t  mine. 

Topaer.phy 

The topography of the  a r e a  ( f i g .  1) f a l l s  emally i n t o  four large 

d iv ia io lu :  the e u t e r n  Cwdalupe Mountains and i t a  f o o t h i l l s ;  the  

Hiph Plains;  i l o l a t a d  a raaa  of la, h l l l a .  p r inc ipa l ly  south of Carlsbad 

and .outhueat o t  Runica; and widespread pediment. and a l l u v i a l  p la ins ,  

north, east.  and aoutheaat of Carlsbad. Collapse feature. loca l ly  

modify the topography throughout tha region. 

C l u d a l u ~ e  nountaine.--The Cuadalupe Mountains form a l o d e r a t s l y  

d i sssccrd  plateau. gant ly inc l ined  t o  tha northeast  (Hayea. 1964). 

South of Cmrlsbad the  ~ u n t a i n s  a r a  bounded abrupt ly on the  aoutheaat 

by the Peaf Escarpment. the  fee. of  an  exhumed P s c d a n  reef tha t  bordarcc 

the Delaware baain. This  s t r i k i n p  topographic and r t r a t i p r a p h i c  

feature emerges f r a  the aubsurfacc near Carlsbad. I t  became. .teeper 

and higher aouthwestw.rd f r a  Carlabad and culminates i n  Cuadalupa Peak 

(8.751 fact). 50 miles  E r a  the c i t y .  Northwest of Carlabad, the 



-&in of  t h e  mountains i a  f a r  l e s a  spec tacu la r ;  the  nor theas te rn  sL 

there  deecende g radua l ly  t o  the  pediments t h a t  f lank the  Pecom River .  

Hlph Plains.--The H i &  Pla lna a r e  a l a rge  r m l v n t  o f  the  depoait  

s u r f a c e  on top  of  the  Pl iocene O s a l l a l a  P o r u t i o n .  The s u r f a c e  o f  t t  

p l a i n s  is r-rkably even and s l o p e s  east -eoutheast  about 15 f e e t  per 

milc.  I t  is under la in  by a t h i c k  l ayer  of  c s l i cha .  uhich is mantled 

i n  place. by t h i n  s o i l .  West of  Hobbs and Lovington. tho p l a i n s  a r e  

aharply bounded by a s o u t h w e s t - f a c i q  eroaioo.1 scarp.  100-300 f e e t  

high, barn a s  nenca lc ro  I idpe .  south of  Hobbs. the  boundary is only 

vaguely def ined (Nicholson and Clebsch, 1961). 

L a  hi l ls . - -The Gypsum Hills. s rovp  o f  lw rounded h i l l .  erode 

from gypsiferous Permian rocks, occupy l v c h  of  the  a r u  between t h e  P 

Piver  and the  Reef Escarpmmt. 20 m i l s .  sou th  of  Car1sb.d. Fa r the r  

nor th ,  a u l l  h i l l s  loemlly p r o j e c t  above the  piedmont s u r f a c e s  f l a n k i  

t h e  s s c s r p l c n t .  I n  Lea County. two lw ridges .  nor th  and v e s t  of Sam 

Simon Sink may preserve ou t ly ing  remnants of  t h e  High Plain. s u r f a c e  

(Ilicholson ud Clebsch. 1961). 

Pediments and a l l u v i a l  p la ins . - -Ova most of  t h e  a r e a  s h w  on 

f i g u r e  I, t h e  ground s u r f a c e  has  low r e l i e f  and s l o p e s  gen t ly  

(20-40 f e e t  per mile) .way f r a  t h e  borders  of  t h e  Guda lupe  nountaina 

and the  High P l a i n s  t w s r d  the  Pecos P ive r  or l o c a l l y  t w a r d  Black P i \  

and Uonument Drau. Included, i n  genera l ,  is a11 t h e  l a r g e  area e a s t  c. 



the Peco. Pivar and s w t h  and west of the High P la ins ,  the are. near 

Arteai. f c a  the r i v e r  west t o  the  f o o t h i l l s  of the  Guadalupc Mountains, 

sod the a r e a  south of Carlabad between the  Pecm River. the Cypwa 

~111s. and the Pcaf Bscarpment. 

 ha h i e  f a n  of  almost a l l  th. ground m r f a c e  of the  region is 

erosional  and cona ia t s  o f  Pleistoc.tm pediments and p a r t i a l  p e d i u n t s  

that have been d l f i e d  t o  varying dearera. Ucarly a l l  t h e  aurface 

eas t  of t h s  Pecos Rivar. including the  v i c i n i t y  of the  potash mines, 

ir a podL.nt or l roup of c ~ 1 e s c . d  p a d b e n t s  of probable e a r l y  

Pleistocana age (noryo  and bayre, l N 2 ,  p. 35). Thia sur face  was 

modified during .Id s i n e s  its f o r u t i o n  by aolut ioo-col lapaa feature.. 

It M a  hen d i u a c t e d  l o c a l l y  by s t c o . ~ . .  and l a r s e  p a r t s  of i t  a r c  

unt1.d by s h i f t i n g  o r  s t a b i l i z e d  s a d  dunes. 

A l q  t h e  Paces PI.,or and west of t h e  r i v e r ,  th. aurface 10 youoger 

than t h a t  t o  the  e a s t  aad CoMiaCs of  a cmplex  of th ree  te r races  t h t  

c-ly rim l i k e  broad lw atepa from the  r i v e r  t o  the  f o o t h i l l s  o r  

t o  the a s c a r p u n t  of tha Cuadalup. Mountaiw (Ptedler  and Uye, 1932. 

p. 10-12). The uppsr two t e r r a c e s  a r o  in te rpre ted  a s  remnants of 

P l e i a t o e c ~  p a d i u n t s  (Horberg, 1949. p. 472; Morgan a d  Sayre. 1942. 

P. 35). wheraas the l w e a t  and youngest t e r race  war produced by 

moderate entraochmeot o f  the r i v e r  and i t s  u J o r  t r i b u t m i e a  i n t o  

M r r a  diseontinuoua alluvial plain.. 



Collapse features.--Collapse f e a t u r e s  produced by subsurface 

s o l u t i o n  a r e  varyingly common throughout the  region. They are most 

abundant eamt of  the  Pecos River i n  part .  of t h e  widespread old 

pediment. So lu t ion  occur. where unsaturated circulating ground water 

pas.es through o r  a l m s  t h e  c o n t a c t s  of  l a y e r s  of s a l t ,  gyprun, 

anhydr i t a ,  o r ,  t o  l e s s  ex ten t ,  carbonate rock. These s o l u b l e  rocks 

p r e d m i n a t c  i n  the  U t e  Permian Oehrun Ser ies ,  uhich under l i e s  a11 t h e  

a r e a  e a s t  o f  the  PICOO River.  

Tba c o l l s p s e  fea tu res  range i n  s i z e  f ro .  mall s i n k s  t o  depress ions  

many miles  long. Indeed, the  present  course  of  t h e  Pecos River uas  

probably determined by a t r a i n  of  c ~ l e s c c d  P le i s tocene  s i n k s  captured 

by ashmdward-working t r i b u t a r y  of  t h e  Rio Crande (Uorgsn and Sayre, 

1942, p. 37). Other conspicuous expreesions  o f  ground-rater  s o l u t i o n  

include the  subsidence of  t h e  f l o o r  beneath the  a l l u v i u l  of the  

Roswoll-Artcsia b a s i n  t o  a s  much as 140 f e a t  below the  bedrock o u t l e t  of 

t h e  b a s i n  south o f  A r t e s i s  @organ sod Sayre. 1942. p. 37). t h e  scver.1 

abrupt  changes i n  f l o r  i n  t h e  Pecos River u i t b i n  20 miles  nor th  of 

Carlsbad (Uorpan and Ssyre. 1942, p. 37). Wash Drsw and Clayton Basin 

clome t o  t h e  potash mines e a s t  of  C.rlsbad.and San Simon Sink southuest  

of  Eunice. 



The c l h t s  of near ly  the whole reglon Is semiarid. The average 

annual p r c c i p l t a t i m  rawem f r m  about 12 t o  13 inehe. nemr the Peco. 

l i v e r  and J.1 t o  almost 16 inchea a t  Hobbm. In the Cuadalupe 

MountAlns, p r e c i p i t a t i o n  r i s e s  t o  about 22 inches near the s u m i t .  

Most p r e c i p i t a t i o n  is b m  l o c a l  thundarshmters that occur f r o  

June t o  Octaber. Th- v a r i a t i o n  I n  the yearly t o t a l  is large. 

Th. r e l a t i v e  humidity i n  the  region is lw. Winters a r e  mild 

with l i t t l e  sow. a d  s ~ . r s  a r e  warm. f h e  average July temperature 

near Carlsbad is a l i t t l e  over 80' P. W i n d e t o ~ ~ s ,  m i n l y  i n  the 

mprlng of the  ymu,  u y  be severe. 

l n d u s t r r  

Mineral productlcm i n  Eddy .Ild Lea Counties has been n a t i o i u l l y  

s i ~ n i f i e a n t ,  and, as of 1%1. laa County ranked f i r s t  i n  the  S t a t e  

in  value of  production. The p c t r o l a u .  8.8. and potrah industries 

have d a i a a t e d  the  a c o n a i e s  of the  two countier  for  acveral  decades. 

A l l  year ly production valuas l i v e n  below a r e  abs t rac ted  or derived 

from d a t a  c o q i l e d  by Stotelmcyer (1969). 

Produc t im values of crude petroleum. l u t u r a l  pas. nmtural-gas 

l iquids,  and n . ru ra l  8aaol ine t o t a l e d  $12.4 mi l l ion  i n  1961 i n  Eddy 

County. Of t h i s ,  $54.8 mi l l ion  war crude petroleum. lo Lea County. 



the production value of crude petroleum alone, largely f r m  the cent ra l  

and aouthern par t s  of the county. wa8 $247 mil l ion i n  1967. 

The productiocl i m  gradually increasiop. Exploration is ac t i ve  and 

1. pa r t i cu l a r ly  spurred by i l l c r u a h  deund  for  na tura l  &as. Sanger 

and Saultz  (1971, p. 1039). i n  d iacwaing  explorat ion i n  1970 in the 

d i s t r i c t  of Ucst Tsxaa and eaatern New Mexico, s t a t ed  t b t  the 

Delaware basin, " . . . a t i l l  i n  the ea r ly  atages of i t s  exploratory 

hiatory,  continued t o  ba very ac t i ve  and t o  b v a  th* grea tes t  potential . .  . 
Deep pa. reserves f r m  Devonian throat* Ordovician (Ellenburger) 

continue t o  be of pri.8 consideration." 

The potash mines ea s t  of Carlabad a r e  the pr inc ipa l  source of 

potash availmblc within the United Statam and cons t i tu te  a11 of  the 

production i n  New Mexico. The t o t a l  value of potash produced aince 

1932 i a  $1.75 b i l l ion .  In 1966. the value was wall  ovar $100 mil l ion 

(~t0t ; luy.r .  1969). Since then. foreign c a p e t i t i o n  ha. grear ly  

reduced production. and .me mines a r e  closed. h e l i n e  i n  the induatry 

reaulted i n  reduction i n  the population of  Carlabad f r m  25.500 i n  1960 

t o  an e a t l u t e d  20.500 in 1972 (Rand McNally and Co.. 1972). Large 

reserve. of potash r a u i n ,  and the future of the  industry a.eu t o  

depend on deund ,  which is influenced prea t ly  by the c r t c ~ t  of foreign 

c m p e t i t i m .  



Apricul ture over -st of t h i e  dry region c o n s i s t s  a a l c l y  o f  the 

grazing of cmtt le  and sheep. I r r i g a t e d  f a r m  ConcentraLrd along the 

Pecoa Pivar  near Artmala and aouth of Carlabad account for  a large 

p a r t  o f  t b  t o t a l  agr icu l tu rml  incme.  There i r  dry farming on the 

High Plains. 

Tour i s t  d o l l a r s  a r e  an  important p a r t  of the loca l  economy. 

Carlabad Caverns, Whitd Sands. and o ther  nearby r u t u r a l  fea tures  draw 

u n y  thousands t o  the a r e a  each year. 

Tha v i c i n i t y  o f  tha potaah mine. l a  read i ly  access ib le  by highway. 

r a i l r ~ d  f re igh t .  a d  scheduled a i r  se rv ice .  The mines a r e  served by 

hard-aurfaca S t a t e  o r  federa l  highways t h a t  provide caay year-round 

access  f r a  Carlebad. Federal highways extend f r m  Carlabad i n  

several  d i rec t ions .  Spur 11n.s o f  the  S m t a  Fc Pailroad se rve  the  minee, 

c o n n e c t i ~  v i a  Carlabad with the  u i n  Line a t  Clovis. W .  Uer.. about 

180 milea t o  the  nor thear t .  Carlsbad has schaduled a i r  s e r v i c e  t o  

E l  Pam, Albuqu.rque. and Dallam-Ft. Worth v i a  Texaa I n t c c r u t i a r u l  

Airlines. 

SIIIATIWPHK 

The potash d n e a  i n  routheastern New Uerico ( f i g .  1) a r e  i n  an 

area of g rea t  s t r a t i g r a p h i c  s i g n i f i c m e e .  Sedimentary depos i t s  ranging 





general ly  over la in  by Ordovician s t r a t a  tha t  lapped northu..tward 

onto a pos i t ive  a rea  i n  northern New nexico and Colorado. Locally, 

near the e a s t e r n  boundary of Lea County, l a t e  Paleozoic u p l i f t  

u s e d  e ros ion  of a11 o lder  Paleozoic cocks, and Permian s t r a t a  l i a  

d i r e c t l y  on basement. 

Prc-Permian Paleozoic d e ~ o s i t i o n  

F r a  Ordovician throuph Pennrylvanian t h e ,  u r i n e  sediments 

a c c u u l a t e d  s l w l y  bu t  f a l r l y  continuously In the  s a u t h e w t e r n  corner 

of New Mexico. IMposition waa i n  and marginal t o  b r m d ,  near ly  f l a t ,  

s u b s i d i w  basin. t h a t  were northern a r m  of the Oluchita trough. This 

trough passed t h r w p h  Oklahoma and c e n t r a l  and trans-Pecoa Texas and 

connected with open sea  i n  the v i c i n i t y  of the praaent gu l f  coast or 

the coast of s w t b e r n  Cal i fo rn ia .  I n  Early Pennsylvanian t h e ,  the 

i n i t i a l  r i s e  of a median r i d p  t h a t  was t o  be Ln- as the c e n t r a l  basin 

platfor. of P s n i m  t h e  ( f ig .  1) divided M e a r l i e r  very v ide  basin 

in to  the ances t ra l  IMlawara bas in  and the Midland bas in  f a r t h e r  e a s t .  

The variwm Paleoroic  basins  were are.. of espec ia l ly  a c t i v e  aubsidcnce 

whoa= surfaces were general ly  Lorcr than thorn on the  more a tab le  

Shelves. p l a t f o n s .  or arches bounding them. Total  deposi t ion van 

thickest i n  the c e n t r a l  par t  of the Delaware basin uhere subsidmee was 

area tes t ,  but the  depos i t s  of s- t h e  intervals, notably the 

Penn*ylvanian Period, were th ickes t  on the u r g i n s .  



The total thickness of the pre-Permian sedimentary rocks is 

5.000-5.500 feet in the hediate vicinity of the potash mines. The 

rocks thicken southeastward La .ore than 7.000 feet in aouthern 

Lea County and thin northweatward to about 3.300 feet near the middle 

of the northern edge of Eddy County. The rock. arc prcdolilvntly 

shale and carbonate* (fig. 2) .  P o c k  of Misslasippian and 

Pennsylvanian age are dailvntly shale in the central part. of the haainm 

of deposition and carbonatas along the edge.. Hiddl. Ordovician and 

Lunar Pennsylvanian OmdStOOt8 a feu hundred feet thick occur in the 

vicinity of the potash mine. and the C n m  sits. 

locks of Ordovician, Silurian-Devonian, and Pennsylvanian ape 

form important petroleum reservoirs beneath the central banin platform 

and the northwemt ahelf (fig. 1). Production from rock. of these apsa 

in the northern Delaware basin ia widely acmttcrsd and interest is 

increasing in deep explormtory drilling there. 

Permian dc~osition 

Yolfcmvian. Leolvrdian. and Cuadalu~ian Series.--Over a large area 

in the general vicinity of Carlabad, tha total thickness of the 

Wolfempian. Leolvrdian. and Cu.d.luplm Seriaa is 8.000-9.000 feet. 

Th. aection thins gradually northward f r a  the mines. The rocks are 

noted for raurkably capler IateFal cbnsc. in faelis. 



The subsidence t h a t  def ined  t h e  a n c e s t r a l  Delawsre bas in  i n  

Pennsylvanian t i r  acce le ra ted  i n  Early Permian Yolfcampian time and 

continued st a high r a t e  througl; Gwdalupian t h e .  During much of 

t h i s  in te rva l .  the  bas in  extended feu t e w  of milas northwest of 

the l a t e  Cuada1upi.n l h i t s  def ined by the Capitan rae f  of t h a t  age. 

The subsiding basin was covered t o  varying depths by u r i n e  r a t e r  and 

received depos i t s  of s h a h ,  fine-grained sandstoll.. and dark-colored 

limestone. Tbe rock c o l u m  for  t h i s  i n t e r v a l  ( f i s .  2) is represen ta t ive  

of the type of d e p w i t i o n  i n  the  northern p a r t  of tho basin.  Ligbt-colored 

shallar-water cs rbo tu tes  general ly  bounded the basln on the  shelve. t o  

the west and north. and the  platform t o  the eas t .  Reefs or banks of 

l ess  cohesive s k e l a t s l  u t e r i s l  very c o m w l y  cmposed the basinward 

edger of thsso carbonates ( f h .  3). and s u b u r i n e  t a l u s  formed mteep 

slopea d e s c u d i w  t o  the f loor  o f  t h e  basin.  A s  the  r e e f s  g r e r  upward, 

.me a l s o  grew basinward, over r id ing  t h e i r  t a lus .  

Close behind the r e e f s  and banks. the  contemporaneous she l f  rocks 

(fig. 3) cons i s t  of bedded d o l m i t r .  subordinate  u a u n t s  of l h e s t m a ,  

a h a h ,  ud sandstone. and l o c a l l y  a l i t t i e  anhydri te .  The grada t iona l  

contact between she l f  and r e s f  facie., l i k e  t h a t  between raef  and bas in  

facie#. =-only t r a n s a c t s  badding a s  i t  rises i n  the section 

k u l w s r d .  Farther  back of the ree fs .  the  dolomite of the  upper par t  of 

the Guadalupian s e r i e s  ( the Ar tcs ia  Croup) and, t o  much 1ema extent .  

that of the l a r e r  Guadalupian and Leonardian S e r i e s  tends t o  give way 

lncreamingly t o  m h y d r i t e ,  formed i n  shallow evaporative lagoons. 
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The r e e f s  bounding the northern edge of  the Delaware bas in  

progressed f r m  a pos i t ion  north of r h r  prraenr potash mines. i n  

Icomrdian  and e a r l y  Guadalupian time, t o  a pos i t ion  within the .inin1 

a rea  i n  l a t e  Cuadalupian t h e  ( f ig .  3). Elaewherr on the u r & i n a  of 

the  bas in  there  was a s imi la r  basinward progression. A t  the  end of 

G w d a l u p i ~ n  time, the  Capltan Reef almost e a p l s t c l y  ene l re l sd  the 

baain, r c a t r i e t i n g  aar thern  acccrs  t o  the  sea  and s e t t i n g  the atape 

for  b a s i l u l  evapori te  depo8ition. 

The northwest she l f .  north of tha Delawara basin. and tha centra  

baain platform, e a s t  of the bastn. b.vs been important producers o f  

p e t r o l e u  f r a  Permian roclu. Extensive pools i n  sandstone and 

carbonates o f  the Ar tes ia  Group and the San Andrea F o r u t i o n  a r e  

concentrated i n  b e l t  h e d h t e l y  above and behind t h s  buriad Capiti 

Beef, but there  has been s i g n i f i c a n t  production f r o .  almost a11 par t ,  

of the  Uolfcampian. Leomrdian, and Cuadalupian aac t ion  i n  various a :  

on the ahelf  a d  platform. Batablished p o o h  within tbe  northern 

Delmvare banin a r c  more s c a t t e r e d  and are p r i n c i p a l l y  i n  sandatonel I 

t he  Delaware Mountain Croup. 

Oehoan Series.--The f loor  of the  Delaware bas in  i n  e a r l y  Ochoar 

tima i s  general ly  estimated t o  have been st l e a a t  1,200 fae t  b e l w  I 

top of the  Capitan Reef. which a h o a t  enc i rc led  i t .  U h i h  u n y  

hundreds of feet  of Cant i l e  F o r u t i o n  cvapori tes  acc-latrd i n  the 



basin. apparent ly l i t t l e  accumulated i n  the reef  and back-reef areas .  

Probably ra ther  l a t e  i n  C a s t i l e  t h e ,  the basin was f i l l e d  t o  the  extent  

tha t  a t h i n  tongue of anhydri ta  extended loca l ly  acme. the bounding 

reef  and onto the  ahelf .  The uppermost par t  of the C a s t i l e  

inter tongues ree f ra rd  i n t o  basal  h a l i t e  of the  Salmdo Formation (Jones, 

1954, p. 108-109; Jones and MAdaen. 1%8. PI .  2) .  

The Salado P o d t i o n  is one of the  p r inc ipa l  d e p a s l t s  of h a l i t e  

on the North h e r l c a n  cont inent .  It w e r l i c s  the C a s t i l e  c o n f o r u b l y  

i n  the  Delawara bas in  a d  axtends over the  Capitan Reef t o  the north 

and east .  f a r  b e y a d  the 1 L i t s  of  the  a r e a  hare described. Uhather 

the Salado once extend.d wst of the  basin is unknown. The S a h d o  

#em waa.1n ~enera1 ,even  more s a l i n e  tbmn the  sea of  C a s t i l e  time. 

L lck lw a s h i e l d  of ca rbo lu te  ree fs .  i t  received. however. eonelderable 

fin. r l a s t i r  sediment. I t #  h A l l t e  depos i t s  a r a  penermlly l e s s  pure 

than tho.. of th. camti1.. 

After widespread depos i t& of the  Salmdo malt, the  s e a  water 

freshened s m w h a t .  and anhydri te  again dmlna ted  deposi t ion during 

Lustler t h e  ( t a b l e  1). The Rus t le r  Formt ion  l a  vcry l a rge ly  

coerteMlva with the SalAdo in  t h i a  .re.. I n  the  s u b s u c f ~ c e  af the  

northern Delaware banin a d  of the she l f  t o  the north,  the Rus t le r  

appears t o  be conformabla t o  the Smlado (Jones, 1954, p. 110; 1960. 

P 1 0 ,  frm vhich I t  is c a n o n l y  separated by a layer  of solution 

breccia, discu.med l a t e r  i n  th in  repor t .  



Tatle 1.--Generalized section of rocks and sedimenca of la taa t  P - ru in  (DOBC-Saldo) and younner 
ape i n  the northern Delavare basin and on its northern and ustarn u r n i n s  

Series 

Holocene 

Pleura- 
eene(7) 

Dune sand. 
.1lwiUm, 
Play* 
deposits. 
and 
travert ine 

Li&hc-bram co pale- 
rcddiah-bram pu- 
t l r l l y  acabilired 
fine- t o  medim- 
grained dune sand. 
A l l w t . 1  u n d ,  silt. 
and =ravel. Plavm 

and dune a&. 
Travertine as  
s p r a  dsposits. 

h h l y  caddish-orange 
or palr-red very 
f ine  t o  div 
graimsd sand and 
silt .  L o ~ l l y  s a  
gravel md clay and, 
u n ~ o m m l y .  msv 
and *.ah-racer 
1 L u t m e .  Bedding 
c-ly obscure 
A& d i s c o m t i D u ~ .  
Most17 uppad by 
ca1icbr. Leu1  
hi@ pepcnubility. 

vart.tioor fn 
thickness and 
d i sc r ibu t im 

uae d, u u c h  .a 
60 feet  thick, dia- 
conc i~uws ly  cwer-  
Ln$ much of ares  be- 
tween Pacos River and 
nigh Plains. Thick 
a l l u v i u  limiced to 
v ic in i ty  of r ivers .  

i a c o n t ~ u o u s  and hi@- 
l y  variable i n  thick- 
ocas nn isle ares  
southvest of High 
Plains md mainly 
a u c  of Pecos River, 
in Eddy Carncy and 
probably Lea County. 
Mostly leas than 
100 feet  thick. 



Upper 
T r i a s s i c  

a d  reddish-brmm and N C ~  of Lea County 

r h i c h  l o c a l l y  has hably absent  from Eddy 
u l c i t e  c-enc. County u c e p t  f o r  

silt. and clay. 
Lenticular, discon- 
ctnvous bedding. 
Mainly Upped wi th  
u l i c h e .  H i a l y  
permeable. 

- - - - - U U C O n f O r r i  

De.cription v a r i a t i 0 n s  i n  
Chickmas and 
d i s c r i b u c  ion 

R e d d i s h - b r m  and Thick*st i n  u s t e r n  
g r . m i s h - g a y  clay- Lea County; erosion-  
stoar and aubm- a l l y  Chinned west- 
d i l v t e  amounts of ward t o  wedge out 
redd ish-bram s i l t -  near  e a s t e r n  edge of 
s c m e  and f ine-  
grained sandstone. 
8- seeood.ry 
pyp.lzm. Lov per- 
meabi l i ty .  

Iddy County. 



t a b l e  1.--Ceceraliz.d sec t ion  of  r o c b  and sediments of l a t a s t  Permian (moat-Saldo)  m d  rouaner 
asr  i n  the nor thern  Delaware bas in  end m i t s  north.cn and east*rn ursins--Continu.d 

system 

T r i a s s i c  

Permian 

S e r i e s  

Upper 
t r b s a i c  

O C b ~  

Mainly pale-reddish- 
br-, pale-red 
end gray f i n e -  t o  
r d i u - g r a i n e d  
c-ly c ross -  
s t r a t i f i e d  u n d -  
Stme. LcM*S Of 
pebble co t lg lacr -  
a t e .  L o u 1  t h i n  
l a y e r s  of reddish- 
b r a m  s i l t s t o n e  
end c u v s t o n a .  

M c o n f o r l i t r  

Reddish-ormge t o  
reddish-brown f ine-  
Brained sandstone. 
s i l t s r o n e ,  rod 
shale . ,  s a n d s t m e  
and silt st^^. a r e  
c-1v c1avev. 

Crws 1 M i M t i o n  
c-on. permu- 
b i l i r y  general ly  
lor. 

variatimu i n  
thicknaas and 
d i s t r i b u t i o n  

Absent o u r  and v e s t  
of Pecos River and 
l o c a l l y  f a r t h e r  e a s t .  

Uainly 200-300 f e e t  
chick in v i c i n i t y  of 
C n a e  s i t e  and pot-  
u b  mines; l o c a l l y  
absent .  T h i m  gra-  
dua l ly  northward. 
Absent rest of Pecor 
River. 



se r i e s  Description 

n m t l y  *&ire. 
Cmeiduable  ult. 
c-ly s i l t y  or 
ClA~ey, O C C l R r ~  
(n central  put of 
D e l u u e  basin and 
t&S t o  1w out 
st urlins. h o  
d o l a i r e  layers. a 
bass1 smds tme ,  
ud s w e r a l  t h h e l  
h y s r s  of f ine 
c l a r t i c s  u e  wide- 
spread. Hain 
aquifer in h r l sbac  
a r u .  

Thins very p s d t u l l y  
nmthr . rd .  Thick- 
ness r a q e s  f r a  
200 t o  500 feet  i n  
v ic in i ty  of C D o u  
s i t e  and mines due 
t o  var-le sub- 
surface solutioo,  
which increases 
westward. 



The Puet ler  represents  the l a s t  Permian s a l i n e  8.a and the  upper 

layer  o f  a r r r r r k a b l e  sequence of predamiluntly evapor i te  rack of Ochom 

ase .  The e n t i r e  aequence i r  am much am 3.500 fee t  th ick  i n  the  northern 

p a r t  of the bamtn. The thiclinesm drop* rap id ly  t o  about 1.500 f e e t  on 

the  s h e l f  near the  northern potamh minee and dssreamem more s r a d l u l l y  

f a r t h e r  north. 

After  the  s e a  withdraw. tha Dewey L.ko Pedbeds were deposi ted w 

b r m d  rudflmtm over the  former mea bad. The appearance of medium-scale 

croma l u h t i o n  i n  sandy leluem i n  the  upper p a r t  o f  the  formation 

probably indicator  a gradual c h u y e  t o  f l u v i a l  c d i t i o n a  (Vine. 1%3, 

p. 23) ae  the  f i n a l  episode i n  the  10- cmplex  hlmtory o f  the  P e n i m  

deposition. 

Except for  dolomite and sanderone layers  i n  the Pus t le r  P o r u t i m ,  

the  Ochoan Sertea general ly  ham yery  lw permeebility. The l i t t l e  oi l  

produced f r a  l w a r  Ochmn evaporitem apparent ly escaped from 

m d e r l y i a p  Sandstone (Adus,  1965, p. 2148). 

Triammic and Cretaceous d e p o m i t i q  

F luv ia l  depoei t ion resumed i n  Late T r i a s s i c  ti=, when the Slot. j 

Porn S a n d m t ~ l e  and t h e  f iner  grained redbed. o f  tba Cbtnle(7) OorMtla 

f o r u d  an f l w d  p la ins  Ln a very l a r g e  a r e a  wer and beyond the  

bordars of the  Delaware basin. The Jurasaic  Period is not represenled : 

by depoei t ion i n  t h i s  region and ram a time of arosi-1 re.ov.1 of 

TrLam.1~ r o c b  west of th. basin.  



U t e  i n  Early Cra taccwa t h e .  a rha l lou  sea advanced frw the  

south and covered southeastern New Mexico. It soon withdrew l rav lng  

behind l th in  d a p m i t  of l$mestme and sandstone. The only remMnta 

of t h i s  deposi t  i n  the v i c i n i t y  of the  northern Delaware bas in  a r c  

i n  very su l l  area8 i n  e a a t e r l u o s t  Lea County. In the western Gypmu 

YiIIs. a d  perhaps on rhs  c r e s t  of the  Beef Escarpment (Uayes. 1964. 

p. 38). 

a d  O u m t e r ~ w  d e ~ o a i t l m  

Yo e a r l y  or d d d h  T e r t i a r y  depos i t s  a r e  knam t o  be present In 

the region. Cretaceous d a p o s i t i m  waa f o l l w c d  by broad u p l i f t  i n  

the v i c i n i t y  of the  Cuadalupe Mountah# m d  fa r ther  north and by 

e r o a l m  of Cr.tae.ous .Id T r i a a a i c  rock. t o  form sur face  of  lw 

r e l i e f  .loping g m t l y  e u t  and southemst. In P l i o c e ~  t h e .  t h i s  

surfaea s=ted.d S r a  near  o r  w i t h i n  t h e  present WdmLupe Mountain 

area and f r m  the uplands north o f  t h a t  ace. aoutheastrard i n t o  T e u a .  

I t  wa. unt1.d by the  f l u v i a l  o p a l l a l a  Y o r u t i o n ,  whose upper surface 

of d e p o a l t i m  is f a i r l y  well  preserved m the High Plain* today. 

There a r e  no d a f i n i t e  r a m ~ n t a  of  the Ogal lals  west of earntermoat 

Eddy County, but gravela  i n  the  Pecan val ley and on high p a r t s  o f  the 

CWdslup. UountmiM have been in te rpre ted  a. belonging t o  t h i s  

f o r u t i o n  (Bretr  and Uorbwg. 1949). 

Hoat authors  b.lieve t h a t  the  Pecoa val ley waa formed i n  

h t * r r u r y  t l u .  a f t e r  Ogal lala  deposition. Solutlon rubaldcnee, the 



coalescing of so lu t ion  depressions by surface erosion and further  

solut ion,  and headward erosion by the Pews River and i ts t r i bu t a r i a s  

contributed t o  the farmntion of the val ley.  After  much oronion, a 

p e r i a l  of apgrsdation i n  the val ley u n t l e d  the slopes and f i l l e d  

depressions with the Gatuna Po ru t i on .  whose sediment is largely of 

1-1 or ig in .  Renewed dowcut t inp  by e t r e a u  and subsurface solut ion 

and resu l tan t  subsidence bave continuad t o  the present m o d  b v e  

been accap .n ied  by i n t e r d t t e n t  local  a c c u u l s t i o l u  of p s d l r n t  and 

te r race  a l l u v i u  .ad playa daponits. 

STRUCTURE 

Eeneral fea turss  

The roc*. i n  the general v i c in i t y  of the potash mines ( f ig .  1) 

a r e  for  the most par t  l i t c l .  deformed, and they have been tsctonical ly 

s t ab l e  s ince Ter t ia ry  t h e .  Tha pr inc ipa l  s t ruc tu ra l  un i t s  a r s  broad 

f..rtures re la ted  t o  l a t e  Paleozoic sadL.ntat ion:  the northern 

Delaware basin,  the she l f  north and vas t  of  the basin. and the central 

baain platform t o  the marc (f ig.  I),  The sull per t  of the Cadalupw 

Hawtaina included i n  ths  u a a ,  though topopraphically high, is 

. t rustural ly part  of the shelf .  The u J o r  s t ruc tu re s  were t i l t e d  

l a s t l y  eastward u i a l y  dur- pre-Pliocene time. The t i l t  produced 

a general eastward d ip  of no w r e . t h . n  2' (flsp.,4..md $). 





Delaware basin 

The Delaware hasin wa8 f i r s t  defined in  Early P.nnsy1vani.n tiw, 

vhen an e a r l i e r  very b r a d  bsr in  was divided by i o i t i a l  u p l i f t  of a 

large -dim ridpa that  became the cant ra l  basin platform of Permian 

tin. Tb- b s l n  subsided r e l a t i v s  t o  the bornding platform sad 

Shmlf u n t i l  U t e  Permian time. vhan its history a s  an ac t ive  structurr 

feature ended. 

The form of the northern p u t  of the basin, a s  defined by 

contours on the surface of the  P recubr i an  floor (FMter .nd Stipp, 

1%1). is a broad a8).letricsl trough. trending north and plunging 

south. The ui8 i8 in  central  Lea County, roughly pa ra l l e l  t o  the 

cent ra l  basin pla t fom.  The eascern slope of the crwgh rise. rapid1 

t o  the plstform, whereas the western slope is vlch gentler .  

A s  in any prulusl ly subsiding b a s h ,  the older msdimants a r e  

damwarped in a form l ike  tha t  of the bascun t  floor. and the warpiq 

d i e s  out upward i n  the basin eectioo ( f i g .  4A). The Late Permian 

Oehrun rocks and the TriaGslc rocks exposed i n  the basin today do no1 

r e f l e c t  bsalnwide warping. and the i r  u J m  s t ruc tu ra l  feature 1. the 

regional eastward slope meatiooed above. Thia slope is 75-100 fact  

per mile in proximity t o  the Gn- s i t e  and the smthe rn  potash mine 

Disruption of the regional slope of the Ochmn and younger rofk 

is minor. The v i c in i ty  of the Onow site and che southern m i n e s  i s  



apparent ly  r e p r e s e n t a t i v e  i n  its s c a t t e r i n g  o f  open fo lds ,  dolea ,  and 

wll f a u l t a ,  which M y  be, i n  p a r t ,  of  t e c t c n i c  o r i g i n .  Deep-seated 

f a u l t s  wi th  more than  20 f e a t  of  v e r t i c a l  d i c p l a c e e n t  a r e  r a r e  i f  

not absent  t h e r e  ( J m e s .  1960. p. 16). Near the  weatern edpe of  the  

b a s i n  and the  p resen t  upper course  of  the  Black River.  Conoroic 

t*etonism u y  b. involved i n  a northwest-trending monocline1 f lexure .  

Kelley (1971, p l .  5) showed 600 f e e t  of  r e l i e f  ac ross  t h i s  monocline 

on t h e  upper s u r f a c e  o f  t h e  B e l l  Cmnyon F o r u t i w .  Severa l  minor 

hieh-anale f a u l t a  c u t t i l y  t h e  C a s t i l e  F o r u t i w  i n  t h e  s a u  p a r t  o f  

the  bas in  and two i n f e r r e d  f a u l t s  a t  t h e  northwestern edps of  th. 

bas in  (Kellry, 1971. p. On-51) a r e  most probably products  of  a o l u t i o n  

subsidmce.  Subsurface s o l u t i o n  ha. produced u n y  o the r  minor f a u l t s  

and n u e r o u s  local E l ~ x u r e s  i n  the  near-surface rocks. a s  we l l  as t h e  

u n y  s i n k s  and l a r g e r  depresaiolu .  I n  add i t ion ,  s u l l  s u r f i c i a l  

d-s t h a t  . r e  a t t r i b u t e d  t o  d i f f e r e n t i a l  s o l u t i o n  of  s a l t  or t o  

expansion of  anhydr i t e  d u r i w  hydrat ion a r e  nweraua  (Vine. 1960). 

The genera l ly  simple surfmea s t r u c t u r e  of  the  bamin is doubt1c.s 

s a e w h a t  decept ive.  A f a u l t  zone In the  Gwdslupe Hountailu u y  have 

extendad southeastward i n t o  the  we t te rn  edge of  t h e  bas in ,  b a l m  

the  youwer  monocl iw desc r ibad  above, and u y  have been a c t i v e  dur ing 

Hiss ia*ippian t o  e a r l y  Permlan t i r e  (Urnye.. 1964. p. 4 2 ) .  Pennsy1v.nl.n 

d s f o r u t i o n .  fo r  which the re  1. uidempread evidence i n  e a s t e r n  New 



n e r i c o  and r a s t e r "  Texas, m y  be repreaentcd elsewhere i n  the .ubmurfac~ 

and rapid Early Permian subsidence of the basin war accmpanied by 

widespread block fau l t ing  within i t  (Adms. 1%5. p. 2144). 

Nokthwect she l f  

The regional  e t r u c t u r a l  s lope i n  t h a t  p a r t  of the she l f  north 

and west o f  the  Delaware baain ( f i g .  1) is a s  much am 200 f e e t  

per dl. in the Cuadalupe Wountainm a d  s e n e r a l l y  no more than 

100 fee t  f a r t h e r  c a r t .  In the  v i c i n i t y  o f  tha northern potash mines, 

t h i s  'lope i r  in te r rup ted  loca l ly  by minor d-a. folds ,  m o n o c l i ~ l  

f l e rurca ,  and f a u l t s  a L 1 1 a r  t o  s t r u c t u r a l  fea tures  described near 

the southern mines. A di f fe rence  here is tha t  s a a  of the  d a a s  a r e  

probably of  d e p o s i t i o p l l  o r ig ln ,  r e s u l t i n g  f r a  i r r e g u l a r i t i e s  i n  

Cuadaluplm carbonate deposi t ion (Hotts. 1972). Ywhera, here o r  

near the  southern mines. a r e  therc."s trons o r  wcll-defined zones of 

folding o r  f a u l t i n g  represent ing response t o  c m p r r a s i v a  o r  t e m i m a l  

forces" (Jones and Madsen. 1968. p. 9 ) .  

Beyad  the  v i c i n i t y  o f  the m i n e s ,  the she l f  nor th  o f  the  bas in  

includes a few a r a  mtrongly expressed s t r u c t u r a l  featuras .  

Several m i l s .  northwest of Artesia .  a buried n o r t h e a s t - t r e n d i q  fau l t .  

o f f s e t t i n g  Upper Parmian rockm along a d i s tance  of about 30 mile., i s  

probably par t  o f  a prominent a e t  of northemat-trendins shear zones that 

ertenda f a r  t o  the  north. Movement m theme zone. urns i n i t i a t e d  i n  

Csrboniferous or e a r l i e r  t h e  and u y  have bean b a s i c a l l y  r i g h t  



l a t e r a l  (Kellcy. 1971. p. 44-48). Another buried member of  t h i s  s e t  

may pars  immediately southeast  o f  b k e  McNillan (Roruell Geological 

Society. 1968, f i g .  9). A long lw east- t rending arch i n  U t e  Permian 

rock* t h e  Actcsia-Vacuu arch,  passes  a l l t t l e  south of Arter ia .  It 

is a t  l e a s t  l a rge ly  the  product of  d i f f e r e n t i a l  c a p a c t i o n  over the 

M o  Reef of Early Permian age. 

I n  the  p a r t  of t h e  C d a l u p e  Mountains included i n  t h e  a r e a  

dlrcusa.d. wnoc l inee  and folds  a r e  the  prominent s t r u c t u r e s .  A 

buried b r ~ d  fold o r  a rch  of Lsonardian and e a r l y  Owdalupian age 

t rends  n o c t h u s t  a l i t t l e  brhlnd t h e  present  Reef 8scarp.ant (Hay.., 

1964, p. 62-43). I t  apparent ly concrollcd the  locat ion of g r a r t h  

of the  G a t  Beep m d  C a p i t m  Reefs. Much l a t e r ,  probably during 

T e r t i u y  the, w n o e l i n a l  f l ex ing  comtributed to tbe basinward d i p s  

i n  the U t e  Parmirn r o c b  of  the  escarplent .  Other folds. on the  

ridge abpv. the  .scarp.mt and a l s o  mbout 12 miles west o f  Carlsbad. 

a re  o f  e a r l y  T e r t i a r y  or parhapa o ldar  age. 

Other than -Inor a u r f i c i a l  deformation r e l a t e d  t o  s o l u t i o n  and 

hydration of  evaporicas. the e n t i r e  s h e l f  i n  th in  area appears t o  have 

been s t a b l e  in Quaternary t h e .  

L e a t r a l  basin olatform 

The c e n t r a l  bas in  platfor-,  whose western 8dga is included i n  

the u.a discuaaad hare, has an  eventful  h i s to ry  involving more 

intense d e f o r u t i a r  than tha t  o f  the basin and ahe l f .  



10 lmtest Miasiasippian or  Early Penury lvanlan time, the a rea  

uaa d a f o r u d  t o  an elevated emergent fold be l t ,  trending north-sorthueat. 

The be l t  u y  have been bounded by.high-ansle fault. and u y  have a 

horat  s t ruc ture  (Mu.. 1965. p. 2143). After  muherpence and 

deposition in  Middle and par t  of Late Penneylvanian time. renewed 

orogeoy further  elevated the .ram and "sharpened, capreaaed.  and 

faulted the folds" (Uilla. 1963. p. 1717-1718). Uplif t  cmt lnuea  

a t r q l y  throush Uolfcupiao  t l n  add then slowed. Since f i l l i n g  of 

the Midland end Delaware baalo. In Late P e ~ i a n  the.  tha platform has 

been s t ruc tu ra l l y  atable.  

CBOWCY 01 SALI DEPOSITS--0LXMII 8EPIBS 

A l l  th. s a l t  d.poaita i n  the Carlabad p o t u h  area a r e  i n  the 

Och- S.rlea of  Late Permian age. t h e  Ochaan fonaiata e n t i r e l y  of 

a e d l u n t e r y  rocka, but it has two d i s t i n c t  parts--. thick lower sect ion 

of malt-bearing .vaporitas and a th in  upper sec t ion  of red bed*. th* 

lover aeet iou Includes, i n  amcanding order. the C.at i le .  Salado, and 

aua t le r  ~ o r u t i o n a .  whereas the upper sec t ion  conelat# a n t l r e l y  of 

the Deuey i*k. Pedbeda. t h e  Caatil. P o r u t i m  1. confined t o  the 

Delaware haein in the aouthern ha l f  of  the potrah a rea  a d  i a  known 

only i n  the aubaurface (f lg.  4A). Th* three younger f m u t i m e  for- 

th. pr-4wtemnary bedrock asroas the greateat  par t  of the area 



( f ig .  4 )  and. although they a r e  Larpely covered by extanlive dune 

sand, cal iche.  and a l l u v i a l  dapos i t s ,  they a r t  well  knwn from the  

countless boreboles d r i l l e d  in explorat ion for potassium a a l t s  and 

petroleum. 

Kxpruures of  O c h ~ m  evapori tes  i n  the potash area a rc  exeeedin&Ly 

poor for stratigraphic s tudies  or  any other invest igat ions repuirillp 

precise h w l e d l e  of the c a p o s i t i o n .  m.dhentary s t ruc tures ,  or 

thickness of the three evapori te  f o r u t i o l u ,  This i s  t rue  because of 

the considerable l i t b i c  and s t ruc tu ra l  changes t ha t  have a e c q a n i e d  

extensive evaporite so lu t ioo  and removal by meteoric waters. Solution 

of halit .  and 0tb.r readi ly  soluble s a l t s  has been complete t o  depth' 

of several  hundred fee t ,  and a l l  aohydri te  and other  soluble c a l c i u  

s a l t s  b v e  been renthered t o  pypeu .  The removal of eolubla s a l t s  

hms resulted i n  a g r u t  reduction of f o r u t i o n  thicknesses and i n  

much mbsidence and accapanylnp  brecclat ion of  a11 residual  p y p s u  

Md overlying deposits, Cm.eguantly, the e n t i r e  a rea  of evaporite 

outcrop is i n  r e a l i t y  a "regolith" l i be r a l l y  dented and creased by 

nus rous  sinks, fissures, and l inear  so lu t ion  val leys.  

Cas t i l e  Pormtion 

The l a c r  pact of the OehMn Ser ies  is represented i n  the Carlsbad 

potash area by the Cas t i le  Po ru t i on .  The Canti le  war smmed mod 



defined by Richardson (1904. p. 43) t o  include revera1 hundred fee t  o f  

gypam t h a t  o v e r l i e s  t h e  B e l l  Cutyon P o r u t i o n  and underlie. the 

Rus t le r  F o r u t i o n  a t  the sur face  i n  the western p a r t  of the Delaware 

baain. Souwhat  l a t e r ,  the  i n t e r v a l  represented by gypaum a t  t h e  

s u r f a c e  was f w n d  by d r i l l i w  t o  c w a i s t  of a much l a r g e r  sequence of 

evaporite. in t h e  subsurface. includinp .o.tly anhydri ta  i n  t h e  l a e r  

part. of t h e  evapor i t e  sequence and mostly rock ..It i n  the upper 

pa r t .  For a t h e  thm two p a r t s  of t h e  evapor i t e  aaqumce were c l u s e d  

a s  lower and upper m.bera  of th. Camtile, but they wer- canaidered 

t o  be  s e p a r a t ~  f o r ~ t l m s .  P i ~ l l y ,  U n g  (1935) r e m t r i c t ~ d  t h e  rum 

Camtile t o  t h e  l w a r  pact of t h e  sequence and mpplied t h e  MM Salado 

t o  t h e  upper p a r t .  R e p i o ~ l l y ,  th. c r i t e r i o n  mow c a o n l y  used t o  

differ .nt ia te  one f o r u t i m  from t h e  o ther  l a  thm predml lunce  of 

anhydri ta  i n  t h e  C a s t i l e  and the p r e d m i m n e e  of ha l i t .  in the  Salado. 

The C a s t i l e  h r u t i o n  under l i es  t h e  .outberm h a l f  of t h e  potaab 

a r e a  a t  depths  ranging f r m  about 500 b e t  i n  t h e  wear t o  almost 

3.200 f e e t  i n  t h e  c a s t .  The neares t  outcrop# of  t h e  f o r u t i o n  a r e  i n  

the Gypsum Ui11a i n  aouthern Eddy County. N. Hex.. about 16 miles  

.outhuest o f  the potash a rea .  In t h a t  m r u  the  C a a t i l e  coumlsta of 

inter laminated white  gypsum and dark-brownish-pay l h e s t o n .  and 

soma laminated brown1.h-pray limestone and a l i t t l e  b r w n  d o l o l i t e .  

Near t h e  cen te r  of the Gypsum U i l l a  t h e  f o r v t l o n  d i p s  beneath th. 

Salado Formation and gypsum g ives  way t o  anhydri te  i n  the s u b a u r h c e .  



10 the submurfacs of  the Carlsbad potash area, the Cas t i l e  

P o r u t l w  is r e d i l y  d i v i o i b h  i n t o  three i n fo rm1  members. The 

t r i p a r t l t a  subdiv ls im includem a lover and m upper anhydrite member 

separated by a thick salt u l l be r  ( f ig .  4A). The three members a r e  

dimtinctive. a r e  conforubla ,  a d  const icute l a t e r s l l y  pars i s ten t  

rock unitm in tha potash a rea  and w e r  wide sect ions of the Delaware 

basin. UUK the  u r g l n  o f  the  basin, hwevar. the three  members 

u r g e  i n t o  a miuala wadgmlike m a s  of anbydrite t ha t  rapidly th ins  

t o  a l u r r w  tongue a d  extends across the basin u r g i n  for  a feu miles 

before t h i m i w  out in ths  southern par t  of the northwest she l f .  

I ba  l a w  anhydrite mnber of the  Cas t i l e  Q o r u t i o n  8rada t io lu l ly  

w e r l l a s  the Be11 Canyon l o r u t i w  i n  the Delaware basin. but 

werlapm the Cap1t.o L h s t o n e  along the u r 8 i n  of the basln. Within 

the a r u  of owr lap .  t h e  l w a r  rarber of the  Castile is p r e a d  t o  

d i e  out abruptly. i n  par t  by pinchout agalnst  the Capiten L h s t m s  and 

i n  par t  by l a t e r a l  # r d a t i m  i n t o  l u i n s t e d  l h a m t m e  tha t  grades In 

turn  i n t o  umslve  l h r t o n e  of the Capltan. The umber ranges i n  

t h i c k ~ m a  f r m  210 t o  230 fee t  i n  the  s w t h s r n  pmrtm of the  potash 

area. but tbick.nm northward end a t t a i n s  thicknesses of 320-380 feet  

a ahort distance fra th* overlap of  the Capitan Limestone. The 

prmdminmt rock in the umber Is l n t e r l r l n e t e d  pray anhydrite and 

bramiah-gray l b e s t o n e .  A few beds of dark-gray and brwnlmh-8ray 

1Lamtme. f.r inch-. t o  several  fee t  thick. a r e  permistent In tho 

1w.r and middle part. of the member; some a r e  prac t ica l ly  of baainwide 

extent. 



The middle me.ber of  the Casti le Parmation is a sa l t - r ich  l e n t i l  

that  forma a widespread, l i t h o l o g i u l l y  d i s t inc t  atrat laraphlc marker. 

The ~ d e r  is 550-700 feet thick i n  the aouthern part of the Carlsbad 

potash area, but thickens northward and a t t a ins  thlckneaaca of 

800-1,000 feet  along a broad 2- t o  3-mile-wide bal t  t b t  parallels t b  

v r g i n  of the De1.u.r. baain. north of th ia  be l t ,  the w d a r  

terminates, i n  part by l a t e ra l  gradatioa t o  anhydrit. and i n  part 

by l n t a r t a y u i ~  wltb anhydrite (f ig.  4A). The d n r  is predminant 

rock salt, but i t  containa thin t o  tbick layera of in t a r lu ina tad  

anhydrite-limeatmu rock. Tha t h i c b s t  of these layers averaaa, abou 

100 feet. a d  i t  divides the d a r  in to  two a l m a t  qua11y thick 

malt bade. ?ha lover of the two bed* la  fr-• of in t e r lu ina ted  

anhydrita-1Leatona layera. wheream the u p p r  bod includes aevaral ol 

theee Iaymrs. wm of which ar. 2-5 feet  tbick. 

The u p p r  4 . r  of the C ~ a t i i e  l o r u t i o n  i n  .n anhydrlte-rich 

unit  that  exhlbita the m a t  l i thologic cap lex i ty .  I t  colulata uLnl 

of i n t o r l u i ~ t e d  anhydrite-lbaatmu; but u a a i v e  urhydrite and roc1 

ult are  present i n  appre.lable nounta  and there a re  laaaer w u n t a  

of dolomite a d  ugnea i t e .  Th. mdur ineludes a northward-thinning 

tongue of u g n e a i t i c  anhydrite that  overlaps the Cap1t.n LLeatooe 

along tbe v r s i n  of the Delaware banin and cirenda a few milea in to  

the northweat shelf  (f ig.  W .  I h r  uin body of tha rmber  l a  



700-800 f e e t  th ick  i n  the southern par t  of  the potash a rea ,  bot t h i n s  

northward and is a s  l i t t l e  a s  150-300 fee t  thick i n  the a r e a s  near 

the u r g i n  of the Delaware bas in  where the underlying s a l t  member is 

th ickes t .  

The C a a t i l e  P a r u t i o n  is over la in  by the Salado Formstion. The 

contact  between the  two formations has been eon8idered t o  be an 

angular unconfomity (Adus.  1944, p. 1608). Contrary t o  t h i s  

in te rpre ta t ion .  subsurface s t u d i e s  i n  the Carlsbad potash a rea  and 

clsawhsre i n  the Delaware bas in  aha ,  t h a t  the upper beds of chc Castile 

grade l a t e r a l l y  into. ud inter tongue with, the  l w c r  beds of the  

Salado. In t h i s  t r a n s i t i o c u l  sequence, the  C a s t i l e  intertongue. with 

sdeeassively older  rocks of  the Srlado, causing a g r a d u l  s t r a t i g r a p h i c  

descent in th. top of the  C a s t i l e ,  which is responsible f o r  the decreas. 

i n  the t h i c h e s s  of t h s  uppar melber of the  C . s t i l e  f r m  about 800 f s a t  

i n  the southern p u t  o f  the  potash a r e s  t o  about 160 fee t  and l e s s  i n  

the  c e n t r a l  p a r t  of the  a r e a  and then t o  0 in rhc northern p a r t .  

galado P o c u t i o n  

Considerable eeonmic  s ign i f icance  is a t tached  t o  the Salmdo 

P o r u t i o n  because it conts ins  the  potash depos i t s  for  which the 

Carlsbad a rea  i m  well knwn among geologlsta .  The depoei ts  are the 

d o i n a n t  eource of the potaselam s a l t s  mined i n  the United State.. 

and t h e i r  wide extent  auggesta t h a t  they w i l l  m i o t a l n  t h i s  ranking 



for years t o  cape. Deporits containing ~ y l v i t e  (KC1)--the u i n  

p o t a s s i u  mineral of  aconmic importance--have bean mined s t  

I 1  l o c a l i t i e s  ( f ig .  I ) ,  but they underlie prac t ica l ly  the e n t i r e  

eas te rn  ha l f  of the potash area and extend eastward beneath much of 

southw.staro Lea Couoty. Y. Hex. ( f ig .  6). The Salado a l so  contains 

u n y  deposi ts  r i c b  i n  polyhali te  [K2Ca2Mg(S04)q~2UZO] t h a t  a r e  

extensive and widely distribut.d but lack tba s c o ~ a i c  i rport .nca 

of the a y l v i t i c  deposi ts .  m e  p o ~ y b a l i t i c  and s y l v i t i c  deposi ts  a r s  

f a i r l y  Lpor t an t  alements In the strat igraphy of tha Salsdo F o r u t i m .  

.Id a spec ia l  s e c t i w  of t h i s  rsport  (appendix A) s w r i r s s  s m e  

d e t a i l s  of t h e i r  d i s t r i bu t i on  .nd peblogy. 

The Salado P o r u t i c a ,  w d  by IAng (1935). is tba oldest  

un i t  in the Ocbmn Ser ies  t ha t  crops out i n  tha Carlabad potash araa.  

The u i n  exposures of the formation a rb  near Lake Avalm. north of 

Carlabad. Y.  Mex. Here the Salado ov*rlios th* T a m i l l  f o r u t i m  

and undcrliea tb. Pus t le r  l o r u t i o n .  but tha s t r a t i g r spb i e  r e l a t i o m  

catmot be determined posi t ively f r a  a x u i ~ t i m  of the outcrop. 

The S d a d o  sppaars t o  ov-rl ie  tba Tans i l l  F o r u t i a n  comforubly and 

t o  grade upward i n t o  the Pust ler  P o r u t i m .  Tha louar par t  of the 

Salado 8rad.s l a t e r a l l y  southward i n t o  tha upper part  of the Cas t i le  

Fo ru t i on .  The pradati-1 contact between the Salado and the  





C a s t i l e  r i s e s  i n  s t r a t i g r a p h i c  pos i t ion  f r a  north t o  south and is 

dapicted s c h e m a c i ~ a ~ i ~  m the geologic s t r u c t u r e  see t ione  ( f i g .  4Al 

East of the  outcrop. the  Salmdo Formation under l ies  the eentr l  

pa r t  of the potash are. a t  depth. of 250-700 fee t .  I n  pcneral,  tb  

depth t o  the Salado inereasee with d i s tance  f r o l  t h e  outcrop. and 

i t  is am much am 1,600 fee t  a t  the north*a8c corner of the  a r e a  an 

about 1.000 f e e t  a t  the  southeast  corner. 

The Salad0 P o r u t i o n  is charae te r i rad  by th ick  p e r s i s t e n t  uni 

of rock salt a l t e r l u t i n g  v i t h  thinner  u n i t s  of anhydr i t s  and 

po lyha l i t*  (f ip .  7).  Thin s o u s  of claystone u n d m l i a  v i r t u a l l y  

a11 the  anhydri te  and pa lyha l l t a  uni t#.  and there  a r e  a few t h i n  

beds of sandstone m o d  si l tmtone st long i n t s r v a l s .  A l l  tha snhyd 

urnit. and beds of e l a s t i c  rocka a r e  d i s t i n c t i v e  r . b o r s  t h a t  se rv  

a s  s t r a t i g r s p h i c  u r k e r  beda; two a r e  f o r v l l y  l u m d  rock un i t s .  

Thc r i d e r p r c d  Corden Anhydrita U d e r ,  lumed t o r  the  Yorth Carde, 

o i l f l e l d  i n  Bctor County, Tex. (Giesey and Fulk. 1941). l i e s  

90-200 f e a t  above the C a e t i l e  Formation. The Vaca T r i s t a  Sandstc 

of Ad- (1944) near the middle of the  Salado l o r u t i o n  is a 

quartz-  a d  clay-r ich u n i t  of fragmental rocks contracting rharp: 

v i t h  adjacent  beds of c r y s t a l l i n e  .vaporire roclu. 

I n  exposures of the  Smlado Formation a l o q  the  west s i d e  of 

Carlsbad potash a rea ,  a11 the  s a l t  haa been removed by s o l u t i o o  4 



the anhydri te  and po lyha l i t r  have been a l t e r e d  t o  g y p a u  The 

a l t e r a t i o n  of the  evaporUe rocks extends t o  depths ranglng from 

260 fce t  t o  almost 1,600 f c e t  b e l w  the  surface and 1. responaibl. 

f o r  a fourfold t o  sixfold reduct ion i n  the thickness  of tha t  par t  of 

the  Salado and for  a c h ~ g e  i n  c a p o s i t i o n  £rap dominantly rock s a l t  

i n  the aubsurfae. t o  d a i l u n t l y  g y p a u  i n  the outcrop. The cont.et 

between the two highly d i s a i r i l a r  p a r t s  o f  the formation. knom 

l o c a l l y  as the  " b u e  of  leached zone" and a l s o  a s  the "top of aa l t . "  

l a  highly i r regu la r ,  with u n y  closed depressions and i s o l s t c d  

pinnacles  ( f ig .  8 ) .  The contact  d ips  general ly  eastward hut rise. in  

stratigraphic posit100 f r m  &he base of the  Salado near the west 

s i d e  of the potash a rea  t o  the  top of the  formation near the  

Eddy-Lea County l i n e  at t h e  e a s t  a i d e  of the  area.  The a l t i t u d e  of 

the comtact r-ea f r a  a high of a l l g h t l y  .ore than 3.200 feet  near 

the  northwest corner of the a r e a  t o  a la, of s l i g h t l y  lea. than 

1,500 feet  a t  the  south edge of the  a rea .  

The u x h  thickneaa of the  Salado P a r u t i o n  i n  the p o t u h  

a rea  i a  a l i p h t l y  more than 2.000 fee t  i n  a northws.tuard-trendlng 

zone t h a t  p a r a l l c l a  the  u r g i n  of  the Delaware banin a t  the Eddy-Lea 

County l i n e  ( f ig .  9). The thickncsa of the Salad0 decreases a l w l y  

southward wi th in  the  basin,  but d i r l n i s h e s  ra ther  rap id ly  northward 

and westwird f r a  th. rona of maxi- thickme... The morthward 







reduct ion is p u t  of a brord p a t t a r n  of regional  change i n  th l sknem 

a t  o r  near the aouth edge of tha northveat mhelf a raa ,  wheream the 

westward reduct ion is r e l a t e d  largely,  i f  not e n t i r e l y ,  t o  evapori te  

s o l u t i o n  and repoval by meteoric waters. Yi th in  the  she l f  a r e a ,  

l o c a l  reduct ions i n  thickness a r e  sharp aver pre-Salado knol l s  

o r  "highs" a t  the Gerry, Barber. Halfway. and o ther  8-11 o i l f i e l d 8  

which appear a. d-1 feature. on the structure u p  of aoutheaatern 

New Mexico published by S t ipp  and H.i&lar  (1956). 

The Salado Formation 1s divided i n t o  thr.8 informal unit.: a 

l w e r  m l t  member. a potash-rich o e d e r .  ham loca l ly  a s  the 

McNvtt potash wne, and an upper malt member ( f ig .  7). The th ree  

member8 a r e  cornformable, a r e  l a t e r a l l y  p a r s i s t e n t  rock u n i t s ,  and 

a r a  about equal ly r i c h  i n  rock s a l t ,  anhydri ta ,  po lyha l i t e ,  u g n e s i t l  

and e l a a t l c  rock*. I n  f a c t ,  they a r e  aenera l ly  m t l l a r  i n  v i r t u a l l )  

a11 bu t  OM respec t .  The lwer and upper l u l b e r a  a r e  a l w a t  en t i re1  

f r e e  of r y l v i t e  and other potassium and moat ugnamium evapori te  

r i n e r a l a  over much of  the  Carlsbad potash a r e a ,  whereas the Msdlutt 

zone is genera l ly  r i c h  i n  these minerals over much of the a r e a  and 

containa severa l  extensive a y l v i t s - b e a r i w  potash dopoaita o t  acono 

importance. Theme depomits are the  obviaua l i t h o l o g i c  fea ture  that  

s e t *  the McNutt potash zone a p a r t  from the lover and upper members 

of the  Sslado and u k e e  i t  a f a i r l y  na tura l  a t r a t i g r a p h i e  un i t .  It. 



depooits  a r e  restricted t o  a few small groups of mineralized s a l t  

beds or o r e  a w e s  which are s c a t t e r e d  a t  i r regu la r  but f a i r l y  short 

i n t c r v s l s  through p a r t s  of the ncNutt zone ( f i g .  10). Nearly a l l  

the  deposit. i n  the  ncnutt  zone a r e  mineralogically crrmpler and 

c o n t h ~  a host of hydrou. minerals t h a t  a r e  thermally reac t ive  a t  

f a i r l y  low t o  a d c r a t e  temperatures ( t ab le  2 ) .  

Rur t le r  Formation 

The Rustler  l o r u t i o n .  n u e d  by Richardson (1904). is the 

youngest sal t -baarinp un i t  i n  the  O c h ~ n  Ser ies .  The f o r m t i o n  i s  

mainly exposed i n  i n l i e r s  aca t te rad  i r r e g u l a r l y  through the c e n t r a l  

and vest-rn p a r t s  of the  Wrlsbad potash a res .  I t  is over la in  by 

the  Dewey lak. Redheds. The contact  between the two i o n a t i o n s  is 

obscurad i n  outcrops by slumping and warping due t o  svmporite 

hydration. so lu t ioa .  and removal by meteoric warera. l r m  subeuriace 

s tud ies ,  however, i t  appears t h a t  the formations a r e  unconforuble  

a t  places near the  western edge of the  Dewey lake Redbed.. The 

discordance and h i a t u s  a r e  not g r e a t  and they disappear eastward. 

Over broad sec t ions  o f  the  a rea  the Rust ler  and the  Dewey lake appear 

t o  be cwformmble. 

I n  the  subsurfsse b a l w  the 'ronc of ground-water penetrat ion,  

the  ~ u s t l e r  P ~ r m a t i o n  is mostly anhydri te  and rock @.It ( f i g .  11). 
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S m e  polyha l i t e  is c-only present near the middle of the formation. 

and t h i n  t o  th ick  u n i t s  o f  sandstone. e l l t s t o n e .  and s h a l e  a r e  

interbedded a t  long t o  shor t  interval.. D o l a i r e  i s  present in  the 

lover and upper part. of the formation and forms d i s t i n c t  stc.tigraphic 

l u r k e r  beds which have wide and pera ia ten t  development in  the potash 

are* and other  s e c t i o l u  of southeastern New Uerico. The d o l a i t e  

i n  the  l m e r  par t  of the  formmtion 1. knwn a s  the Culebca D o l a i t e  

nelbcr  mnd tha t  i n  the  upper p a r t  a s  the Uagcnta Dolomite Ue.ber 

( A d u .  1944. p. 1614). 

The Pus t la r  P o r v t i o n  raaches a luxbum thicknees of about 

500 f e e t  i n  th- e a s t e r n  p a r t  of the  potash area.  The formation thin. 

t w a r d  the  outcrop i n  the  c e n t r a l  p a r t  of the a rea  (f ig .  12). Usre 

the  f o r u t l w  paneral ly  raopes l n  thickness  f r m  about 200 feat  t o  

400 f..t, but i t s  tbickneaa v a r i e s  coluiderably over mhort diatanses.  

The v a r i a b l e  thickness is due i n  g rea t  par t  t o  the leaching of s a l t  

and the hydration of sobydr i te  by v t e o r i c  waters. I n  general ,  the 

removal of malt accounts for  a lurked reduction i n  the  thickness  of 

the formation. and the  hydrat ion of mnhydrite r e s u l t s  in  an  increase 

of thickness ( f ig .  11). 

Dewcv Lake Pedbeds 

The Dewey Lake Pedbsd.. named by Page end A d u s  (1940). i a  tbe 

youngest un i t  In the Ochoan Serie.. but unl ike a11 o ther  members of 

the Oeh-n i t  1. a n t i r e l y  free of  rock s a l t  and other cvspor i t s  rocks. 



The Dewey Lake canrl8ts entirely of silt8tone and fino-grained 

~andetona, and senerally ranges in thicknesb f r a  a b w t  400 feet 

to 550 feet. It 18 exposed in l w  bluffs in the central and eastern 

part8 of the potash area (fig. 4) and is uneonforuble with 

overlying Trlamic roch. 



GROUIID-WATER LIYDROLOCY 

Three u l n  hydrologic uni t* con t ro l  the ground-water hydrololy 

of th. Carlabad potaah mining a rea .  Them are:  (1) the Pmcoa River, 

wbieh receives tb. sround-water o u t f l a  E r a  the  p ro jec t  a rea ;  (2)  th 

w a t e r - b a r i n g  s t r a t a  w e r l y i n g  tb S a h d o  l o r u t i o n ;  and (3)  the  

Capitan L L e a t o w  and o ther  w a t e r - b a r i n g  s t r a t a  underlying th. 

Salado t o r u t i n n .  Tb. dimtr ibu t ion  and d e v e l o p r n t  of lmrg. so lu t ion  

fa.tuca., y r t i e u h r l y  lo th. -ah D &u a d  Clayton m a l a  arean. 

e u r t  a u j o r  a f f a c t  on th. w c u r r m c a  and w v a m t  of th. s o u n d  

-tar.  

P.cM River 

Thm Paem Plvar r8e8lwm m a r l y  a11 t h m  n a t u r a l  diach.cg8 of 

ground wt-r tb.t mows through tb. rocks of the  potash l l n i n g  area.  

Tha pri l lc lpal  p l a c m  of mturml  grmnd-watar i n f l o u  a r a  a t  Car1ab.d. 

w b r a  water d8rivmd f r m  tb. Capitan L i ~ s t o w  dlscb.rgea t o  th. 

riwr o r  t o  th. a l l u v l u  bmdmrlns tb. r i v a r ,  and w a r  llalaga Mnd 

(fig. I ) ,  u h r a  highly l l w r a l i a a d  w t e r  is dimcbrged f r m  th Rumtlel 

F o ~ t i o n  t o  the riwr. Mtw8en Carlabad and IYlaga Mnd tb. r i v e r  

rac .1~ .  watar f r m  tb. alluvium, axeapt i n  a r a a s  u h r e  pUging  b a  

1-r.d thm "tar t ab la  b low r i v e r  l eve l .  

Water -bar ins  u n i t s  ov8r ly ins  Salad0 l o r u t i o n  

A su l l  u m n t  of around u.t.r occurs i n  a11 the geologic 

f o N t i o n s  overlying th. Salad0 l o r u t i o n ,  but th u i n  aquif*rS or 
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water-yielding u n i t s  a r e  th Culebr. D o l a i t .  Wmber and ba1.1 

molution b r e c d o  zone of the Rust ler  Fo-tion, the Santa Roar Sandmton, 

and tbr alluvium. Lacally, the Catune P o r u t l o n  y ie lds  water t o  -11s. 

I n  the  a rea  wst of and m a r  the  Pacom River, W t e r  f r m  the  a l l ~ v i ~  

i a  u t i l i z e d  e r t l n e i ~ e l y  f o r  irrig.tion purpose.. East of the  r i v e r ,  

i n  the potash .inins a rea ,  only a f.w wlls have ancountered potabla 

water. The yield8 of the sa118 a r a  g e m r a l l y  lw and m a t  a r a  used 

f m  the  u a t e r i n #  of livestock. Tha Culabra D o l a i t a  m d m r  occurs 

tbrourhouc u c h  of c h .  araa  and is t h a  u i a  soucca of  mter t a p p d  by 

s tock u a l l a .  Thm bamal ao lu t ion  brmceia .om of tbm Rus t la r  # o r n t i o n ,  

o f t e n  r e t e r r a d  t o  aa the " b r i m  aquifer," is thm u n l t  t h a t  is l o a t  

significant i n  the  molution of tha h a l i t e  i n  t h m  uppar p a r t  of the  

Salado l o r u t i o n .  Tabla 3 a u Y r i r e a  tha hydrology of the &aologic 

f o n r t i o n s  ovwly ing  th. Salado l o r u t l o o .  

Tbr f o r v t l o l u  .bow t h m  Salado P o r n t i o n  seam t o  im c o n n c t a d  

hydrological ly and can be considered a s  c w a t i t u t i n g  a .in& u l t i p l m -  

aqui fe r  ayste- ( f igs .  M, 8). Bow p e r f a c t l y  t h i s  aqu i fe r  a p t a m  i m  

dewlopad is  an  open q u e e t i w  and cannot im detmmirud f r a  the  

e x i s t i n g  hydrologic i o f m u t i o n ,  althouph t h m  l eve l s  of water mtanding 

i n  -11- ar. a u f f i c i a n t l y  uniform t h a t  p o t a t i o r t r i c  and v r t a r - t a b l e  

contour. son b. coostructad throughout the  arc. ( f ig .  8) .  This - tar  

t a b l e  and p o t a n t i a r t c i s  ourface range8 frol  l e sa  than 200 f e a t  t o  

.bout 1,400 f a a t  above the  contact  b a t w e n  tbm w p a i f a r w a  r ~ a i d w  and 

malt-baaring rock i n  the Salado i d r u t i o n  ( f ig .  13). 
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Solution a c t i v i t y  and associated collapm., aubai&nca, a d  f rac tur -  

ing h v a  increaaad tb overa l l  permeability of th. rocks and enhamcad 

tha i n t a r f o r u t i o l u l  m w e r n t  of r a t m  i n  tb aquifer  systam. TIM 

aolut ion ac t i on  i n  tb. araa of tb potamh i l l u a  aImo b . m  &t r imotaLIy  

affmct-d tb. e b u i c a l  qua l i ty  of thm around w t a r .  Alulyaas of wll  

w t a r  indicata th.t th. ground va tar  i n  tb. mining araa  contain# 

u c h  higher amunta  of diaaolvad substance* Fb.0 dwm t b  r a t a r  of tb 

surrounditq re8100 of W.v I*xieo; t h i s  d i a t r i h u t i o l u l  r a l l t i onsh ip  l a  

indicatad b . m t  by.thm t o t a l  diaaolvad aolidn (f ig.  14) a d  

chlori& (f ig.  15). 

Ground water i n  tb. f o r u t i o n s  above tb  Salado l o ~ t i o n  moves 

p l u r a l l y  aouthvsrd and a o u t ~ m t w r d  across tb potash mini- a r s a  

c m r d  tb heam Pivar (fin. 8). Maat of tb d i a c l n r ~ e  of t h m  s r o u d  

w t a r  tat.. p h e a  i n  tb reach of tb Pecan Pivar m a r  W t w  Bad.  

Thin d i s c h a r p  is  from about 850 s q u r a  d l a a  of tb. mining area 

north of R o J a c t  G n c u  a i t a  and from a t  L a a t  an add i t i ona l400  a q u r a  

milas ly ina  t o  tb. o o r t b a s t  of tb mining arm.. Althou&t t h m  t o t a l  

4.ount of grqund w t a r  d i a c h s r ~ i a g  t o  thm POCM P i w r  is not k w v n ,  

t b l s  and otbara (1942, p. 69) a s t h a t a d  th.t 200 g a l l m a  p r  r i w t a  

antsrmd tb. r ive r  from t h m  basal  a o l u t i a  breccia r o w .  

p potenti-tric and r a t e r - t a H a  contour. o u t l i l r  a nr1.n of 

around-wtar ridge. o r  high. and trou&hs or  l w a  ( f i e .  B), which are 

L p o n d  an tb repiocul aouthvad  t o  soutinmatward patt.rn of p n m d -  

vatmr wwmt. A I a r p  southwstrard-plunging ground-wtar troush 







exteadm from tW1aga Band northeaatuard roughly through lush  Draw t o  

the v i c l n l t y  of l a g u m  Plat.. Another much m u l l e r  trough i. e a s t -  

s o u t b a r t  of the Pro jec t  C n o r  s i t e  and extends f r m  the  southeastern 

p a r t  of 1. 24 S., R. 30 1. .?st-northeastward scroaa T. 24 S., 1. 31 C. ,  

t o  T. 23 S., I. 32 1. A aouthurd-p luns ing  trough ia  i n  the a rea  of 

Clayton Main .  Uatar w e 8  moutheastward t w a r d  the cen te r  of thlm 

trough from th. northwestern p a r t  of th. mining area,  southward f r a  

the northern border rmsion of the mlning area,  and aouthweatward and 

watward  from a mrrar ground-water r idge  b t w m n  C h y t o n  M s l n  and 

lap- Place. South of  Clayton M s i n  th. t r a r g h  is wt a well-dsfirwd 

h y d r o l q i c  fea ture .  Wlch of the  w t a r  i n  the  trouph do.# not mov.  

d i r e c t l y  t w a r d  tb. h c m  Rivar from the  Clayton Mnln  a raa .  Ieat*ad, 

th. watsr is d ivar tad  sou th-sou tbss tward  through th. rock# undarly- 

i n s  Q ~ U &  Pidga imCo t h e  proud-water  trough i n  th. Ilarh Draw a r a a  

( m a  C.Cum P o ~ t i m ,  t a b l a  3), where It j o i N  water w i n g  south- 

watward t w a r d  tb. Pocna River. 

Salado P O N t i O n  

llu Salado J o c v t i o n  hem an  in ta rgrsnu la r  p o r w i t y  end p . r m a b i l i t y  

t h t  ranger f r m  lw t o  v i r t u h l l y  n n u  (Stevens and othera,  1970, 

t-bls 1).  Lacally, fcae turas  and s o l u t i o n  openings ilp.rt a .potty 

f o r u t i o ~ l  p r r a b i l i t y .  I n  the  potaah minlnl a r s a ,  the  Sslado 

lo-tion is dry s r c s p t  f o r  a m 1 1  pocket. of water or w e e r  and gas 

tha t  h.va b a n  ancounterad oceaaional ly during mining and t - s t - d r i l l i n s  



o p r a t i o n a  and fo r  water preaant i n  tbw leached r o M  d.va1op.d a t  the 

cop of tb. f m y t i o n .  S w  of th. water and gas pockmtm a re  confilud 

under high pramsura. I n  u c b  of the  mining area ground water . w i n g  

ttmmgb tb h a a a ~  par t  of t b  ~ u m t ~ a r * ~ o r m a t i o n  b m  f o r u d  a laactwd 

;or& along th. top of th. Salad0 l o r u t i o n  (f ig.  a). Is placaa, t hm 

1aacb.d zoos axtendm more t b n  200 f ea t  i n t o  th. Salad0 l o r u t i o n .  

m a t  of tb. d i a s o l v d  ao~idm i n  tb. b r i m  i n  ~ I U  hama1 mo~ution s o n  

of tb Pust la r  lozmation b m  been obta imd f r m  tb. 1aacb.d %OM. 

0.  0. b e b a n  ( n i t t a n  c o u s . ,  1972) amtimataa t h a t  durio@ tb. 

past  5 mi l l ion  p a r a  ..." e a l t  b.a been dimmolvrd l a to r a l l y  i n  tbm 

v i c i n i t y  of carlabad, mu mxico,  a t  s o  avarega rat. of about 3 1/2 

t o  4 milaa p r  m i l l i m  years... This c o n c l u i m  i a  bamad on th. t a c t  

tbt  tb. diatanea f r m  tb. aaa tarn  f ront  of tbm Gudalup .  Wountaina 

t o  tlu pramant wmtarn l imi t  of major malt had8 i m  about 10 t o  20 

milma a d  on t b  t o l l w i n g  e s a l q t i o ~ :  (1) tb. 01al la la  l o r u t i o n  

f o r u r l y  ext.lld.d across tb PacM Rivsr val lay a t  h a s t  as f a r  a s  tb. 

f ront  of thm C u ~ d a l u p  Ilounteina, (2) t h m  P.CM Pivar va l lay  i n  t h m  

v i c i n i t y  of Carlahad has b a n  f o r r d  mince 4.11ela tin, and (3) tb. 

Ogmllala l o c u t i o n  b m  bean erndad and th. h rmian  a a l t  dismolvmd f r m  

thim area during tb paat 5 mi l l ion  p a r a .  It does not maam prohablm 

tbac malt a r t ~ n d e d  l l c h  f a r t b r  u m t  t t un  tb. f ron t  of th. Cu~&lupa 

WOUntaiM k f o r e  Ogallala tin; i f  thm amlt uaa loas ~ x t o ~ i v e  before 

Ogallala tin tbim astimat. is cow~rva t ive . "  



St r a t a  u d e r l v i n e  Salado F o r u t i o n  

Tb. Parmian t o  C u b r i a n  u d t r n t a r y  rock- undarlylng th. Salad0 

l o r u t i o n  contain u t a r  of b r i m  capomition and a r a  under hi'h 

a r t a s i a a  prammura. T b u  rock- a ra  not -1p0ud i n  t b  potaah r i n i n s  

a raa ,  but they l i a  daaply buriad i n  tb. aubaurfaca throughout u c h  OL 

moutlmamtarn mu m x i c o  mad w a t e r n  hum. ncnaal (1965, f i l s .  1-7) 

a h a n d  chat i n  tb potaab d n i w  araa t b  alavmtion of th. pot..- 

t i a r t r i c  aurtacem o t  d i f t a r a a t  =oms (axeluding tb Capitan Limmton. 

of thmu r& r a ~ ~ . a  trol a f a r  f u r  t o  a f w  hwdrad f aa t  a b a n  or 

belw tb. land surface. A t  Projact  On- mica rhera t h m  avarasa 

a l ava t i o .  o t  tr land sur iaca  i a  about 3,400 h a t ,  th. p o t a n t i a r t r i c  

aurfacam a re  a t  a l ava t i ow  be twan  3,400 and 3,800 f ea t ,  which i m  

600-1.000 f n t  abwa tb. top of tb. b l i t a  i n  tb. Salado F o r u t i o n .  

tb. dlcbctiom of Chm mlop  of th. p o c a n t i m t r i s  mrfacaa  diffarm 

s a r h a t ,  but i t  i m  p m r a l l y  t o  the e a s t  or  wrthmamt i n  southaamtarn 

nar *.ice. 

?ha Wpitan  Linmtwu and amaociat#d d o l d t i e  part OF tb. ratam 

and Taaa i l l  ? o ~ t i o M  form thm t o m a t  aquifar  i n  th. mtrmta bemath 

th. Salado ?-tion. Thama formstion# crop out or  l i a  a t  *halls 

depth. aoutbnmt of Wrlsbad, but t b y  a r e  daeply burimd aamt of tha 

c i t y  nmmr  th. potamh mimm ( f i &  4A). Tha u p i t a n  L i r s t o m  caprimaa 

giant  r a d  1-2 d l a m  rid. tha t  axtanda nortluamtuard a d  aartvard f r a  

Car1mb.d a c r o u  tb. mining area ;  tb Yatam a d  Taumtil l o r u t i o n #  adjoin 



cbe north aide of the Capitan Limmtoru rcaf .  Ueet of tha Peeos River, 

the Capitan L i r w t o n  l e  daveloped ae a eourc* of ueter  for  the c i t y  of 

Car1mb.d and l o r  i r r i ga t i on .  Bamt of the r i ve r  only a few watar walls  

pewtrace  t h i s  un i t  or  the Yates and Tanel11 l o n r t l o r u .  Kamt of the  

Pacw Elver, water i n  the Capitan L i m e t o n  and i n  the Yatee end 

Tans i l l  l o rv t i onw i e  under s t rong  ar taa lao  preeeure. Aceordins t o  

Ualpeony and Graem (1962, tab le  I ) ,  tb. p o t a n t l a r t r l e  surface of 

water l o  cb.as un l t s  l w  larg*ly abwe the land surfac. i n  tbe area eamt 

of the h c o s  Uiwr (fig@. 4, 46). Within an area that extaode 14 milee 

east-north.aat  of Cmrlebsd, e m  of th. w t a r  i n  the race@ a d  Tmtsi l l  

lo rut lo^ u y  low upward, mix with water i n  the EusClar l o r u t l ~ ,  

and a i d  i n  the  ao1ution of halit*, gypeu,  .ad amhydrito l o  the  

l u s t l s r  mod Balado ? ~ t l o n # .  The d iecr lbut lon  of chlorid* shwm 

oa f i y r *  15 is coo.iet*nc with the concept t he t  upward . o m n t  of 

- tar  dcwe taka place. 

Uietorv of mioin& 

Tbe potaeb mime i n  Eddy and h a  Countias, ll. mx., produc. 

abar t  84 percent of the potameiu  minralm d n d  i n  the United Stacee. 

nimin& a c t i v i t y  i n  the area began i n  1931 a f t e r  tbe disclosure by the 

Iedara l  Covmrmnt i n  1926 tha t  large tonnages of pocaamlu-boar108 

d m r e l e  -re pree.mt l o  Parmien s t r a t a  near Carlabad, It. Ilcx. P.ak 

product ionwu reached l n  1966. The higher grad. c a r r e i . 1  ore In 

62 



the  a rea  is n e a r i q  dep le t ion  and lost of the seven producing 

colpanies  have 1.m than a 10-year aupply. Large lw-grad. deposit. 

r a m i n ,  but cha i r  r a e w e r y  m y  not be c m p t i t i v e  with th. Carudian 

production. Recent production cutbaeka resu l ted  i n  a reduct ion of 

e . p l o p e n t  t h a t  bao seriously af fec ted  the econmy of the Carlsbad 

.I... 

Location Of mines 

Noat of th. potash d w a  i n  t h a  Carlabad d i a t r t c t  h.ua b.mn d . v e l q ~  

w dmpwita i n  a nortb- tranding b e l t  10-12 d l e a  a s a t  of a r l n b a d .  

Nim miwa haw bean d e v e l o p d  along chi# trend. hro  d m .  bava been 

o p m d  on d m p ~ i t a  6-8 d1.a fa rchar  amat, m a r  tha Eddy-lam County 

l i m  ( f i a .  16). 

T b  mima arm w m d  and oparatad by tbr Teladym Potash Co. 

(a aubaidiary of Cont imnLal*r r ican  Royalty Co.), Potaah Capany of 

h a r i c a  (a  d iv ia ion  of Idma1 M a i c  Induatrism, Ins.),  Duval corporation, 

l n t e r ~ t i o r u l  Mineral# and C h e d c a l  Corporation, Southrust Potash 

Co. , ( a  aubaidlary of R a e p o r t  Sulphur Co.),snd Kerr-llcC.0 Chemical 

carp. 

A t  th. p r a n n t  ti", e i g h t  dnes oparata  i n  th. d i a t r t c t  (Elgs. 4,  

16). Thraa miwa arm c l m e d ,  Uills-Uaaver (Duval), Smund.rm (Duvsl), 

and U a  (Nati-I). l l m  T e l e d y a  Potamh No. 3 mi -  1. scheduled f o r  

elomurm i n  Auguet 1972. 



Bthodr  of prosoectlna and emlo ra t ion  

A11 prospwting and exploration i n  tha d i s t r i c t  hes h e n  done by 

holaa d r i l l e d  f r a  th. aurfaca. nosr of the holes sera  d r i l l e d  i n to  

the top of the Saladn by r a m  of churn or rotary d r i l l i n g  rig-. Tha 

hole# w r a  cmpleted thrmgh tha or. z o o s  u l t h  a diaumd d r i l l .  Caning 

waa met i n  tha uppar part  of tb. bola and camntad in to  tb. top of the 

s a l t .  Ih. casins and c a r n t  ..a1 pnvaoted water f r a  the Ilusc1.r and 

ywngar rock* f r a  antaring tb. bole. Aftor tb. bolas w r a  c a p l a t a d  

and muplad, the cawing ran pulled and th. holaa p l u ~ p d  r i c h  camnt  

f r a  b o r r a  t o  top. I n  s m  of thm e a r l i e r  d r i l l i n g  tb lowr parra of 

tb holaa n r e  p lugpd  u i t h  4, but thoaa part8 abov. the top of th. 

salt -re f i l l a d  with c e r n t .  It can b. a a a u d  tha t  a l l  axploration 

holes d r i l l a d  f o r  potash haw Lmbn a f f ec t iva ly  #baled. 

rn darui ty  a n d d i ~ z r i b u t i o a  of tha a=ploration and daveloprnc 

d r i l l i n g  arb ahwn on f igurb 11. I n  amora l ,  tha pattarn and dwui ty  

of d r i l l i n &  re f l ac t s  th. position or thm econmic l i r i t a  of th potash 

dapnaita. Outaide tb danoaly d r i l l a d  araaa the ore horiamu i n  the 

Salado a n  probably cap0s.d of hmlite and only minor amunta of 

p0ca.L. 

win in^ method. 

Th. Lmdded potash d*pbsita e ra  nearly f l a t  lying ovar large areas; 

therefore, modified coal-mining r t h o d a  hava bean usad i n  a i t r a c t i n a  

tb ore. Tho ore-bearing horiroM a re  reached t h r o u P  va r t l ca l  







l ined and have mtandard h o i s t i n g  and a u x i l i a r y  c q u i p r n t  capabl. of 

handling large tonnagea of mined u t e r l a l .  A t  each ehmft t h m  aqu i fe rs  

above the Salado Formation have been sealed with cement grout ,  water 

r ings  and sups have been constructed,  and pumps i n n t a l l s d  t o  hmndle 

water seepage from the grouted areas. A t  several of the s h a f t s  p u q i n g  

in  no longer required, and a t  other. the amount of water pumped i. 

m i n i u l .  The a f fec t ivensae  of the  methods employed t o  con t ro l  the 

water i n  thm ahmft armas i m  evidmcad by thc t a c t  thmt the record. ahou 

t h a t  no water hma en te red  the mine workin@. 

Part  of the  im.eti8atlone f o r  the Cnoa  pro jec t  sh-d thmt the 

F a 8  Chemical Resources Developmnt Corp. s h a f t  i n  earntern Eddy County 

hmd been e l u n d o n d  and contained water.  Uatar- level  r a e u r e r n t e  usre 

u d .  i n  t h i e  ahmft d u r l n l  October and November 1961 and i n  December 1961 

a f t m  th. C n m  devica wm detonated on December 10, 1961. A t  thm tire 

the meeur.mnte vcre n d e  th. water l e v e l  etood a t  1,687 f a e t  be la  

t h m  surface or 13 f e e t  above th b o t t a  of tho ahaf t .  Premuubly the 

eoure. of the water was thm aqu i fe r  i n  the Ruat lsr  P o r u t i o n .  During 

the period of i n a c t i v i t y  the water had over f lwed  the sump and co l lec ted  

i n  the  mhmft. The c o l l a r  was conatructed high enough above ground l e v e l  

t o  prevmnt surface water f r o  d ra in ing  i n t o  the  ehmft. 

The s h a f t  has mince been equipped with the  umual cap lement  of 

v e h i n c r y  and i. nar  i n  operat ing condition. I t  is Iimted on tab le  4 

a s  ~ e r r - n ~ c e e  chemical Corp. NO. 1. 



It i 8  reported c h t  the o h f t a ,  with th poseible exception of 

Ialadyac P o t a ~ h  Co. No. 1 and No. 2 ,  arm i n  axcallant  condition. 

Bxtant of minr vorkinsm 

Forty Far. of l a r y - t a m ~ p a  m l n i q  i n  t b  c o l a t i w l y  thin-baddad 

ore &po*ltm i n  the d i a t r i c t  h e n  raaultad i n  an  a x c a ~ i v a  ma* of u d r -  

povod workin#*. Ib mi-  warkin's i n  tin d i* t r i e t  c o w r  an arm. i n  

a.ca8a of 45 mqwra 41am. Ihm av*ra&e b i g h t  of th vorkiwa w a y  

f r m  tb. v i c in i t i aa  of t b  s b f t a  and the  u i n  antri*n is about 7 tmat. 

Ihm f loors  and back- ar* p m r a l l y  f l a t  or  p n t l y  a l o p d  bcaum* tb .In- 

iw rthodm a d  tb. r i m  layout* a t -  &mipmd t o  f o l l w  tb m a r l y  f l a t  

r*picnrl d ip  of th Imdm. 

Ihm d ~ d  armam arm irrmpular i n  sbp. but mmt ar* * l o n ~ t a  i n  

a north-norc~namt d i n c t i o n .  nim C O ~ W S ~ ~ ~ D  raflmct. tb var ia t ion  

01 t b  potaah content o t  tb or* b d a  and wt C b  continuity of tb an- 

c l ~ i n p  oa1t b d a .  In other wordm, t b a a  a n  chmica l  variat ions,  or  

c b i c a l  facia. within a aingl* bad, and ar* wt variat ion- i n  the 

n p l w u l  m*dimtatlon.  

Or. b a  b a n  r l r d  i r a  four bedm or zomm i n  tb S a t d o  i m u t i o a .  

T b  wmt a x t a ~ i w  wrkinga a r e  i n  tb 1ow.t or "Fir*t" or* c o n ,  which 

i m  ba twen 650 and 800 f u t  b l w  the top of tb Saladn. nim mima i n  

the dl . t r l~C b.W pTDdUCad M8 t r ~ .  Chi* I-. h h d p  P0t4.h Co. No. 1 

h a  producad f r a  th " C l r d  and "lourth" or. aomw. Int*rm.tioml 

Wnoralm m d  Clumical Cmrp. Ma produced f r m  tb " l i r ~ t , "  "?ourth," 

and "Pifth" roms.  Duva l '~  t&#h Draw m i l r  ha. producad E r a  tb "Firmt" 
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and "Tanth" r o ~ a .  N a t i ~ n s l  P0ta.h CO.'. Lea mine a d  the Karr-lkhs 

Chmical  Corp. -in h v a  produced f r a  the  "Tenth" ore z o o .  The 

a p p r m i u t a  a t r a t i y a p h i c  po.itiona of th ore zooma a r e  ahown i n  

figuc. 10. 

S t a b i l i t y  of m i n e  workingl 

fh. antria., r o l u ,  and p i l l a r *  devalopad during the " f i r a t  

cycla" d o i l y  arm &miprrd t o  inaura s t a b i l i t y  c o l . l u u r a t a  with aafa 

a d  a f f i c i e n c  l i n i n g  prac t ica .  Mck f a i l u r a  m y  occur w h r a  the back 

i a  only a few incham t o  a f w t  b a l m  a c lay  meu. Tha unsupported 

malt beds ham a tand.ocy t o  p u l l  away f r a  tha c l a y  bad bacauma of the 

l o o n  baud b a t w a n  th two rock typmm. Back f a l l #  a ra  con t ro l lad  by 

t h  judicloua and axt-ruiva una of bol t ing.  

C a v i u  and aubaidenca 

During f i m l m i n i n g  m a t  of tha p i l l a r  support i. r a ~ o v a d  and tha 

worked-out araaa g r a d u l l y  aubaida o r  smv.. kr. than 50 p r c e n t  of 

th mirrd araaa a r a  o w  c a m d  ( f l s .  16). I n  tho.. d m #  w h r a  mininp 

h a  bean c a p l a t a d ,  t b  mubai&aee i a  m a r l y  100 p r c a n t  of the 

l i M d  b i g h t .  

l o  moat c a m d  armam th aubaidenc. i a  r e f l e c t a d  i n  tha w a r l y i n g  

aurfaca by th. devalopl .nt  of ~ a n t l e  dapreaniona. Frac tur ins  a t  tb 

aurfae. i n  th aubnibnc. araaa cannot ba accura te ly  u p p d  o r  de te r -  

m i ~ d  bacauam of tb cover of unconsoli&ted s u r f i e i a l  u t a r i a l a .  S o l  

f r a c t u r i n g  ha. h e n  not iced i n  tha paved highway. t h a t  croaa tha aub- 

aided arman. 
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Although de ta i led  mtudiea of th. aub~idance  area* luve mot baen 

ud., a m  ap.culatiord concarning t h .  achaa iam involved caa ba ud.. 

Subsurface observation8 of th. mubmidiog araea indicata t h a t  ch .  rock- 

above tlu d m d  aream rmra a l a l y  danua rd  am a a i q l e  columiva block 

a f t e r  f l m l  mining is  c-leted. YraeturiIu u y  ull occur i n  th. 

aubsidiag block, pa r t i cu l a r ly  i n  tln d o l a i t a  bad* above th. Salado, 

but cln p . t t a rn  La not known. T h  unlqw pbyaical prop.rCiam of tin 

sa l e  probibitm th. & v a l o p r n t  of opau fracturam. T h  fracturaa 

f o r r d  arm t i g h t  or  quickly maalad by f l m g a  or r e c r y a c a l l l ~ a t i o n  

of tha a a l t .  Tha a b n m a  of r a t e r  m e a p p  i n t o  tlu mima i n  f l u  ar*a* 

of aubaid.~aes i m  i d i e a t i v e  of tba a a l t - a a a l i ~ %  character  of cha s a l t  

bad*. 

h r t b r  avldancm fo r  tlu cohrmlvamma of th mubmi&ece block l a  

that m i d n l  l a  c w r a n t l y  being cu r imd  on i n  two d m *  i n  or. bed* 

ibout  SO and IM f w t  above t b  b o t t m  of tb s a w d  block* m 1-r 

mining lav i l s .  Th. o n  imd* bming mind  luva sufferad no noticaabla 

mtruetural &formation o t b r  than the  mag a d  e leva t ion  sb.npB d w  t o  

t b  subsidence. 

YO &ta a re  availablm w th. a f f ac t  that aubsid.mca b.0 tmd a 

tb. w a m t  of r a t e r  i n  c h  a q u i h r a  above ttm Salado. 

gna* shaf t  and r o c k i n a  

The Gm0.m s i t e  and s l u f t  a r e  nus th. canter  of aac. 34, 

T. 2 3  S., R. 3 0  I., Eddy County, 8 .  Mr. (f lg.  16). Th. ahaft  u s  



a u k  by tb. U. 9. Atomic Ermrgy Calmmion am a par t  of the P louabre  

program. Only a b d - f  a u u r y  of th p o l o w  and daacript ion of tb. 

mimd araaa i a  pivmn i n  t h i s  report .  D.tailm can b. obtained f r a  

raporta on R o j o c t  G a o l .  (U. S. Geol. Survey, 1962). 

The C n m  m b f t  warn sunk t o  a depth of 1,202 fea t .  The m b f t  

i m  c i r cu l a r  i n  plan, b a  an  inaide d i a u t a r  of 10 fea t ,  and i a  I i m d  

with rainforead coocreta t o  a depth of 122 £mat. It pamtra tad  about 

200 f a a t  of a u r f i c i a l  and Plaiatocam depomita and 1,000 f e e t  of 

Permian rocks. Tb. top of tb. a a l t  i a  about 650 f e e t  b low th. co l l a r  

of th m b f t .  Ihm b o c t a  of tb. m b f t  i a  i n  s a l t  about 550 f ea t  b.lw 

tb. top of tb. Salad0 I o r u t i o n .  Rock# mwoaed i n  tb. a b f t  a r e  shown 

on tab la  5. Ihm ahat c-r i a  conwcted t o  th. a b f t  by two pa ra l l e l  

d r i f t s  each app rox iu t a ly  1,100 femt long. Thm d r i f t s  and cbmbmr a r e  

m a r  tb. b a a  of tb. u p p r  t h i rd  of tb. a a l t  aection. Abcut 1,000 fee t  

of uamlvm s a l t  i a  a m t i n t e d  t o  b. present b a l m  tb. b o t t a  of t b  

m b f t  a d  d r i f t .  

Tb. G n m  m b f t  wma abndomd  and aemlmd by tb. AEC i n  Novambmr 

1968. Ihm d a c a i a a i o n i n p  of th. a b f t  rma dow under tb. aurvmi11ance 

of Reynold# Illmctrical and i np iwer ing  Co. and i a  reportad on by Tappan 

and Loran* (1969). A11 u t e r i a h  givlnp a contact rad ia t ion  doma ra te  

of more than 0.1 mi1liroentg.u~ per bour n r o  reloved f r a  th aurfacc 

and placad i n  th. m b f t  br f lumbd am l brine a lur ry  darn a d r i l l  hole 

t b t  int.ra.etmd o m  of tha d r i f t * .  



Tabla 5.--Rock# #wo#ad i n  tb On- abaft 

YW Lithology 

Alluvial ,bol#oo Uluooaolidatad 
&)Omit# 8alld 

Ior ty-oimr  Cbiafly 
I*rb.r wpaur and 

anbydrita 

Nnpmt. Dolait .  S i l t y  dolrniiU 
U8.L.r I 

Lanr r.br Chiefly clay 
and silt r i t b  
S O I  m.u 
a d  anbydrica 

r o ~ t i o m  ba l i t a  rock . 
with a- 
pbydritm, 
polyballta, am 

At@ 

lo1os.u 

r b i ~ t o s a m ( l  

Parrlu 

.... & ....... 

.... do......, 

.... do.. ..... 

... .do. ...... 

.... do.. .... , 

... .do.. ..... 

... .do.. . .. .. 

... .do.. .... , 

... .do.. .... , 

lkpth balm 
aurface 
l f n r )  
0-43 

43-91.9 

91.9-294 

294-651.2 

2%-Sl.3 

H1.3-382.2 

W.2-495.5 

b95.5-523.5 

i23.5-651.2 

i51.2-1,202 

61.2-709.3 

109.3-1,202 



Ib ahaft cootaiu# coot..Iu#tad m t a l  scrap, OY d w  truck, tour 

r i m  cars, a boiat mo-cqa ,  n d  v a r i a u  o t b r  mta r ia la ,  i ~ l u d i n ~  a 

cmaidanble  . r m o t  of c o o t a m l ~ t a d  a011 and w1t ~ c k .  tb. r q o r t  doe.. 

not a ta ta  how f a r  up t tu  abaft tb eootui lutad u t o r i a l r  mxtand. U ~ o n -  

t u i ~ t a d  moil wr placad i n  tha u p p r  part of the a b t t  t o  within 5 faat 

Of C b .  ~ ~ r f ~ c ~ ,  a d  4 P N a O t  phi f0-d by fi l l108 tb. 1a.t 

5 famt with conerota. 

10 add i tha ,  &It met d r i l l  holaa w r a  plus@ rltl s w o t  t o  th 

tap o t  tL. &W0. 

m u m  o r  tw c o d i t s o u  that por *xiat a t  t tu  mhatt, tb c u m  

a b t t  or d r i t t a  probably cannot C. a a b l 7  a d  ~aconmieally rahabili ta- 

tad. 

Solution D ~ D ~ D I  ac t iv i t l sa  

Ib Kana.. City h a t i n #  Iaboratory 1 a  t b  f i r a t  o t  tuo cmpaoiaa 

t o  emduct axpmrLlnta1 anlution mini- project# i n  tha C.rlr0.d araa. 

N a  a x p r i r o t a l  project i n o l w d  a t t n p t r  t o  eetabliah l collructioo 

r t w a n  t~ borebolas about zoo g u t  a p r t  in  t ~ .  IY 114 a*=. 22, 

I. 20 8 . ,  1. 29 1. tb. projact #a s tar tad h i a s  tb late  1940'. and 

a d d  d u r i q  tb 1950'm. 

Dur in~  tb. rid-1%0'r Contimntal Oil Co. conduetad an a x p r -  

i r o t a l  nolutioo J n i l y  project i n  tba cu l r0 .d  araa (mvia and Shock, 

1970). I w  taa t  boles r r a  d r i l l ad  in  tb. 8U 114 aac. 12, I. I9 8 . .  

1. 30 I.. about 3 112 d t e  aaat of tb. Smthveat Potaab Co. ahaft. 



Tho d r i l l i n g  pa t te rn  was i n  t b  shop. of an aquilmtmral t r iangle  

with a fourth hola La th centar ,  200 f e e t  f r a  tho apex m l l e .  Tho 

w l l o  w r a  d r i l l e d  t o  a depth of 1,150 f aa t  and w r a  empla tad  i n  tho 

"Third" or. t o m  of tb. Salado l o r m t i o n .  Subnurfaca cmmct lona  b.tu.n 

w11s w r a  e s t a b l i s b d  by hyd rwl i c  f r ac tu r ln s  from tb. cantor or  in -  

J a c c l w  rrll. 

During tho l i f a  of tho axpar imat  an a l l i p t i e a l  cavi ty  200 h a t  

long and about 80 f ae t  wide a t  i t 0  brondast par t  and 5-10 b a t  daap 

was f o r r d .  About 175,000 cublc f a s t  of s a l t s  w r a  r.lw.4. Tho a b p a  

and a i r*  of tho cavi ty  ram d e t a ~ i m d  by a a o m r  surwy.  

Tho r l l a  u r a  c a n d  a d  cmroted  i n t o  tho top of tho Salado t o  

pr.vant water from tb. mar-aurfac. a q u l b r  sn tar ina  tb. holam. R e -  

. u u b l y  t b a n  h o h 4  wre pluppad v i t b  c w n t  vtuo tb. proJact w m  

cmplatad.  

OIL AW GhS PB~UCT,IOU 

O i l  wan f i r s t  producad i n  Eddy County, W. Max., f r m  tho f u o u s  

Artaala pool which bns di#covar.P i n  1924. Sinca C t m t  t i u  chore ha4 

h e n  a steady incraasa i n  tb. production of o i l  and p a  i n  south- 

aa8tarn tier Ibxlco. Th. o i l  and gas f i a l d s  l o  Eddy a d  L.0 Countlam 

ara  tb wt productive i n  New nexlco. A s  of 1966, tho f i a lda  i n  

Eddy County hod producad a1lo.t 197,000,000 bbln (barr.1.) of o i l  aod 

112,000,000 WP (thounand cubic f aa t )  of gam. Tho production f r a  U a  

County w4. about 1,700,000,000 bbla of o i l  and 2,600,000,000 llCl of gam. 



La. County, r i t b  l o r e  t h rn  60 percent of th. t o t a l  o i l  and gae .alee 

i n  the Stmtc, racks f i r e r  m a g  a11 counties i n  the United Statem l o  

the value of hydrocarbon production. The producins v a l l e  a r e  eoncemLratcd 

i n  an a r c lu t e  bmlt  th.t i n  gmMral ref lect .  the pornition of th. buried 

reef  tbt u r k a  th transition r o w  be twen th. h l a w r .  barnin and the 

nor thwet  ehelf arm. and the cen t r a l  baein plmtfam. 

Thm m e t  productive o i l  and @a* rolms er. i n  th Permian roeka 

lying bmlw th C.et i la  Formtion.  Hcmver, m a  production ham c- 

f r a  upper, r idd le ,  ad l n w r  Paleomic mtrata i n  th camtern, wa t e rn ,  

and north.amtarn per t  of tba araa.  The producing =onem for  th o i l  and 

gas p o o h  i n  Eddy and Lee Cour~ti.m a r e  mban i n  tab le  6. 

Production i n  tin v i c i n i t y  of Carlmbad i m  mcntly f r a  rock. of 

Guadrlupian agar pa r t i cu l a r ly  r b  Grayburg and San Andrea Porutionm, 

f r o .  th. vxkm of b o m r d i a n  end Uolfc.lpian age, and E r a  roeto of 

P.nnay1vani.n age. T h  d i e t r i bu t i on  of vallm and dav-loped o i l  and 

gaa field. u of 1964 a r e  mhwn on figure. 18 and 19. I n  p l u r a l ,  the 

wlls m a r  th m a t  u r g i m  of thm Delavara baein a r e  8.000-10,000 fea t  

deep, m a t  of  t h a  i n  th8 v i c i n i t y  of th8 potash r i m e  a r e  from 1,SW 

to 3,000 f ee t  deep, and u n y  wllr are lor. thmn 3,000 f ae t  deep. I n  

the lor. eenr ra l  and earntern pArt of  th8 baain, th. depth.  of tin -11s 

gemra l ly  arm 4,000-14,000 fee t .  Th. deepest wl l  i n  tb Mlavare barnin, 

d r i l l a d  21,275 f ea t  t o  b a a a m t ,  encountered h r s e  reaervaa of %am coo- 

denmate i n  eaveral  = r e  and probably l a  th firmt of u n y  wildceta that  

w i l l  be d r i l l a d  i n  t h m  r a l a t i ve ly  unaxplorsd deepor part. of the b * l n .  







Soutb.amtern N.v Wsrico i n  n a  a well-eatab1ish.d o i l -  and 

gas-producinq araa.  T h  ge lura l  geology i a  ull knwn, but unexplored 

l u g e  a reas  s t i l l  r a u i n .  ?h. saarch fo r  stratigraphic t raps  and 

favor.bl8 s t ruc tu re s  i n  the dmsp.r parts of tha Delaware basin udoubtad- 

1y sill reau l t  i n  tb. discwmcy of neu f i a ld s .  t lm  araa  rill probably 

c o l l t i n r  t o  bm one of tiu m a t  ac t iva ly  explorad araas  i n  tb. m t i o n  

bmcaun of tb. h i e  succass r a t i o .  

COIICWSIOYII 

Tb.t par t  of tiu Carlabad p o t u h  araa  i n  Tpa. 21. 22, 23, 

a d  26 S., 1s. 31 and 32 L., b.s tb. lanst & m i t y  of d r i l l  holas 

fo r  p o t u h ,  011, a d  gas, i a  f a r t b . s t  f r m  tiu diaaolut ioo f ront  i n  

tin a a l t  aact ion. .h.s  a aubatantial  th ickwaa  of comol ida tsd  covar 

a b m  tb. salt sact ion,  a d  contain# the l u h m  th1dnm.s of Salado 

I o r u t i o o  malt at reaaonabla daptba b a l m  tb. aurfaca. 801. o t  tb. 

dlwd-OUt potash line. M y  pKWi& uSafu1 StOr8ga. 
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