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GEOLOGY AND HYDROLOGY OF THE CARLSBM POTASH AREA, 
EDDY AND UZA COUNTIES, NEW HEXICO 

BY 

. \rnoll i  L. Broluw, C. L. Joner, M. E. Cooley, and U. U. Hays 

The potash mines of sou theas te rn  New Mexico a r e  i n  a sparse ly  
populated a r e a  15-30 miles  e a s t  of  Carlsbad. Topographic r e l i e f  is 
lw, sur face  drainage poor, and c o l l a p s e  fea tures  c-on. The cl imate 
is semiarid. 

S a d h e n t a r y  rocka a t t a i n  thicknesses  of  more than 20,000 fee t  and 
range i n  age  from O r d w i c i a n  to  Quaternary. The a r e a  includea the  
northern end of  t h e  Delaware b a s i n  and the l a r g e l y  buried Capitan Reef. 
The bas in  c a t a i n s  as arch a a  13,000 f e e t  of Permian s t r a t a .  The 
o l d e s t  exposed rocks a r e  of  Late  Permian aga, but d r i l l i n g  has provided 
much d a t a  on t h e  bur ied  o lder  rocks. The pr inc ipa l  s t r u c t u r e s  a r e  broad 
g e n t l e  f e a t u r e s  r e l a t e d  t o  l a t e  Paleozoic sedimentation: t h e  northern 
Delaware basin,  l r h e l f  nor th  and west of the basin,  and a c e n t r a l  b a r i n  
platform t o  t h e  e a r t .  These r t r u c t u r e s  were t i l t e d  eastward before 
Pliocene time, b v e  been i n a c t i v e  r i n c e ,  and o a r  show a general  eastward 
d i p  of l e s s  than 2.. 

The r a l t  d e p o s i t s  a r e  i n  t h e  U t e  Permian Ochoan S e r i e s  composed of 
a t h i c k  aa l t -bear ing  e v a p o r i t e  l a v e r  p a r t  ( C s r t i l e ,  Salado, and Rust ler  
Formations) and a t h i n  non-ral t -bearing upper p a r t  (Dewey Redbeds). 

The C a s t i l e  F o r u t i o n  c o n s i s t s  l a rge ly  of inter laminated gray 
anhydri te  and bravnirh-gray limestone, but includee much rock s a l t .  It 
is about 1,500-1,600 f e e t  t h i c k  along the  southern edge of  t h e  potash 
area;  i t  t h i n s  northward t o  about 1,000 f e e t  near the margin of  the 
Delaware b a s i n  .Rd tongues o u t  i n  the  southernmost p a r t s  of the  
northwest s h e l f .  A l l  t h e  s a l t  is concentrated i n  a t h i c k  middle member 
which l i e s  200-300 f e e t  above t h e  bare of t h e  formation. 

The Salado Formation, t h e  main sa l t -bear ing  u n i t  of the potash 
area,  ranges i n  th ickness  from about 1,900 f e e t  i n  the  rou th  t o  about 
1.000 f e e t  i n  t h e  north.  The f o r u t i o n  is character ized by th ick  
pers i s ten t  u n i t s  of rock s a l t  a l t e r n a t i n g  with thinner  u n i t s  of anhydri te  
and polyhal i te .  Thin reams of claystone under l ie  t h e  anhydr i te  and 



polyha l i te  un i t ,  and there  a r e  a few beds of sandstone and s i l t s t o n e  a t  
l a rge  in te rva ls .  The Salado Formation is divided i n to  th ree  informal 
uni ts :  a lower and an upper s a l t  member, generally free of s y l v i t e  and 
other  potassium and magnesium evapori te  minerals; and the HcNutt potash 
zone. general ly r i c h  i n  these minerals. 

The Rust ler  Formation mostly anhydrite and rock s a l t ,  t h i n s  from 
300 t o  400 fee t  i n  the southern pa r t  of the area t o  about 200-250 fee t  
i n  the northern par t .  Some dolomite is present i n  the upper and l w e r  
pa r t s  of t he  formation, and t h in  t o  thick un i t s  of sandrtone and sha l e  
a r e  interbedded a t  long t o  shor t  in te rva ls .  

The Dewey Lake Redbeds a t  the t o p o f  the Ochoan Se r i e s  cons i r t  of 
reddish-brawn s i l t s t o n e  and f ine-grained sandstone. The formation i r  
250-550 f ee t  th ick  i n  the potash area. 

Three main hydrologic un i t s  control  the ground-water hydrology of 
the Carlsbad potash mining area: the Pecor River, the water-bearing 
s t r a t a  overlying the Salado Formation, and the Capitan Limestone and 
other  water-bearing s t r a t a  underlying the Salado. The d i s t r i b u t i o n  and 
development of large d i sso lu t ion  features,  pa r t i cu l a r l y  i n  the Nash 
Draw and Clayton Basin a reas ,  exert  a major e f f ec t  on the  occurrence 
axd mwement of the  ground water. The Pecos River receives near ly  a11 
of the ground-water outflow from the area.  Most of that outflow reaches 
the Pecos near  Halaga Bend. 

The main water-yielding un i t s  overlying the Salado Formation a r e  
the basal  so lu t i on  brecc ia  zone and the Culebra Do lmi t e  Hellber of the 
Rust ler  Pormation, the Santa Rosa Sandstone, and the  alluvium. The 
basal  so lu t i on  breccia zone is the hydrologic un i t  most s i gn i f i c an t  i n  
the so lu t i on  of ha l i t e ,  from the upper par t  of the Salado Formation. 
The easternmost ex ten t  of evapori te  so lu t ion  i n  the potash mining a r ea  
is roughly a t  the camon boundary between Ranges 30 and 31 E. The 
formatione above the Salado Formation seem t o  be connected hydrological ly 
and can be considered a r i n g l e  mult iple  aquifer  system. Solut ion 
a c t i v i t y  and associated col lapse,  subeidence, and f rac tur ing  have 
increased the ove ra l l  permeability of the rocks and the interformational  
movement of water i n  the aqui fe r  system. 

Ground water i n  the formations above the Salado moves general ly 
southward and southwestward acrors  the potash mining a r ea  toward the 
Pecos River. Although the t o t a l  amount of ground water discharging t o  
the Pecos River is not known, i t  has been estimated tha t  200 ga l lons  
per minute en te r  the r i v e r  from the basa l  r o lu t i on  breccia zone. 

The p o t e n t i m e t r i c  and water- table contours ou t l ine  a s e r i e s  of 
ground-water r idger  and troughs which a r e  imposed on the regional  
southward t o  southwestward pa t t e rn  of ground-water movement. A large 
southwestward-plunging ground-water trough extends from Halaga Bend 
northeastward roughly through Nash Draw t o  beyond the mining a rea  in  
the v i c i n i t y  of Laguna P la ta .  Another much smaller trough is eas t  and 
southeast  of the Pro jec t  Gnome r i t e .  

The Salado Formation has an  intergranular  porosi ty and 
permeability tha t  ranger from low t o  v i r t u a l l y  none. Locally, f rac tures  
and so lu t i on  openings impart a spo t ty  formational permeability. I n  I 

the  potarh mining a rea ,  the Salado Formation is dry except for water i n  I 

the leached zone a t  the top of the formation and small pockets of water I 
or water and gas encountered occasional ly during mining. 1 

I 
1 

The Cambrian t o  Permian sedimentary rocks underlying the Salado 
Formation contain water of b r i ne  comporition and a r e  under high a r t e s i an  
pressure. These rocks a r e  not expored i n  the potarh mining a rea  but l i e  
deeply buried throughout much of southeartern New Mexico and western 
Texas. Zn the potarh mining a r ea  the  elevat ions of the potent iametr ic  
sur facer  of d i f f e r en t  zone. of t he r e  rocks range from a few feet  t o  a 
few hundred f ee t  above or  below the  land rurface.  -* 

INTRODUCTION 

The U.S. Geological Survey, on behalf of the  Atomic Energy 1 
Commirsion, har sumoarired the  ava i l ab l e  geologic and hydrologic 

information on the Carlrbad, U. Hex., potrrh area.  The purpose of t h i s  

sumary  is t o  furn ish  the  Atomic Energy Commission with da t a  tha t  would 

be u r e fu l  t o  them i n  t h e i r  evaluat ion of variour  geologic formations 

for the d i sposa l  of rad ioac t ive  wartea. The project  was s t a r t ed  on 

Apri l  1, 1972, and canpleted on June 30, 1972. 

In  preparing t h i s  repor t  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 t a  of the U.S. Geological Survey. Ye 

have benefi ted f ran  the f u l l  cooperation of R .  S. Fulton, Regional 



Mining Supervisor ,  U.S. Geological  Survey, Carlsbad, N .  Hex., and 

D. M. Van S ick le ,  Regional Geologis t ,  U.S. Geological Survey, Roswell, 

N. Hex. We had the  p l e a s u r e  o f  d i scuss ing  the  ob jec t ives  of t h i s  p r o j e c t  

wi th  Donald Baker, Di rec to r ,  New Mexico Bureau of  Mines and Mineral 

Resources, and wi th  Prank K o t t l w s k i  and Roy Pos te r ,  a l s o  o f  t h a t  

o rgan iza t ion .  Discussions and underground t r i p s  with W i l l i a m  S tan ley  

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

a l s o  very h e l p f u l  i n  our work. 

GEOGRAPHY 

Location and populat ion 

The potash mines of  sou theas te rn  New Mexico a r e  in e a s t e r n  Eddy 

County and westernmost Lea County. Most of  the  mines l i e  a long a 

nor th - t rend ing  l i n e  15 mi les  e a s t  of  t h e  c i t y  of  Carlsbad and 

25-45 mi les  n o r t h  o f  the  Texas border  ( f i g .  1). Two mines a r e  10 mi les  

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

The a r e a  is s p a r s e l y  populated. Populations given h e r e  a r e .  

e r t b a t e s  f o r  Jan. 1, 1972 (Rand McNally and Co.. 1972). Eddy County 

has  a populat ion of 39,800 and Lea County 48,800. Other than Carlsbad 

(20,500), the  on ly  c i t i e s  o f  1,000 o r  l a r g e r  populat ion wi th in  SO mi les  

o f  the  mines a r e  Hobbs (25,800), A r t e s i a  (10,300). Lovington (8,900), 

Eunice (2,600), Ja1 (2,600), and Loving (1,200). Except f o r  widely 

s c a t t e r e d  ranch and farm houses, t h e  only h a b i t a t i o n s  wi th in  20 mi les  



of the mines a re  in  Carlsbad, Loving, and the s~ual l  coamunities of 

Halaga, Ot is ,  LOCO H i l l s ,  and Haljamar. Population i s  highly dependent 

on the petroleum and potash industries, and any large increase other 

than through possible expansion of these industries seems improbable. 

Surface water 

The Pecos River, which r i s e s  i n  northeastern New nexico and 

ultimately joins the Rio Crande a t  the Hexican border, is the only 

through-going perennial stream in th i s  area. Here and farther south 

the Pecos receives almost a11 the surface discharge and a t  leas t  the 

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

from most of the area i s  poor. The only significant  continuously 

flowing t r ibutary  of the Pecos is Black River, south of Carlsbad. The 

abundant small intermittent  Streams generally dra in  into depressions 

produced by sand dunes or by solution subsidence where the water 

evaporates or sinks in to  the subsurface. Of the intermittent  streams, 

the longest is in  Monument Draw, which drains southward along the eastern 

edge of Lea County. It is rare for such generally dry channels t o  carry 

continuous f l a r s  of water, a s  the runoff from thunder showers ordinari ly 

sinks in to  depressions i n  the floor. 

The Pecos River, small recervoirs behind two dam between Carlsbad 

and Loving, and a small part of Sa l t  Lake, east  of Loving, a re  the only 

bodiec of perennial surface water within 14 miles of any potash mine. 

The northern edge of Sa l t  Lake is 4 miles couthwest of the International 

Mineral and Chemical Corp. mine. Other lakes (or "lagunas") east  of 

the Pecos contain water only a f t e r  heavy rains. Lakes H31i11an and 

Avalon and the s m l l e r  reservoir  on the r iver a t  the east  edge of 

Carlsbad are 15 miles or more fran the nearest mine. 

Toponraphy ' 

The topography of the area (f ig.  1) f a l l s  eas i ly  in to  four large 

divisions: the eastern Cuadalupe Mountains and its foothi l l s ;  the 

High Plairu; isolated areas of lar h i l l s ,  principally south of Carlsbad 

and southwest of Eunice; and widespread pediments and a l luv ia l  plains, 

north, eas t ,  and southeast of Carlsbad. Collapse features locally 

modify the topography throughout the region. 

Cuadaluve Mountains.--The Cuadalupe Mountains form a moderately 

dissected plateau, gently inclined t o  the northeast (Hayes, 1964). 

South of Carlsbad the mountains are  bounded abruptly on the southeast 

by the Reef Escarpment, the face of an exhumed Permian reef that bordered 

the Delaware basin. This s t r ik ing  topographic and strat igraphic 

feature emerges from the subsurface near Carlsbad. It becomes steeper 

and higher southwestward f raa  Carlsbad and culminates in Cuadalupe Peak 

(8,751 feet) ,  50 miles from the .c i ty .  Northwest of Carlsbad, the 



margin of the  mountains is f a r  l e s s  spectacular ;  the northeastern s lope  

there descends gradual ly t o  the  pediments tha t  flank the Pecos River. 

High Plains.--The High Plains a r e  a large remnant of  the deposi t ional  

sur face  on top of the Pliocene Ogallala  Formation. The sur face  of t he  

p la ins  is remarkably even and slopes ea s t - sou thea~ t  about 15 f ee t  per  

mile. I t  Is u n d e r l a b  by a th ick  layer of cal iche,  which is mantled 

i n  places by t h in  s o i l .  West of Hobbs and Lovington, the p la ins  a r e  

sharply bounded by a aouthvea t - fachg  eroaioa.1 acarp, 100-300 f ee t  

high, known aa  Mescalero Ridge. South of Hobbs, the boundary is only 

vaguely defined (Nicholson and Clebsch, 1961). 

L w  hills.--The Gypsum H i l l s ,  a group of lw rounded h i l l s  eroded 

fram gypsiferous Permian rocks, occupy much of  the a r ea  between the  Pecos 

River and the Reef Escarpment, 20 milea aouth of Carlabad. Farther  

north, small h i l l s  l oca l l y  project  a b w e  the piedmont surfaces flanking 

the  escarpment. I n  Lea County, two lw ridges,  north and west of San 

Slmon Sink may preserve ou t ly ing  remnants of t he  High Plains surface 

(Nicholson .ad Clebsch, 1961). 

Pediments and a l l u v i a l  p la ins . - -her  most of the  area shova on 

f igure  1, t he  ground aurface has lov  r e l i e f  and slopes gent ly  

(20-40 fee t  per mile) avay from the  borders of the  Guadalupe Mountains 

and the  High Plaina tovard the  Pecos River o r  loca l ly  t w a r d  Black River 

and Monument Draw. Included, i n  general,  is a11 the  large a r ea  ea s t  of  

the Pecos River and south and v e s t  of the High Plains,  t he  a r ea  near 

Ar tes ia  from the r i v e r  ve s t  t o  the f o o t h i l l s  of the  Gudalupe Mountains, 

and the  a r ea  south of  Carlrbad between the Pecos River, the Gypsum 

H i l l s ,  and the Beef Escarpment. 

The bas ic  form o f  almost a11 t he  ground surface of the  region i r  

erosional  and cona ia t s  of Pleis tocene pediments and p a r t i a l  pediments 

that have been modified t o  varylog deprees. Nearly a11 the  surface 

east of  t he  Pecoa River, includiqg the v i c i n i t y  of the  potash mines, 

is a pediment or  group of coalesced pediments of probable e a r l y  

Pleiatocene age (Morgan and Sayre, 1942, p. 35). This sur face  van 

modified during and s i nce  its formation by solut ion-col lapse features.  

I t  has been dissected loca l l y  by atre-, and la rge  pa r t s  of  i t  a r e  

mantled by s h i f t i n g  or  s t a b i l i z e d  aand dunes. 

Along the Pecos Bluer and west of  the r i ve r ,  t he  surface is youoger 

than t ha t  t o  the e a s t  and c o ~ i I t a  of  a complex of th ree  te r races  t ha t  

ccmmonly r i r e  l i k e  broad lw s tepa  from the  r i ve r  t o  t he  f o o t h i l l s  o r  

t o  the escarpment of the  Guadalupa Mountains (Fiedler  and Nye, 1932, 

p. 10-12). The upper two terrace. a r e  in te rpre ted  as remnant* of  

Pleiatocene pediments (Uorberg, 1949, p. 472; Horgaa and Sayre, 1942, 

P. 35). vhereaa the l w e a t  and youngeat t e r race  was produced by 

moderate entrenchment of  t h e  r i v e r  and its major t r i b u t a r i e s  i n to  

Mrrau discontinuous a l l u v i a l  p la ins .  



Collapse features.--Collapse features  produced by subsurface 

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

abundant e a s t  of the  Pecos River i n  p a r t s  of the  widespread old 

pediment. So lu t ion  occurs where unsaturated c i r c u l a t i n g  ground water 

passes  through or  along t h e  contacts  of l ayers  of s a l t ,  gypsum, 

anhydri te ,  o r ,  t o  l e s s  ex ten t ,  carbonate rock. These so lub le  rocks 

predominate i n  t h e  U t e  Permian Ochoan Ser ies ,  which under l ies  a11 the  

a r e a  e a s t  of the Pecos River. 

The co l lapse  fea tures  range i n  s i z e  from small s inks  t o  depressions 

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

probably determined by a t r a i n  of coalesced Pleis tocene s inks  captured 

by a~headward-working t r i b u t a r y  of the  Rio Grande (Morgan and Sayre, 

1942, p. 37). Other conspicuous expressions of ground-water s o l u t i o n  

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

Roswell-Artesia bas in  t o  a s  much a s  140 fee t  belaw t h e  bedrock o u t l e t  of 

t h e  bas in  south of Ar tes ia  (Morgan and Sayre, 1942, p. 37), the severa l  

abrupt  changes i n  flaw i n  the  Pecos River within 20 miles north of 

Carlsbad (Morgan and Sayre, 1942, p. 37), Nosh Draw and Clayton Basin 

c lose  t o  the  potash mines e a s t  of Carlsbad,and San Sinon Sink southwest 

of Eunice. 

Climate - 
The cl imate of nearly the  whole region is semiarid. The average 

annual p r e c i p i t a t i o n  ranges from about 12 t o  13 inches near the Pecos 

River and J a 1  t o  almost 16 inches a t  Hobbs. In the Cuadalupe 

Mountains, 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 from l o c a l  thundershwers  t h a t  occur from 

June t o  October. The v a r i a t i o n  i n  the yearly t o t a l  is large. 

The r e l a t i v e  humidity i n  t h e  region is lw. Minters a r e  mild 

with l i t t l e  snow, and a-ers a r e  warm. The average July temperature 

near Carlsbad is a l i t t l e  over 60. F. Uindstorms, mainly i n  the  

spr ing  of t h e  year ,  m ~ y  be severe. 

Industry 

Mineral production i n  Eddy and Lea Counties has been na t iona l ly  

s i g n i f i c a n t ,  and, a s  of 1%7, Lea County ranked f i r s t  i n  the  S t a t e  

i n  value of production. The pe t ro le rn ,  gas, and potash i n d u s t r i e s  

have dooinated the  econooies of t h e  two counties  fo r  severa l  decades. 

A l l  year ly production values given belaw a r e  abs t rac ted  or  derived 

from d a t a  coanpiled by Stotelmeyer (1969). 

Production values of  crude petroleum, na tura l  gas, natural-gas 

l iquids,  and r u t u r a l  gasol ine t o t a l e d  $72.4 mi l l ion  i n  1967 i n  Eddy 

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



the production value of crude petroleum alone, largely from the  c e n t r a l  

and southern p a r t s  of t h e  county, was $247 mi l l ion  i n  1967. 

The production is gradual ly increasing. Exploration is a c t i v e  and 

is p a r t i c u l a r l y  spurred by increasing demand for  na tura l  gas. Sanger 

and Saul tz  (1971, p. 1039). i n  discussing explorat ion i n  1970 i n  the  

d i s t r i c t  of West Texas and e a s t e r n  New Mexico, s t a t e d  t h a t  t h e  

Delaware basin,  "...still i n  t h e  e a r l y  s t a g e s  of  its exploratory 

h i s to ry ,  continued t o  be very a c t i v e  and t o  have the  g r e a t e s t  potent ial . .  . 
Deep gas rese rves  from Devonian through Ordovician (Ellenburger) 

cont inue t o  be of  prime considerat  ion." 

The potash mines e a s t  of  Carlsbul  a r e  the  p r inc ipa l  source of 

potash a v a i l a b l e  within t h e  United S t a t e s  and c o n s t i t u t e  a11 of  the  

production i n  New Mexico. The t o t a l  value of potash produced s i n c e  

1932 is $1.75 b i l l i o n .  I n  1966, t h e  value was well  over $100 m i l l i o n  

(Stotelmeyer, 1969). Since then, foreign competition haa g r e a t l y  

reduced production, and same mines a r e  closed. Decline i n  the  industry 

r e s u l t e d  i n  reduct ion i n  the  population of Carlsbul  from 25,500 i n  1960 

t o  a n  est imated 20,500 i n  1972 (Band McNally and Co., 1972). Large 

rese rves  of  potash remain, and t h e  fu ture  of t h e  industry s e e r s  t o  

depend on demand, which is influenced grea t ly  by t h e  ex ten t  of  foreign 

competition. 

Agr icu l tu re  over most of t h i s  dry region c o n s i s t s  s o l e l y  of the 

grazing of  c a t t l e  and sheep. I r r i g a t e d  farms concentrated along the 

Pecos River near A r t e s i a  and south of Carlsbad account fo r  a l a rge  

p a r t  of the  t o t a l  a g r i c u l t u r a l  income. There is dry  farming on the 

nigh 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. 

Carlsbad Caverns, WhitC Sands, and other  nearby na tura l  fea tures  draw 

many thousands t o  the  a r e s  each year. 

Accesp 

The v i c i n i t y  of  the  potash minea is read i ly  access ib le  by highway, 

ra i l road  f r e i g h t ,  and acheduled a i r  service.  The mines a r e  served by 

hard-surface S t a t e  o r  federal  highways t h a t  provide easy year-round 

access  Era Carlsbad. Federal highways extend from Carlsbad i n  

several  d i rec t ions .  Spur l i n e s  of  t h e  Santa Fe Railroad se rve  the  mines, 

connecting v i a  Carlsbad with t h e  -in l i n e  a t  Clovis, N. Her., about 

180 miles  t o  the  northeast .  Carlsbad has scheduled a i r  s e r v i c e  t o  

E l  Paso, Albuquerque, and Dallas-Ft. Worth v i a  Texas In te rna t iona l  

A i r  1 ines . 
STBAT 8CllAPHY 

The potash mines i n  sou theas te rn  New Hexico ( f ig .  1) a r e  i n  an 

area of grea t  s t r a t i g r a p h i c  s ign i f icance .  Sedimentary depos i t s  ranging 



i n  age from Ordovician t o  Quaternary a t t a i n  t o t a l  thicknesses exceeding 

20,000 f ee t .  The a rea  includes the northern end of the Delaware basin,  

a Late Permian deposi t ional  trough with Pennsylvanian and e a r l i e r  Permian 

antecedents. The edge of the bas in  is comnonly defined a s  the f ron t  of 

the la rge ly  buried Capitan Reef. A s  much a s  13,000 f ee t  of Permian 

a t r a t a  Was deposited wi th in  the  a rea  of the basin, which cons t i t u t e s  the 

most complete succession of the Permian i n  North America. The o ldes t  

rocks exposed i n  the a r e a  a r e  of Late Permian age, but d r i l l i n g  has 

provided abundant information on s t i l l  older  rocks. 

The t ex t  tha t  follows is largely limited t o  br ie f  discussions of 

sedimentary environments, gross thicknesses, r e l a t i ons  between 

s t r a t i g r aph i c  un i t s ,  and occurrences of petroleum. Lithologic d e s c r i p t i m ~  

and thicknesses of individual  un i t s  a r e  shown on the accompanying 

i l l u s t r a t i o n s .  

Precarpbrian basement 

The depth of the Precambrian basement ranges from a s  l i t t l e  a s  

7,000-8,000 f e e t  below the surface i n  the northwestern corner of the 

a r ea  and easternmost Lea County t o  more than 20,000 fee t  i n  southernmost 

Lea County. D r i l l  d a t a  from sca t te red  l o c s l i t i e s  ind ica te  t ha t  the 

basement cons i s t s  of g r an i t i c ,  metasedimentary, metavolcanic, and 

volcanic rocks (Plawn, 1954 and 1956. p. 25-29; Hayes, 1964, p. 5 ;  

Poster  and St ipp,  1961, p. 17, 19-29). The Precambrian rocks a r e  

general ly overlain by Ordovician s t r a t a  that  lapped northwestward 

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

near the eas te rn  boundary of Lea County, l a t e  Paleozoic u p l i f t  

caused erosion of a11 older Paleozoic rocks, and Permian s t r a t a  l i e  

d i r e c t l y  on basement. 

Pre-Permian Paleozoic deposi t ion 

Proo Ordovician through Pennsylvanian time, marine sediments 
* 

accumulated slowly but f a i r l y  continuously i n  the southeastern corner 

of New Mexico. Deposition was i n  and marginal t o  broad, nearly f l a t ,  

subsiding basins tha t  were northern arms of  the Ouachita trough. This 

trough passed through Oklahoam and cen t ra l  and trans-Pecos Texas and 

connected with open sea  i n  the  v i c i n i t y  of the present gulf coast or I 

the c a s t  of southern California.  I n  Early Pennsylvanian time. the 

i n i t i a l  r i s e  of a median r idge that was t o  be known a s  the cen t ra l  basin 

platform of Permian time ( f ig .  1) divided an e a r l i e r  very vide basin 

in to  the ances t ra l  Delaware bas in  and the Midland bas in  fa r ther  e a s t .  

The various Paleozoic basins were a reas  of espec ia l ly  ac t ive  subsidence 

whose surfaces were general ly lower than those on the  more s t ab l e  

shelves, p l a t  forms, or arches bounding them. Tota l  deposit ion was 

thickest i n  the cen t ra l  par t  of the Delaware basin where subsidence vas 

greatest ,  but the deposi ts  of s m e  time in te rva ls ,  notably the 

Pcnnaylvanisn Period, vere thickeet  on the margins. 



The t o t a l  thickness of the pre-Permian sedimentary rocks is 

5,000-5,500 fee t  i n  the h e d i a t e  v i c i n i t y  of the potash mines. The 

rocks thicken southeastward t o  more than 7,000 feet  i n  southern 

Lea County and t h i n  northwestward t o  about 3,300 feet  near t he  middle 

of t h e  northern edge of'Eddy County. The rocks a r e  p r edwi lun t l y  

sha le  and carbonates (f ig.  2). R o c b  of M i s a i s s i p p i . ~ ~  and 

Pennsylvanian age a r e  dominantly ahale i n  the  cen t ra l  pa r t s  of the  b a a i ~  

of depos i t ion  and carbonates along the  edges. Middle 0rdovici.n and 

touer  Pennsylvanian aandetones a few hundred feet  thick occur i n  the 

v i c i n i t y  of the potash mines and the  Gnome r i t e .  

Rocks of OrdovicLn,  Silurian-Devonian, and Pennsy1vaai.a age 

form important petroleum r e se rvo i r s  beneath the  cen t r a l  baain platform 

and the  northwest she l f  ( f ig .  1) .  Production from rocks of these ages 

i n  the northern Delaware basin is widely sca t te red  and i n t e r e s t  is 

increasing i n  deep exploratory d r i l l i n g  there.  

Permian deposi t  ion 

Uolfcampian. Leonardian. and Guadalupian Series.--Over a la rge  a r e s  

i n  the general  v i c i n i t y  of  Carlabad, the t o t a l  thickness of t he  

Uolfcampian, tcolurdian,  and Cuadalupian Ser i a s  is 8,000-9,000 feet .  

The s ec t i on  th ins  gradually northward from the mines. The rocka a r e  

noted for  remarkably complex l a t e f a l  changes i n  facies .  

The subaidence tha t  defined the ancea t ra l  Delaware bas in  i n  

Pennsylvanian time accelerated i n  Early Permian Uol fcampian t ime and 

cont inued a t  a high r a t e  througl;' Guadalupian time. During ouch of  

t h i s  i n t e rva l ,  the  basin extended a few tens of miles northwest of 

the l a t e  Cuadalupian l im i t s  defined by the  Capitan r ee f  of t h a t  age. 

The subsiding bas in  wua covered t o  varying depths by nmrine water and 

received depos i t s  of ahale, fine-grained aandstone, and dark-colored 

l l e r t o n e .  The rock column for  t h i s  i n t e rva l  (f ig.  2) i a  represen ta t ive  

of the type of  depoait ion i n  t he  northern par t  of the  basin.  Light-colored 

shallaw-water carbonates genera l ly  bounded the bas in  on t he  shelves t o  

the west and north, and the  p l a t f o r a  t o  the  eas t .  Reefs or banka of 

less  coheaive ake l e t a l  mater ia l  very coamonly composed the  basinward 

edges of these carbonates (f ig.  3), and submarine t a l u s  formed s teep  

slopes deacend iq  t o  t he  f l oo r  of t he  baain. Aa the reefa  grew upward, 

some a l s o  grew basinward, overr iding t h e i r  t a lua .  

Close behind the  r ee f s  and banks, the  contemporaneoua ahelf  rocka 

(fig. 3) consiat  of bedded dolomite, aubordinate .mounts of llmeetone, I 
i 

shale, and aandstone, and loca l ly  a l i t t l e  anhydrite. The gradat ional  

contact between she l f  and reef  f a c i e s , . l i k e  t ha t  between reef  and baain 

faciea, c-only t r a l uec t s  bedding a s  i t  r i s e s  i n  the sec t ion  

tasinvard. Parther back of  the  r e e f s ,  the  dolomite of the upper pa r t  of 
I 

the Cwdalupian Ser ies  ( the Ar tes ia  Croup) and, t o  much l e s s  ex ten t ,  

that of the lower Cuadalupian and Leolurdian Se r i e s  tends t o  give way 

Increasingly t o  aahydri te ,  formed i n  shallow evaporative lagoons. 

17 
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The r ee f s  bounding the  northern edge of the Delaware bar in  

progressed from a pos i t ion  north of the present potash wines, i n  

L e o ~ r d i a n  and e a r l y  Cuadalupian time, t o  a posi t ion within the mining 

a rea  i n  l a t e  Guadalupian time ( f ig .  3). Elrevhere on the margins of 

the  basin there  was a s imi la r  basinward progression. 
At t h e  end o f  

Cuadalupian time, t he  Capitan Reef almort canpletely encircled the 

basin,  r e s t r i c t i n g  southern access t o  t he  s ea  and s e t t i n g  the s tage  

for  basins1 evapori te  deposition. 

The northwest she l f ,  north of the Delaware basin, and the  cen t ra l  

bas in  platform, e a s t  of  the basin,  have been important producers of 

petrolemi from Permian rocks. Extemive pools i n  sandstone a d  

carbonates of the  Ar tes ia  Croup and the  San Andrea Formation a r e  

concentrated i n  a b e l t  inmediately above and behind the  buried Capitan 

Reef, but there  has been s i gn i f i c an t  production from almost a11 pa r t s  

of the  Wolfc.mpian, L e o ~ r d i a n ,  and Cuadalupian sec t ion  i n  various areas 

on the  she l f  and platform. Establ ished pools within the northern 

Delaware bas in  a r e  more s ca t t e r ed  and a r e  pr inc ipa l ly  i n  sandstorres of  

the Delaware Mountain Croup. 

Ochoan Series.--The f loor  of the Delaware basin i n  e a r l y  O c h ~ n  

time is general ly estimated t o  have been a t  l e a s t  1,200 f ee t  b e l w  the 

top of  the Capitan Beef, which almost encircled it. 
While many 

hundreds of fee t  of Cas t i l e  Formation evapori tes  accumulated i n  the 

basin, apparently l i t t l e  accumulated i n  the reef  and back-reef areas. 

Probably r a the r  l a t e  i n  Cas t i l e  time, the basin was f i l l e d  t o  t h e  extent 

tha t  a t h in  tongue of aohydri te  extended loca l ly  across  the bounding 

reef  and onto the  she l f .  The uppermost pa r t  of the Cas t i l e  

intertongues reefward i n t o  basal  h a l i t e  of  the  Salrdo Formation (Jones, 

1954, p. 108-109; Jones and Madsen, 1968, pl .  2) .  

The Salado Formation ir one of t he  pr inc ipa l  depos i t s  of  h a l i t e  

on the North American conti'nent. It over l ies  the  Cas t i l a  conformably 

in  the Delaware bas in  and extends over the Capitan Reef t o  the north 

and ea s t ,  f a r  beyond the  limit. of  t he  a r ea  here described. Whether 

the Salado once extended west o f  the  basin ir unknown. 
The Salado 

sea was, i n  general, even more s a l i n e  than the sea  of Cas t i l e  time. 

lacking a r h i e ld  of carbonate reef., i t  received, however, c o ~ i d e r a b l e  

fine c l a s t i c  sediment. Its h a l i t e  depo r i t s  a r e  general ly 1esa pure 

than those of the  Cas t i le .  

After  widespread depo r i t i da  of t h e  Salado s a l t ,  t h e  sea  water 

f rehened  somewhat, and W y d r i t e  y a i n  dominated deposi t  ion during 

Rustler time ( t ab l e  1). The Rust ler  Formt ion  is very la rge ly  

coextenrive with the  Salado i n  t h i s  &re&. In  the subsurface of the 

northern Delaware basin and of t he  she l f  t o  the  north, the Rust ler  

appears t o  be conformable t o  the Salado (Jones, 1954, p. 110; 1960, 

p. 12), from which i t  is commonly separated by a layer  o f  solut ion 

breccia, discussed l a t e r  i n  t h i s  report .  



T&le 1.--Generalized section of rocks a d  sediments of l a t e s t  P e n i n  tuost-Salado) and vounger 
a ~ e  i n  the northern Delaware basin and on i ts northern and eastern u r u i n s  

r m h ~ c  ~.--(;cnrrmlizc? eeccion of rock. and s e d ~ ~ e ~ t ~  of la tes t  Pe mlaa  oat-Salado) and younger 
aue 1n the n o r t h n  

Variationti i n  
thickness and 
distr ibution 

Dune rand, a s  much as  
60 feet  thick, dis-  
continuously cwer-  
in$ much of area be- 
tveen Pecos River and 
High Plains. Thick 
alluvium limited to 
v ic in i ty  of r ivers.  

- 

Description 

Light-bram t o  pale- 
roddish-brm par- 
t i a l l y  r tabi l ized 
fine- t o  medium- 
grained dune rand. 
Alluvial sand, s i l t .  
and gravel. Playa 
deposits of min ly  
revorked alluvium 
and dune sand. 

T h i c h e ~ s  
(feet) 

0-300 
: ,..-., . -. .' 

Pleirto- 
cene(?) 

- - - -  

Sy~tem 

Tertiary 

Triassic 

I 

Pomtiorr  

Dune sand, 
alluvium, 
playa 
deposits, 
and 
travertiDL 

System 

Set  i e s  Porm~tion Thickness Description Variations in  
(feet) thickness and 

d i s t r  B u t  ion 

Chiefly uhite,  gray, Underlies High Plains 
and reddish-brova a d  much of ~ e a  county 
fine-grained sand, farther south. Pro- 
vhich locally has bably absent from Eddy Pliocene O p l l a l a  0-300 u l c i t e  cement. 

County except for 
Subordimate gravel, northeast cotner. 
silt, and clay. 
Lenticular, discon- 
t inuous bedding. 
Mainly upped v i th  
caliche. Highly 
permeable. 

=Unconf ormity 

Reddish-brw end Thickest i n  eastern 
greenish-gray clay- Lea County; erosion- 
stone 8ad subor- a l l y  thinned west- Upper Chinle( ?) d i n ~ t e  a u a t s  of vard t o  vedge out 

0-1,200 
Tr iass i c  reddirh-brown r i l t -  near eastern edge of 

stone and fiae- Eddy County. 
grained sandstone. 

Series 

Holocene 

Gaturn 

Sow secondary i gypsum. Lw per- 
i meability. ---- - .-.- ---- 

0-300 

Travertine a s  
sprLng deposits. 

Unconf ormi t y 

Uainly roddish-mange 
or pale-red very 
fine t o  medim- 
grained sand d 
silt. b u l l y  acme 
gravel ud clay and, 
uric-ly. gyps- 
.Id fresh-vater 
limestone. Bedding 
c-ly obscure 
and discorrtinuour . 
nostly capped by 
caliche . b c a l  
high permeability. 

Uacaaformit) 

Discontinuour and high- 
ly variable in  thick- 
ness w e r  l u g e  area 
southvest of High 
Plains .nd s v b l y  
o u t  of P e c o ~  River, 
i n  Eddy County and 
probably Lea County. 
Hostly less  than 
100 fee t  thick. 



Table 1.--Generallied s e c t i m  of rock6 and sediments of l a t e s t  P e n l a  (~06t-sal .do) and v o w e r  
age the u o r t h e r ~  D e l w r e  bas iu  and on i t 8  n a t h e r a  and e u t m  u r~ lna - -Coa t lnued  

f a b l e  I . - - ~ r n e r a l t r e d  recrion of  rock6 m d  mediments of l a t e ~ t  Permian (poet-galado) a ~ d  vounner 
s c  I n  the northern Delaware basin and on its northern and eas te rn  mrgins--Conthued 

Variat ions in 
thickness and 
d i s t r i bu t i on  

Absent near and west 
of Pecon River and 
loca l ly  f a r t he r  t a r t .  

a r m i t r -  

Halnly 200-300 fee t  
thick i n  v i c i n i t y  of 
Crime e i t e  and pot- 
ash mines; loca l ly  
absent. Thins grA- 
dually northward. 
Absent vent of Pecoc 
River. 

- 

Dessript ion 

m i n l y  pale-reddish- 
b r m .  pale-red 
and ay f to  
medim-gralncd 
comnonly cross- 
strat i f  ied rand- 
s tone.  Lcrues of 
pebble colrgloQcr- 
a t e .  L o u 1  th in  
layers  of reddish- 
broun s i l t s t o n e  
d claystone. 
High l o u l  perrea- 
b i l i t y .  

~ o c o n f  

Reddish-or-ge t o  
reddish-bran! fine- 
grained randrtone, 
s i l t r t o n e ,  and 
shale., Saadstorrc 
and r i l t r t o n e  a r e  
c-nly clayey. 
This l m i r u t i o n  
and small-scale 
c r  oss 1-ia4t ion 
c a o r r .  Permea- 
b i l i t y  general ly 
lau  . 

Sya tern 

PermIan 

Thickness 
(feet)  

0-300 

0-400 

Formation 

sat. ROSA 

Drvey U k e  
Redbedl 

Systca 

T r l a r s l c  

Permlaa 

Series  

Ochorrn 

\ 

Ser ies  

Upper 
T r i a r r i c  

O c h w  

Forort ion 

Pus t l e r  

Thicknesr 
(feet)  

. 0-500 

Description 

l ~ ~ t l y . n b y d r i t e .  
Conriderable a a l t ,  
C-ly s i l t y  or 
clayey, occurring 
in cmtr.1 put of 
D c l a v ~ e  h s i n  a d  
tends t o  10- out 
a t  m r g i o r .  Two 
dolamite layer r ,  a 
ba ra l  raadr tme,  
.nd severa l  thinner 
layers  of f ine  
elastics a r e  vide- 
rpreul .  b i n  
q u i f e r  i n  C.rl8b.d 
area.  

Variat ions i n  
t hiclmess and 
d i r  t r l b u t i a o  

T h i n ~ v e r y p . d ~ l l y  
northward. Thick- 
ness  r a w e r  from 
200 t o  500 f e e t  i a  
v i c i n i t y  of Gnome 
s i t e  and miner due 
t o  va r i sb l e  rub- 
surface so lu t i oa ,  
which fncreases 
westward. 



The Rus t le r  represen ts  the  l a s t  Permian s a l i n e  sea  and t h e  upper 

l ayer  o f  a remarkable sequence of predominantly evapori te  rock of Ochoan 

age. The e n t i r e  sequence is a s  much a s  3.5M b e t  t h i c k  i n  the northern - 

part of  t h e  basin. The thickness  drops rapidly t o  about ln500  f e e t  on 

the  s h e l f  near the  northern potash mines and decreases more g r a d u l l y  

fa r ther  north.  

Af te r  the  s e a  withdrew. t h e  Dewey Lake Bedbeds were d e p m i t e d  on 

broad mudflats over t h e  former sea  bed. The appearance of  medium-scsle - - 

c r o s s  l u i u t i o n  i n  sandy l e u e s  i n  t h e  upper p u t  of the  formatloo 

probably i n d i c a t e s  a gradual c h w e  t o  f l u v i a l  c d i t i m s  (Vine. 1%3. 

p. 23) an t h e  f W 1  episode i n  the 10- complex h ia tory  of t h e  Permian 

dapos it ion. 

Except fo r  dolomite and mndstone laye" i n  t h e  Rust ler  F o r u t i a .  

t h e  Ochoan S e r i e s  genera l ly  h~ r e r y  la, permeability. The l i t t l e  011 

produced from lower Ochoan evapori tes  apparently escaped from 

underlying sandstone ( M u m n  1965. p. 2148). 

T r i a s s i c  and Cretaceous deposi t ioq 

F l u v i a l  depos i t ion  resumed i n  U t e  T r i ~ s i c  time. when the 6-1. ' i 

Rosa Sandstone and t h e  f iner  grained redbeds of  t h e  ~ h i n l e ( ? )  Forwtim ! 

formed on flood p l a i n s  i n  a very l a r p  a rea  over and beymd t h e  

borders  of the  Delaware b u i n .  The J u r u i c  Period is not  rep"mnted ; 

by depos i t ion  i n  this region and was a t 
of e ros iona l  r e m ~ a l  of 

T r i a s s i c  rocks west of the basin. 

U t e  i n  Early Cretaceous time, a s h a l l w  sea advanced from the  

south and covered southeastern New Mexico. It soon withdrew l e ~ i n g  

behind a th in  deposit of limestone and sandstone. The only remnsnts 

of  t h i s  depos i t  i n  t h e  v i c i n i t y  of  t h e  northern Delaware bas in  a r e  

i n  very -11 are- i n  easternmoat Lea County. i n  t h e  western Gypam 

H i l l s .  and perhaps on t h e  c r e s t  of t h e  Reef Escarpment (Hayesn 1964. 

p. 38). 

T e r t i e r v  and Quaternary deposi t ion 

No e a r l y  o r  middle T e r t i a r y  d e p o s i t s  a r e  known t o  be present  i n  

the region. Cretaceous depos i t ion  was followed by broad u p l i f t  i n  

the v i c i n i t y  of the  Guadalupe Mountains and b r t h e r  north and by 

erosion of  Cretaceous urd ~ r i a s r i c  rocks t o  form a sur face  of  lw 

r e l i e f  s loplop gen t ly  a u t  and southeaet .  In  Pliocene t h e ,  t h i s  

s u r h c e  extended f r m  near  o r  wi th in  t h e  present Guadalupe Mountain 

area and from the  uplands north o f  t h a t  a r e a  southeastward i n t o  Texas. 

It was mantled by t h e  Eluvial  Ogal la la  Formt ion ,  whose upper sur face  

of deposi t ion is f a i r l y  well  preserved on t h e  High P l a i m  today. 

There a r e  no d e f i n i t e  remnants of  t h e  Ogal lala  west of easternmost 

Eddy County, but g rave ls  l a  t h e  Pecoe va l ley  and on high p a r t s  of the 

C~&alupe Mountaiw h v e  been i n t e r p r e t e d  a s  belonging t o  t h i s  

fo rmt ion  (Bre t t  and Horberg, 1949). 

Host authors  be l ieve  tha t  the  Pecos va l ley  was formed i n  

q u t a r m r ~  t h e .  a f t e r  Oaa l la la  deposi t  ion. S o l u t i m  subsidence. the  



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

solut ion,  and headward erosion by the Pecos River and its t r i b u t a r i e s  , 
! 

contributed t o  the  fortwition of the  valley. After much erosion, a -.- .. 1- IU 
-.-ID - -. 

period of aggradation i n  the va l ley  mantled the slopes and f i l l e d  

depressions with the Gatuna Formation, whose sediment is largely of 

loca l  or ig in .  Renewed downcutting by streams and subsurface so lu t ion  

and r e su l t an t  subsidence have continued t o  the present and h8ve 

been accompanied by in te rmi t ten t  local  accumla t ioar  of  pediment a d  

t e r r ace  alluvium and playa deposi ts .  

General features 

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

a r e  for  the  most pa r t  l i t t l e  deformed, and they have been tectonical ly 

s t a b l e  s i nce  Ter t ia ry  time. The principal  s t ruc tu ra l  u n i t s  a r e  br-d 

fea tures  r e l a t ed  t o  l a t e  Paleozoic sedimentation: the northern 

Delaware basin, t he  she l f  north and west of the basin, and the  central 

basin platform t o  the  ea s t  ( f i g .  1). The 6-11 par t  of the  Guadalupe 

Uountains included i n  t he  a rea ,  though topographically high, is 

s t ruc tu ra l l y  par t  of the  she l f .  Tbe major s t ruc tures  were t i l t e d  

gently eastward mainly during pre-Pliocene time. The tilt  produced 

a general eastward d i p  of no more. than 2. (f ig$,.,g.@&nd 5 ) .  - .  



Delaware bas i n  apparent ly repre ren ta t ive  i n  i t8 s c a t t e r i n g  of  open fold., d m e r ,  

~h~ ~~l~~~~~ bas in  war f i r s t  def ined i n  Early  pen-^^^^^^^^ time* 8-11 f a u l t r ,  which be, i n  p a r t ,  of  t e c t o n i c  or igin.  Deep-reated 

when an e a r l i e r  very broad bas in  var  divided by i n i t i a l  u p l i f t  o f  a 

l a r g e  median r i d g e  t h a t  became the cen t ra l  bas in  platform of Permian 
I 1 

t i m e .  The b a r i n  rubrided r e l a t i v e  t o  the  bounding platform and 

r h e l f  u n t i l  Late Permian t b e ,  when i t r  h i r t o r y  a r  a n  a c t i v e  s t r u c t u r a l  

f e a t u r e  ended. 

The form of t h e  northern par t  of  t h e  barin,  a s  daffned by 

i 
I 

contourr  on the  ru r face  of  t h e  P r e c d r i a n  f loor  (Porter  .nd s t i p p ,  i 
1961). ir a broad arymuetrical trough, trending north and p l u n g i ~ g  

routh. The u i r  ir  i n  cen t ra l  Lea County, roughly p a r a l l e l  t o  t h e  
! 

c e n t r a l  bar  in platform. The e a r t e r n  r lope  of t h e  trough r i r e r  rapidly 1 
t o  t h e  platform, whereas the ver te rn  d o p e  ir  much gen t le r .  

A8 i n  any g r a d u l l y  rubriding barin,  the o lder  r e d i r e n t r  a r e  
I 

1 

downwarpad i n  a form l i k e  t h a t  of the  barement f loor ,  and t h e  warping 

d i e s  out  upward i n  t h e  b a r i n  r e c t i o n  ( f i g .  U). The La te  Permian I 
Ochoan rocks and t h e  T r h r r i c  rockr expored i n  t h e  b a r i n  today c'o not 

r e f l e c t  baainwide warping, a d  t h e i r  major s t r u c t u r a l  fea ture  i r  the 

reg iona l  ea r tvard  r lope  mentioned above. Thi r  r lopa  i r  75-100 fee t  

per mile  i n  proximity t o  the Gnome r i t e  and t h e  routharn potarh mines. 

Dirrupt ion of  t h e  reg io lu l  r lope of the Ochoan and younger r o c k  

i r  minor. The v i c i n i t y  of the  Gnaw r i t e  and the  routhern miner i s  
' 

f a u l t r  with more t h o  20 f e e t  of  v e r t i c a l  displacement a r e  r a r e  i f  

not abren t  there  (Jonea, 1%0, p. 16). Near the  wertern edge of  the 

b a r i n  a d  the  pre ren t  upper courra of  the  Black River, Cenozoic 

toctonirm m y  be involved i n  a northve8t-trending ~ o n o c l i r u l  flexure. 

Kelley (1971, pl.  5) a h w e d  600 f e e t  of r e l i e f  a c r o r r  t h i r  monocline 1 
on the  upper rurfaca of  t h e  B e l l  Canyon Formation. Several  minor 

high-angle f a u l t r  c u t t i n g  the  C a r t i l e  Formation i n  the  r u e  p a r t  of 

the  b a r i n  and two in fe r red  f a u l t r  a t  t h e  northvertern edge of the  

b a r i n  (Kellay, 1971, p. 48-51) a r e  moat probably productr of r o l u t i o n  

rubridance. Subrutface r o l u t i o n  ha. produced many other  minor f a u l t r  

and nmerour  l o c a l  f lexure8 i n  the  near-surface rockr ,  a r  wel l  a r  the  

~ . n y  r ink8  .ad l a rger  deprar8iolu.  I n  addi t ion,  @mall r u r f i c i a l  

dome. that a 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  ro lu t ion  of r a l t  o r  t o  

expanrion of anhydri te  during hydrat ion a r e  numerour (Vine, 1960). 

The general ly  r i r p l e  aur face  r t r u c t u r e  of t h e  bar in  i r  doubtlers  

romewhat deceptive. A f a u l t  zone i n  the  Guadalupe Hountailu may have 

extended routheartward i n t o  the  ven te rn  edge of the  barin,  below 

the  younger monocline darcr ibed d o v e ,  and m y  have been a c t i v e  during 

H i r r i r r i p p i a n  t o  Early Permian t i r e  (Hayes, 1964, p. 42). Pennrylvanian 

d e f o r u t i o n ,  for which there  i r  widerpread evidence i n  e a r t e r n  Nev 



Mexico and western Texas, mey be represented elsewhere i n  the subsurface, 

and rapid Early Permian subsidence of the basin was accompanied by 

widespread block fau l t ing  v i t h i n  i t  (Adas,  1965, p. 2144). 

Notthwest she l f  

The regional  s t r u c t u r a l  elope i n  that  pa r t  of the she l f  nor th  

and west of  the  Delavare bas in  ( f i g .  I )  is a s  much a s  200 f ee t  

per mile i n  the  Cuadalupe nountains and generally no more than 

100 fee t  fa r ther  eas t .  I n  the  v i c i n i t y  of  the northern potash mines, 

t h i s  s lope is in te r rup ted  l oca l l y  by minor domes, folds, monoclinal 

f lexures,  and f a u l t s  s imi la r  t o  e t r uc tu r a l  fea tures  described near 

the  southern mines. A d i f fe rence  here is that  so r e  of  the  dopes a r e  

probably of depos i t iona l  o r i g in ,  r e su l t i ng  from i r r e g u l a r i t i e s  i n  

Cubdalupian carbonate depos i t ioa  (no t t s ,  1972). Nowhere, here or  

near the southern mines, a r e  there,"strong o r  well-defined zones of 

folding or  f au l t i ng  represent ing response t o  cmpressive o r  tensional  

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

Beyond t he  v i c i n i t y  of  the  mines, the she l f  north of  the basin 

includes a few more s t rongly  expressed s t r uc tu r a l  features.  

Several  miles  northwest of Ar tes ia ,  a buried northeast-trending fau l t ,  

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

may pass inmediately southeast  of Lake Hdi i l l an  (Roswell Geological 

Society, 1968, f ig.  9). A long lw east- t rending arch i n  Lste Permian 

rocks the  Artesia-Vacuum arch, passes a l i t t l e  south of Artesia .  
I t  

is a t  l e a s t  largely t he  product of d i f f e r e n t i a l  campaction over the  

Abo Reef of Early Permian aee. - 
I n  the par t  o f  the Cuadalupe Hountainr included i n  the  a r ea  

discussed, monoclines and fo lds  a r e  the prominent s t ruc tures .  
A 

buried broad fold o r  a r ch  of Laward ian  and ear ly  Guadalupian age 

t rends northeast  a l i t t l e  behind the  present  Reef Escarpment (Hayes, 

1064, p. 42-43). It apparently cont ro l led  the locat ion of  g r w t h  

of the G o a t  Seep and Cbpltan Beefs. Much l a t e r ,  probably d u r i w  

Ter t ia ry  t h e ,  eonoclimal f lex ing  contr ibuted t o  the basinvard d ips  

i n  the  k t e  Permian r o c k  of  the  escarpment. Other folds,  on the  

ridge above the escarpmnt and a180 about 12 miles ve s t  of Carisbad, 

a re  of e a r l y  Ter t ia ry  or perhaps older  age. 

Other than minor s u r f i c i a l  d e f o r w t i o n  re la ted  t o  so lu t i oo  a d  

hydration of evapori tes ,  the  e n t i r e  s h e l f  i n  t h i s  a rea  appears t o  have 

been s t a b l e  i n  Quaternary time. . 

o f f s e t t i n g  Upper Permian rocks along a dis tance of  about 30 miles, is 1 Cen t r a l  basin p l a t fo rm  

probably par t  of a prominent s e t  of northeast-treodiog shear  zones that I 
extends fa r  t o  t he  north. Hovement on these zones was i n i t i a t e d  i n  I 
Carboniferous or  e a r l i e r  time and m y  have been basically r i gh t  

The cen t r a l  basin platform, whose western edge is included i n  

the area discussed here, has an eventful  h i s tory  involving more 

intense de fo rmt i -  than t ha t  of  the basin and she l f . ,  



l a tes t  n i s s i s s i pp i an  or  Early Pennsylvanian t h e ,  the a rea  ( f i g -  4) a d ,  although they a r e  la rge ly  covered by extensive dune 
I 

deformed t o  an elevated emergent fold b e l t ,  t rending north-northwert. 1 rand, cal iche,  and a l l u v i ~ l  depor i t r ,  they a r e  well known from the 

The b e l t  r y  have been bounded by'high-angle f au l t r  and r y  have a 

ho r s t  r t r u c t u r e  ( M M I ~ ,  1965, p. 2143). After rubmergence and 

depor i t ion  i n  Middle ~d par t  of U t e  Pennrylvanien time, renewed 

orogeny fur ther  elevated the  a r ea  and "rbrpened,  c w r e r r e d .  and 

fau l ted  t h e  foldr"  (Hi l l r .  1963, p. 1737-1718). Upl i f t  continuer 

r t r o ~ g l y  through Uolfcmpian time a d  then r l w e d .  Since f i l l i n g  of 

the  Wid l ad  and Delaware bar inr  i n  U t e  Permian time, the  platform h r  

been r t r u c t u r a l l y  s t ab l e .  

GEOLOGY OF SALT DEPOSITS--OMW seitxss 

A l l  the  r a l t  depor i t r  i n  the Carlabad p o t u h  a r ea  a r e  i n  the 

O c h m  Ser ies  of U t e  Permian age. The Ochour c o n r i r t s  e n t i r e l y  of 

redimentary rockr, but it  b.0 two d i s t i n c t  parto--. th ick  lower rec t ion  

of  ral t -beari l lg  evapori ter  and a t h in  upper rec t ion  of  red beda. The 

l w e r  r e c t i on  includer ,  i n  a r c e d i n g  order, the Ca r t i l e ,  Salado, and 

Ruetler Formntionr, uherear the upper rec t ion  c o n r i r t r  e n t i r e l y  of 

the  Dewey U k e  Redbedr. The C a r t i l e  Formation i r  confined t o  the  

Delaware ba r i n  In the  routhern ha l f  of the  potrrh a r ea  and in  knwn 

only i n  t he  rubrurface ( f ig .  4A). The three younger f o r w t i o n r  form 

the  p r e q u t e r n a r y  bedrock acrora the g r ea t e r t  par t  of the a r ea  

c w n t l e r r  boreholer d r i l l e d  in explorat ion for  potasrium r a l t r  and 

petroleum. 

Exposurea of  Ochoan evapor i te r  i n  the  potash a rea  a r e  exceedingly 

poor for  r t r a t  igraphic r t u d i e r  o r  any other  invert  igat ionr  requir  iog 

prec i re  knwledge of t he  camporition, sedimentary r t r uc tu r e r ,  or 

thicknear of the three evapori te  formations. Thin in t rue  becaure of 

the conriderable l i t h i c  and r t r u c t u r a l  changer tha t  h v e  accompanied 

extenrive evapori te  so lu t i on  and rcoav.1 by meteoric water@. Solution 

of b l i t e  and other  r e ad i l y  so luble  r a l t r  b e  been complete t o  depth. 

of revara l  bwdrad fea t ,  and a l l  anhydri te  and other  roluble c a l c i m  

r a l t r  have been weathered t o  gyprum. The removal of ro lub le  r a l t r  

har re ru l ted  i n  A g rea t  reduct ion of formation thicknerrea and i n  

much rubridence a d  accompanying brecc ia t ion  of a11 re r idua l  gyprup 

and overlying depor i t r .  Conrequently, the  en t i r e  a rea  of evaporite 

outcrop in  i n  r e a l i t y  a "regoli th" l i be r a l l y  dented and creared by 

numerous r inkr ,  f i a ru r e r ,  and l i n e a r  ro lu t ion  val leyr .  

C a r t i l e  Formation 

The lower par t  of  the  Ochoan Se r i e s  1. reprerented in the Carlrbad 

potash a rea  by t he  C a r t i l e  Formation. The C a r t i l e  war rumed and 



defined by Richardson (1904, p. 43) t o  include severa l  hundred fee t  of 

gypsum tha t  o v e r l i e s  the  Be l l  Canyon Formation and underl ies  the 

Rust ler  Formation a t  t h e  sur face  i n  the  western par t  of the  Delaware 

basin.  Somewhat l a t e r ,  t h e  i n t e r v a l  reprerented by gypsum a t  the  

sur face  vas  found by d r i l l i n g  t o  cons i s t  of  a much la rger  sequence of  

evapor i t e r  i n  t h e  subsur face,  including mostly anhydr i t e  i n  t h e  louer 

. p a r t s  of  the  evapor i te  sequence and mostly rock s a l t  i n  the  upper 

p u t .  For a time the tvo  p a r t s  of  the  evapori te  sequence vere  classed 

as lover and upper members o f  t h e  C a s t i l e ,  but they were considered 

t o  be separa te  formations. F i m l l y ,  LIng (1935) r e s t r i c t e d  the  name 

C a s t i l e  t o  the  lover  p a r t  of the  sequence and appl ied the name Salado 

t o  t h e  upper par t .  Re8i01ullyB t h e  c r i t e r i o n  most c-ly used t o  

d i f f e r e n t i a t e  one formation from the  other  is the predoaio.lrce of 

anhydri te  i n  the C a s t i l e  and the  predomimnce of  h a l i t e  i n  the  S a l d o .  

The C a s t i l e  Formation under l ies  the  southern ha l f  of t h e  potash 

a r e a  at depths ranging from about 500 f e e t  i n  the  west t o  almost 

3,200 f e e t  i n  the  e a s t .  The neares t  outcrops of  the  formation a r e  i n  

the Gypsum H i l l s  i n  southern Eddy County, U. Hex., about 16 miles  

southvert  o f  the potash area.  I n  t h a t  a rea  the C a s t i l e  c o n s i s t s  of 

inter laminated white  gypsum and dark-brownish-gray limestone and 

some laminated braunish-gray limestone and a l i t t l e  brown dolomite. 

Near the  cen te r  of  the Gypsum H i l l s  the f o r m t i o n  d ips  beneath the  

Salado Formation and gypsum g ives  way t o  anhydri te  i n  the  subsurface. 

In  the  subsurface of  the  Carlsbad potash area,  t h e  C a r t i l e  

Formation i r  r e a d i l y  d i v i s i b l e  i n t o  t h r e e  informal members. 
The 

t r i p a r t i t e  subdivis ion includes a lower and a n  upper anhydri te  member 

separated by a t h i c k  s a l t  member ( f ig .  4A). The th ree  members a r e  

I d i s t i n c t i v e ,  are conformable, and c o n s t i t u t e  l a t e r a l l y  p e r s i s t e n t  

rock u n i t s  in the  potash a r e a  and w e r  wide s e c t i o n r  of  t h e  Delaware 

basin.  Near the  m u g i n  of  the  basin,  however, t h e  t h r e e  members 

merge i n t o  a s i n g l e  wedgelike mass of  a+ydri te  t h a t  rap id ly  th ins  

t o  a mrrw t q u e  and extendr a c r o r s  the basin margin f o r  a few miles 

I before thinning out in the southern p a r t  of  t h e  northwest s h e l f .  

The l w e r  aohydri te  member of the  C a s t i l e  Formation g r a d a t i o m l l y  

I o v e r l i e s  the  Be l l  Canyon Formation i n  the  Delaware basin, but 

w e r l a p s  the Capitan Limestone a long  t h e  u r g i n  of  the basin.  Within 

I t h e  a r e a  of overlap, t h e  lover  member of  t h e  C a s t i l e  is presumed t o  

d i e  out  abruptly, i n  p a r t  by pinchout against  the  Cspi tan Limestone and 

i n  p a r t  by l a t e r a l  uradat ion i n t o  l a m i ~ t e d  limestone t h a t  grades i n  

t u r n  i n t o  w s i v e  limestone of the  Capitan. The melPber ranger i n  

thickness  from 210 t o  230 f e e t  i n  t h e  southern p a r t s  of the potash 

area,  but thickens northward and a t t a i n s  thicknesses  of 320-380 f e e t  

a s h o r t  d i s tance  fram t h e  overlap of the Capitan Limestone. 
The 1 

predominant rock i n  the member is i n t e r l m i m t e d  gray anhydri te  and 

brownish-gray l l e s t o n e .  A few beds o f  dark-gray and brwnish-gray 

limestone, a few inches t o  severa l  f e e t  thick,  a r e  p e r s i s t e n t  i n  the 

l w e r  and middle parts of  the member; some a r e  p r a c t i c a l l y  of basinwide 



The middle member of  the  C a s t i l e  Formation is a s a l t - r i c h  l e n t i l  

t h a t  forms a widerpread, l i t h o l o g i c a l l y  d i s t i n c t  r t r a t i g r a p h i c  marker. 

The member is 550-700 f e e t  t h i c k  i n  the routhern p a r t  of  t h e  Carlsbad 

po ta rh  area. but  thickens northward and a t t a i n 0  thicknerrer  o f  

800-1,000 f e e t  a long  a broad 2- t o  3-mile-wide b e l t  t h a t  p a r a l l e l 8  t h e  

u r g i n  of  t h e  Delaware basin.  North of th in  b e l t ,  t h e  mambar 

t e r d n a t e s ,  i n  p a r t  by l a t e r a l  g rada t ion  t o  anhydri ta  and i n  p a r t  

by intertorrguing wi th  anhydri ta  ( f ig .  4A) .  The member is p r e d o ~ i l u n t l y  

rock salt. bu t  i t  contains  t h i n  t o  t h i c k  layers  of  i n t e r l m i l u t e d  

anhydri te- l iner tone rock. The t h i c l u s t  of  there  l ayers  averages about 

100 fee t ,  a d  it  d i v i d e s  t h e  member i n t o  two almost e q u l l y  t h i c k  

salt beds. Tbe l w e r  of t h e  two bed8 i r  f r e e  of i n t a r l m l o l t e d  

anhydrite-limestone layers ,  w h e r u r  t h e  upper bed includes s e v e r a l  of 

these  layers ,  sama of which a r e  2-5 f e a t  thick.  

The upper member of t h e  c a s t i i a  F o r u t i o n  is a n  anhydri te-r ich 

u n i t  that e x h i b i t s  t h e  most l i t h o l o g i c  complexity. It c o n e i r t s  u i n l y  

of in te r lami lu ted  anhydri te- l imestme;  but ollrriva anhydri ta  and rock 

ult a r e  present  i n  a p p r e ~ i a b l e  mounts  a d  the re  a r e  l a s r a r  m o u n t s  

of  dolomite and w g n e s i t a .  The member include8 a northward-thinning 

tongue of mngnesitic anhydr i t e  t h a t  overlaps the Capitan LSmestoae 

a l o q  t h e  mnrgin of the  Delaware bas in  and extends a few miles  i n t o  

t h e  northwert r h e l f  ( f ig .  4A). The mnin body of t h e  member is 

700-800 f e e t  th ick  i n  the southern par t  of  the potash area,  but th ins  

northward and i r  a8 l i t t l e  a s  150-300 f e e t  thick i n  the a reas  near 

the margin of t h e  Delaware bas in  where the  underlying s a l t  member is 

th ickes t .  

The C a s t i l e  F o r ~ ~ a t i o n  is o v e r l a i n  by the Salado Formation. The 

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

angular unconformity (Adams, 1944, p. 1608). Contrary t o  t h i s  

i n t e r p r e t a t i o n ,  subsurface s t u d i e s  i n  the Carlsbad potash a rea  and 

elsewhere i n  the  Delaware bas in  s h w  t h a t  the  upper beds of the  C a s t i l e  

grade l a t e r a l l y  into,  and inter tongue with, the  lover  beds of t h e  

Salado. I n  t h i s  t r u u i t i o - 1  sequence, t h e  C a s t i l e  inter tongues with 

r ~ c c a s s i v e l y  o lder  rocks of the Salado, causing a gradual  s t r a t i g r a p h i c  

descent in the top of  the  C a r t i l e ,  which is respons ib le  for the decrease 

i n  t h e  thickness  of t h e  upper member of t h e  C a s t i l e  f r m  about 800 fee t  

i n  t h e  mouthern p u t  of  t h e  potaah a r e a  t o  about 160 f e e t  and l e s s  in  

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

Salado Format ion 

Conriderable e c o n a i c  s ign i f icance  is a t tached  t o  the  Salado 

Formation because it contains  the  potash d e p o s i t s  for  which the 

Carlsbad a r e a  is  wel l  knom among geo log is t s .  The deposi ts  a r e  the 

d o ~ l i l u n t  source of the potasrium s a l t s  mined i n  the United S t a t e s ,  

and t h e i r  wide ex ten t  suggertr  t h a t  they w i l l  maintain t h i s  ranking 



fo r  yearn t o  cane. Depooita containing a y l v i t e  (KC1)--the main 

potaoaium mineral of  econarmic importance--have been mined a t  

11 l o c a l i t l e a  ( f i g .  1) .  but they under l ie  p r a c t i c a l l y  the e n t i r e  

e a r t e r n  h a l f  of  the  potaah a r e a  and extend eaatward beneath much of  

aouthweatern Lea County, N. Hex. ( f i g .  6). The Salado a l a o  conta i ru  

many depoei ta  r i c h  i n  po lyha l i t e  [ K ~ C ~ ~ M ~ ( S O ~ ) ~ - ~ L I ~ O ]  t h a t  a r e  

extenoive and widely distributed but  lack the  econmic  importance 

of t h e  a y l v i t i c  depoaito. The p o l y h a l i t i c  and a y l v i t i c  depoai ta  a r e  

f a i r l y  important elementa i n  the  stratigraphy of the Salado Formation, 

and a apec ia l  a e c t i o n  of  th in  r e p o r t  (appendix A) aumar izea  a m e  

d e t a i l a  o f  t h e i r  distribution and geblogy. 

The Salado Formation, named by La- (1935), i n  the  o ldea t  

u n i t  in the  Ochoan Ser ieo  t h a t  cropa ou t  i n  t h e  Carlabad potaah area.  

The main upoourea  of the  formation a r e  near Lake Avalon, nor th  of 

Carlabad; N. Hex. Here the  Salado over l i ea  the  T a m i l 1  formation 

and underlies the  Pua t le r  Formation, but t h e  a t r a t i g r a p b i c  r e l a t i o r u  

cannot be determined positively  fro^ examination of the  outcrop. 

The Salado appeara t o  o v e r l i e  t h e  T a n a i l l  Formation conformably and 

t o  grade upward i n t o  t h e  Ruat ler  Formation. The lower par t  of  t h e  

Salado gradea l a t e r a l l y  aou thmrd  i n t o  the  upper par t  of t h e  Caa t i l e  

Formation. The grada t iona l  contact  between t h e  Salado and t h e  



C a s t i l e  r i s e s  i n  s t r a t i g r aph i c  pos i t ion  from north t o  south and i s  

depicted schematically on the geologic s t ruc ture  sec t ions  ( f i g .  4A). 

East of the  outcrop, the  Salado Formation under l ies  the cen t r a l  

par t  of the potash a rea  a t  depths of  250-700 fee t .  In  general,  the 

depth t o  the Salado increases with d i s tance  from the  outcrop, and 

i t  is a s  much a s  1,600 f ee t  a t  the northeast  corner of the a r e a  and 

about 1,000 f ee t  a t  the southeast corner. 

The Salado Formation is character ized by th ick  pe r s i s t en t  u n i t s  

of rock s a l t  a l t e r l u t i l l g  with thinner un i t s  of anhydri te  and 

polyha l i te  (f ig.  7) .  Thin seams of claystone under l ie  v i r t r u l l y  

a11 the  anhydri te  and polyha l i te  un i t s ,  and there a r e  a few t h i n  

beds of  sandstone and s i l t s t m e  a t  long in te rva ls .  A l l  the  anhydri te  

u n i t s  and beds of  c l a s t i c  rocks a r e  d i s t i nc t i ve  mecllbers tha t  serve 

a s  s t r a t i g r aph i c  m ~ r k e r  beds; tvo a r e  formally named rock uni t s .  

The widespread Cwden Anhydrite nember, named for  the North Cwden 

o i l f i e l d  i n  Ector County. Tex. (Ciesey and Pulk, 1941), l i e s  

90-200 f ee t  above the Cas t i l e  Formation. The Vaca T r i s t e  Sandstone 

of Adams (1944) near the middle of the  G a l d o  Formation is a 

quartz- and c lay- r ich  u n i t  of  fragmental rocks cont ras t ing  sharply 

with adjacent  beds of c ry s t a l l i ne  evapori te  rocks. 

I n  exposures of the  Salado Formation along the ve s t  s i d e  of the 

Carlsbad potash a rea ,  a11 the s a l t  has been removed by so lu t ion  and 

the anhydri te  and polyha l i te  have been a l t e r ed  t o  gypsw. The 

a l t e r a t i o n  of the evaporFre rocks extends t o  depths ranging f roo  

260 f ee t  t o  almost 1,600 f ee t  below the surface and 16 responsible 

for  a fourfold t o  s ixfo ld  reduct ion i n  the thickness of tha t  par t  of  

the  Salado and for  a change i n  canposit ion from dominantly rock s a l t  

i n  the subsurface t o  dominantly gypsum i n  the outcrop. The contact 

between the two highly d i s s im i l a r  p a r t s  of the formation, known 

loca l l y  a s  the "base of leached zone" and a l s o  a s  the "top of s a l t , "  

1s highly i r regular ,  with many closed depressions and i so la ted  

pinnacles ( f ig .  8). The contact  d ip s  general ly eastward but r i s ea  Ln 

s t r a t i g r aph i c  pos i t ion  from the  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  a t  t he  eas t  s i d e  of the area.  The a l t i t u d e  of 
I 

the  contact ranges from a high of s l i g h t l y  more than 3,200 f ee t  near 

the northwest corner of t he  a rea  t o  a low of s l i g h t l y  l e s s  than 

1,500 f ee t  a t  the aouth edge of the a rea .  

The maximum thickness of the  Salado Formation i n  the potash 

a rea  is s l i g h t l y  more than 2,000 f ee t  i n  a northwestrard-trending 

zone t h a t  p a r a l l e l s  the margin of the  Delaware basin a t  the Eddy-Lea 

County l i n e  ( f ig .  9). The thickness of the Salado decreases slowly 

southward wi th in  the  basin,  but diminishes ra ther  rapidly northward 

and westwird from the  zone of maximum t h i c h e s s .  The northward 





reduct ion is p a r t  of a broad p a t t e r n  of reg ioru l  change i n  thickness  

a t  o r  near  the  south edge of the  northvest  she l f  area,  whereas t h e  

westward reduct ion is r e l a t e d  la rge ly ,  i f  not e n t i r e l y ,  t o  evapor i te  

s o l u t i o n  and removal by meteoric va te rs .  Within t h e  she l f  a rea ,  

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

o r  "highs" a t  the  Getty,  Barber, Halfway, and o ther  small o i l f i e l d s  

vhich appear a s  douml fea tures  on the  s t r u c t u r e  ~ r o p  of routheastern 

New Mexico published by S t ipp  and Haigler (1956). 

The Salado Formation is divided i n t o  three informal un i t s :  
a 

l w e r  s a l t  member, a potash-r ich member, knwn l o c a l l y  a s  the  

McNutt potash zone, and an upper s a l t  member ( f i g .  7). The t h r e e  

members a r e  conformable, a r e  l a t e r a l l y  pers i s ten t  rock \urits, and 

a r e  about equal ly r i c h  i n  rock s a l t ,  anhydrite, po lyha l i t e ,  magnesite, 

and c l a s t i c  rocks. In  f a c t ,  they a r e  generally s i m i l a r  i n  v i r t u a l l y  

a11 but one respec t .  The lover and upper members a r e  almost e n t i r e l y  

f r e e  of s y l v i t e  and o ther  potassium and most magnesium evapori te  

minerals  over  much of t h e  Carlsbad potash area,  vhereas the  McNutt 

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

contains  s e v e r a l  ex tenr ive  sylvi te-bearing potash depos i t s  of economic 

importance. These depos i t s  a r e  the  obvious l i t h o l o g i c  f e a t u r e  t b t  

s e t s  t h e  McNutt potash zone apar t  from the  l w e r  and upper members 

o f t h e  Salado and makes it  a f a i r l y  na tura l  s t r a t i g r a p h i c  un i t .  
The 

depos i t s  a r e  r e s t r i c t e d  t o  a feu small groups of mineralized s a l t  

beds o r  o r e  tones vhich a r e  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 e r v a l s  through p a r t s  of  t h e  HcNutt zone ( f ig .  10). 
Nearly a11 

1 t h e  depos i t s  i n  t h e  HcNutt zone a r e  mineralogical ly complex and 

contain a host  of  hydrous minerals  t h a t  a r e  thermally reac t ive  a t  

f a i r l y  lov t o  moderate temperatures ( t a b l e  2). 

Rus t le r  Formation 

The Rust ler  Formation, named by Richardson (1904), is the  

youngest sa l t -bear ing  u n i t  i n  t h e  Ochoan Series .  The formation is 
mainly exposed i n  i n l i e r s  s c a t t e r e d  i r r e g u l a r l y  through the  c e n t r a l  

and western par t8  of t h e  Carlabad potash area.  It is over la in  by 

t h e  Dewey Lake Pedbeds. The contact  between the tvo formations is 

obscured i n  outcrops by slumping and warping due t o  evapori te  

hydration, so lu t ion ,  and removal by meteoric va te rs .  
Prom subsurface 

s tud ies ,  bovever, it appears t h a t  t h e  format ions a r e  unconformable 

a t  p laces  near t h e  western edge of the  Dewey Lake Redbeds. 
The 

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

Over broad sec t ions  of  t h e  a r e a  t h e  Rus t le r  and the  Dewey Lake appear 

t o  be conformable. 

In  t h e  subsurface belov t h e  'zone of ground-vater penetrat ion,  

the  Rust ler  Formation is mostly anhydri te  and rock s a l t  ( f i g .  11). 



Table 2.--Evacaritt minerals in  svlvi te  and oolvb11cre d e ~ o s i t s  in the Carlstad pottsh area 
(nodified f r a  Bern. 1970) 

F, melt*; 8 ,  bolling; Lkc, decoaposltion; lkh, dehydration; T, transition] 

Therm8l ef f ec t r  and temperature (*C) 
Mineral Formula 

W B Dec Deh T 

- 
nlner.1 Formula The-1 effect. .ad temperature (.C) 

W B Dec Deh T 
Pictomerite------- %(so41 2 *682O 76 0 125 - 1m 

580 
180* 

Polyhalite-------- K 2 - p ~  (SO414 '21120 880 - - 310-320 - 
Sylvite- ---- ------El 

770 - - - - 
Thmardite--------Ha SO 

2 4 884 - - - 240 
Vanth~ffitc-------Nr~Mg(SO~)~ 

C 800 w - 5 15 - - 
* Mineral hu more than one phase. 



I Some polyha l i t e  i e  ccmnonly present  near the middle of the  formation, 

1 and t h i n  t o  t h i c k  u n i t e  of  sandstone, s i l t s t o n e ,  and ehale  a r e  

I interbedded a t  long t o  shor t  interval.. Dolomite is present  i n  the 

lower and upper p a r t s  of t h e  formation and forme d i s t i n c t  stratigraphic 

marker beds which b v e  wide and pers ie ten t  development i n  the potash 

are)  and other  eect iona of southeastern New Mexico. The dolomite 

i n  t h e  l w e r  p a r t  of the  formation i a  known aa the Culebra Dolomite 

Member and t b t  i n  the  upper p a r t  aa  the Magenta Dolomite Member 

(Adam, 1944, p. 16 14) . 
The Ruatler Formation reacher a maximum thickness of about 

500 f e e t  i n  the  eaa te rn  p a r t  of  the potash area.  The formation thins  

toward t h e  outcrop i n  the  c e n t r a l  p a r t  of the a rea  ( f ig .  12). Here 

t h e  formation genera l ly  ranger  i n  thickneea from about 200 f e e t  t o  

400 fee t ,  but i t e  thicknere v a r i e r  considerably over ahort  diatancea. 

The var iab le  thickneee ir due i n  g rea t  par t  t o  the leaching of a a l t  

and the hydrat ion of anhydr i te  by meteoric water.. I n  general ,  the 

remwal of  a a l t  account8 for  a aurked reduction i n  the  thickneaa of 

the  formation, and the  hydrat ion of anhydri te  reau l ta  i n  an increaae 

of  thickness  ( f ig .  11). 

Dewey Lake Redbeda 

The Dewey L ~ k e  Redbede, w e d  by Page and Adma (1940). i a  the 

youngeat u n i t  in the  Ochoan Ser iea ,  but unl ike a11 other  member. of 

the Ochoan i t  i a  e n t i r e l y  f r e e  of rock e a l t  and other  evapori te  rock.. 



=he D~~~~ mke c o n ~ i a t a  en t i r e ly  of r i l t r t o n e  and f ine-lrained 

Uindafone, and general ly ran@# i n  t h i c b e e s  f r ~ .  ab't 400 fee t  

to 5 s  It is exposed i n  lw b lu f f s  i n  the cent-1 and 

of the potash are! (f ig.  6 )  and 
u n ~ o n f ~ r d ~ ~  with 

GROUND-WATER HYDROLOCY 

Three -in hydrologic uni te  control  the ground-water hydrology 

of t he  Carlrbad potarh mining area.  There are:  (1) the Pecor River, 

which raceiver  tk ground-water outflow from the project  area;  (2) the 

water-bearing e t r a t a  overlying t he  Salad0 Forumtion; and (3) the 

capi tan  Limertom and o ther  water-bearing r t r a t a  underlying t b  

Salado F o t u t i o n .  The d i r t r i b u t i o n  and development of large ro lu t ion  

fea turer ,  pa r t i cu l a r ly  i n  t h e  Warh D rw and Clayton Barin a rear ,  

exe r t  a m J o r  e f f e c t  on the  occurrence and maremnt of tho pound 

water. 

Pecor R i ~ r  
. 

The Pecor River rece iver  m a r l y  a11 the na tura l  d i r c h r g e  of 

ground water t h t  mov.8 through the  rock8 of the potarh d n i n g  sroa. 

?hd pr inc ipa l  placer of uktura l  ground-water inflow a r e  a t  Carlrbad, 

vbare water derived f r o r  tho Capitan L imr toa r  d i r c h r g e r  t o  the 

r i ve r  o r  t o  the  alluvium bordering the r i ve r ,  and m a r  N l a g a  Bend 

(f ig.  l ) ,  where highly d a r r a l i z e d  water is diecharged f r m  the Rustler 

P o r n t i o n  t o  the  r ivor.  Between Carlrbad and Ualaga Bend tb r i ve r  

receiver water f r m  the  alluvium, except i n  a reas  where pumping har 

l-red tho water tabla below r i v e r  level .  

Hator-bearinn unit. o v o r l ~ i n ~  Salad0 Formt ion  

A 8-11 mount of ground water occurr i n  a11 the geologic 

formt ione  overlying the  Salad0 Formation, but the main aquiferr  or 
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vater-yielding un i t s  a r e  the Culebra Dolwi te  Mmber and basal  

r o lu t i on  breccia zone of the Rustler Formation, the Santa Rose Sandatone, 

and the alluvium. Locally, the Gatuno Formation y ie lds  va ter  t o  ue l l s .  

I n  the a rea  w e t  of and near the Pecos River, uater  f r a  the alluvism 

i r  u t i l i z e d  extensively f o r  i r r i ga t i on  purposes. East of tht r i ve r ,  

i n  the  potash mining area,  only a few v e l l r  have encountered potable 

uater .  The yie lds  of the  u e l l r  a r e  generally low and moat a re  used 

fo r  the  waterin8 of l ivertock.  The Culebra Dolomite Member occutr 

tbrwghout u c h  of the  a rea  and i r  the main rource of va ter  tapped by 

rtock walls. The basal  so lu t ion  breccia zone of the  Rurt ler  P o r u t i o n ,  

o f t en  r e f e r r ed  t o  a r  the  "brine aqu ih r , "  i s  the uni t  t ha t  i r  wst 

r ign i f i can t  i n  the ro lu t ion  of the  h a l i t e  i n  the upper part of the 

Salado P o w t i o n .  Table 3 s u m m r i ~ r  the  hydrology of the geologic 

f o ~ t i o n r  overlying the  Salado Patrotion. 

Tbrt f oma t ion r  a b m  the Salado P o m t i o n  reem t o  be connected 

hydrological ly and can be cowidered a s  cons t i tu t ing  a r i ng l e  multiple- 

aqui fer  ryrtem (f igs.  4A, 8). Bow perfect ly t b i r  aquifer  ryrtem i c  

developed i r  an open question and cannot be determined f r a  tb 

ex i s t i ng  hydrologic i n f o r u t i o n ,  although the  level. of water rtanding 

i n  wllr a r e  r u f f i c i e n t l y  uniform t h t  potentiormtric and ua ter - tab le  

contourr can be conrtructed throughout the area ( f ig .  8). This water 

tab le  and p o t e n t i a m t r i c  surfaco ranger frcm l e s r  than 200 f e e t  t o  

about 1,400 f e e t  above the contact betueon tho gypriferour rer idue and 

melt-bearing rock i n  the Salad0 Pdrmotion (f ig.  13). 
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Solution a c t i v i t y  and associated collapse,  subsidence, and f rac tur -  

ing have increased the ove ra l l  permtabil i ty of the rocka and enhnced  

the i n t e r f o r u t i o n n l  mwement of water i n  th aquifer  myatem. The 

aolu t ion  ac t i on  i n  the  a rea  of the potaah miner a lao  baa d e t r i r n t a l l y  

a f fec ted  the  chemical qua l i t y  of th ground water. Alulyrea of we11 

water ind ica te  t h a t  the ground water i n  the mining area contain. 

u c h  h i g b r  . rounta  of diraolved aubmtancea c h n  doem tb water of the 

surrounding region of New Mexico; t h i a  d i a t r i b u t i o ~ l  r e h t i o t u b i p  11 

i n d i c ~ t e d  b a t  by -th t o t a l  ,dir.olvad ro l i d r  (fig. 14) and 

chlorido (f ig.  15). 

Ground water i n  t b  f o r m t i o n ~  above tho Salado P o r u t i o n  ~ e a  

p n o r a l l y  mouthward and aout,!woatward acroar tb potaah r i a l -  a rea  

toward the Peeoa River (Pig. 8). Mort of tb d i a c h r g o  of t b  g r d  

water taker p h c e  i n  the reach of tb Pecor River m a r  Wlaga 8.d. 

Thia d i a c h r p  i a  from about 850 aquaro miler of tb mining area 

north of R o j a c t  Gnca, mite and from a t  leaat  an addit ional  400 aquare 

milea lying t o  the  nortbeart  of tb d o i n g  area. Although the t o t a l  

amount of grqund water d i a c h r g i n g  t o  tho hcom River i a  not known, 

T b i .  end other8 (19b2, p. 69) e a t l u t e d  t ha t  200 ga l l om per minute 

entered the r i v e r  from the baaal  solution breccia t o m .  

T h  potentiometric and water-tab30 contoura o u t l i m  a r a r i ea  of 

ground-water r idgea o r  hisha and trough. o r  lour (f ig.  8 ) ,  which are 

b p o u d  on th regional  southrapd t o  mouthveatward pa t te rn  of ground- 

water awa len t .  A large aouthreatward-plunging ground-wtar trough 



extenda from Wlrlaga Bend northeaetvard roughly chrough Nash Drav t o  

the  v i c i n i t y  of Lmguna Plat.. Another much entaller trough is eae t -  

eouthaaat of the Pro jec t  Gnome a i t e  and extend8 from the  routheamtern 

par t  of T. 24 S., R. 30 B. e?at-northeartvard acroaa T. 24 S., R. 31 E., 

t o  T. 23 S., R. 32 E. A aouthvard-plunging trough i e  i n  tha a r ea  of 

Clayton Baain. Water move. ewtheartward t w a r d  tha center of th i8  

trough from the northuoatern par t  of tha mining area,  aouthuard f r a  

the  northern border region of the mining area, and awthueatward and 

w r t v a r d  from a turrw ground-water ridga between Clayton Baain and 

Lap# Plata.  South of Clayton Baain tbo trough i 8  not a well-defined 

\ hydrologic fea ture .  #rch of the water i n  tha trough doer not move 

d i r e c t l y  t w a r d  tbo Pecor River f r a  t he  Clayton Baain area. Ilrntaad, 

tbo water l a  diverted routb-awtheartvard through the rocka underly- 

ing Qucrbda Ridge i n t o  tb ground-water t r w g b  i n  the Naah Draw area  

(aee Caturn Formation, t a b l e  3), where i t  join* water w i n g  aoutb- 

uertvard t w a r d  th. Pecor River. 

Salado Formation 

The S8lad0 Fo rmt ion  haa an  in te rgranular  poroaity end pe rmab i l i t y  

t h t  ranger f r a  lw t o  v i r t u i l l y  nono (Stevana and othara,  1970, 

table 1); Locally, f rac ture8  and ao lu t ion  openinga impart a apotty 

f o r m t i o n a l  pe rmab i l i t y .  I n  t he  potaah mining area,  tb Salado 

F o r u t i o n  i r  dry except f o r  n u l l  pockata of va t e r  or water and gae 

1 t b t  have been encountered occasionally during mining and t a r t - d r i l l i l y  



operatioar a d  for  water present i n  the  leached zone developed a t  the 

top of the f o r u t i o n .  S m  of tb. water and gar pocket. a re  confined 

under high prerrure. I n  much of t he  mining area ground water moving - 
through tb b r a 1  par t  of the Ruotlor F o r r t i o n  h r  f o r v d  a leached 

zom along the top of tho Salado F o r v t i o n  (fig. 4A). In placr8, the 

leachad r o w  extendr more t h n  200 f e e t  i n to  tha Salad0 F o r ~ t i o n .  

l b r t  of tb d i r r o b e d  ro l id r  i n  tho b r i m  i n  tb baral rolution zone 

of tb Burtler  Formation h r  been obtailud f r m  tho l eacbd  zoru. 

G. 0. W c b a  (writ ten c-., 1972) o r t f u t a r  tht  during th 

par t  5 mill ion p a r s  ... " r a l t  b r  k e n  dirrolved l a t e ra l ly  i n  the 

v i c in i ty  of Carlabad, New tbxico, a t  an average r a t e  of about 3 112 

t o  4 miles per d l l i o n  yearr... This conclurion 18 bared on tb f a c t  

tha t  the dir taaca from tb ear tern  front  of the Gw&lupa Uountaiar 

t o  th. prerant  uor tera  lidt of u j o r  ralt k d r  i r  a b m t  18 t o  20 

d l e r  and on the f o l l w i a g  arrunptionr: ( I )  tho Og.1lala F o r v t i o n  

fomnrly  extended acrorr  th Pecor River valley a t  leaat  a r  f a r  a r  the 

f ront  of the Gwdalupe Uountain8, (2) tha Pecm River valley i n  the 

v i c in i ty  of Carlabad b r  been f o m d  eince Ogal lak  ti-, and (3) the 

Og.lla1a l o r u t i o n  h.8 been eroded and the Permian malt dirrolved f r m  

t h i r  a rea  during tb part  5 mill ion yearn. It doe8 not reem probable 

tha t  r a l t  extended much f a r t b r  w r t  than tha f ront  of th. Gwdalupo 

Uamtainr beforo Ogallala t i m e ;  i f  tb r a l t  w r  lea. exteoeive before 

Ogallala r i m  t h i r  e r t i r t e  is coruorvative." 

St ra ta  underlying Salado Formation 

Tho Permian t o  Cambrian redi-ntary rock. underlying tho Salado 

Formtion coatain water of b r i m  comporition and a re  under high 

a r t e r i an  prerrure. There r a k e  a re  not axpored i n  the p o t u h  mining 

area, but they l i e  deeply buried i n  tha aubrurface throughout u c h  of 

routhoartern M u  mxico  and ueatorn T e u r .  UcNeal (1965, f igr .  1-7) 

I r h w d  tht i n  t& potarh mining area tha elevation of the  poten- 

t i o r t r i c  rurfacee of d i f f e roa t  z o ~ r  (excluding the Capitan L i ~ r t o n e )  

of t b r e  rock8 ranger f r a  a feu fee t  t o  a feu hundred f ee t  above or  

k l w  tb land rurface. A t  Project G n m  rite where tha average 

elevation of th. land 8urface i r  about 3,400 fee t ,  the p o t e n t i m t r i c  

surfacer are  a t  e l eva t iom betmea 3,400 and 3,800 fee t ,  which i r  

1 600-1,000 f ee t  above tb t q o f  tb ha l i t e  i n  tha Salado Forut ion .  

I t& di rec t ion  of tho & l o p  of tha potentioP.tr ic rurfacer d i f f e r r  

*-what, but it  i r  gonorally t o  the  .art or a o r t b a r t  i n  routhoartern 

Nau mxico.  

The Capitan Limrtone and arrociated d o l m i t i c  par t  of tha Yater 

and Tanr i l l  F o r u t i o M  form tb topmort aquifer  i n  the r t r a t a  bonath  

the Salado Formation. There f o r u t i o m  crop wt or  l i e  a t  rh.11~1 

deprhr rwthue r t  of Carlabad, but they are  deeply buried ea r t  of the 

c i t y  m a r  t h e  potarh r i m r  (f ig.  4A). The Cmpitan Ltmrtorw ccuprirer 

a giant reef 1-2 mile* wid* thot extendr nortbeartuard and eartward f r w  

Carlabad acrore tho mining area; the  Yater and h n r i f  1 Foru t ion r  adjoin 





*thodo of prospect ing and explorat ion 

A l l  prompecting and explora t ion  i n  the d i o t r i c t  ha8 been done by 

hole. d r i l l e d  f r a  the  ourface. Moot of the holeo ware d r i l l e d  i n t o  

tm top of tha Salado by m e a ~  of churn o r  ro ta ry  d r i l l i n g  r i g .  The 

holeo were completed through t he  o r e  soma  with a diamond d r i l l .  Cooing 

wao oa t  i n  the upper par t  of tb hole and cemented i n t o  tb top of the  

malt. The car ing  and cement m a 1  prevented water f r m  the  Ruatler  and 

younger rock. f r m  en te r ing  t h e  h o b .  After  the hole8 #re c-leted 

and r.rpled, the  caoing war pul led and the holeo plugged with cement 

f r m  b o t t m  t o  top. I n  0- of the  e a r l i e r  d r i l l i n g  the  l o l r  parto of 

t h e  holes w r e  plugg8d witb mud, but thooe parto above tb top  of the  

o a l t  #re f i l l e d  wi tb  c .Prnt .  It can b aooumod tha t  a l l  explora t ion  

hole0 d r i l l e d  for  potaoh h v e  h e n  e f f ec t i ve ly  oealed. 

The dane i ty  and d i o t r i b u t i o n  of the  explorat ion and developmat 

d r i l l i n g  a r e  r h w n  on f i gu re  17. In g e r r a l ,  the  pa t te rn  and denr i ty  

of d r i l l i n g  r e f l e c t s  the  pooi t ion  o r  the econmic  l i m i t 8  of t he  pota8h 

deposi ts .  Outoide tha d e w e l y  d r i l l e d  .nu the ore horizono i n  the  

Salado a r e  c apooed  of h a l i t e  and only minor awunto of 

Minine -thodo 

The bedded potaoh depbsi to a r e  nearly f l a t  lying aver large area.; 

therefore,  modified coal-mining methodo have been uoed i n  ex t r ac t i ng  

tha ore.  he ore-bearing hor izom a r e  reached through v e r t i c a l  

ohafto f r a  which mnin e n t r i e s  a r e  driven i n t o  the ore bodieo. 
pa-1s 

of ro- and p i l l a r o  a r e  developed of f  the  mnin en t r i e s .  

T h  -in e n t r i e s  a r e  8enera l ly  15-20 f e e t  wide and 8 f ee t  high. 

Where double an t r i eo  a r e  driven, they a r e  opacad 50-55 f e e t  apart.  

The braakthrougho a r e  about 7 f e a t  high, 32-34 f e a t  wide, and a r e  

dr iven  on 100- t o  150-foot centera. The average roaP aizeo a r e  

34 x 42 f ee t .  The b i g h t  of tb r o w ,  d e t e m i m d  by tb thickmoa 

of the ore  bed8 baing mined, ranger f r o r  4-10 fea t .  

Each ore body i a  developed t o  i t o  econmic  l imi t8  by the above 

method. Thir cyc le  of mining l a  re fe r red  t o  a0 t ' f i r a t  miningmt and 

reoul to  i n  an  ore  recovery of about 50-55 percent. 

Second mining o t  fi-1 mining 10 the removol of p i l l a r o  and the 

r e t r e a t i n g  from the w t e r  edger of the  developed a r ea  tauard the  u i n  

hu lageuaya  and a h f t o .  Ybaa t h io  mining cycle i o  c a p l e t a d ,  tb t o t a l  

o re  recovery approacbeo 85-90 percent. 

I 
P i m l  mining r eou l t r  i n  th r a o v a l  of p i l l a r  rupport and the  i 

1 
eventual  eubridence of the mined areao. Reentry i n t o  tho caved oreoo 

1 

10 not pooaibla. 

Shaft. - 
Twenty-five ohafts  h a w  been ounk a t  the o i teo  of tb 1'1 m i n e s  i n  

the d i a t r i c t  ( f ig.  4). The ohaft  location. and other  p a r t i n n t  data  

a r e  a h w n  i n  tabular  form on t ab l e  4. None of t h e  ohafta  h a  been 

.bandonod or  deca r i o r i oned .  m a r l y  a l l  ohafto a r e  concrete or .teal 





It Pa reported t h a t  the r h a f t r ,  with the por r ib le  exception o f ,  

Teledyne Potarh Co. No. 1 and No. 2, a r e  i n  exce l len t  condition. 

Extent of mine uorkinnr 

Forty year. of large-tonnage mining i n  the  r e l a t i ve ly  thin-bedded 

ore depor i t r  i n  the d i r t r i c t  her r e ru l t ed  i n  an exteorive u z e  of under- 

ground workingr. T b  r i m  workingr i n  tb d i r t r i c t  cover an a rea  i n  

excerr  of 45 rquera d l e r .  Ru average b i g h t  of tb w o r k i ~ r  away 

f r a  tho v i c i n i t i e r  of tho  r b f t r  and tb u i n  e n t r i e s  i r  about 7 fae t .  

'fh. floor. and h c k r  a r e  general ly f l a t  o r  gent ly r1op.d b c a u r e  tb Jn- 

ing r t h o d r  and tb r i m  layoutr  a r e  derignrd t o  f o l l a r  tb nearly f l a t  

regional  d ip  of tb bed.. 

Fb. mined area. a r e  i r r egu l a r  i n  r b p .  but rcut e r e  elongate i n  

a n o r t h - n o r t b a r t  d i rec t ion .  Thim configuretioa r e f l e c t #  tb va r i a t i on  

of tb potarh content  of tha ore b d r  and not tb contilruity of tha en- 

c los ing  malt bedr. I n  o ther  word., there  a r e  chamical var ia t ionr ,  o r  - 
c b m i c a l  f e c i e r  wi th in  a r i n g l e  bed, and a r e  not ver ia t ionr  i n  tb 

r e g i w u l  redimtntation. 

Orm b r  been mlmd f r a  four  bedr o r  zone8 i n  tb Salado l o r u t i o n .  

Tb mort extenrive workingr a r e  i n  tha l o u t r t  o r  "Pirr t"  ore zone, which 

ir  between 650 end 800 f e e t  b e l w  tha top  of tha Salado. Niw miner i n  

the d i s t r i c t  h.v. produced ore  f r m  th in  zone. Teladyoa Potash Co. No. 1 

h ~ r  produced from the  "Firr t"  and "Fourth" ore zone@. I n t e r m t i o m 1  

M m r a l r  and Chamice1 Corp. b r  produced f r m  t b  loPirrt,o@ "Fourth," 

and "Fiftha' zorur. Duval'r W.rh Draw mi- b r  produced from tb "Pirrt" 

end "Tenth" LOMI. N a t i 0 ~ 1  Potarh Co.'r Lea m i -  and the Kerr-&Gee 

Cbmicel  Corp. r i m  heve produced from tha "Tenth" ore ZOM. 
The 

a p p r o x i u t e  r t r a t i g r aph i c  por i t ionr  of the ore zoner a r e  rhovn i n  

f igure  10. 

S t a b i l i t v  of mine workinnr 

fhe en t r i e r ,  roam,  and p i l la r .  developed during the " f i r r t  

cycle" d o i n g  are de r igmd  t o  i n ru r e  r t a b i l i t y  CameMUrAte with r a f r  

and e f f i c i e n t  mining prac t ice .  Back f a i l u r e  u y  occur where tb back 

ir only a few i n c b e  t o  l foot  b l o u  A c l ay  r e u .  Tha urnupportad 

r a l t  bed8 b v e  a tendency t o  p u l l  away f ron  the c l ay  bed becaure of the 

loore bond batween tha two rock type.. B ~ c k  f a l l r  a r e  cont ro l led  by 

tha judiciour and extenrive ure of bol t ing.  

Cavinn and rubridence 

During f i n a l  mining moat of t h e  p i l l a r  rupport 14 removed and the 

worked-out a reas  gradually rubride or  cave.. nore then 50 percent of 

tho mined area8 a r e  now caved (f ig.  16). I n  thoae mirum whare mining 

Iur been c a p t t a d ,  the rubrideace i r  nearly 100 percent of the 

mined b i g h t .  

I n  moat caved area. tho rubridence 1. re f lec ted  i n  the overlying 

rur face  by the development of gen t le  deprerr ionr .  Fracturing a t  tb 

rurface i n  tb rubridence arean cannot be accurately u p p e d  or  deter-  

mined beceure of tb cover .of uncotuoli&ted r u r f i c i a l  u t e r i a l r .  
S- 

f r a c tu r i ng  her been noticed i n  the  paved highuayr tb t  c r o r r  the rub- 

aided area.. 
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Although de t a i l ed  r t ud i e r  of the aubaidence area8 have not been 

mde, raw a p c u l a t i o n a  concerning the  ~ c h a n i m m  involved can be made. 

Subrurface obrervat ionr  of the rubriding area8 LndicLe t h a t  t N  rock. 

above the mi-d area8 M e  0 l a . l ~  d-d u a a i ~ l e  C O ~ O ~ ~ V O  block 

a f t e r  f i n a l  mining i a  completed. Etacturin& u y  wall occur i n  tN 

rubelding block, pa r t i cu l a r l y  i n  tN d o l o ~ i t e  L d r  above tN S a W o ,  

but t he  p a t t e r n  i r  not known. N uniqw phyrical  p r m r t i e r  of tbe 

ult proh ib i t r  tN  d e v e l o ~ n t  of open fracture.. The fracture. 

fo-d a m  t i g b t  o r  quickly sea led  by flowage or r e c r y r t a l l i ~ t i o n  

of tbe mlt .  %a 8b8ence of water mepa* i n t o  th d r r  i n  tb area. 

of rubaiL1ncr 10 indica t ive  of the  ae l f - reaHng character  of tb a a l t  

beds. 

N t h e r  evidence f o r  the  cohe8 ive r r r  of tU r u b r i d e r e  block i 4  

tUt mining i r  cu r r en t l y  U i n g  ca r r i ed  on i n  two d m .  i n  ore U d a  

;bout 50 and 100 foo t  ab*. the  b o t t ~  of tU caved block. o r  lower - - 

i n  l e v e l .  The ore bed8 being mimd have ru f f emd  no no t i c eabb  

r t r u c t u r a l  deformatilm other  than t he  8.8 end e leva t ion  cUnger  due t o  

t he  rubridence. 

No &ta  a r e  a ~ a i l a b l e  on tU e f f e c t  that 8ubridewe h.8 U d  

the movemnt of water i n  t N  aquifer. above tU s a l d o .  

Gnom rha f t  an6 workinnr 

h G n c ~  r i t e  and ahaf t  a r e  m a r  the center  01 roc. 34, 

. 23 S., R. 30 . Eddy t y ,  N. x .  f i g  1 6  T N  r U f t  

on t a b l e  5. The #hot c h h r  i r  c o n ~ c t e d  t o  the ahaft  by tuo  pa r a l l e l  

d r i f t r  eacb a p p r o x i ~ t e l y  1,100 f e e t  long. The dr i f t .  and chamber a r e  

near tb bare of t b  upper t h i r d  of the r a l t  aection. About 1,000 f ee t  

of u a a i v e  a a l t  i r  e r t i u t e d  t o  be prerent  belw the b o t t a  of th 

r l u f t  and d r i f t .  

runk by the  U. S. A t a i c  Energy Comir.ion a r  a pa r t  of tb Plwahare 

program. Only a brief  r u ~ ~ ~ r y  of the ~ e o l o g y  a d  dercr ip t ion  of thc 

mined area. i r  given i n  t h i r  report .  Detail4 can be ob ta imd f r m  

r epo r t r  on Pro jec t  C n o g  (U. S. Geol. Survey, 1962). 

The C n w  r l u f t  uar  runk t o  a depth of 1,202 fee t .  
The a h f t  

La c i r c u l a r  i n  plan, bar an  i n a i r  d i u t e r  of 10 f ee t ,  and i a  lined 

v i t h  reinforced concrete  t o  a depth of 722 fee t .  
It penetrated about 

200 f ee t  of a u r f i c i a l  and P l e i r t o c e ~  depor i t r  a11d 1,000 &st of 

P e n i u  rock.. T b  top of tb ra1t  i r  about 650 f e e t  b e l w  the co l l a r  1 

T b  C n o r  r l u f t  var  abandoned and realad by the AEC i n  Novhbar 

1968. The d e c a i r r i o n i n g  of the  r b f t  war done under the rurvei l lance 

of Repoldm E l e c t r i c a l  W Eng iqe r ing  Co. and i r  reported on by Tappan 

and Lorenr (1969). A 1 1  u t e r i a i r  giving a contact  rad ia t ion  dore r a t e  

of wre than 0.1 mil l i roentgenr per hour w r e  rewved f r a  the rurface 

and placed i n  t b ~  r h a f t  b r  f lurhed a r  a b r i m  r l u r r y  d w n  a d r i l l  hole 

t ha t  i n t e r r ec t ed  OM of the d r i f t r .  

of th rha f t .  Ttm b o t t m  of the rha f t  i r  i n  r a l t  about 550 f e e t  ba lm  i 
tb top  of tb Salu to  Formt ion .  Rock. e q o r e d  i n  tho abaft  a r e  r h w n  



Tablo 5.--Rockr ornored i n  tho C n o r  rhaf t  

I I I M ~ t b  bolow(Thickmr~ 

h p o r  i t o  1 rand I I I 

Lithology 

1 Uncoorolidatod ' 

I Douy Lake Podkdr  Thin-baddod I P o d a n  1 9 1 . 2  ( 202.1 
r i l t r t o m  

Bolocaw 

(irtuau Tonvt ion 

Chiaf l y  
wprum and 
anhydrito 

I 

Friable iand- 
a tom and 
c o n g l w r a t o  

Mgonta D o l d t a  S i l t y  d o l a i t o  . ... do.. . . . . . . 361.3-382.2 
w d r  I I I 

k r f a c o  
(faot) 
0-43 

t a u t i r k  wmbrr Chiofly . . . .do. . . . . . . . 382.3-495.5 
anhydrito 
and gypam 

(foot) 

43.0 

Culabra D o l d t c  
m.kr 

chiofly clay 
and r i l t  u i t h  
rou m o r r r  
and aohydrit. 

.... do........ 

.... do........ 

Upper loacbd  Chiof l y  clay- .... do.... .... 651.2-709.3 

u d m r  a t o m  and 
r i l t r t o m  

T b  rhaf t  contailu contadluted  m t a l  rcrap, OM drrp  truck, four . , . , - *  
m i n  carr ,  a hoi r t  un-caga,  mQ variour o t h r  n t r r i a l r ,  i a e l u d i ~ ~ g  a 

conridorable amount of cont.riautod r o i l  and r a l t  ruck. Tho report doer 

not r t a t r  hw f a r  up tb O b f t  tb con tu i lu tod  n t o r i a l r  oxtond. Uncon- 

tamtautad r o i l  war placrd i n  tho uppor part  of tho rhaf t  t o  within 5 feat  

of tb rurfaco, a d  a p r r u m n t  plug war formd by f i l l i n g  tb l a r t  

5 f aa t  u i t h  concroto. 

Unloacbd Salad0 
t o n r t i o n  

I 

I n  addition, a11 t o r t  d r i l l  holer w r o  pluggod with comnt t o  tho 

top of tho 8.18do. 

Boc.uro of tb conditioan tha t  pow ox i r t  at  tb r h f t ,  t b ' C n o r  

rhaf t  or d r i f t 8  probably cannot bo rafoly a n d ~ o c o n a i c r l l y  r o h b i l i t a -  

tad. 

solution ntninu ac t iv i t io r  

Fb KM8.r City Torting Laboratory wr tb f i r r t  of m o  capanlor  

t o  conduct o tp . tLrn ta1  ro lut ion mining projactr  i n  tho car1rb.d .roo. 

ihir rxporLrnta1 projoct involvod rttomptr t o  oatabl i rh  a coluwction 

k t u o n  two baroh0108 about 200 fea t  apart i n  tho YY 1/4 aoc. 22, 

T. 20 S., 1. 29 1. T b  project  war r tar tod during tb la to  1940'8 and 

o n b d  during t b  1950'8. 

i 
~nhydr i to ,  
polyhalit., and 
r i l t a t o o .  

Chiofly impure- 
ha l i to  rock 
with rou 

During tb dd-1960'8 C o n t i ~ n t a l  O i l  Co. conductrd an oxpor- 

L r n t a l  aolution mining projoct i n  tb Culrbad a r m  (mvir  and Shock, 

1970). Tour t o r t  holor u r o  d r i l l e d  i n  th 8Y 1/4 roc. 12, T. 19 8., 

P. 30 K., about 3 1/2 d l 0 8  mart of tb Southwart Potarh Co. r b f t .  

.... do........ 709.3-1,202 492.7 



T b  d r i l l i n g  p a t t e r n  was i n  t h e  s h a p  of an e q u i l a t e r a l  t r i a n g l e  

wi th  a f o u r t h  hole  i n  t h e  cen te r ,  200 f e e t  f r m  the  apex wells .  The 

wel l s  were d r i l l e d  t o  a depth of 1,150 f e e t  and were c o ~ p l e t e d  i n  the  

"Third1' o r e  zone of tb Salado Formation. Subrurface connection8 b e t w a n  

well8 w r a  e r t a b l i r h e d  by hydraul ic  f r a c t u r i n g  f r m  tb c e n t e r  o r  in-  

j e c t i o n  well.  

During t h e  l i f e  of t h e  e x p e r i r n t  a n  e l l i p t i c a l  cav i ty  280 f e e t  

long and about 80 f e e t  wide a t  i t 8  b r a d e a t  p a r t  and 5-10 f e e t  deep 

war formed. About 175,000 cubic f e e t  of r a l t 8  were removed. T b  r b p e  

a d  r i s e  of t h e  c a v i t y  war determined by a ronar rurvey. 

Ttm well8 were cared and cemanted i n t o  tb top of  t h e  Salado t o  

prevent water  f r m  tho  m a r - r u r f a c e  aqu i fe r  en te r ing  t h e  hob.. Pre- 

r u r b l y  there  hole8 were plugged wi th  cemant when tha  pro jec t  v.8 

completed. 

OIL A t m  GAS PRaoucT.IoN 

O i l  war f i r r t  produced i n  Eddy County, N. Ibx.,  f r m  tha farour  

A r t e r i a  pool which war dircovered i n  $924. Since tbt t i r  t b r e  b r  

h e n  a r t eady  increare  i n  tha  production of o i l  and gar i n  routh- 

e a r t e r n  H.w m x i c o .  Tha o i l  and gar f i e l d r  i n  Eddy and h a  Countier 
- - 

a r e  t h e  . o a t  productive i n  New Ibxico. A8 of 1966, t h e  f i e l d r  i n  

Eddy County h d  produced almort 197,000,000 bbls  ( b a r r e l r )  of o i l  and 

112,000,000 )(CP (thourand cubic f e e t )  of gar. T b  production f r m  Is. 

County war about 1,700,000,000 bblr  of o i l  and 2,6W,000,000 llCF of B.8. 

Lma County, with more than 60 percent of the t o t a l  o i l  and gar 8ale8 

i n  the  S t a t e ,  rank8 f i r r t  among a11 counties  i n  the  United S t a t e r  i n  

t h e  value of hydrocarbon production. The producing w l l a  a r e  concentrated 

i n  a n  a r c r u t e  b e l t  th t  i n  general  r e f l e c t a  tha p o r i t i o n  of the  buried 
I 

ree f  tht  mark8 tha t r a n r i t i o n  zone between tha Delaware bar in  and the  1 

northvart  r b l f  a r e a  and tha c e n t r a l  bar in  platform. i 
T h  mrt productive o i l  and gar zone8 a r e  i n  the  Permian rock8 

ly ing  h l w  tho C a r t i l a  Formation. Hwever, 8- production ha8 c r m  

f r m  upper, r idd le ,  and louar  Paleosoic r t r a t a  i n  tha ea r te rn ,  w r t e r n ,  

and n o r t b a r t e r n  p a r t  of the  area.  TIm producing soma f o r  the  o i l  and 

gar pool8 i n  Eddy and &a Countier a r e  rhovn i n  t a b l e  6. 

Production i n  tha v i c i n i t y  of Carlrbad i r  mortly f r m  rock8 of 

G r u b l u p i a n  age, p a r t i c u l a r l y  tb Grayburg and San Andrea F o r u t i o l u ,  

f r m  tb rock8 of b o n a r d i a n  and W o l f c w i a n  age, and f r m  rock8 of 

Penaoylvanian age. Tha d i r t r i b u t i o n  of well8 and developed o i l  and 

gar f i e l d r  a8 of 1964 a r e  rhaun on f i g u r e s  18 and 19. I n  general,  the 

wl l r  near tb wart m r g i n  of the  Delaware b a r i n  a r e  8,000-10,000 f e e t  

deep, m a t  of thcue i n  t h e  v i c i n i t y  of th potarh miner a r e  f r m  1,500 

t o  3,000 f e e t  deep, and many well# a r e  more t h n  3,000 f e e t  deep. In 

tha more c e n t r a l  and e a r t e r n  par t  of t h e  barin,  tha d e p t b  of t b  well. 

m n e r a l l y  a r e  4,000-14,000 f e e t .  Tha deepest wel l  i n  the m l a v a r e  barin,  

d r i l l e d  21,275 f e e t  t o  barersnt ,  encountered large re re rver  of gar con- 

denrate  i n  revera l  sonor and probably i r  tho f i r r t  of u n y  wildcat8 tha t  

v i l l  be d r i l l e d  i n  tha r e l a t i v e l y  unexplored deeper part8 of the barin.  





Southeartern New Hexico i m  now a well-ertablirhed o i l -  a d  

gar-producing area.  The p m r a l  geology i s  well knwn, but umxplored 

la rge  area. r t i l l  r a m i n .  Th. rearch fo r  r t ra t igraphic  t rapr  and 

favorable r t r uc tu re r  i n  tha deeper part. of t he  Delauare bar in  undoubted- 

l y  v i l l  r e r u l t  i n  tho dircovety of now f i e ld r .  Tha area v i l l  probably 

cont imv t o  b. one of tha moat ac t ive ly  explored &rear i n  tha m t i o n  

b c a u r e  of tb high ruccerr  r a t i o .  

CONCUJS IOUS 

T b t  par t  of tho Carlabad p o t u h  area i n  Tpr. 21, 22, 23, 

and 24 S., Ro. 31 and 32 E., b r  the lawert denoity of d r i l l  holeo 

f o r  p o t u h ,  o i l ,  and gar, i o  farthemt f r m  tb di r ro lu t i on  f ron t  i n  

tb r a l t  r e c t i o n , . b r  a rub r t an t i a l  thicknorm of coarol idated cover 

abwe  tb ralt rect ion,  and contai lu tho mximm th i ckmr r  of Salad0 

F o r i t i o n  ralt at  rearomble  depthr belaw tho rurface. S o u  of tb 

mimd-out potarh m i n e r  r y  p r w i d e  ureful  rtorage. 
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