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ABSTRACT 

I n  t h e  v i c i n i t y  o f  CP H i l l ,  about 16 krn 
south-southwest o f  Whi tes C i t y ,  New Mex- 
i c o ,  a  b r e c c i a t e d  sequence i n  t h e  lower  
Cas t i  l e  Format ion has been examined i n  
d e t a i  1. Four d i s t i n c t  u n i t s  assoc ia ted  
w i t h  t h e  b r e c c i a  sequence have been 
def ined.  U n i t  A i s  c l a s t  poor, s t r u c t u r e -  
l e s s  t o  t h i n l y  bedded, and c o n t a i n s  kero-  
gen. It occurs o n l y  over nodu la r  anhy- 
d r i t e .  U n i t  B  i s  pseudo-bedded, w i t h  
a n h y d r i t e  m a t r i x  s u p p o r t i n g  t a b u l a r  anhy- 
d r i t e  c las t s .  U n i t  C c o n t a i n s  abundant 
rounded p o l y c l  a s t s  and i s  g r a i n - r i c h .  
U n i t  D i s  s i m i l a r  t o  A, b u t  c l a s t s  a re  
f i n e r  i n  U n i t  D. These beds a r e  arranged 
i n  v e r t i c a l  sequence and show l a t e r a l  
t h i n n i n g  i n  an apparent  f a n  shape. The 
tex tu res ,  grading,  and.  v e r t i c a l  and l a t -  
e r a l  re1 a t i  onsh i  ps suggest t h i s  b r e c c i a  
u n i t  was depos i ted  as a  subaqueous d e b r i s  
f low.  

INTRODUCTION 

Submarine fans  o f  gypsum o r  anhydr i  t e  
have been r e p o r t e d  ( B i l  l o ,  1986) f o r  t h e  
C a s t i l e  Format ion a l o n g  t h e  n o r t h e r n  and 
eas te rn  margins o f  t h e  Delaware Basin. 
Oral t r a d i t i o n  among g e o l o g i s t s  i n t e r e s t e d  

i n  Oel aware Bas in  evapor i  t e s  inc ludes some 
ment ion o f  e x o t i c  b locks  o r  Capitan out -  
l i e r s ,  b u t  no d e t a i l s  o r  s p e c i f i c  f a c t s  
a r e  known t o  us rega rd ing  these occur- 
rences. We have been i n v e s t i g a t i n g  t h e  
l ower  C a s t i l e  f rom t h e  western p a r t  o f  t h e  
Delaware Bas in  (Fig. 1  ) .  We r e p o r t  here 
our  study, based on cores, o f  t h e  d e t a i l s  
o f  a  d e b r i s  f l o w  u n i t .  

We s t u d i e d  cores  from 28 boreholes t o  
examine t h e  evidence f o r  d i s s o l u t i o n  and 
d e p o s i t i o n a l  v a r i a t i o n s  w i t h i n  t h e  
C a s t i l e .  The cores from t h e  area around 
CP Hi1  1  (Fig.  2 )  a r e  espec ia l  1y p e r t i n e n t  
as they  p r o v i d e  evidence o f  a  d e b r i s  f low 
u n i t  coeval w i t h  d e p o s i t i o n  o f  t h e  evapo- 
r i t e s .  We w i  11 concent r a t e  on b recc i  a  
t e x t u r e s  and t h e i r  d i s t r i b u t i o n  as e v i -  
dence o f  t h e  d e b r i s  f l o w  process. 

The C a s t i l e  Formation i s  c i t e d  f r e -  
q u e n t l y  as an example o f  deep-water evapo- 
r i t e s  d i  sp l  a y i  ng g rea t  1  a t e r a l  c o n t i  nui t y  
o f  beds. Anderson and K i r k 1  and (1966) 
prov ided s t a t i s t i c a l  evidence o f  1  ami na- 
t i o n  by l a m i n a t i o n  c o r r e l a t i o n  o f  p a r t s  o f  
t h e  l ower  a n h y d r i t e  o f  t h e  C a s t i l e  over a  
d i s t a n c e  o f  14 krn. La te r ,  Anderson e t  a1 . 
(1972) r e p o r t e d  a  h i g h  degree o f  c o r r e l a -  
t i o n  of laminae over d is tances o f  113 
km. The C a s t i l e  has a l s o  been s tud ied  
more r e c e n t l y  f o r  evidence o f  de format ion  
(Anderson and,  Powers, 1978; Borns, t h i s  



NHL SHELF 

-~m----* 

I 

Figure I: Location Map And Permian Basin Complex O f  West Texas 
And New Mexico (After King, 1948) 
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F i g u r e  2 .  B o r e h o l e s  a n d  c r o s s - s e c t i o n  W - W '  ( s e e  F i g u r e  3 )  l o c a t i o n s  n e a r  
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v o l  ume) and s a l t  d i s s o l  u t i o n  (Anderson, 
1978, 1981, 1982; Anderson e t  a1 ., 1978; 
Lambert, 1983; Bachman, 1976, 1980, 1984, 
t h i s  volume). The fo rma t ion  prov ides an 
excel  1  en t  o p p o r t u n i t y  t o  exami ne evapo- 
r i t e s  i n  d e t a i  1  because o f  e x t e n s i v e  
s u l  f u r  e x p l o r a t i o n  and p roduc t ion  (Smith, 
1978; Mussey and Tyree, 1984) and because 
t h e  f o r m a t i o n  i s  pene t ra ted  by boreholes 
f o r  o i  1 and gas exp l  o r a t i  on /p roduc t i  on. 

The C a s t i l e  has been d i v i d e d  s t r a t i -  
g r a p h i c a l l y  by Anderson e t  a l .  (1972) i n t o  
i n f o r m a l  members numbered from t h e  base. 
I n  t h e  area o f  s tudy,  we i d e n t i f y  r e a d i l y  
t h e  lower  f o u r  members: Anhydr i t e  I ( A I ) ,  
H a l i t e  I ( H I ) ,  A n h y d r i t e  I 1  ( A I I ) ,  and 
H a l i t e  I 1  ( H I I ) .  Anhydr i t e  111 i s  not  
e a s i l y  separa ted i n  t h i s  area from e i t h e r  
t h e  Salado Format ion  o r  from upper members 
o f  t h e  C a s t i l e  as h a l i t e  i s  absent. We 
r e s t r i c t  ou r  s tudy t o  A 1  through A11 t o  
focus on t h e  d e b r i s  f low. 

We i n i t i a l l y  examined cores by w e t t i n g  
sur faces;  b a s i c  d e s c r i p t i o n s  o f  t e x t u r e s  
and sequences were noted and photo-  
graphed. Laminated t o  b r e c c i  a ted  i n t e r -  
v a l s  f rom seve ra l  h'oles were se lec ted  and 
slabbed u s i n g  a  l a r g e  diameter s labb ing  
saw (Powers, 1986). Slabs were po l i shed  
moderate ly  t o  remove saw marks, and then 
were desc r ibed  and photographed i n  more 
d e t a i l .  Th in  s e c t i o n s  o f  some t e x t u r e s  
were desc r ibed  and photographed. 

Cores f rom t h e  s tudy area c o n t a i n  
i n t e r v a l s  near t h e  base o f  A11 t h a t  super- 
f i c i a l  l y  appear fea tu re less .  We have 
found s l a b b i n g  o f  t hese  apparen t l y  fea-  
t u r e l e s s  i n t e r v a l s  revea ls  i n t r i c a t e  
t e x t u r e s  o f  v a r i o u s  c l a s t s ,  m a t r i x ,  and 
cement t h a t  a re  l o o s e l y  termed 
"breccia." The c l a s t s  a r e  mos t l y  i d e n t i -  
f i a b l e  as C a s t i l e  because they d i s p l a y  
anhydr i  t e / c a r b o n a t e  1  ami n a t i  ons. M a t r i x  
he re  i n c l u d e s  a n h y d r i t i c  s i l t  and mud- 
stone. Cement from these lower  u n i t s  i s  
anhydr i t e ,  o r  l e s s  commonly gypsum, f i l -  
l i n g  f r a c t u r e s  o r  pore space. B recc ia  

t e x t u r e s  a re  extremely obvious i n  some 
zones, as those photographed by Anderson 
and K i r k l a n d  (1 980). The sur face o f  t h e  
core i s  damaged s u f f i c i e n t l y  by d r i  11 i n g  
t o  render su r face  d e s c r i p t i o n  i n s u f f i c i e n t  
f o r  p a r t s  o f  our study. 

STRATIGRAPHIC RELATIONSHIPS OF 
BRECCIA UNIT 

Wi th in  t h e  study area, H a l i t e  I t h i n s  
d r a m a t i c a l l y  from east  t o  west and i s  
absent i n  t h e  v i c i n i t y  o f  CP Hi1 1  and 
westward. The " s a l t  l i n e "  (Fig.  1)  marks 
t h i s  boundary. I n  t h e  area where s a l t  
disappears, cores con ta in  b recc i  ated 
ma te r ia l .  Based on core ana lys i s  and 
geophysical 1  og examination, Anderson e t  
a l .  (1978) concluded t h a t  b recc ia  and 
c e r t a i n  l o g  s ignatures  a re  evidence of 
d i s s o l u t i o n  o f  h a l i t e .  The brecc ia  des- 
c r i b e d  here i s  a  u n i t  t h a t  t o  t h e  east  
f i t s  between t h e  t o p  o f  H a l i t e  I and base 
o f  Anhydr i t e  I 1  and t o  t h e  west i s  nomi- 
n a l l y  between Anhydr i tes I and I 1  where 
H a l i t e  I i s  absent. I n  general r e l a t i o n -  
ships, i t i s  s i m i l a r  t o  t h e  lower s o l u t i o n  
zone repo r ted  by Anderson e t  al.  (1978). 

Brecc ia  t e x t u r e s  a t  t h i s  s t r a t i g r a p h i c  
i n t e r v a l  were encountered i n  16 core  hole: 
and e x h i b i t  c l e a r  v e r t i c a l  morphological  
v a r i a t i o n s  t h a t  l a t e r a l l y  p e r s i s t .  I r  
general,  t h e  b recc ia ted  se r ies  I s  d i v i s -  
i b l e  i n t o  s i x  major  par ts :  two contac ts  
and U n i t s  A  th rough 0. 

The rock under l y ing  t h e  lower contac 
o f  t h e  b r e c c i a  u n i t s  ranges from bedde 
nodu la r  a n h y d r i t e  t o  h a l i t e .  The lowe 
con tac t  w i t h  t h e  bedded nodular  anhydr i t  
i s  always sharp. It appears t h a t  t h  
con tac t  w i t h  h a l i t e  i s  a l s o  sharp, but  t h  
ha1 i t e  has been p a r t i a l  l y  d i  ssol ved b 
d r i l l i n g  f l u i d  i n  many cores. 

The cores c lose  t o  CP Hi1 1  demonstrat 
l o c a l  s t r a t i g r a p h i c  d i f f e rences  i n  tt 
upper p a r t  o f  A1 (Fig.  3 ) .  Hole 33. 
con ta ins  about 60 m (200 f t )  o f  A1 w i .  
e leven conspicuous nodular  zones. T' 
c o n t a c t  w i t h  H I  i s  preserved. About 30 





(100 f t )  of H I  e x i s t s ,  fo l lowed by t h e  
b r e c c i a  zone s t u d i e d  here. Ho le  32-3, 
about  2  km (1.3 m i  ) west o f  33-2, d i s p l a y s  
a  s e c t i o n  o f  a n h y d r i t e  ( A I )  below t h e  
b r e c c i a  bed about 85 m  (280 f t )  t h i c k .  It 
appears t o  i n c l u d e  t h e  e leven nodu lar  
zones o f  33-2 and two a d d i t i o n a l  nodu lar  
zones a t  t h e  top.  F u r t h e r  west, c o r e  31-1 
d i s p l a y s  a  s e c t i o n  o f  about 60  m  (200 f t )  
o f  A1 be1 ow t h e  b r e c c i a  w i t h  nodu la r  zones 
t h a t  appear t o  be c o r r e l a t a b l e  w i t h  32- 
3. 'The cores show c l e a r  s t r a t i g r a p h i c  
v a r i a t i o n s  due t o  d e p o s i t i o n a l  d i f f e r -  
ences, though t h e r e  may have been some 
a d d i t i o n a l  mod i f  i c a t i o n  by t h e  process 
which formed t h e  b r e c c i a  bed. Th i s  con- 
t r a s t s  w i t h  t h e  p r e v a i l  i n g  view o f  g rea t  
c o n t i n u i t y  o f  i n d i v i d u a l  1  ami n a t i o n s  over  
d i s tances  exceeding 100 km (Anderson e t  
a1 ., 1972). 

The upper c o n t a c t  i s  v a r i a b l e  over  t h e  
s tudy  area. I n  some cores,  t h e r e  appears 
t o  be a  g r a d a t i o n a l  sequence f rom b r e c c i a  
i n t o  normal l y  1  aminated C a s t i l e  a n h y d r i t e  
ove r  very  t h i n  i n t e r v a l s .  Most cores 
d i s p l a y  a  t h i n  cemented c r a c k l e  b r e c c i a  
t h a t  upwards g i ves  way t o  l e s s  f r a c t u r e d  
t o  u n f r a c t u r e d  1,ami nated . anhyd r i t e .  The 
maximum t h i c k n e s s  o f  c r a c k l e  b r e c c i a  i s  
about 3  m (10 f t ) .  

BRECCIA TEXTURES 

Unit A 

W i t h i n  t h e  b r e c c i a  sequence i n  t hese  
boreholes,  t h e  u n i t  a t  t h e  base i s  gener- 
a l l y  modera te ly  dark  brown, very  f i n e  
gra ined,  c l  as t -poor  anhyd r i t e .  Thickness 
o f  U n i t  A  v a r i e s  up t o  about  30 cm (12 
in . ) .  The u n i t  may be s t r u c t u r e l e s s  o r  
very t h i n l y  bedded. C l  as ts ,  when present ,  
a r e  t a b u l a r  shaped (about  6  mm o r  l e s s )  
and f l o a t  w i t h i n  t h e  m a t r i x .  The u n i t  i s  
always p resen t  over  nodu la r  anhyd r i t e ,  b u t  
i s  absent over  h a l i t e .  

Ye1 1  ow, t h e r m a l l y  immature kerogen has 
been i s o l a t e d  from t h i s  u n i t  f rom severa l  
holes.  No m a t e r i a l  i s  recogn izab le  f o r  

b i o s t r a t i g r a p h i c  ana lys is .  

Unit B 

U n i t  B i s  a  moderately dark brown, 
psuedo-bedded f i n e  gra ined anhydr i  t e  
m a t r i x  suppor t i ng  abundant t a b u l a r ,  1  i g h t  
gray anhydr i  t e  c l  as t s  having an apparent 
bimodal g r a i n  s i z e  d i s t r i b u t i o n .  We use 
pseudo-bed because we a r e  s t i  11 u n c e r t a i n  
whether t h e  p lana r  f ea tu res  are  mu1 t i p l  e  
i n t e r n a l  sedimentary beddi ng surfaces 
i n d i c a t i n g  a  number of separate events o r ,  
l e s s  l i k e l y ,  i n t e r n a l  shear planes which 
opera te  t o  t r a n s p o r t  sediment f l  ows down 
s lope  (Hampton, 1972). 'The pseudo-beds 
a r e  u s u a l l y  between .5 cm (.2 in . )  and 
6.25 cm (2.5 in.) t h i c k  and may be i n  
s tacks  o f  as many as 50. Bed sur faces  a r e  
always para1 l e l ,  and t y p i c a l l y  h o r i z o n t a l ,  
a l though d i p s  t o  20' have been observed. 

The mat r ix -suppor ted  c l  as t s  a re  t a b u l a r  
(2.5 t o  12.5 mm l o n g )  w i t h  rounded c o r -  
ners. Some c l  as t s  con ta in  a  carbonatelan-  
h y d r i  t e  coup1 e t .  They a re  o r i en ted  main 1y 
s u b p a r a l l e l  t o  t h e  under- and o v e r l y i n g  
bed sur faces .  C l a s t s  may be sor ted  in tc t  
common s i z e  f r a c t i o n s  w i t h i n  i n d i v i d u a l  
pseudo-beds. The c l a s t s  may a l s o  f l o a t  
w i t h o u t  apparent o r i e n t a t i o n  w i t h i n  t h e  
t h i c k e r  beds and unbedded u n i t s  where 
s o r t i n g  i s  absent. U n i t  B  i s  a  bedded, 
cemented r u b b l e  f l o a t  b recc ia  (Morrow, 
1  982) . 

Unit C 

U n i t  C, o f t e n  interbedded w i t h  B, i s  a  
cemented r u b b l e  f l o a t  and pack congl omer- 
a t i c  b r e c c i a  (Morrow, 1982). U n i t  C i s  
gray, unbedded, and c l a s t -  t o  m a t r i x -  
r i c h .  It con ta ins  abundant rounded amal- 
gamated p o l y c l a s t s ,  unor ien ted t a b u l a r  
c l a s t s ,  and r a r e  rounded f l o a t i n g  l a m i -  
na ted c l a s t s .  Rounded p o l y c l a s t s  a re  
composed o f  matr ix-supported t a b u l a r  
c l a s t s  w i t h  bo th  a l i gned  and random o r i -  
e n t a t i o n .  T h i s  g r a i n - r i c h  u n i t  may be 
e i t h e r  m a t r i x  supported o r  have c l a s t s  i r  



g r a i n - t o - g r a i n  con tac t .  U n i t  C may 
e x h i b i t  poor and i r r e g u l a r  i n v e r s e  grad ing 
w i t h  l a r g e  l am ina ted  c l a s t s  u s u a l l y  
r e s t r i c t e d  t o  t h e  upper p a r t .  Some 
unf rac tured,  normal l y  lami nated a n h y d r i t e  
u n i t s  ( t o  45 cm) occur  w i t h i n  U n i t  C as 
w e l l  as B. 

U n i t  C i s  c h a r a c t e r i s t i c a l l y  t h e  t h i c k -  
e s t  u n i t  w i t h i n  t h e  b recc ia ,  and i s  about  
6  m (20 f t )  t h i c k  i n  h o l e  5-6 a t  CP H i l l .  

U n i t  D 

U n i t  D i s  s i m i l a r  i n  cha rac te r  t o  U n i t  
A. It c o n s i s t s  o f  moderately dark brown, 
very f i n e  gra ined,  t h i n l y  bedded a n h y d r i t e  
rang ing i n  t h i c k n e s s  f rom about 7.5 cm ( 3  
in. )  t o  about  60 cm ( 2  f t ) .  The u n i t s  
usual l y  have few c l a s t s ,  though some t h i n  
zones o f  f i n e  tabu1 a r  s i  1  t - s i z e d  c l  a s t s  
have been observed. A few rounded g rave l -  
s ized laminated c l a s t s  appear a t  t h e  
top.  I n  a d d i t i o n ,  abundant i s o l a t e d  
euhedral carbonate  rhombs (up t o  3.5 mm) 
f l o a t  w i t h i n  t h e  dark  brown anhydr i te .  

W i th i  n  U n i t  0, t h i n ,  1  aminated carbon- 
a t e l a n h y d r i t e  coup1 e t s  may occur. The 
upper c o n t a c t  appears i n  some cores t o  be 
g rada t iona l  i n t o  normal l y  1  ami nated 
Cast i  1  e  anhydr i  t e  which may be u n f r a c t u r e d  
o r  s l i g h t l y  f r a c t u r e d .  

TEXTURE RELATIONSHIPS 

The b r e c c i a s  t h a t  occur  i n  t h e  i n t e r v a l  
over H I  and A 1  e x h i b i t  s i m i l a r i t i e s  l a t e r -  
a l  l y  and v e r t i c a l  l y  suggest ing common 
processes o f  o r i g i n .  I n  a d d i t i o n ,  t h e  
b r e c c i a  u n i t  as a  whole appears s t r a t i -  
g r a p h i c a l l y  con f ined  so t h a t  a  common 
o r i g i n  bo th  i n  process and t i m e  i s  i n d i -  
cated. We w i l l  d i scuss  t h e  v e r t i c a l  and 
l a t e r a l  r e l a t i o n s h i p s  i n  more d e t a i l  
b e f o r e  d e s c r i b i n g  t h e  processes o f  forma- 
t i o n .  

V e r t i c a l  Sequence 

The t e x t u r a l  u n i t s  have been designated 
a1 phabet ica l  l y  because of t h e  general 
v e r t i c a l  sequence of these u n i t s  and t h e i r  
associated tex tu res .  U n i t  A occurs a t  t h e  
base i n  t h e  area of t h e  contac t  w i t h  
anhydr i te.  It i s  o v e r l a i n  by U n i t s  B and 
C o f t e n  i n  t h a t  o rde r  o r  a l t e r n a t i n g  as 
u n i t s  th rough t h e  midd le  of t h e  brecc ia  
sequence. U n i t  D tops t h e  sequence before  
moving i n t o  a  complete ly d i f f e r e n t  sty1 e  
o f  b r e c c i a t i o n ,  t h e  c r a c k l e  b recc i  as. 

L a t e r a l  Re1 a t i o n s h i  ps 

The th i ckness  o f  t h e  b recc ia  u n i t  
va r ies  s y s t e m a t i c a l l y  away from a  maximum 
o f  about 12 m (40 f t )  a t  CP Hi 11 t o  zero 
th ickness (Fig.  4 ) .  I n  add i t ion ,  c l a s t  
s i z e  decreases away from t h e  t h i c k e s t  p a r t  
corresponding t o  t h e  decrease i n  th ickness 
o f  U n i t  C and number o f  pseudo-beds w i t h i n  
t h e  u n i t .  U n i t  B  dominates away from t h e  
t h i  ckest  po r t i on .  Both t h i  ckness and 
p a t t e r n  o f  c l a s t  s i zes  suggest a  fan- 
shaped d e p o s i t  w i t h  i t s  source i n  t h e  
v i c i n i t y  o f  CP Hi  1  1. 

ORIGIN AS DEBRIS FLOWS 

The b r e c c i a  u n i t  i s  i n t e r p r e t e d  as 
having been formed as a  subaqueous debr i s  
f l o w  o r  s e r i e s  o f  deb r i s  flows. The 
p r i n c i p a l  l i n e s  o f  evidence f o r  t h i s  
conc lus ion a r e  t h e  rounding o f  c l a s t s ,  
m a t r i x  support  o f  c l a s t s ,  i n t e r n a l  bedding 
and c l  a s t  o r i e n t a t i o n ,  1  a t e r a l  t h i  ckness 
and c l a s t  s i z e  t rends,  and o v e r a l l  shape 
o f  t h e  depos i t  based on isopachs. 

Several a d d i t i o n a l  f ea tu res  a re  impor- 
t a n t  t o  i 1  1  u s t r a t e  t h e  c o n d i t i o n s  preced- 
i n g  sedimentat ion o f  t h i s  u n i t .  

Both B e l l  Canyon Formation and Anhy- 
d r i t e  I show apparent  s t r u c t u r a l  d e v i a t i o n  
i n  t h e  v i c i n i t y  o f  CP H i l l .  For the  B e l l  
Canyon, t h e  d e v i a t i o n  i n  t r e n d  t o  t h e  



F i g u r e  4. I s o p a c h  m a p  o f  " b r e c c i a "  u n i t  a b o v e  A n h y d r i t e  I  n e a r  C P  Hill. 



southwest from a  general north-south 
s t r i k e  i s  cons is ten t  w i t h  t h e  devel opment 
of t h e  Huapache Monocline. H a l i t e  I t h i n s  
east. t o  west onto t h i s  s t r u c t u r a l  t r end  as 
r e f l ec ted  by both th ickness and apparent 
s t r u c t u r e  on Anhydr i te  I. Changes i n  
th ickness.  o f  Anhydr i te  I and t he  lack o f  
upper nodular l aye rs  t o  t h e  east  suggest 
t h e  depos i t i ona l  changes were cons is tent  
i n  space w i t h  t he  monocline, and t h a t  t h e  
monocline was s t i l l  a c t i v e  dur ing  o r  about 
the  t ime o f  AI-HI depos i t ion.  Deposi- 
t i o n a l  processes, and d i f fe rences  i n  b r i ne  
composit ion and/or depth across t h i s  
s t r uc tu re ,  account f o r  t h e  greater  anhy- 
d r i t e  th ickness be1 ow t he  brecc ia  i n  hol e  
32-3 compared t o  t h a t  under HI i n  33-2 t o  
the east. 

DISCUSSION 

Disso lu t ion ,  as a  more general a l t e rna -  
t i v e  mechanism f o r  t h e  format ion o f  evapo- 
r i t e  brecc ias i n  the  western pa r t  o f  t h e  
Delaware Basin, has been proposed by 
Anderson (1978) and explored i n  several 
subsequent pub1 i cat ions  (Anderson e t  a1 . , 
1978; K i  r k l  and and Anderson, 1980; Ander- 
son, 1981, 1982). We a re  p rov id ing  a  
depos i t iona l  model t o  account for  t h e  
features i n  t h e  v i c i n i t y  o f  CP H i l l .  We 
are no t  proposing t h i s  model t o  exp la i n  
a l l  o f  t he  features along t h e  western 
margin o f  t h e  Delaware Basin which have 
been a t t r i b u t e d  t o  d i sso lu t i on .  Neverthe- 
less,  t he  data ava i lab le ,  p r i o r  t o  t h i s  
study, f o r  t h e  western margin i s  p r i n c i -  
pa l  l y  logs and a  few cores, and t h i s  i s  
i n s u f f i c i e n t  t o  exclude a  depos i t iona l  
o r i g i n  f o r  many brecc ias a1 ong the  western 
margi no  

The C a s t i l e  i s  considered one o f  t h e  
prime examples o f  deep water evapor i te  
deposits. Among t h e  c r i t e r i a  taken t o  
i n d i c a t e  deep Nater a re  (Kendall  , 1986): 

1. f i n e  laminat ions o f  carbonate and 
s u l f a t e  extending over distances o f  
many ki lometers;  

2. 1  ami nated ha1 i te,  w i t h  f i n e l y  
1  aminated anhydr i te  and carbonate; 
and 

3 .  grav i  t y -d i  spl aced evapori tes. 

The debr i s  f l ow deposi t ( s )  described here 
f i t s  i n t o  a  s e t t i n g  i n  which t h e  f i r s t  two 
c r i t e r i a  appear t o  have been s a t i s f i e d ,  
and t h e  presence of t he  debr is f low 
deposi t  the re fo re  might be taken as ev i -  
dence t h a t  the  t h i r d  c r i t e r i o n  i s  a lso 
s a t i s i f i e d .  I n  t h i s  respect, the  o f ten  
repeated asser t ion  t h a t  t h e  Cas t i l  e  formed 
as a  deep-water evapor i te would seem t o  be 
strengthened. 

Dean, Davies, and Anderson (1975) 
discuss nodular anhydri t e  w i t h i n  t he  
Cas t i l e ,  and conclude t h a t  i t  i s  not 
d iagnos t i c  as a  sha l l  ow-water i nd i ca to r ,  
p a r t l y  because the  C a s t i l e  i s  considered a  
deep-water evaporite. Within t he  CP Hi1 1  
area, t h e  lower anhydr i te  i s  t h i c k e r  where 
add i t i ona l  nodular anhydri t e  beds are 
present; depos i t iona l  changes are consi s- 
t e n t  w i t h  t he  change i n  slope. These 
changes are a lso  consistent w i t h  t he  
disappearance o f  ha1 i t e ,  and s t rong ly  
suggest t h a t  h a l i t e  was not, a t  l eas t  
l o c a l l y ,  deposited over t h i s  slope and t o  
t h e  west. There i s  a  suggestion then t h a t  
l oca l  b r i n e  depth o r  depth o f  h a l i t e -  
saturated b r i ne  was less  than the  l oca l  
change i n  re1 i e f  on t h e  Anhydr i te I sub- 
s t ra te .  Among t h e  pieces o f  evidence t h a t  
need t o  be considered i n  t h i s  discussion 
i s  t h e  l i m i t e d  amount o f  bromine i n  t h e  
C a s t i l e  (Holser, 1966; Adams, 1969), 
i n d i c a t i n g  t h e  b r i n e  may not have a1 1  
resu l ted  from marine water evaporation. 
We w i  11 cont inue t o  examine evidence and 
r e l a t i v e  me r i t s  of t he  evidence f o r  the  
concept o f  deep-water versus sha l l  ow-water 
depos i t i on  o f  t h e  Cas t i l e  along t he  west- 
e rn  margin o f  t h e  Delaware Basin. 

The c rack le  breccias which occur above 
t h e  main bedded o r  pseudo-bedded brecc ia  
u n i t s  are cons is ten t  w i t h  downwarping o f  a  
r i g i d  beam (A I I ) .  The downwarping i s  
considered due t o  overburden and loss  o f  
p a r t i a l  support from below. Two poss ib le  
mechanisms for  loss  of support a re  disso- 



l u t i o n  and compaction o f  t h e  under l y ing  
d e b r i s  f low depos i t .  A-combinat ion  o f  t h e  
two a r e  p o s s i b l e  as w e l l .  We do no t  y e t  
have s p e c i f i c  d a t a  f a v o r i n g  o r  opposing 
e i t h e r  hypothesis.  

CBNCLUS IONS 

A u n i t  o f  i n t r a f o r m a t i o n a l  c l a s t s  
w i t h i n  t h e  lower C a s t i l e  near t h e  western 
margin o f  t h e  Delaware Basin e x h i b i t s  
c l a s t  rounding,  bedding, c l a s t  o r i e n t a t i o n  
and grading,  and a fan-shaped d i s t r i b u t i o n  
t h a t  i s  g e n e r a l l y  c o n s i s t e n t  w i t h  a model 
as a subaqueous d e b r i s  f l o w  o r  s e r i e s  o f  
f lows.  I n t e r n a l  u n i t s  d i s p l a y  common 
t e x t u r a l  f ea tu res  t h a t  can be mapped 
w i t h i n  t h e  fan. Th is  d e p o s i t i o n a l  model 
f o r  t h i s  d e p o s i t  c o n t r a s t s  w i t h  a more 
general  model o f  d i s s o l u t i o n  o f  evapor i t es  
considered t o  be t h e  o r i g i n  o f  b r e c c i a  
t e x t u r e s  i n  the  same s t r a t i g r a p h i c  i n t e r -  
v a l  a long t h e  broader western b a s i n  mar- 
g i n .  

The cores  from boreho les  were donated 
t o  the  Department o f  Geo log ica l  Sciences, 
U n i v e r s i t y  o f  Texas a t  E l  Paso, by Leonard 
M ine ra l  I n d u s t r i e s  o f  Albuquerque, New 
Mexico, th rough t h e  e f f o r t s  o f  M r .  Ben 
Donegan. Sandia N a t i o n a l  Labora to r ies  
supported t h i s  work i n  p a r t  th rough con- 
t r a c t  47-2160 t o  t h e  U n i v e r s i t y  of Texas 
a t  E l  Paso. 
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