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ABSTRACT 

The Delaware baain of west Texas and southeast New 

Mexico i s  roughly pear-snaped with a northweat-southeast 
'. 

length of about 140 miles and a width of 100 miles in the 

northnest tapering t o  60 miles i n  the eoutheaat--an area , 

of about 10,000 square a i l es .  In l a t e  Permian t i m e  the 

basin wae eesentially encircled by a carbonate depoait ionrj  

environment o r  reef zone. 

The U p p e r  Permfan evaporite complex within the  Delawam 

basin consists of Casti le,  Salado, and Ruetler Ponnatians. 

The Cast i le  Formation contains laminated calcareous anhy- 

bite, hal i t e ,  and limestone. The Caeti le Pornration was 

subdivided i n t o  aeven unite: Anhydrite I, Halite I, Anhy- 

d r i t e  11, Eal i t e  11, Anhydrite 111, Anhydrite N, and 

Anhydrite V. The lowest four uni te  can be traced w e r  hrrr 

th i rds  of the  basin. The upper three uni t s  can only k 

different ia ted i n  the  eastern par t  of the  basin. TLe Bdlado 

Poxmation coneiste of ha l i t e  and anhydrite w i t h  &or c k  

tic., mgneeite,  and potassium minerals i n  the north and 

e a s t  par ts  of the  basin. I n  the  south and west par ts  of 

the  basin, the  Salado consists mainly of aPtlydrite, doloniter 

and claet ics .  The Rustler Pormation contains anhydrita, 

d o l d t e ,  c lae t i cs ,  and hal i te .  

Cast i le  and Salado rocks have sMlar features  h-- 

preted a s  l a r g e s c a l e  cyc1.i~ trende superimpoeed upon s e a m a 1  

fluctoationa. Laminations i n  the  Cas t i l e  anhydrite r8preSUkt 



seasona l  f l u c t u a t i o n s ,  whereas l a r g e r  c y c l i c  t r e n d s  can  be 

g e n e r a l i z e d  a s  s u l f a t e - c h l o r i d e  success ions  dur ing  C a s t i i e  

and Salado depos i t ion .  C las t i c -anhydr i t e  and dolomite  suc- 

c e s s i o n s  i n  Rus t l e r  rocks  may be a con t inua t ion  of t h e  l a rge -  

s c a l e  cyc les .  Assuming t h a t  l ~ i n a t i o n s  i n  t h e  C a s t i l e  and 

Salado Formations a r e  annual,  C a s t i l e  time l a s t &  about  

260,000 y e a r s  and Salado t i n e  about 150,000 years .  Ana lys i s  

of l a r g e - s c a l e  c y c l e s  througlmut Guadalupe and Ochoa S e r i e s  

rocks  suppor t s  the concept  of t r a n s g r e s s i o n  and r e g r e s s i o n  

o f  s e a s  wi th  concur ren t  deepening and shallowing o f  basin 

water.  

P r i o r  t o  e v a p o r i t e  depos i t ion ,  environmental c o n d i t i o n s  

favored r e e f  growth surrounding t h e  Delaware basin .  The r e e f ,  

ir. t u r n ,  affecteci  t h e  physiographic  s e t t i n g  of t h e  west Texan 

a r e a  producing a lagoon, t h e  Delaware s e a ,  w i t h i n  t h e  enc i r -  

c l i n g  r e e f .  Lagoonal c o n d i t i o ~ a  were a l s o  p r e v a l e n t  landward 

from t h e  r e e f ,  t h e  so -ca l l ed  .back-reef' a r e a s .  High evapo- 

r a t i o n  r a t e  wi th  long-continued supply o f  ocean water  gave 

rise to t h e  sequence of anhy&ire  iuld h a l i t e  o f  t h e  C a s t i l e .  

S u l f a t e - r i c h  waters  may have e n t e r e d  t h e  Delaware b a s i n  from 

t h e  i l ia land b a s i n  through i n l e t s  breaching t h e  r e e f .  During 

Salado and Rus t l e r  t ime,  e v a p o r i t e 8  were depos i t ed  o v e r  the 

a r e a  comprised of t h e  Delaware bas in ,  t h e  Midland b a s i n ,  and 

t h e  C e n t r a l  Basin platform. 

Tectonic  f e a t u r e s  wi th in  t h e  Delaware bas in  are t h e  

i n t r a b a s i n  e h e l f ,  t h e  i n t r a b a s i n  slielf  margin, and t h e  Ochoa 

trough. The i n t r a b a s i n  s h e l f  was a s lowly subs id ing  a r e a  in 



t h e  western  p a r t  o f  t h e  bas in .  The i n t r a b a s i n  s h e l f  margin 

appea r s  t o  have been an  a r e a  i n f l u e n c e u  by t h e  Huapache f l e x -  

ure i n  t h e  nor thwestern  p a r t  of t h e  b a s i n  and by t h e  e a s t e r n  

f l a n k  of  t h e  Toyah u p l i f t  i n  t h e  e a s t e r n  and s o u t h e a s t e r n  

p a r t s  o f  t h e  bas in .  The Ochoa t rough  was a more r a p i d l y  

s u b s i d i n g  Jrca between t h e  i n t r a b a s i n  s h e l f  and the C e n t r a l  

Basin p la t form.  

The d i s t r i b u t i o n  o f  h a i i t e  may r e f l e c t  t e c t o n i s m  d u r i n g  

C a s t i l e  time. L i t t l e  t o  no h a l i t e  is foumi on t h e  i n t r a -  

b a s i n  s h e l f ,  w h i l e  t h i c k  h a l i t e  beds are found i n  t h e  Whoa 

t rough.  H a l i t e  u n i t s  o f  t h e  C a s t i l e  Formation may have over-  

lapped t o  t h e  s o u t h  due t o  d i f f e r e n t i a l  subs idence  or . t i l t i n g m  

southward o f  the Ochoa t rough.  A r e v e r s a l  o f  t h i s  t i l t i n g  

occur-r=.d in Salado time. 

Evidence o f  l o c a l  mcvement i n  C a s t i l e  u n i t s  is abundant.  

Four d e l s  are ana lyze6  to accoun t  f o r  s a l t  s t r u c t u r e s  

found: 1. s a l t  movement contemporaneous w i t h  deposi t ion--  

"down b u i l d i n g *  ; 2. p o s t - d e p o s i t i o n a l  h a l i t e  piercemenkt 

3. p o s t - d e p o s i t i o n a l  l a t e r a l  movement o f  upper h a l i t e  ovsf 

lower h a l i t e  s t o c k ,  dome, o r  a n t i c l i n e ;  and 4.  g r a v i t y  f l o w  

o f  upper h a l i t e  o v e r  a  l o v e r  h a l i t e  s t r u c t u r e - - " a n t i c l i n e  o n  

a n t i c l i n e . "  Tec ton ic" t r igge r ingn  i s  sugges ted  as t h e  -jot 

cause  o f  C a s t i l e  h a l i t e  movement. Regional  movement re- 

s u l t i n g  i n  s t r u c t u r e s  similar to  " s a l t  p i l l ~ ~ s "  or "salt 

s t o c k s m  is b e l i e v e d  to have occur red  i n  t h e  n o r t h e a s t  part 

o f  t h e  Delaware b a s i n  i n  Lea County, New Mexico. 



INTRODUCTION 

P5:rpose and Scope 

The purpose of t h i s  inves t iga t io r .  i s  t o  de sc r i be  and 

i n t e r p r e t  t h e  Upper Pernian Castile-Salacio-Rustler evapo r i t e  

sequence and assoc ia ted  t e c t o n i c s  of t h e  Delaware bas in ,  

w e s t  Texas and southeas t  Nec; Mexico. Previous s t r a t i g r a p h i c  

and sedimentat ional  s tuir ies  of t h e  Upper Permian evapo r i t e  

sequence i n  t h e  Delaware bas in  inc iuae :  Udden, 1924; Lang, 

1935, 1937, 1938, and 1939; Mams, 1944; R. B. King, 1947; 

and C. L. Jones, 1354. S t r u c t u r a l  s t u d i e s  inc lude  those  by 

Kroenlein, 1939, and H i l l s ,  1942. The evapor i te  s t r a t i g r a p h i c  

record i s  s tud ied  here  t o  analyze bas in  developnent contem- 

poraneous with sedimentation. It is  pos s ib l e  t o  analyze t h e  

s t r u c t u r a l  behavior of t h e  Delaware bas in  dur ing  Upper Permian 

evapo r i t e  depos i t ion  because; f i r s t ,  t h e  s t r a t i g r a p h i c  record  

is almost complete i n  a r ea s  wi th in  t h e  bas in ;  and second, the 

sequence of evapor i tes ,  e s p e c i a l l y  i n  the C a s t i l e  Formation, 

i s  r e l a t i v e l y  simple and can be c o r r e l a t e d  r ead i l y .  

To achieve t h e  purpose of  t e c t o n i c  ana ly s i s ,  t h e  Cas- 

t i l e  Fornation is  descr ibed  i n  d e t a i l .  Lesser emphasis is 

place6 on t h e  Salado and Rus t le r  Formations, inasmuch as 

f a c i e s  changes wi th in  these  formations add many l o c a l  corn- 

p l e x i t i e s  t o  r eg iona l  t e c ton i c  pa t t e rn s .  The Rus t l e r  i s  

considered as one u n i t ,  whereas t h e  Salado i s  subdivided i n t o  

t h r e e  p a r t s  an6 co r r e l a t ed  over  t h e  bas in  where poss ib le .  

Emphasis here  i s  a l s o  placed upon t h e  c y c l i c  a spec t s  of the 

4 



rocks descr ibed.  I n v e s t i g a t i o n  of t h e  c y c l i c  a s p e c t s  o f  t h e  

Guadalupe S e r i e s  rocks ,  which precede C a s t i l e  d e p o s i t i o n ,  and 

Salado Formation rocks ,  which o v e r l i e  t h e  C a s t i l e ,  was stimu- 

l a t e d  a f t e r  reading Ubcien's (1924) s tudy  of t h e  remarkably 

long and c l e a r  record o f  c y c l i c  sea imenta t ion  i n  t h e  laminated 

a n h y a r i t e  of  t h e  C a s t i l e  Tormation. Udden (1928,  g .  58) 

I f u r t h e r  emphasized t h e  va lue  of c y c l i c  s t u e i e s  a s  fol lows:  

'A most impor tan t  element i n  h i s t o r y  is 
t ime,  and n o t  on ly  r e l a t i v e  t i r~ le  b u t  t i m e  i n  
c y c l e s  and per iods  of Iino[in dura t ion .  I an 
convinced t h a t  we make a n i s t a k e  i f  we s a y  that 
anytning iess than  t h i s  should be looked f o r .  
Not t h a t  I b e l i e v e  t h a t  we can e v e r  a t t a i n  t o  
measuring t h e  number of y e a r s  o r  l a r g e r  t ime  
u n i t s  i n  geology, b u t  we ought  t o  come nuch 
n e a r e r  t o  acccir;lplishing t h i s  than  we a r e  a t  the 
p r e s e n t  t i n e .  Be can hard ly  c l a i m  t o  y e t  have 
made a beginning i n  t h i s  l i n e  of research. '  

I This  s tudy  is the f i r s t  i n  a s e r i e s  t o  be aone on the 
I 

I e v a p o r i t e  sequence i n  t h e  Univers i ty  of NecJ Mexico Geology 

I 
Department toward e s t a b l i s h i n g  c y c l i c  t r e n d s  and paleo- 

1 c l i m a t i c  c o n d i t i o n s  i n  l a t e  Permian time. 

1 Geography 

The Delaware b a s i n  l i e s  i n  s o u t h e a s t e r n  Eddy an8 south-  

e r n  Lea Count ies ,  New Mexico, an6 i n  nor thern  and e a s t e r n  

Culberson, Reeves, Loving, western Ward, western Winkler? 

and northwestern Pecos Count ies ,  Texas (Figs .  1 and 2) .  

The a r e a  is roughly e l l i p t i c a l  i n  o u t l i n e  w i t h  t h e  major 

a x i s  running northwest-southeast  about  140 miles from north-  

west of Carlsbad,  New Mexico, toward Pecos and P o r t  Stockton,  

Texas. The Delaware b a s i n  covers  e n  a r e a  of  about  10,000 







square miles  i n  t h e  southern p a r t  of t h e  Pecos P l a i n s  or Pecos 

Valley of t h e  Great  P l a in s  physiographic  province (P. B. King, 

1937, p. 2-5; Ogilbee and Wesselman, 1962, p. 10-13; and I 

Penneman and Johnson, 1946) (Fig. 2) I 

The basin i s  bounded on t h e  south by t h e  Glass ,  Barilla, 

and Davis Siountains of t h e  Eastern Eorder Ranges of  the 

Mexican Highland Province, and on t h e  v e s t  and southwest by 

t h e  Guadalupe, Delaware, and Apache Mountains of t h e  Basin 

and Range Province. The o r i g i n a l  Delaware bas in ,  however, 

probably extended westward a s  f a r  a s  S i e r r a  Diablo i n  t h e  

p r e sen t  Basin and Range Province. Re l ie f  w i th in  most o f  the 

Delaware ba s in  a r ea  i s  low t o  moderate, with a l t i t u d e s  ranging 

from about 2350 f e e t  near  t h e  Pecos River i n  Pecos County, 

Texas, t o  more than  3300 f e e t  i n  Lea County, New Mexico; 

Guadalupe Peak, 8751 f e e t ,  i s  t h e  h ighes t  po in t  i n  the region.  

Geologic Concepts and S e t t i n g  

The de l i nea t i on  of t h e  geo log i ca l  provinces  i n  west 

Texas and sou theas t  New Mexico s t a r t e d  with t h e  s tudy  of t h e  

l imestones and dolomites  exposed i n  t h e  Guadalupe, Apache, 

Davis, and Glass  Mountains and S i e r r a  ~ i a b 1 o . l  These rocks 

were recognized a s  Permian i n  age and l a t e r  pos tu l a t ed  to  be 

of reef  o r i g i n  based on t h e  f o s s i l s  found. The geomorphology 

of t h e  reg ion ,  Trans-Pecos Texas and environs,  was s tud i ed  

&?rl t h e  a r ea  t o  t h e  e a s t  and no r th  of t h e  mountains recog- 

Docunented accounts  of geo log i ca l  work i n  t h e  Trans-Pecos 
a rea  are given by P. B. King (1948) and J. M. H i l l s  (1955). 



nized a s  a topogra?hic f e a t u r e ,  t h e  Toyah Dzsin. Shallow 1 ~ 1  
a r i l l i n g  i n t o  Permim s t r a t a  encountered r e g i o n t l l y  s h i l a r  i I 
l i t h o l o g i c  a r ea s .  i u e a s  made up prec?or.unantly of l i n e s t o n e  I 

i n  subsurface were i n t e r p r e t e d  as r e s m b l i n g  t h e  a r e a s  o f  

exposed carbonate  rocks of t h e  Guadalupe I4ountains and the 

S i e r r a  Diablo p l a t f o m .  These l i ne s tone  a r e a s  vcre named 

t h e  Carlsbad s h e l f ,  Cen t r a l  Basin p l a t f o m ,  and Eas te rn  

s h e l f .  I n  one of t h e  f i r s t  s t r u c t u r a l  ana lyses  Bybee (1931) 

compared t he se  l i n~es tone  a r e a s  wi th  t h e  l imestones i n  'block- 

f au l t ed"  Frankl in  Hountains, Hueco Mountains, and Diablo 

Plateau.  The non-linestone a r e a s  were i n t e r p r e t e d  by Bybea 

a s  s i m i l a r  t o  t h e  down-faulted t roughs,  Hueco Bolson and S a l t  

F l a t ,  i n  extreme west Texas. The a r e a s  between l imes tone  

' .blocksw were found t o  conta in  Permian evapo r i t e s  and were 

named t h e  Delaware bas in  i n  the west between t h e  Guadalupe 

Mountains and t h e  Cen t r a l  Basin p la t fc rm and t h e  Uain Permian 

bas in  (Midland bas in)  i n  t h e  e a s t  between the Cen t r a l  Basin 

p la t form and t h e  Easrern she l f .  F i n a l l y ,  d r i l l i n g  to  grea t -  

dep ths  l e d  t o  s t r a t i g r a p h i c  a x  basement igneous and meta- 

morphic rock s t ud i e s .  Resu l t s  s h u t  t h e  Delawaxe and Midland 

bas ins  to have been subs id ing  a r ea s  i n  which nore  sediments  

accumulated, e s p e c i a l l y  i n  Permian time, t han  on t h e  sur- 

rounding she lve s  or platforms.  

The Delaware ba s in  of sou thea s t  New Mexico and w e s t  

Texas i s  a t e c t o n i c  and l i t h o l o g i c  province of t h e  F e d a n  

ba s in ,  an a r e a  w i t h i c  t h e  United S t a t e s  con ta in ing  Permian 

sediments extending from Kansas i n  t h e  no r th  t o  the Texas- 



Mexican boundary i n  the  south. The southern end of t h e  Permian 

basin has been subdivided i n t o  schematic geological  provinces 

based upon tec tonic  ani l i t ho log ic  differences.  The Delaware, 

Midland, Val Verde, Marfa, and Tatunl basins a r e  areas  con- 

ta in ing r e l a t i v e l y  thick sections of Paleozoic rocks compared 

with the  s h e l f ,  u p l i f t ,  and p la t f  brm areas  (Fig. 1). The 

Val Verde and Marfa basins have undergone post-Permian u p l i f t  

and erosion which str ipped off  the  s t r a t a  of i n t e r e s t  i n  this 

study; therefore ,  these basins a r e  outs ide  the  scope of this 

study except f o r  t h e  tectonic trends shown i n  these  a reas  

t h a t  have a l s o  influenced sedimentation and tectonism i n  the 

Delaware basin. 

The s h e l f ,  u p l i f t ,  and platform areas ,  i n  addi t ion  to 

being l e s s  negative tec tonica l ly ,  a r e  a l s o  d i f f e r e n t  l i t h e  

logica l ly .  The S ie r ra  Ciablo platform, t h e  Central  Basin 

p l a t f o m ,  and the  Eastern shel f  a r e  ch ie f ly  limestone a reas  

(Bybee, 1931). The Carlsbad shelf  has limestone, anhydrite, 

and c l a s t i c s  i n  Upper Permian rocks but  r e l a t i v e l y  l i t t l e  

s a l t  below t h e  s a l t s  of the Salado Formation. 

The Delaware basin i s  out l ined to t h e  south by the 

limestone-dolomite rocks of Upper Permian age i n  the  Glass, 

Davis, and Apache biountains, and t o  the  west by the  limestone- 

dolomite rocks of Upper Permian age i n  t h e  Guadalupe Mountains 

and S ie r ra  Diablo. The subsurface basin margin t o  the  north 

and east cons i s t s  of limestone-dolomite rocks of the  Carlsbad 

shel f  and the  Central  Basin platform (geological provinces are 

shown i n  Pig. 1; physiographic fea tures  in Pig. 2).  
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The Delaware and !.lidland basins show similar sequences 

of marine, clastic, and evaporite racks kut are separated by 

the Central Basin platform, mainly a limestone area. I 
In smation, the Delaware basin, covering an area of 

about 10,000 square miles, is a tectonic anh lithologic 

province outlined in late Pernian time at the basin margin by 

a limestone-dolomite environment, the "Capitan reef frontg, 

and separated from the genetically related flidland balin by 

the Central Basin platform. 

Methods of Study 

With the advent of logging the acoustic properties of 

lithologic units in subsurface about 1957, sonic or acoustic 

logging has been utilized in the Delaware basin for corre- 

lation of formations and lithologic interpretation (West 

Texas GccLogical Society, 1960, p. 93-94). The basic tool 

for this study was the sonic-gamma-ray log (Sonic Log, 

Acoustic Log, Continuous Veldcity Log or CVL, Acoustilog). 

Figure 3 gives sonic-gamma-ray an& gamma-ray logs showing 

correlations and lithologic interpretations of lwer Castile 

anhydrite-halite units. Other data available were generalized 

stratigraphic sections £ran twelve oil fields in the Delaware 

basin (Herald, 1957), scout ticket information (Brooks, 1964), 

sample logs, and cross-sections. Gamma-ray, neutron, el- 

tric, caliper, and density (gamma-gamma) logs were used to 

supplement sonic-gaunna-ray log data. The general eonic Md 

gammalay properties were derived by studying tho logs in 
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a r e a s  where &etr . i lad sariple u e s c r i p t i o n s  were a v a i l a b l e ,  

i . e . ,  saniple l o g  of e v a p o r i t e  sequence vs.  sonic-gamma-ray 

log  (Fig .  4, i n  pocke t ,  Loving-M v s .  Loving-43). Theory 

and a p p l i c a t i o n s  of e l e c t r i c  w e l l  l o g s  a r e  g i v e n  by P i r s o n  

(1963) and Schlu~rrberger Well Surveying Corp. (1958).  

Sonic-gamma-=ay l o g s  f i r s t  were s t u d i e d  from Loving, 

western  Wara, and n o r t ~ i e a s t e r n  Reeves Coun t i e s ,  Texas,  w i t h  

l i t n o l c g i c  c o n t r o l  f r o n  generalizes g e o l o g i c  s e c t i o n s  from 

n i n e  o i l  f i e l d s  i n  t h i s  a r e a .  F u r t h e r  l i t h o l o g i c  c o n t r o l  was 

ma in ta ined  u s i n g  s a u p l e  l o g s  f r o n  Lang (1935, 19391, f r o n  

Aaaru (1944) , and from c r o s s  s e c t i o n s  cf t h e  West Texas 

Geo log ica l  S o c i e t y  (1949).  During t h e  s t u d y ,  l o g s  were con- 

s t a n t l y  checkeci a g a i n s t  c r o s s  sections, s c o u t  i n f o r m a t i o n ,  

aria g e n e r a l i z e d  s t r a t i g r a p h i c  s e c t i o n s .  

The p h y s i c a l  p r o p e r t i e s  shown 0x1 a  s o n i c - g m a - r a y  log 

a r e  t h e  i n t e r v 3 l  t r a n s i t  t i n e ,  t h e  r e c i p r o c a l  o f  t h e  ve lo -  

c i t y  o f  energy t r ansmiss ion  th rough  t i le rock ,  anu t h e  ganua- 

r a y  count .  C h a r a c t e r i s t i c  i n t e r v a l  t r a n s i t  t i m e s  and ve lo -  

c i t i e s  f o r  t h e  rocks  i n  t i le  Delaware b a s i n  are: 

I n t e r v a l  T r a n s i t  
S o l i a  itock 'Type - Time ( i n  u  s e c / f t )  

Halite G6-70 15,000f 

Anhydr i te  , i n  Castile 49-53 20,000+ 

Anilydrite an& gypsum, 
o t h e r  53-58 

Limes t o n e  and do lomi te  40-45 21,000-26,000 

Sandstone,  s i l t s t o n e ,  
an& s h a l e  63-167+ 6,000-16,000 



The c h a r a c t e r i s t i c  v e l o c i t i e s  shown are f o r  a  rock with. v e r y  

low p o r o s i t y  and l i t t l e  i n t e r s t i t i a l  f l u i d .  V e l o c i t y  o f  a 

rock g e n e r a l l y  w i l l  d e c r e a s e  wi th  an i n c r e a s e  o f  p o r o s i t y  and 

f lu i i r  c o n t e n t  s i n c e  v e l o c i t i e s  o f  f l u i d s  a r e  s i g n i f i c a n t l y  

lower than  t h o s e  o f  rocks .  For exanple ,  t h e  v e l o c i t i e s  (V) 

o f  some f l u i d s  and g a s  (P i r son ,  1SG3, p. 227) are: 

V water -- 5000 f t / s e c  from 0-2000 f t  i n  d e p t h  

5200 f t / s e c  from 2000-4000 f t  i n  d e p t h  

5400 f t / s e c  from 4000-6000 f t  i n  d e p t h  

V o i l  -- 4300 f t / s e c  and v a r i e s  w i t h  t h e  t y p e  o f  o i l  

V gas  -- 1200 f t / s e c  and v a r i e s  most ly  wi th  p r e s s u r e  
and t empera tu re  

V s a l t  water  is 10 t o  20 p e r c e n t  g r e a t e r  t h a n  V f r e s h  
water. 

Xinor v a r i a t i o n s  i n  s o n i c  c u r v e s  a r e  mainly  due  t o  v e l o c i t y  

d i f f e r e n c e s  a t  rock boundar ies ,  t i l t e d  sondes,  an6 d i f f e r -  

e n t i a l  borehole  s i z e ,  producing "horns"  and "cycle-skips"  

F i g .  3 ) .  P i r s c n  (1963, p. 223) noted t h a t  gas -cu t  mud also 

t e n h s  t o  "cyc le  sk ip" .  A newer method o f  s o n i c  logging,  t h e  

BEC (bore-hole compensatec) s o n i c  system, n u l l i f i e s  cyc le -  

s k i p s  a n i  horns. 

Garma-ray curve c h a r a c t e r i s t i c s  a r e  e s p e c i a l l y  u s e f u l  

i n  deterr. l inir~g t h e  Xus t l e r  Forrhlation bounbar ies  ana  l i t h o -  

l o g i c  changes i n  t h e  lower p a r t  of t h e  C a s t i l e  Formation. 

Uni t s  o f  measurement f o r  gamma-ray curves  a r e  t h e  API gamma- 

r a y  u n i t  and micrograms of radiura--equivalent p e r  t o n  

olgn-Ra-eq/ton) . The API garma-ray u n i t  is d e f i n e d  as 1/200 

of t h e  u i f f e r e n c e  i n  l o g  d e f l e c t i o n  between zones  o f  low and 



high r a d i a t i o n  i n  t h e  ganma-ray r a d i a t i o n  p i t  of t h e  Univer- 

s i t y  of tiouston (P i rzan ,  1963, p. l e 0 ) .  One pgm-Ra-&ton 

i s  approximately equ iva l en t  t o  16.5 hPI u n i t s  (P i r son ,  1963, 

0 .  131).  

The Dewey Lake anti T r i a s s i c  redbeds above the Rus t l e r  

Fonaation have a  r e l a t i v e l y  high g a l a - r a y  c o ~ n t ,  wi th  a sha rp  

Ge f l ec t i on  t o  low va lue s  occur r ing  a t  t h e  t o p  of t h e  h ighes t  

Rus t l e r  anhydr i te .  T i e  whole Rus t l e r  Formation s e c t i o n  has  

a c h a z a c t e r i s t i c  gasruca-ray curve (Fig. 4 ,  i n  pocke t ) .  Beneath 

t h e  Rus t l e r ,  t h e  Salado rocks  gene ra l l y  show extremely l o w  

gamma-ray counts  excep t  f o r  potash,  s i l t s t o n e ,  and s h a l e  

l aye r s .  I n  t h e  lower C a s t i l e ,  t h e  gazma-ray counts  f o r  both 

h a l i t e  and anhydr i te  are low (2 t o  25 API u n i t s ) ,  bu t  t h e  

h a l i t e  count  i s  g e n e r a l l y  7 t o  15  API u n i t s  lower than  t h e  

anhyd r i t e  count.  F igure  3 shows c o r r e l a t i o n s  and l i t h o l o g i c  

i n t e r p r e t a t i o n s  i n  t i le lower p a r t  of t h e  C a s t i l e  Formation - 
based upon ganuua-ray curves  from two w e l l s  about 1.5 m i l e s  

a p a r t  i n  Lddy County, New Mexico. I t  s h m l d  be noted t h a t  t h e  

r e l a t i v e  d i f f e r e n c e  of garma-ray counts  r e f l e c t s  t h e  l i tho-  

l o g i c  changes. General range of counts  f o r  two gama-ray 

curves  of Upper Permian rocks  i n  t h e  Delaware b a s i n  f a  

g iven  on t h e  fol lowing page i n  ab so lu t e  u n i t s ;  however, each 

l o g  shows a  d i f f e r e n t  range due t o  d i f f e r e n c e s  i n  s e n s i t i v i t y ,  

c a l i . b r a t i o n ,  and l og  ze ro  r e f e r ence  l i n e  (wel l s  from Pig. 7, 

i n  pocket) .  



Rock Type 

Bal i te ,  lower p a r t  of 
Cas t i l e  Formation 

Gamma- Ray Count 
(API Units) 

Hali te ,  o the r  8-12 12-21 

AnhyC : l t e  

Carbcnates 

C las t i c s  

Potash s a l t s  and bentoni te  75-150+ 85-150+ 

Problems i n  in t e rp re t ing  l i t ho log ic  charac ter  from 

sonic-gamma-ray l q s  are: 

1. A bed must have a minimum thickness before t h e  

c h a r a c t e r i s t i c  ve loc i ty  is reached due t o  the  configurat ion 

of the  rece ivers  i a  the  measuring device. I n  a two-receiver 

Bysten, t h e  bed must have a thickness g rea t e r  than the spac- 

ing between rece ivers ,  i . e . ,  with 3-foot spacing, tho bed8 

must be more than 3 f e e t  thick.  

2.  A c h a r a c t e r i s t i c  ve loc i ty  way be due t o  mixtures of 

seve ra l  minerals and/or f l u i d s  i n  a rock, whereas seve ra l  

combinations of minerals and/or f l u i d s  may g ive  rise t o  tbe 

same veloc i ty .  As an example, an i n t e r  31 t r a n s i t  t ime of 60 

microseconds/foot may be due t o  h a l i t i c  anhydrite, or lime- 

s tone with a ve loc i ty  of 23,000 f t / s ec  with 12 percent  

pcros i ty  f i l l e d  with water,or 50 percent  anhydri te ,  50 per- 

cent  dolomite with.10 percent  poros i ty  f i l l e d  w i t h  

water. 

3. cyc le  skipping i n  p a r t s  of the sec t ion  with t h i n  



marker beds limits correlat ions.  

4. Hole enlargements due t o  excessive so lu t ion  of salt  

o r  t o  caving w i l l  g ive v e l o c i t i e s  lower than normal. 

The s impl ic i ty  of l i thology i n  the  sequence shown by 

the  in tens ive  s t ~ d y  of samples and cores by Adans (13443, t h e  

l a t e r a l  cont inui ty  and uniformity i n  l i thology of u n i t s  

throughout t h e  Delaware basin,  and the  advanced technology 

i n  logging methods have overcome most complications due t0 

t he  problems mentioned. 

Wells used i n  t h i s  study are denoted by county (i.e., 
. . 

Lea-36). Figure 5 ( in  pocket) shows well location6 and l i n e s  

of c ross  sect ion.  Well da t a  are given i n  the  Apperdx and in 

Figure 6 ( i n  pocket). 

Correlat ion Technique 

The following technique f o r  cor re la t ion  was used. F i r s t ,  

sonic-gamma-ray logs of wel l s  near t h e  Pinal  Dome O i l ,  Means 

w e l l  No. 1, were checked agains t  t he  descr ip t ion  of t h e  

R u s t l e r ,  Salado, and Cas t i l e  Formations by Lang (1935, 1939). 

Preliminary observat ions were made on 252 well  logs i n  and 

near the Delaware basin area as  out l ine6  by King (1942). A 

p r e l h i n a r y  t o t a l  evapori te  sequence thickness nap was made. 

Well logs  f o r  380 more wells  were obtained foz areas  that 

had poor well  con t ro l  o r  f o r  a reas  t h a t  showed c r i t i c a l  

va r i a t ions  i n  regional  t rends.  I n  some areas  having dense 

wel l  coverage, such a s  o i l  f ie l i r s  and potash-producing areas ,  

severa l  wel l  logs were obtaineo t o  check l o c a l  var ia t ions .  

Well logs  were then l a i d  out  s ide  by s ide  and the  narker  beb. 



corre la ted .  Generally 15  t o  20 logs were co r r e l a t ed ,  with 

the  l a s t  2 o r  3 being used a s  references f o r  t he  next 15 t o  

20 loge. 

The logs  were s tudied from a reference area i n  Loving 

County, Texas, and Lea County, New Mexico, near t he  P ina l  

Dome well.  After  30 t o  40 wel ls  had been cor re la ted ,  a 

closed t r ave r se  was made t o  t h e  o r i g i n a l  log used (usual ly 

well  log Loving-33). The co r r e l a t i ons  of t he  i n t e rp re t ed  

l i t h o l o g i c  u n i t s  obtained from sonic-gaiia-ray logs were 

checked aga ins t  published descr ip t ions ,  scout - t icke t  t epo r t e ,  

sample logs from publishe6 r epo r t s ,  and publisheci d r i l l e r ' s  

logs. Gamma-ray, gamma-ray-neutron, gamma-ray-electric, and 

e l e c t r i c  logs  were used t o  f i l l  i n  a reas  where sonic-'ganuua- 

ray logs  were not  ava i lab le .  These logs were a l s o  checked 

aga ins t  scout - t icke t  information and sample logs wherever 

possible .  Scout- t icket  i r ~ f o m a t i o n  f o r  many wel l s  has been 

checked aga ins t  f i n a l  map in t e rp re t a t i on ,  such as  Anhydrite 

I thickness i n t e rp re t ed  f ron  t h e  base of t he  lowest s a l t  t o  

t he  top  of t he  Lamar Limestone i,lernber. No major discrepancies  

were found. In  sorue logs,  p a r t  of t he  log contained gamma- 

ray  information only. I f  t he  c h a r a c t e r i s t i c  gamma-ray cukve 

f o r  t he  Rust ler  For.?ation was not  r ead i ly  picked, information 

from published sources was checked. As a l a s t  r e so r t ,  t he  

l e s s  r e l i a b l e  scout - t icke t  information was used. 

L i t t l e  L i f f i c u l t y  was encountered i n  co r r e l a t i ng  marker 

beds wi th in  t he  area of t h e  Delaware basin having well- 

developed sequences of anhydri te  and h a l i t e  i n  t he  C a s t i l e  
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in6 Salado Formations. H a l i t e  marker beds,  such a s  H a l i t e  I, 

Halite 11, h a l i t e  beds i n  Anhydrite I V  and Anhydrite V (Table 

2 and Pig. 41, and anhydr i t e  beds i n  t h e  Salado Formation - 

(Pigs. 7 ,  8 ,  9, and 10) a r e  reaciily t raceab le .  I n  a r e a s  such 

a s  Z u y  and Lea Counties,  N e w  Ilexico, where Anhydrite IV and 

Anhycirite V a r e  not  w e l l  developei ,  t h e  sequence of a n h y d r i t e  

and h a l i t e  becis was checked by c o r r e l a t i n g  t h e  number of 

anhycirite and h a l i t e  beas i n  t h e  C a s t i l e  whi le  read ing  up the 

log ar.d then  by c o r r e l a t i n g  t h e  m.hydrite and h a l i t e  beds i n  

t h e  Salacio whi le  reading dmin t h e  log. I n  most i n s t a n c e s  the 

same c o n t a c t  was reached. When t h e r e  was a discrepancy,  the 

c h a r a c t e r i s t i c  v e l o c i t y  of t h e  C a s t i l e  anhydr i t e  u s u a l l y  

a l loved determinat ion of t h e  Cast i le-Salado con tac t .  I f  no 

conclusive r e s u l t s  from a n a l y s i s  of t h e  sequence o r  v e l o c i t y  

c h a r a c t e r i s t i c s  were reache6,  t h e  gmoa-ray c h a r a c t e r i s t i c s  

were useb. F i n a l l y ,  i f  no o t h e r  metl~od was a v a i l a b l e ,  the 

Castile-Salacio c o n t a c t  was placeu a t  t h e  t o p  of an  a n h y d r i t e  

bed by i n t e r p o l a t i n g  t h e  r e g i o n a l  t r e n d s  from t h e  c l o s e s t  

w e l l  l ogs  ava i lab le .  S i m i l a r l y ,  i n  t h e  c a s e  of t h e  Salado- 

Rus t le r  c o n t a c t  i n  a r e a s  where t h e  Salado and R u s t l e r  have 

s i m i l a r  l i t h o l o g y  i n  a sequence of h a l i t e  beds and i n t e r -  

W d e 6  c l a s t i c s ,  gamma-ray c l i a r a c t e r i s t i c s  and i n t e r p o l a t i o n  

vere  used t o  choose the contacr .  

Terminology 

King (1942, p. 544) descr ibed  t h e  need f o r  terms "to 

express  the environment and s t r u c t u r a l  r e l a t i o n s  a f  t h e  



d i f f e r e n t  p rov inces  of Pe rn ian  time." Ee d e f i n e d  t h e s e  

t e r n s  a s  fo l lows :  

"The p l a c e s  of g r e a t e s t  subs idence  are. . . 
r e f e r r e d  t o  a s  b a s i n  a r e a s ,  and t h e  r o c k s  l a i 6  
down i n   the^ a s  hatring a b a s i n  f a c i e s .  Through- 
o u t  Permian t i n e ,  such p rov inces  had r,iore o r  less 
v e l l  d e f i n e d  edges ,  where t h e  most z b r u p t  changes  
in f a c i e s  took p lace .  These a r e  t e m e d  marg ina l  
a r e a s .  During some, bu t  n o t  a l l  of ~ e r m z a n  time, 
t k e  Geposi ts  l a i d  down i n  t h e  marg ina l  a r e a s  were 
l i ~ e s t o n e  r e e f s .  Plhere t h e s e  a r e  prominent ly  de- 
veloped,  tile margin may b e  termeii t h e  r e e f  zone, 
and t h e  s h e l f  behinc! it t h e  bsck-reef  a rea .  

Beyond t h e  b a s i n s  were r e g i o n s  of less subs id -  
ence, o r ,  from t i se  t o  t i m e ,  o f  a c t u a l  u p l i f t .  
These p rov inces  a r e  r e f e r r e d  t o  a s  s h d f  a r e a s ,  and 
t h e  rocks  l a i d  down i n  them as having s h e l f  f a c i e s .  
Eetween some of t h e  b a s i n s  were r e l a t i v e l y  long,  
narrow s h e l f  a r e a s ,  a p p a r e n t l y  inore a c t i v e  t ec ton-  
i c a l l y  than  t h e  o t h e r  s l le lves .  These a r e  r e f e r r e d  
to a s  p la t fo rms .  S e v e r a l  o f  t h %  b a s i n s  were con- 
nected around t h e  e n a s  of t h e  p l a t f o r m s  by narrow 
& p r e s s i o n s  t h a t  a r e  c a l l e d  channels ."  

One major d i f f i c u l t y  witi i  t h i s  t y p e  of nomenclature is 

t h e t  i n t e r p r e t a t i o n  of environments through t h e  r e g i o n a l  

s t r u c t l r a l  r e l a t i o n s  is n o t  v a l i d  f o r  a l l  u n i t s  w i t h i n  a se- 

quence o f  rocks .  There i s  a need f o r  more d e f i n i t i v e  terms 

to e x p r e s s  s t r i c t l y  s t r u c t u r a l  r e l a t i o n s h i p s  w i t h i n  the 

Delaware b a s i n .  The fo l lowing  terms are used i n  t h i s  work: 

t rough ,  an  e l o n g a t e ,  l i n e a r  o r  a r c u a t e ,  r e g i o n a l  

depress ion ;  

i n t r a b a s i n  s h e l f ,  a r e g i o n  w i t h i n  a b a s i n  o f  less 

subsidence t h a n  a t rough ;  and 

i n t r a b a s i n  s h e l f  margin.  an a r o a  between an i n t r a -  

b a s i n  s h e l f  and a t rough.  
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STRATIGRAPW 

General Statement  

Seve ra l  formations (Table 2 )  of Permian rocks  i n  t h e  

Delaware b a s i n  a r e  important  i n  t h e  c u r r e n t  i nves t i ga t i on .  

The Brushy Canyon, Cherry Canyon, and B e l l  Canyon Formations 

of t h e  Delaware Mountain Group shorr tine c y c l i c a l  p a t t e r n  of  

s ed inen t a t i on  p r i o r  t o  evapo r i t e  depos i t i on  and evidence of 

changes i n  water  depth. The Delaware Mountain Group, a se- 

quence of c l a s t i c  beds wi th  interbedded l imestone,  is bounded 

a t  i t s  base  by an  unconformity and changes , r ap id ly  through a 

s h o r t ,  v e r t i c a l  t r a n s i t i o n  zone t o  t h e  over ly ing  Upper 

Permian evapo r i t e  sequence of t h e  C a s t i l e ,  Salado, and Rus t l e r  

Formations, c o n s i s t i n g  mainly of anhydr i te ,  h a l i t e ,  l imestone,  

and dolomite.  The Dewey Lake Redbeds o v e r l i e  t h e  Rus t l e r  

Formation bu t ,  being i n  sharp  c o n t r a s t  wi th  t h e  e v a p o r i t e  

sequence, a r e  beyond tho  scope of t h i s  work. 

Pa leozoic  rocks i n  t h e  Delaware ba s in  have a t o t a l  

t h i cknes s  of more than  33,000 f e e t  (Table 1 ) .  Rocks repre -  

s e n t i n g  every system i n  t h e  Pa leozoic  are probably p r e sen t .  

Rocks of  t h e  Permian System have a maximum th i cknes s  of about  

19,450 f e e t ,  o r  about  60 pe r cen t  o f  t h e  t o t a l  s ec t i on .  Within 

t h e  Upper Permian S e r i e s  of t h e  Delaware bas in  one f i n d s  one 

of t h e  wor ld ' s  t h i c k e s t  sequences of c y c l i c  e v a p o r i t e  rocks-- 

t h e  Cast i le-Salado-Rust ler  complex--with a maximum th i cknes s  

of 4,682 f e e t  found i n  subsur face  i n  southern Lea County, 

New Mexico. Cyc l i c a l  depos i t i on  is prominently d i sp layed  i n  

2 2 



rocks from the Brushy Canyon Formation of the Delaware Moun- 

tain Group through the Rustler Formation of the Upper Permian 

Series--a thickness of more than 7,700 feet, ahost 40 per- 

cent of the Permian section or about one-fourth of the total 

Paleozoic section. Varve-like laminations are found in 

strata from the Boy? Spring Group, Leonard Series, to the 

Rustler Formation, Ochoa Series, a thickness of rxtre than 

10,000 feet. 

The stratigraphic discussion that follws is divided 

into three parts: 1. Guadalupe Series; 2. Ochoa Series1 

and 3, cyclic aspects and conditions of deposition. The 

second part, the W h o a  Series, contains a general descrip- 

tion of the evaporite rocks, discussions on correlations 

outside and within the Delaware basin, and problems in inter- 

pretation of depositional conditions in addition to formation 

descriptions. 

The Castile Formation is emphasized in this report for 

two reasons; first, the least concentration Of study in the 

past has been on the Castile; ax1 second, the simple litho- 

logic sequence lends itself to a detailed analysis of basin 

development and tectonism during and aftar deposition. Tbe . 

Salado Formation is subdivided into lower, middle, and upper 

units, where possible, for correlation studies and for Zinaly- 

sis of apparent tectonic activity during Salado deposition. 

The Rustler is considered as a unit for correlation and 

tectonic studies. 



Permian 

Table 1. S t r a t i g r a p h i c  t a b l e  of Paleozoic  rocks  of t h e  
Delaware b a z i n ,  west Texas and s o u t h e a s t  New 
Mexico. (I-lodifiea from Ver t rees  and o t h e r s ,  1959.) 

I 

Pennsylvanian 

Thickness  
( i n  f e e t )  

Dewey Lake Reabeds 
~ L s t l e r  Forna t ion  
Salado Formation 
C a s t i l e  Formation 
Delaware 1.lountain Group 

B e l l  Canyon Fm. 
Cherry Canyon PA. 
Brushy Canyon Pm. 

Bone Spring Limestone 

S t r a t i g r a p h i c  u n i t s  System 

Quaternary to 
T r i a s s i c  

rd 

aJ 
a a 

1 Black s h a l e  

S e r i e s  

Ochoa 

Guadalupe 

I Ches te r  13 i s s i s s ipp ian  Kinderhook I 

Strawn 

Atoka 

0-1100k 

0-1100k 

Devonian- 
S i l u r i a n  

Ordovician- 
Cambrian I 1 B l i s s  Formation 

I 
I 

I 
Cherty l imes tone  

(i.1iss.l) 

Hunton Group 

0-600* 

100-225Of 

500-1600f 

Ordovician 

Precambrian I 

0-SOO* 

0-1800* 

I ? ? 

- -- T o t a l  rna~.imum t h i c k n e s s  33,050 
I 

a Prom Cohee, 1960. 
Note: S i n g l e  l i n e s  a z r o s s  column of s t r a t i g r a p h i c  u n i t e  

r e p r e s e n t  probable  r e g i o n a l  unconformities.  I 

Upper 

Midult 

Lower 

Montoya ? c m a t i o n  

Simpson rormat ion 

E l lenburger  Formation 



Table 2. C l a s s i f i c a t i o n  of t h e  format ions  i n  t h e  Delaware 
bas in  a s  used i n  t h i s  r e p o r t .  (Modified from 
P. B. King, 1948, p. 12.)  

R u s t l e r  Formation 

Salado Formation: 
Upper Salado u n i t  
Ibiiddle Salado u n i t  
Lower Salado u n i t  

C a s t i l e  Formation: 
Anhydrite V 
Anhydrite IV 
Anhydrite I11 
H a l i t e  I1 
Anhydrite I1 

B e l l  Canyon Formation: 

ariiar Limestone Member 
nnamed c l a s t i c  u n i t  
cCcmbs Limestone Member 
nnamed c l a s t i c  u n i t  
ader  Limestone Member 
nnan;ed c l a s t i c  u n i t  
i n e r y  Limestone Member 
nnamed c l a s t i c  u n i t  
e g l e r  Limestone Member ----- 

y Canyon Fornation: 
Unnamed c l a s t i c  u n i t  
Manzanita Limestone Member 
Unnamed c l a s t i c  u n i t  
South Wells Limesto::e Hember 
Unnamed c l a s t i c  u n i t  
Getaway Limestone M e m b e r  
Unnamed c l a s t i c  u n i t  

Brushy Canyon Formation 

Bone Spring Lineetone 



Guadalupe S e r i e s  

Li thology 

P. B. Ring (1948) subdividea t h e  Guacalupe S e r i e s  into 

t h r e e  u n i t s :  Brushy Canyon, Cherry Canyon, and B e l l  Canyon 

Formations. These t h r e e  f o r n a t i o n s  make up t h e  Delaware 

Mountain Group i n  t h e  Delaware bas in .  The Guadalupe S e r i e s  

unconfofilably o v e r l i e s  Leonard S e r i e s .  The Ochoa S e r i e s ,  

o r  Upper Permian e v a p o r i t e  seqvence, conformably o v e r l i e s  

t h e  Guadalupe Ser ies .  

I n  t h e  Delaware Hountains, t h e  Delaware Mountain Group 

is about 2,700 t o  3,500 f e e t  t h i c k ,  wi th  each format ion 

about  one-L\ird t h e  th ickness  of t h e  whole s e c t i o n .  The 

Brushy Canyon Formation c o n s i s t s  of massive, yellow o r  brown 

sandstone, c o a r s e r  g ra ined  than  t h e  o t h e r  u n i t s ,  and making 

up ledges  o r  forming caps  of f l a t - topped  mesas. General ly  

buf f ,  f ine-grained,  thin-bebded and l o c a l l y  s h a l y  sanastone 

c rops  o u t  on s l o p e s  between t h e  massive sancistone u n i t s  (King, 

1948, p. 28-29). I n  p l a c e s  t h e r e  a r e  t h i n ,  in te rbeaded  

l a y e r s  of black,  hard,  p l a t y ,  s h a l y  sandst0r.a. Some l e n t i c u -  

lar beds w i t h i n  t h e  massive s q d s t o n e s  c o n t a i n  f u s u l h i d  

tests and, less c c r m n l y ,  abraded c r i n o i d  sterns and. brachio- 

pod a h e l l s  wi th  l i t t le  sandstone matr ix .  

The Cherry Canyon Formation is made up of  sandstone w i t h  

interbedded limestone. The sandstones  of t h e  Cherry Canyon 

occur as beds a few inches  t h i c k ,  wi th  some t h i c k e r  l a y e r e  

and l a y e r s  of hard, p l a t y ,  sha ly  sandstone (King, 1948, p. 34). 

The l imestone beds i n  most o f  t h e  format ion are l e n t i c u l a r ,  



cons i s t ing  i n  p laces  of s o l i d  l imestone u n i t s  100 f e e t  or 

more t h i c k ,  and i n  p l a c e s  of t h i n  l i n e s t o n e  beds, in te rbedded  

with t h i c k e r  l a y e r s  of sandstone. t h e  l imestone e x h i b i t s  

considerable  v a r i e t y  i n  l i t h o l o g i c  c h a r a c t e r  from p l a c e  t o  

place (King, 1948, p. 34) .  Three l imestone members were d i s -  

t ingu ished  by King (1948) : t h e  lower Getaway Limestone Member, 

t h e  n i a c l e  South Wells Limestone Member, and t h e  upper,  more 

p e r s i s t e n t  Manzanita Limestone Member. The Getaway and South 

Wells Limestone tkrnbers a r e  both descr ibed  a s  being in t h e  

lower p a r t  o f  t h e  formation. Of same no te  a r e  c h a r a c t e r i s t i c  

vo lcan ic  a s h  beds t h a t  a r e  i n t e r c a l a t e d  w i t h  l imes tones  i n  

t h e  Manzanita L h a s t o n e  Meuber. These beds a r e  a l t e r e d  

vo lcan ic  a s h  appearing g e n e r a l l y  a s  p a l e  apple-green s i l i c e o u s  

s h a l e s  or c h e r t s ,  and i n  p laces  a r e  waxy, green,  b e n t o n i t i c  

c l a y s .  The vo lcan ic  ash  beds have been i d e n t i f i e d  i n  numer- 

ous w e l l s  d r i l l e d  i n  t h e  Delaware b a s i n  a r e a  down t h e  d i p  to  

t h e  e a s t  of  t h e  outcrops descr ibed  (King, 1948, p. 37). 

The B e l l  Canyon Formation c c n t a i n s  buff-colored and 

extremely f ine -gra ined  sandstone be6s l i k e  t i lose of t h e  

Cherry Canyon. F ive  l i r ~ e s t o n e  nenbers  a r e  d i s t i n g u i s h e d  i n  

t h e  S e l l  Canyon Formation. The Ilecjler, Pinery,  and Rader 

14embers a r e  c l o s e l y  space6 i n  t i le l o v e r  f o u r t h  of t h e  u n i t  

and a r e  separa ted  by s e v e r a l  hundred f e e t  of sanCstone from 

t h e  Lanar l i e d e r  which ie near  t h e  t o p  of  t h e  B e l l  Canyon 

Formation. The McCombs Member i s  about halfway between the 

Rader and t h e  L a a r  anu is the "f laggy l imestone bed" o f  

King (1948, p. 54-57). The l imestones  are t h i n n e r ,  b u t  more 
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persistent, than those in the Cherry Canyon Fornaticn and are 

separatea by sandstones containing a few calcrreous beds. 

The Racier Limestone lkmbcr consists of several layers of 

gray, fossiliferous, granular limestone as much as three feet 

thick, containing numerous rounded pebbles; of interbedded, 

thinner, Cark-gray limestone; and cf an apple-green, silici- 

fied, volcanic ash bed in places as much as two feet thick. 

The other limestone members are generally gray or dark-gray, 

fine-grained, thin-bedded limestone with interbedded shaly 

or platy sandstone. 

Hull (1955) studied the sandstones of the Delaware 

Mountain Group anu noted an arkosic nature of the Delaware 

Mountain sandstone, although several samples of Guadalupian 

sancistone in a narrow belt several miles behind the reef zone 

in the Guadalupe Mountains contained practically no feldspar. 

Ochoa Series 

General Statement 

The Upper Permian evaporite sequence consists of the 

Castile Formation, the Salado Formation, and the Rustler 

Formation. Dewey Lake Redbeds overlying the Rustler Forma- 

tion are the uppermost unit of the Ochoa Series in the 

 ela aware basin. 
The evaporite sequence is nade up of anhydrite, gypsum, 

halite, limestone, and Colomite, with minor amounts of potash 

minerals and clastics. The total evaporite sequence ranges 

in thickness from about 2,000 feet in the outcrop area in 



southern Eddy County, New Mexico, and i n  e a s t e r n  Culberson 

and western Reeves Counties ,  Texas, t o  more than 4,600 f e e t  

i n  t h e  subsur face  e a s t  of t h e  ou tc rop  a r e a  (Fig. 11). The 

sequence main ta ins  a t h i cknes s  g r e a t e r  than 3,000 f e e t  w i th in  

a long, r e l z t i v e l y  narrow a r e a  p a r a l l e l  t o  t h e  no r th  and e a s t  

l i m i t s  of t h e  Delaware bas in  from south-cen t ra l  Eddy County, 

New Mexico, t o  sou thea s t  Reeves ana west Pecos Counties,  

Texas ( t h e  Ochoa ba s in  of Kroenlein,  1939).  This  f e a t u r e ,  

t h e  Ochoa t rough ,  i s  about 26 m i l e s  wide i n  t h e  nor thern  p a r t  

of t h e  ba s in ,  becomes c o n s t r i c t e d  t o  about  15  mi les  i n  south-  

western Ward County, Texas, and t hen  Srotidens t o  about  40  

mi les  i n  t h e  southern p a r t  of t h e  bas in  along t h e  Reeves- 

Pecos county l i n e .  The t h i c k e s t  s e c t i o n s  a r e  found i n  a 

north-south t r e n d ,  8 t o  20 m i l e s  west of t h e  edge of t h e  

Cent ra l  Basin platform.  

S t r a t i g r a p h i c  r e l a t i o n s  and bas in  con f igu ra t i on  are 

i l l u s t r a t e d  i n  north-south and east-west  c r o s s  s e c t i o n s  

(Figs.  7 ,  8 ,  9 ,  and 10,  i n  pocket)  and t h i cknes s  naps  (Figs.  

11 an& 14 t o  24 ,  i n  pocket) .  

Regional Co r r e l a t i on  

RapiC l a t e r a l  changes i n  rock types  a t  t h e  margins of 

t h e  Delaware ba s in  make it d i f f i c u l t  t o  c o r r e l a t e  t h e  Upper 

Permian evapo r i t e s  wi th  equ iva l en t  s t r a t a  a t  t h e  bas in  margin 

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

eroded i n  c r i t i c a l  a r ea s .  Re l a t i ve  amount o f  s t r u c t u r a l  re- 

l i e f  i n  t h e  Guadalupe Mountains due t o  l a t e r  t e c ~ o n i c  f l e x i n g  

versus  t h e  amount due t o  i n i t i a l  d i p  of t h e  s t r a t a  has  n o t  



y e t  been conc lus ive ly  determined. Subsurface c o r r e l a t i o n s  

depend, i n  p a r t ,  upon dens i t y  of wel l  c o n t r o l  and a r e  i n t e r -  

p r e t e a  on t h e  ba s i s  of l i t l ~ o l o g y  a lone ,  inasmuch a s  few 

f o s s i l s  have been repor ted  from t h e  evapo r i t e  rocks. Fusu- 

l i n e s ,  t h e  major index f o s s i l s  from subsurface samples, are 

no t  known i n  Ochoa rocks wi th in  t h e  Delaware ba s in  (R. V. 

Hollingsworth, personal  communication, March, 1965). 

The s tudy  of physico-chemical changes i n  sea wate r  

l ead ing  t o  evapo r i t e  depos i t ion  and i t s  r e l a t i o n s h i p  to 

" r ee f "  growth may lead  t o  r ev i s i on  of  previous co r r e l a t i ons .  

I n t e r p r e t a t i o n  a s  t o  t h e  l a t e r a l  equivalence of  l imestone 

and dolomite  with anhydr i te  and h a l i t e  has  been i n h i b i t e d  

by t h e  f a c t  t h a t  growth of l imestone and dolomite r e e f s  or 

shoa l s  has  been assumed t o  cease  a t  t he  beginning of  anhy- 

d r i t e  depos i t ion .  For example, Grabau (1924, p. 434) and 

Xroenlein (1939, p. 1684) ,  among o t h e r s ,  p rev ious ly  a t t r i b u t e d  

" r ee f  dea thn  t o  concent ra t ion  of b r i n e s  wi th in  a r e s t r i c t e d  

ba s in ;  Grabau f o r  t h e  bryozoan r e e f s  of t h e  Zechstein i n  

Gemany, and Kroenlein f o r  t h e  Capitan r ee f  o f  t h e  Delaware 

basin.  ). 

S t r i k i n g  s i m i l a r i t i e s  e x i s t  between t h e  Upper S i l u r i a n  

Cayugan evapo r i t e s  i n  t h e  ilrichigan an6 Ohio bas ins  and ad- 

jacen t  a r e a s  a s  de sc r i be6  by Xl l ing  and Briggs (1961) and 

t h e  evapo r i t e s  of t h e  west Texas region.  The Michigan and 

Ohio ba s in s  l a y  s i d e  by s i d e  rr i th  a t h i c k e r  sequence of  

evapo r i t c s  con ta in ing  a g r e a t e r  m o u n t  of h a l i t e  i n  t h e  

Idichigan ba s in  than  i n  t h e  Ohio bas in .  This  is somewhat 



analogoua t o  t h e  s e t t i n g  of t h e  Delaware and ;lidland basins. 

The Itichigan and Ohio basins  were e s s e n t i a l l y  surrounded by 

carbonate  reef  complexes s imi l a r  t o  t h e  Deiaware and Blidlani 

bas ins ;  t h e  l i t h o l o g i e s  i n  both a r e a s  a r e  carbonate-evaporite 
I 

rocks. They pos tu la ted  t h a t  reef  growth may have been i n  

p a r t  con t ro l l ed  by "pos i t ivem t e c t o n i c  elements similar to 

t h e  s i t u a t i o n  i n  t h e  west Texas region. l ia jor  passes  through 

t h e  reef  platform were i d e n t i f i e d  by All ing and Briggs as 

. i n l e t sg .  S imi la r  i n l e t s  have been found between t h e  Delaware 

bas in  and t h e  Carlsbad she l f  and l i nk ing  t h e  Delaware bas in  

and t h e  Midland basin. 

Al l ing  and Briggs (1961, p. 539-540) i l l u s t r a t e d  contern- 

poranei ty of reef  growth and s a l t  depos i t ion  and concluded: 

'The s t r a t i g r a p h i c  r e l a t i o n s  a l s o  s u b s t a n t i a t e  t h e  concept 

t h a t  t h e  evapor i te8  were deposi ted i n  reef-r inged bas ins  

surrounded by normal marine seas.' The importance of t h i s  

analogous s i t u a t i o n  i s  t h a t  reef  growth may have occurred with 

evapor i te  depos i t ion  i n  t h e  Delaware basin. Hoore (19591, 

by t r a c i n g  key beds, observed tinat "gypsum rock of t h e  C a s t i l e  

formatior, of Permian age i n  the Delaware bas in  may be cor- 

r e l a t i v e  with t h e  upper p a r t  of t h e  Capitan limestone a t  t h e  

margin of t h e  basin.' Future p a l e o s a l i n i t y  s t u d i e s  should 

reso lve  t h e  ques t ion  of favorable  ve r sus  i n h i b i t i n g  condi- 

t i o n s  f o r  reef  growth of t h e  Capitan limestone due to  

assoc ia ted  s a l i n i t y  changes i n  t h e  Delaware basin. Relying 

on Moore's observa t ion ,  it may be assumed t n a t  reef  growth 

was contemporaneous w i t h  C a s t i l e  depoei t ion.  



C o r r e l a t i o n s  of t h e  e v a p o r i t e  sequence w i t h  u n i t s  ou t -  

s i d e  t h e  Delaware b a s i n  a r e  shown i n  F igure  12. H a l l  (1960, 

p. 85-88) has  summarized Upper Permian c o r r e l a t i o n s  p r i o r  t o  

1960 and h a s  suggested r e v i s i o n  based upon r e g i o n a l  r a t h e r  

than l o c a l  in fe rence .  H e  s t a t e d :  

"an i n t e g r a l . p a r t  of t h e  w r i t e r ' s  s u g g e s t i o n  
i s  t h a t  t h e  build-up of Capi tan c a r b o n a t e s ,  o n  
p a r t s  of t h e  shelf-margin o f  t h e  Delaware bas in ,  
in f luenced  t h e  e n v i r o m e n t  l o c a l l y  r a t h e r  t h a n  
r e g i o n a l l y .  The c r o s s  s e c t i o n  [ h i s  f i g u r e  41 is a n  
a t t e i i p t  t o  i l l u s t r a t e  t h i s  concept  w i t h  t h e  a i d  of 
we l l  d a t a .  I n  p a r t i c u l a r ,  it shows t h e  a b r u p t  
chznge t o  e v a p o r i t i c  sed imenta t ion  i n  p o s t  
Grayburg-Bell Canyon t ime everywhere excep t  a t  the 
shelf -margin  where t h e  l o c a l  i n f l u e n c e  o f  t h e  
Capi tan may have in f luenced  t h e  temporary cont in-  
uance o f  ca rbona te  s e d i c e n t a t i o n  t o  form t h e  
Car lsbad f o r n a t i o n .  I n  t h i s  connect ion,  it may be 
t h a t  t h e  l a r g e  f u s u l i n e  Polydiexodina is  p r e s e n t  
in t h e  Car l sbad  because it surv ived  l o c a l l y  a 
l i t t l e  longer  i n  t h e  f a v o r a b l e  shel f -margin  
environment, and a l s o  because  some o f  t h e  lower  
Car lsbad may have o r ig ina ted .  a s  Cap i t an  d e t r i t u s  
o f  post-Capitan age.' 

An a l t e r n a t i v e  sugges t ion  f o r  t h e  p resence  o f  Polydiexodina 

i n  t h e  Capi tan and Car lsbad r o c k s  is t h a t  t h i s  f u s u l i n e  i s  

an environmental  i n d i c a t o r  o f  i n c r e a s e d  s a l i n i t y .  The s imi-  

l a r i t y  i n  change o f  P a r a f u s u l i n a  i n  t h e  Cherry  Canyon Forma- 

t i o n  t o  Polydiexodina i n  t h e  B e l l  Canyon Formation and younger 

s t r a t a  wit-h t h e  change of P a r a f u s u l i n a  and Neoschwagerina in  

t h e  Rot l iegende s t r a t a  t o  Polydiexodina i n  t h e  Zechs te in  

e v a p o r i t e 8  i n  Germany (Brinkmann, 1960) c e r t a i n l y  b e a r s  

i n v e s t i g a t i o n .  

As noted p r e v i o u s l y ,  King d e f i n e d  environmental  f a c i e s  

w i t h  b a s i n ,  b a s i n  margin,  a h e l f ,  dab p l a t f o r m  s t r u c t u r a l  

a r e a s .  I n  t h e  Delaware b a s i n  r o c k s  o f  t h e  Delaware Mountain 
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Group were defined by King (1948) a s  Guadalupe Se r i e s  equiv- I 

a l en t s .  Adams an6 o thers  (1939) defined the  C a s t i l e  (Lover 

C a s t i l e ) ,  Salado (Upper C a s t i l e ) ,  Rustler, and Dewey Lake as  

Ochoa Se r i e s  i n  the  Delaware basin. 

A t  t h e  basin nargin,  massive limestones and dolomites 

of t he  Guadalupe Se r i e s  have been divided i n t o  t he  Goat Seep 
: 

below and Capitan Limestone above, comprising the  reef  zone 

(King, 1942 anu 1948). Back-reef flaggy or  bedded limestones 

equivalent  t o  Capitan were o r i g i n a l l y  napped a s  Carlsbad 

h e s t o n e  (see King, 1942, Pig. 12) .  Flaggy o r  bedded lime- 

s tone and dolomite overlying Capitan Limestone i n  the 

Guaualupe Mountains and massive u n i t s  i n  subsurface were 

ca l l ed  Carlsbad i n  l a t e r  s tud ies .  Current usage genera l ly  

ascr ibes  back-reef bedded limestone a t  t he  same s t r a t i g r a p h i c  

l eve l  of t he  massive Capitan a s  equivalent  t o  Capitan. Beds 

of t he  Carlsbad a r e  s t r a t i g r a p h i c a l l y  higher ,  although some 

flaggy limestone of the  Carlsbad may drape over t h e  Capitan 

reef  and, therefore ,  seem s t r a t i g r a p h i c a l l y  equivalent  to 

Capitan (see Bal l ,  1960, Fig. 12) .  

Upper Guaaalupe Ser ies  rocks of the  shelf  area c o n s i s t  

of carbonate, evapori te ,  and c l a s t i c  rocks of the  Artesia 

Group (Tai t  and o the r s ,  1962) . The Ar tes ia  Group sequence 

from youngest t o  o ldes t  inc luaes  t he  Tans i l l ,  Yates, Seven 

Rivers, Queen, and Grayburg Formations (see Hayes, 1964, 

Pig. 12) .  

Tracing of marker beds i n  wel l  logs from Reeves County 

within t he  Delaware basin t o  Pecoe County i n  t h e  Cent ra l  



Basin p la t fo rm a r e a  l ed  t h i s  i n v e s t i g a t o r  t o  a t e n t a t i v e  cor-  I 
r e l a t i o n  of t h e  C a s t i l c  wi th  t h e  Seven Rivers  (El Capitan) 

and lower Yates (Fig.  10,  Reeves-89 t o  Pecos-74). The Salado 

of t h e  Delaware b a s i n  may be c o r r e l a t i v e  wi th  t h e  upper 

Yates,  T a n s i l l ,  and Salado of t h e  Midland bas in .  Sec t ions  i n  

Eaeves County w e i i ~  W ~ L S  c o r r e l a t e d  from r e p r e s e n t a t i v e  sec-  

t i o n s  of t h e  C a s t i l e  and Salado t o  t h e  n o r t h  (Pig. 7 ) .  

Formation depths  i n  w e l l  number Pecoe-74, Pure O i l ,  W. C. 

T y r r e l l  No. 1 from t h e  Gomez F i e l d ,  Pecos County (& Brooks, 

1964, p. B-85 - B-861, have been descr ibed  i n  Midland b a s i n  

o r  C e n t r a l  Basin pla t form terminology a s :  R u s t l e r  1652 f t ,  

Yates 2988 f t ,  E l  Capitan 3386 f t ,  Delaware sand 4845 f t ,  

Bone Spr ings  7130 f t .  Ilhether t h e  noted Delaware sand i s  

equ iva len t  t o  Queen, Cherry Canyon, or Brushy Canyon sand is 

n o t  known. This  writer has  chosen t h e  Queen, r e l y i n g  on 

B a l l ' s  (1960) c o r r e l a t i ~ n .  I n  a d d i t i o n ,  t h e  c o n s i s t e n t l y  

low gamma-ray cgunts  i n  veil l o g s  an8 t h e  sequence of  evapo- 

r i t e s  o f  t h e  Seven Rivera Formation a s  shown by T a i t  and 

o t h e r s  (1962) a r e  sbi lar  t o  C a s t i l e  c h a r a c t e r i s t i c s .  Bow- 

e v e r ,  t h e  c o r r e l a t i o n s  used i n  t h i s  r e p o r t  (Fig. 12) axe 

emphasized a s  being t e n t a t i v e .  

C a s t i l e  Formation 

General Statement.  The C a s t i l e  Formation was named by 

Richardson (1904, p. 43) f o r  C a s t i l e  Spring,  i n  the east- 

c e n t r a l  p a r t  of  Block 61, T-2, T & P, Culberson County, Texas. 

Lang (1935, 1939) subdivided t h e  e v a p o r i t e s  i n  subsur face  

i n t o  t h e  C a s t i l e  Fornat ion,  t h e  lower p a r t  con ta in ing  more 



Basin p la t fo rm a r e a  l e d  t h i s  i n v e s t i g a t o r  t o  a t e n t a t i v e  cor-  

r e l a t i o n  of t h e  C a s t i l e  wi th  t h e  Seven Rivers  ( E l  Capi tan)  

and lower Yates (Fig .  10 ,  Peeves-89 t o  Pecos-74). The Salado 

of t h e  Delaware b a s i n  may be c o r r e l a t i v e  wi th  t h e  upper 

Yates,  T a n s i l l ,  and Salado of  t h e  Midland bas in .  S e c t i o n s  i n  

iieeves County w e l i s  W ~ L =  c o r r e l a t e d  from r e p r e s e n t a t i v e  sec- 

t i o n s  of  t h e  C a s t i l e  and Salado t o  t h e  n o r t h  (Fig.  7) .  

Formation dep ths  i n  w e l l  number Pecos-74, Pure O i l ,  W. C. 

T y r r e l l  No. 1 from t h e  Gomez F i e l d ,  Pecos County (& Brooks, 

1964, p. B-85 - B-86), have been d e s c r i b e d  i n  Midland b a s i n  

o r  C e n t r a l  Basin p la t fo rm terminology a s :  R u s t l e r  1652 f t ,  

Yates 2988 f t ,  E l  Capi tan 3386 it, Delaware sand  4845 f t ,  

Bone Springs  7130 it. Whether t h e  noted Delaware sand is 

e q u i v a l e n t  t o  Queen, Cherry Canyon, o r  Brushy Canyon sand is 

n o t  known. This  writer has  chosen t h e  Queen, r e l y i n g  on 

t i a l l ' s  (1960) c o r r e l a t i q n .  I n  a d d i t i o n ,  t h e  c o n s i s t e n t l y  

low gaxna-ray coun ts  i n  w e l l  l o g s  an6 t h e  sequence of  evapo- 

r i t e s  of t h e  Seven Rivers  Forna t ion  a s  shown by T a i t  and 

o t h e r s  (1962) a r e  s i ~ i l a r  t o  C a s t i l e  c h a r a c t e r i s t i c s .  Bow- 

e v e r ,  t h e  c o r r e l a t i o n s  used i n  t h i s  r e p o r t  (Fig. 12)  are 

emphasized a s  being t e n t a t i v e .  

C a s t i l e  Formation 

General S ta tenen t .  The C a s t i l e  Formation was named by 

Richardson (1904, p. 43) f o r  C a s t i l e  Spr ing ,  i n  the east- 

c e n t r a l  p a r t  of Block 61, T-2, T & P, Culberson County, Texas. 

Lang (1935, 1939) subdivided t h e  e v a p o r i t e s  i n  subsur face  

i n t o  t h e  C a s t i l e  Fornat ion,  t h e  lower p a r t  c o n t a i n i n g  more 



a n h y c r i t e  than  h a l i t e ,  anci t h e  Sa laao  Fonuation, the u p p r  

p a r t  con ta in ing  n o r e  h a l i t e  t h a n  ani lydr i te  an6 n o t a b l e  

a r ~ o u n t s  o f  y o l y h a l i t e .  The C a s t i l e  Formation c r o p s  o u t  

w i t h i n  t h e  'uelaware h a s i n  i n  sou thern  iAuy County, New 

Mcxico,anci Culberson County, Texas. Represen ta t ive  w e l l  

l o g s  a r e  shown i n  F igure  4 ( i n  pocke t ) .  

The C a s t i l e  Formation is c2,arackerizeG by l a n i n a t e 6  

c a l c a r e o ~ s  a n h y c r i t e  in te r rup te r r  Ly h a l i t e  i n  t h e  n o r t h e r n  

anu e a s t e r n  p a r t s  o f  t h e  uelaware basin .  Lower h a l i t e  b e d  

a r e  t r a c e a b l e  from western k d y  County, New I.Iexico, tO 

sou thern  I-.eeves County, Yexas, a a i s t a n c e  of about  150 

miles .  detween and w i t h i n  tile h a l i t e  berrs a r e  l a n i n a t e d  

a n h y o r i t e  u n i t s .  Thc lowest  u n i t  t i l a t  can  be c o z r e l a t e 6  

o v e r  tlie Oela~ra rc  b a s i n  i s  AnhyGrite I. Above Anllydrite I 

is  a r e l a t i v e l y  pure  h a l i t e  bed, h a l i t e  I. The n e x t  h igher  

u n i t ,  Anhybrite 11, i s  remarkably c o n s t a n t  i n  th ickness .  

Above i m h y a r i t e  I1 is a h a l i t e  b w ,  i i a l i t e  11, w i t h  f i v e  

c i i s t i n c t  b u t  t h i n  ani lyur i te  r~larkers.  A t h i c k  u n i t  o f  anhy- 

u r i t e ,  Anhy6rite 111, anc a sequence of anilycirite and h a l i t e  

beds shoving a c h a r a c t e r i s t i c  c y c l i c  r e p e t i t i o n ,  h h y d r i t e  

I V ,  axe  above t a l i t e  11. The uppcrnost  u n i t  of t h e  C a s t i l e ,  

Ani~yLri te  V ,  c o n s i s t s  of a n i ~ y c r i t e  an& h a l i t e  anci a l s o  shows 

a c l l a r a c t e r i s t i c  c y c l i c  r e p e t i t i o n  i n  t h e  e a s t e r n  an6 south- 

e a s t e r n  p a r t s  o f  t h e  Delaware basin .  

These u n i t s  were chosen t o  t h e  l a r g e - s c a l e  c y c l i c  

p a t t e r n  a s  ciescribea by iuiarns (1944) and Baker (1929). I n  

a c a i t i o n  t o  t h e  c y c l i c  n a t u r e  o f  t h e s e  u n i t s ,  t h e  u i s t r i b u -  



t i o n  and t h i c k n e s s  t r e n d s  of a n h y u r i t e  and h a l i t e  c a n  b e  
I 

I 
use6 t o  i n t e r p r e t  b a s i n  aeveloprnent and a s s o c i a t e d  t e c t o n i c  i 

p a t t e r n s  u u r i n g  Ugper Permian t i m e .  

C o n t a c t  o f  t h e  C a s t i l e  Formation w i t h  t h e  Sa lado  Forma- 

t i o n  i n  t h i s  stuciy was t a k e n  a s  t h e  t o p  of t h e  a n h y d r i t e  

sequence above h a l i t e  i n  Anhydr i te  N i n  wells n e a r  r i n a l  

Gone O i l ,  Means w e l l  No. 1, Loving County, Texas (Fig.  4).  

A f t e r  c o r r e l a t i n g  a n h y d r i t e  marker beus  o v e r  t h e  Delaware 

b a s i n ,  t h e  c o n t a c t  o f  t h i s  r e p o r t  was found t o  c o i n c i d e  w i t h  

t h e  t o p  o f  t h e  F l e t c h e r  Anhydr i te  P i a b e r  o f  M a n s  (1944) i n  

t i le  n o r t h e r n  p a r t s  of t h e  Celaware b a s i n .  T h i s  i s  a aesir- 

a b l e  c o n t a c t  between t h e  two fo r l aa t ions  f o r  t h e  f o l l o w i n g  

r e a s o n s  : 

1. The t o p  o f  t h e  F l e t c h e r  Anhydr i t e  Member is t r a c e -  

a b l e  o v e r  most of t h e  Delaware b a s i n ;  

2 .  Lang (1939, p. 1572) n o t e &  t h a t  e i t h e r  t h e  t o p  or 

bottom o f  t h e  member would be a t  a u s e f u l  s t r a t i g r a p h i c  

position; 

3 Moore (1960) suggestei;  and useci t h e  t o p  of t h e  

F l e t c h e r  a s  t h e  C a s t i l e - S a l a d o  c o n t a c t ;  and 

4 .  Tne S t r a t i g r a p h i c  Research Committee o f  t h e  Roswell  

Geo log ica l  S o c i e t y  (1950) has  aciopted t h e  t o p  of t h e  F l e t c h e r  

as t h e  Cast i le-Sala i ro  boundary (see North-South s t r a t i g r a p h i c  

c r o s s  s e c t i o n ,  Delaware basin--Northwest  s h e l f ,  1958, &I 

Sveeney and o t h e r s ,  1960).  

Comparison was made between C o n t i r ~ a n t a l  O i l ,  B e l l  Lake 

Uni t  w e l l  No. 6 ( L ~ J - Z S ) ,  t h e  most n o r t h e a s t e r l y  w e l l  of 



Well : 
Lea-25 

Poly- 
h a l i t e  

bed 

W e l l  :, 
Masco 
c l o y d  
No. 2 

C a s t i l e -  
Sa laao  
Contact  

J o n e s  
(1954) 

Terminology 
a s  used by 

Cowden 
Anhydri te  
Member 

F l e t c h e r  
Anhydri te  

Member 

Cowden 
Anhydri te  

Nember 

F l e t c h e r  
Anhydri te  

M e m b e r  

a Locat ion:  sec. 20,  T. 22  S. ,  3. 33 E.,  Lea County, N. N. 

NOTE: Wells a r e  d i a g r m a t i c ;  Lea-25 i s  shown i n  P i g u r e  7. a Sandstorie o r  - H a l i t e  Anhydri te ,  
s i l t s t c n e  d u n l e s s  noted 

F i g u r e  13. Comparison o f  c o r r e l a t i o n s  of a n h y d r i t e  
beds  i n  n o r t h e a s t e r n  p a r t  of t h e  Delaware 
b a s i n ,  Lea County, New Mexico. 



. - -- --- ------ 

t h i s  s t u d y  i n  t h e  Delaware b a s i n ,  and t h e  Masco, Cloy6 w e l l  

No. 2,  a p p r o x i n a t e l y  ? t o  5 m i l e  n o r t h e a s t  of Lea-25, which 

was use& by Anms  (1944) and kl-oenlein (1939) i n  their  

s t u o i c s .  F i g u r e  1 3  shows t h e  u i f f e r e n t  p o s t u l a t e d  L ~ s t i l e -  
I 

Salado c o n t a c t s  a s  w e l l  as t h e  a p p a r e n t  c o r r e l a t i o n s  o f  the 

a n h y d r i t e  be& a s  interpreted from p u b l i s h &  c r o s s  s e c t i o n s .  

The t h i c k n e s s  o f  t i le  Castile Format ion range's from 

1,250 f e e t  i n  the w e s t e r n  p a r t  o f  the Delaware b a s i n  t o  mre 

t h a n  2,000 f e e t  i n  the e a s t - c e n t r a l  p a r t  and i n  t h e  e x t r a  

n o r t h e a s t e r n  p a r t  of t h e  Delaware b a s i n  (Fig.  1 4 ,  i n  pocket) .  

A n e t  f o o t a g e  map o f  h a l i t e  i n  t h e  C a s t i l e  Formation (Pig. 

1 5 ,  i n  pocket)  shows t h e  r a n g e  o f  t h i c k n e s s  from no  h a l i t e  

i n  t h e  wes te rn ,  s o u t h e r n ,  anci s o u t h e a s t e r n  p a r t s  o f  the 

Delaware b a s i n  t o  more than 650 f e e t  i n  e a s t - c e n t r a l  and 

n o r t h e a s t e r n  p a r t s .  A n e t  f o o t a g e  map of  n o n - h a l i t e  s t r a t a ,  

p r i m a r i l y  l amina ted  a n h y a r i t e  (Fig .  1 6 ,  i n  pocket)  shows a 

r a n g e  o f  t h i c k n e s s  from 1 ,000  t o  1 ,500  f e e t  o v e r  most o f  the 

b a s i n .  Thicknesses  of n o n - h a l i t e  g r e a t e r  t h a n  1,500 f e e t  

are g e n e r a l l y  fcund a long  t h e  o a s i n  m r g i n  t o  t h e  e a s t  and 

t o  t h e  south .  

i i t h o l q .  The C a s t i l e  Formation c o n s i s t s  l a r g e l y  of 

laninateci  a n h y d r i t e ,  h a l i t e ,  anu  l i n e s t o n e  with minor amounts 

o f  elastics. Udden (1924, p. 350) t i e sc r ibed  t h e  l amina ted  

a n h y u r i t e  as c o n s i s t i n g  of l i g h t e r  l a y e r s  of p u r e  a n n y d r i t e  

r d i n g  up t h e  bu lk  o f  m a t e r i a l  and t h i n n e r ,  d a r k e r  l a y e r s  

o f  n i c r o s c o p i c  c r y s t a l s  o f  c a l c i t e  w i t h  'microscopic  thin 

f i l m s  o f  a brownish m a t e r i a l  from which a s m a l l  amount of 



bi tunen o r  o i l  may b e  d i s t i l l e d . "  The bituminous m a t e r i a l  
I I 
I I I 

and c a l c i t e ,  i n  most c a s e s ,  nake up less than  one-four th  I I 
of t h e  t h i c k n e s s  o f  each laii i ination. h a m s  (1944, p. 1604) 

I I I 
stuciied t h e  l amina t ions  anci not&: 

'A r e s i d u e  of deep br0v.n b i tun inous  f l a k e s  
r e r a i n s  t o  mark t h e  p a r t i n g  when t h e  c a l c i t e  i s  
c~igestecr i n  a c i d .  Wen where t h e  c a l c i t e  is 
rnissiny, brown o r g a n i c  bands a r e  p r e s e n t  a long 
t h e  becuing p lanes  of t i le a n h y u i t c .  khe b i t u -  
minous m a t e r i a l ,  however, is  nowhere nixed w i t h  
t h e  w h i t e  a n h y d r i t e  a s  it i s  wi th  t h e  ca lc i t e . .  

Xing (1942, p. 611; 1948, p. 89)  and Layes (1964, p. 14) 

~oteci  t h a t  t h e  c a l c a r e o u s  c o n t e n t  i n c r e a s e s  crownward with 

t h e  b a s a l  few f e e t  of t h e  C a s t i l e  being laminate6 brownish- 

gray l imestone.  A c h e n i c a l  a n a l y s i s  o f  a sample from the 

b a s a l  beas  o f  t h e  C a s t i l e  e a s t  of t h e  s o u t h e r n  Guairalupe 

Mountains showed 96.63 p e r c e n t  by weight  of CaC03, 1.17 per- 

c e n t  by weight o f  MgC03, 0.47 p e r c e n t  by weight  of CaSO,, 

w i t h  i n s o l u b l e  r e s i d u e  and ox ides  1.57 p e r c e n t  by weight,  a 

t o t a l  o f  99.84 p e r c e n t  by \ :eight (King, 1 9 4 8 ) .  Comparison 

o f  a n a l y s e s  wi th  Guadalupe S e r i e s  l i r , \es tones  shows the C a s t i l e  

sample t o  have sin:ilar ranges  of c o n s t i t u e n t s  as t h e  Racier 

and Lamar Linestone #embers, w i t h  t h e  excep t ion  of t h e  

C a s t i l e  c o n t a i n i n g  CaS04. 

The rms t  i n t e n s i v e  stuGy of  t h e  l i t h o l o g y  o f  the  

C a s t i l e  Formation was made by fxiams (1944, p. 1603-1608). 

Ke n o t e i  t h e  fol lowing:  

@'The C a s t i l e ,  t h e  b a s a l  format ion o f  t h e  Ochoa 
series, is composea of a n h y d r i t e ,  calcite-banCle6 
ar ' ; x r i t e ,  s a l t ,  lir3\ec."orie,  inor or amounts of o t h e r  
e v d p o r i t e s ,  a n i  minute q u a n t i t i e s  of very f i n e  
elastics. KO potasn s a l t s  have been repor ted .  . . . 



. . . . Calc i t e -banded  a n h y d r i t e ,  t h e  main 
c o n s t i t u e n t  o f  t h e  C a s t i l e  s e c t i o n ,  i s  nade  up  o f  
a l t e r n a t i n g  bands o r  l a s i n a e  of c a l c i t e  and anhy- 
d r i t e .  . . . 

There  a r e  a lmos t  u n l i m i t e d  v a r i a t i o l ~  i n  t h e  
c i l a r a c t e r  o f  t h e  ban6ing.  Hnere even ly  developed,  
t h e  laminae  r e s a r d l e  chemical  v a r v e s  w i t h  the 
a n i l y a r i t e  l a y e r s  two o r  t h r e e  tir.-.es a s  t n i c k  a s  
t h e  c n l c i t z .  . . . I n i i v i t i u a l  c a r b o n a t e  p a r t i n g s  
r a n g e  f r c n  s c a t t e r e d  c a l c i t e  c r y s t a l s  on the anhy- 
cirite b e d ~ i n g  p l a n e s  t o  Lcus of t h i n l y  l a u i n a t e d  
l i m e s t o n e  s e v e r a l  f e e t  t h i c k .  Tile l i u z t o n e s  are 
n o t  d o l o ~ i t i c .  The ave rage  t h i c k n e s s  o f  t i le  cal- 
c i t e  laminae  appea r  t o  b e  abou t  1/20 inch .  Thin 
s e c t i o n s  show t h a t  t h e  t h i n n e s t  laminze  a r e  mace 
up o f  one  l a y e r  of  c o a r s e l y  c r y s t a l l i n e  c a l c i t e ,  
and t h a t  t h e  t i ~ i c k e r  beus  a r e  c o a r s e l y  g r a n u l a r  
l imes tone .  

I r r e g u l a r l y  d i s t r i b u t e d  th rough  t h e  normal  
b a n c e i  zones  a r e  b e u s  of u n l a n i n a t e d  a n h y d r i t e ,  
r ang ing  from 1/2  i n c h  t o  s e v e r a l  f e e t  i n  t h i c k n e s s ,  
and a r e  s e p a r a t e <  by bancreir zones  t h a t  v a r y  even 
more wide ly .  There  i s  a t anccacy  f o r  tieconGary cal- 
c i te  c r y s t a l s  t o  a e v e l o p  i n  f r a c t u r e s  ana  i n  w a y  
g h o s t l i i t e  bands o r  even s p r i n k l e d  abou t  a t  i r r e g u l a r  
i n t e r v a l s ,  through t h e s e  t h i c k e r  anhyci r i tes .  The 
secondary  c a l c i t e  is a lmos t  everywhere l i g h t e r -  
c o l o r e d  than t h a t  of t h e  n o n a a l  laminae.  

A t h i c k  c a l c i t e  bani. is t o  b e  expecteG Fmmeir- 
i a t e l y  above each  t h i c k  a n h y ~ r i t e  m n b e r .  However, 
it seeas t h a t  t h e  a n i ~ y t i r i t e  bei has  t o  b e  t h r e e  or 
f o u r  tires a s  t h i c k  as  t h o  r e g u l a r  a n i l y ~ r i t e  l aminae  
b e f o r e  any  c o r r e s p c n ~ i n g  c z l c i t e  c a p  uevelops .  The 
sequence  i s  n o t  i n v a r i a b l e .  S o m  ove r - th i ckened  
a n h y u r i t e s  see?$ t o  have  no co r re spond ing  c a p ,  anu 
even where t i le  c a p  i s  e x c e p t i o n a l l y  t h i c k  it may be 
separa ter r  fro;.? t n e  t h i c k  a n h y c r i t e  zone by o n e  nore 
o r  l e s s  n o r n a l ,  b u t  cormonly p a p e r - t h i n ,  calcite 
lamina.  1;ie ar rangement  i s  s u f f i c i e n t l y  c o n s t a n t ,  
however, t o  be  use& i n  o r i e n t i n g  ranuon cores ancl 
s u r f a c e   bloc:;^. I n  t h e  r a r e  i n s t a n c e s  where t h e  
c a l c i t s  cap of one  t h i c k  a n h y u r i t e  i s  fo l lowed  
i m ~ e u i a t e l y  by anocher  t h i c k  unbanued a n h y d r i t e  
zone ,  t h e  g r a a a t i o n  is l e s s  s h a r p  a t  t h e  t o p  o f  t h e  
c a p  t h a n  a t  t h e  base .  Lveryuhere t h a t  t h i c k  carbon-  
a t e  c a p s  have been n o t e d ,  t h e y  c r e  made up  of t h i n  
c a l c i t e  i m k n a e  r a t h e r  t h a n  of maseive or t h i c k -  
beaiec; l r c l c s tone  l a y e r s .  k one- foo t  l i n e s t o n e  raay 
have f o u r  o r  f i v e  hundrerr of  t h e s e  a l m o s t  micro- 
s c o p i c  l m i n a e .  From p r e s e n t  l i m i t e d  i n f o r m a t i o n  
we c a n n o t  D r  c e r t a i n  t h a t  t h e s e  unbandeir, t h i c k  



anhydr i t e  beds and t h e i r  t h i c k  c a l c i t e  caps  a r e  of 
basin-wide d i s t r i b u t i o n .  Sone i n d i v i d u a l  c a l c i t e -  
cap  zones have been fol lok~ed f o r  more than a  m i l e  
a long t h e  outcrop only t o  be l o s t  where t h e  beds 
pass  unGer a  cover of s o i l .  Since t h e r e  a r e  t h i c k  
unbant ie~ zones i n  t h e  sou th  a s  wel l  a s  i n  t h e  n o r t h  
end of t h e  b a s i n ,  it i s  assumed t h a t  t h e  beds are- 
continuous. 

. . . . The th ickness  ancl proninence of  the 
c a l c i t e  l a i n a e  a l s o  vary a c r o s s  t h e  basin .  The 
t h i c k e s t  l imestone beus appear t o  be a t  o r  near  
t h e  Sase of t h e  f o r n a t i o n  i n  t h e  sou thern  and 
western a r e a s ,  b u t  some c e n t r a l  bas in  w e l l s  s h w  
a s  much a s  25-30 per c e n t  c a l c i t e  i n  c u t t i n g s  and 
c o r e s  through h u n a r e ~ s  of f e e t  of s e c t i o n .  Near 
t h e  t o p  of t h e  banded zone t h e  c a l c i t e  p a r t i n g s  
decrease  i n  number and t h i c k n e s s ,  b u t  t h o  change 
from prominently laminated t o  unbanaed a n h y d r i t e  is 
gradua l  and may occupy hunureds of f e e t .  Wells in 
t h e  n o r t h e a s t  p a r t  of t h e  bas in  show r e l a t i v e l y  
l e a n  banding throughout t h o  e n t i r e  laminated zone. 

On t h e  outcrops i n  t h e  Delaware Mountains, t h e  
t h i n  c a l c i t e  laminae of t h e  nor thern  exposures ap- 
pear t o  th icken  southward, and along P a i n t  Horse . 
Draw, i n  c e n t r a l  Culberson County, t h o s e  of t h e  ' 

b a s a l  C a s t i l e  coa lesce  t o  form beds of g r a n u l a r  gray 
limestone.  intersperse^ through t h e s e  g ranu la r  beds 
a r e  zones of t h i n l y  i m i n h t e a ,  bituminous c a l c i t e ,  
s i m i l a r  i n  appearance t o  t h e  c a l c i t e  caps  of  t h e  
more nor thern  a r e a s .  Only a l i t t l e  i n t e r s t i t i a l  
gypsum is  presen t .  Wedges of t h e  l imestone,  sepa- 
r a t e d  by be& of more normal calc i te-banded gypsum, 
make up t h e  lower 306-400 f e e t  of  t h e  formation. 
The so-cal led " p c t r o l i f e r o u s  C a s t i l e m  of t h e  .Lone- 
man Mountain a r e a  i s  a  tongue of banded c a l c i t e  
extenuing n o r t h e a s t  from t h i s  a r e a  of C a s t i l e  lime- 
s tones .  Apparently t h e  bituminous n a t e r i a l ,  t he  
source of t n e  s t r o n g  p e t r o l i f e r o u s  odor,  was de- 
pos i t ed  wi th  t h e  c a l c i t e  ancl was n o t  de r ived  from 
t h e  underlying beas.  i~ c a r e f u l  sea rch  of  t h e  
l i n ~ e s t o n e s  f a i l e ~  t o  silo\: any microscopic f o s s i l s .  
Small q u a n t i t i e s  of c h e r t  a r e  found along some of  
t h e  beudinc, pianes  of t h e  l imestone,  and i n  a f w  
p laces  concret ionary masses s e v e r a l  inches  a c r o s s  
had developec. Thin s e c t i o n s  show a few d u s t - s i z e  
q u a r t z  g r a i n s  along some of  t h e  p a r t i n g s .  

The bedded C a s t i l e  l imestones  of t h e  sou thern  
Delaware Mountains a r e  r e l a t i v e l y  s o f t  and should 
er&e almost a s  f a s t  a s  t h e  enc los ing  gypsums. . . . 
I f  t h e  l in ing-up of t h e  s e c t i o n  was a s  r a p i d  in 
t h e  erodeu p a r t  of t h e  formation a s  it is  i n  the 



p r e s e n t  o u t c r o p s ,  t h e  C a s t i l e  may have been an  a lmost  
s o l i d  l imzs tone  a long t h e  wes t  margin of t h e  bas in .  
Unfor tuna te ly  t h e  f e w  w e l l s  i n  t h e  ext reme s o u t h  
p a r t  of t h e  Delaware b a s i n  do n o t  show wnether t h e  
C a s t i l e  l i n e d  up i n  t h a t  a r e a .  C e r t a i n l y  t h e  b a s a l  
beds i n  t h e  i n t e m e d i a t e  San Mar t ine  a r e a ,  o f  south-  
e a s t e r n  Culberson County, do n o t  appear  a s  l imy a s  
e q u i v a l e n t  beds an e q u a l  a i s t a n c e  from t h e  Apache 
r e e f  f r o n t  f a r t h e r  w e s t .  

I n  a d d i t i o n  t o  t h e  pr imary v a r i a t i o n s  i n  t h e  
ca lc i t e -banded  a n h p d r i t c  o f ' t h e  C a s t i l e  fo rma t ion ,  
t h e r e  a r e  many secondary  i r r e g u l a r i t i e s .  C a l c i t e  
laminae  d i s a p p e a r  i n  nodu la r  masses o f  a n l ~ y d r i t e .  
Concre t iona ry  a n h y d r i t e  l e n s e s  grow between t h e  p a r t -  
i n g s  and d i s r u p t  them. Dands of c r i n k i e d  laminae  
appear  t o  w r i t h e  abou t  between f l a t  b e l s ,  and i n  
some t r a n s v e r s e  zones a l l  ev idence  of bedding is 
l o s t .  Uore impor tan t  s t i l l  i s  t h e  f a u l t i n g ,  f r ac - '  
t u r i n g ,  and s l i p p i n g  t h a t  c h a r a c t e r i z e  mst o f  t h e  
c o r e s  and ou tc rops .  S i n c e  most of t h e  v a r i a t i o n s  
occur  bo th  a t  t h e  s u r f a c e  and a t  d e p t h s  o f  thousands  
o f  f e e t ,  it is assumed t h a t  most of them were pro- 
duced by e a r l y  d i a g e n e t i c  p rocesses .  

I n t e r l a m i n a t e d  do lomi te  and a n h y d r i t e  were  
p r e s e n t  i n  s e v e r a l  p l a c e s  i n  t h e  e v a p o r i t e s  i n  t h e  
sou the rn  Permian b a s i n ,  b u t  c a l c i t e - a n h y d r i t e  band- 
i n s  of t h e  t y p e  h e r e  d e s c r i b e 6  h a s  n o t  been n o t e d  
anywhere i n  t h e  Permian s e c t i o n  o u t s i d e  o f  t h e  
Delaware basin. .  

The l amina ted  a n h y d r i t e  sequence is i n t e r r u p t e d  i n  t h e  

n o r t h e r n  and e a s t e r n  p a r t s  o f  t h e  Delaware b a s i n  by h a l i t e  

beds, t h e  p r i n c i p a l  markers  i n  t h e  C a s t i l e  Formation. A d m  

(1944, p. 1607) d e s c r i a e d  t h e  s a l t  beas  a s  composed of 

p r a c t i c a l l y  pure  sociiur.\ c h l o r i d e  w i t h  i m p u r i t i e s  o f  l amina ted  

c a l c i t e  and a n h y d r i t e  i n  t h e  form of  b l e b s  and c r y s t a l r .  

F igure  15 ( i n  pocke t )  sllows t h e  n e t  f o o t a g e  and e x t e n t  of 

h a l i t e  i n  t h e  C a s t i l e  Porna t ion .  The h a l i t e  u n i t s  a r e  deb 

s c r i b e d  i n  more d e t a i l  l a t e r  i n  t h i s  work. The s t r a t i g r a p h i c  

p o s i t i o n  of  t h e  s a l t  u n i t s  i s  shown i n  Tab le  2. F i g u r e  1 6  

( i n  pocke t )  shows t h e  t h i c k n e s s  o f  t h e  n o n - h a l i t e  s t r a t a ,  



main11 l a n i n a t e d  ca lca reous  a n h y e r i t e .  

Winor amounts 05 c h e r t  and c l a s t i c s  are a l s o  found i n  

Lire C a r t i i e  Bornation. Adams (1944, p .  1607) dasc r ibed  t h e  

c h e r t  a s  fol lows:  

"Chert  d e p o s i t s  i n  t h e  C a s t i l e  Formation appear  
t o  be l i m i t e d  t o  t h e  banded l imestones  and t o  t h e  
ca lca reous  p a r t s  c f  t h e  c a s t i l e s 2  i n  t h e  southwest- 
e r n  Delaware i-iountains. Even here  t h e  c h e r t  is a 
very minor c o n s t i t u e n t  of the rock. A c a r e f u l  . urd- 
l e n s  examination showed no o r g a n i c   structure^.^ 

Adams (1944, p. 1608) r e p o r t e d  f i n e  q u a r t z  g r a i n s  s c a t t e r e d  

through t h e  c a l c i t e  laminae i n  t h i n  s e c t i o n s  examined petro- 

g r a p h i c a l l y ,  sugges t ive  of a tmospher ic  d u s t .  Udden (1924, 

p. 348) recorded some s h a l e  and s h a l y  b r e c c i a t e d  a n h y d r i t e  

wi th in  t h e  s e c t i o n  con ta in ing  laminated a n h y d r i t e  from the 

David Plood, Gresham and McAlpine w e l l ,  Culberson County, 

Texas. I n  18 sample l o g s  from w e l l s  i n  Culberson County, 

only  1 l o g  showed sand i n  t h e  C a s t i l e .  I n  C o n t i n e n t a l  O i l ,  

J. H. P i s h e r  w e l l  No. 1-A (Culberson-32) , sand was recorded 

a t  600 f e e t  and 560 f e e t  above t h e  base  of t h e  C a s t i l e .  Some 

sand was recorded by D r .  R. Y. AnCerson (pe rsona l  ccamnuni- 

c a t i o n ,  1965) at about  180 f e e t  above t h e  base  of t h e  C a s t i l e  

i n  Culbereon County. I n  zones a t  about  180 and 270 f e e t  

above t h e  base  of t h e  C a s t i l e ,  massive a n h y d r i t e  was a180 

-Presen t  i n  t h e  massive gypsum and t h e  under lying lami- 
nated p a r t  of t h e  C a s t i l e  Formation i n  t h e  Yeso H i l l s  a r e  
s e v e r a l  low i s o l a t e 6  mcunds of brown l o c a l l y  laminated lime- 
s tone.  S i m i l a r ,  b u t  u s u a l l y  more prominent, f e a t u r e s  p r e s e n t  
i n  t h e  C a s t i l e  Formation t o  t h e  sou th  i n  Texas were desc r ibed  
by %&ns (1940, p. 1606, 1622) ,  who termed then  ' c a s t i l e s . '  
Most of t h e s e  c a s t i l e s  c o n t s i n  cons ide rab le  l imestone b r e c c i a  
i n  a d u i t i o n  t o  t h e  r a t h e r  massive and laminated limestone.' 
(Hayes, 1964, p. 14-15). 



encountered. I n  each of t h e  cases  above, sand o r  massive 

anhydr i t e  i s  a t  t h e  s t r a t i g r a p h i c  l e v e l  of t h e  s a l t  beds 

found i n  t h e  deeper p a r t s  of t h e  basin .  

Anhydrite I. Anhydrite I i s  t h e  b a s a l  u n i t  o f  t h e  

C a s t i l e  Formation. I t  is about 170 f e e t  t h i c k  i n  e a s t e r n  

Culbercson and wes t -cen t ra l  Reeves Counties,  Texas, and 

g e n e r a l l y  th ickens  t o  about 350 f e e t  i n  t h e  e a s t  and north-  

e a s t  (Fig. 17,  i n  pocke t ) .  Anllydrite I becomes more c a l -  

ca reous  i n  t h e  southwestern p a r t  of t h e  Delaware b a s i n ,  

e s p e c i a l l y  i n  t h e  v i c i n i t y  of t h e  Apache and Delaware Moun- 

t a i n s  (kdams, 1944).  The t o t a l  u n i t ,  however, t h i c k e n s  

r a d i a l l y  t o  t h e  n o r t h  and e a s t  from t h i s  area. 

Along t h e  b a s i n  margin, e s p e c i a l l y  west o f  t h e  C e n t r a l  

Basin p la t fo rm,  th icknesses  of 410 t o  518 f e e t  were found 

i n  s e v e r a l  wells. The g e n e r a l  conf igura t ion  around t h e s e  

w e l l s  i n d i c a t e s  p o s s i b l e  l o c a l i z a t i o n  of d e p o s i t i o n  due to 

i n f l u x  of n a t e r i a l  from o u t s i d e  t h e  Delaware b a s i n  proper.  

The conf igura t ion  of t h e  contours  sugges t s  a f a n - l i k e  o r  

d e l t a i c  d e p o s i t .  The fol lowing f e a t u r e s  sugges t  t h a t  t h e  

l o c a l  th icken ings  a r e  t r u l y  submarine " fansn  r a t h e r  than  

th icken ings  due t o  l o c a l  subsidence wi th  accumulation o f  

sediments from wi th in  t h e  Delaware basin .  

H a l i t e  I and H a l i t e  I1 do no t  show excess ive  th icken ing  

i n  t h e  reg ions  of Anhydrite I th icken ing  and i n  some in -  

s t a n c e s  show excess  th inn ing  ranging t o  complete pinchout ,  

suggest ing t h a t  l o c a l  subsidence was n o t  a f a c t o r .  Anhy- 

dr i te  I1 shows t h o  sane g e n e r a l  th icken ing  t r e n d s  aa 



Alrhydrite I, especially in the *fanm areas. This is also 

reflected in the thickness of total non-halite strata in the 

Castile Fornation (Fig. 16, in pocket). 

Anhydrite accumulations along the edge of the Central 

Basin platform appear to have been contrclled by influx of 

sediment from the east side of the "reef frontn in addition 

to regional thickening within the Delaware basin. Evaporite 

deposition may have occurred contemporaneously outside as 

well as within the basin, or older deposits outsiae the 

basin may have been eroded an.' transported into the basin. 

The localization suggests that deposition of anhydrite was 

controlled by channels through the surrounding reef; prob- 

ably, therefore, the basin was fringed by a barrier breached 

in several places, rather than by a continuous barrier reef. 

At least ten channels are suggested along the basin margin 

near the Central Basin platform (Fig. 17, in pocket). 

The accumulation of anhydrite in fans was probably 

always submarine. It seems unlikely that sea level was low 

enough for subaerial accumulation to have taken place, since 

continuous sequences of chemical precipitates are feud 

throughout the Delaware basin. Disturbance of the lamina- 

tions in the Castile anhydrite seems to have occurred only 

during halite deposition. In any case, the submarine "fansg 

of anhydrite were of sufficient relief that they influenced 

the distribution of later halite deposits. Halite is ex- 

tremely thin or absent in areas where fans accumulated, 

compared to halite accumulation in adjacent areas. 



A comparison of t h e  th ickness  maps f o r  t h e  non-hal i ta  

u n i t s  i n d i c a t e s  t h a t  t h e  channels or breaches i n  t h e  b a r r i e r  

arounci t h e  Delaware ba s in  probably maintained t h e  sane posi- 

t i o n  throughout much of C a s t i l e  t ime. Currents  coming through 

t h e  channels  or breaches would be expecteci t o  i n f l uence  sed- 

imentat ion by mixing of back-reef and ba s in  water ,  by 

r e d i s t r i b u t i n g  sediments near  t h e  channel en t rances ,  and by 

d i s t r i b u t i o n  of a l lochthonous sediments brought i n  by 

cur ren ts .  

H a l i t e  I. For convenience i n  de sc r i b ing  t h e  geographic 

d i s t r i b u t i o n  of h a l i t e  s t r a t a ,  t h e  term Ochoa t rough is used 

he r e  f o r  t h e  a r e a  about 30 t o  35 mi le s  wide, p a r a l l e l  t o  t h e  

Capitan r ee f  f r o n t  i n  t h e  nor thern  and e a s t e r n  p a r t s  o f  t h e  

Delaware ba s in  (Fig.  1). The a r ea  t o  t h e  west of t h e  Ochoa 

t rough i s  des igna te6  a s  t h e  i n t r a b a s i n  s h e l f .  The r e l a t i o n -  

s h i p  of t h e  Whoa t rough and t h e  i n t r a b a s i n  s h e l f  t o  tec- 

t o n i c s  w i l l  be  d i scussed  l a t e r .  

H a l i t e  I is t h e  most widespread s a l t  u n i t  of t h e  C a s t i l e  

Formation. This  u n i t  gene ra l l y  de f i ne s  t h e  western l i m f t  o f  

s a l t  d i s t r i b u t i o n  i n  t h e  nor thern  and c e n t r a l  p a r t s  o f  t h e  

Ochoa t rough (Figs .  15  and 18, i n  pocke t ) ;  however, h a l i t e  

of t h e  over ly ing  u n i t s  over laps  H a l i t e  I t o  t h e  south. 

H a l i t e  I th ickens  from t h e  sou th  to  t h e  nor th  i n  t h e  Ochoa 

t rough,  a  t r e n d  ahnost  perpendicular  t o  t h i cknes s  t r e n d s  o f  

underiying i inhydri te  I and over ly ing  Anhydrite 11. In  t h e  

c e n t r a l  and nor thern  p a r t s  of t h e  Whoa t rough,  H a l i t e  I 

gene ra l l y  ha s  a t h i cknes s  of 50 t o  350 f e e t ,  th ickening  to 



t he  north. On t h e  i n t r abas in  s h e l f ,  a zone about 20 t o  30 

f e e t  t h i c k  cons is t ing  of massive anhycr i te ,  contor ted  lami- 

n a t e ~  anhyuri te ,  an6 some sand i s  genera l ly  found, a t  t h e  

s t r a t i g r a p h i c  pos i t i on  of Ha l i t e  I. 

A s a l t  l e n s  o r  l o c a l  hepos i t  j u s t  north of t h e  Apache - 
llountains noted by Xrians (1944) was e n c o u n t e r e  i n  only one 

v e l l  l og  i n  t h e  area.  Since t h i s  s a l t  l e n s  is a t  about t h e  I 

s t r a t i g r a p h i c  pos i t i on  of Ha l i t e  I, it is assumed a s  equiv- 

a l e n t  t o  Ha l i t e  I and ccz re l a t ed  with the s a l t  u n i t  in  w e l l  

Reeves-81 (Pig. l a ,  in pocket) .  This  l o c a l  s a l t  depos i t  is 

loca ted  i n  southeastern Culberson and southwestern Reeves 

Counties, Texas, a t  t h e  southwestern end of a northeast-  

southwest l i n e a r  trend Wig. 14, i n  pocket).  This l i n e a r  

f e a t u r e  nay have been a l o c a l  accessvay f o r  dense s a l i n e  

water i n f l u x  t o  t h i s  a r e a  from t h e  Ochoa trough during 

Ha l i t e  I deposi t ion.  

Well logs  from Eddy, Lea, and nor theas te rn  Culberson 

Counties showed some s e c t i o n s  of Ha l i t e  I w i t h  s i g n i f i c a n t l y  

g r e a t e r  or l e s s e r  th ickness  than  would be expected f r o m  

sedimentat ional  trends. Since the  h c l i t c  has  been repor ted  

as remarkably pure (Mams, 1944) and no marker beds are 

present  i n  Ha l i t e  I, s a l t  rnovemnt can be  i n t e rp re t ed  on ly  

f r o n  ana ly s i s  of t h e  genera l  d i s t r i b u t i o n  of s a l t ,  r eg iona l  

th ickness  t rends  of t h e  s a l t  u n i t  i t s e l f ,  r eg iona l  th ickness  

t r ends  of t h e  underlying and overlying beds, variations in 

th ickness  of s a l t  betveen c lo se ly  spaced w e l l s ,  and the 

t e c t o n i c  s e t t i n g  of t h e  a r e a s  that ~ g h t  have had s a l t  mve-  



ment. The w r i t e r  b e l i e v e s  t h a t  s a l t  f low a f t e r  d e p o s i t i o n  

and c o n s o l i d a t i o n  i s  i n d i c a t e d  from a n a l y s i s  of t h e  above 

f a c t o r s .  Such an a n a l y s i s  i s  given i n  d e t a i l  i n  t h e  s e c t i o n  

on S a l t  Movement. 

Anhydri te  11. Anhydri te  I1 is a remarkably c o n s i s t e n t  

u n i t  ranging i n  t h i c k n e s s  from about  90 f e e t  i n  e a s t e r n  

Culberson and western  Reeves Count ies  t o  about  150 f e e t  j u s t  

west  o f  t h e  C e n t r a l  Basin p la t fo rm (Fig.  19,  i n  pocket) .  

The t h i c k n e s s  d i s t r i b u t i o n  o f  Anhydrite I1 is very  similar 

t o  t h a t  of t h e  Anhycirite I (Fig. 17,  i n  pocket] .  The geo- 

m e t r i c  c o n f i g u r a t i o n  o f  thickening of  annydrite n e a r  the 

e a s t e r n  b a s i n  margin i s  i n t e r p r e t e d  a s  i n f l u x  o f  m a t e r i a l  

from e a s t  o f  t h e  Delaware b a s i n  d i s t r i b u t e d  a s  f a n e  or 

d e l t a s  by channel  c u r r e n t s  through breaches  i n  t h e  b a r r i e r  

zone, s i m i l a r  t o  c o n d i t i o n s  p o s t u l a t e d  f o r  Anhydri te  I. 

H a l i t e  11. H a l i t e  I1 c o n s i s t s  o f  c lower h a l i t e  u n i t  

and an  upper u n i t  o f  interb&c?eG h a l i t e  and anhycr i t e .  There 

are u s u a l l y  f i v e  a n h y d r i t e  has, each f r a s  2 t o  5 f e e t  i n  

th ickness .  The lowest  a n h y c r i t e  marker is encountered a t  

about  t h e  miudle of t h e  u n i t  (Pigs .  3 and 4 ) .  In the cen- 

t r a l  and nor the rn  p a r t s  o f  t h e  Ochoa t rough,  U a l i t e  I1 has 

a t h i c k n e s s  o f  50 t o  225 f e e t ,  th icken ing  to t h e  n o r t h  

(Fig.  20, i n  pocke t ) .  On t h e  i n t r a b a s i n  s h e l f ,  a d i s t u r b e d ,  

non-laminated anhyck i te  zone about  1 5  t o  20 f e e t  t h i c k ,  

s i m i l a r  t o  H a l i t e  I zone, i s  founci a t  t h e  s t r a t i g r a p h i c  

l e v e l  of H a l i t e  11. Thickness t r e n d s  o f  H a l i t e  I1 are aim- 



i l a r  t o  those of H a l i t e  I i n  t h i s  area.  Generally Ha l i t e  I1 

is t h i c k e r  than H a l i t e  I i n  t h e  southern p a r t  of t h e  w h o a  

t rough,  where H a l i t e  I1 overlapr-  C z l i t e  I by about  s i x  

miles. 

Anhydrite 111. Rnhydrite I11 is a cont inuous sequence 

of anhydr i te  over ly ing  H a l i t e  11. This  anhyd r i t e  u n i t  is 

genera l ly  280 t o  350 f e e t  t h i c k ,  thickening froan southwest 

to  no r thea s t  i n  t h e  Ochoa trough. The lowest h a l i t e  bed o f  

Anhydrite I V  marke t h e  t o p  of Anhydrite 111. Since  t h i s  

h a l i t e  bed i s  abeent  over  areas ou t s i de  of t h e  Whoa trough, 

th ickness  t rende  could n o t  be ciietinguished throughout t lm 

basin. I f  t h e  th icknees  t r end  of Anhydrite I11 is sinrflax 

to t h e  t r ends  of Anhydrite I and Anhydrite 11, Anhydrite I11 

is probably about 250 f e e t  t h i c k  i n  the vea t e rn  p a r t  o f  th. 

Delaware basin.  . . 

Anhyckite IV. Overlying Anhydrite 111, Anhydrite N 

c o n s i s t s  of interbedaed anhydr i te  and h a l i t e  and ahour a 

d i s t i n c t  c y c l i c  p a t t e r n  i n  t h e  Whoa t rough (Pig. 4 ,  Fa 

pocket) .  Anhydrite I V  ranges from 200 to 400 f e e t  i n  thick-  

ne s s  i n  t h e  Whoa trough. Anhydrite IV has f i v e  anhydr i te  

beds, designated 2, b,  c, g, an8 2, separa ted  by h a l i t e  beds 

( see  Loving-43, Pig. 4 ,  i n  pocket).  

The h a l i t e  beds i n  Anhydrite I V  are t h i n  a t  t h e  base o f  

t h e  u n i t  wi th  one r e l a t i v e l y  t h i c k  bed occur r ing  betweon 

m h y d r i t e  beds d and 2. The t h inne r  h a l i t e  be& pinch out 

l o c a l l y ,  and it is d i f f i c u l t  t o  d i s t i n g u i s h  between anhy- 



d r i t e  beds b and 2 .  In  a d d i t i o n ,  when t h e  lmie r  h a l i t e s  

pinch o u t ,  a n h y d r i t e  beds a, b,  and 5 form a  cont inuous se- 

quence w i t h  ~Anhydrite 111. The  uppernost  h a l i t e  bed sepa- 1 1  
r a t i n g  a n h y d r i t e  bed 5 of  Anhydrite IV from t h e  over ly ing  

I 
I / 
1 1  

a n h y d r i t e  of  Anhydrite V pinches  o u t  l o c a l l y .  The t o p  of  I 
Anhydrite I V  i s  then taken as t h e  t o p  o f  t h e  h a l i t e .  The I 
t h i ckness  of h a l i t e  i n  dnhyciri te I V  i s  shown i n  F igure  21. I , 

1;a l i t e  beds i n  Anhydrite I V  a r e  cont inuous i n  t h e  cen- 

t r a l  and sou thern  p a r t s  and a r e  found l o c a l l y  i n  t h e  n o r t h e r n  
1 

p a r t  of  t h e  Ochoa trough. T o t a l  h a l i t e  t h i c k n e s s  i n  Anhy- 

d r i t e  I V  ranges  from 100 t o  300 f e e t ,  t h e  t h i c k e s t  amounts 

being i n  t h e  n o r t h - c e n t r a l  p a r t  of  t h e  Ochoa t rough  i n  

southern Lea and nor the rn  Loving Counties.  - 
I n  t h e  Ochoa t rough t o t a l  a n h y d r i t e  of  h h y d r i t e  IV 

g e n e r a l l y  ranges  from 110 t o  150 f e e t  i n  t h i c k n e s s ,  w i t h  

anhyCirite beci a ranging from 8 t o  12 f e e t  i n  t h i c k n e s s ,  bed 

b 45 t o  60 f e e t ,  bed c 25 t o  35 f e e t ,  bed d 10 to  20 f e e t ,  - 
and bed 2 10 t o  20 f e e t .  The a n h y d r i t e  beds a r e  g e n e r a l l y  

t h i c k e s t  i n  Loving and e a s t e r n  Seeves-western Pecos Count iea  

a r e a s .  Betneen t h e s e  a r e a s ,  i n  western  Ward County, a l l  o f  

t h e  a n h y d r i t e  beds t h i n .  Anhyirrite 1V i s  probably repre-  

sen ted  on t h e  i n t r a b a s i n  s h e l f  by a  t h i c k n e s s  o f  a n h y d r i t e  

of  about  150 f e e t .  

! Some sands founh i n  Culberson County w e l l s  are probably 

e q u i v a l e n t  to h a l i t e  beds i n  t h e  Ochoa trough. 

Anhydrite V. h h y d r i t e  V is t h e  uppermost u n i t  o f  the 



t h i c k n e s s ,  r ang ing  from l e s s  t h a n  300 f e e t  i n  n o r t h e r n  and 

c e n t r a l  a r e a s  t o  more t h a n  1,000 f e e t  i n  t h e  s o u t n e r n  p a r t  

of t h e  Ochoa t rough.  The i n t r a b a s i n  s h s l f  n o n - h a l i t e  s t r a t a ,  
I I 

mainly l amina ted  c a l c a r e o u s  a n h y d r i t e  e q u i v a l e n t  t o  h h y -  
' I 

I 
I 

dri te V ,  have a  t h i c k n e s s  of abou t  600 t o  700 f e e t .  
I 

l i a l i t e  i n  Anhydri te  V is found o n l y  w i t h i n  t h e  Ochoa 

t rough p a r a l l e l  t o  t h e  C e n t r a l  Basin  p la t fo rm.  Some sands  
I 

found i n  Culberson County wells a r e  probably  e q u i v a l e n t  t o  

h a l i t e  beds  o f  Anhydri te  V i n  t h e  Ochoa t rough.  T o t a l  h a l i t e  I 

t h i c k n e s s  i n  Anhydri te  V r a n g e s  from less than  100 f e e t  to I 

more than 300 f e e t  (Fig.  22, i n  p o c k e t ) .  Areas w i t h  h a l i t e  

t h i c k n e s s  g r e a t e r  t h a n  300 f e e t  are found i n  two a r e a s ;  

one i n  Lea County, New Mexico, t h e  o t h e r  i n  s o u t h e r n  Loving, 

wes te rn  Ward, and e a s t e r n  Reeves Coun t i e s ,  Texas. A narrow 

a r e a  c o n t a i n i n g  h a l i t e  less than 100 f e e t  i n  t h i c k n e s s  is 

p r e s e n t  i n  n o r t h - c e n t r a l  Loving County. 

Volumes and W i g h t s  of C a s t i l e  -JnJn. Volumes f o r  

h a l i t e  were d e t e r n i n e u  by p l a n i m e t r i c a l l y  n e a s u r i n g  t h e  

a r e a s  between con tours ,  m u l t i p l y i n g  t h e s e  a r e a s  by t h e  

ave rage  t n i c k n e s s  between c o n t o u r s ,  anL aduing t h e s e  

  average^" volumes f o r  t h e  t o t a l  t h i c k n e s s  o f  h a l i t e  p e r  

u n i t .  The a r e a s  between con tours  were planimeterecl  a t  

l e a s t  t w i c e  anu checkeo a g a i n s t  a  r e f e r e n c e  s q u a r e  of known 

a i r ~ e n s i o n s .  Planimetereu a r e a s  a l l  had less than  5 p e r c e n t  

u i f  f  e r e n c e  between n ~ e a s u r e r ~ e n t s .  khe average t h i c k n e s s  o f  

t h e  h a l i t e  depends upon t h e  i n d i v i i u a l  t h i c k n e s s  rneasure- 

u n t s  frord l o g s  anu con tour ing  o f  t h e  maps. Probably t h e  
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thickness  measurements had no more than 1 0  percen t  e r r o r  an& 

l e s s  than 5 pe r cen t  i n  th icknesses  g r e a t e r  than 100 f e e t .  

Although contouring of t h e  clata i s  sub j ec t i ve ,  it i s  prob- 

ably compensatory; no e r r o r  was e s t i m a t e t  f o r  t h i s  f a c to r .  

An average th ickness  f o r  each anhycirite u n i t  was esti- 

m a t e ~  from th i zknes s  maps anc  ~ a t a  s i n c e  t h e  Castile is 

eroireci i n  t i le  western p a r t  of t h e  belaware basin.  Net foo t -  j , i  

/ ' 

age of non-ha l i t e  s t r a t a ,  mainly anhyur i te ,  and t o t a l  C a s t i l e  

th icknesses  were a l s o  es t imate6  i n  t h i s  way. Average th ick-  

ness  was n u l t i p l i e d  by t h e  a r e a  of t h e  Lelaware ba s in  t o  

ob t a in  t h e  volume of each anhya r i t e  un i t .  hnhydri te  equiv- 

a l e n t  t o  lower C a s t i l e  h a l i t e  u n i t s  w a s  cm~pu ted  by 

averaging the th i cknes s  over  t h e  i n t r a b a s i n  she l f  and 

n u l t i p l y i n g  t h i s  av3rage by one-half t h e  a r ea  of t h e  basin.  

To conver t  volume to weight f o r  anhydr i te ,  a  f a c t o r  o f  

10.9 cubic  f e e t  p e r  t o n  was used, f o r  h a l i t e ,  a  f a c t o r  of 

14.5 cub i c  f e e t  pe r  t on  was used; f o r  c a l c i t e ,  a f a c t o r  of 

11.7 cub i c  f e e t  pe r  t o n  was use&. Area of  t h e  Delaware 

bas in  was es t imated  a t  10,000 square miles or 283 x 10 9 

square feet. 

Volumes and weights  a r e  t a b u l a t e d  i n  Tabla 3. To t a l  

anhya r i t e  was co r r ec t ed  f o r  major amounts o f  c a l c i t e  and 

bituminous m a t e r i a l .  Uiden (1924, p. 350) noted t h a t  c a l -  

c i t e  anu bituminous t ~ a t e r i a l  gene ra l l y  marce up  less than  

one-fourth of  t h e  t h i cknes s  of each laminat ion.  C a s t i l e  

anhyd r i t e  volume and weight  were cor rec ted  assuning one-fourth 



I Table 3. Volumes and weights of units of the Castile Formation. 

I Anhydritct, ~nhydrite' Ratio ofa 
Halite --- un<orrocted corrected CaSO :::aCl 

Average Volume, Weight, 0 1  , h , --=weight, Volume4Weight 
thickncsa, cu ft tons cu f t to:;!' cu ft tons 

Unit feet x 1012 x 1011 x 1012 x lo?.: x 1012 x 1011 

I ---- ---- ---- Anhydrite I 210 ---- ---- 59 5 4 ---- 
I 

Halite I ( 3 0 ) ~  27.7 19 4 3.7 3 2.8 1:9 1:7 

Anhydrite I1 105 ---- ---- 30 2 8 .---- ---- ---- ---- 

Anhydrite 111 350 ---- ---- 100 9 2 ---- ---- ---- ---- i 
f 

Anhydrite IV 150 11.5 8 4 2 39 ---- ---- ---- ---- I 
Anhydrite V 550 13.2 9 156 143 ---- ---- ---- ---- $ 

- - -  - - - - - -  - - 

Total 
Castile 1410 69.7 48 393 362 295 270 4.2:1 5.6:l 

- - - 

~otal' Castile 
Anhydrite 1350 ---- ---- 378 347 284 260 4.1:1 5.4:l 

- ---- -- - 

Castile (from 
R. H. King) 1250 ---- ---- 350 325 262 240 3.7:l 5.0:1 

VI 
P 

aAnhydrite corrected to 3/4 measaued volume. 
bVolume of anhydrite computed from average thickness multiplied by one-half the area 

of the basin. 
C~stimated from net footage map of non-halite strata, mainly anhydrite (Pig. 16) . 



of t h e  volume of t o t a l  anhycirite is c a l c i t e  and o t h e r  

mate r ia l .  CaS04:NaC1 r a t i o  f o r  t h e  C a s t i l e  Formation us ing  

corrected, anhyur i t e  is about  4 : l  Ly volume and 5.5:l by 

weignt. I n  t h e  lower p a r t  of t h e  C a s t i l e ,  h a l i t e  u n i t s ,  

including l a t e r a l l y  e q u i v a l e n t  anhydr i t e  on t h e  i n t r a b a s i n  

s h e l f ,  have a CaSO4:NaC1 r a t i o  of about  1:10 by volume and 

1:8 by weight. 

Salacio Formation 

General Statement.  The Salacio Formation c o n s i s t s  of 

h a l i t e ,  anhydr i t e ,  and d o l d t e  wi th  minor amounts o f  

c l a s t i c  rocks,  gypsum, magnesite,  and potassium minerals .  

The SalaBo Formation was named by Lang (1935, 1939) from a 

subsurface s e c t i o n  of t h e  P i n a l  D o n e  O i l ,  Means w e l l  No. 1, 

Loving County, Texas, a t  a dep th  f r a n  920 f e e t  t o  about 

3,300 f e e t .  

The Cast i le-Salado c o n t a c t  of t h i s  r e p o r t  is a t  an 

approximate ciepth of 3,000 f e e t  i n  t h e  P i n a l  Dome w e l l .  

F igure  4 shows a sonic-gamma-ray l o g  from Wilson Explora t ion  

Company, Brunson v e l l  No. 1, Loving County, Texas (wel l r  

Loving-43), about one mi le  sou theas t  of t h e  P i n a l  Dome 

w e l l  ancl a sample log  of t h e  P i n a l  Dome w e l l  (from Hoots, 

1925). 

Lang (1942, p. 63-79) name& t h r e e  members w i t h i n  the 

Salado (depths 890-1,380 f e e t )  from F l e t c h e r  N o .  1 Potash 

Core wel l ,  sec. 1, Y. 21 S., R. 28 E., Eddy County, New 

Hexico: 



1. Cowden Anhydrite Member, 1,145-1,163 f e e t ;  

2. La Huerta S ~ l t  Member, 1,296-1,301 f e e t ;  and 

3. F le tcher  Anhydrite Heuber, 1,311-1,379 f e e t .  

Adams (1944, p. 1610) proposed t h e  Vaca T r i s t e  Sand 

Member, a ten-foot  bed of f i n e  red  sand, about  670 f e e t  be- 

low t h e  t o p  of  t h e  Salado from Cont inen ta l ,  King w e l l  No. 1, 

sec. 26, T. 25 S., R. 32  E., Lea County, New Mexico. 

Li thology.  Lanq (1935, p. 266) descr ibed  t h e  Salado 

a s  'ironinantly composed of rock s a l t  w i t h  massive anhydr i t e  

beas,  r e d h i i s ,  sha ly  sands,  and prominent beds and l e n s e s  of 

p o l y h a l i t e  t h a t  a r e  c h a r a c t e r i s t i c  on ly  of  t h i s  f o r n a t i ~ n . ~  

I n  1939 (p. 1570) he note6 t h a t  t h e  h a l i t e  g r a a e s  i n t o  mass- 

i v e  anhydr i t e  i n  southern Reeves and northwestern Pecos 

Counties,  Texas. 

Moore (1960, p. 123) es t imated  t h e  p ropor t ions  o f  l i t h o -  

l o g i c  t y p e s  i n  t h e  Salado Formation near  t h e  nor thern  margin 

of t h e  Delaware b a s i n  as: 

Percen t  
Chlor ide  rocks 

( h a l i t e  rock,  s y l v i t e  rock, e t c . )  84  

S u l f a t e  rocks 
(anhydr i t e  rock,  gypsum rock,  and 

p o l y h a l i t e  rock) 12  

C l a s t i c  rocks 
(quar tz  sandstone,  s i l t e t o n e ,  and 

c l a y  s tone)  4 

Carbonate rocks  
( l imestone and dolomite rock) 

I n  o r d e r  t o  show north-south v a r i a t i o n s  i n  the Ochoa 

trough of ~ u l f a t e  and carbona te  rocks i n  t h e  Salado,  n e t  



footages of s u l f a t e  and ca rbona te  were compiled from w e l l s  1 ~ 
i n  nor th-south c r o s s  s e c t i o n ,  F igure  7 (Table 4 ) .  The w e l l s  I 
denoted i n  Figure  7 a r e  n o t  d i r e c t l y  a long t h e  maximum 

I 

th ickness  t r e n a  i n  t h e  Ochoa t rough ;  however, from t h e  w e l l  

d a t a  (Lea-25 t o  Reeves-95), t h e  s u l f a t e - c a r b o n a t e  rocks  are I 
I 

e a s i l y  recognized a s  th icken ing  &out  4 4  times from n o r t h  

t o  south.  The pe rceu tage  i n c r e a s e ,  however, is o n l y  a b o u t  

th ree - fo ld  because h a l i t e  t h i c k e n s  a t  a g r e a t e r  r a t e  than 

t h e  su l fa te -ca rbona te .  

S c h a l l e r  and Henderson (1932, p. v i i )  concluded from 

i n t e n s i v e  p e t r o l o g i c  and inineralogic  s t u d i e s  t h a t  t h e  po tash  

minera l s  a r e ,  f o r  t h e  most p a r t ,  replacement m i n e r a l s  or 

r e a c t i o n  p roduc t s  from .p reex i s t ing  s a l i n e  m i n e r a l s  w i t h  

l i q u o r s  r i c h  i n  potash." They a l s o  noted t h e  fol lowing 

minera l  a s s o c i a t i o n s  and c h a r a c t e r i s t i c s  i n  Sa lado  r o c k s  

S u l f a t e  g r o u e  

Banded s t r u c t u r e  
F i n e  g r a i n e d  
Minera log ica l ly  s imple  
E s s e n t i a l l y  i n s o l u b l e  
Minerals  : 

Anhydri te  
P o l y h a l i t e  
A n h y d r i t e , &  p o l y h a l i t e  
hnhydr i t e  & h a l i t e  
P o l y h a l i t e  & h a l i t e  
Annydrite,  p o l y h a l i t e  

& h a l i t e  
Kieseri te 
Magnesite 
G l a u b e r i t e  
Lueneburgi te  (?)  
Clay, g e n e r a l l y  i n  l a y e r s  

o r  wavy bands. 

Chlor ide  group 

No banaed s t r u c t u r e  
Coarss g r a i n e d  
Minera log ica l ly  complex 
E s s e n t i a l l y  s o l u b l e  
Minerals  : 

H a l i t e  
B a i i t e  & s y l v i t e  
H a l i t e  & p o l y h a l i t e  
H a l i t e  & a n h y d r i t e  
H a l i t e  & c a r n a l l i t e  
Ka in i t e  
Langbe in i t e  
k o n i t e  
Lueneburgi te  
S y l v i t e  
Clay, more comoonly 

a s  i r r e g u l a r  massee 
than i n  l a y e r s .  
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Adams (1944, p. 1609) r e p o r t e d  t h e  fol lowing c h a r a c t e r -  

is t ics i n  t h e  abundant s a l t  beds: 

"Many of t h e  s a l t  beds ,  e s p e c i a l l y  t h e  upper 
ones ,  i n  and arouna t h e  n o r t h  enu of t h e  Delaware 
b a s i n ,  c o n t a i n  p o t a s i ~  and o t h e r  b i t t e r n  minerala .  
P o l y h a l i t e  is  t h e  most v iaespread  o f  t h e  potash- 
bear ing minera l s .  The base  of t h e  p o l y h a l i t e  de- 
p o s i t s  t r a n s g r e s s e s  u p a r d  a c r o s s  t h e  s a l t  s e c t i o n  
toward t h e  southwest .  None is found i n  t h e  s a l t s  
s o u t h  and v e s t  of t h e  Pecos River .  Many of  t h e  
po tash- f ree  s a l t s  of t h e  format ion are a l s o  r e d ,  
due t o  t h e  presence o f  r e u  c l a s t i c s  anG i r o n  ox ides  . . . . I n  a d d i t i o n  t o  t h e  po tash ,  c l a s t i c s ,  and 
common r e d  c o l o r a t i o n ,  t h e  Salado s a l t s  c o n t a i n  
blebby a n h y a r i t e  i n c l u s i o n s  and mats of coarse, 
i n t e r l o c k i n g  anhyGri te  c r y s t a l s  a s  w e l l  a s  the f i n e  
g r a n u l a r  masses of a n h y d r i t e  which c h a r a c t e r i z e  the 
s a l t s  o f  t h e  C a s t i l e .  Sa lado  s a l t s  i n  t h e  south- 
c e n t r a l  p a r t  o f  t h e  Delaware b a s i n  a r e  much cleaner 
t h a n  t h o s e  i n  t h e  a r e a s  near  t h e  n o r t h  rim: 

C. L. Jones  (1954, p. 109) d i v i d e d  t h e  h a l i t e  i n t o  two d i s -  

t i n c t  types :  one t y p e  w i t h o u t  c l a s t i c  i m p u r i t i e s ;  t h e  o t h e r  

t y p e  w i t h  c l a s t i c s ,  p r i n c i p a l l y  c lay-  and s i l t - s i z e  p a r t i c l e s  

o f  q u a r t z  and s i l i c a t e  minerals .  

Aclams (1944, p. 1603, 1611) r e p o r t e d  t h e  common Salado 

carbona tes  a s  dolomite  and n a g n e s i t e  w i t h  t h i n  beGs of da rk  

brown, ca lc i t e -banded  a n l ~ y d r i t e  s e p a r a t e d  by t h i c k  beds of 

s a l t  found i n  sou thern  lteeves and western  Pecos Counties.  

H e  noted t h e  fol lowing:  

"The dololnite and magnesi te  are p r e s e n t  a s  
s t r i n g e r s  o r  a s  d i f f u s e d  g r a i n s  i n  n o s t  of t h e  
a n h y d r i t e  members a t  t h e  n o r t h  end of t h e  Delaware 
bas in .  Near t h e  Texas l i n e  t h e  ca rbona tes ,  espec- 
i a l l y  i n  the upper p a r t  of t h e  s e c t i o n ,  a r e  con- 
c e n t r a t e d  i n t o  beds. Outs ide  of t h e  s a l t  a r e a s  
do lomi te  becomes more prominent." 

Adams f u r t h e r  observed t h a t  t h e  p ropor t ion  of do lomi te  in -  

creases southward, making up approximately  20 p e r c e n t  of t h e  

Salado Pormation i n  t h e  s o u t h e r n  p h r t  o f  t h e  Delaware basin .  



Adams (1944, p. 1610-1611) descr ibed t h e  anhydr i te  of 

the  southern and western Salado a r ea s  a s  r a t h e r  f ea tu r e l e s s ,  

thin-bedded, and blue-white i n  co lor .  I n  t h e  main s a l t  

s ec t i on  of t h e  nor theas te rn  Gelaware bas in ,  he d iv ided  the 

anhydr i te  i n t o  two groups: discont inuous lenses  and wide- 

spread menbers which s e r v e  a s  markers. H e  noted: 

"The anhydr i te  marlier nemberr: almost every- 
where conta in  i nc lu s ions  of s a l t ,  and t h i n  s t r i ng -  
e r s  o f  silt and magnesite o r  uolomite.' 

C l a s t i c s  i n  t h e  Salado were noted by Adam (1944, p. 

1609-1611) a s  follows: 

"Sands and s i l ts  a r e  encountered i n  many p a r t s  
of t h e  Salado s ec t i on .  The sands a r e  coarser  than  
most of t h e  Pernian sands b u t  they a r e  no t  charac- 
t e r i z e d  by t h e  f r o s t e d  qua r t z  g r a i n s  s o  comon i n  
t h e  Yates and Uewey Lake formations. Both r e d  and 
gray sands a r e  presen t .  . . . 

Si lLs  and s h a l e s  a r e  l e s s  conspicuous but  more 
gene ra l l y  d i s t r i b u t e d  than  sands i n  t h e  Salado sec- 
t ion .  Colors inc lude  brown, green,  blue,  gray,  red, 
pink, v i o l e t ,  ana black." 

Adams (1944, p. 1611) f u r t h e r  s t a t e d :  

" N o  c h e r t  was noted i n  any of  t h e  Salado Sam- 
p l e s ,  bu t  a few m a l l  euhedral  qua r t z  c r y s t a l s  . . . a r e  s c a t t e r e d  t:lrough t h e  s a l t .  Here an6 
t h e r e  g r a i n s  of p y r i t e  a r e  foun6 i n  t h e  Colomite," 

Regional Aspects. The Salado Formation ranges in thick-  

ness  from 500 f e e t  i n  t h e  western Delaware bas in  t o  mre 

than  2,000 f e e t  i n  t h e  Ochoa t rough p a r a l l e l  t o  t h e  Cen t r a l  

Basin platform, with a maximum th ickness  of 2,530 f e e t  i n  

w e l l  Pecos-7 (Fig. 23, i n  pocket) .  The Salado Formation was 

sutdivideci i n  t he  Loving County a r e a  i n t o  t h r e e  u n i t s  desig-  

nated lower, middle, anu upper Sala6o. The middle-upper 

Salado boundary was taken  a t  t h e  base of a n  anhydr i te  marker 



be6 approximately 240 f e e t  below t h e  Vaca T r i s t e  Sand Member 

o r  9 2 5  f e e t  below t h e  Rust ler-Salado c o n t a c t  i n  Loving-43 

(Fig. 4 ,  i n  a o c k e t ) .  The lower-middle boundary was p laced  

a t  t h e  t o p  of  an anl lydr i te  marker 670 f e e t  below t h e  middle- 

uaper  c o n t a c t  i n  Loving-43. These c o n t a c t s  were r e a d i l y  

t r a c e d  throughout  most of t h e  Ochoa t rough  (Fig. 7,  i n  

pocke t ) .  The g e n e r a l  t h i c k n e s s  of t h e  lower,  middle,  and 

upper u n i t s  is shown i n  F igure  29 and i n  c r o s s  s e c t i o n s  

(Pigs.  7 ,  8 ,  9,  and 10,  i n  pocke t ) .  

The e x t e n t  o f  Salado h a l i t e  from t h e  d a t a  of  t h i s  re- 

p o r t  g e n e r a l l y  a g r e e s  wi th  t h e  e x t e n t  o f  Salado .evapori tem 

a s  postulateci  by Kroenlein  (1939, f i g .  1 ) .  Salado a n h y d r i t e  

and ca rbona te ,  however, a r e  found i n  wes te rn  and s o u t h e r n  

p a r t s  of  t h e  Delaware bas in .  Kroen le in ' s  " w e s t  s h o r e l i n e  

of t h e  Delaware Lake* c o i n c i d e s  wi th  t h e  p o s t u l a t e d  i n t r a -  

b a s i n  s h e l f  margin of  t h i s  r e p o r t  (Fig.  1). Kroenlein  

apparen t ly  i n t e r p r e t e d  t h e  non-laminatea Salado an l lydr i t e  

a s  C a s t i l e  equ iva len t .  

Stewart  (1954) compared t h e  Permian e v a p o r i t e s  i n  nor th-  

e r n  England w i t h  t h e  e v a p o r i t e s  o f  t h e  Salado. H e  no ted  t h a t  

B r i t i s h  d e p o s i t s  were b road ly  comparable t o  t h o s e  of  t h e  

Salado minera log ica l ly .  I n  b o t h  a r e a s ,  l a t e r a l  zoning is 

prominent. S tewar t  (1954, p. 223) r e p o r t e d  f o r  B r i t i s h  de- 

p o s i t s  t h a t  * t h e i s ,  t h e n ,  i n  each  e v a p o r i t e  bed, a broad 

l a t e r a l  zoning from more t o  less s o l u b l e  s a l t s  a s  t h e  s h o r e  

l i n e  i S  approached.* For the Texas-New Mexico e v a p o r i t e s ,  

he (1954, p. 223-224) s t a t e d :  . the re  i s  a well-developed 
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l a t e r a l  change from l e s s  t o  rmre so lub l e  s a l t s  from t h e  

seaward connection t o  the inner  p a r t s  o f  t h e  depos i t i ona l  

areas. ' 
I 

I 

Rustler  Formation 

General Statement. The Rus t le r  Formation is t h e  young- l 

e a t  u n i t  i n  t h e  evapor i te  sequence. Rus t le r  c o n s i s t s  o f  

dolomite, anhydri te ,  gypsun, c l a s t i c s ,  and some h a l i t e .  Th. 

Rustler Formation was n& by Richardson (1904, p. 44) f o r  

Rust ler  Springs, Culberson County, Texas. Type s e c t i o n s  of 

the Rus t le r  Formation have been described by Lang (1935 and 

1938 Mams, 1944) (Table 5) .  Figure 4 shows representa-  

t i v e  logs of t h e  Rus t le r  Formation. 

A t o t a l  thickness  map of t h e  Rus t le r  was made for 

andlys i s  of basin d e v e l o p e n t  (Pig. 24,  i n  pocket) .  The 

Rust le r ,  however, was  no t  s tud ied  i n  d e t a i l .  

I Lithology. The Rus t le r  Formation c o n s i s t s  o f  dolomite,  

I anhydri te ,  gypsum, c l a s t i c s ,  and h a l i t e .  Adams (1944, g. 

' the  o l d e s t  d e p s i t  of t h e  Rus t l e r  formation, 
i n  i t s  western outcrops,  i s  a c l a s t i c  member . . . . Toward t h e  r s t  t h e  conglomerates grade  
i n t o  sandstonec. 

Where t he  basztl smds tones  of t h e  Rus t le r  
r e s t  on t he  beve1.cd surfaces of t h e  Salado, as i n  
t h e  a rea  south and cast of Carlsbad, t hey  a r e  
charac te r ized  by &rust i r r e g u l a r i t i e s  in th ick-  
ness.  . . . Above t he  basa l  c l a s t i c  phase, t h e  
Rust ler  is la rge ly  an evapor i te  formation and mark* 
t h e  final s tage  of e.zaporite depos i t ion  i n  the 
southern Permian basin. 

In t h e  subsurface where t h e  complete Rustlelr 
s ec t i on  i s  preeerved, it can be d iv ided  i n t o  two 



main p a r t s ,  an upper 150 t o  175-foot bed o f  anhy- 
d r i t e  o r  gypsurn; and a lower group o f  dolomite ,  
a n h y d r i t e ,  sand ,  and s h a l e  manbers. Along t h e  
solithwest liAnits of t h e  R u s t l e r  a r e a  t h e  a n h y d r i t e s  
of t h e  lower group g rade  i n t o  d o l m i t e s  and t h e  
d o l o n i t e s  i n t o  l imestones .  Toward tine n o r t h  and 
e a s t  t n e  d o l o n i t e  s t r i n g e r s ,  I n  e r n ,  d e c r e a s e  i n  
prominence, and a t  t h e  n o r t h e a s t  edge of t h e  D e l a -  
ware b a s i n  p a r t  of t h e  upper a n h y d r i t e  and t h e  
a n h y d r i t e  of t h e  lower group g rade  i n t o  sa l t ."  

C. L. Jones  (1954, p. 110) d e s c r i b e d  t h e  R u s t l e r  a t  the 

n o r t h e r n  n a r g i n  of t h e  Delaware b a s i n  as fol lows:  

'Anhydrite and h a l i t e  a r e  t h e  p r i n c i p d l  con- 
s t i t u e n t s  of t h e  R u s t l e r  format ion.  . . a n h y d r i t e  
is  t h e  dominant c o n s t i t u e n t  o f  t h e  s t r a t a .  . . . 
The R u s t l e r  format ion c o n t a i n s  two dolomite  members 
a n 3  s e v e r a l  s i l t s t o n e  and sandstone members t h a t  
form remarkably p e r s i s t e n t  s t r a t i g r a p h i c  markers. 
The h a l i t e  i s  i n t e r c a l a t e d  w i t h i n  t h e  a n h y d r i t e  
and c l a s t i c  menhers. The h i g h e s t  h a l i t e  m e m b e r  
l i e s  abou t  30 f e e t  below t h e  t o p  of t h e  format ion;  
and t h e  lowes t  h a l i t e  member, abou t  iS t o  1 5  f e e t  
above t h e  base .  The o t h e r  h a l i t e  members f o m  a 
medial  zone w i t h i n  t h e  format ion.  Within t h e  area 
of t h e  Delaware Basin ,  t h e  h a l i t e  members r e p r e s e n t  
abou t  h a l f  t h e  t o t a l  t h i c k n e s s  of t h e  R u s t l e r  f o r -  
mation.  The h a l i t e  members t h i n  reefward and p inch  
o u t  on t h e  s h e l f  area. '  

Regional  Aspects.  The R u s t l e r  Pormation g e n e r a l l y  

r anges  f rom 250 f e e t  to 600 f e e t  i n  t h i c k n e s s  i n  t h e  north- 

I ern, c e n t r a l ,  and e a s t e r n  p a r t s  o f  t h e  Delaware b a s i n  (Pig. 

I 24, i n  pocket) .  I t  v a r i e s  c c n s i d e r a b l y  i n  t h i c k n e s s  i n  

I l o c a l  a r e a s  w i t h  a tendency t o  t h i c k e n  toward t h e  southem 

I p a r t  o f  t h e  bas in .  Kroenle in  (1939, p. 1692) b e l i e v e d  that 

I the R u s t l e r  i e  conformable wi th  t h e  Salado ' in  t h e  deep part 

I of t h e  Delaware b a s i n w  b u t  l a p s  a c r o s s  under ly ing  bed8 

I toward t h e  margin o f  t h e  bas in .  King (1942, 1948) and 

I Mams (1944) p o s t u l a t e d  a a l i g h t  angu la r  w.conforrpity i n  the 

wes te rn  p a r t  of t h e  Delaware bas in .  Moore (1960), how€i~~r, 



Table 5. Type s e c t i o n s  of Rus t l e r  Formation 

East of Pecos River between Laguna G r a d e  Eldridge Core: SectJ- "3 ,  Block C-26,  P.6.L. 
d e  La S a l  and P i e r ce  Canyon, Eddy County, Loving County, Texas. ~ f s e t  w e l l  t o  P ina l  
N. M. (from Lang, 1938, in Admnrr, 1914). Dome Oi l ,  Weans No. 1. (from Lang, 1935). 

Unit  Thickness 
Number Li thology ( f e e t )  Unit Lithology 

Thickness I 

( f e e t )  i 
! 

Anhydrite 30 
Upper Anhydrite with sandy, 
Anhydrite gyps i fe rous ,  and 
Member redbed breaks  120 

Gypsum 30 
Gypsiferous d o l a n i t e  

(Magenta Wembar) 30 
Gypsum 100 
Redbeds 30 
GYPS- 2 0 
Dolamite 

(Culebra Member) 35 

Red s h a l e  with brecc ia teZ 
gypsum and anhydr i t e  51 

Upper Limestone, magnesian 
Limestone and c e l l u l a r  3 1 
Member 

Redbeds 3 0 Redbeds 2 1 

Gray sandstone 70 Sandstone, gray,  very  f i n e  
grained,  f i n e l y  laminated . 
and cross-bedded 80 

Redbeds 35 

Lower Limestone, rnagnesian 
Lirnestona and c e l l u l a r  
Member 

Gypsum 130 

Basal  redbeds, f i n e  sandy 
t o  ea r thy ,  with anhydr i t e  
b reaks  and showing of  
h a l i t e  c r y s t a l s  9 

T o t a l  th ickrwss  370 Total t h i cknes s  515 
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bel ieved t h a t  t h e  R u s t l e r  conformably o v e r l i e s  t h e  Salado I 
Fornatl.on. The C u s t l e r  is  o v e r l a i n  by c l a s t i c s  of  t h e  Upper 

Permian Dewey Lake Redbeds. 

C y c l i c  Aspects and 
Condi t ions  of  Deposition 

Laminated Sediments 

The e a r l i e s t  i n d i c a t i o n  of  varve- l ike3 depos i t ion  Fn 

Lower Permian s t r a t a  i n  and .?ear t h e  Delaware b a s i n  is found 

i n  t h e  black l imes tone  beds of t h e  Bone Spring Group, Leonard 

S e r i e s  (King, 1948, p. 1 4  and p l a t e  10, A). 

King noted: 

"The black l imestone i n  most exposures shows 
no s t r a t i f i c a t i o n  between t h e  bedding planes ,  b u t  
i n  some exposures it i s  marked by f i n e r  laminat ions .  
Linestones  marked by c l o s e l y  spaced, l i g h t  and dark  
laminae similar t o  varves  are common lower down i n  
t h e  formation. . .; they  have been observed on t h e  
pronontory of t h e  Delaware Mountains 18 m i l e s  s o u t h  
of E l  Capi tan,  i n  t h e  S i e r r a  Diablo, and i n  t h e  
cores  from t h e  Updike w e l l  [N. B. Updike, W i l l i a m o  
No. 1, d r i l l e d  i n  1921 and 1922, 3 m i l e s  sou th  o f  
E l  Capitan].  . 
Pram h i s  p e t r o l o g i c  and chemical s t u d i e s ,  Marshal l  

(1954) s t a t e d  t h a t  t h e  Bone Spring Limestone shows s t r o n g  

i n d i c a t i o n  of being annual i n  na ture .  

The next  younger i n d i c a t i o n  of va rve- l ike  p r o p e r t i e s  is  

found i n  t h e  sandstone beds of t h e  Brushy Canyon Formation. 

King (1948, p. 28-29) desc r ibed  many of t h e  l a y e r s  of  t h e  

massive sandstone beds as having 'widely spaced, p a r a l l e l  

laminae." H e  f u r t h e r  notedt  

Varve: an assumed annual couple t  usua l ly  made up of  a 
l i g h t  and dark  l a y e r .  



"The thin-bedded sandstones  t h a t  l i e  between 
t h e  massive beds a r e  g e n e r a l l y  buff  and f ine-grained,  
and a r e  marked by c l o s e l y  s e t ,  l i g h t  and uark 
l amina t ions ,  sugges t ive  of varves." 

Beds of  t h e  Cherry Canyon Por.aation show a rcarkeG devel-  

opment i n  varve- l ike  c h a r a c t e r i s t i c s .  King (1948, p. 34-35) 

noted t h e  following: 

"The sandstones  of t h e  Cherry Canyon format ion 
l i e  i n  beds a feu inches  t h i c k ,  wi th  occas iona l  
t h i c k e r  l a y e r s  and l a y e r s  of ha rd ,  p l a t y ,  s h a l y  
sandstone.  The ' i h i n n u  beds a r e  a l l  marked by " 

l i g h t  and dark  laminae, poss ib ly  varues ,  of  vrhich 
t h e r e  a r e  conmonly 10 o r  20 t o  t h e  inch;  t h e r e  are 
occas iona l  zones where they  a r e  more c l o s e l y  o r  
more widely spaced.' 

King d i d  n o t  no te  any varve- l ike  l amina t ions  i n  t h e  l i m e -  

s t o n e  beds of t h e  Cherry Canyon, a l though  he d i d  d e s c r i b e  

t h e  Getaway Limestone Member a s  being t h i n l y  laminated or 

p l a t y  i n  some p laces .  He noted a l s o  t h a t  a b lack  l imestone 

f a c i e s  of t h e  South Wells Limestone Member was "reminiscent  

of  t h e  b lack  l i r ~ e s t o n e s  of t h e  Bone Spring' '  (Xing, 1948, 

Cont inuat ion of va rve- l ike  l amina t ion  i n  t h e  B e l l  Canyon 

was descr ibed  by King (1948, p. 54) as follows: 

"The sandstone beds of  t h e  ael l  Canyon forma- 
t i o n ,  l i k e  those  of  t h e  Cherry Canyon, a r e  buff 
co lored  and extremely f i n e  grain&.  . . . 

. . . . Some of t h e  sandstories are i n  l a y e r s  
a few inches  t h i c k ,  scme a r e  t h i n n e r  bedded o r  even 
p l a t y ,  and some a r e  t h i c k e r  bedc?ed o r  massive. 
1,iost of t h e  beds show f a i n t ,  c l o s e l y  spaced, l i g h t  
and dark  l amina t ions ,  b u t  t h e s e  l amina t ions  are 
absen t  i n  some of t h e  massive beds.' 

The Lamar Limestone Member (King, 1948, p. 57) c o n s i s t s  of 

1 5  t o  30 f e e t  of g r a y ,  d a r k  g ray ,  o r  b l a c k ,  f ine -gra ined  

l imestone g e n e r a l l y  made up of b&s a few inches  t h i c k  w i t h  



some of t h e  rock being t h i n l y  l a i n a t e d .  The Lamar L b -  I 

s tone  Member grades d i r e c t l y  i n t o  t he  lower beds of the I 

I I 
C a s t i l e  Formation wi th in  most of t h e  Delaware basin.  King 

(1948, p. 58) reported,  however, t h a t r  

'. . . with in  s e v e r a l  miles  of t h e  Reef Es- 
carpment, t h e  Lanar member i s  separated from t h e  
C a s t i l e  f o r ca t i on  by a small  th ickness  o f  younger 
Bel l  Canyon beds. . . . t he se  beds c o n s i s t  of 20 
f e e t  of very f i n e  grained sandstone. . . . The 
rock i s  t h i n l y  laminated, i t s  bedding s u r f a c e s  
a r e  f l a t  and smooth, and it breaks o u t  i n  t h i n ,  
f l a t  p l a t e s .  ' 

A specimen from t h i s  sandstone u n i t  showed f i n e r  g r a i n s  i n  

sone laminae than o t h e r s ,  with t h e  p l a ty  l aye r ing  due t o  an 

increase  i n  t h e  amount of  c l a y  i n  t h e  same laminae (King, 

The recur rence  throughout t h e  d e s c r i p t i o n s  o f  Guadalupe 

S e r i e s  rocks of t h e  varve-l ike laminat ions i n  elastic a 8  

well as limestone beds should s t imu la t e  i n t e r e s t  i n  t h e  

du ra t i on  o f  t ime necessary f o r  such u n i t s  t o  accumulate. 

The most l o g i c a l  assumption would be t h a t  each laminat ion 

cons i s t i ng  of  one l i g h t  and one dark  l aye r  was depos i ted  i n  

one year ,  the d i f f e r e n c e  i n  l i g h t  and dark  layer ing  being 

seasonal  f ea tu r e s .  I f  we t e n t a t i v e l y  assume annual deposi- 

t i o n  f o r  each varve-l ike laminat ion,  we have a means t o  

measure r e l a t i v e  time of depos i t ion ,  a c a l i b r a t i o n  u n i t  for 

c y c l i c  s t u d i e s ,  and c o r r e l a t a b l e  s t r a t a  usab le  a s  t h e  planes. 

Analogous s i t u a t i o n s  have been i n t e r p r e t e d  a s  annual  

depos i t s .  A p a r a l l e l  example e x i s t s  i n  t h e  upper J u r a s s i c  

Totlil to Formation i n  northwestern New Mexico (Anderson and 

Kirkland, 1960). A t  t h e  base of t h e  Tod i l t o  i n  a t r a n e i t i o n  
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zone from t h e  underlying Entrada Sandstone, a two-fold cycle  

1 
I , 
/ / 

of c l a e t i c  and organic l a y e r s  is over la in  by a three-fold 

cycle  of c l a e t i c ,  organic, and limestone laminae. The three-  

fo ld  cycle,  i n  turn ,  i s  over la in  by a four-fold cyc le  of  

c l a s t i c ,  organic, l imestone, and gypsum laminae. These 

changes a r e  equivalent  t o  t h e  change from -Delaware sandm 

(two-fold cycle)  to  t h e  Lamar Limestone Member ( three-fold 1 

cycle)  to t h e  basa l  beds of t h e  C a s t i l e  PorIMtion (four-fold I 

I 
cycle) .  I 

Another almost i d e n t i c a l  example is found i n  t h e  Up- 

Permian Zechstein of Germany. The sequence of rocks a t  tha 

base of t h e  Zechstein is: Kupferschiefer ( sha les ,  0.2-.5 

meters) ; Zechstein Limestone (5-12 meters)  ; and anhydr i te  ar 

anhydri te  with marl pa r t ings  (30-100 meters) (Borchert and 

Huir,  1964, t a b l e  2 and p. 53). The rock8 of  t h e  Zechstein 

a r e  considared to be varved depos i t s  (Borchert and Nuit,  

1964, p. 37-42). 

The C a s t i l e  laminated anhydri te  has genera l ly  been ac- 

cepted a s  a varved depos i t  s ince  Udden's (1924) p 0 S t ~ l a t i 0 ~  

of annual deposition. Udden (1924, p. 350) noted t h e  range 

i n  thickness of t h e  l aye r s  from 0.2 to 7.0 nnn with t h e  most 

coamon va r i a t ions  between 0.5 and 2.0 nun. I n  about 36 feet 

of core  mearured, t h e  average th ickness  of 6,436 varves w c u  

1.63 mpr per v a m e  (Table 6, p. 72). 

Udden (1924, p. 350) deacribed t h e  layer ing  a8 made up 

of two elements, one element cons i s t i ng  of bituminous rpater- 

i a l  and c a l c i t e ,  t h e  o t h e r  of anhydrite. He s t a t e d  .It im 
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ev ident  t h a t  each layer  ccaposed of t he se  two elements rep- ; I 
r e sen t s  a cycle  of p r ec ip i t a t i on  an6 ssxiinentation i n  the I 

water i n  which t he  anhy l r i t e  was l a i d  down." Udden's analy- 

sis (1924, p. 351-352) of t h e  layer ing  was a s  follows: 

'That each layer  should represen t  t h e  seuiment 
of a s i n g l e  day s e a  harcily probable. I f  t h e  pre- 
c i p i t a t i o n  of t h e  =- r ia l  i n  each layer  was due to 
d a i l y  evaporation, this evaporation would be i n  
g r e a t  pscess over zr.y Paom condi t ions  i n  t h e  p r e sen t  
seas .  I f ,  on t h e  oi-.er hand, a s i n g l e  l a y e r  should 
represen t  t he  accuizxiation during a year ,  t h e  quan- 
t i t y  of water evaparated would seem small. But I 
bel ieve  t h a t  t h i s  rroula be nearer  t o  our common- 
sense e s t i n a t e  of ';r~,n amount of ma te r i a l s  t h a t  might 
accunulate annually i n  a bas in  of water where cal- 
cium sulphata  has reached t h e  po in t  of s a tu r a t i on ,  
and where water ttc5 sa tura ted  is cons tan t ly  s u p  
plied.. 

A d w  (1944, p. 16L9) f u r t h e r  suggested t h a t  t h e  ca l -  

cite was deposited during p a r t  of t h e  s m e r  whi le  " fu r the r  

evaporation and concentrat ion would cause t h e  p r e c i p i t a t i o n  

of gypsum.* Lang (19501 ascr ibed  t h e  laminat ion to annual  

c l ima t i c  va r i a t i on  and g t v e  t h e  following types  of  seasona l  

rhythms f o r  t h e  C a s t i l e  Pormation: 

C Ca c a  A A A Summer - c : c ~ '  nCa' = I  c ~ , A '  ii Winter 

where C a organic n a t e r i a l ,  Ca c a l c i t e ,  and A anhydri te .  

The s e r i e s  i n  t he  over1yb-j  Salado Formation i s  represen ted  

by t h e  s u c c c s s i o a ~  

A A A B H H E-~mmer 
2 I' Y.,' ii' g Win t o r  

i n  which A = anhydri te ,  H - mzgnesite, G = gypsum, 11 = &limp 

and 6 = sy lv i t e .  

Laminated Salado racks are wel l  i l l u s t r a t e d  i n  S c h a l l e r  

and Henderson's work (1932, p l s .  1-4, 7-8, 10, 16,  24, 



i s t i c  of s u l f a t e  group minerals .  I 
S c h a l l e r  and Hendcrson (1932, p. 14-15) d e s c r i b e d  the 

banding o f  a n h y d r i t e  as: 1 
I 

'Nearly a l l  t h e  c o r e s  conposed e s s e n t i a l l y  of 
anhyclr i te ,  CaSOh (CaO, 41.2; SO 58.8 p e r  c e n t ) ,  
a r e  baniecl, a s  shown i n  P l a t e s  3: 2 ,  and 3. Thin 
s e c t i o n s  show t h a t  most of t h e s e  bands are caused 
by l a y e r s  of magnesi te .  Other bands i n  t h e  anhy- 
d r i t e  rock  a r e  due e s s e n t i a l l y  t o  c l a y ,  which, 
however, was found t o  c o n t a i n  magnesi te  whenever 
t e s t e d .  - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The bands or l a m i n a t i o n s  i n  a n h y d r i t e  h e r e  
d e s c r i b e d  a r e  n o t  n e a r l y  s o  p e r f e c t  o r  abundant a8 
t h o s e  shown by Udden i n  an a n h y d r i t e  from t h e  
Gresham 6 KcAlpine farm, i n  s e c t i o n  42, b lock 54, 
S t a t e  schoo l  l a n d ,  Culberson County, Tex. (&ut 
22 m i l e s  wes t -nor theas t  of Toyah),  a t  a d e p t h  o f  
2,118 f e e t ,  and i l l u s t r a t e d  i n  h i s  P l a t e  7 ,  F igure  
1. I n  t h r n  s e c t i o n s  t h e  bands from t h e  E l d r i d g e  
and Government c o r e s  somewhat resenble t h o s e  shown 
by Udden i n  h i s  P l a t e  1 0 ,  a l th3ugh  t h e  i n d i v i d u a l  
c r y s t a l s  forming t h e  bands are n o t  s o  c o a r s e  and 
c o n s i s t  of magnes i t e  r a t h e r  than c a l c i t e  o r  
dolomite .  " 

They f u r t h e r  noted t h a t  banding i n  much of t h e  p l y h a l i t e  is 

similar t o  t h e  banded a n h y d r i t e  and "may have g e n e t i c  e ig-  

n i f i c a n c e . "  I n  a lmos t  a l l  c a s e s ,  banding i n  Sa lado  r o c k s  

was d i s t u r b e d ,  a s  shown by c r i n k l i n g ,  f o l d i n g ,  p a r t i a l  d i s -  

r u p t i o n  o f  rnagnesite l a y e r s  ( i n  anhydr i te-magnesi te  l a y e r e ) ,  

l e n s i n g ,  and s o l u t i o n  w i t h  r e c r y s t a l l i z a t i o n .  

b n g  (1935, p. 268-269) noted: 

"Although t h e s e  banes or 'varves '  are most con- 
sp icuous  i n  t h e  C a s t i l e ,  t h e y  are by no meane 
conf ined  t o  it. On t h e  c o n t r a r y ,  rhy thmica l  d e p s i -  
t i o n  is expressed  i n  a l l  of t h e  sediments  o f  the 
Delaware Basin ,  a l though  i t  is sometimes d i f f i c u l t  
t o  d e t e c t .  m e n  uniform,  f ine -g ra ined ,  dense  poly- 
h a l i t e  t h a t  has  been wrociuced by t h e  a l t e r a t i o n  of 
an.k,yL~i*k w L I 1 ,  on c a r e f u l  i n s p e c t i o n ,  i n v a r i a b l y  



disclose 'varves' of approximately 5 nun. thickness . . . . Partially disrupted banas in polyhalite 
from the top of the Salado in the Edgridge core 
test are 10 to 12 mm. thick." 

Measurements of "unusually well banded anhydrite rockm 

from Schaller and Henderson (1932, plate 2) were recorded 

by this writer as: 

Average thickness 
of pairs of dark Nrnnber 
and light layers, of pairs 

inches measured 

A. Anhydrite-magnesite Top part 0.07 
layers. Govt. of figure 
hole P11. Depth 
1,428 ft. 4 in. to Middle 0.08 
1,428 ft. 8 in. 

BottoP 0.08 

B. Anhydrite-magnesite Top 0.05 
1,428 ft. 8 in. to 
1,429 ft. Bottor 0.07 

C. Anhydrite-magnesite, 
usually crinkled, 
however. Bands are 
nearly parallel with 
little lensing shown. 
1,532 ft. 1 in. to 
1,532 ft. 5 in. 

These measurements probably represent the closest approxf- 

mation to original thickness since the anhydrite-magneoite 

pair shows the least amount of disturbance, contortion of 

laminations, and solution and recrystallization of all tha 

rocks illustrated. The average thickness of an anhydrfte- 

mugnesite "varven from the data above is about 0.08 inches, 

or 156 varves par foot. 

No distinct laminated properties have been reported for 

Rustler Formation rocks. 



Table 6. Average thickness of some layers in the laminated Castile anhydrite 
.and correlation of stratigraphic units with Udden's study well. 

ES t ima teda ' 
a average ES timatedC 

No. ofa Average thickness Depth ofa average 
layers thickness for each cores below thickness 

Length ofa in each of layers, 100 feet, surface, Stratigraphic per unit, 
cores, cm core . m mm feet correlation mm 

1,258 
1,307 
1,363 Anhydrite V 2.01 

1,394 

1,623 
1,626 
1,679 Anhydrite I11 1.71 

1,734 

2,027 
2,093 
2,097 
2,111 
2,114 Anhydrite I 
2,117 
2,113 
2,131 
2,143- - - - - - - - - - - - - - - - 

Totals 

Average thickness of measured layers. . . . . . . . . . . . . . . 1.63 

a Data from Udden (1924, p. 353). Cores from David Flood, Grisham and McAlpine well, 
Culberson County, Texas (Culberson-U). 

b " ~ l ~ c  averages for each hundred feet are based on one or several cores of stated 
lengths and depths," Udden (1924). 

C~stirnated average thickness of layers for each unit based on Uddengs estimated 100-foot 
.J 

average (i-e., Anhydrites I and V) unless directly correlated with individual core data w 
(i.e., Halites I and I1 and Anhydrite IV). For Anhydrite 11, average of individual 
cores was used; for Anhydrite 111, average of 100-foot data (1.44 and 1.69) and 
individual core data (1.98) was used. 



Rat88 of Deposition I ' I 

Raks of deposition and duration of tim w u e  8rtimat.d I 
I 

fat the Chrry C8iti'On, BsU Canpaa, CMtile, and Salado I 
lormations, using the bypothe8i. that the ladnation8 dos- 

I 

arib.d (sea LamLnated Sedbents) are annual in nature ' I  
~ I 

(Table 71. Based on King's esthte of 10 to 20 varves per 

inoh, the rate of deposition of Cherry Canyon strata ir not 

greatly different than the rates of deposition of Recent 

sadhmts in deep b a s h  near land (Shepard, 1948) and are 

of the same order of magnit* aa the rate of deposition of 

tho -tile laminated anhydrits. In the data from Shepard, 

on8 should note that no correction was made for further com- 

paction to a *solid rock state.. ¶%is correction would 

increase the years per centimetex but probably would not 

more W m  double the figures given. men with a doubling of 

Shepard's figures, the thicknesserr are amparable. 

The Bell Canyon Pomtion has been described by King 

(1948) as similar to Cherry Canyon. One s-le from south- 

out of Guadalupe Peak, measured by this author, showed 30 

laminations per inch for 3 inches, a slower rate of deposi- 

tion than the Cherry Canyon Poaation, but still comparable 

to Castile and Recent sediments. Prae these data a tentative 

ud probably maximum duration for Bell Canyon time in 360,000 

years for 1,000 feet of section. The Brushy Canyon Formation, 

aQproxirn8tely 1,000 feet thick in the Delaware basin, is 

usumed to have taken about the sam amount of time for ac- 

cumulation as Cherry Canyon Parration, 120,000-240,000 years, 



I1 

Table  7.  Estimated r a t e s  o f  d e p o s i t i o n  of Pernian rocks  i n  
1 1  

t h e  Delaware b a s h ,  Curopean P e r m i a  e v a p o r i t e s ,  I 
and Recent sediments i n  deep b a s i n s  near  land.  I 

Rock Uni t s ,  Rate of d e w s i t i o n  
t h ~ e k n e s s  Time, No. yrs .  No. y r s .  

i n  f e e t  y e a r s  f o r  1 f t  f o r  1 an 

Delaware b a s i n  I 
T o t a l  Permian s e c t i o n  50 m i l l i o n a  2,500 82 1 

(20,000) 20-30 m i l l i o n  1,000-1,500 41 ave. 1 
Bone Spr ing  ~ i m e s t o n e '  600,000 270 7.5 I 

(2,250) 800,000 360 1 0  
d l 

Cherry Canyon Formation 120,000 120 3.9 
(1,000) 240,000 240 7.8 

B e l l  Canyon Formatione 1 

(1,000) 360,000 360 1 0  I 

C a s t i l e  Formation 
(1,300-1,400)e 250,000-280,000e 191f 
(2,000 i n  Ochoa t r ~ u g h ) ~  sane  125-13se 
(1,600) f 3 0 6 , 0 0 0 ~  191f 6.3 f 

Salado Formation 
(700-750) 110,000-150,000 156-200 5-6 
(2,000 i n  Ochoa t rough)  same 55-75 

Eurooean Permian e v a p o r i t e s  
Zechs te in  ( t o t a l  s e c t i o n ) b  

(4,000-6,000) 500,000 83-125 

Lower Evapor i t e  S e r i e s  (Germany) b 

(1,650, mostly h a l i t e )  6,009-8,000 ave. 4.5 

Pordon anhydr i t eg  80 

Middle c y c l e  of Lower Evapor i t e  
S e r i e s  a t  Fordon (Northern ~ n ~ l a n d ) ~  

(500) 22,300 45 

Recent sediments  i n  deep 
b a s l n s  near  l andh  uncor rec ted  1 5  

Dutch E a s t  I n d i e s  c o r r e c t e d  f o r  sample l o s s  9 

Giilf of C a l i f o r n i a  uncc9:rected 10 
(some v a m e s )  c o r r e c t e d  f o r  sample l o s s  6 I 

Basins  o f f  C a l i f o r n i a  no c o r r e c t i o n  needed 3 3 I 
Black Sea  uncorrected 50 

(deep p a r t  varvecl) c o r r e c t e d  f o r  sample l o s s  25 
a bFrom Dunbar (1960) e fData frcm t h i s  r e p o r t  

From Borcher t  and M u i r  (1964) From Udden (1924)[Thickness 
s ~ r o r n  ~ a r s h a l l  (1954) i n c l u d e s  p a r t  of Salafio] 

From d a t a  of Kin5 [lo-20 varves ghFrorn S t a r a r t  (1963b) 
p e r  inch]  (1948, p. 34-35) From Shepard (1948) 
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s ince  l i t h o l o g i e s  and paleoenviroments  a r e  apparently simi- 

l a r .   his gives approximately 600,000-800,000 years required 

f o r  deposi t ion of the Delavare Mountain Group in t h e  Delaware 

basin. 

C a s t i l e  Formation r a t e  of depos i t ion  is based upon 

Uddenls (1924) average, 191 years  per foot .  Duration of 

C a s t i l e  t i n e  would be 250,000-280,000 years  f o r  1,300-1,400 I 
I 

f e e t  of laminated calcareous anhydrite. Udden's est imate of 

1,600 f e e t  of C a s t i l e  s ec t ion  probably includes about 300 
I i 
I 

f e e t  of Salado of t h i s  r epor t .  A 2,000-foot. sec t ion  i n  

the  Whoa trough would show a r a t e  of depos i t ion  of 125-135 

years  per  foo t  re'sulting f r o n  the  f a s t e r  depos i t ion  of 

h a l i t e  i n  t h e  trough than equivalent  anhydri te  on t h e  i n t r a -  

basin she l f .  This r a t e  compares remarka!!ly well with t h e  

Zechstein r a t e  of depos i t ion  of 83-125 years  pe r  foot .  

Salado Formation laminations of  anhydrite-magnesite 

l aye r s  are about 160 laminations per  f o o t  (see Laminated 

Sediments). I n  southern Reeves County, i n  a Salado sec t ion  

t h a t  conta ins  a minFmum of h a l i t e ,  t he  anhydri te  measures 

approxinately 700-750 f e e t .  I f  cont inual  depos i t ion  occured 

w i t h  t he  r a t e  of deposi t ion of 160 years  per  foot ,  total 

Salado time would be about 110,000-120,000 years. 

Since t h e  anhydri te  has been reported as massive 

(Adams, 19441, t h e  r a t e  of deposi t ion a t t r i b u t e d  to  magnesite- 

anhydri te  may not  be appl icable  t o  t h i s  sect ion.  The absence 

of magnesite may be compensated f o r  i n  two ways. P i r s t ,  i f  

carbonate makes up one-fourth of t h e  thickness of a l a y e r  
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as i n  t h e  C a s t i l e  laminat ions,  a recons t ruc ted  s e c t i o n  would 

be 875 t o  930 f e e t  t h i c k ,  adding 175 t o  180 f e e t  of magne- 

s i t e  f o r  t h e  missing rnagnesite i n  t h i s  sec t ion .  This  

would g ive  a m a x i m  du ra t i on  of  Salado time of 150,000 

years  a t  t he  r a t e  of depos i t i on  of 1 G O  years  p e r  f o o t .  The 

I 
I ,  

1 ,  
I 

I 
7 5 0  f e e t  of anhydr i te  then would have been depos i ted  a t  t h e  I 

r a t e  of 200 years  p e r  foo t .  I 
I 

From another viewpoint,  i f  t he  magnesite made up one- 

four th  of t h e  s ec t i on  bu t  accounts f o r  one-half of cieposi- 1 
1 

tip * time, magnesite accounts f o r  80 years  p e r  0.25 f e e t ,  

while anhydri te  accounts f o r  80 years  per  0.75 f e e t .  Since 

magnesite i s  missing on t h e  i n t r a b a s i n  s h e l f ,  massive anhy- 

d r i t e  would account f o r  160 years  pe r  0.75 f e e t  or 200 yea r s  

per  foo t ,  t h e  same r a t e  determined f o r  t h i s  s e c t i o n  from t h e  

f i r s t  ana lys i s .  

Baseci upon t h e  range of 110,000 t o  150,000 yea r s  for 

Salado depos i t ion ,  a 2po@foot s ec t l on  i n  t h e  Ochoa t rough,  

containing m s t l y  h a l i t e ,  would have been depos i t ed  a t  a 

r a t e  of 55 t o  75 years  per  f o o t ,  a r a t e  about  three times 

f a s t e r  than on t h e  i n t r a b a s i n  she l f .  

Comparison of Salado d a t a  from t h i s  r e p o r t  w i th  d a t a  of 

Permian evapori te8 from northern England from Stewart  (1963b) 

shows remarkable resemblences i n  r a t e s  of depos i t ion .  Salado 

rocks i n  t h e  Ochoa trough were probably depos i ted  a t  a rat. 

of 55 to 75 years  per  f o o t ,  rocks of Lower Evapor i te  Seri.8 

a t  Fordon, northern England, a t  45 years  pe r  foot. A 

c l e a r e r  p a r a l l e l  is shown by comparing t h e  d u r a t i o n  of t h  



f o r  d e p o s i t i o n  of 500 f e e t  of e v a p o r i t e s .  B r i t i s h  e v a p o r i t e s  

took 22,300 y e a r s ;  an  average o f  Salado shows 27,500 t o  

37,500 years .  The r a t e  of d e p o s i t i o n  f o r  t h e  Fordon anhy- 

drite of 80 y e a r s  p e r  f o o t ,  however, is i n  c o n t r a s t  t o  200 

years  p e r  f o o t  f o r  t h e  massive Salado anhydr i t e .  I ' 
I 

Est imates  of d u r a t i o n  f o r  d e p o s i t i o n  o f  t h e  Zechste in  o f  

Germany (Borcher t  and W i r ,  1964) and of t h e  Upper Permian 

e v a p o r i t e s  of west  Texas e x h i b i t  an e x t r a o r d i n a r y  s i m i l a r i t y .  

Zechste in  d e p o s i t i o n  l a s t e d  500,000 years .  Lang (1950) a R r o x -  

h a t e d  500,000 y e a r s  f o r  t h e  C a s t i l e  and Salado. Udden 

(1924) noted 306,000 y e a r s  f o x  1 ,600 f e e t  of a n h y d r i t e .  A 

2,000-foot s e c t i o n  would r e p r e s e n t  about  380,000 y e a r s  for 

C a s t i l e  and Salado. Prom t h e  d a t a  o f  t h i s  r e p o r t ,  t o t a l  

C a s t i l e  and Salado t ime l a s t e d  f r a n  360,000 t o  415,000 years .  

I f  t h e  r a t e  of R u s t l e r  d e p o s i t i o n  was about  t h e  same aa 

Salado,  200 y e a r s  p e r  f o o t ,  500 f e e t  o f  R u s t l e r  would repre -  

s e n t  ano ther  100,000 years ;  and t h e  d u r a t i o n  o f  Fpper Permian 

e v a p o r i t e  d e p o s i t i o n  would be 460,000 t o  515,000 years .  

= t h o u g h  d u r a t i o n  of t ime necessa ry  f o r  Dewey Lake depoei- 

t i o n  canno t  be  e s t a b l i s h e d  a t  t h i s  t ime,  t h e  d u r a t i o n  o f  evap- 

o r i t e  d e p o s i t i o n  probably r e p r e s e n t s  a minimum of  500,000 

yeare ,  a d u r a t i o n  comparable t o  Zechste in  e s t i m a t e s .  

Large-scale  Cycles  

The Guadalupe S e r i e s  was considered by King (1948, 

p. 28) i n  its e n t i r e t y  as express ing  "more o r  l e e s  p e r f e c t l y  

t h e  g radua l  changes i n  sed imenta t ion  and faunas  t h a t  took 

p l a c e ,  by v i r t u e  o f  t h e  passage o f  t i m e ,  w i t h i n  a a i n g l o  



t 7 8 

I 

c y c l e  of sedimentation. '  The f i r s t  l a r g e  c y c l i c a l  uni te .  i I 
I 
I 

noted by King (1948, p. 31) a r e  found i n  t h e  Brushy Canyon 1 
I 

Formation. A t y p i c a l  u n i t  c o n s i s t s  of a massive sandstone 1 
g e n e r a l l y  r e s t i n g  on a channeled s u r f a c e  succeeded by thin-  I 
bedded, f ine -gra ined  sandstone wi th  varve- l ike  laminae I 
(Pig. 2 5 ) .  Toward t h e  t o p  o f  each c y c l e  a r e  i n t e r c a l a t i o n s  I 
of d a r k  s h a l y  sandstone,  probably wi th  a cons iderab le  bitum- 1 

I 
inous  con ten t .  Each c y c l e  i s  brought t o  an end by ano ther  1 
per iod  of  channel ing and d e p o s i t i o n  o f  c o a r s e r  sandstone. 

King noted t h a t  t h e s e  are rude c y c l i c a l  u n i t s  which cannot 

be t r a c e d  f a r  along t h e  ou tc rops  and are probably local in 

ex ten t .  

I n  t h e  Cherry Canyon Formation, King (1948, p. 34) 

noted r 

.In sane  exposures ,  as on t h e  sou th  s i d e  o f  
Getaway Gap, t h e  var ious  rock types  appear  i n  rude  
c y c l i c a l  o rder  through i n t e r v a l s  of 10 o r  20 f e e t  
of beds. Shaly sandstones  below a r e  followed by 
thin-bedded sandstones ,  and then  by l imestone 
l e n s e s  or noCiules, a f t e r  which t h e  success ion  i e  
repeated.  . . ." ( s e c t i o n  40,  Fig. 25,  t h i s  r e p o r t ) .  

King (1948, p. 52)  d e s c r i b e d  f u r t h e r  development o f  c y c l i c a l  

o r d e r  i n  p a r t s  o f  t h e  Cherry Canyon Pormation as fol lower  

.The r e p e t i t i o n  of t h e  c y c l e  of s h a l y  sand- 
s t o n e ,  sandstone,  and nodular  l imestone below t h e  
Getaway member a t  one l o c a l i t y  has a l r e a d y  been 
noted [ a e c t i o n  40, Fig. 2 5 ,  t h i s  r e p o r t ] .  Higher 
up, each l imestone bed or member is commonly under- 
l a i n  by massive sandstone and i s  succeeded by th in -  
bedded sandstone;  t h i s  succession is repea ted  
s e v e r a l  t imes upward i n  t h e  sect ion. '  ( s e c t i o n  IZb, 
Pig. 25, t h i s  r e p o r t ) .  

B e l l  Canyon sandstones  and l imestones  also t e n d  to be 

r e p e a t e d  i n  c y c l i c a l  o rder .  King (1948, p. 85) desc r ibed  



F i g u r e  25. S e c t i o n s  showing c y c l i c a l  d e p o s i t i o n  i n  Brushy 
Canyon,  C h e r r y  Canyon, and B e l l  C a r ~ p n  F o r m a t i o n s  of the 
Delaware  i4ountain Group.  From King (1948, o. 32).  
[h'umbers o f  s e c t i o n s  a t  t o p  o f  c o l u r z s  c o r r e s ~ n d  to 
s e c t i o n s  shown on  p l a t e  6 & King, 1948.1 



t h i s  o rder ing  as follows: 

'The cyc les  resemble t hose  i n  t h e  upper p a t  
of t h e  Cherry Canyon formation. . . . Limestone 
rneiibers a r e  gene ra l l y  under la in  by massive sand- 
storlea and ove r l a in  by thin-bedded sandstones 
[ s ec t i on  34, ,  Fig. 25 ,  t h i s  r e p o r t ] .  I n  t h e  s e c t i o n  
near  United S t a t e s  Highway No. 62 .  . ., t h e r e  are 
5 such cyc les  i n  t h e  670-foot t h i cknes s  o f  the 
[Bel l  Canyon] formation, 

Figure 25 (from King, 194t2, p. 32) shows 28 cyc les  as inter- 

pre ted  by King. I n  the Brushy Canyon s ec t i on ,  7 cyc l e s  are 

represen ted  i n  about 340 f e e t  o f  rock,  a n  average of  48 f e e t  

p e r  cycle.  I n  480 f e e t  of Cherry Canyon t h e r e  are 16  cyclee,  

an average of 30 f e e t  per cycle .  I f  t h e  r a t e s  o f  depos i t i on  

(Table 7) a r e  c o r r e c t ,  the Brushy Canyon and Cherry Canyon 

cyc l e s  range from 5,000 t o  8,000 yea r s  pe r  cyc l e  using t h e  

average r a t e  of 180 yea r s  p e r  f o o t .  I t  is emphasized that 

t h e se  averages are based upon comparatively few d a t a  and 

are only intended t o  show t h e  order  of magnitude. 

Another s t r i k i n g  r e p e t i t i o n  i n  Delaware Mountain Group 

rocks is a c o n s i s t e n t  recur rence  of t h i c k  c y c l i c  u n i t 8  

(Fig. 25: a ec t i on  33, nos. 1-5; see.  42b, nos. 1-4; and 

sec. 34, nos. 2-4) t h a t  gene ra l l y  con t a in  a t h i c k  maeeive 

sandstone u n i t  a t  t h e  base a s  i n  Brushy Canyon o r  a t  the top 

as i n  Cherry Canyon and B e l l  Canyon. The t h i cknes s  o f  t h e s e  

u n i t s  averages 64  f e e t  pe r  cyc l e ,  represen t ing  about  15,000 

years  p e r  cyc l e  assuming a rate of depos i t i on  of 240 years 

per foo t .  I n  the cyc l e s  mentioned t o  t h i s  po in t ,  r e g u l a r i t y  

i n  t ime is n o t  implied. 

The next  l a r g e r  cyc l e  i n  t h e  Delaware Uountain Group 

c o n s i s t s  o f  t h e  a l t e r n a t i o n  of major l imestone and c l a s t i c  



units such as the Pinery, Rader, Mccomb, and Lamar lime- 

stones and the unnamed clastic units. There are nine such 

najor alternations in the Cherry Canyon and Bell Canyon 

Formations (Table 2). Using the tentative estimate of about 

600,000 years for Cherry Canyon and Bell Canyon time, each 

alternation took an average of about 70,000 yews. 

Data from the Castile Fomation.are better.grounded 

since they are basec? upon detailed counts throughout the 

Castile section. Udden (1924, p. 351) noted short-period 

cycles made up of 5 to 19 varves with "an excess of cycles 

that comprise six or seven and twelve or thirteen lamina- 

tions." He also mentioned many cycles that measure 8, 9, 

and 16 layers. Particular enphasis was placed on the 

periodic recurrence in one short part of the core of much 

bituminous material near every seventh and thirteenth layer. 

Udrlen suggested the frequency of the numbers twelve and 

thirteen as possible eviaence of sun-spot cycles. 

Uiaden further noted larger scale cycles of 330 to 420 

laminations containing "a fairly regular recurrence of one 

maximum and one minimumU with maxima about twice as thick 

as minima. This recurrence was found by averaging measure- 

ments in groups of thirty layers and noting that eleven to 

fourteen of these groups contained one m a x i m  and one mini- 

mum. These cycles were noted in a section containing 1,737 

laminations, from about 1,810 to 1,820 feet b e l w  the sur- 

face, and in several cores below this section (well Culbar- 

son-U) . 
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A comparison was made between d u r a t i o n  o f  t i m e  f o r  major 1 
C a s t i l e  s t r a t i g r a p h i c  u n i t s  based upon an  average  v a r v e  

t h i c k n e s s  o f  1.63 LID p e r  va rve ,  anu d u r a t i o n  o f  d e p o s i t i o n  

based upon Udden's d e t a i l e d  e s t i m a t e s  o f  v a r v e  t h i c k n e s s  
I 

(Table  8 ) .  C a s t i l e  u n i t  t h i c ~ n e s s e s  were o b t a i n e d  from u n i t  
I 
! 
I 

t h i c k n e s s  maps and d a t a  o f  t h i s  r e p o r t  i n  t h e  v i c i n i t y  o f  

Udden's r e f e r e n c e  w e l l .  The s t r a t i g r a p h i c  s e c t i o n  was cor- 

r e l a t e ~  w i t h  Udden's u e s c r i b e u  s e c t i o n  (Table  6 ) .  R a t e s  o f  

d e p o s i t i o n  were determined from e s t i m a t e d  average  t h i c k n e s s e s  

p e r  unit. 

Durat ion of t i m e  f o r  i n d i v i d u a l  u n i t s  o f  t h e  C a s t i l e  

a r e  o f  t h e  same o r d e r  o f  magnitude us ing  t h e  above methods 

and are remarkably c o n s i s t e n t  f o r  some u n i t s ,  such a s  Anhy- 

d r i t e  I through Anhydri te  111. Anhydri te  I V  shows a dis- 

crepancy; however, t h e  d u r a t i o n  from b o t h  methods o f  

c o ~ u t a t i o n  is st i l l  o f  t h e  same o r a e r  o f  magnitude. 

Baker (1929, p. 35) baseu c y c l i c  s u c c e s s i o n  o n  

a n h y d r i t e - h a l i t e  a l t e r n a t i o n s  from samples o f  w e l l s .  his 

d a t a  on t h e  number o f  h a l i t e - a n h y d r i t e  a l t e r n a t i o n s  f o r  t h e  

Cas t i l e -Sa lado-Rus t l e r  sequence are: 

Number o f  Cyc les  S i t u a t i o n  

3 (some e roded)  Near Car lsbad,  New Mexico 
1 ( s o l i d  anhy&rite, E a s t e r n  Culberson anu wes te rn  

1,164 f t .  t h i c k )  Seeves Coun t i e s ,  'l'euss 
6 Reeves-Pecos County l i n e ,  T e x a s  
5 (some eroded) Mar tnwes te rn  Reeves County, 

Texas 
2 2 Southern Ward County, Texas 
2 6 Loving County, Texas. 

I The 26 c y c l e s  no ted  from Loving County can b e  coun ted  i n  the 

I 
P i n a l  Dome O i l ,  Means w e l l  NO. 1 ( s e e  Loving-M, Fig .  4 ) .  



Table 8. Duration of time for Castile unite using averags varve thickness compared 
with duration using varve thickness estimates for individual units. 
Data for varve thicknesses from Udden, 1924. 

! 
Duration of 

time, in years, Correlated Rate of Duration of 
Unit from average varve thick- deposition, t h e  from 

Castile thickness, varve thickness, ness, mm years per detailed data, 
Units feet 1.63 ma (see Table 6) foot years 

Anhydrite I 170 

Halite I 20-30 

Anhydrite I1 90 

Halite I1 15-20 

Anhydrite I11 300 

Anhydrite IV 100-150 

Anhydrite V 600-700 

Castile time 

%ate of deposition approximately 19 0 years per foct. 



Eleven of t h e s e  c y c l e s  can be a t t r i b u t e d  t o  t h e  C a s t i l e  o f  

t h i s  report. These l a r g e - s c a l e  c y c l e s  would average about  

20,000 t o  25,000 y e a r s  e a c h - i n  the C a s t i l e  and about  8,000 

t o  11,000 years  each i n  the Salado. 

From t h e  sonic-ganrma-ray l o g  of w e l l  Loving-43, a t  

l e a s t  5 more c y c l e s  a r e  s e e n  I n  H a l i t e  11 and 5 more i n  

Anhydri te  IV. This  would g i v e  a  minimum of  21 a l t e r n a t i o n s  

f o r  t h e  C a s t i l e  i n  Loving County. Kroenlein  (1939) noted 44 

a n h y d r i t e  kcis i n  t h e  Salado Formation i n  t h e  P i n a l  Dome w e l l  

I n  Loving County, t h e r e f o r e ,  t h e  minimum number o f  c y c l e s  

would be about 65 a n h y d r i t e - h a l i t e  a l t e r n a t i o n s  for  t h e  

C a s t i l e  and Salado. The average d u r a t i o n  f o r  C a s t i l e  a l t e r -  

n a t i o n s  would be from 12,000 t o  13,500 y e a r s ;  f o r  t h e  Sa lado  

a l t e r n a t i o n s ;  2,500 t o  3,000 years .  T h i s  sugges t s  c y c l e  

l e n g t h  t e n d s  t o  decrease  w i t h  time. 

I n  t h e  R u s t l e r  Formation, a n h y d r i t e ,  dolomite ,  and red- 

becla a r e  widespread throughout  t h e  Delaware baain .  Litho- 

l o g i c  f l u c t u a t i o n s  found i n  t h e  R u s t l e r  show f i v e  t r e n d s  

from clastic t o  a n h y d l i t e  and ao lomi te  d e p o s i t i o n  (Pig.  26). 

I f  R u s t l e r  d e p o s i t i o n  l a s t e d  100,000 y e a r s ,  t h e  average  

d u r a t i o n  p e r  a l t e r n a t i o n  was 20,000 years .  

I n  genera l ,  c y c l e  l e n g t h s  can b e  p o s t u l a t e d  from 2,500 

t o  70,000 y e a r s ,  w i t h  c y c l e  l e n g t h  appear ing  to d e c r e a s e  

wi th  younger age.  Probably a v a r i e t y  o f  c y c l e  l e n g t h s  

occurred throughout t h e  Guadalupe and Ochoa; however, a l t e r -  

n a t i o n s  o f  less t h a n  about  2,500 y e a r s  could n o t  be r e s o l v e d  

from s o n i c  l o g e  wi th  c e r t a i n t y .  Duration of t ime  for soroo 



Limestone, 
Dolomite, 

Clastics Anhydrite, 
(mainly redbeus) and Gypsum Halite 
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a. Near reef zone in south-central Lea County, New U x i m .  

Figure 26. Generalized cyclic trends in Rustler Formation. 
Data compiled from Lang (1935, 1938) and iron 
Adams (1944). 



Table  9. Durat ion o f  t ime  f o r  sone  s t r a t i g r a p h i c  and c y c l i c  u n i t s  
i n  Permian of  Delaware bas in .  

- - 

Durat ion Durat ion Est imated d u r a t i o n  f o r  l i m e s t o n e - c l a s t i c  
p e r  s e r i e s ,  p e r  form<-.tioa, a l t e r n a t i o n s ,  a n h y d r i t e - h ~ l i t e  a l t e r n a t i o n s ,  

y e a r s  y e a r s  and some C ~ s t i l e  s t r a t i g r a p h i c  u n i t s ,  years .  

WHOA SERIES 

Dewey Lake 
Redbeds 

R u s t l e r  Fm. 

Salado  E'm. 

C a s t i l e  F'm. 

GUADALUPE SERIES 

B e l l  Canyon hp. 

Cherry Canyon Rn. 

Brushy Canyon Fm. 

LEONARD SERIES 

Bone Spr ing  
Limestone 

3 

100,  OOO? 20,000? 

110,000- 8,000- 
150,000 11,000 

250,000- A 111," A I - H I  
280,000 53,000- 40,000- 12,000- 

57,000 45,000 13,500 

A IV A 1 1 - H  I1 
38,000- 17,000- 
57,000 21,000 

600,000- 
800,000 

360,000? 60,000- 

24 0,0003 ' 70'000 '-1 15.000 

NOTE: Data show o r d e r  o f  magnitude; 
r e g u l a r i t y  throughout  t i m e  i s  
n o t  implied.  

'A = Anhydri te  u n i t ,  P - iialite u n i t ,  Roman numeral d e s i g n a t e s  u n i t  number, 
oaa Tabla 2. 



stratigraphic and cyclic units is summarized in Table 9. 

Long cycles lasting from 30,000 to 70,000 years consist 

of major limestone-clastic alternations in the Cherry Canyon 

and Bell Canyon and major anhydrite-halite alternations in 

the Castile. m n y  of the thicker clastic units of the Dela- 

ware Hountain Group have an interneoiate length of about 

15,000 years duration. The average cycle length for Castile 

anhydrite-halite alternations in Loving County also has an 

intermediate value of 12,000 to 13,500 years. The most 

distinct example in the Castile is shown by Anhydrite II- 

Halite XI, lasting from 17,000 to 21,000 years. The clastic- 

limestone and anhydrite alternations in the Rustler may also 

be of intermzdiatc length. Major Salado sulfate-chloride 

alternations lasted 8,000 to 11,000 years. 

Shorter cycles lasting from less than 2,500 to 8,000 

years are found in the clastics of the Brushy Canyon, in the 

limestone-clastics of the Cherry Canyon, and in the sulfate- 

chloriGe alternations of the Salaao. 

Relative Changes in Water Depth 

The recurrence of cyclic changes of similar duration 

throughout Guadalupe an6 Ochoa rocks, both clastica and 

evaporites, suggests that the same depositional control or 

mechanism m y  be responsible. King's work (1942, 1948) and 

evidence in this report from the Castile Formation Suggest 

that changes in water depth within the basin are related to 

the zmjor cycles. Weller (1960, p. 368-369) statedl 



"Symmetrical marine cycles can be explained 
simply as resulting from rather regular fluctua- 
tions of depth of water in the depositional basin, 
or mount and kind of sediment supplied to it, 
although more complicated interactions of factors 
m;jr h a v  occurred. In such a succession as sand- 
stone, shale, limestone, shale, and sandstone, 
for exar~ple, regular transgression and regression 
of the strand line is suggested with attendant 
deepening and shallowing of water in offshore 
areas. " 

Transgression and regression accompanied by deepening and 

shallowing of water in the basin may be expressed in the 

limestone-clastic alternations in the Delaware Mountain 

Group, the clastic-limestone and anhy&ite alternations in 

the Rustler Pormatioa, and by the anhydrite-halite alterna- 

tions in the Castile and Salado Formations. 

King (1948, p. 31) postulat-ed a shallowing of water in 

the Delaware basin at the beginning of Guadalupe the. A 

concurrent change in lithology within the basin took place 

with this regression of the sea. Limestone of the Bone 

Spring is overlain by Brushy Canyon sandstone, in part 

moderately coarse grained. 

Transgreasion of the sea with associated deepening of 

water in the basin during Cherry Canyon deposition war, 

described by King (1948, p. 50) as follower 

"During middle Guadalupe time, deposits were 
laid down not only in the Delaware Basin, but also 
in the shelf area beyond. As compared with lower 
Guadalupe time, the area of deposition was greatly 
increaeed. . . . The deposits both in and beyond 
the Delaware Basin were of marine origin. If the 
region outside the basin was land during lower 
Guadalupe time, there was a reaavance of the sea 
during middle Guadalupe time.' 

Hull (1955, p. 65) in his study of the Delaware mun- 



t a i n  Group, concluded t h a t  "Deposition of basin and shelf  

sediments was cont ro l led  by submarine topography and by 

cyc l i c  changes i n  t he  r s l a t i v e  pos i t ion  of sea level.. 

Changes between agitateci and qu ie t  water condit ions . . 

may r e f l e c t  deepening and shallowing of water. Uescribing 

the  change from deeper t o  shallower vrater a t  t he  beginning 

of Guadalu?e time, King (1948, p. 31) noted: 

'The preceding depos i t s  i n  t he  Jelaware Basin 
(black limestone f ac i e s )  show evidence of having 
been deposited i n  quie t .  . . water, whereas many 
beds of t he  succeeding Brushy Canyon formation i n  
the  same area  were l a i d  uown i n  ag i t a t ed  water,  
ana the  whole formation i s  probably a s h a l l w -  
water deposit." 

For middle Guadalupe time King (1948, p. 52) reported agi- 

ta ted  water condit ions t o  be most common i n  the  lower p a r t  

of t he  Cherry Canyon an6 q u i e t  water i n  t h e  upper pa r t .  

King proposed a progressive deepening of t he  water t o  account 

f o r  t he  change i n  water conditions. King (1948, p. 82-85) 

fu r the r  noted t h a t  t h e  sandstone and limestone of t h e  Bell 

Canyon were deposited i n  q u i e t  water. 

Another f ac to r  involved i n  t h e  change from ag i t a t ed  to 

q u i e t  water condit ions is t h e  growth of r e e f s  on t h e  basin 

margin. Reef growth s t a r t e d  i n  about middle Cherry Canyon 

time and continued i n t o  Cas t i l e  time. These r ee f s ,  now t h e  

Goat Seep and Capitan Limestones, may have ac ted  ae a phyai- 

c a l  b a r r i e r  between the  sea i n  t h e  Delaware basin and water 

between the  reef  and landward areas.  Rela t ive ly  l i t t le  

deepening combined with t h i s  physical  b a r r i e r  may have ef fec-  

t i v e l y  produced q u i e t  water condit ions within the  Delaware 

basin. 
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The gradat ion of Lamar Limestone Member of t h e  B e l l  

Canyon Formation i n t o  tile oa sa l  laminated l i ne s tone  of the 

C a s t i l e  Formation suggests l i t t l e  change i n  depos i t i ona l  
I 
I 

conai t ions  a t  t h e  beginning of Ochoa t i n e .  The laminated 

c h a r a c t e r i s t i c s  suggest ive of quiet-water condi t ions  cont inue I 
I 

fram limestone i n t o  t h e  laminated. a ~ l l y d r i t e  of Anhydrite I. 
I 

Several  zones of massive anhydr i te ,  Srecc ia ted  laminet& 

anhydri te ,  and sand a r e  found wi th in  t h e  t h i c k  s ec t i on  of 

laminated anhydri te  of t h e  C a s t i l e .  These zones are found 

on the in t r abas in  shelf  and a r e  c h a r a c t e r i s t i c a l l y  a t  the 

s t r a t i g r a p h i c  l e v e l  of h a l i t e  i n  the Ochoa trough. Some 

sands a r e  widespread over t h e  i n t r abas in  s h e l f ,  e spec i a l l y  

a t  t h e  s t r a t i g r a p h i c  l e v e l s  of Ha l i t e  I and h a l i t e  i n  Anhy- 

drites IV and V. Laminated c h a r a c t e r i s t i c s  of anhydr i te  are 

of t en  l o s t  i n  these  zones of rock on t h e  i n t r a b a s i n  s h e l f ,  

possibly by mixing of cons t i t uen t s  by a g i t a t e d  waters.  An 

a l t e r n a t i v e  explanat ion f o r  t h e  l o s s  of laminat ion is tha t  

laminated sediment could have been "weatheredn e i t h e r  on 

t h e  basin f l o o r  contemporaneously with depos i t ion  (halmyroly- 

sis) o r  by l a t e r  movement of water through sand l a y e r s  a c t i n g  

as aqui fe rs .  Decrease i n  average th ickness  of laminat ions 

i s  a l s o  a  f e a t u r e  of t he se  zones (Tables 6 and 8). 

Salado rocks have c h a r a c t e r i s t i c s  s i m i l a r  t o  t h e  rocks 

of t h e  d i s turbed  zones found i n  t h e  Cas t i l e .  Irassive anhy- 

drite and sands a r e  abundant on t h e  i n t r a b a s i n  s h e l f ,  whi le  

chloricles and s u l f a t e s  make up most of t h e  s e c t i o n  i n  the 

Ochoa trough. Previously, Kroenlein (1939, p. 1688) i n t e r -  
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pre ted  Salado rocks a s  having been l a i d  Gown under l a c u s t r i n e  

condi t ions.  Hassive anhydri te ,  l imestone,  dolomite,  and 

sand of t h e  Rus t le r  Formation were probably l a i d  down under I 
condi t ions  sinilar t o  those i n  t h e  Salado. 

It is concluded t h a t  t h e  laminated sediwents o f  t h e  I 
I 

Guadalupe and Ochoa S e r i e s  were l a i a  Gown uncier r e l a t i v e l y  I 

deeper water  than t h e  sediments of t h e  Brushy Canyon, lower 

p a r t  of t h e  Cnerry Canyon, and non-laminated zones o f  t h e  

C a s t i l e ,  Salado, and Rus t le r  Formations. 

Deep-water depos i t ion  of upper Guadalupe and lower 

Whoa Se r i e s  rocks has been pos tu la ted  by s eve ra l  writers. 

Kroenlein (1939, p. 1684) i n t e r p r e t e d  t h e  depth o f  water  of 

t h e  bas in  f l o o r  a t  t h e  end of Guadalupe time a s  approximately 

1,800 t o  2,000 f e e t  b e l w  t h e  t o p  of t h e  r e e f .  Xing (1942, 

p. 637-639, 770) pos tu l a t&  t h e  depth a s  1,000 f e e t  or more. 

Adams (1944, p. 1598) hypothesized "an u n f i l l e d ,  geosyn- 

c l i n a l  bowl averaging approximately 1,700 f e e t  i n  depth and 

enc i r c l ed  by s teep-facea,  c l i f f - l i k e  r e e f s  between 1,200 

and 2,000 f e e t  high." Kroenlein (1939, p. 1688) f u r t h e r  

def ined  t h e  depth of t h e  bas in  dur ing  Salado t ime a t  approx- 

h t e l y  700 f e e t  below t h e  t o p  of  t h e  r e e f .  Hypothesis f o r  

t he se  depths  i s  gene ra l l y  based upon presen t  r e l i e f  between 

t h e  T a n s i l l  Ponnation a top  t h e  Guadalupe Mountains and the 

Lamar Limestone Membcr of t h e  B e l l  Canyon Ponnation i n  the 

Delaware bas in ,  assuming Tansill-Lamar equivalence. S ince  

the T a n s i l l  o v e r l i e s  t h e  Capitan Limestone i n  t h e  Guadalupe 

Hountains and &more (1959) noted t h e  equivalence of part of 
I 

i 
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the Castile with the upper part of the Capitan Limestone, the 

equivalence of Tansill and Larrar is subject to question. In 

addition, part of the present relief is most certainly due 

to past-Permian uplift. A factor of the amount of sub- I i , , 

sidence contemporaneous with deposition also was not taken I 1 
( 1 

into account by Kroenlein, King, or Adans. The above figures I 

of Kroenlein, King, an6 Adams, therefore, are maximum values 

and may be several times greater than the original depth of 

the basin floor. 

Source of Salts in the Castile Formation 

Baker (1929, p. 33) observed that the total amount of 

evaporation greater than total water supply, a more or less 

constant long-continued supply of water from the ocean, and 

a basin of sedimentation are the only requisites to account 

satisfactorily for the volume of "saline residues" in the 

Permian basin. 

A qualitative discussion of models explaining the source 

of salts is feasible, but two factors prohibit quantitative 

analysis: 1. the unknown extent of the "Castile seag and 

2. the debatable depth of water in the Delaware basin and 

in back-reef areas. Extent of the sea affecting deposition 

within the Delaware basin is based upon subsurface correla- 

tions and regional inference (see Ochoa Series, Regional 

Correlation). Cave (1954), Hall (19601, and this writer 

believe that the sea extended over the Delaware basin, 

Central Basin platform, and back-reef areas. Bills (19421, 

Adms (19441, and R. B. King (19471, however, described the 



" C a s t i l e  sea"  a s  r e s t r i c t e d  t o  t h e  Delaware b a s i n .  Ramifi- 1 

I 

c a t i o n s  of t h e  assumption of  l i m i t e d  v e r s u s  r e g i o n a l  e x t e n t  

of  t h e  sea  a r e  e v i d e n t  i n  t h e  t e x t .  
1 I I 

Depth o f  wa te r  i n  t h e  Delaware b a s i n  dur ing  C a s t i l e  I i 1  
d e p o s i t i o n  can  b e  i n t e r p r e t e d  a s  shal low o r  deep, t h e  o n l y  

' I  
I 
I 

l i m i t a t i o n  being a minimum dep th  (unknown a l s o )  below sill 

p o i n t s  o f  t h e  b a r r i e r  r e e f  surrounding t h e  Delaware bas in .  

T h i s  minimum d e p t h  is necessa ry  t o  account  f o r  t h e  p rese rved  

l amina t ions  i n  t h e  C a s t i l e ;  however, i f  a shal low d e p t h  f a  

assumed, subs idence  must have k e p t  pace wi th  t h e  r a t e  o f  

d e p o s i t i o n .  Depths of  t h e  b a s i n  f l o o r  have been proposed 

a s  much a s  2,000 f e e t  below a " ree f  top" ,  as p r e v i o u s l y  

noted. Es t imates  of  t h e  volume of  wa te r  w i t h i n  t h e  Delaware 

b a s i n  an6 l i m i t i n g  v a l u e s  on  t h e  volume and r a t e  o f  t r a n s -  

p o r t  of  wa te r  i n  and o u t  of  t h e  b a s i n  depend upon d e p t h  

f i g u r e s  and, t h e r e f o r e ,  a r e  a l s o  deba tab le .  Depth of  wa te r  

and volume o f  wa te r  i n  back-reef a r e a s  is a l s o  a n  impor tan t  

f a c t o r  when c o n s i d e r i n g  t h e  Delaware b a s i n  a s  a s m a l l  area 

with in  a widespread marine s e a  ( f o r  example, see a r e a  of 

Delaware bas in  w i t h i n  Grayburg-ilarlow s e a ,  H i l l s ,  1942, 

f i g u r e  9). Consequences r e l a t e d  t o  e x i s t e n c e  o f  back-reef 

wa te r s  d u r i n g  C a s t i l e  d e p o s i t i o n  a r e  e v i d e n t ,  and the 

e x i s t e n c e  o f  such a c o n d i t i o n  i s  a m a t t e r  of  i n t e r p r e t a t i o n .  

The s i m p l e s t  model has  been proposed by Baker (19291, 

d e s c r i b e d  p rev ious ly .  Modi f i ca t ion  o f  t h i s  model may be 

necessary,  however, t o  e x p l a i n  r a p i d  th icken ing  of  a n h y d r i t e  

a long t h e  e a s t e r n  b a s i n  margin p a r a l l e l  t o  t h e  r e e f  f r o n t  



(Figs.  16, 17,  and 19, i n  pocket) .  

Thickening along t h e  ba s in  margin may be due t o  mechan- 

i c a l  or chemical phenomena. Phys ice l  t r a n s p o r t  of sediment 

i n t o  t h e  Delaware bas in  through passes  i n  t h e  b a r r i e r  r e e f  

has  been suggestea prev ious ly  t o  account f o r  i n t e r p r e t e d  

fans  o r  d e l t a s  ( s ee  C a s t i l e  Formation, Anhydrite I ) .  Adams 

(1944),  R. H. King (1947), Scruton (19531, and o t h e r s  have 

s t a t e d  t h a t  t h e  amount of anhyd r i t e  i n  t h e  C a s t i l e  is much 

too  high wi th  r e spec t  t o  t h e  amount of h a l i t e .  Re l a t i ve  

s u l f a t e  enrichment, o r  c h l o r i d e  depletion, o r  both, may have 

occurred and, i n t e r e s t i n g l y ,  each i n t e r p r e t a t i o n  l e a d s  to  

d i f f e r e n t  models f o r  t h e  Delaware basin. 

S u l f a t e  enrichment of water i n  t h e  Delaware ba s in  can 

be explained by s e v e r a l  mechanisms. The pos s ib l e  c a s e  of 

"normal s ea  water" o f  d i f f e r e n t  composition dur ing  Permian ' 

t ime should be kept  i n  mind. I f  s ea  water concent ra t ion  were 

approximately equiva len t  to t h a t  found today,  s u l f a t e  enr ich-  

ment of water may have been necessary and could have taken 

p lace  p r i o r  t o  en t e r i ng  t h e  Delaware bas in .  Borchert  and 

Muir (1964, p. 46-47, f i g u r e  5.1) descr ibed  t h e  s i t u a t i o n  

of s e v e r a l  sub-basins wi th in  one marginal marine basin.  The 

marginal ba s in  has  r e s t r i c t e d  connect ion wi th  t h e  open sea, 

while  sub-basins develop due t o  s w e l l s  or ba r  zones w i th in  

t h e  marginal bas in  i t s e l f .  I n  t h e i r  s imp l i f i ed  model, t h r e e  

sub-basins a r e  descr ibed:  sub-basin A nea re s t  to t h e  open 

s ea ,  an in te rmedia te  sub-basin B, and sub-basin C n e a r e s t  

t o  land. Thick successions of bedded ca l ca r eous  dolomite ,  



dolomite-anhydrite, and clay-anhydrite-halite characterize 

sediments fond in sub-basins A, B, and C, respectively. 

Brine concentration increases from sub-basins A to B to C. 

In rhe west Texas region, back-reef conditions appear to be 

similar to those in sub-basin C; Delaware b;tsin conditions 

appear similar to those in sub-basin B. The presence of a 

sub-basin seaward from the Delaware basin, possibly in the 

i4arfa basin area, would fulfill necessary requirements for 

sulfate enrichment of sea water prior to entering the Dela- 

ware basin. If previously present, Castile-equivalent strata 

to the south and vest of the Delawere'basin have been com- 

pletely eroded; therefore, this model remains debatable. 

Sulfate enrichment could also have taken place in back- 

reef vaters prior to movement into the Dllav~arn basin. 

Evaporation would enrich back-reef water in sulfate and 

chloride. Sulfate-rich runoff from'lacd surrounding the 

Lack-reef area, however, could have caused enrichment of 

sulfate alone. Older sulfate deposits in nreas surrounding 

the Delaware basin and back-reef areas cocld have been sub- 

ject to erosion and solutioc, thereby enziching runoff. 

Presence of older Permian sulfate deposits is well known 

(iiills, 1942; Eakee, 1929; and Hayes, 1964). 

Move~ent of sulfate-enriched waters fron back-reef areas 

into the Delaware basin could have been accomplished in at 

least four ways. 

1 Water could have moved through major channels link- 

ing back-~c?f are?,: to the Delallare basin, such as the 



S h e f f i e l d  channel between t h e  Midland b a s i n  and t h e  Delaware 

b a s i n  (King, 1942). 

2. Water could  have moved through p a s s e s  in  t h e  r e e f ,  

such a s  t h o s e  i n t e r p r e t e d  i n  t h i s  r e p o r t .  

3. Water could  have p e r c o l a t e d  through t h e  r e e f  i t s e l f .  

4. The dense ,  h y p e r s a l i n e  b r i n e  o f  t h e  back-reef a r e a  

may have moved over  t h e  r e e f  (see R e f l w  model below]. 

To accomplish d e p l e t i o n  of c h l o r i d e  from w a t e r s  i n  t h e  

Delaware b a s i n ,  R. H. King (1947) p o s t u l a t e d  a " r e f l u x "  

model f o r  t h e  Delaware bas in .  Scruton (1953) d e s c r i b e d  

King 's  model of t h e  Delaware b a s i n  as fo l lows :  

" t h e  deep  Permian Delaware b a s i n  of Texas and New 
Mexico, an ;rid r e g i o n  where evapora t ion  exceeded 
p r e c i p i t a t i o n  p l u s  r u n o f f ,  was connected t o  t h e  
open s e a  by a r e s t r i c t e d  channel  on t h e  southwest.  
The wa te r  w i t h i n  t h i s  b a s i n  below what he  i n f e r r e d  
t o  b e  average wave base  c o n s i s t e d  of a uniform 
b r i n e  formea b y  t h e  e x c e s s  of evapora t ion .  Normal 
marine water  f lowing i n t o  t h e  b a s i n  through the 
r e s t r i c t e d  channe l ,  r e p l a c e d  t h a t  l o s t  by t h e  ex- 
c e s s i v e  evapora t ion ,  moved o v e r  t h e  uniform b r i n e  
toward t h e  d i s t a l  end o f  t h e  b a s i n ,  and was concen- 
t r a t e d  by evapora t ion  u n t i l  it became s i m i l a r  i n  
d e n s i t y  t o  t h e  b r i n e  below. I t  t h e n  mingled w i t h  
t h e  b r i n e  and sank. To compensate f o r  t h e  volume 
of s i n k i n g  b r i n e  a t  t h e  b a s i n ' s  upper end, h e  
suggested t h a t  a con t inuous  seaward f low of  dense  
h y p e r s a l i n e  wa te r ,  a ' r e f l u x '  from t h e  b a s i n ,  t o o k  
p l a c e  i n  t h e  bottom of  t h e  channe l  below average  
wave base." 

A f t e r  s tudy ing  " t h e  f low c h a r a c t e r i s t i c s  and d i a t r i b u -  

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

of water p a r t l y  r e s t r i c t e d  from t h e  open sea," Scru ton  

(1953, p. 2498) modified Xing 's  m d e l  a s  fo l lowa:  

'Surface c u r r e n t s  f low from r e g i o n s  o f  low 
s a l i n i t y  t o  r e g i o n s  o f  h i g h e r  s a l i n i t y  i n  r e sponse  
t o  h y d r o s t a t i c  head and a r e  accompanied a t  d e p t h  



by o p p o s i t e l y  d i r ec tec i  c u r r e n t s  f lowing f r o n  h igh  
t o  low s a l i n i t y  r e g i o n s  s e c a u s e  of u e n s i t y  d i s t r i -  
b u t i o n .  S a l t s  a r e  d e p o s i t e d  i n  r e s t r i c t e d  e s t u a r i e s  
where evapora t ion  exceeds  p r e c i p i t a t i o n  p l u s  r u n o f f .  
The necessa ry  r e s t r i c t i o n s  o f  t h e  e s t u a r y  o r  b a s i n  
a r e  i n  p a r t  ayilanic and i n  p a r t  s t a t i c .  Dynamic 
r e s t r i c t i o n  i s  causeu by t h e  h y d r o s t a t i c  head and 
by f r i c t i o n a l  s t r e s s e s  between t h e  o p p o s i t e l y  d i -  
r e c t e ~  s u r f a c e  and bottom c u r r e n t s ,  and between t h e  
bottom c u r r e n t  anu t i le channe l  f l o o r .  S t a t i c  re- 
s t r i c t i o n  is produccu by topograph ic  confinement.  

When h igh  c o n c e n t r a t i o n s  a r e  developed,  a s t r o n g  
h o r i z o n t a l  s a l i n i t y  g r a d i e n t  e x i s t s  which p roduces  
l a t e r a l  s e g r e g a t i o n  of d i f f e r e n t  s a l t s  d u r i n g  p re -  
c i p i t a t i o n .  The esca?ing deep  c u r r e n t  r e t u r n s  t o  
t h e  s e a  t h o s e  s a l t s  which have n o t  been p r e c i p i -  
t a t e d .  F l u c t u a t i o n s  i n  e q u i l i b r i u m  caused p r i n c i -  
p a l l y  by changes i n  excess  o f  e v a p o r a t i o n  o r  i n  
d e g r e e  of channel  c l o s u r e  c a u s e  m i g r a t i o n s  o f  t h e  
h o r i z o n t a l  s a l i n i t y  g r a d i e n t  a long  t h e  l o n g i t u d i n a l  
a x i s  o f  t h e  b a s i n  which produce v e r t i c a l  a i f f e r -  
e n t i a t i o n  o f  s a l t s . "  

Within t h e  Delaware b a s i n ,  c e r t a i n  g e o l o g i c  ev iaence  is  

a t  v a r i a n c e  w i t h  t h e  King-Scruton model. Although Anhydr i t e s  

I and I1 f o l l o w  t h e i r  model by t h i c k e n i n g  from t h e  southwest  

o r  channel  a r e a  t o  t h e  n o r t h e a s t  o r  d i s t a l  end o f  t h e  b a s i n ,  

H a l i t e s  I and 11 t h i c k e n  from s o u t h  t o  n o r t h  i n  t h e  Ochoa 

t rough.  I i a l i t e  t r e n u s  p l a c e  t h e  l o n g i t u i i i n a l  a x i s  o f  t h e  

b a s i n  p a r a l l e l  t o  t h e  C e n t r a l  Basin p l a t f o r m  and w i t h i n  t h e  

Ochoa t rough.  The e n t r a n c e  from t h e  open s e a  would, t h e r e &  

f o r e ,  be  i n  t h e  s o u t h e r n  o r  s o u t h e a s t e r n  p a r t  o f  t h e  

Delaware b a s i n ,  a s  proposed by H i l l s  (1942, f i g u r e  11). 

I f  one assumes t h a t  a n h y d r i t e  and h a l i t e  t h i c k n e s s  

i n c r e a s e  is r e l a t e d  t o  s a l i n i t y  i n c r e a s e ,  t h e n  S c r u t o n ' s  

model must accoun t  f o r  t h e  a lmos t  p e r p e n d i c u l a r  t r e n d s  o f  

a n h y d r i t e  t h i c k n e s s  w i t h  r e s p e c t  t o  h a l i t e  th i cknesa .  T h i s  

c o u l a  conce ivab ly  be done by changing s a l i n i t y  g r a d i e n t  



Ochoa t rough  i s  i n t e r p r e t e d  a s  a  r e l a t i v e l y  p o s i t i v e  tec- 

t o n i c  a r e a .  I n f e r e n c e  from t h i s  i n t e r p r e t a t i o n  would s u g g e s t  

t h a t  t h e r e  was some r e l i e f  between t h e  i n t r a b a s i n  s h e l f  and 

t h e  Ochoa t rough .  With t h e  i n t r o d u c t i o n  o f  topograph ic  

i n f l u e n c e ,  S c r u t o n ' s  model, a s  w e l l  a s  any o t h e r ,  must take 

i n t o  c o n s i d e r a t i o n  t h e  amount of r e l i e f ,  t h e  p o s i t i o n  o f  

t h e  channel  w i t h  r e s p e c t  t o  t h e  ocean,  t h e  d i s t r i b u t i o n  o f  

t h e  s a l i n i t y  g r a u i e n t s ,  and t h e  p o s s i b i l i t y  of s u l f a t e -  

c o n c e n t r a t e d  w a t e r s  e n t e r i n g  t h e  Delaware b a s i n  from back- 

r e e f  a r e a s .  F u r t h e r  a n a l y s i s  would untioubtedly add more 

c o m p l e x i t i e s  t o  t h e  b a s i c  f a c t o r s  t h a t  i n f l u e n c e d  s e a  w a t e r  

composi t ion  and d i s t r i b u t i o n  o f  s a l t .  I t  a p p e a r s  most 

r e a s o n a b l e  t o  assume o n l y  t h e t  s u l f a t e  was d e p o s i t e d  d u r i n g  

C a s t i l e  t ime  by e v a p o r a t i o n  of marine s u r f a c e  wa te r  moving 

i n t o  t h e  Delaware bas in .  However, s u l f a t e  p r e c o n c e n t r a t i o n ,  

e s p e c i a l l y  i n  back-reef a r e a s ,  and r e f l u x  probably  modi f i ed  

t h i s  b a s i c  s e d i m e n t a t i o n a l  mechanism; p h y s i c a l  t r a n s p o r t  o f  

sediment  i n t o  t h e  Delaware b a s i n  through p a s s e s  i n  t h e  r e e f  

f u r t h e r  modi f i eu  l o c a l  sed imen ta t ion  n e a r  t h e  r e e f  f r o n t .  

- 
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p a t t e r n s  d u r i n g  u i f f e r e n t  modes of d e p o s i t i o n .  A l t e r n a t i v e -  

l y ,  i n d i v i i u a l  mechanisn~s of a n h y d r i t e  and h a l i t e  u e p o e i t i o n  1 
I !  

can  be proposzd,  b u t  i f  t h i s  i s  s o ,  S c r u t o n ' s  model a p p l i e s  I !  
I 

o n l y  d u r i n g  h a l i t e  d e p o s i t i o n  o r  o n l y  dur ing  a n h y d r i t e  depo- I 

I 

~ 
1 

I 

s i t i o n .  
I I 
I 

A f u r t h e r  compl ica t ing  f a c t o r  is t h a t  o f  topograph ic  

i n f l u e n c e  on s a l i r ~ i t y  d i s t r i b u t i o n .  During C a s t i l e  depos i -  

t i o n ,  t h e  i n k r a b a s i n  s h e l f  to  t h e  s o u t h  and west o f  t h e  I 
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Rztes of Evaporation During C a s t i l e  Time 

Briggs (1957, p.  117-119) noted t h e  r e l a t i o n s h i p  of 

weight o r  t h i c k n e s s  o f  e v a p o r i t e  minerals  p r e c i p i t a t e d ,  r a t e  

of evapora t ion  of b r i n e ,  and Censi ty  o f  b r i n e  ty s t a t i n g :  

"None of t h e s e  is indepenuent of t h e  o t h e r  two.. Since r a t e  

of evapora t ion  and d e n s i t y  of t h e  o r i g i n a l  b r i n e  a r e  unkaown 

and dependent f a c t o r s ,  no unique s o l u t i o n  f o r  t h e s e  f a c t o r s  

can be eva lua ted .  C e r t a i n  l h i t i n g  va lues ,  h w e v e r ,  m y  be 

i n f e r r e d  from geo log ica l  and meteorological  data .  

Assunling t h a t  r e c e n t  meteorological  d a t a  g i v e  t h e  

c o r r e c t  o r d e r  o f  magnitude of p a s t  evaporat ion r a t e s ,  n e t  

o r  e f f e c t i v e  evapora t ion  r a t e s  i n  t h e  Delaware b a s i n  of 

about  60 inches  p e r  year  may be  considered reasonable .  

I Recently computed and measured n e t  r a t e s  of evaporat ion on 

I s e a  s u r f a c e s  g e n e r a l l y  LdIlLJe from 31 t o  60 inches  p e r  year  

i n  15' t o  30" n o r t h  l a t i t u d e s ,  t h e  zone of maximum evapora- 

t i o n  i n  t h e  nor thern  hemisphere (von Arx, 1962, p. 187-189). 

I Two a r e a s  i n  t h e  nor thern  hemisphere show a i a a x i m u m  n e t  rate 

1 of  evapora t ion  o f  about  133 inches  per year ,  one a r e a  over  

I open s e a  i n  t h e  P a c i f i c  Ocean anti t h e  o t h e r  over t h e  nor thern  

p a r t  of South America (von A r x ,  1962, f i g u r e  7-5). 

I Briggs (1957, p. 119) es t imated  evaporat ion f o r  t h e  

1 c l i m a t i c  s e t t i n g  f o r  e v a p o r i t e  b a s i n s  a s  follows: 

"The maximum evaporat ion r a t e  from t h e  oceans 
i s  522 6 inches  per  year  i n  t h e  lower e q u a t o r i a l  
l a t i t u d e s .  . . . The average of s i x  se rd-a r id  and 
a r i d  r e s e r v o i r  evaporat ion r a t e s ,  ranging from 5 1  
t o  123 inches  per  year ,  i s  88 inches .  . .; thus ,  a 
va lue  of 70 inches  (185 c e n t i m e t e r s ) ,  a mean of 
ocean ic  and r e s e r v o i r  evaporat ions ,  is considered 



t h e  most reasonab le  f o r  a n c i e n t  e v a p o r i t e  b a s i n s  
envisaged a s  semi-marine bod ies  of water  i n  a re -  
gion of a r i d  c l i m a t e .  A f u r t h e r  f a c t o r  a f f e c t i n g  
evaporat ion i s  t h a t  b r i n e s  of high d e n s i t y  do no t  
evaporate  a s  r e a d i l y  a s  t h o s e  of low d e n s i t y ,  owing 
t o  a change i n  h e a t s  of  s o l u t i o n .  . . . An addi- 
t i o n a l  c o r r e c t i o n  f a c t o r  of 0 .90  i n  t h e  d e n s i t y  
range above 1.21 might be a p p l i e d  where an evapo- 
r i t e  sequence composed l a r g e l y  of h a l i t e  and po tash  
s a l t s  i s  being considered.  X a i n f a l l  and t e r r e s t r i a l  
runoff might f u r t h e r  reduce the e f f e c t i v e  evapora- 
t i o n  r a t e  t o  a t o u t  60 inches  (152 cen t imete rs )  p e r  
year: 

Richter-Bernburg (1964, p. 510-519) s t a t e d  t h a t  a CaSOq- 

s a t u r a t e d  b r i n e  should d e p o s i t  1 nun per  year  CaS04 i f  the 

evaporat ion r a t e  o f  t h e  a r e a  i s  2 meters of wate r  (about 79 

inches ) .  The n e t  evapora t ion  r a t e  over  t h e  Delaware b a s i n  

dur ing  C a s t i l e  t i m e  h a s  a l s o  been es t imated  by R. H. King 

(1947), who a r r i v e d  a t  a h igher  e s t i m a t e  of 116 inches  p e r  

Assuming a n e t  evapora t ion  rate of  about  60 inches  o r  

152 cen t imete rs  pe r  year ,  Briggs  (1957, p. 115-123) calcu-  

l a t e d  a reasonab le  e s t i m a t e  of  s u l f a t e - c a r b o n a t e  t h i c k n e s s ,  

0.711 mm, compared w i t h  average C a s t i l e  l a y e r  t h i c k n e s s  of 

1.63 mm de te rmine i  by Udden (1924) and of 1.5 t o  1.6 mm 

determineu by Anderson and Kirkland ( i n  p r e s s ) .  S ince  

Briggs'  c a l c u l a t i o n s  a r e  based upon s o l u b i l i t y  d a t a  o f  gyp- 

sum r a t h e r  than  a n h y d r i t e ,  c o n s i 6 e r a t i o n  shoulu be  g iven  to 

t h e  d i f f e r e n c e s  ob ta ined  i f  a n h y d r i t e  was t h e  o r i g i n a l l y  

p r e c i p i t a t e d  material. 

Deer, Howie, and Zussman (1962, p.  205-211, 221-221, 

i n  t h e i r  review of t h e  chemistry  of a n h y d r i t e  and gypsum, 

notedr 



temperature.  

3. Increased s a l i n i t y  decrearres t h e  temperature  of 

anhydrite-gypsum dehydrat ion.  

4 .  Pressure  a l s o  a f f e c t s  gypsum-anhydrite equ i l ib r ium;  

however, f o r  t h i s  s tudy p r e c i p i t a t i o n  is t a c i t l y  assumed to  

occur a t  the su r f ace  of t h e  sea .  Pressure  probably had a 

neg l i g ib l e  e f f e c t  on C a s t i l e  s u l f a t e  p r e c i p i t a t i o n .  

I n  genera l ,  r e l a t i v e l y  high temperature  w i t h  increased 

s a l i n i t y  due to evaporat ion of s e a  water would tend  t o  in- 

c r ea se  t h e  amount of p r e c i p i t a t e d  m a t e r i a l  i n  Briggs '  calcu-  

l a t i ons .  This  i nc r ea se  would b r i ng  h i s  r e s u l t s  closer to 

t h e  d a t a  determined by Udden, and Anderson and Kirkland. 
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INTRABASIN TECTONICS 

Concepts and Framework 

I n  order  t o  analyze t e c ton i c s  a s soc i a t ed  wi th  t h e  Upper 

Peruian evapor i te  complex, s eve ra l  s t r a t i g r a p h i c  and t e c t o n i c  

concepts must be u t i l i z e d .  Weller (1960, p. 580) noted: 

"Al l  t e c ton i c  evidence i s  i n d i r e c t .  It is 
derived mainly from i n t e r p r e t a t i o n s  based on  
s t r a t i g r a p h i c  and sedimentoiogic f e a t u r e s  and re- 
l a t i o n s .  Thus thickening o r  thinning of s t r a t i -  
g raphic  u n i t s  commonly records  v a r i a b l e  degrees 
of subsidence. . . . The occurrence of o t h e r  
types  of sediments. . . and the progressive s t r U C -  
t u r a l  developments i n  successive s t r a t i g r a p h i c  
zones a l l  a i d  i n  t h e  recogni t ion  of t e c t o n i c  ac- 
t i v i t y ,  i ts cha rac t e r ,  d i s t r i b u t i o n ,  and r e l a t i v e  
importance.. 

King (1942, p. 726) s t a t e d ,  

" t h e  theory was developed t h a t  t h e  provinces of  
Permian time i n  t h e  Guadalupe Mountains region w e r e  
p r imar i ly  t e c ton i c  f e a t u r e s ,  and t h a t  depos i t i ona l  
and e ros iona l  f e a t u r e s  seen on them a r e  secondary. 
S imi la r  conclusions seem j u s t i f i e d  elsewhere i n  
t h e  West Texas region.' 

Within t h e  Delaware bas in  t h e  r e l a t i o n s h i p  of t e c t o n i c  

elements t o  depos i t iona l  f e a t u r e s  can be w e l l  i l l u s t r a t e d .  

King (1942, p. 724-726) descr ibed t e c t o n i c  f e a t u r e s  i n  which 

l i n e a r  elements a r e  predominant (Fig. 27) .  Deposi t ional  

f e a t u r e s  i n  t h e  Upper Permian evapor i te  complex wi th in  the  

Delaware bas in  t h a t  show a d i s t i n c t  r e l a t i o n s h i p  t o  King'a 

t e c t o n i c  l i n e a r  elements are: 

1. The Ochoa trough p a r a l l e l  t o  t h e  west edge of the 

Cent ra l  Basin platform (north-northwest trend); 

2. In t rabae in  she l f  oarg in ,  a con t i2ua t i on  of  the 





Kuapache f lexi l re  i n  t h e  northwestern p a r t  of t h e  bas in  (north- 

northwest t rend)  ; 

3. Northwest-trending dome (see  Fig. 14,  i n  pocket) 1 

4 .  Northeast  t rend  of h a l i t e  i n  ivlhydrite V i n  Reeves ; i 
County; and I l l  

5. The general  east-west t rend of maximum h a l i t e  

th ickness  i n  Ha l i t e  I and 11. 

Northeash  northwest, and north-northwest-trending I 

systems can a l s o  be found i n  Salado and Rus t le r  Forination 

th ickness  va r i a t i ons .  

The t ec ton i c  framework of t h e  west Texas region r e f l e c t s  
- 

many of t h e  f o r c e s  t h a t  have inf luenced s t r a t i g r a p h i c  u n i t s  

i n  t h e  Delaware basin. Pre-Permian tectonism is no t  d i s -  

cussed inasmuch a s  t h e  Permian t ec ton i c  h i s t o ry  of t h e  west 

Texas-southeast New Mexico a r e a  has been genera l ly  accepted 
- 

a s  being q u i t e  d i f f e r e n t  from t h a t  of pre-Perrdan t i m e  

(King, 1942; Galley, 1958; and H i l l s ,  1963). 

Gal ley (1958, p. 423) descr ibed t h e  end of t h e  Pennsyl- 

vanian p e r i d  a s  follows: 

"At t h e  c lo se  of t h e  Pennsylvanian Period 
occurred t h e  p r inc ipa l  u p l i f t  of two subpa ra l l e l  
f e a t u r e s  which had been i n t e r m i t t e n t l y  bu t  moder- 
a t e l y  pos i t i ve  throughout e a r l i e r  Paleczoic  time, 
t h e  Cent ra l  Basin platforni an6 t h e  Diablo platform . . . . The intervening Delaware basin was thereby 
accentuated i n  negat ive r e l i e f ,  and t h e  Midland 
bas in  f o r  t he  f i r s t  time became c l e a r l y  evi6ent ;  
t h e  Uelaware basin,  however, remained t h e  c e n t e r  
of f u r t h e r  subsidence.. 

King (1942, p. 721-729) descr ibed t h e  r eg iona l  t e c t o n i c  

f e a t u r e s  of t h e  Permian a s  follows: 



"Following t h e  pre-Wolfcmp doformat ion,  and 
throughout  Permian t ime ,  t h e  West Texas reg ion  was 
d iv ided  i n t o  a number of l a r g e  u n i t s  or provinces ,  
which rece ived  c o n t r a s t i n g  s e t s  of d e p o s i t s  and 
probably had u n l i k e  t e c t o n i c  behaviors .  These a r e  
t h e  b a s i n s ,  p la t fo rms ,  and she lves  [sac Fig.  1 of  
t h i s  r e p o r t ] .  

The b z s i n s  were dominantly nega t ive  a r e a s ,  
each  100 m i l e s  o r  more a c r o s s .  ?'hay a r e  d i s p e r s e d  
a long t h e  n o r t h  margin of t h e  Narathon fo lded  b e l t ,  
and a r e  p a r t l y  concected near  t h e  b e l t  and a t  t h e i r  
s o u t h  ends  by narrorl passageways o r  channels .  
S t r a t a  i n  t h e  b a s i n s  l i e  a t  much lower a l t i t u d e s  
t h a n  e q u i v a l e n t  beas i n  t h e  p la t fo rms  and s h e l v e s  . . . . i.ior-.over, t l w  b r s i n s  rece ived  g r e a t e r  
t h i c k n e s s e s  o f  Pemiar .  sediments than  t h e  o t h e r  
a r e a s ,  and i n  some p l c c e s  n e a r l y  twice  a s  much. 

The b a s i n s ,  p la t fo rms ,  and s h e l v e s  o f  Pennian 
t ime are c l o s e l y  r e l a t e c  i n  p lan  t o  t h e  t e c t o n i c  
f e a t u r e s  formed dur ing  t h e  pre-Wolfcamp orogeny. 
Represen ta t ion  o f  t h e s e  f e a t u r e s .  . . is n o t  
e n t i r e l y  o b j e c t i v e ,  b u t  enough is known t o  sugges t  
t h a t  beneath  each p la t fo rm i s  an u p l i f t  i n  t h e  pre-  
Wolfcamp rocks ,  whnr.?as b?neath t h e  b a s i n s  t h e  
pre-Wolfcamp rocks  may be l i t t l e  i i i s tu rbed .  More- 
o v e r ,  t h e  b a s i n s  and t h e i r  c o ~ ~ n e c t i n g  channe l s  are 
d i s p e r s e d  a long t h e  f r o n t  of t h e  pre-Wolfcamp 
Marathon f o l d e d  b e l t ,  as though t h e r e  were some 
r e l a t i o n  between them." 

H i l l s  (1963) r e f e r r e d  t o  Permi.an t e c t o n i c  h i s t o r y  as 

" l i m i t e d  t o  e p e i r o g e n i c  u p l i f t  of hzocd a reas . "  I n  h i s  

pa leogeo log ic  mc? an8 diagram of  t e c t o n i c  e lements  a t  t h e  

beginning of Pernian t imz ,  a  major t e c t o n i c  f e a t u r e ,  t h e  

Toyah u p l i f t ,  was d e f i n e d  as extenciing from t h e  sou thern  

margin of t h e  Delaware b a s i n  nor theastward as f a r  as 

sou thern  Loving County w i t h i n  the Delaware b a s i n  (Figs .  28A 

and 20B). 

Bar r ing ton  (1963) no ted  t h a t  two d i s t i n c t l y  d i f f e r e n t  

s e t s  o f  f o l d s  and f a u l t s  a f f e c t  t h e  C e n t r a l  Basin  p l a t f o r m  



F i g u r e  2 8 A .  P a l e o g e o l o g i c  map of west Texas and southeast N e w  
ldexico a r e a  a t  beg inn ing  of  Permian t ime .  Frors H i l l s  (1963) .  

F i g u r e  EBB. T e c t o n i c  e l emen t s  o f  w e s t  Texas and s o u t h e a s t  N e w  
1,:exico area a t  beg inn ing  of Permian t ime.  Based on inforrna- 
t i o n  developed on F i g u r e  2BA.  From H i l l s  (1963). 



and surrounding a reas .  H e  observed: 

"The fo ld ing  i n  t h e  Cen t r a l  Basin p la t form 
a r ea  cccurred i n  two d i s t i n c t l y  d i f f e r e n t  ways. 
Th.e f i r s t  type of movement took p lace  i n  pre-Atoka 
t i n e  on t h e  4,OCO-G,000 f e e t  of sediment between 
t he  basement and t h e  Barne t t  sha l e .  This  t h i n  s k i n  
orogeny appears a s  a s e r i e s  of t h r u s t - f a u l t e d  a n t i -  
c l i n e s  and i n  be l ieved ,  by comparison w i th  a demon- 
s t r a t i o n  experbent ,  t o  have been imposed over 
right-handed s t r i k e - s l i p  basement f a u l t s .  Power 
came from the  1Qarathon-Ouachita orogeny on t h e  
south. Following t h e  e a r l y  deformation t h e  p l a t -  
form was e s s e n t i a l l y  a g e a n t i c l i n e  s u b j e c t  t o  a 
beveling e ros ion  t h a t  t r unca t ed  some of  t h e  f o l d s  
completely t o  t h e  basement. 

The second type of movement was p a r t  o f  t h e  
development of t h e  Pennsylvanian and Permian auto-  
geosync l ina l  conplex on t o p  of  t h e  o l d e r  rocks and 
f o ld s .  Subsidence was concent ra ted  on n o m l  f a u l t s  
with d i f f e r e n t i a l  movement between blocks. Supra- 
tenuous f o l d s  were f o m d  i n  t h e  younger beds a s  
they were deposi ted."  

S t ruc tu r e  contour maps near  t h e  t o p  of  t h e  Guadalupe 

S e r i e s  have been made by King (1942, f i g .  21) ,  Gal ley  

(1958, f i g .  21, mil S e l l a r d s  and Hendricks (19461, among 

o the r s .  The genera l  con f igu ra t i on  of  t h e  Delaware bas in ,  

when contoured on horizons near t h e  t o p  of t h e  Guadalupe 

S e r i e s ,  i s  an  e longa te ,  asymmetrical ba s in  with a n e a r l y  

north-south bas in  axis about  20 m i l e s  west  of  t h e  ba s in  

margin a t  t h e  west f l ank  of  t h e  C e n t r a l  Basin platform.  

The Ochoa trough t rends  p a r a l l e l  t o  t h e  Cen t r a l  Basin p l a t -  

form and g e n t l y  plunges from t h e  n o r t h e a s t  and sou theaa t  

p a r t s  of t he  Delaware ba s in  toward ti le lowest  a r e a  i n  the 

basin,  about  10 m i l e s  southwest of t h e  Reeves-Pecos-Ward 

Countiee i n t e r s ec t i on .  Beds on t h e  i n t r a b a s i n  she l f  d i p  

eastward toward t h e  Ochoa trough. S t r u c t u r e  con tours  west 

of  t h e  Cen t r a l  Basin p la t form rise from lower t han  -2,500 



f e e t  mean s ea  l e v e l  t o  about 0 f e e t  mean s e a  l e v e l  on t h e  

Cent ra l  Basin platform. 

In t r abas in  Tectonic Elements 

Thickness and d i s t r i b u t i o n  of s t r a t i g r a p h i c  u n i t s  were 

s tud ied  t o  analyze t e c ton i c  elements. The Delaware b a s i n  

can be divided i n t o  two d i s t i n c t l y  d i f f e r e n t  t e c t o n i c  areas, 

an in t r abas in  she l f  and t h e  Ochoa trough (Figs. 1, 27, and 

29).  A t r ave r se  across  t he se  f e a t u r e s  shows t h e  fol lowing 

th icknesses  (west t o  e a s t )  : 

In t r abas in  In t r abas in  w h o a  Basin 
Shelf Shelf Margin Trough Margin 

f t  f t f t  f t  
-- 

Rust le r  350- 400- 500- 200- 
Formation 400 500 600 500 

Salada 500- 750- 1,750- 1,000- 
Formation 750 1,750 2,500 1,750 

C a s t i l e  1,250- 1,500- 1,750- 1,750- 
Formation 1,500 1,750 2,185 2,000 

Tota l  Evapori te  2,300- 2,750- 3,750- 3,000- 
Complex 2,700 3,750 4,500 3,750. 

The i n t r a b a s i n  she l f  extends from/oyah u p l i f t  

northwestward toward t h e  Guadalupe Mountains. This  s h e l f  

may be an extension of t h e  Otero or Diablo p la t forms  (Pig. 

28B). The i n t r abas in  she l f  margin may be an ex tens ion  of 

t h e  Huapache f l exu re  i n  t h e  northwestern p a r t  of t h e  Dela- 

w a r e  basin;  however, it extends along t h e  e a s t e r n  f l a n k  Of I 
t h e  Toyah u p l i f t  i n  t h s  ea s t - cen t r a l  and southeas te rn  p a r t 8  1 

I 

of the basin. The Ochoa t rough roughly p a r a l l e l s  t h e  Cen t r a l  

Basin platform i n  t h e  ea s t e rn  p a r t  of t h e  bas in  and p a r a l l e l s  1 
i~ 



t h e  " reef  f r o n t "  i n  t h e  northern pa r t .  

On t h e  i n t r a b a s i n  she l f  an e longa te  dome was i n t e r -  

p re ted  from t h e  th ickness  v a r i a t i o n s  i n  t h e  C a s t i l e  

Formation (Pig. 14) and t h e  n e t  footage of non-ha l i t e  s t ra ta  

(Pig. 16) .  On both thickness  maps t h e  C a s t i l e  s e c t i o n  is 

th inne r  i n  t h i s  domal a r ea  than i n  surrounding a reas .  The 

th ickness  of t h e  t o t a l  Upper Permian evapo r i t e  complex is 

s l i g h t l y  l e s s  than  2 , 5 0 0  feet  i n  t h e  dona1 a r e a  (Fig. 11) .  

The dome i s  approximately 28 n i l e s  long by 18 miles wic ie ,  

wi th  t h e  longer  a x i s  t rend ing  northwest i n  wes t -cen t ra l  

Reeves County. The dome co inc ides  wi th  t h e  c e n t r a l  p a r t  of  

t h e  Toyah u p l i f t  of H i l l s  (1963) ( s ee  Pig. 28B). The shape 

of  t h i s  dome appears  to  be d i f i e t  by a no r thea s t e r l y  

t rend ing  depression.  A s l i g h t  i nc r ea se  i n  total Salado 

th ickness  i n  t h e  same local area also shows t h i s  no r thea s t e r l y  

depress ion  (Pig. 23). 

Casti le rocks  on t h e  i n t r a b a s i n  s h e l f  a r e  mainly anhy- 

drite and limestone. Salado rocks  on t h e  i n t r a b a s i n  s h e l f  

a r e  mainly anhydr i te  and &lomite. The g r e a t e s t  i n f l uence  

of  tectonism is r e f l e c t &  i n  the u i s t r i b u t i o n  o f  h a l i t e  in 

t h e  C a s t i l e  Formation. L i t t l e  t o  no h a l i t e  accumulated on 

t h e  i n t r a b a s i n  s h e l f ,  whi le  t h i c k  h a l i t e  beds accumulated in 

t h e  Ochoa trough. Lower and middle Salado h a l i t e  also may 

have been r e s t r i c t e d  t o  t h e  Ochoa trough. Upper Salado 

h a l i t e ,  however, overlapped t h e  Cen t r a l  Basin p la t form and 

covered a r e a s  t o  t h e  nor th  and e a s t  o f  t h e  Delaware basin.  



I N O E X  T : &?to o f  IhickIst ~ c ~ u m u l o l i m .  

Generalized extent of halite in Castile Formation units in 
the Ochoa trough. 

Thicknearr of unit in Ochoa trough 
Northern Central Southern 

Part Part Part 
(feet) (feet) (feet) 

RUSTLER FORMATION 350-500 450-500 450-600 

SALAD0 P O W T I O N  

Upper Salado 400-900 500-980 300-700 
\ 

Middle Salado 400-600 500-890 400-900 

Lower Salado 
k 

250-700 200-700 \ 450-1200 
CASTILE FORMATION 

hnhydrite V 
b 

560 opax. 255-900 ,500-1007 

hnhydrite IV 200 /4OOY 200 

Anhydrite I11 350 /f 300 
I 

280 

Halite I1 2 2 5 e  3 0 

Anhydrita I1 120  4 105 110  I ltalite I 320 
I 

10  

Anhydrite I 350 300 180  

fTREND or -1Hun THIcmEss 

Figure 09. Diagrams showing change in halite distribution in 
Castile Pormation and trend of maximun thickness of evaporite 
units of the Cartile, Salado, and Ruetler Formations in the 
Ochoa trough. Th~ckness of units Anhydrite I through 
Anhydrite IV are oetinated average values: thickness range 
18 glven for Anhydrite V through Rustler Formation. 



Basin Development 

The i n t r a b a s i n  s h e l f ,  when considered dur ing  t o t a l  

e v a p o r i t e  d e p o s i t i o n a l  t ime,  c o n s i s t e d  of c e n t r a l ,  south- 

c e n t r a l ,  and wes te rn  p a r t s  o f  t h e  Delaware bas in .  T o t a l  

C a s t i l e ,  Salado, an6 R u s t l e r  t h i c k n e s s  i n  Lhis a r e a  ranges  

from 2,300 t o  2,750 f e e t  (Fig .  11). Figure  29 shows the 

t r e n d  o f  maximum t h i c k n e s s  of e v a p o r i t e  u n i t s  o f  t h e  C a s t i l e ,  

Salado,  and R u s t l e r  Formations and g e n e r a l i z e d  e x t e n t  of 

h a l i t e  i n  t h e  C a s t i l e  Formation i n  t h e  Ochoa trough. The 

i n t r a b a s i n  s h e l f  and Ochoa t rough  can f i r s t  be d e l i n e a t e d  

from d i s t r i b u t i o n  o f  I i a l i t e  I (Fig.  18) .  The s h e l f  covered 

southwestern,  s o u t h - c e n t r a l ,  and southern a r e a s  of the 

Delaware b a s i n ,  whi le  t h e  Ochoa t rough  was l o c a t e d  i n  the 

n o r t h e r n  and n o r t h e a s t e r n  p a r t s .  H a l i t e  I t h i c k e n s  from 0 

t o  200 f e e t  i n  about  4 m i l e s  a c r o s s  t h e  i n t r a b a s i n  s h e l f  

margin i n  n o r t h e a s t e r n  Culberson County. I i a l i t e  I1 dis- 

t r i b u t i o n  shows t h e  same g e n e r a l  t r e n d s  a s  Halite I (Pig. 

20).  The l a r g e s t  accumulat ion o f  H a l i t e  I1 was still con- 

f i n e d  t o  t h e  nor the rn  and n o r t h e a s t e r n  a r e a s .  H a l i t e  11, 

i n  a d d i t i o n ,  over lapped H a l i t e  I t o  t h e  south i n  t h e  Ochoa 

t rough by about  6 niles. H a l i t e  i n  Anhydri te  N s h w s  a 

pronounced r e s t r i c t i o n  w i t h i n  t h e  Ochoa t rough p a r a l l e l  to 

t h e  C e n t r a l  Basin p l a t f o r m  (Fig.  21). The t h i c k e s t  accumu- 

l a t i o n  o f  h a l i t e  i n  Anhyclrite I V  is near  t h e  Lea-Loving 

County l i n e .  H a l i t e  i n  Anhydri te  I V  overlapped H a l i t e  I1 to 

t h e  sou th  i n  t h e  Ochoa t rough  by s e v e r a l  miles. The intra- 

b a s i n  s h e l f  covered most o f  t h e  western  two-thirds  of the 
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Delaware basin during Anhydrite IV deposition. 1 
Halite in Anhydrite V shows a further restriction in 

geographic distribution (Fig. 22). The thickest halite ac- 

cumulations are in eastern Reeves County, along the Loving- 

Ward County line, and in the northeastern part of the basin 

I 
I I 
, I 

in Lea County. The Lea County accuaulation, however, may 

have been affected by later salt flowage. Halite in Anhy- 

ilrite V also overlappda halite in Anhydrite IV to the south. 

The generalized extent of Castile halite in the Ochoa 

trough suggests original basin relief was greatest in the 

north and northeastern parts with differential subsidence 

toward the south during Castile time. Changes in maximum 

thickness of evaporite units during Castile and lower Salado 

deposition also suggests this southerly 'tilting" (Pig. 29). 

During middle and upper Salado time, this trend seems to 

have reversed. 

Southerly movement of similar environmental conditions 

within the basin could also account for halite and anhydrite 

distribution. Noted previously, however, the tl~ickness 

trends of Halites I and I1 cross almost perpendicular to 

regional thickness patterns of Anhydrites I and XI.  his 

distribution suggests somewhat independent depositional 

mechanisms for anhydrite and halite. .' 

The above discussion assumes that halite was deposited 

in the deeper part of the then existing basin--an assumption 

that may be justified since the sands an8 loss of lamination 

in correlative annydrite suggest a lowering of sea level 



co inc iden t  wi th  h a l i t e  depos i t ion .  

S a l t  Movement 

Local S t r u c t u r e s  

Local deformation may be r e a d i l y  expected i n  t h e  C a s t i l e  

Formation s i n c e  t h e  mineralogy mainly c o n s i s t s  of a n h y d r i t e  

and h a l i t e .  De S i t t e r  (1956, p. 79) noted t h a t  s a l t  and gyp- 

sum a r e  among t h e  most incompetent of  rocks.  Borchert  and 

Muir (1964, p. 237) have s t a t e d :  

" h r a p o r i t e s  deform more r e a d i l y  than any o t h e r  
conso l ida ted  sediments.  Because of  t h e i r  exceed- 
i n g l y  incompetent c h a r a c t e r ,  they  o f t e n  e x h i b i t  
cor.?lex f o l d i n g  and piercement s t r u c t u r e s  i n  areas 
where t h e  a d j a c e n t  c l a s t i c  sediments o r  l imestones  
r e n a i n  almost completely undis turbed.  Flowage may 
e a s i l y  occur e i t h e r  because s t r e s s  has  been app l ied ,  
o r  because some water  has  been introduced o r  pro- 
duced by geothermal heating." 

U e a s  of l o c a l  s a l t  movement were i d e n t i f i e d  by assum- 

ing  t h a t  r e g i o n a l  th ickness  c l o s e l y  approximates o r i g i n a l  

th ickness  of  h a l i t e .  Imposea upon r e g i o n a l  t r e n d s  are 

l o c a l i z e d  a r e a s  wi th  anomalous t h i c k n e s s e s  of h a l i t e .  

Examples of h a l i t e  and a n h y d r i t e  movem~nts i n  C a s t i l e  

u n i t s  were found i n  Eddy, Lea, Reeves, and Culberson Counties.  

Repe t i t ion  of " s a l i n e s "  cannot be d e f i n e d  i n  H a l i t e  I s i n c e  

t h i s  u n i t  has no marker beds; however, H a l i t e  I1 c o n t a i n s  

f i v e  d i s t i n c t  a n h y d r i t e  markers (F igs .  3, and 4 ,  i n  pocket) .  

A repeated s e c t i o n  of H a l i t e  11 was found i n  Reeves County 

i n  TXL O i l ,  S t a t e  Northrup e t  a l .  we l l  No. 1 (Reeves-15). I , 
I 

T h i s  r e p e t i t i o n  of H a l i t e  11, al though t h e  o n l y  example 
I 

found i n  t h e  Delaware bas in ,  confirms t h a t  s a l t  movement took I 
\ I  



place ,  perhaps due t o  f au l t i ng .  The a rea  i n  which t h e  re- 

peated s ec t i on  occurs  is shown i n  Figure 288 ( l oca t i on  A ) .  

The wel l  s i t e  i s  on t h e  northwest edge of t h e  Toyah u p l i f t .  I I 
Without dense wel l  c o n t r o l  o r  qeophysical information,  ! I  ~ 

' I  I 

I I 

r eg iona l  s a l t  movements can be pos tu la ted  only from gene ra l  

d i s t r i b u t i o n  of s a l t ,  r eg iona l  th ickness  t r ends  of  salt, 

reg iona l  th ickness  of u n i t s  above and below t h e  s a l t ,  and 

cons idera t ion  of t h e  t e c ton i c  s e t t i n g  of a r e a s  t h a t  might 

have s a l t  movement. An example of t h e  r e l a t i o n s h i p  between 

s a l t  mcvewznt and t e c ton i c  s e t t i n g  is shown by t h e  Reeves 

County repeated sec t ion .  

I n  southern Mdy County sB.clut s i x  mi les  north-northwest 

of t h e  My-Culberson-Reeves County i n t e r s e c t i o n ,  t h e  f o l -  

lowing th icknesses  of C a s t i l e  u n i t s  were found: 

Distance Thickness of u n i t s ,  f e e t  
between 
we l l s ,  Anhydrite Ha l i t e  Anhydrite Halite 

Wells miles 1 I 11 I I 

North 
Eddy-41 235 323 9 2 180 

2.0 
Eddy-H 220 195 95 156 

1.5 
Eddy- J 

1.5 

Eddy-58 184 109 3 1 109. 
South 

Cross s ec t i on  A-A', Pigure 30, shows h a l i t e  ~ . i  %%!;.2rite 

u n i t s  and i n t e r p r e t e d  apparent  d i r e c t i o n s  of movement f o r  

t h e s e  wel l  da ta .  Ha l i t e  I i s  th inner  than  expected from 

r eg iona l  t r ends  i n  wel l  Eddy-58 and th ickens  t o  wel l  Eddy-J. 
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D l s r A n c t  FROM WLLL EDDY-so 

lnocx 

DISTANCE FROM WELL L D D Y - 4 6  

P i ~ d r c  30.  Diagrarunatic c r o s s  s e c t i o n s  showing L a l i t e  and 
an).yclritc r.1ovencnt i n  thr lower part o f  the 
Cactile Formation i n  Eddy County, Iiew Mexico. 
Arrows i n d i c a t e  apparcnt l l i r e c t i o n  of movement. 
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Hal i t e  I i n  Eddy-H i s  a l s o  th inner  than  expected and th ickens  1 
both south i n  wel l  Eddy-J and nor th  i n  well  Eddy-41. H a l i t e  

I I 
' I  
I 

I1 i s  th inne r  than reg iona l  t r ends  i n  wel l  Eady-58A and 

appears t o  thicken northward i n  we l l  Eddy-J. 
I I 

Anhydrite 11 i s  excess ive ly  t h i n  i n  w ~ l l  Lddy-58 and 

excessively t h i c k  i n  we l l  Eddy-SBA. iiovement of interbedded 

anhydr i te  r e l a t e d  t o  h a l i t e  movement i s  a well-known phenom- 

enon and should be expected i n  t h e  C a s t i l e  sequence. The 

r e l a t i o n s h i p  of Anhydrite I1 th inning  and thickening t o  

movement of H a l i t e s  I and I1 appears  conc lus ive  i n  c r o s s  

s ec t i on  A-A', Figure 30. 1 
I n  another  a r ea  i n  Eddy County about 12 miles north- 1 

nor theas t  of t h e  Eddy-Culberson-Reeves Co~lnty i n t e r s e c t i o n ,  

t h e  fol lowing was found: 

Distance Thickness of u n i t s ,  f e e t  
between 
w e l l s ,  Anhydrite H a l i t e  Anhydrite H a l i t e  

Wells mi les  I I I1 I1 

North 
Eddy-44 2 03 486 109 242 

0.25 
Eddy-45 203 5 1 8 5 56 

I 

0.5 
Eddy-46 203 300 9 5 160 

South 

Average th ickness  
of u n i t s  i n  a r ea  200 300 9 5 175 

Cross s ec t i on  E-B', Figure 30, shows h a l i t e  and anhydrf te  

u n i t s  and i n t e r p r e t e d  apparent  d i r e c t i o n s  of movement f o r  

t he se  we l l  da ta .  Thicknesses f o r  u n i t s  no r th  of w e l l  Eddy-44 

were est imated from u n i t  th ickness  maps. Hal i t e s  I and I1 

appear t o  have formed s a l t  a n t i c l i n e s  o r  domes nor th  of well 



Eddy-45. In this case, an upward flexing or anticlinal 

structure below the area near well Eddy-44 is suggested as 

the control for possible gravity flow of Iialites I and 11. 

The slight thinning of Anhydrite I1 in well Eddy-45 may be 

due to original depositional thinning or to post-depositional 

anhydrite movement. The apparent thickening of Anhydrite I1 

in well E6dy-44 compensates for the thinning in well Eddy-45. 

In northeast Culberson and northwest Reeves Counties, 

salt movement is suggested from a study of several wells. 

Figure 31, in pocket, shows structure contour maps at the 

top of the Guadalupe Series and at the top of Anhydrite I, 

and thickness maps of Anhydrites I and 11 and Halites I and 

I1 of the Castile Formation. Two aspmetrical noses were 

interpreted from the structure contour maps. The axis of 

nose A to the south of wells Culberson-17 to -21 plunges to 

the northwest. The axis of nose B to the north of these 

wells plunges to the north-northwest. Along the axis of nose 

A, Anhydrite I tends to be thinner than on the flanks. 

Halite I thickens along the southern part of nose A and 

along the northern part of nose B. Anhydrite I1 thins along 

the axis and south flank of nose A. No distinct control is 

shown by nose B. Halite 11 thins along the southern part 

of nose A,  suggesting a squeezing out of Halite I1 due to a 

possible salt anticline in Halite I in this area. No die- 

tinct effect upon Halite I1 can be determined along the 

axis of nose 8. 

It is concluded that in the northeast Culberson- 
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nor thwes t  Reeves Coun t i e s  a r e a  l o c a l  t e c t o n i c  movements have 

caused s a l t  f lowage i n  H a l i t e  I. Tec ton ic  u p l i f t  may have 

c o n t r o l l e d  d e p o s i t i o n a l  t h i n n i n g  o f  Anhydr i te  11, a l though  

Anhydr i te  I1 cou ld  have been t h i n n e d  by p o s t - d e p o s i t i o n a l  

movement. Upwaru mvement  of H a l i t e  I appea r s  t o  have 

squeezed o u t  H a l i t e  I1 l a t e r a l l y .  

Regional  S t r u c t u r e s  I 

I n  t h e  n o r t h e a s t  p a r t  o f  t h e  Delaware b a s i n  i n  Lea I 

County, T. 22 - 23 S.,  R. 32 - 34 E., h a l i t e  may have accum- 

u l a t e d  a s  a series o f  " s a l t  p i l l o w s "  o r  " s a l t  s t o c k s g  similar 

t o  t h o s e  c e s c r i b e d  by Trusheim (1960) i n  German e v a p o r i t e  

d e p o s i t s .  F i g u r e  32,  i n  pocke t ,  shows s t r u c t u r e  con tour  

maps a t  t h e  t o p  o f  t h e  Guadalupe S e r i e s  and a t  t h e  t o p  of 

Anhydr i te  I ,  and t h i c k n e s s  maps o f  Anhydr i t e s  I and I1 and 

H a l i t e s  I and I1 o f  t h e  C a s t i l e  Formation,  and t h i c k n e s s  

maps of t h e  Sa lado  and R u s t l e r  Formations.  

Th icknesses  o f  Halite I i n  e x c e s s  o f  r e g i o n a l  t h i c k n e s s ,  

abou t  375 f e e t  i n  t h i s  a r e a ,  were found i n  a t  l e a s t  two w e l l s  

(Lea-7 w i t h  925 f e e t  and Lea-J w i t h  696 f e e t ) .  I n  two o t h e r  

wells i n  t h i s  a r e a  (Lea-8 and Lea-25),  Anhydr i te  I1 may be 

miss ing ,  g i v i n g  rise to  con t inuous  h a l i t e  sequences  o f  510 

f e e t  i n  each  w e l l .  I n  w e l l s  Lea-9 and Lea-24, H a l i t e  I is 

e x c e s s i v e l y  t h i n  (29 f e e t  i n  Lea-9, 192 f e e t  i n  Lea-24). 

C a s t i l e  Formation i n  t h i s  a r e a ,  however, shows a r e g i o n a l  

t h i c k n e s s  r a n g e  from 1,750 f e e t  to s l i g h t l y  more t h a n  2,000 

f e e t .  Sa lado  Format ion o v e r l y i n g  t h i s  Lea County a r e a  h a s  

a f a i r l y  c o n s t a n t  t h i c k n e s s  o f  1,500 t o  1,750 f e e t .  R u s t l e r  



Formation, however, shows a  d i s t i n c t  th inn ing  over t h e  

2,000-foot contour of the C a s t i l e  Formation, with a d i s t i n c t  

thickening j u s t  t o  t h e  south. In  Figure 7 ,  i n  pocket,  t h e  

upper Salado a l s o  t h i n s  from w e l l  Lea-33 i n  t h e  south t o  

wel l  Lea-25 i n  t h e  north. 

A l e n s  of h a l i t e  i n  Anhydrite V ,  200 t o  385 f e e t  t h i ck ,  

is a l s o  found i n  t h i s  Lea County area.  Of t h e  925 f e e t  o f  

h a l i t e  of t h e  C a s t i l e  i n  wel l  Lea-25, 895 f e e t  a r e  found i n  

two s a l t  s ec t i ons ,  h a l i t e  i n  lower C a s t i l e  of 510 f e e t  w i t h  

no Anhydrite I1 and h a l i t e  i n  Anhydrite V of 385 f e e t  

(Fig. 7 ,  i n  pocket).  

Recent s a l t  domes and a n t i c l i n e s  a f f e c t i n g  Salado, 

Rus t l e r ,  and post-Permian rocks have been repor ted  i n  Eddy 

County by Vine (1960) and Reddy (1961). These s t r u c t u r e s  

o v e r l i e  t h e  genera l  a r ea  i n  which l o c a l  sa l t  s t r u c t u r e s  is 

t h e  C a s t i l e  were found. The r e l a t i o n s h i p  between t h e s e  

s t r u c t u r e s  and underlying C a s t i l e  s a l t  s t r u c t u r e s  has  no t  

been determined. 

Analysia 

Severa l  models can be proposed t o  account f o r  C a s t i l e  

s a l t  movement. Four models a r e  analyzed here  t o  account f o r  

t h e  anomalous s a l t  s e c t i on  i n  t h e  Delaware bas in .  Movement 

contemporaneous with depos i t ion  has  been termed "down bui ld-  

ing" by Barton (@ Russe l l ,  1955, p. 209-210). Russe l l  

s t a t e d  this theory a s  follows: " t h e  t o p  of  t h e  salt  domes 

s taye6  near  t h e  sur face  a s  t h e  g r e a t e r  th ickness  of sedianents 

accumulated on t h e  source  s a l t  l ayer . "  Figure 33, t op ,  shown 
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SALT STOCK GROWTH: CONTEMPORANEOUS WITH DEPOSITION 
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(1) Or1gip.l (2)  Loadinq around (3) Second s a l t  (4) S l igh t  v e r t i c a l  
th icknerr .  e t w k  "pushes" l a i d  d a m .  movement of 

e a l t  up t o  "both" r a l t r  
deposit  ion (not e c e e s a r y ) .  
level.  'Well" denoter 

r e c t i o n  from 
log. 

SALT STOCK GROWTH : POST-DEPOSITIONAL 

CASE A 

( I )  Original  rsquence (2)  S a l t  m w a n t  with 
of rocks. b h e d  "ehearing" of 
l i n e  a t  b a a  r e p  intarmediate bed. 
resqC8 ' ' o r ig inal  
dip" of basin. 

CASE 0 

(1)~r iginal  sequence (2 )  L w e r  e a l t  bed 

(3) Final  "boudinsgen 
o r  piercancat  of 
i n t  ermtdia te  bed. 
Daehed l i n e  r a p  
r e s e n t s  " f ina l  
d i p "  of basin. 

(3) Upper r a l t  bed-ia 
of r o c k  mwee hor i zon ta l ly  rqucezed l a t e r a l l ? .  

u n t i l  "it  h i t 8  t h e  Squeezing probably 
toof vall ." vould t ake  place  

contmporaneourly 
with e a l t  w e n t  i 
i n  (2 ) .  

Figure 33.--Diagr-tic eketches ahwing  d i f f e r e n t  s a l t  mwement in t e rp re ta t iozu .  
RF denotes reef f ront .  "idell" denotcr r e c t i o o  found in w l l a  ba-8 
.rd Iro-25. 



diagrammatic ske tches  of 'down bui ld ing . "  I n  t h e  Delaware 

b a s i n  two w e l l  s e c t i o n s  were found s i m i l a r  t o  t h e  example 

i n  t h i s  ske tch ,  w e l l  Lea-8 ( n o t  shovm) and w e l l  Lea-25 

(Figs .  32 and 7,  both  i n  p a c k e t ) .  Vie11 Lea-8 has  one con- 

t inuous  h a l i t e  bed 510 f e e t  t h i c k  i n  t h e  lower C a s t i l e  w i t h  

s e v e r a l  t h i n  anhydr i t e  beds a t  t h e  t o p  of t h e  h a l i t e .  These 

a n h y d r i t e  beas  resemble t h e  anhyciri te markers of H a l i t e  11. 

Pos t -depos i t iona l  mvement can a l s o  b e  p o s t u l a t e d  f o r  

h a l i t e  i n  a r e a s  near  w e l l s  Lea-8 a m  Lea-25. F igure  33, 

bottom, c a s e  A, shows ske tches  of h a l i t e  movement wi th  con- 

c u r r e n t  piercement o r  "boudinage" of Anhydri te  11. Evidence 

f o r  boudinage, o r  a t  l e a s t  a n h y d r i t e  movement, is w e l l  i l l u s -  

t r a t e d  i n  Eddy County i n  c r o s s  s e c t i o n  A-A', F i g u r e  30, 

w e l l s  Eddy-58 t o  Eddy-58A. Borcher t  and Muir (1964, p. 248) 

s t a t e d  t h a t  boudinage s t r u c t u r e s ,  j o i n t s ,  and f a u l t s  t e n d  

to  develop i n  more competent beds  between less competent 

M s ,  e s p e c i a l l y  i n  in te rbeddea  a n h y d r i t e  and h a l i t e .  They 

f u r t h e r  stated t h a t  h a l i t e  u s u a l l y  deforms p l a s t i c a l l y  i n t o  

v a r i o u s  t y p e s  o f  f o l d s ,  d i a p i r s ,  and s a l t  domes. In t h i s  

c a s e  a d i a p i r i s m  of  H a l i t e  I p i e r c i n g  Anhydri te  I1 t o  form 

a cont inuous H a l i t e  I -Ha l i t e  I1 s e c t i o n  is suggested.  The 

cause  o f  t h e  s a l t  movement, i n t e r p r e t e d  i n  c a s e  A a s  due  t o  

" t i l t i n g " ,  is n o t  a necessary cond i t ion  and i s  d i s c u s s e d  

l a t e r .  

Case B, bottom of F igure  33, is an  a l t e r n a t e  explana- 

t i o n  f o r  poe t -depos i t iona l  s a l t  movenent. Evidence f o r  t h i s  

t y p e  of movement i s  i l l u s t r a t e d  i n  s e v e r a l  a r e a s  i n  the 



northern p a r t  of t h e  Delaware basin.  Analysis of d a t a  i n  

t h e  northern Culberson-Reeves County a r ea  i nd i ca t e s  upwelling 

of Ha l i t e  I over  a  nose wi th  l a t e r a l  squeezing o u t  of over- 

ly ing  Ha l i t e  I1 (Fig. 31) .  Further  examples i n  Eddy County 

a r e  i n f e r r ed  f r m  two p a t t e r n s  anomalous t o  reg iona l  th ick-  

nesses  of Ha l i t e s  I and 11. General ly ,  i n  EGdy County the 

Hal i t e  I1 t o  H a l i t e  I t h i cknes s  r a t i o  is about 2:3. One 

p a t t e r n  shows a  higher I i a l i t e  I th ickness  than expected as 

i n  wel l  Eddy-24 where H a l i t e  I1 t o  B a l i t e  I is about  2:4+, 

and i n  wel l  Eddy-28 - i t h  a  r a t i o  of 2:3.3. The oppos i te  

pa t t e rn ,  where H a l i t e  I1 i s  t h i c k e r  than H a l i t e  I, sugges ts  

t h e  a r ea s  pe r iphe ra l  t o  t h e  H a l i t e  I rises. Such could be 

t h e  case  i n  w e l l  Eddy-K about 1.8 miles nor th  of Mdy-28, 

where t h e  H a l i t e  I1 t o  H a l i t e  I r a t i o  is 2:1.4, and i n  

Eddy-53 with a  r a t i o  of 2:l. 

The f o u r t h  model t o  be considered is t h e  " a n t i c l i n e  on 

a n t i c l i n e "  found i n  l oca l i zed  s t r u c t u r e s  i n  Eddy County 

(c ross  s e c t i o n  B-B', Fig. 30).  I n  t h i s  c a se  g r a v i t y  o r  

t e c ton i c  " t r igger ing"  of H a l i t e  I movement appears t o  have 

inf luenced movement of H a l i t e  11. I n  wel l  mdy-56 about 19 

miles  southwest of t h e  descr ibeu  l oca l i zed  s t r u c t u r e ,  both 

Hal i t e s  I and I1 a r e  t h inne r  than expected reg iona l ly .  Thi# 

s ec t i on  resembles well  Liidy-45, c r o s s  s ec t i on  B-B', Figure 30. 

I n  gene ra l ,  t he  r u l e  of Trueheim (1960, p. 1535) that 

"each s a l t  s tock  has i ts  own h i s to ry ,  and c lo se ly  aujoininq 

s t r u c t u r e s  may have developed q u i t e  d i f f e r e n t l y "  a p p l i e s  to 

t h e  s a l t  s t r u c t u r e s  i n  t h e  Delaware basin. hs an  example, 



t h e  s a l t  s t ocks  of H a l i t e  I i n  Lea County appear t o  have 

i nd iv idua l  h i s t o r i e s  (Fig.  32, i n  pocket) .  S a l t  s t ocks  A 

and B have inf luenced t h e  t h i cknes s  o f  over ly ing  u n i t s  to 

d i f f e r e n t  degrees .  The t h i c k e s t  s ec t i ons  of B a l i t e  I i n  

t h e s e  s t ocks  a r e  i n  we l l  Lea-7 wi th  925 f e e t  i n  stock A and 

w e l l  Lea-J wi th  696 f e e t  i n  s tock  B. Anhydrite I1 is  t h i c k e r  

i n  w e l l  Lea-7 than i n  w e l l  Lea-J. l l a l i t e  11, however, i s  

th inne r  i n  w e l l  Lea-7 than  i n  w e l l  Lea-3. Salado Formation 

t h i n s  over  Lea-7 b u t  is n o t  a f f e c t e d  over  Lea-J. I n  s t ock  

B, we l l  Lea-25 sou thea s t  o f  Lea-J appears  t o  have e f f e c t i v e l v  

th inned  Salado rocks  above. The t h i n n e s t  s e c t i o n  of Rus t l e r  

rocks  i n  t h e  Lea County a r e a  is found above w e l l  Lea-J, 

s t ock  B. Rus t le r  Formation th ickness  does no t  appea-r t o  

have been a f f e c t e d  by s t ock  A. I 

Although t h e  f i r s t  cause i n i t i a t i n g  s a l t  movement is 

beyond t h e  range of  observa t ion ,  Trusheirn (1960, p. 1523) 

o u t l i n e d  s e v e r a l  pos s ib l e  i n i t i a l  impulses t o  be  sought. 

These impulses are: 
' I 

1. Inhomogeneities,  e i t h e r  i n  t h e  basement under t h e  

s a l t ,  i n  t h e  s a l t  i t s e l f ,  o r  i n  t h e  roof of t h e  salt l aye r ;  

2. S t r e s s e s  a l ready  p r e sen t  converted i n t o  i n i t i a l  

movement by a t e c t o n i c  even t  o r  an  earthquake; 

3. The presence of a s u f f i c i e n t l y  deep sedimentat ion 

t rough ,  i n  t h e  shape of a shal low saucer;  and 

4.  Requis i t e  i n s t a b i l i t i e s  s o  small as to be undefined 

with ce r t a i n ty .  

A cond i t i on  pos tu l a t ed  a s  necessary f o r  s a l t  nrovement 



by Russel l  (1955, p. 211) is t h a t  " t he  source s a l t  must 

have a c e r t a i n  minimum thickness ."  Trusheim (1960, p. 1523) 

f u r t h e r  explained t h i s  c o n d i t i o n  a s  fol lows:  

" S a l t  can begin t o  flow only when it has been 
buried under s u f f i c i e n t  load t o  c r o s s  t h e  boundary 
between t h e  e l a s t i c  and t he  p l a s t i c  condit ion.  
The l a t e r a l  f l u i d - l i k e  p l a s t i c  flow is f a c i l i a t e d  
i f  t h e  basement d ip s  a t  an angle of more than 19, 
and i f  t he  s a l t  l a y e r  possesses  a c e r t a i n  th ickness  
and is not t oo  s t rong ly  mixed by competent i n t e r -  
c a l a t i o n s .  Experiences with t h e  German Zechstein 
bas ins  showed t h a t  an overburden of about 1,000 
m. . . . and a th ickness  of a t  l e a s t  300 m. o f  s a l t  
were necezsary t o  i n i t i a t e  t h e  process  of flowing." 

I n  t h e  lower p a r t  of t h e  C a s t i l e ,  however, h a l i t e  movement 

appears  t o  have occurred i n  beds a s  t h i n  a s  150 t o  300 f e e t ,  

approximately 50 t o  100 meters. 

Russe l l  (1955, p. 207) and Trusheim (1960, p. 1519) 

noted two ope ra t i ona l  processes  to  account f o r  s a l t  movement; 

g r a v i t y  flow ( g e o s t a t i c ,  ha lo-k ine t ic )  and t angen t i a l  com- 

pre s s ive  pressure  ( l a t e r a l  p ressure ,  ha lo- tec ton ic ) .  

Trusheim f u r t h e r  s t a t e d :  "Every conceivable t r a n s i t i o n  between 

t h e  two types  i s  t o  be found i n  t h e  worla." The major i ty  of 

s a l t  s t r u c t u r e s  i n  nor thern  Germany were d i r e c t l y  o r  in -  

d i r e c t l y  a t t r i b u t e d  t o  " e s s e n t i a l l y  g r a v i t y  phenomena" or 

"halo-kinesis"  by Trusheim (1960). Because of t h e  l im i t ed  

th ickness  of  C a s t i l e  h a l i t e  beds, t e c t o n i c  " t r i gge r ing"  m y  

be t h e  cause of h a l i t e  movement i n  t h e  Delaware basin: Grav- 

i t y  flow due to loading of over ly ing  rocks  of the Salado muet 

a l s o  be considered as a cause of C a s t i l e  h a l i t e  movement. 

The t e c t o n i c  r e l a t i o n s h i p  t o  h a l i t e  movement can be 

i n f e r r e d  from w e l l  d a t a  i n  EaCy County (Fig. 30).  I n  both 
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I 

c ros s  s ec t i ons  Halite I appears  t o  be inf luenced by a r e l a -  
I 
I 

1 1  
t i v e  change Fn reg iona l  d ip .  An a n t i c l i n a l  s t r u c t u r e ,  t e r r a c e ,  ' I  

l 1  

o r  monoclinal f l e x u r e  can be i n t e r p r e t e d  below H a l i t e  I i n  I 

t h e  a r ea  of h a l i t e  movement. The t r u e  s t r u c t u r e  i t s e l f  can- , I  

I 
no t  be determined s i n c e  r eg iona l  d i p  may have been e s t ab l i shed  

p r i o r  t o  o r  superimposed upon t h e s e  s u b t l e  s t ruc tu re s .  A s  

another  example, Figure 31 shows s t r u c t u r e  contours  on the 

top  of Anhydrite I i n  the Eddy-Culberson-Reeves Counties  

area.  Two noses are presen t .  I f  t h e  r eg iona l  northeastward 

d i p  i n  t h i s  a r e a  i s  "taken o u t n ,  t h e s e  noses could be re- 

constructed i n t o  a n t i c l i n e s .  The t ime of development of \ 
1 

t h e s e  structures is  no t  known, however, and they may h3ve 

beeii superimposed upon t h e  reg iona l  dip. 

The d a t a  from w e l l s  i n  Lea County a l s o  g ive  an i n t e r -  

e s t i n g  s t r u c t u r e  contour  p a t t e r n  on t h e  t op  of Anhydrite I 

which shows a r e l a t i o n s h i p  t o  h a l i t e  movement (Fig. 32, i n  

pocket).  I n  s t ock  A, wel l  Lea-7 wi th  t h e  t h i c k e s t  H a l i t e  I 

is a t  t h e  sync l i na l  band of  a l o c a l  monocline between wells 

Lea-7 and Lea-8 t o  t h e  nor theas t .  The major a r e a l  e x t e n t  

of s tock  A is p a r a l l e l  t o  the r eg iona l  d i p  and may be on a 

t e r r ace .  Anhydrite 11 ie absent  i n  we l l  Lea-8 on t h e  a n t i -  

c l i n a l  bend. I n  s tock  8, wel l  Lea-J wi th  t h e  t h i c k e s t  

H a l i t e  I s ec t i on  i s  a t  t h e  base of a l o c a l  r i s e .   his w e l l  

can  be descr ibed  a s  a t  t h e  sync l i na l  bend of a monocline i f  

only t he  a r e a  from w e l l  Lea-J t o  w e l l  Lea-8 is considered. 

Stock B i s  perpendicular  t o  the r eg iona l  d ip .  Well Lea-25 

is a l s o  apparen t ly  a t  t h e  a n t i c l i n a l  ben6 of a monocline o r ,  



a t  l e a s t ,  on t h e  sou theas te rn  f l a n k  of a sync l ine .  Anhydrite 

I1 is absent  i n  wel l  Lea-25. 

The t h i c k  l e n s  of h a l i t e  i n  Anhydrite V i n  t h e  Lea ~ I 
County a r ea ,  previously mentioned, a l s o  may have been tec- 1 1  
t o n i c a l l y  con t ro l led .  I n  t h i s  c a se  t a n g e n t i a l  compressive 1 
f o r c e s  nay have r e su l t ed  from recurrenk u p l i f t  of t h e  Capi tan I 
Reef. I f  the h a l i t e  o r i g i n a l l y  was depos i ted  over t h e  r e e f  I 
t op ,  r e cu r r en t  movement may have squeezed o u t  C a s t i l e  h a l i t e  1 
i n t o  this h a l i t e  lens .  I f  t h e  h a l i t e  was restricted t o  the I 
bas in ,  compressive fo r ce s  from v e r t i c a l  movement of t h e  

"reef  zone' could still account f o r  l o c a l i z e d  movement of 

h a l i t e  south of t h e  ree f .  Pos t -depos i t iona l  naovement i n  

t h i s  a r e a  is i n f e r r e d  from t h e  upward f l e x i n g  of  the Salado 

and Rus t le r  Forreations over  t h e  Hasco, Cloyd w e l l  No. 2 ( see  

Moore, 1960, f i g .  23). I r r e g u l a r i t i e s  i n  t h e  su r f ace s  o f  

potash s t r a t a  above t h e  r ee f  zone, shown i n  p l a t e  1 o f  Jones  

(1954), a l s o  suggest  v e r t i c a l  movement o f  t h e  -reef  zone* 

a f t e r  Salado and Rus t l e r  deposi t ion.  

A f u r t h e r  cause f o r  h a l i t e  movement i n  t h e  Lea County 

a r e a  may have been t h e  d i f f e r e n t i a l  subsidence o r  " t i l t i n g w  

of t h e  Ochoa t rough during C a s t i l e  depos i t i on  ( see  Basin 

Development). Assuming t h a t  t h e  Ochoa t rough  d i d  tilt south- 

ward, l i t h o s t a t i c  p ressures  would be g r e a t e r  on t h e  h a l i t e  

to  the south due t o  t h e  g r e a t e r  th ickness  o f  sediment baing 

l a i d  down i n  t h e  c e n t r a l  and southern p a r t s  o f  t h e  Ochoa 

trough. Case A, h t t a m  of Figure 33, shows the r e l a t i v e  

change of t he  base o f  t h e  C a s t i l e  dur ing  t i l t i n g .  L a t e r a l  



movement of h a l i t e  would be enhance6 due t o  t h e  d i f f e r e n t i a l  

l i t h o s t a t i c  p r e s s u r e  i n  the Ochoa t rough a s  w e l l  a s  by com- 

p r e s s i v e  f o r c e s  due t o  r e e f  movement. Where t h e  s a l t  reached 

t h e  n o r t h e a s t e r n  p a r t  of t h e  Ochoa t rough,  i r r e g u l a r i t i e s  

a t  t h e  base  of H a l i t e  I due t o  anhyciritc f a n  accumulation and 

t h e  phys ica l  b a r r i e r  o f  t h e  r e e f  f r o n t  would p reven t  f u r t h e r  

l a t e r a l  movement, and the h a l i t e  then  cou ld  flow on ly  

v e r t i c a l l y .  

I n  a d d i t i o n ,  g r a v i t y  flow due to load ing  should be con- 

s i d e r e d  f o r  C a s t i l e  h a l i t e  wvement. R ~ d d y  (1961) s t a t e d  

t h a t  a p r e s s u r e  of 853 p s i  i s  enough t o  cause  s a l t  m v e s e n t .  

H e  f u r t h e r  noted t h a t  l i t h o s t a t i c  p r e s s u r e  g e n ~ r a l l y  in-  

c r e a s e s  a t  t h e  r a t e  of 1 p s i  p e r  f o o t  o f  rock. I n  t h e  Lea 

County a r e a  the amount of C a s t i l e  a b v e  H?lites I ?xd I1 can  

be es t imated  a s  g r e a t e r  than  1,000 f e e t .  Salado over ly ing  

C a s t i l e  c o n s i s t s  of 1,500 t o  1,750 f e e t  o f  rock. Pressures  

on  H a l i t e e  I and I1 were g r e a t e r  than 1,000 p s i  a t  t h e  end 

of C a s t i l e  t ime and g r e a t e r  than  2,500 p s i  a t  t h e  end o f  

Salado t i m e .  Lower C a s t i l e  h a l i t e  zPver-.;lt p r i o r  t o  Salado 

and R u s t l e r  d e p o s i t i o n  appears  to b e  r e a s o n r b l e  from t h e s e  

mechanical cons ide ra t ions .  The R u s t l e r  Pot;n;ltic)n i n  south- 

e r n  Lea County is t h i n  over  s a l t  s t x k s  and t h i c k e n s  o v e r  

p e r i p h e r a l  a r e a s ,  sugges t ing  pre-Rust ler  s a l t  movement. 

Upper Salado th inn ing  over  s a l t  s t o c k s  i n  Lea County f u r t h e r  

sugges t s  movement p r i o r  to  upper Salsdo depos i t ion .  



Upper Permian UnconformFties 

Unconfornities have been postulated between C a s t i l e  

and Salado and between Salado and Rustler Formations. 

Adams (1944) described an angular unconformity between the 

Cas t i l e  and Salado Formations along t h e  north and e a s t  

borders cf  t h e  Delaware basin as "accompanied by marked 

changes i n  d i s t r i bu t ion  of l i t ho log ic  character.. However, 

t h e  postulated s a l t  movement of Cae t i l e  h a l i t e  during lower 

Salado sedimentation might g ive  t h e  appearance of an angular 

unconformity to  the  nor th  arid eas t .  Lover Salado h a l i t e  

beds t h i n  in the  northeastern area  of t he  Delaware basin,  

and Salado anhydrite markers coalesce to  form apparent s ing le  

anhydrite beds. Anhydrite markers in t h e  Salado (Pig. 7, 

i n  pocket) appear t o  be continuous from well  Lea-25 south- 

ward with no unconformity apparent. Lensing of anhydri te  

in the  Salado as described by Adams (1944, p. 1610) m y  w e l l  

be due t o  shearing, schuppen s t ruc tu re ,  o r  boudinage during 

e a l t  movement within t h e  Salado Formation. 

Under apparently s imi lar  circumstances, Trushefm (1960, 

p. 1536) has described .apparent8 unconformities i n  t he  salt 

stock areas  of northern Gennany. He noted: 

"These [c lose ly  spaced wel l s ]  have proved i n  
many places t h a t  unconforrnities occur only i n  the 
upper p u t s  of s a l t  s t ruc tu re s ,  and axe absent i n  
t he  acco7anying peripheral  s inks.  These uncon- 
formi t ies  were not  caused by one br ie f  orogenic 
event bat a r e  loca l  ingressions continual ly pro- 
oressing throughout long periods of time, i n  the 
course of which m y  s t r a t ig raph ic  u n i t  o t  t h e  
overlying s e r i e e  may overlap any of the o lde r  
beds. " 
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Salaao anhydri te  ove r l i e s  C a s t i l e  on t h e  in t r abas in  
I 

she l f .  Lowat  Salado anhydri te  is found i n  g rea t e r  thickness ! I  I 
I I 

i n  Reeves County than elsewhere i n  t he  basin.  Salado anhy- ( 1  I 

I 
d r i t e  markers and C a s t i l e  u n i t s  are t r aceab le  over the 

e n t i r e  Whoa trough, and similar sec t ions  a r e  found i n  the I 
northern and southern p a r t s  of t h e  basin. Although MW 

(1944) postulated a g r e a t e r  time break i n  t h e  southern a reas  I 
between C a s t i l e  and Salado Formations, no evidence wae found I 
t o  support a major unconformity between t h e  C a s t i l e  and I 
Salado Formations in t h e  Delaware basin. ! 

I 
Adams (1944, p. 1608, 1612-13) f u r t h e r  described a I 

major unconfonnity between Salado and Ruet ler  Formations, 

noting: .This erosion s t r ipped o f f  a l l  t h e  western Salado 

and may have truncated t h e  e n t i r e  C a s t i l e  formation as well.' 

George Moore, i n  d e t a i l e d  mapping of t h e  evapori te8 i n  wt- 

crop i n  t h e  area  around Carlsbad, New Mexico, has d i f f e r -  

en t i a t ed  between Salado and C a s t i l e  anhydr i te  and s h o w  

Rust le r  Formation always overlying Salado (James B. Cooper, 

U. 6 .  Geological Survey, personal communication, 1965). 

Sect ions described by Hayes (1964) and Udden (1924) 

probably have severa l  hundred f e e t  of Salado anhydri te  w e t -  

l y ing  C a s t i l e  i n  southern Eddy County and eas t -cent ra l  

Culberson County. I n  west-central and southwestern p a r t s  of  

t h e  Delaware basin, the C a s t i l e  and Salailo Formation ranger 

from 0 t o  about 2,000 f e e t  i n  thickness. The C a s t i l e  Forma- 

t i o n  probably make8 up t h e  basa l  1,200 t o  1,400 f e e t  of tb. 

group i n  this area.  For example, i n  southern Eddy County, 
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Hayes (1964, p. 15) reported the following lithologies for 

the "Castile Formatione from the McBride Randel well NO. 1 1 
(sec. 7, T. 26 S., R. 26 E.): I I 

I 

Thickness, 
(feet) Lithology Interpretation I 1 I 

(approx . ) 12 5 Xissing 

120 Vhite gypsum Salado Formation 
(550 ft) 

305 White anhydrite, 
relatively pure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

560 Sequence of anhydrite 
with limestone 
laminae C 

150 Halite 

9 0 Laminated anhydrite Castile 
Pormation 

275 ralite (1,275 ft) 

200 Interlaminated white 
anhydrite with gray 
to brown lircestone. 
Limestone dominant 
in lower part. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Total criginal thickness at least 1,825 ft. 

The stratigraphy of the David Flood, Grisham HcAlpine well, 

Culberson County (Culberson-U) (Udden, 1924, p. 348) , iu 
interpreted as followaz 

Depth Thicknese 
(feet) (feet) Interpretation 

0-238 238 Rustler Formation 

238-850 612 Salado Formation 

850-2,150 1,300 Castile Formation 

This section is shown in Figure 4, in pocket. 
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I 
I n  sample l ogs  from c e n t r a l  and ea s t - cen t r a l  Culberson I 

I 

County, lower Salado sandstone o v e r l i e s  C a s t i l e .  Erom 300 I 

t o  500  f e e t  of Salado anhydr i te  o v e r l i e s  Salado sandstone. I 1 
Rust le r  Formation rocks l i e  above t h e  Salado anhydri te .  I n  

I 
1 I 
I I 

I 

t h e  p a s t ,  sandstone of t h e  Salado, Salado anhydr i te ,  and I 

" c a s t i l e s "  i n . t h e  C a s t i l e  Fornat ion have been co r r e l a t ed  wi th  

t h e  Rus t le r  Formation. 

Var ia t ions  i n  t h i cknes s  of t h e  Rus t le r  Formation i n  t h e  

no r theas t  p a r t  of t h e  Delaware bas in  i n  Lea County appear t o  

be r e l a t e d  t o  f i l l i n g  of pe r iphe ra l  a r ea s  around C a s t i l e  
I 

s a l t  s tocks.  Local r e - so lu t i on  of upper Salado h a l i t e  during 
I 

basa l  c l a s t i c  depos i t ion  i n  Rus t l e r  time may account f o r  

t h e  "unconformable a spec tu  between Salacio and Rus t le r  rocks. 

An unconformity between t h e  Rus t l e r  and Salado Formations, 

i f  one e x i s t s ,  would probably be found l o c a l l y  r a t h e r  than  

a s  a major reg iona l  phenomenon. 

The Dewey Lake Redbeds appear t o  o v e r l i e  t h e  Rus t le r  

Formation conformably (from A d a ,  1944, f i g s .  2 and 4 ) .  

Figure 34 is a map of the w e s t  Texas a r ea  showing t h e  

geologic  u n i t s  d i r e c t l y  beneath T r i a s s i c  System (from HcKee 

and o t h e r s ,  1959). Las t  anu nor th  of t h e  Delaware bas in  

T r i a s s i c  rocks o v e r l i e  Dewey Lake and Rus t le r  rocks. A t  

t h e  southeas te rn  end of t h e  Delaware bas in ,  T r i a s s i c  rocks 

Overl ie  Tessey Limestone, gene ra l l y  considered o l d e r  than  

Dewey Lake. Regional u p l i f t  and e ros ion  of Dewey Lake Red- 

beds p r i o r  t o  T r i a s s i c  depos i t ion  is ind i ca t ed  t o  t h a  no r th ,  

e a s t ,  and south  of t h e  Delaware basin.  The ea s t e rn  and 



southern l i m i t s  of the  Tr i a s s i c  a r e  i n  a reas  r e l a t e d  t o  an 

angular unconformity below the  Tr i a s s i c .  In  these  areas  

T r i a s s i c  rocks l i e  on Dewey Lake Redbeds i n  the  c e n t r a l  p a r t  

of t h e  west Texas area  and on Rust le r ,  Tessey, and o lde r  

beds of t he  Khitehorse Group near t h e  l i m i t s  of T r i a s s i c  

rock outcrop. 

The general  western l i m i t s  of t h e  Tr i a s s i c  may be re- 

l a t e d  t o  formation of t he  Basin and Range Province (Fig. 2) .  

I f  u p l i f t  recurred i n  t he  western b'ea, suggested throughout 

P a a n  time by t h e  s tud ie s  of King (1942, 1948) and Hayes 

(1964), T r i a s s i c  may have been l a i d  down on an angular un- 

conformity i n  t h i s  a rea  a lso .  Assuming t h i s  re la t ionship ,  

u p l i f t  p r i o r  t o  T r i a s s i c  deposi t ion would have modified t h e  

area  comprised of t h e  Delaware basin,  Central  Basin p l a t fo rn ,  

and Midland basin i n t o  a s i n g l e  shallow, saucer-shaped basin,  

t he  form e s s e n t i a l l y  found today. 



Pi+ 34.--Geolwic u n i t s  d i r e c t l y  bemath Triaaeic Byeten. 
lbdified Pmm McKee and others (1959). 



CONCLUSIONS 

The following sedimentational f ea tu r e s  a r e  pos tu la ted  

from analyses  of d a t a  i n  t h i s  repor t :  

1. Su l f a t e  deposi t ion during C a s t i l e  time was cause i  

by r e l a t i v e l y  high evaporation of sur face  water. 

2. Su l f a t e  enrichment of water i n  t h e  Delaware bas in  

may have r e su l t ed  from preconcentrat ion of s u l f a t e  i n  back- 

reef  waters  and subsequent movement of t h e  su l f a t e - r i ch ,  

back-reef waters  i n t o  t h e  Delaware basin,  a s i t u a t i o n  simi- 

l a r  t o  t h a t  proposed by Hear and Yarbrough (1961) during 

Yates deposi t ion.  Reflux o r  movement of hypersal ine water  

ou t  of t h e  Delaware bas in  i n t o  ad jacent  ocean water a l s o  

may have a f f ec t ed  t he  concentrat ion of  water i n  the 

Delaware basin.  

3. Submarine fans of anhydri te  o r  gypsum accumulated 

during C a s t i l e  time along t h e  ea s t e rn  and northern bas in  

margin due t o  i n f l u x  of sediment from back-reef a r e a s  through 

passes  i n  t he  surrounding reef .  La te r  C a s t i l e  h a l i t e  depo- 

s i t i o n  was a f fec ted  l o c a l l y  by these  fans. 

4. Within C a s t i l e ,  Salado, and m s t l e r  Pormations, 

l a rge-sca le  c y c l i c  r e p e t i t i o n s  r e f l e c t  deepening and shallow- 

ing  Of water i n  t h e  Delaware basin during t ransgress ion  and 

regress ion  of  seas .  

5. Thickness t rends  of anhydri te  and h a l i t e  a r e  almost 

perpendicular ,  anhydri te  thickening from southwest t o  north- 

e a s t  i n  the Delaware basin while  h a l i t e  thickens from south 
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t o  nor th  i n  t h e  Whoa trough. This  change i n  th ickness  

t r ends  may be explained by d i f f e r e n t  i n l e t s  from t h e  ocean 

during anhydri te  versus h a l i t e  depos i t ion ,  i nd iv idua l  

mechanisms of depos i t ion ,  o r  by changes i n  cu r r en t  p a t t e r n s  

wi th in  t h e  Delaware bas in  a f f e c t i n g  changes i n  s a l i n i t y  

g r ad i en t  pa t t e rn s .  

Study of sediment th ickness  and d i s t r i b u t i o n  r evea l s  

t h a t  t h e  Delaware bas in  cons is ted  of t h r e e  t e c t o n i c  elements8 

1. An i n t r a b a s i n  she l f  r e l a t e d  t o  the Guadalupe Moun- 

t a i n s  a r ea  and t h e  southern p a r t  of t h e  Carlsbad shelf; 

2. An i n t r a b a s i n  she l f  margin r e l a t e d  t o  t h e  Huapache 

f l exu re  and t h e  Toyah u p l i f t ;  and 

3. The Ochoa trough, a  r e l a t i v e l y  negat ive a r ea  loca ted  

between t h e  i n t r a b a s i n  shelf  and t h e  Cent ra l  Basin platform. 

Lvidence f o r  s a l t  movement i n  lower C a s t i l e  h a l i t e  is 

abundant, e s p e c i a l l y  i n  t h e  northern p a r t  of t h e  Delaware 

basin. Piercement of Anhydrite I1 by H a l i t e  I with r e s u l t i n g  

Ha l i t e  I -Hal i te  I1 sec t i on  i s  suggested t o  account f o r  anom- 

a lous  h a l i t e  th icknesses  i n  wells Lea-8 and Lea-25. 

Squeezing of Ha l i t e  I1 l a t e r a l l y  due t o  upwelling of H a l i t e  I 

appears t o  be common. "Ant ic l ine  on a n t i c l i n e w  due to 

g rav i ty  flow of Ha l i t e  I1 over an upwelling of Ha l i t e  I is 

a l s o  proposed. 
I 
I Regional s a l t  s t r u c t u r e s  apparen t ly  sirnilax to  'salt 
I 
1 pil lowsw o r  ' s a l t  s tocks" as descr ibed by Trusheim (1960) 

1 occur i n  southern Lea County, New Mexico. Although *down 

bui ldingw may have occurred, t h e  l im i t ed  th ickness  of h a l i t o  



beds with th ick  interbedcied anhydri te  and anomalous t h i n  

sec t ions  of h a l i t e  i n  wells  near s a l t  s tocks ind ica te  poat- 

deposi t ional  s a l t  movement. Evidence f o r  g rav i ty  flow of 

s a l t  due t o  loading during lower Cas t i l e  deposi t ion is 

lacking. Gravity flow of h a l i t e  due t o  lower and middle 

Salado rock overburden, however, can be considered as a 

poss ib le  cause of Cas t i l e  s a l t  movement. 
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APPENDIX 



Well Data 

Abbrev ia t ions  and s y n b o l s  used i n  w e l l  data: 

Ru - R u s t l e r  Formation 
Ca - C a s t i l e  Formation 
Sa l -  Sa lado  Formation 

S t r a t i g r a p h i c  u n i t s  

BC - B e l l  Canyon Formation 
Car l sbad  - Car l sbad  Limestone 

L a c a t i o n  symbols i n  Texas 

Blk. - Block Surveys  : 
T; - Township FSL - P u b l i c  School Lands 

ULS - U n i v e r s i t y  Lande Survey 
ThP - Texas and P a c i f i c  R a i l r o a d  
Other  r a i l r o a d  s u r v e y s  

T C R R  GChSF BLGN 
T N R R  GHLSA H6Nn 
T 6T GhMWBLA TT RR 
T6ET.L HLTC 

E l e v a t i o n  symbols 

DP - Derr ick  f l o o r  est. - e s t i m a t e d  
GL - Ground l e v e l  n.a. - n o t  a v a i l a b l e  
KB - Xelly  d r i v e  bush ing  
RDB - Rotary d r i v e  bush ing  
RT - Rotary  t a b l e  

Log symbol. 

EL - Electric l o g ;  i n c l u d e s  r e s i s t i v i t y ,  l a t e r a l ,  microlog, 
s e l f  p o t e n t i a l ,  and o t h e r  electric measurements 

GR - Gamma-ray l o g  
GRN - Gamna-ray-neutron l o g  
SGR - Sonic-gamma-ray or acous t i c -gama- ray  109 
SPL - Sample l o g  

Log r e f e r e n c e  number r e f e r s  t o  c a t a l o g  nrrmber of West Tartar 
E l e c t r i c a l  Log Service. 

Petroleum companies 

A t l a n t i c  - A t l a n t i c  R e f i n i n g  C4mpanY 
Gulf - Gulf O i l  C o r p o r a t i o n  
Bumble - Humble O i l  czd: Ref in ing  Company 
Pan American P. C. - Pan American P e t r o ~ e u m  Corporati~a 
S h e l l  - S h e l l  O i l  Company 
S i n c l a i r  - S i n c l a i r  O i l  and Gas Colnpany 

Reference num3er r e f e r s  t o  wll  c o n t r o l  pos ted  on P i g u r u  5 
and 6. 



Well data: Eddy County, New Mexico 
Lot". .- Ref. n c l o n  Operator, lease, well nunber, log refer- 

no. Sec. '-. nge. ence number and log type, elevation 

3 30 20s 31E Shell and Texas Crude Co.-Big Eddy Unit . 
P1-30, ti8944A SGR, est. 3588 KB 
Tops: Ru 630, Sal 890, Ca 2050, BC 37003 

4 17 21s 27E J. Glen Bennett-Gulf State 81, 
W178L SGR, 3220 KB 
Tops: Spud in Sal, Ca 1150, BC 24903 

5 15 21s 27E Humble-Cedar Hills Unit 81, 
W2676L SGR, 3270 KB 
Tops: Spud in Sal, Ca 1270, BC 25803 

6 27 215 29E Richardson and Bass-Federal Fidel #I, 
A2795C GRN and SPL, est. 3434 RT 
Tops: Ca 2000, BC 3260 

Richardson and Bass-Federal Welch #I, 
W4773E GR-EL, 3524 DF 
Tops: Ru 540, Sal 800, Ca 2040, BC 3585 

Honolulu Oil-McKittrick Canyon Unit #I, 
A337L GRN, 3511 KB 
Tops: Ca 715, BC 2190 

Gulf-Hackberry Hille #2, 
W2838M SGR, 3675 KB 
Tops: Ca 890, BC 2388 

W. K. Byrom-Pecos Irrigation #I, 
A1172K GR, est. 3077 DF 
Tops: Sal 320, Ca 1035, BC 2555 

R. R. Morrison-Gulf State Il, 
A67L GRN, est. 3083 Control Head 
Tops: Sal 325, Ca 1230, BC 2805 

W. A. and E. R. Hudson-Eddy Federal #1, 
W8588B GR, 3304 KB 
Tops: Ru 340?, Sal 490, Ca 1560, BC 2980 

Richardson and Base-Federal Legg #I, 
A2998E GRN, 3323 RDB 
Tops: Ru 215, Sal 530, Ca 2250, BC 3755 

Patoil Corp.-Muse Federal #I,  
W2348~ ' SGR, 3374 KB 
Tops: Ru 460, Sal 800, Ca 2685, BC 4230 

Gulf-North Caverns &nit #l, 
W33G PC?, est. 4011 XB 
Tops : BC 403 



Well data: Edsy County, New Mexico (Cont'd) 
Ref. Location Operator, lease, well number, log refer- 
no. Sec. l-,.~. iiqe. ence number and log type, elevation 

16 , 3 23s 27E Burk Royalty-Lovelace 11, 
W1398G SGR, 3101 KB 
Tops: Spud in S+L?, Ca 740, BC 2324 

I 
17 9 23s 28E Harry D. Kahn-Iiarks Federal #I, I 

W115L SGR, 3055 KB 
Tops: Ru 35?, Sal 205, Ca 920, BC 2530 

18 24 23s 29E Texaco-Remuda Casin Unit 11, 
ls'407K GR-EL, 3045 DF 
Tops: Spud in Sal, Ca 1780, BC 3253 

19 32 23s 31E J. A. Leonard-Continental State #I, 
W774L SGR, 3358 KB 
Tops: Ru 360, Sal 698, Ca 2560, BC 4080 

20 3 23.5 31E Patoil Corp.-Wright Federal 12, 
W1253L SGR, 3392 KB 
Tops: Ru 430, Sal 818, Ca 2697, BC 4179 

21 27 23s 31E Patoil Corp.-Wright Federal #I, 
W1177L SGR, est. 3397 KB 
Tops: Ru 498, Sal 835, Ca 2734, BC 4260 

22 2 23s 31E Continental Oil-State #I-AA-2, 
W672G SGR, 3453 KB 
Tops: Ru 625, Sal 1070, Ca 2760, BC 4430 

23 29 24s 26E Gulf-Federal Estell 41-AD, 
W440L SGR, 3412 KE 
Tops: Spud in Sal?, Ca 494, BC 1634 

24 27 245 26E Union Oil of Calif.-Crawford #2-27, 
W439L SGR and W8399C GR-EL, 3316 KB 
Tops: Spud in Ru, Sal 1351, Ca 345, BC 1850 

24A 26 24s 26E Union Oil of Calif.-Crawford 11-26, 
W7604A GR-EL, 3262 KB 
Tops: BC 1890 

25 9 24s 27E Burk Royalty-Crawford $1, 
W1398H SGR, 3173 KB 
Tops: Log starts in Sal, Ca 520, BC 2050 

26 16 246 28E Union Oil of Calif.-Union State 11-16 
W1809M SGR, 3052 KB 
Tops: Ru 100, Sal 350, Ca 1030, BC 2530 

27 26 24s 28E Neil H. Wills-State 11, 
W8196B SGR, 2364 DP 
Tops: Ru 160, Sal 540, Ca 1000, BC 2590 



Well d a t a :  Eddy County,  i:ew I lexico (Cont 'd)  
R e f .  L o c a t ~ o n  O p e r a t o r ,  l e a s e ,  w e l l  number, l o g  r e f e r -  I 

no. Sec. lb-p. fi.je. ence  numher anu l o g  t y p e ,  e l e v a t i o n  
1 

28 24 ?CS 28E Southern  C a l i f .  P e t r .  Corp.-Federal  
S i l v e r  ;1, 112855A GFiJ and SPL, 2976 KB 
Tops: Ru 60?,  S a l  195,  Ca 1070,  BC 2690 

28A 2 24s 28E Richardson and ?3ass-Eca1an 11, ---- SPL, 2998 GL 
Tops: BC 2600 

2 9 6 24s 29E E l  Cap i t an -Fede ra l  Reid 81, 
A1995U GRN, 2964 braden Head 
Tops: Ru 857, S a l  290, Ca 990, BC 2744 

30 23 24s 30E H i l l  and  Meeker-Shugart F e d e r a l  11-23, 
W902H SGR, 3413 KB 
Tops: Ru 455, S a l  780, Ca 2365, BC 3980 

31  25 24s 30E B i l l  and  bleeker-Bass F e d e r a l  01-25, 
W1546M SGR, 3429 KB 
Tops: Ru 475, S a l  840, Ca 2410, BC 4105 

32 7 24s 31E Ambassador Oi l -Fede ra l  81-Y, 
W9286E SGR, 3535 KB 
Tops: Ru 600, S a l  960, Ca 2515, BC 4277 

33 1 8  24s 31E C h a r l e s  B. Read-Ri tchie  F e d e r a l  11, 
W1188L SGR, 3514 KB 
Tops: Ru 577, S a l  940, Ca 2450, BC 4264 

34 21 24s 31E H i l l  and 'leeker-Carper F e d e r a l  11-21, 
W2168L SGR, 3535 KB 
Tops: Ru 692, S a l  952, Ca 2610, BC 4395 

35 11 24s 31E Gul f -Fede ra l  i i t t l e f i e l d  "CT" 11, 
W4103K SGR, ?52P KB 
Tops: Ru 769, S a l  1140,  Ca 2770, BC 4482 

36 30 25s 25E Gul f -Fede ra l  Ke l ly  "A" Opt ion  11, 
W553M SGR, 3681 KR 
Tops: Spud i n  Ca?, BC 1326 

37 11 25s 26E Cree  D r i l l i n g  Co., 1nc.-Gulf F e d e r a l  11, 
W8518A SGR, 3367 XB 
TOPS: Spud i n  S a l ,  Ca 440,  BC 1953 

38 1 6  25s 27E R. E. Sutton-R. E. S u t t o n  Humble S t a t e  11, 
A9260D GhN, 3217 DP 
Tops: Spud i n  S a l ? ,  Ca 570, BC 2112 

38A 1 5  25s 27E Ald r idge  and S t roud-S igna l  S t a t e  11, 
A57498 GRN, 3191 Dl? 
Tops: Ca 660, EC 2220 



riel1 data: Eddy County, New Irexico (Cont'd) 
Ref. Locatlon O?erator, lease, \;ell number, log refer- 
no. Sec. T w p .  Rqe. ence nwker and log type, elevation 

27E Chmhers, Kennedy a2.3 3. [.I. C. Ritchie- 
Snowcien Federcl $1, U301C GRN, 3122 DP 
Tops: Spca in Ru, Sal 1501, Ca 605, 

BC 2149 

27C Chambers, Kennedy azd Ritchie-Lockwood 
Federal Y1, A79402 GRN, 3102 DF 
Tops: Spud in Ru, Sal 2'0, Ca 680, 

BC 2265 

28E Walter W. iirug ar.a Tom Brown Drillinq- 
Naaa Federal #1, b8343A GR11, 2946 DF 
Tops: Ru 507, Sal 4901, Ca 1020, BC 2590 

29E Neil H. Wills-Superior Federal #1, 
H963iC SGR, 2924 KB 
Tops: Ru 40, Sal 260, Ca 1278, BC 2844 

29E 3. Glen Bennett-Superior Federal 11-3, 
W8159B SGi2, 2985 DF 
Tops: Ru 125, Sal 380, Ca 1630, BC 3064 

30E Fred Pool Drilling Co.-Superior State #I, 
W2453H SGR, est. 3200 KB 
Tops: Ru 580, Sal 760, Ca 1940, BC 3684 

30E Ralph Lowe-Poker Lake State 13, 
W504L SGR, est. 3200 KD 
Tops: Ru 699, Sal 899, Ca 2110, BC 3588 

3QE Ralph Lowe-Rjcb?rir.;oa an6 Sass Federal 
"A" 41-XI W43L SGP,, 32J.0 KB 
Tops: HU 595, .;z.L 705, Ca 2100, BC 3612 

30E Patoil Corps-Ric:l>:daon cnd Bass Pederal 
41, W753G SGR, 32i-'. KB 
Tops; Ru 848, S-.l 1?20, Ca 2260, BC 3785 

30E Alamo Corp.-P.ker t ~ k e  Unit 16-2A, 
W8082E SGR, 3252 D? 
Tops: RU 1130, Sal 1370, Ca 2230, BC 3792 

30E El Paso llatural Gas Co.-Poker Lake Unit 
43, ---- SPL, 3297 GL 
Tops: Ru 1130, Banded anhydrite 2640, 

BC 3890 

31E Gold netals and Santana Petroleum Cow.- 
Delaware Basin Federal #I, 
W2211K SGR, 3319 XB 
Tops: RU 1322, Sa1 1570, Ca 2648, BC 4229 I I 



Well data: Eddy County, New Mexico (Cont'd) 
Ref. Locatlon Operator,-lease, well number, log refer- 
no. Sec. 1kp.  Rge. ence number and log type, elevation 

50 12 26s 24E Superior Oil Co.-Gc.vernment "134" #I, 
W465PI SGR, 3870 Ka 
Tops: Spud in Ca, BC 902 

51 13 26s 24E Universal Pra~J~lctioil Service, 1nc.- 
Superior Federal "3" tl, 
A1679L GRN, 3791 CL 
Tops: Spud in Ca, EC 830 

5 2 3 26s 25E W. E. Doolin-Erickson Federal #I, 
A6873B GRJ, 3685 DF 
Tops: Spud in Ca, BC 1585 

53 26 26s 25E W. E. Doolin-i.;cKean Federal 81, 
A6966D GRl4, 3605 DF 
Tops: Spud in Ca, BC 1348 

5 4 1 26s 25E W. E. Doolin-Milner Federal 41, 
A6806D GRN, 3493 DF 
Tops: Spud in Sal, BC 1690 

54A 7 26s 26E McBride et al-Randel 41, ---- SPL, 3541 GL 
Tops: Banded anhydrite 385, BC 1700 

55 28 26s 26E W. E. Doolin-Watkins Federal 81, 
A6851E GRN, 3433 DF 
Tops: Spud in Sal, BC 1757 

56 17 26s 27E El Paso Natural Gss Products CO.-Welch 
Unit &6, t1814'D SGR, 3336 KB 
Tops: Ca 5507, 9C 2165 

56A 21 26s 27E Stanolind Oil ?.c6 Gss-Welch Unit (1, ---- SPL, 32?? CJ, 
Tops: Banfie? aiihyArite 570, BC 2030 

57 30 26s 28E Highlanci Pzoil:ction-U. S. Smelting State 
81, A1693K GRN, est. 3122 KB? 
m L ~ ~ ~ :  SFXI in SaJ., Ca 840, BC 2270 

58 15 265 28E Sun Oil Co.-Stcte "B' fl, 
W8977B SGR, 3022 KB 
Tops: Spud in Ru, Sal 801, Ca 1020, 

BC 2491 

58A 3 26s 28E Aldridge and Stroud-State of N. M. tl 
(G. T. Lang and D. A. Schlachter-State #1) 
A57498 GRfl and SPL, 2948 DF 
Tops: Ru 82, Banded anhydzite 1125, 

BC 2490 
i 



Well data: Eddy County, New Mexico (ContOd) 
Ref. ~ o c a ~ i o n  Operator, lease, well number, log refer- 
no. Sec. %>. Hge. ence number an0 log type, elevation 

59 2 26s 29E Tom arown Drilling Co.-State 11, 
W68H SGR, 3049 KB 
Tops: Ru 665, Sal 875, Ca 1660, BC 3202 

60 24 265 29E Curtis Hankamer-Gulf Beaty 11, 
U9219E SGR, 2972 KB 
Tops: Ru 150, Sal 530, Ca 1560, BC 3105 

6 1 6 265 30E J. Glen Bennett-Brunson Federal 11, 
W8972E SGR, 3059 KB 
Tops: Ru 815, Sal 1165, Ca 1775, BC 3324 

62 18 26s 30E Curtis Hankarner-Federal AT 81, 
W9219C SGR, 3059 KB 
Tops: Ru 685, Sal 1120, Ca 1660, BC 3273 

63 3 26s 30E Charles B. Read-Scott Federal 81, 
W1312M SGR, 3165 KB 
Tops: Ru 1305, Sal 1630, Ca 2127, BC 3660 

64 12 26s 30E Monterey Oil Co.-Monterey Blaydes #l, 
W8992B SGR, 3210 KB 
Tops: Ru 950, Sal 1295, Ca 2310, BC 3840 

65 20 26s 31E Max Wilson-Hanson Federal 81, 
W3189G SGR, 3187 GL 
Tops: Ru 925, Sal 1268, Ca 2350, BC 3860 

6 6 1 26s 31E Tom Brown Drilling Co.-Ruth Ross "Om 81, 
W748K GR, est. 3235 KB 
Tops: hu 1352, S a i  l905, Ca 2750, BC 4310 

66A 11 26s 31E Ibex Co.-Bauerdorf 11, 
A3845A GRN and SPL, 3220 GL 
Tops; Ru 1280, Sal 1920, Banded anhydrite 

2620 intermittent, continuous from 
2990, BC 4150 

67 25 265 31E Ibex Co.-Hanson R3, W5162C GR, 3136 KB 
Tops: Ru 875, Sal 1231, Ca 2480, BC 4074 

A 15 215 28E Nix and Curtis-Muse Federal #2, ---- SPL, est. 3225 GL 
Tops: Samples start at 1305 in Sal, 

Banded anhydrite 1977, BC 2368 

B 1 23s 26E U. S. Smelting and Refining Co.-Collatt 41, 
A2119C GR, 3227 ? 
Tops: Ca 635, BC 1810 



Well data: Eddy County, New Mexico (Cont'd) I 
Ref. Locatlon Operator, lease, well nuher, log refer- 1 I 
no. Sec. 1wp. Rge. ence number and log type, elevation 1 I 

I 
C 22 23s 26E Hanson and Yates-Cordie King, ---- SPL, 3324 GL 

Tops: Spud in 3u,  Sal 555, Banded 
anhydrite 1045, aC 16957 

D 34 24s 27E Tennessee Gas Transmission Co.-Kelly 
State tll, A7325E GRN, 3255 KB 
Tops: Ca 640?, BC 2280 

E 31 24s 27E Humble-Federal Wiggs #I, 
1056C GR-EL, est. 3463 RT 
Tops: Ca 5801, BC 2245 

F 32 25s 29E D. B. Scully-Superior Oil Co. (1, ---- SPL, 3012 GL 
Tops: Samples start in Sal at 515, 

Banded anhydrite 1555, BC 2887 

G 17 25s 28E Aldridge and Stroud-Signal State #3, 
A5749A GRN, 3030 DP 
Tops: BC 2443 

LI 23 25s 28E Aldridge and Stroud-Signal Federal 12, 
A57488 GRIJ and SPL, 2919 DF 
Tops: Spud in Ru, Sal 2401, Ca 1000, 

Banded anhydrite 1232, BC 2520 

J 26 25s 28E Aldridge and Stroud-Signal Federal 
(Federal Davis) 81, A5748D GRN and SPL, 
2958 DF 
Tops: RU 70, Sal 300, Banded anhydrite 

1198, BC 2573 

K 7 24s 29E Tennessee Production Co.-Valley Land # 3 ,  
W3412E GiZ-EL, est. 2950 RT 
Tops: Spud in Ru, Sal 150, Ca 1470, 

BC 2675 

L 12 255 30E Richardson and Bass-J. P. Harrison 
FeGeral 41, ---- SPL, 3378 GL 
Tops: Ru 1160, Banded anhydrite 2830, 

BC 4040 



I 

Well data: Lea County, New Ilexico 
R e f .  

I 
iocatlon Operator, lease, w e l l  number, log refer- 

no. Sec. lii.n.p. Rge. ence number and log type, elevation 1 ' 
I 

1 35 20s 33E Helbing and Podpechan-Shell Federal 11, 
W1834L SGR, 3679 KB 
Tops: Ru 1478, Sal 1840, Carlsbad 2920 

2 28 20s 34E Carper and Sivley-Threlkeld, Carper and I 

Sivley #l, W2605K SGR, 3693 KB 
Tops: Ru 1580, Sal 1960, Carlsbad 3120 

I 3 26 21s 32E Gulf-San Simon Al, W1849G SGR, 3798 KB 
Tops: Ru 1292, Sal 1780, Ca 3195 

I 4 2 21s 34E Ralph  owe-Gulf New Mexico #I, 
W2763M SGR, 3723 KB 
Tops: Ru 1890, Sal 2270, Ca 3365 

I 5 32 21s 35E Robert G. Hanagan-Humble State 41, 
W2440H SGR, 3634 KB 
Tops: Ru 1773, Sal 2195, Ca 3305 

6 18 22s 32E John H. Trigg Co.-Federal J e ~ i n g e  11-18, 
W954K SGR, 3696 KB 
Tops: Ru 900, Sal 1225, Ca 2850, BC 4700 

7 13 225 32E Ray Smith Driliing-B&H Federal #1, 
W1804H SGR, 3644 KB 
Tops: Ru 860, Sal 1276, Ca 2730, BC 4861 

8 7 22s 33E Cabot Corp.-State #I-K, 
W2244L SGR, 3631 KB 
Tops: RU 877, Sal 1235, Ca 2970, BC 4760 

9 20 22s 33E Davis and Collins-Conoco Federal 41, 
W2751G SGR, 3647 KB 
Tops: Ru 920, Sal 1225, Ca 2780, BC 4823 

10 34 22s 33E Charles P. Miller-Humble State 41, 
W4218K SGR, 3571 KB 
Tops: Ru 1057, Sal 1362, Ca 3010, BC 5091 

$1 1 22s 34E Atlantic-State "ARm 41, 
W1567G SGR, 3606 KB 
Tops: Ru 1650, Sal 2100, Ca 3300 

12 9 22s 35E W. A. and E. R. Hudson-Humble State 41, 
W471G SGR, 3581 KB 
Tops: Ru 1810, Sal 2270, Ca 3493 

I 

I z3 31 236 32E Curtis Hamkamer-Continental Federal #l, 
I WZ424K SGR, 3551 KB 

i Tops: Ru 862, Sal 1210, Ca 3070, BC 4588 



Well data: Lea Countv. New Mexico Icont'd) / I  --- - - -  ~~ - -  , - - .--- - . - - . ~ .  -, 

Ref. Location Operator, lease, well number, Isg refer- 
no. Sec. Wp.  Rge. ence nuAmber and log type, elevation 

14 21 23s 32E Curtis ~ankamer-dulf Federal "A-A' (1, I 

W3198G SGR, 3701 KB 
I 

Tops: Ru 1163, Sal 1515, Ca 3222, BC 4820 
I 
I 

15 3 23s 32E 0. B. Kiel, Jr.-Federal (1, 
1 

W1474K SGR, 3727 KB 
Tops: Ru 1153, Sal 1580, Ca 3140, BC 4877 

16 26 23s 32E John H. Trigg-Fedzral #4-WL-26, 
W1921K SGR, 3713 XI3 
Tops: Ru 1225, Sal 1670, Ca 3445, BC 4985 

17 26 23s 32E John H. Trigg-Federal #3-WL-26, 
W1057K SGR, 3698 KB 
TOPS: Ru 1225, Sal 1680, Ca 3458, BC 5010 

18 35 23s 32E John H. Trigg-Federal (1-WL-35, 
W1840L SGR, 3694 KB 
Tops: Ru 1208, Sal 1655, Ca 3455, BC 4966 

19 35 23s 32E John H. Trigq-Federal (2-WL-35, 
W1845M SGR, 3692 KB 
Tops: Ru 1205, Sal 1650, Ca 3475, BC 4990 

20 19 23s 33E Continental Oil-Marshall #4, 
W1595H SGR, 3713 KB 
Tops: Ru 1220, Sal 1710, Ca 3380, BC 5030 

21 6 23s 33E W. A. and E. R. Hudson-Shell Federal 11-6, 
W1968L SGR, 3704 KB 
Tops: Ru 1260, Sal 1770, Ca 3365, BC 5030 

I 

22 32 23s 33E El Cinco Production-Humble State 11-32, 
W487L SGR, 3683 KB 
Tops: Ru 1270, Sal 1770, Ca 3523, BC 5100 

23 20 23s 33E Continental Oil-Levick Federal 11, 
W3052L SGR, 3701 KB 
Tops: Ru 1280, Sal 1782, Ca 3485, BC 5148 

24 4 23s 33E Cabeen Explorations-Continental Federal 
Pl-P, W1025H SGR, 3636 KB 
Tops: Ru 1160, Sal 1650, Ca 3235, BC 5112 

25 6 23s 34E Continental Oil-Bell Lake Unit 16, 
W49L SGR, 3485 KB 
Tops: Ru 1030, Sal 1375, Ca 2700, BC 4870 

2 6 8 23s 35E ~ o h n  II. Trigg-Federal Il-SR-0, 
W3268K SGR, 3370 KB 
Tops: Ru 1714, Sal 2130, Ca 3670 



Well  d a t a :  L e a  County ,  New Mexico [r~nt'd) 
R e f .  Loca t i on  O p e r a t o r ,  l e a s e ,  w e l l  number, l o g  r e f e r -  

no.  Sec .  Twp. Rge. e n c e  number and l o g  t y p e ,  e l e v a t i o n  

27 1 7  23s  35E Murphy Corp . -S t a t e  Lenry 11-17, 
W71788 GR-EL, 3408 KB 
Tops: P.u 1683,  Sal 2187, Ca 3710 

28 36 23s  35E Monsanto Chemica l -S t a t e  #l-D, 
W6467B GR-EL, 3491 KB 
Tops: Ru 1878,  S a l  2380, Ca 3780, BC 5610 

29 1 4  24s  32E Tenneco Oil-U. S. A. J e n n i n g s  #3 ,  
W2467H SGR, 3624 KB 
Tops: Ru 1142 ,  S a l  1450,  Ca 3335,  EC 4910 

30  8  2 4 s  33E Sunray  hlid-Continent-New Mexico S t a t e  
81-AG, W2346L SGR, 36171 KB 
Tops: Ru 1215,  S a l  1700,  Ca 3395, BC 5100 

3 1  29 24s  33E T idewa te r  O i l - S t a t e  #1-AP, 
W1976M SGR, 3526 KB 
Tops:  Ru 1146,  S a l  1492,  Ca 3350, BC 5018 

32 2 1  24s  34E Cabeen E x p l o r a t i o n s - S h e l l  F e d e r a l  'BW #1,  
W1030K SGR, 3539 233 
Tops: Ru 1190,  S a l  1749 ,  Ca 3691, BC 5350 

3  3  4  2 4 s  34E S h e l l - F e d e r a i  81-BE,  W3595H SGR, 3567 KB 
Tops: Ru 1045,  S a l  1540 ,  Ca 3359, BC 5130 

3  4 9 2 4 s  35E Hidwest  O i l - C u s t s r  Mounta in  Unit F e d e r a l  
81 ,  W4113G Gh, 3404 K B  
Tops: Ru 903, S a l  1240,  BC 5320 

35 1 5  24s  35E Gulf-Lea S t a t e  :1-GB, W1289G SGR, 3371 KB 
Tops: Ru 1097,  S . 1  152P,  Ca 3330, EC 5360 

36 2 1  25s 32E Texaco-Cotton Drzv U n i t  057,  
W1275K SGR, est.  KB 
Tops: Ru 740,  S a l  1115,  Ca 2750, BC 4585 

3 7  3  25s  32E Texaco-Cotton Craw U n i t  P49, 
W1804K SGR,  3496 KB 
Tops:  Ru 805, S a l  1120,  Ca 3015, BC 4748 

38 1 8  2 5 s  33E Sam H. J o l l i f f e ,  J r . - B a s s  F e d e r a l  # I ,  
W2440L SGR, 3497 KB 
Tops:  Ru 985, S a l  1310,  Ca 3190, BC 4914 

39 1 25s  33E P e r r y  R .  Bas s -Fede ra l  Muse 11. 
W1222K SGR, 3490 IS 
Tops: Ru 1200,  S a l  1670,  Ca 3550, BC 5200 



40 36 25s 33E Ashun an2 Hilliard-State 11-36, 
W1827li SGR,  3346 KB 
Tops: Ru 1037, Sal 1430, Ca 3325, BC 5128 

Hill and !.!eeker-Yederal Muse 11, 
I 
I 

W2424H SGX, 3353 KB 
Tcps: Ru 1010, Sal 1350, Ca 3380, BC 5321 

Continen'dl Oil-Ethel Nolen Pederal 01, 
A4917E G X I  and kI6249X EL, est. 3369 KB 
Tops: Ru 830, Sal 1250, Ca 3470, BC 5330 

Sample log: Top of limy anhydrite 3970 

Sun Oil-Elliott Federal 41, I 

W9241A G3-EL, 3218 KB 
Tops: Ru 810, Sal 1115, Ca 3150, BC 5232 

Sun Oil-Harper Federal 41, 
W3791B EL and SPL, 3119 GL 
Tops: Ru 705, Sal 1115, Ca 30801, BC 5040 

Burk Royalty-Lindley 41, 
Wi226G SGR, 3049 KB 
Tops: Ru 1100, Sal 1545, Carlsbad? 2910 

Union Texas Petroleum-Langlie 11-D, 
W2734K SSR, 3117 KB 
Tops: Ft-I 915, Sal 1105, Carlsbad? 2245 

Charles b. Read-Russell Pederal 12, 
W3300H SGR, 3152 KB 
Tops: hi 1100, Sal 1372, Ca 2480, BC 4156 

Continental Oil-Russell Federal 41-19, ---- EPL. 3191 GL 
Tops: RU 1450, Bar.ded anhydrite 2830, 

BS 4210 

46 31 26s 32E Charles B. Read-Russell (1, 
W3300K SGR, 3156 KB 
Tops: Ru 919, Sal 1249, Ca 2470, BC 4172 

47 31 26s 32E Charles B. Read-Russell 43,  
w37n0~ SGFI, 3152 KB 
Tops: Ru 900, Sal 1220, Ca 2475, BC 4182 

47A 29 26s 32E Continental Oil-Wilder (Federal) 41-29, 
W4455D EL and SPL, 3149 GL 
Tops: Ru 1080, Sal 2050?, Eanded anhy- 

drite 3080, BC 4280 



48A 5 26s 32E Hill and Meeker-Sun Federal 11, ---- SPL, est. 3150 GL 
Tops: Ru 1050, Sal 1350, Laminated 

anhydrite 2960, BC 4450 

. -- -- - - --  - -  - -- -- -I__--- I., ._...- A-_l-*_ __,_- _ I _ _ _  -_ _ * .  

49 26 26s 32E C o n t i n e n t a l o i l - W i l d e r 1 2 5 ,  
W104M SGR, 3116 KB 
Tops: Ru 545, Sal 940, Ca 2840, BC 4513 

156 

Tell data: Lea County, New 14exico (Cont'd) 
Ref. Locatlon Operator, lease, well number, log refer- 
no. Sec. Twp. Lqe. ence number and log type, elevation 

50 35 26s 32E Continental Oil-Bradley 11-35, 
A8887A GR, 3109 KB 
Tops: BC 4540 

; I 
I 

50A 34 25s 32E Ohio Oil-Federal Sunshine Royalty 11, ---- SPL, 3364 DF 
Tops: Ru 820, Limy anhydrite 3070, 

BC 4600 

48 16 26s 32E Robert N. Enfield-Ohio State #I, 1 
W1404L SGR, 3494 KB I 
Tops: Ru 580, Sal 940, Ca 2582, BC 4395 

50B 36 25s 32E Fullerton Oil-Bradley 11, ---- SPL, 3352 DF 
Tops: Banded anhydrite 3590, BC 4750 

51 15 26s 33E Coastal States Gas-Federal Continental 13, 
W2169G SGR, 3315 KB 
Tops: Ru 924, Sal 1260, Ca 3200, BC 4988 

52 6 26s 34E American Petroleum-Federal 114, 
W4044H SGR, 3338 KB 
Tops: Ru 800, Sal 1140, C a  3135, BC 5255 

53 20 26s 34E Max Wilson-Leonard Federal 11, 
W3158L SGR, 3332 KB 
Tops: Ru 635, Sal 1000, Ca 3470, BC 5317 

5 4 9 26s 34E Max Wilson-Yates Federal (1, 
W3159G SGR, 3327 KB 
Tops: Ru 770, Sal 1145, Ca 3475, BC 5343 

55 33 26s 34E Mallard Petroleum-Elliott Federal #I, 
W2564L SGR, 3299 KB 
Tops: Ru 832, Sal 1212, Ca 3438, BC 5385 

56 26 26s 34E Kirklin Drilling-Xirklin Drilling Hondo 
Federal 81, W1717H SGR, 3220 KB 
Tops: Ru 960, Sal 1350, Ca 3480, BC 5340 



Well data: Lea County, New Mexico (Cont'd) 
Ref. Location Operator, lease, well c~lrnber, log refer- 
no. Sec. T - ~ p .  Rge. ence number and log type, elevation 

57 27 26s 35E Kirklin Drilling-Federal Boothe #1-BD, 
W9609C SGR, 3067 KB 
Tops: Ru 915, Sal 1370, Ca 3315, BC 5145 

58 6 26s 36E Cities Service Oil-Sandhills 18, 
W9704E SGR, 2979 K9 
Tops: Ru 1400, Sal 1830, Ca? 3330 

59 5 26s 36E Cities Service Oil-Sandhills Unit 39-A, 
W9847B SGR, 2999 KB 
Tops: Ru 1052, Sal 1428, Ca? 3200 

6 0 5 26s 36E Toreador Royalties-Sinclair Federal 
Sandhills Unit 84, 1J8301B SGR, 3010 KB 
Tops: Ru 1196, Sal 1580, Ca? 3300 

61 17 26s 36E Cities Service Oil-Sandhills Unit 87, 
A9426C GRN, 2959 KB 
Tops: Ru 1737, Sal 2038, Ca? 3442 

62 20 26s 36E Cities Service Oil-Sandhills Unit #6-A, 
W9392B SGR, 2932 XB 
Tops: Ru 1862, Sal 2310, Ca? 3170 

63 13 26.5 36E Pan American P. C.-C. M. Farnsworth t8-A, 
W2836H SGR, 2956 XB 
Tops: Ru 1170, Sal 1450, Ca? 2760 

A 21 22.5 32E Union Oil of Calif.-Gilmore Federal #I, ---- SPL, est. 3650 GL 
Tops: Ru 880, Ca 3300?, Banded anhydrite 

3930, BC 4690 

B 15 23.5 34E J. H. Snowden and U. S. Potash-Hall 
Federal $1, W4376E RL and SPL, 3419 KB 
Tops: Ru 10601, Sal 1430, Ca 38407, 

BC 5035; ssrngles start at 4110 
in banded anhydrite 

C 30 23.5 34E Continental Oil-Bell Lake Unit 12, 
W4854A GR-EL ancr SPL, cst. 3520 XI3 
Tops: Ru 1250, Sal 1780, Ca 3730, DC 5127, 

Banded anhydrite 4000 

D 31 23.5 342 Continental Oil-Bell Lake Unit #l and #I-A, 
and W4927E GR-EL and SPL, 3635 KD 
E Tops: Ru 1230, Sal 1760, Ca 3325, BC 5143, 

Banded anhydrite 4050 



Well data :  Lea County, New Mexico (Cont'd 
Ref. Location Operator, lease, well nunber, log refer- 
no. Sec.  T%T. Xge. ence nurnber and log type, elevation 

F 12 245 35E British American Producers-Fields #1, 
W4755A GR-EL and SPL, 3466 KB 
Tops: R u  1725, Sal 2220, Ca 3860 

G ? 23s 34E James H. Snowden-Snowden U. S. Potash 
Near Lea-B Federal 91, A2909A G R ,  est. 3420 KE 

Tops: Ru 1080, Sal 1400, Ca 3550, BC 5037 

I H 32 22s 33E Helbing and Podpechan-Shell State #l-B, 
W849G SGR, 3726 KB 
Tops: R u  1212, Sal 1708, Ca 3258, BC 5010 

3 33 22s 33E R. B. Farris-Phillips State 41, 
W960H S G R ,  3587 KB 
Tops: Ru 1048, Sal 1338, Ca 2955, BC 5017 



Yell data: Texas 
Lor:iition Fief. _ _ _ _  Operator, lease, well number, log ref- 

no. Sec. Elk. Survcy erence number and log type, elevation 

Brewster County, Texas 

1 66 10 GH&SA Texas-New Mexico Development Co.-State 
t14-66, W9237A SG2, est. 4090 XB 
Equivalent section? 730-2000 Hu-BC 

Jeff Davis County, Texas 

1 33 57 ThP Gulf-W. L. Kingston et al. "A* (1, 
T.9S. A3979C GRN, 3937 KB 

140 correlation made; up to 4000 feet 
of dolomite? 

2 41 57 T&P Sunray Mid-Continent Oil and Sinclair- 
T.9S. Fannye Lovelady #1, W1799G SGR, 4039 KB 

Same as above 

3 18 11 GH&SA Continental Oil-Mrs. L. K. McCutzheon 
#I, A2207D GRN, 4170 RT 
Equivalent section? 790-4175 Ru-BC 

Culberson County, Texas 

1 26 63 T6P Bonanza Oil Corps-Pierson 41, 
T.1S. W824M SGR, 4422 XB 

Tops: Spud in Ca, BC 2757 

2 18 61 T&P Continental Oil-E. E. Pokorny 11, 
T.1S. W376G SGR, 3928 KB 

Tops: Spud in Ca, BC 1253 

3 18 60 TLP Cree Oil, 1nc.-E. E. Pokorny "B' il, 
T.1S. W8447D Sonic only, 3530 XB 

Tops: Spud in Sal, Ca 365, BC 1540 

4 8 60 T6P Cree Oil, Inc.-E. E. Pokorny *An Lease 
T.1S. #I, W8422D8 3410 KS 

Tops: Spud in Sal, Ca 2007, BC 1711 

5 12 59 ThP W. D. Thorn et a1.-Billie Prewit 11, 
T.1S. W9001C SGR, n.a. 

Tops: Spud in Sal?, Ca 620, BC 2265 

6 23 58 T&P Texaco-Culberson "P* Fee 11, 
T.lS. W3067M SGR, 3012 KB 

Tops: RU 551, Sal 250, Ca 960, BC 2588 

7 23 58 T&P Texaco-Culberson 'F" Pee 13, 
T.1S. W3988M SGR, 3020 KB 

Tops: Ru 258, Sal 4601, Ca 955, BC 2562 



Well data: Culberson Count , Texas (Cont'd) 
Ref. Location operaTor, lease, well number, log ref- 
no. Sec. Blk. Survey erence number and log type, elevation 

8 26 58 T&P Continental Oil-G. E. Ramsey, Jr. 26 
T.1S. 16, W3869L SGR, 3011 KB 

Tops: Ru 4401, Sal 590, Ca 870, BC 2550 

9 24 64 T&P Socony Mobil Oil-State Cowden #1, 
T.2S. W948L SGR, 4330 DP 

Tops: Spud in BC 

10 8 63 T&P Socony Mobil Oil-State Barrett 42, 
T.2S. W1097G SGR, n.a. 

Tops: Spud in BC 

11 33 62 T&P TXL Oil-Culberson B-T Fee 11, 
T.2S. W610M SGR, 4072 KB 

Tops: Spud in Ca, BC 115 

12 4 61 T6P Utex Exploration-Pokorney 11-4, 
T.2S. W8422E SGR, 3623 KB 

Tops: spud in Ca, BC 902 

13 30 60 T&P Bluebonnet Oil and Gas-Windham State 11, 
T.2S. A7858D GRN and SPL, 3817 DF 

Tops: Spud in Sal?, Banded anhydrlte 
120, BC 1420 

14 28 60 T&P L. D. Crumley, Jr.-Covington (1, 
T.2S. W1106M SGR, 3788 KB 

Tops: Spud in Sal, Ca 375, BC 1541 

15 40 59 T&P Ray Smith Urilling-Windham 11-A, 
T.2S. W2835K SGR, n.a. 

TOPS: Spud in Ru?, Sal 351, Ca 650, 
BC 2110 

16 34 59 T&P Ray Smith Drilling-James T. Windham 
T.2S. et al. C1, W2859L SGR, 3461 KB 

Tops: Spud in Ru, Sal 175, Ca 640, 
BC 2163 

17 4 58 T6P Continental Oil-Russell 4 13, 
T.2S. W4096H SGR, 3196 KB 

Tops: Ca 930, BC 2500 

18 4 58 T&P C o n t i n e n t a l o i l - J . C . R u s s e l l W 4 "  12, 
T.2S. W3663G SGR, 3204 KB 

Tops: Ru 170, Sal 495, Ca 1010, BC 2527 

19 3 58 TLP Texaco-Culberson "Em Pee 12, 
T.2S. W2436L SGR, 3158 KB 

Tops: Spud in Ru, Sal 250; Ca 1003, 
BC 2530 



Eel1 data: Culberson County, Texas (Cont'Z) 
I 
I 

Ref. Locatron Operator, lease, well number, log ref- 
no. Sec. Blk. Survey erence number and log type, elevation i 

2 0 9 58 T&P Bass Brothers Enterprises-TXL 9 # 4 ,  
T.2S. W2972B SGR. 3236 KB 

Tops: Spud in Ru, Sal 200, Ca 1000, 
BC 2515 

2 1 9 58 ThP Bass Brothers Enterprises-TXL 9 #2, 
T.2S. W2893L SGR, 3174 KB 

Tops: Spud in Ru, Sal 250, Ca 930, 
BC 2435 

22 10 58 ThP Continental Oil-Russell 110-2 
T.2S. W3680L SGR, 3186 RDB 

Tops: Spud in Ru, Sal 375, Ca 990, 
BC 2530 

23 22 58 T6P I. W. Lovelady-Delaware Basin Properties 
T.2S. $2, W2410H SGR, 3103 I(B 

Tops: Spud in Ru, Sal 440, Ca 952, 
BC 2463 

24 24 68 PSL Humble-M. C. Sibley #1, 
W751M SGR, n.a. 
Tops: Spud in BC 

25 25 115 PSL Derecho Corps-Montgonery #I, 
W2377K GR, n.a. 
TOPS: Spud in Ca, BC 850 

26 14 114 PSL Ford Chapman-H. M. Phillips #1, 
w29635 GR, n.a. 
TOPS: Spud in Sal, DC 1690 

27 23 114 PSL F. R. Robinson 6 Son Drilling-W. A. 
Scott Estate P1, W5108A EL, 3675 GL 
Tops: Ca 6651, BC 1835 

28 15 113 PSL Chapman and Patterson-Scott #lr 
W2816M GR, n.a. 
Tops: Spud in Zu, Sal 330, Ca 830, 

BC 2090 

29 17 45 PSL Bob Dean, Limited-Monroe State #I, 
W1653H SGR, 3140 KB 
TOPS: Ru 351, Sal 480, Ca 1150, 

BC 2400 

30 16 45 PSL Texas Co.-State of Texae AX #1, 
A2436E GRN, 3193 KB 
TOPS: RU 310, Sal 720, Ca 1260,. 

BC 2610 



Well data: Culberson County, Texas (Cont'd) 
Ref. ~ocatlc2 Operator, lease, well number, log ref- 
no. Sec. Blk. S~rvey erence n w b e r  and log type, elevation 

31 28 45 PSL Penrose Prduction-Batman Il, 
I 

I 
W3554K SGR, 3243 KB 1 
Tops: Ru 420, Sal 820, Ca 1457, 1 

BC 2638 

32 8 111 PSL Continental Oil-J. H. Fisher 11-A, 
W8351E SGR -;vi SPL, 33937 KB 
Tops: Spui in Ru, Sal 235, Ca 650, 

Banded axhydrite 670, BC 1968 

33 17 111 PSL Kirklin Drilling-J. 8 .  Fisher 41, 
W1702L SGR and SPL, 3444 KB 
Tops: Spud in RU, Sal 325, Ca 785, / 

BanGed anhydrite 810, BC 1980 

34 21 111 PSL Big Spring Exploration-J. 8 .  Pisher 41, 
W8761A SGR, 3403 KB 
Tops: Spud in Ru, Sal 1102, Ca 914, 

BC 2123 

35 22 108 PSL fiunt Oil-Rounsaville 41, 
W4588B GR-EL, 4159 KB 
Tops: Spud in Ca, BC 430 

36 11 103 PSL Continental Oil-T. B. Pite Il, 
A5794D GRIi and W6869B EL, 4073 DP 
Tops: BC 11903 

31 16 42 PSL Ada Oil-H. R. Nevi11 41, 
A4980A GR, 3785 Kd 
Tops: Spud in Sal?, Ca 530, BC 1705 

38 6 52 PSL Kirklin Drilling-J. H. Fisher Il, 
W2259K EL and SPL, 3592 KB 
Tops: Bandea anhydrite 660, EX 1937 

39 18 52 PSL Burford and Sams, Ray Smith-Cox 4 2 ,  
A8171E G R I ,  3653 DP 
Tops: Spud in, Ru, Sa1 205.; Ca '8103, 

BC 2130 

40 5 52 PSL Western American Oil-Pisher 41, 
W2194L SGR, 3552 KB 
Tops: Ru 180?, Sal 5803, Ca 720, 

ISC 2080 

41 40 52 PSL I. W.  Lovelady-Shelby Brooks 41, 
W2525G SGR, 3497 KB 
TOPS: RU 180, Sal 6607, Ca lOOO?, 

BC 2233 



Well d a t a :  Culberson  County ,  Texas (Cont 'd )  
Locatlon Ref - - -  O p e r a t o r ,  i e a s e ,  w e l l  nunbe r ,  l o g  r e f -  

no. Sec .  alk. Survey e r e n c e  n ~ ~ k o r  and  l o g  t y p e ,  e l e v a t i o n  

42 29 53 PSL Utex E x p l o r a t i o n  Co.-T. A. K i r k  # I ,  
W8616D SGR, n .a .  
Tops: Ru 340, S a l  675, Ca 1550,  

BC 2730 

43 1 8  99 PSL Gulf-Grisham 11, 
1070D EL. 56881 RDB 
Tops: Spud i n  BC 

44 17  100  PSL E l  Paso  N a t u r a l  Gas-iJontgomery # l  
W3937E GR-EL, 4507 KB 
Tops: Spud i n  BC 

45  22 97 PSL S i n c l a i r - X .  P. Looney (1, 
W839M GR-EL and W840G Micro log ,  4298 GL 
Tops:  Spud i n  Ca, BC 285 

46 1 3  96 PSL i iaynes and V. T. D r i l l i n g - S t a t e  B 41, 
A9234E GIU:, n . a .  
Tops: Spud i n  Ca, BC 1065 

47 1 0  60  TSP M. A. Grisham-M. A. Grisham Pee  41, 
T.5S. W2844E EL and S c o u t  Repor t ,  3642 DP 

Tops: BC 1380 

48 34 60 TLP TXL Oi l -Harry  Goode $1 ,  
T.5S. W915L SGR, W9397A EL and W9397B Microlog, 

n.a.  
Tops: BC 1704 

49 1 9  54 PSL Grisham and Hunter-M. A. Grisham S t a t e  ! 
# l ,  A3192h GRN and W4733E EL, 3067 XB 
Tops: Spud i n  S a l ,  Ca 760,  BC 1850 

50  31  54 PSL E l  Paso  1 :a tura l  Gas-Grisham Hunter  S t a t e  
$1-L, W3252B GR and S c o u t  R e p o r t ,  3212 XB 
TOPS: Spud i n  Ru, S a l  210, C a  960, 

BC 2108 

5 1  1 6  54 PSL Gulf-Grisham Hun te r  11, 592E G R ,  3598 RT 
Tops: Spud i n  Ru, S a l  60? ,  Ca 900,  

PC 1985 

52 22 54 PSL Richardson  and Bass-Grisham Hunter  S t a t e  
81,  W3374D GR-EL and SPL, 3544 XB 
Tops: Spud i n , R u ,  S a l  100 ,  Ca 923, 

Eanded a n h y d r i t e  1100,  BC 2045 



hkl. data: Culberson County, Texas (Cont'd) I R e f .  Locatlox Operator, lease, well nunber, log ref- 
no. Sec. Blk. s u r v e y  erence number and log type, elevation 

53 13 54 PSL Tidewater Oil-Delaware Basin Properties 
Inc. tl, W598M SGR and SPL, 3409 KB 
Tops: Ru 125, Sal 470, Banded anhydrite 

1030, BC 2270 

54 20 91 PSL I. W. Lwelady-Veale #I, 
A7938B GRN and SPL, 4588 DP 
Tops: Spud in Sal, Ca 490, Banded 

anhydrite 479, BC 2108 

55 24 88 PSL Continental Oil-J. D. Foster 11, 
A2208A GRN, W3438C GR-EL, 4146 RDB 
Tops: BC 342 

56 10 89 PSL I. W. Lovelady-J. B. Poster 11, 
A8151C GRN, 4131 DF 
TOPS: Spud in Ru, Sal 300, Ca 1030, 

BC 2610 

57 24 89 PSL Burford and Sams-J. B. Poster 81, 
W1965K GR and SPL, 4049 DP 
Tops: Spud in Ru, Sal 250, Ca 810, 

Bande6 anhydrite 940, BC 2330 

58 43 60 PSL Central Drilling and American Liberty- 
Rachel Cerf 61, A8649D GRN and SPL, 
3972 GL 
TOPS: Spud in Ru, Sal 230, Ca 850, 

Banded anhydrite 1105, BC 2230 

59 44 60 PSL McParland Corp.-Rachel Cerf 11-44, 
W3598Pl EL and A1759H GRN, 4096 KB 
Tops: Spud in Ku, Sal 340, Ca 850, 

BC 2300 

60 28 60 PSL Ford Chapman and Guy Patterson-Bank 81, 
A9526A GRN, n.a. 
Tops: Ru 100, Sal 440, Ca 1200, BC 2890 

61 22 62 PSL Sunray Mid-Continent Oil-J. B. Foster 11, 
W1598H GR, n.a. 
Tops: No correlations--reef zane? 

62 3 61 PSL Canter, H a m  and O'Brien-J. B. Foster 11, 
W798G SGR and SPL, 4017 KB 
Tops: Spud in Ru, Sal 260, Ca 785, 

Banded anhydrite 980, BC 1465 

63 15 61 PSL Ray Smith Drilling-J. B. Foster 11-15, 
W4353K SGR, 3938 KB 
Tops: Gravel 0-6601, Ca 660, BC 16201 



Well data: Culberson County, Texas (Cont'd) 
Ref. Locatlon Operator, lease, well number, log reL- 
no. Sec. B l k .  Survey erence nunber and log type, elevation 

64 22 59 TSP Phillips Petrolcum-Crews #I, 
T.7S. W4951C GR-EL and Scout Report, 3605 KB 

Tops: Ru 325, Sal 650, Ca 1285, BC 2595 

65 5 82 PSL La Gloria O i l  s.nd Gas-Stansbury 11, 
A5182B GRN, 3844 KR 
Tops: No correiations-reef Zone? 

66 15 59 T6P Johnson Drilling-Cowden #I, 
T.8S. W4299L GRN, n.a. 

Tops: No correl~tions--reef Zone? 

67 12 59 TSP Johnson Drilling-Stocks #I, 
T.8S. A1777H GRN, 3872 GL 

Tops: No correlations--reef zone? 

A1 38 62 T6P Pennsylvania Drilling-Cowden: 
and T.1S. Drilled for Dr. R. Y. Anderson, Geology 
A2 Dept., Univ. of New Mexico, 

Samples from base of Castile Formation 

A4 33 62 TsP same as A1 and A2, 
T.2S. 1/4 mile south of Culberson-11 

B 11 114 PSL Paul F. Lawlis-James H. Logan #I, ---- SPL, n.a. 
Tops: Log starts in banded anhydrite 

at 570, BC 1650 

C 30 111 PSL Cole A. Means-J. H. Fisher '30' 11, ---- SPL, n.a. 
Tops: Bancled anhydrite 612, BC 1980 

D 3 52 PSL Sawnie Robertson-Sherrod, Clare, Cald- 
well #l, ---- SPL, n.a. 
TOPS: Samples start at 153 in Ru, 

Sal 310, Lj.~.ey anhydrite 720, 
Bandcd anhydrite 860, BC 2140 

E 13 108 PSL R. B. McGowan, ;r. et a1.-Rounsaville 
#l, ---- SPL, n.a. 
Tops: Samples start at 200 in banded 

anhydrite, BC in sample gap 
1085-1096 

P 17 52 PSL Stephens Petroleum-Sherrod and Clare 11, ---- SPL, n.a. 
Tops: Samples start at 305 in Sal, 

Banded anhydrite 910, BC 2198 



Well data: Culberson County, Texas (Cont'd) 
Locatlon R e f .  -- 

operator, l e a s e ,  well number, log ref- 
no. S e c .  B l k .  Survey erence nwber and log type, elevation 

G 8 60 T6P Hanlon and Eoyle, 1nc.-Grisham Hunter 
T.5S. 81, ---- SPL, n.a. 

Tops: S a m p l e s  start at 100 in limy 
anhydrite (Ca?), BC 1395 

H 16 54 PSL Standard of Texas-Grisham Hunter #2,  ---- SPL, n.a. 
Tops: Banded anhydrite 620, BC 1980 

J 2 114. PSL J. R. Meeker-H. M. Phillips 11, 
W7874C GR, 3916 XE 
Tops: Ca 395, BC 1630 

U 42 54 PSL David Flood-Grisham and McAlpine #I, ---- SPL, n.a. 
Tops: Spud in Ru, Sal 238, Ca 850, 

BC 2150 



167 

Well data: Loving County, Texas 
Iief . Locatlon Operator, lease, well number, log ref- 
no. Sec. Elk. Sczvzy erence number and log type, elevation 

1 14 56 T6P Ford Chapman and Associates-W. D. John- 
T.1S. son, Jr. #l-L, 1540476 SGR, n.a. 

Tops: Ca 1070, BC 2860 

2 30 56 T&P TXL Oil-W. D. Johnson et al. 41, 
T.1S. W1258H SGR, est. 2853 KB 

Tops: Ca 1425, CC 3070 

3 31 56 T&P Texaco-Loving "AD" Fee #2, 
T.1S. W3941G SGR, n.a. 

Tops: Ca 1510, BC 3130 

4 32 56 T&P Ray Morris Exploration-Dam #I, 
T.1S. W3292H SGR, 2875 KB 

Tops: Ca 1540, BC 3223 

5 38 56 TLP Ambassador 3il-W. D. Johnson, Jr. #I, 
T.1S. A1439K GRN, 2819 Top Well Head 

Tops: Sal 5921, BC 3350 

6 47 56 TsP Ambassador Oil-George C. Frazier, TXL 
T.1S. "B" 115, A1647M GRN, n.a. 

Tops: BC 3320 

7 47 56 TsP Ambassador Oil-TXL 'B" 114, 
T.1S. A1439G GRN, 2787 GL 

Tops: RU 760, Sal 870, BC 3300 

TXL Oil-Loving "P" Fee #I, 
W799G SGR and W799H GRN-EL, n.a. 
Tops: Ru 488, Sal 890, Ca 1990, 

BC 3652 

Theiss Drilling-Pure State 41, 
W3773G SGR, 2845 GL 
Tops: Ru 570, Sal 8701, Ca 1930, 

BC 3610 

Roy L. Crawford-M. K. Kyle #I, 
W9475D SGR, 3030 KB 
Tops: Ru 710, Sal 1050, Ca 20507, 

BC 3940 

Wilson Germany, Paul Page and Gulf Oil- 
TXL "BE" 11-35, W8889D SGR, 3064 KB 
Tops: Ru 810, Sal 1307, Ca 2300, 

BC 4090 

12 25 55 TCP Edgar Davis Drilling and Gulf Oil-TXL 
T,lS. "25" 11, W8551B SGR, est. 3033 KB 

Tops: Ru 970, Sal 13801, Ca 2433, 
BC 4143 



Well data: Loving County, Texas (Cont'd) 
Ref. Location Operator, lease, well number, log ref- 
no. Sec. Dlk. Survey erence number and log type, elevation 

13 41 54 TLP R. E. Sutton and Gulf Oil-TXL #l-41, 
T.1S. Wa587C SGR, 3019 KB 

Tops: Ru 1085, Sal 1363, Ca 2450, 
BC 4260 

14 20 54 T6P American Trading and Production-Sid 
T.1S. Kyle 20 94, W1824M SGR, 3060 KB 

Tops: Ru 795, Sal 1165, Ca 2515, 
BC 4375 

15 3 54 TLP Gulf-TXL A2 #2 
T.1S. W9107E SGR, 3105 KB 

Tops: Ru 430, Sal 830, Ca 2674, 
BC 4474 

16 22 54 T6P Gulf-S. M. Kyle "A' #I, 
T.lS. W106L SGR, 3096 XB 

Topa: Ru 460, Sal 855, Ca 2627, 
BC 4477 

17 27 54 T&P Texaco-Loving "U" Fee 13, 
T.1S. W2723K SGR, 3063 KB 

Tops: Ru 450, Sal 850, Ca 2628, 
BC 4496 

18 35 54 T6P Richardson and Bass-Mangaslag TXL 41, 
T.1S. W8098D SGR, est. 3069 KB 

Tops: Ru 473, Sal 880, Ca 2613, 
BC 4552 

19 36 54 T&P Chase Petrol.eurn-Kyle 41, 
T.1S. W38H SGR, 3088 I(B 

Tops: Ru 518, Sal 942, Ca 2760, 
BC 4607 

20 18 76 PSL Hill and Meeker-Madera81-18, 
W1121M SGR, 3092 KB 
Tops: Ru 580, Sal 975, Ca 2785, 

BC 4671 

21 30 76 FSL Santana Petroleum-Johnson 15,  
W2180M SGR, 3081 KB 
Tops: Ru 570, Sal 970, Ca 2745, 

BC 4640 

22 31 76 PSL Union Oil of Calif.-Johnson tl-31, 
W668M SGR, 3089 KB 
Tops: Ru 540, Sal 943, Ca 2760, 

BC 4627 



Well d a t a :  fmving  County, Texas (Con t td )  
Ref. Lccr=lon Operatcz, l e a s e ,  w e l l  number ,  l o g  ref 

no. Sec. %a::. Survey erence n c i i e r  and Icg t y p e ,  e l e v a t i o r ~  

23 5 76 PSL B l a i r ,  Price and Allison-M. R. Madera 
81,  W1344G SGR, 3254 XB 
Tops: Ru 750,  S a i  1105, Ca 2975, 

I)(3 4942 

24 39 76 PSL Ford Chapman and Associates-W. D. 
Johnson $1-39, W889L SGR, 3074 Top of 
C o n t r o l  Head 
Tops: Ru 590,  S a l  970, Ca 2990, 

BC 4855 

25 1 9  55 TLP TXL o i l - m v i n g  Fee .Ma C 1 ,  
T.2S. W9904A SGR, 2787 KB 

Tops: Ru 365, S a l  795, Ca 1910, 
BC 3510 

26 30 55 T6P Gulf-8. A .  Lind ley  State #I, 
T.2S. W9964D SGR, 2751 KB 

Tops: Ru 680, S a l  1030,  Ca 1830, 
BC 3460 

27 17 55 TLP Gulf-TXL AV (NCT-A) I S ,  
T.2S. W2472G SGR, 2860 KB 

Tops: Ru 800, Sal 1086, Ca 1970, 
BC 3640 

28 39 55 TLP Gulf-TKL BE I l ,  
T . 2 S .  wL141B SGR, n.a. 

Tops: Ru 755, S a l  1130,  C a  2288, 
BC 3880 

29 23 55 T6P Gulf-TIU. 'AU" (NCT-A) #I, 
T.2S. W9157B SGR, n.a. 

Tops: Ru 950,  S a l  1190,  Ca 2160, 
BC 3934 

30 1 55 TAP ~exaco-Lov ing  "W" Fee 11, 
T.2S. W3074H SGR, 3009 KB 

Tops: Ru 1080, S a l  1550,  Ca 2335, 
BC 4 i60  

3 1  4 1  54 TLP May and Williams-TXL 41 ,  
T.2S. W516H SGR, 2919 KB 

Tops: Ru 700, S a l  930, Ca 2250, 
BC 4072 

32 1 0  54  TbP TX'L Oil-W. D.  Johnson e t  al. Fee Il-A, 
T.2S. W1243L SGR, 2948 KB 

Tops: R u  832,  S a l  1230,  Ca 2465, 
BC 4410 



\ ! e l l  d a t a :  Loving  County ,  Texas  ( C o n t ' d )  
Sef. Location O p e r a t o r ,  l e a s e ,  w e l l  n u n b e r ,  l o g  r e f -  

n o .  S e c .  b l X .  S u r v e y  e r e n c e  n u h e r  ancl l o g  t y p e ,  e l e v a t i o n  

33 3 1  5 3  T&P Diamond i ; r i l l i n g  a n d  Gul f  Oil-TXL #1, 
T.2S. WE7566 SGR, 2865  i(B 

Tops:  I:u 3S0,  S a l  825,  Ca 2573, 
BC 4520 

3 4 5 53  T&P C a l t o  O i l ,  P a u l  Page a n a  Gulf  Oil-TXL 
T.2S. "AL" 11-5,  K930CE SGR, 2943 KB 

Tops:  Ru 470,  S a l  835 ,  Ca 2683, 
BC 4605 

35  2 1  5 3  TbP Burforc ;  a n u  S m s  a n a  Gul f  Oil-TXL "At. 
' i.2S. #1-21, W1086ti SGR, 2938 KB 

Tops:  Ru 485,  S a l  905,  Ca 2665, 
BC 4660 

36 3 3  53  T6P Gulf-TXL AM #1,  
T.2S. W9235L SG?., 2907 KB 

Tops:  Ru 497, S a l  905,  C a  2849, 
BC 4605 

37 24 5 3  T6P H i l l  an6 Meeker-W. D. J o h n s o n  t l - 2 4 ,  
T.2S. ' ~ 2 8 9 8 ~  SGR, 2991  KB 

Tops:  Ru 560 ,  S a l  960,  Ca 2870, 
irC 4845 

38 48  5 3  T6P I .  W .  Love la ty-Sun  S t a t e  t l ,  
T.2S. W2471L SGR, 2893 KB 

Tops :  hu 560 ,  S a l  1000 ,  Ca 2827,  
ac 4708 

39 1 5  C-25 PSL Recrfern a n a  I lerd,  1nc.-Brunson # I ,  
lJ98111 SGR, 3135  KB 
TOPS: Ru 950 ,  S a l  1 2 9 0 ,  Ca 3415,  

bC 5310 

40 1 2  C-25 PSL J o e  N .  Champl in  e t  a1.-8. W. Ludeman 
11, W 9 9 6 4 ~  SGR, 3144 KB 
TOPS: Hu 9 3 0 ,  S a l  1280 ,  Ca 3395,  

EC 5 2 2 1  

4 1  2 1  C-24 PSL D e l f e r n  Oil-Ludeman t l ,  
W8618L SGR, 3 1 2 1  K b  
Tops:  nu 1 0 3 5 ,  S a l  1463 ,  Ca 3490 ,  

BC 5247 

4 2 5 C-26 PSL H i l l  a n d  Meeker-Womack t l - 5 ,  
W3139~1 SGR, 3106 KB 
Tops.  hu 845,  S a l  1220 ,  Ca 3440,  

BC 5245 



Well data: L9vi.n.- County, Texas (Cont'd) 
Ref. Location O~erator. lease. well number. loo ref- -- 
no. Sec. i k l k .  Survey c;ence number an6 loq type, elevation 

43 17 C-26 PSL Wilson txploration-Brunson I1, 
W8401D SGR, 3191 Kl3 
Tops: Ru 727, Sal 1093, Ca 3212, 

BC 5170 

44 22 C-26 PSL Liedtke '62 Ltd. and. A. G. Talbot- 
Erunson #l, 1-1151311 SGR, 3087 KB 
Tops: Ru 610, Sal S90, Ca 3172 

EC 5050 

45 21 28 PSL Roman, Noel, Black-haley 21 #1, 
W8433B SGR, 2932 KB 
Tops: Ru 90a, Sal 1250, Ca 3394, 

6C 5190 

46 41 28 PSL Ford Chapman-lialey 11, 
W120M SGR, n.a. 
Tops: Ru 874, Sal 1210, Ca 3330, 

BC 5175 

47 24 29 PSL Hohan, idoel and black-Haley B3 I1, 
W8608C SGR, 2997 KB 
Tops: Ru 830, Sal 11701, Ca 3261, 

BC 5191 

48 45 29 PSL Delfern Oil-Ollie #I, 
W94576 SGR, 2778 XB 
Tops: Ru 547, Sal 980, Ca 2835, 

ac 4858 

4 9 2 19 ULS F. W. Holbrook-University #3-A, 
K2154G SGR, 2809 KB 
Tops: Ru 588, Sal 910, Ca 2960, 

BC -4998 

50 3 19 ULS F. W. Holbrook-University "3' 42, 
W1059ii SGR, 2767 KB 
Tops: Ru 550, Sal 980, Ca 3000, 

BC 4955 

5 1 3 19 ULS F. W. Holbrook-University *3* #4, 
W1224H SGR, 2759 KD 
Tops: Ru 540, Sal 980, Ca 2905, 

BC 4937 

52 13 19 ULS Cities Service Petroleum-University 
BK #1, W2586L SGH, 2002 KB 
Tops; Ru 640, Sal 1020, Ca 3100, 

BC 5050 



1 Well data: Lovina Countv. Texas (Cont'd) 

I Lef.  Lcca tion Operator, lease, well number, log ref- 
no. Sec. 31k. Survey erence number and log type, elevation 

53 14 19 ULS Eurleson and Huff-State Dl, 
A1723G SGR, est. 2786 KB 
TOPS: RU 590, Sal 1040, Ca 3G10, 

EC 4945 

54 18 19 ULS Forest Oil-University Lands 'On #l, 
1 W4418h SGR, 2818 XB 

Toss: nu 615, Sal 1015, Ca 3395, 
BC 5050 

55 3 27 PSL Hmble-J. C. Arrington 41, 
W7956E SGlt, n.a. 
Tops: ku 500, Sal 950, Ca 2665, 

BC 4655 

5 6 2 C-27 PSL Mangaslag 1nc.-State 41, 
W8325C SGA, 2875 KB 
Tops: iiu 505, Sal 940, Ca 2650, 

BC 4625 

57 75 1 W6NW McKinney and Leonard-Pierce 41, 
W9452B SGR, n.a. 
Tops: nu 490, Sal 900, Ca 2550, 

BC 4580 

58 42 1 W&NW Humble-W. D. Johnson #ll, 
W9822C SGR, 2791 I= 
Tops: Ru 610, Sal 1050, Ca 2800, 

IIC 4854 

59 84 33 H6TC Knickerbocker Operating-Hazel 41, 
W9126t SGR, 2702 KB 
Tops: Ru 135, Sal 570, Ca 2185, 

BC 4210 

60 80 33 H&TC Jack S. Seaves-Sue Smith 41, 
W4168K SGR, 2673 KB 
Tops: hu 890, Sal 1255, Ca 2035, 

DC 4195 

61 77 33 HCTC Jack S. Reaves-hammarlund 41, 
W3507K S G R ,  2664 KB 
Tops: Ru 925, Sal 1415, Ca 2055, 

BC 4240 

H 23 C-26 PSL Pinal Dome Oil-Means #I, ---- SPL, 3247 GL 
Tops: nu 550, sal 920, Ca 3000, 

BC 4990 



Well d a t a :  Pecos  County,  Texas 
h e f .  Loca t lon  O?e ra to r ,  l e a s e ,  w e l l  number, l o g  r e f -  

no. Sec. L1):. Survey e r e n c e  number an6 l o g  t y p e ,  e l e v a t i o n  

1 5 C-3 PSL Socony Mcbil  Oil-iiayne i loore  e t  a l .  #1, 1 
W1325M SGH, 2597 DF I 
TOPS: Ru 1835,  S a l  21501 Ca 2975, 1 

BC 4738 
I 
I 

2 7 C-3 PSL Sun Oil-Hotge 12, 
W354G SGR, 2572 KB 
Tops: au 1886,  S a l  2230, Ca 3200,  

BC 4812 
I 

3 26 C-2 PSL American Trad ing  afid P r o d u c t i o n  Corp.- 1 
blax 9. S h a f f r a t h  e t  a l .  # l ,  
W1995H SGR, 2712 XB 
Tops: Ru 1108,  S a l  1610,  Ca 3568, 

BC 5148 

4 29 C-2 PSL "ngeo O i l  and  Gas-W. J. Worshara e t  al.  
01, W919G SGR, 2697 KB 
Tops: Ru 1960,  S a l  2190, Ca 3518,  

K 5150 

5 1 8  C-2 PSL George P. Thagard-Thagard Pee #I, 
W1818G SGR, 2633 KB 
Tops: Ru 1960,  S a l  2215, Ca 3128, 

BC 4810 

6 18  48 T&P Mobil  Oil-Weatherby 1 2 ,  
T.8S. iP1970L SGR, 2754 XB 

Tops: hu 1555,  S a l  1800,  Ca 3870, 
BC 5255 

7 1 9  48 T6P Socony biobil  O i l -Ka th l een  J. Moore #I, 
T.8S. W9775E SGR, 2770 KE 

TOPS: RU 835,  S a 1  1290,  Cd 3820, 
BC 5231 

8 20 48 TCP Socony Mobil  O i l - I v y  B. Weatherby 1 4 ,  
T.8S. ti233314 SGR, 2759 D F  

Tops: Ru 950,  S a l  1410,  Ca 3645, 
BC 5 2 i l  

9 32 48 TbP P a t o i l  Corp. e t  dl.-J. H. McIntyre 12, 
T.8.S. W353K SGR, 2797 KB 

Tops: Ru 1060,  S a 1  1500,  Ca  3795, 
BC 5320 

1 0  2 1  48 T&P Gulf-R. B. C r o s s  e t  al.  #1A-P, 
T.8.S. W2003L SGR, 2766 KB 

Tops: Ru 1220,  S a l  1680 ,  Ca 3540,  
BC 5240 
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Well data: Pecos County, Texas (Cont'd) 

I 
Zef. Location Operator, lease, rrell number, log ref- 
no. Sec.  GlX. survey erence number anci log type, elevation 

11 15 48 T h P  Hankamer and Kirklin-Athey 01, 
T.8S. W7297D GR-EL, 2732 KB 

Tops: Ru 1860, Sal 2250, Ca 3440, 
BC 5200 i 

12 24 48 T h P  Sun Oil-J. I i .  McIntyre 01, 
T.8S. A92K GR, 2737 KB 

Tops: Ru 2008, Sal 2530, Ca 3353, 
BC 5194 i i 

13 38 49 T6P Fred A. Davis-:,lenGel 01-38, ! 
T.8S. A8700C GKIJ, 2828 RT 

1 Tops: Ru 985, Sal 1455, Ca 3725, 
BC 5380 

14 48 49 T6P Gregg Oil-H. D. Mendel 11, 
T.8S. W212H SGR, n.a. 

Tops: nu 1135, Sal 1615, Ca 3750, 
BC 5355 

15 101 1 HbTC Joseph I. O'Geill, Jr.-Popham Land and 
Cattle Co. $1, W1125L SGR, 2954 KB 
Tops: Ru 995, Sal 1440, Ca 3572, 

BC 5155 

16 19 49 T6P Fred A. Davis-Ammer #I, 
T.9S. W0663C SGR, 2935 KB' 

Tops: Ru 1157, Sal 1555, Ca 3600, 
i3C 5187 

Davis, Chambers, Kennedy an2 Sutton- 
Mendel $1-16, W6943fi SGR, 2878 KB 
Tops: Ru 15201, Sal 1940, Ca 3654, 

BC 5217 

Jack S . Reaves-Plendel tl-16, 
W385X SGR, 2873 KD 
Tops: Ru 1670, Sal 2066, Ca 3660, 

EC 5203 

Turnkey Drilling-Mendel 01-19, 
W136G SG3, n.a. 
Tops: Hu 1387, Sal 1870, Ca 3700, 

BC 5272 

M and M Drilling-Mendel 01-26 
A9344E GRN, est. 2943 KB 
Tops: Ru 1610, Sal 2000, Ca 3640, 

BC 5210 



Well data: Pecos County, Texas (Cont'd) 
Ref. Location Operator, lease, well number, log ref- 
no. Sec. blk. Survey erence number and log type, elevation 

21 18 48 TLP Fred A. Eavis, Chambers, Xennecry and 
T.9S. Siitton-Mendell #l-18, A8698E GRN, 2695 i(8 

Tops: Ru 1775, Sal 2255, Ca 3627, 
BC 5250 

22 24 48 T&P Romack Urilling-llendel 11-24, 
T.9S. WZG SGR, 2939 KB 

Tops: Ru 1910, Sal 2335, Ca 3432, 
BC 5248 

T&P Shell Oil-fiershenson " 5 "  11, 
T.1OS. W2773K SGR, 3293 DF 

Tops: Ru 1110, Sal 1618, Ca 3803, 
BC 5353 

T6P Atlantic-Willbank-Hershenson Gas Unit 
T.1OS. #1, W695H SGR, est. 3235 datum 22 ft. 

above GL 
Tops: Ru 980, Sal 1440, Ca 3667, 

BC 5195 

TLP Gulf-Fulcher et al. State #l, 
T.1OS. A1439E GRN, n.a. 

Tops: Ru 900, Sal 1380, Ca 3650, 
BC 5215 

T6P Atlantic-Gallaher Estate 11, 
T.1OS. W1339L SGR, est. 3243 KB 

Tops: Ru 990, Sal 1450, Ca 3560, 
BC 5118 

T6P Atlantic-Lucas State #1, 
T.1OS. W674L SGR, 3140 KB 

TOPS: Ru 955, Sal 1380, Ca 3460, 
BC 5008 

TLP Tom Brown Drilling, May and Williams- 
T.1OS. R. H. Hayter 41, W9951D SGR, 3204 KB 

Tops: XU 1220, Sal 1617, Ca 3510, 
BC 5030 

T6P Pure Oil-Fraser 11-A, 438C EL, n.a. 
T.1OS. Tops: Ru 11507, Sal 1600, Ca 3530, 

BC 5040 

T6P Jake Lawless Drilling-C. H. Caldwell 
T.1OS. et al. #1, W1754L SGR, 3177 KB 

TOPS: RU 1132, Sal 1500, Ca 3450, 
BC 4947 



Well  d a t a :  Pecos County ,  T e x a s  ( C o n t g d )  
Ref. L o c a t l c n  C p e r a t o r ,  l e a s e ,  w e l l  number, l o g  ref- 

no. Scc .  Bik. Survey  e r e n c e  n l z a e r  and  l o g  t y p e ,  e l e v a t i o n  

Wel l  d a t a :  Pecos County ,  T e x a s  ( C o n t g d )  
Ref. L o c a t l c n  C u e r a t o r .  l e a s e ,  w e l l  number, loci ref- I 

no. Scc .  Bik. S 

3 1  1 6  48 T6P 0. P. Ezschke  and  Zapa t a  D r i l l i n g -  
T.lOS. O l d s ,  C e c i l ,  Wooten #1,  

A5527D G F l I ,  3046 KB 
Tops:  Au 1405 ,  S a l  1780,  Ca 3305,  

EC 4952 

32 1 3 3  11 GHbSA Hwnble-L. W .  S t o n e  # I ,  
A8963D GFM, 3578 KB 
Tops:  au 1005,  S a l  1310,  Ca 3540,  

BC 5095 

33  4 5  11 GHSSA S a n t a n a  P e t r o l e u m - C a r t l e d g e  S t a t e  # I ,  I 

W596H S G R ,  3523 KB 
Tops:  Ru 904,  S a l  1257,  Ca 3025, 

BC 4540 

34 203 3 T6P P u r e  O i l - H a r r i s o n  #I, 
W344C ZL, 3507 RDB 
Tops: BC 4270 

3 5  137 3 TLP TXL O i l  e t  a1.-Pecos Pee (1, 
W1466H BGR, 3361  KB 
Tops: Ru 855 ,  S a l  1370,  Ca 2510, 

BC 3910 

36  26 3 T6P S t a n o l i n d  O i l  and  G a s - S t a t e  o f  Texas  
A 41,  W2658D GR-EL and S c o u t  R e p o r t ,  
3052 RDB 
Tops: 3.u 1455 ,  S a l  1690 ,  Ca 3350, 

C a p i t a n  Ls.? 3542 
I 

37 100 OW GCLSF S t a n o l i n a  O i l  and Gas-I. T. P r y o r  #I, 
A2396C GRN, 3098 RDB 
TOPS: Ru 1335 ,  S a l  1710 ,  Ca 3220, 

BC 4210 

38 and 39  Not used 

4 0 7 A GChSF Hunt C i l - L l s i n o r e  R o y a l t y  156 ,  
W3144L GR-EL, 3479 KB 
Tops: Ru 1225 ,  S a l  1620,  Ca 23057 25651, 

BC 3875 

4 1  - 47 Not used 

48 52 8 HCGN H. T. P o r t e r  D r i l l i n g - B l a y d e s  41 ,  
W2554K SGR, n.a.  
Tops:  Ru 1715 ,  S a l  2200, Ca 3055, 

BC 45507 46651 



Well data: Pecos County, Texas (Cont'd) 
kef . Loce t lon  Operator, lease, well number, log ref- 
no. S2c. Ulk. Survey erence number and lo? type, elevation 

49 - 51 Not used 

52 118 8 HsGN Continental Oil-E. 2. Bonebrake 118 11, 
W739H SGB, 2581 KB 
Tops: Ru 1610, Sal 1960, Ca 30501, 

UC 4300 

53 - 59 Not used 

60 594 OW E. Brahaney, Leed and Zoller-Maxson 11, 
Hood W1171L SGR, 2600 KB 

TOPS: Ru 1830, Sal 2340, Ca 3155, 
BC 4832 

61 117 OW GCdSF Inman and Swink-Splawn (1, 
W1830L SGR, 2628 KB 
Tops: Ru 1800, Sal 2220, Ca 3100, 

BC 4775 

62 44 OW TsP Socony Mobil Oil-Athey Unit #l, 
W2496K SGR, 2678 KB 
TOPS: RU 1710, Sal 2050, Ca 3148, 

BC 4730 

63 48 OW 'I'M RR Socony Mobil Oil-Effie Potts Sibley 11, 
W2856L SGR, 2681 KB 
Tops: Ru 1765, Sal 2150, Ca 3035, 

IX: 4710 

64 51 OW TM RR ~tlantic-Roxie Neal 51 11, 
W3519H SGR, 2660 KB 
TOPS: Ru 1900, Sal 2190, Ca 3100, 

BC 4615 

65 43 OW TM RR Atlantic-3. 0. Neal '43" #I-A, 
W4094K SGR, 2691 KB 
TOPS: Hu 1765, Sal 2155, Ca 3175, 

BC 4810 

66 45 OW Tl RR Hur,lLel-Effie Potts Sibley 12, 
W218L SGH, 2695 KB 
TOPS: Ru 1820, Sal 2270, Ca 3070, 

BC 4750 

67 16 OH F. M. Gulf-H. F. Raynolds Trust "Ag #I, - Hoffman W1488M SGR, 2692 KB 
Grantee Tops: Ru 1890, Sal 2250, ~ a '  3380, 

BC 4715 



Well data: Pecos County, Texas (Cont'd) 
Locatlon operator, lease, well number, log ref- 

no. Sec. E!..k. Survey erence n ~ ~ b e r  and log type, elevation 

68 41 OPT TT RR Sun Gil-James Neal 18, 
1339521. SGR, 2706 KB 
TOPS: Ru 1872, Sal 2260, Ca 3210, 

BC 4755 

69 40 OW TT RT, B. 11. fianson-W. ki. Palmer, Jr. 41, 
W25271.1 SGil, est. 2699 DF 
Topa: ku 1855, Sal 2270, Ca 3200, 

BC 4770 

70 28 OH TC RR May anti Williams and Tom Brown Drilling- 
soydston Estate 81, W910L SCR, 2742 KB 
Tops: Ru 2025, Sal 2445, Ca 3525, 

BC 5050 

71 17 OW TC RR Ralph Lawe-Jim Neal #I, 
W9116E SGR, 2846 KB 
Tops: Ru 1720, Sal 2105, Ca 3335, 

BC 4860 

72 70 OW C. M. Continental Oil-L. E. Lynch 41, 
Foster R~i43D GRN, 2884 KB 

TOPS: Ru 1625, Sal 2000, Ca 2830, 
BC 4460 

73 30 1.42 TLST.L Marcum Drilling-Koxie Neal #Ir 
RR W2587H SGR, 2703 KB 

Tops: nu 1980, Sal 2370, Ca 3230, 
DC 4365 

74 2 115 GCGSB P v r o  Oil-W. C. Tyrrell #I, 
I i25571, SGR, 2800 Surface Casing Flange 
T ~ J s :  R12 1685, Sal 1980, Tansill 2710, 

'-2tes 2990, El Capitan (Seven 
Rivers?) 3385, Lamar Ls. ilember 
oi Bell Canyon Formation 4700 

7 5 Not used 



Eel1 data: Reeves County, Texas 
Location R e f -  ---- Operator, lease, well n ~ ~ r ,  log ref- 

no. Sec. Bl ic .  Survey erence number and log type, elevation 

1 12 58 TLP Continental Oil-G. E. Rarnsey, Jr. 12 A 
T.1S. #I, W1869G SGR,.2901 XI3 

Tops: Ca 1065, BC 2620 

2 31 57 T6P Continental Oil-TXt "31" #3,  
T.1S. W3843L SGR, 2957 KB 

Tops: Ca 1050, BC 2615 

3 17 57 TLP Texaco-Reeves "E" Pee 42,  
T.1S. W3601H SGR, 2851 KB 

Tops: RU 100, Sal 6201, Ca 1090, 
bC 2690 

4 29 57 TLP Gulf-TXL "BLU (NCT-8) # I ,  
T.1S. W4098H SGR, 2875 KB 

Tops: Spud in Ru, Sal 3151, Ca 1100, 
BC 2655 

5 22 57 T6P Ford Chapman-Red Bluff #1-22, 
T.1S. W4205K GR, n . a .  

Tops: Ca 1195, BC 2765 

6 26 57 T6P J. M. C. Ritchie-Red Bluff Water Power 
'2.1s. Dist. 26 P1, W4201K SGR, 2846 KB 

Tops: Ca 1300, BC 2870 

7 14 58 ThP Patoil Corp.-Garton #I, 
T.2S. W325M SGR, 3017 KB 

TOPS: Ca 955, BC 2403 

American Trading and Production-Antone 
Estate State #I, W3477L SGR, 2955 KB 
Tops: Ca 1120, BC 2518 

J. E. H. Oils-Olson #1, 
W3219H SGR, 2878 KB 
Tops: Ru 517, Sal 905, Ca 1110, 

BC 2600 

Texaco-Seeves "AA" Pee 12, 
W4231H SGR, n.a. 
Tcps: Ru 1301, Sal 764, Ca 1500, 

BC 2857 

Gulf-TXL NCT-A 12-CB, 
t18922D SGR, 3023 KB 
Tops: Ca 13907 15401, BC 2943 

Humble-Sally Gynne Reynaud #5, 
W3246M SGR, 2824 KB 
TOPS: Ca 1400, bC 2973 
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Wel l  d a t a :  Reeves County ,  Texas  (Con t ' d )  
R e f .  L o c a t i o n  O p e r a t o r ,  l e a s e ,  w e l l  number, l o g  r e f -  

no .  Sec .  Blk. Survey  e r e n c e  n u ~ b e r  and  l o g  t y p e ,  e l m a t i o n  

1 1 3  1 8  56 ThP Humble-Sa l l ie  Wynne Reynaud #4,  
T.2S. W3235G SGR, 2325 KD 

Tops: hu 801,  S a l  4151,  Ca 1475 ,  
BC 3005 

14% 4 1  56 ThP Texaco-Reeves "AGn Fee  # I ,  
T.2S. W3857K SGR, 2852 KB 

TOPS: Ru 445,  S a l  8301,  Ca 1500 ,  
EC 3131 

1 4  40 56 T6P Texaco -S t a t e  o f  Texas  "EXn # I 8  
T.2S. W4040L SGR, 2862 KB 

Tops:  Ru 430,  S a l  795, Ca 1470,  
EC 3150 

1 5  34 56 T6P TXL O i l - S t a t e  N o r t h r u p  et al. 41 ,  
T.2S. W1221K SGR, n.a .  

Pops :  Ru 610,  S a l  990, Ca 1550 ,  
BC 3315 

1 6  1 4  5 6  ThP 
T.2S. 

1 7  2 45  PSL 

Texaco-Reeves "AG" Pee  42, 
W3989H SGR, 2873 KB 
Tops:  Ru 420,  S a l  845 ,  Ca 1415,  

BC 3158 

H i l l  and  b leeker -Hi l l  S t a t e  "2' 41,  
A9860C Gh;!, 3069 DF 
Tops :  Ru 670,  S a l  9761, Ca 1240 ,  

FK 2638 

Vaught  D r i l l i n g  Co. a n d  G u l f  Oil-TXL 
01, A9106t: GRN, 3158 KB 
TOPS: RU 535,  S a l  1020 ,  Ca 1610 ,  

FK 2910 

Gulf-TXL BW # I 8  
W9135C SGR, 2997 KB 
Tops:  Ru 3201,  S a l  5601, Ca 1605 ,  

BC 3148 

Gulf-TXL (KT-A) BZ 41,  
W9121D SGR, 3129 DF 
Tops:  Ru 670,  S a l  9641,  Ca 1505 ,  

BC 2980 

Wilson  Germary,Paul  Page a n d  Gu l f  O i l -  
TXL "BX-45" t l ,  W0986A SGR, 3181  KB 
Tops:  Ru 460,  S a l  763 ,  Ca 1630 ,  

BC 3082 



Well d a t a :  Reeves County ,  Tzxas (Cont 'd)  
ice£ . Loca t lon  O p e r a t o r ,  l e a s e ,  w e l l  nunber ,  log r e f -  

no .  Sec. aik. Survey erence number and l ag  type, e l e v a t i o n  - 
22 37 57 T6P Gulf-TXL "BU" (NCT-A) 11, 1 

T.3S. W9G65D SGR, 2981 KB 
Tops: Ru 3407, S a l  6407, Ca 1535,  

BC 3078 

I 
.- 

I 
23 2 1  56 T6P J o h n  K .  Skaggs and Gulf  Oil-Gulf  TXL 

I 
T.3S. P1-21, W8744A SGR, 2930 KB I 

I 
Tops: Ru 695, S a l  9801, Ca 1675, 

BC 3310 I 

24 11 56 ThP 
T.3S. 

27 5 C-20 PSL 

2 8 8 C-20 PSL 

3 1  34 2 HCGN 

Texaco-Reeves "AK" F e e  #I, 
W4386H SGR, est. 2883 KB 
Tops: Ca 1690,  BC 3264 

0. K. O i l  and Gulf  Oil-TXL *BP9 #I, 
W4384H SGR, 2872 KB 
Tops: Ru 735,  S a l  1070,  Ca 1780, 

EC 3283 

Gulf-TXL "BR" 11, W9152A SGR, n.a. 
Tops: C a  1750,  BC 3540 

PlcKinney, May and W i l l i a m - 0 .  Dale 
Smith  81,  W1158G SGR, 2789 KB 
TOPS: Ca 1940,  BC 3390 

May and Wi l l i ams-Be l l  #l, 
W2996K SGR, 2830 KB 
TOPS; Ru 640,  S a l  1090,  Ca 1700, 

BC 3630 

Ralph 8 .  Meriwether-Baker #1, 
W2932H SGR, 2870 I(D 
TOPS: Ru 7051 8157, S a l  11507, 

Ca 1800,  BC 3730 

Texas P a c i f i c  Coa l  and O i l - O l l i e  
Anderson # I ,  W1710L SGR, 2732 KB 
Tops: Pu 945, S a l  1140,  Ca 1970, 

BC 3780 

Hayes and V-T Drilling-Mansanto-8.811 
#1, W8924A SGR, 2722 KB 
Tops: Ru 425, S a l  850,  Ca 1910, 

BC 4070 

F. R. Jackson-Henderson E s t a t e  4 1 ,  
W8537E SGR, n.a.  
Tops: Ru 335, S a l  8037, Ca 1560, 

BC 2831 



Well d a t a :  Reeves  C o u n t y ,  T e x a s  ( C o n t ' d )  
R e f .  L o c z t i o n  O p e r a t o r ,  lease, w e l l  number,  l o g  r e f -  

no. S e c .  Blk. S u r v e y  e r e n c e  n u n h e r  a n d  l o g  t y p e ,  e l e v a t i o n  

3 3 7 5 6  PSL F r a n c i s  K .  C a n p b e l l  and  H.  L. Hawkins- 
Howard B. Cox A # l ,  W6866B GR-EL 3240 RT 
Tops:  Ru 715 ,  S a l  1 1 2 0 ,  Ca 1 7 7 5  

34 27 5 6  PSL F r a n c i s  K. Campbell-P.  B. W i l s o n  11, 
W4306A GR-EL, 3257 KB 
Tops :  Ru 1 1 1 0 ,  S a l  1 4 0 0 ,  Ca 2170, 

BC 3420 

3 5  1 9  5 5  T&P F r e a  A. Davis-TXL 11-19, 
T.4S. W8558A SGR, 2887 KB 

Tops :  Ru 710,  Ca 2530,  BC 3932 

36  1 0  5 5  T6P TXL O i l - R e e v e s  S t a t e  A 1 2 ,  
T.4S. W1844K SGR, 2849 KB 

TOPS: RU 1 1 0 0 ,  S a l  1 4 1 3 ,  Ca 2185, 
BC 3945  

3 7  1 0  5 5  T6P TXL O i l - R e e v e s  S t a t e  A 11, 
T.4S. W8375E SGR a n d  W8375b EL, 2823  KB 

Tops:  Ca 2185 ,  BC 3963  

3 8 3 5 4  T6P Texaco-Reeves "X"  F e e  11, 
T.4S. W296111 SGR, 2815 KB 

l o p s :  Ru 585 ,  S a l  1 1 0 0 ,  Ca 2072,  
BC 4095 

3 9  1 2  54 T&P R e e v e s ,  Grice a n d  1 4 c C a l l - C l a t e w o r t h y  
T.4S. S t a t e  i l l ,  W13441; SGR, es t .  2822 KB 

Tops :  Ru 1 3 4 0 ,  S a l  1 7 4 5 ,  Ca 2330, 
BC 4405 

40  3 3  54 T&P W i l s o n  Germany, P a u l  P a g e  a n d  G u l f  O i l -  
T.4S. TXL "33" $1, W9065E SGR, 2700 KB 

Tops:  Ru 1 4 8 5 ,  S a l  1820;  Ca 2480, 
BC 4173 

4 1 6 3 H&GN R a l p h  Lowe-Reeves S t a t e  11, 
\ 

\ 
W4182H SGR, 2741  KB 
Tops :  Ru 1 3 8 8 ,  S a l  1 8 8 0 ,  Ca 2320, 

BC 4380 

4 2 5 5 9  PSL F r a n c i s  K. Campbell-R. L. Umbenhour 11, 
A2793D GRN, 3274 KB 
TOPS: RU 8 0 0 ,  S a l  1200 ,  Ca 2135, 

BC 3250 

4 3  2 3  5 9  PSL R a l p h  E. Fair-Camp $1 ,  W87lM SGR, 3070 KB 
TOPS: Ru 700 ,  S a l  1100 ,  Ca 2050,  

BC 3157 
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i 

Well data: Reeves County, Texas (Cont'd) - 
R e f .  Lccation Cperator ,  lease, well number, log ref- 
no. SEC.  bik. Survey erence number and log type, elevation 

44 31 58 PSL H. L. Hunt Oil-Grider #l, 
A406B Gmi, 3046 XB 
Tops: Ru 998, Sal 1380, Ca 2245, 

BC 3250 

45 17 58 PSL Ibex Co.-Bush State #l, 
k4263D G m ,  n.a. 
Tops: ku 1380, Sal 1680, Ca 2315, 

BC 3410 
I 

4 6 9 58 PSL T.M. Evans-Millexstate #l, I 

h8331E GiUJ, 3137 Casing Head 
Tops: Ru 1540, Sal 1870, Ca 25851, 

BC 3690 

47 40 58 PSL Hunt Oil-Fite #I, 
594A GR-EL, est. 3312 RT 
Tops: Ru 930, Sal 1385, Ca 2450 

48 17 55 T6P Gulf-TXL "CG" #l, 
T.5S. W9202E SGR, 3005 KB 

TOPS: RU 1080, Sal 1460, Ca 2560, 
BC 3720 

4 9 2 55 TcP TXL Oil-~alamicek State 81, 
T.5S. W63G SCR, 2857 XB 

TOPS: Ku 1480, Sal 1850, Ca 2390, 
BC 3965 

50 27 C-18 PSL Continental Oil-T. A. Xizk #1, 
W8467A SGR, 2684 KB 
Tops: Ru 1720, Sal 2090, Ca 2580, 

BC 4130 

5 1 7 C-19 PSL Cities Service Petroleum-State 'Am (1, 
W148lM SGR, 2663 KB 
Tops: Ru 1832, Sal 2150, Ca 2530. 

BC 4155 

52 60 4 HCGN L. D. Crumly, Jr.-Thornton (1, 
WllO8L SGR, 2645 GL 
Tops: Ru 1732, Sal 2050, Ca 2495, 

BC 4300 

53 57 4 HSGN PrazJer and Hendon-Tom S. Plack 41, 
W8746E SGR, 2650 KB 
Tops: Ru 1780, Sal 2100, Ca 2597, 

BC 4340 
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h'ell data: Reeves County, Texas (Cont'd) 
Ref. ~ocatlon operator, lease, tell number, log ref- 
no. Sec. B ~ K .  Survey erence nunber and log type, elevation 

54 13 71 PSL W. B. Yarborough-Caldwell 11, 
WE6518 SGR, 3186 KB 
Tops: Ru 624, Sal 1150, Ca 2100, 

BC 3360 

5 5 5 70 PSL Continental Oil-Warren Wright 11, 
W2129A GR-EL, est. 2195 KB 
Tops: Ru 1168, Sal 1620, Ca 2200, 

BC 3430 

56 W . . B . .  King.Survey Cree Oil and Amour Prop.-Von Trotha 
Il, W9050D SGR, 2878 KB 
Tops: Ru 1230, Sal 1616, Ca 2816, 

BC 3850 

57 24 C-17 PSL Gulf Oil and Phillips Petroleum-State 
School Board MM #3r A4166D GRPJ,-2846 KB 
TOPS: Ru 17001, Sal 19501, Ca 2710, 

BC 3810 

58 13 72 PSL Gulf-W. L. Todd Trustee et al. 11, 
W8655C GR-EL and Scout Report, 2812 KB 
TOPS: RU 1718, Sal 2150, Ca 2970, 

BC 4035 

5 9 5 C-8 PSL Pico Drilling-PhP RX 
W1387M SGR, 3016 KB 
TOPS: Ru 1604, Sal 2000, Ca 2690, 

BC 3900 

60 34 6 H6GN American Trading and Production-State 
B. Graebner tl-2?, W1974M SGR, 2587 KB 
Tops: Ru 1295, Sal 1730, Ca 3020, 

BC 4881 

61 33 6 H6GIJ Texas Crude Oil-Pinklea "33m 11, 
W499H SGR, 2577 KB 
Tops: Ru 1385, Sal 1870, Ca 3075, 

BC 4920 

62 27 C-7 PSL McBee Oil-Continental Regan 11, 
W1642G SGR, 2581 KB 
Tops: Ru 1115, Sal 1610, Ca 3079, 

BC 4846 

63 17 C-6 PSL Gulf-Bertha Hoefe et al. #I, 
W1144K SGR, 2567 KB 
Tops: Ru 736, Sal 1200, Ca 2911, 

BC 4885 



Well data: ?.eeves County, Texas (Cont'd) 
Ref. Locazion Operator, lease, well number, log ref- 
no. Sec. E l < .  Survey erence number an8 log type, elevation 

6 4 6 7 H&GN Hissom Drilling-Hathaway Cl, 
W36161.1 SGR, 2600 KB 
Tops: Ru 1012, Sdl 1440, Ca 3105, 

BC 5044 

65 24 7 HSGN Gulf-J. C. Trees Estate et dl. 94, 
W3886L SGR, 2563 KB 
Tops: Ru 925, Sal 1350, Ca 3075, 

BC 4893 

66 4 C-4 PSL A. J. Vogel ct a1.-J. M. Rape 47, 
W3012G SGR, 2651 KB 
Tops: Ru 1000, Sal 1430, Ca 3168, 

BC 5020 

67 2 C-4 PSL American Trading and Troduction-J. D. 
Bodkins et al. $2, W1240L SGR, 2639 XB 
Tops: Ru 1012, Sal 1427, Ca 3370, 

BC 4974 

68 28 C-3 PSL Tom Brown Drilling-McFarland 41, 
W1421G SGR, 2531 KB 
Tops: Ru 069, Sal 1300, Ca 3243, 

BC 4930 

69 19 C-3 PSL Atlantic-J. C. Trees Estate 41, 
W3868X SGR, 2554 KB 
Tops: RU 1150, Sal 1555, Ca 3152, 

BC 4847 

70 9 C-3 PSL Gulf-Minnie, M~Carter C1, 
W2665G SGR, 2581 KB 
TOPS: Ru 1048, Sal 1460, Ca 3100, 

BC 4866 

7 1 6 C-5 PSL Holbrook, 1nc.-J. M. Rape 41, 
W1352K SGR, est. 2675 XB 
TOPS: RU 1008, Sal 1467, Ca 3330, 

BC 5135 

72 11 C-5 PSL Healey, Le Blond and Tidewater-Goodrich 
r l ,  W1409K SGR, 2677 KB 
Tops: Ru 925, Sal 1375, Ca 3350, 

BC 5079 

73 13 C-5 PSL Sun Oil-Overton Black 41, 
W4400G SGR, 2673 KB 
TOPS: Ru 860, Sal 1370, Ca 3288, 

bC 5051 



74 11 50 TSP David Fasken-Mobil Young '11' e l ,  
T.7S. 1.326746 SGR, 2705 KB 

Tops: Ru 890,  S a l  1400,  Ca 3315, 
BC 5082 

Well d a t a :  Reeves County,  Texas (Con t ' d )  
Re f .  Locatlon O p e r a t c r ,  l e a s e ,  w e l l  number, l o g  r e f -  

no .  Sec .  Blk. Survey  e r e n c e  nuil-her and 10s t y p e ,  e l e v a t i o n  

7 5  36 50  T6P Tom Brown D r i l l i n g  Rape 11-36, 
T.7S. W1913L SGR, 2749 KB 

Tops: Ru 999,  S a l  1585,  Ca 3463, 
BC 5173 

I 

76 24 5 1  TLP S i n c l a i r - J i m  Young e t  a l .  # I ,  
T.7S. W1340K SGR, 2653 GL 

Tops: Ru 860? ,  S a l  1350,  Ca 3304,  
BC 5081 

77 3 1  5 1  T6P ~ u l f - C o l l i e r  I l ,  
T.8S. 1146E GR-EL, 2835 RT 

TOPS: Ru 1010,  S a l  1680,  Ca 3560, 
BC 5230 

78 6 50 T6P Tom Brown D r i l l i n g ,  Hea ly  a n d  LeBlond- 
T.8S.. J. B. Young f 3 ,  W1722L SGR, 2778 KB 

Tops: Ru 740,  S a l  1290,  Ca 3505, 
BC 5130 

79 27 50  T6P Texas  Crude O i l - G i l l e s p i e  "27. 41, 
T.8S. W1332K SGR, 2318 KB 

Tops: Ru 1022,  S a l  1540,  Ca 3460, 
BC 5130 

8 0  97 1 HSTC P e a r l  B. J a c k s o n - P e a r l  B. J a c k s o n  P e e  
$1, W9723B SGR, 29b4 KB 
Tops:  Ru 1130,  S a l  1635,  Ca 3675, 

BC 5260 

8 1  7 58  TcP S h e l l - S h e l l  C o n t i n e n t a l  #1,  
T.7S. A1565K GFU4 a n d  W3119K EL, 3445 DP 

Tops:  Ru 850,  S a l  1210 ,  Ca 1950 ,  
BC 3075 

82 35 58 T6P TXL Oi l -Reeves  "X-T" Fee (1, 
T.7S. W9631C EL and  S c o u t  Report, 3626 KB 

Tops: Ru 962, EC 3486 

83 44 56 TcP TXL O i l - A t l a n t i c  S t a t e  # I ,  
T.7S. W8977C GR-EL, 3171 KB 

Tops:  Ca 2620, BC 3940 



Well data: Reeves County, Texas (Cont'd) 
Ref. Location Operator, lease, well number, log ref- I 
no. Sec. Dl:<. Survey erence number and log type, elevaiion i 

85 19 C-10 PSL 

88 272 13 H&GN 

89 252 13 HbGN 

90 238 13 HbGN 

Walling and Chandler-Earl Vest tl, 
W5370B EL, 3093 kB 
TOPS: RU 1330, Sal 1800, Ca 2510, 

BC 3965 

M. D. Bryant-Armstrong #I, 
A3065A G W ,  2746 KB 
Tops: Ru 1990, Sal 2540, Ca 3258, 

BC 4755 

John F. Camp-Mrs. Elner Wadley #l, 
W2131G SGR, 2650 KB 
Tops: Ru 1620, Sal 2120, Ca 3014, 

BC 4785 

McElroy Ranch-Waltrip tl, 
W9328A SGR, 2666 KB 
Tops: Ru 1702, Sal 2290, Ca 3033, 

BC 4817 

Sun Oil-Terrill State Unit #I, 
W4133H SGH, 2682 KB 
Tops: Ru 1058, Sal 1510, Ca 3175, 

BC 4935 

Blair Petroleum-Carrie Eisenwine tl, 
W2650M SGR, 2712 DP 
Tops: Ru 1143, Sal 1630, Ca 3245, 

BC 5009 

W. Clyde I l ~ i n s  and R. B. Xeljikan- 
Rampy #l, A5257C GRN, 2911 RT 
Tops: Ru 1040, Sal 1610, Ca 3425, 

BC 5015 

El Paso Natural Gas-Hoefs 41, 
wia6aM GR, 3151 KB 
Tops: Ru 987, Sal 1520, Ca 3520, 

BC 5135 

Mac Jones-lieinacht #I, 
W4179G SGR and W4178M EL, 3021 KB 
Tops: RU 1752, Sal 2144, Ca 3112, 

BC 4545 

Standard Oil of Texas-Balmorhea 
Ranches 1 12, W8773E GR-EL, 3156 KB 
Tops: Ca 2875, BC 4182 



\ 
Well data: Reeves County, Texas (Cont'd) 
Ref. Location Operator, lease, well number, log ref-  
no. Sec. B1X.  Survey erence number and log type, elevation 

94 100 13 H6GN Mac Jones-Wynne 81, 
W3993L SGR, 3050 KB 
Tops: Ru 1753, Sal 2210, Ca 3148, 

BC 4505 

95 50 13 HLGN Jack S. Reaves-Albert Moore #1, 
W1998G SGR, 3119 KB 
Tops: Ru 1985, Sal 2420, Ca 3150, 

BC 4678 

96 34 13 H&GN Standard Oil of Texas-L. A. Weinacht 
#l, 152853L EL, 3199 KB 
Tops: Ru 1823, Sal 2048, BC 4475 

97 52 13 HLGN Brandywine Oil-Balmorhea Ranch #l, 
W4147M SGH, 3235 KB 
Pops: Ru 1908, Sal 2370, Ca 3000, 

BC 4510 

9 8 8 13 HLGN Burford and Sams-Kingston #I, 
W3738H SGR, 3415 KB 
Tops: Ru 1800, Sal 2210, Ca 2890, 

BC 4602 

A 146 1 HLTC Sun Oil-Balmorhea Ranches (2, ---- Scout Report, 2526 DP 
Tops: Ru 895, BC 5190 

B 176 1 H&TC Sun Oil-Balmorhea Ranches #1, ---- Scout Report, 2904 DP 
Tops: Ru 950, bC 5195 



Well data: Ward County, Texas - i 
Ref. Location Operator, lease, well number, log ref- 
no. Sec.  Blk. Survcy erence number and log type, elevation 

1 67 33 HbTC Wilson Lxploration-D. D. Feldman #2-67, 
W9599C SGR, 2648 KB 
Tops: Ru 590, Sal 1015, Ca 2395, 

BC 4540 

2 37 33 H&TC Eamm and O'Brien-Miller #I, 
W139G SGR, 2562 I;D 
Tops: Ru 1790, Sal 2240, Ca 3015, 

BC 4782 

3 31 33 H&TC Continental Oil-F. M. Scott 01, 
W3575D GR-EL and Scout Report, 2549 KE 
Tops: Ru 1255, BC 4824 

4 18 SF 7082, Gold bletals Cons. ;.lining and Santana 
G. G. Houston Survey Petroleum-Houston Heirs #1, 

W1692L SGR, 2507 KB 
TOPS: Ru 1070, Sal 1450, Ca 2990, 

EC 4815 

5 71 1 P. A. Kay Kimbell-Dunagan 41, 
Black W537G SGR, n.a. 

Tops: Ru 900, Sal 1290, Ca 2535, 
BC 4640 

6 36 1 W&tW Continental Oil-1,;ize and Gaskill 41, 
W8383B SGR, 2755 KB 
Tops: Hu 643, Sal 1060, Ca 2745, 

BC 4870 

7 22 1 WLNW Fred A. Davis-Jsrry Covington #I, 
W8955B SGR, 2765 KB 
Tops: Ru 632, Sal 1070, Ca 3070, 

BC 5017 

8 11 1 WLNW Forrest Oil-G. W. Riley 41, 
W1458L SGR, 2669 KB 
TOPS: Ru 640, Sal 1040, Ca 2900 

BC 4832 

9 228 34 HhTC Pure Oil-C. L. Monroe #1, 
W2192G SGR, 2608 Surface Casing Flange 
Tops: Ru 1540, Sal 1830, Ca 2850, 

BC 4620 

10 209 34 HLTC Chambers and Kennedy-Clark 41, 
W6192C GR, est. 2582 KB 
Tops: Ru 690, Sal 1105, Ca 26701, 

BC 4720 



We11 data: Ward County, Texas (Cont'd) 
Ref. Location Operator, lease, well number, log ref- 
no. Sec. Blk. Survey erence number and log type, elevation 

11 191 34 B6TC Argo Oil-Olson #B-2, A2501B GRN, 2707 KB 
Tops: Ru 700, Sal 1155, Ca 2940, 

BC 4917 

12 191 34 H6TC Argo Oil-Argo Olson 41-D, 
A28223 GRN, 2680 RT 
Tops: Ru 575, Sal 1085, Ca 2975, 

BC 4920 

H&TC 

H&Tc 

H6TC 

HCTC 

HSTC 

HLTC 

HhTC 

HLTC 

Sun Oil-Lois McDaniel #I, 
W2729G SGR, 2790 KB 
Tops: Ru 723, Sal 1100, Ca 3060, 

BC 5025 

H. L. Brown, Jr. and Clem E. George- 
Fritz #1, W1944G SGR, 2780 KB 
Tops: Ru 740, Sal1110, Ca 3040, 

BC 5020 

Liedtke '60 Ltd.-Chapman #1, 
W7198 SGR, 2769 KI) 

Tops: Ru 700, Sal 1080, Ca 3107, 
BC 5060 

Liedtke '60 Ltd.-Cynthia Monroe 41, 
W503H SGR, 2751 KB 
Tops: Ru 702, Sal 1080, Ca 3090, 

DC 5035 

Harvey L, Hurley-Wilson 41, 
W65L SGR, 2606 DF 
Tops: Ru 615, Sal 1015, Ca 3110, 

BC 5035 

Eastland Drilling-G. T. Hall 41, 
W1875L SGR, 2619 KB 
Tops: Ru 1720, Sal 2050, Ca 29501, 

BC 4992 

Sunray biid-Continent Oil-A. L. Herring 
P1, WllOM SGR, 2647 KB 
Tops: Ru 1620, Sal 1930, Ca 2940, 

BC 5047 

T. P. Hodge-Edwards Lumber Co. #I, 
W667G SGR, 2628 KB 
TOPS: RU 1553, Sal 1970, Ca 2948, 

BC 5050 



Well data: Ward County, Texas (Cont'd) 
Ref. Loce t l cn  O?erator, lease, well number, log rzf- 
no. Sec. Blk. Survey erence number and log type, elevation 

21 94 34 H b K  T. P. liodge-Anna Herring )2, 
wi25a~ SGR, 2625 KB 
Tops: Ru 1600, Sal 2050, Ca 3050, 

EC 5026 

22 87 34 HhTC Noniood Drilling and Amarillo Oil- 
Lura lieman %1, W826M SGR, 2587 KB 
Tops: Ru 920, Sal 1345, Ca 2895, 

BC 4930 

23 71 34 H 6 K  Hill and Keeker-Belo =71m #1, 
W43G SGR, 2575 KB 
Tops: xu 880, Sal 1295, Ca 2978, 

BC 4917 

24 70 34 HhTC Harper, Huffman and Hissom-Triple "H' 
11, W994H SGR, 2509 KB 
Tops: Ru 788, Sal 1218, Ca 2877, 

BC 4944 

25 57 34 H b K  Harlan Production-R. H. Dorsey #I, 
W2314L SGR, 2572 KB 
Tops: Ru 1670, Sal 2180, Ca? 3230, 

BC 4780 

26 23 34 HhTC Harlan Production-Elliott 13-PW, 
W2714L SGR, 2541 KB 
Tops: RU 805, Sal 1005, Carlsbad 2490 

27 38 18 ULS Charles 9. Read-University #I, 
W2414L SGR, 2788 KB 
Tops: Ru 726, Sal 1105, Ca 3190, 

BC 5105 

28 30 18 ULS Texaco-State of Texas DP #l, 
W9644E SGR, 2797 KB 
Tops: Ru 755, Sal 1140, Ca 3200, 

BC 5078 - 

29 19 18 ULS Pure Oil-University =Im #I, 
W222M SGR, 2762 Surface Casing Flange 
Tops; Ru 725, Sal 1120, Ca 3160, 

BC 5002 \ 

30 14 18 ULS . Texaco-State of Texas OF 11, 
W9336C SGR, 2727 KB 
Tops: Ru 770, Sal 1100, Ca 3170, 

Dc 4973 



Well data: Ward County, Texas (Con-t'Q) - 
Ref. I.:carlon operator, lease, well number, log ref- 
no. 5ec.  Z l k .  Survey erer.ce number and log type, elevation 

31 15 18 ULS Texaco-State of Texas DM 1;. 
W9645D SGR, 2713 KB 
TOPS: Ru 775, Sal 1163, Ca 3150, 

BC 4977 

3 2 3 18 ULS Texaco-State of Texas DC #I, 
W9377D SGR, 2700 KB 
TOPS: Ru 800, Sal 1200, Ca 3042, 

BC 4935 

3 3 2 18 ULS Texaco-State of Texas DN #It 
W9645E SSR, 2679 KB 
Tops: Ru 870, Sal 1265, Ca 3060, 

BC 4913 

3 4 8 18 ULS Texaco-State of Texas DE #I, 
W9372B SGR, 2754 1 3  
TOPS: Ru 704, Sal 1080, Ca 3110, 

BC 4948 

35 31 17 ULS Shell-University 17 C 81, 
W9479D SGR, 2744 XB 
Tops: Ru 690, Sal 1050, Ca 3030, 

BC 4950 

36 32 17 ULS Jake L. Earnon-University K #l, 
W9548B SGR, 2773 XE 
Tops: Ru 735, Sal 1100, Ca 3183, 

BC 5040 

37 33 17 ULS Hanley Co.-University "17-33" #I, 
W3013B SGR, n.a. 
Tops: Ru 1360, Sal 1650, Ca 3112, 

UC 5030 

38 36 17 ULS Texaco-State of Texas DO 41, 
W9637E SGR, 2694 KB 
TOPS: Ru 1052, Sal 1440, Ca 3180, 

BC 5012 

39 24 17 ULS Ormand Eros. Drilling-University B #I, 
W647L SGR, 2671 Kb 
TOPS: Ru 1750, Sal 2048, Ca 3175, 

BC 4950 

40 16 17 ULS Onnand Bros. Drilling-Shell University 
#I, W9836B SGR, n.a .  
Tops: Ru 1200, Sal 1550, Ca 3280, 

BC 4955 



Well data: Ward Count , Texas (Cont'd) 
Ref. Location Bperator, lease, well n d e r ,  log ref- 
no. Sec. Bik. Survey erence nunber and log type, elevation 

4 1 3 17 ULS Liedtke '60 Ltd.-Ohio University #l, 
W75G SGR, 2666 KB 
Tops: Ru 1655, Sal 2030, Ca 3060, 

BC 4931 

42 88 F G&M;.iB&A Idagnolia Petroleum-Geo. Sealy Sec. 88 
81, K8265C SGR, 2705 KB 
Tops: Ru 1810, Sal 2350, Ca 3485, 

BC 4320 

43 and 44 Not used 

45 57 F G6MhiBhA Socony liobil Oil-George Sealy =Cm. 
11-57, W9813C SGR, 2680 KB 
Rops: Ru 1944, Sal 2280 

46 44 F GSMMBSA Magnolia Petroleum-Geo. Sealy Sec. 4 4  
$ 3 .  W8146B SGR, 2693 KB 
Tops: Ru 1680, Sal 1960 

47 - 49 Not used 

50 25 16 ULS Liedtke ' 5 8  Ltd. 12-University '25' 
81, W1377L SGR, 2600 KB 
Tops: RU 1939, Sal 2250 

51 17 B-20 PSL Chambers and Kennedy-Tubb Estate 41, 
W2168H SGR, 2566 KB 
Tops: Ru 460, Sal 650, Equivalent of 

BC 39371 



Well data: Winkler County, Texas 
Ref. Locat lon Operator, lease, well number, log ref- 
no. Sec. ~ l k .  Survey erence number and log type, elevation 

1 23 28 PSL Hissom Drilling-Tennessee Mac 41, 
A4555A GRN, n.a. 
Tops: Ru 892, Sal 1270, Ca 3330, 

BC 5115 

2 11 20 ULS Magnolia Petroleum-Univ. of Texas 
39862 32, Y4723B GR-EL, 2805 DF 
Tops: Ru 780, Sal 1160, Ca 3320, 

BC 5090 

3 11 20 ULS Magnolia Petroleum-Univ. of Texas 
11-39862, A2474E GRiJ, 2798 RT 
Tops: Ru 792, Sal 1190, Ca 3325, 

BC 5071 

4 14 20 ULS llagnolia Petroleum-Texas Univ. #A-1, 
W4llGD GR-EL, 2799 KB 
Tops: xu 785, Sal 1180, Ca 3270, 

BC 5075 

5 26 20 ULS Texaco-State of Texas EA #1, 
W699H SGR, 2787 KB 
Tops: Ru 772, Sal 1125, Ca 3240, 

BC 5072 

6 48 20 ULS Texaco-State of Texas "DHg #I, 
W9646C SGR, 2771 KB 
Tops: Ru 720, Sal 1095, Ca 3115, 

BC 4965 

7 5 27 PSL Diamond Drilling-John Haley #I, 
W8615D SGR, 2969 KB 
Tops: Ru 856, Sal 1195, Ca 3230, 

BC 5065 

8 17 27 PSL Ford Chapman-J. E. Haley #1, 
W557L SGR, n.a. 
Tops: Ru 840, Sal 1200, Ca 3305, 

BC 5010 

9 32 27 PSL Rodman, Noel and Black-Halley 32 #1, 
W8399E SGR, 2883 KB 
Tops: Ru 885, Sal 1240, Ca 3250, 

BC 5092 

10 34 27 PSL Pan American P. C. and Westbrook 
Thompson Holding-T. G. Uendrick #l, 
W404SH GR, 2862 KB 
Tops: Ru 885, Sal 1270, Ca 3100, 

bC 5005 



Well data: Winkler County, Texas (Cont'd) 
Ref. Locatio:?__ Operator, lease, well number, log ref- 
no. Sec. Blk. Survey erence number and log type, elevation 

11 39 27 PSL Pan American P. C.-Ruth M. Bakwin 81, 
W4048L GRN, 2645 KB 
Tops: Ru 1643, Sal 2040, Ca 3530, 

BC 4923 

12 7 21 ULS Ralph Lowe-University 81-7, 
W354L SGR, 2832 KB 
Tops: Ru 808, Sal 1150, Ca 3430, 

BC 5162 

13 42 21 ULS Union Oil of Calif.-University #l-42, 
W3888G SGR, 2765 DP 
Tops: Ru 703, Sal 1070, Ca 2995, 

BC 4983 

14 43 21 ULS Tidewater Oil-State of Texas '0' #I, 
W9480A SGR, 2752 KB 
TOPS: R i l  706, Sal 1066, Ca 3035, 

BC 4950 
\ 

15 40 21 ULS Phillips Petroleum-University Lands 
I , ,  I, 1.1 R1, W4231L SGR, 2778 KB 
Tops: Ru 670, Sal 1050, Ca 3108, 

BC 5008 

16 28 21 ULS Shell-University 821-A-1, 
A606SD GRN, 2776 KB 
Tops: Ru 770, Sal 1160, Ca 3300, 

BC 5025 

17 26 21 ULS Ralph Lowe-University #2E, 
A2959D rJXU4, est. 2770 RT 
Tops: Ru 21037, BC 48601 

18 23 21 ULS Texaco-State of Texas *ECm 11, 
A325G GRN, 2797 KB 
Tops: Ru 1673, Sal 1950, Ca 3475, , 

BC 5098 

19 17 C-23 PSL Cities Service Oil-Buttram Il, 
A8180E GRN, 2896 KB 
Tops: Ru 1947, Sal 2275, Ca 3990, 

BC 5000 

20 14 C-23 PSL Cities Service Oil-Tubb B #l, 
A7997E GRN, est. 2903 KB 
Tops: Ru 2035, Sal 2395, Ca 3980, 

BC 5330 



Well data: Winkler County, Texas (Cont'd) 
Ref. Location G D C ~ ~ ~ O T ,  lease, well number, log ref- 
no. Sec.  Blk. survey erence number and log type, elevation 

2 1 6 C-23 PSL General American Oil of Texas-W. P. 
Edwards "A" $ 6 ,  W1345G SGR, 2924 KB 
Tops: Ru 1270, Sal 1600 

2 2 3 74 PSL Richard Hughes-Leck 11-AH, 
W762I4 SGR, 2895 KB 
Tops: Ru 1270, Sal 1565 

23 24 74 PSL Texas Co.-J. L. Desmond tl, 
W5397E GR-EL, 2868 KB 
Tops: Ru 1800, Sal 2110, Equivalent 

of EC? 5640 

24 30 26 PSL Pan American P. C.-Hendrick Operating 
Area "G" 81, A1254G GRN, 2864 KB 
Tops: Ru 1740, Sal 2130, Ca 3650, 

BC 51751 

25 33 B-5 PSL Cactus Drilling-Hendrick B t1, 
W2685H SGR, 2819 DP 
Tops: Ru 1480, Sal 1760 

26 17 B-12 PSL Skelly Oil-Halley 1171, 
A261K GRN, est. 2754 KB 
Tops: Ru 818, Sal 1150, Ca equivalent 

3303, BC equivalent 49401 

27 10 17 ULS Jake L. Ilamon et a1.-University L #I, 
W9636A SGR, 2745 KB 
Tops: Ru 843, Sal 1240, Ca 2990, 

BC 5018 

28 71 P G&IMB&A Magnolia Petroleum-George Sealy .Bm 
#1-71, W9220E SGR, 2730 KB 
Tops: Gu 20807, Sal 24803, Ca 3565, 

BC equivalent 4970 

29 89 P GsMMB&A Magnolia Petroleum-Geo. Sealy.Estate 
Scc. 89 18-1, W9073D SGR, 2714 KB 
Tops: Ru 1658, Sal 2015, Ca 3315, 

BC 4750 

30 15 A-56 PSL Joseph I. O'lieill, Jr.-Goff (1, 
W3196G SGR, 3054 KB 
Tops: Ru 1238, Sal 1550, Ca 3070, 

DC equivalent? 5165 




