
Waste Isolation Pilot Plant 

Compliance Certification Application 

Reference 599 

Snyder, R.P., 1985. 
Dissolution of Halite and Gypsum, and Hydration of Anhydrite to Gypsum, Rustler 
Formation, in the Vicinity of the Waste Isolation Pilot Plant, Southeastern New 
Mexico, Open-File Report 85-229, Denver, CO, U.S. Geological Survey. 

Submitted in accordance with 40 CFR 5194.13, Submission of Reference Materials. 





UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

DISSOLUTION OF HALITE AND GYPSW, AND HYDRATION OF 

ANHYDRITE TO GYPSW, RUSTLER FORMATION, I N  THE VICINITY 

OF M E  WASTE ISOLATION PILOT PLANT, SOUTHEASTERN NEU MEXICO 

R. P. SNYDER 





CONTENTS 

Page 

Abstract.............................................................l 

Introduction.............,...........................................l 

Local stratiraphy........................................,...........,l 

St ra t i g raphy  and 1  i t h o l o q y  of t h e  R u s t l e r  Formation. :............... .3 

D r i l l - h o l e  data.............................,........................4 

Conclusions................~................,.......................lO 

References cited..............,.....................................ll 

FIGURES 

Page 

1. Locat ion  o f  Waste I s o l a t i o n  P i l o t  P lan t  (WIPP) s i t e ,  

southeastern New Mexico, and l i n e  o f  s e c t i o n  shown on 

f i g u r e  2.......................................,..............2 

2. Columnar c ross  s e c t i o n  across WIPP s i t e  showing l i t h o l o g i c  

c o r r e l a t i o n s  o f  u n i t s  i n  R u s t l e r  Formation....................5 

3. Comparison o f  p a r t  o f  1  i t h o l o g i ' c  and geophysical logs  i n  

..................... t h e  Rus t le r  Formation, d r i l l  h o l e  P-18.. .7  

4. Isopach map of t h e  R u s t l e r  Formation i n  t h e  v i c i n i t y  

o f  t h e  WIPP s i t e  showing d i s s o l u t i o n  zones.. ............*em.. -9 





DISSOLUTION OF HALITE AND GYPSW, AND HYDRATION OF ANHYDRITE TO GYPSUM, 
RUSTLER FORHAT ION, NEAR WASTE ISOLAT ION P I LOT PLANT, SOUTHEASTERN 

NEW HEX ICO 

R, P, Snyder 

ABSTRACT 

Data f rom se lec ted  d r i l l  ho les  spaced a t  i n t e r v a l s  .of 1.5 t o  15. km (5,000 
t o  50,000 f t )  i n  southeastern New Mexico demonstrate a progress ive  removal o f  
ha1 i t e  by d i s s o l u t i o n ,  h y d r a t i o n  o f  a n h y d r i t e  t o  gypsum, and removal o f  gypsum 
b y  d i s s o l u t i o n  i n  t h e  Pehnian R u s t l e r  Formation. Thickness o f  t h e  R u s t l e r  
decreases as ha1 i t e  i s  removed, bu t  inc reases a f t e r  complete removal due t o  
t h e  h y d r a t i o n  o f  a n h y d r i t e  t o  gypsum. 

INlRODUCT ION 

The U.S. Department o f  Energy (DOE) has se lec ted  a s i t e  i n  southeastern 
New Mexico f o r  t h e  development o f  a Waste I s o l a t i o n  P i l o t  P lan t  (WIPP-). The 
s i t e  ( f i g .  l ) ,  40 km (25 m i )  east o f  Carlsbad, i s  t o  be used as a t e s t  area 
f o r  t h e  underground s torage o f  m i l  i t a r y  r a d i o a c t i v e  waste i n  bedded s a l t  

. (ha1 i t e ) .  Evapor i tes,  mos t l y  h a l i t e  and anhydr i te ,  c o n s t i t u t e  t h e  major  rock  
t y p e s  a t  t h e  WIPP s i t e  t o  a depth o f  about 1,280 m (4,200 f t ) .  

(e C i r c u l a t i n g  yround water has removed ha1 i t e ,  and t h u s  has caused concern 
about t h e  i n t e g r i t y  o f  t h e  s t o r e d  waste. The R u s t l e r  Formation o f  Permian age 
i s  t h e  uppermost u n i t  a t  t h e  s i t e  t h a t  conta ins  evapor i tes.  I n  a d d i t i o n  t o  
ha1 i t e  and anhydr i te ,  t h e  fo rmat ion  a1 so con ta ins  two do lom i te  beds t h a t  a re  
known aqui f e rs .  

More t h a n  70 ho les  (Mercer, 1983, p. 7) have been d r i l l e d  on o r  near t h e  
WIPP s i t e  t o  s tudy  t h e  s t r u c t u r e ,  s t r a t i g r a p h y ,  l i t h o l o g y ,  and hydro logy o f  
t h e  area. The da ta  f o r  t h i s  study a r e  from f i v e  o f  these ho les  p lus  one ho le  
d r i l l e d  f o r  t h e  U.S. Bureau o f  Land Management (BLM) southwest o f  t h e  s i t e .  
L i t h o l o g i c  d e s c r i p t i o n s  o f  t h e  u n i t s  penetrated were ob ta ined  from cores and 
c u t t i n g s  supplemented by i n t e r p r e t a t  i o n  o f  geophysical 1 ogs. 

LOCAL STRAT IGRAPHY. 

The R u s t l e r  Formation conformably o v e r l i e s  t h e  Salado Formation and i s  i n  
t u r n  o v e r l a i n  by t h e  Dewey Lake Red Beds, a l l  o f  Permian age. The Dewey Lake 
Red Beds a r e  t h e  youngest Permian rocks  i n  southeastern New Mexico and cons i s t  
o f  1 a~ i i ina ted  t o  t h i n  bedded, reddish-brown s i l t  stones in terbedded w i t h  minor 
c l  aystones and f i n e -  t o  medi um-grai ned sandstones. These d e p o s i t s  represent  
t i d a l  f l a t  o r  ve ry  sha l low water  depos i ts .  Veins o f  secondary s e l e n i t e  occur 
i n  most o f  t h e  fo rma t ion  except near t h e  top.  These ve ins  a r e  mos t l y  para1 l e l  
t o  t h e  n e a r l y  h o r i z o n t a l  bedding, bu t  t h e r e  a re  numerous ve ins  c u t t i n g  t h e  
bedding a t  va r i ous  angles. Occasional v e r t i c a l  ve ins  have been noted i n  
cores. According t o  Powers and o t h e r s  (1978), t h e  t h i c k n e s s  o f  t h e  Dewey Lake 
Red Beds "varies.. . . from about 167 m (550 f t )  a few m i l e s  southeast o f  t h e  
s i t e  t o  30 m (100 f t )  a few m i l e s  t o  t h e  southwest." Near t h e  cen te r  o f  t h e  
WlPP s i t e  t h e  t h i c k n e s s  i s  148 ni (487 f t ) .  
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The R u s t l e r  Formation i s  t h e  youngest Permian u n i t  conta in ing  e v a p o r i t i c  
rocks i n  southeastern New Mexico. A more d e t a i l e d  d e s c r i p t  jon o f  t h e  
fo rma t ion  i s  g i ven  i n  t h e  sect ion,  " S t r a t i g r a p h y  and L i tho logy  o f  t h e  R u s t l e r  
Format i o n  ." 

Under ly ing  t h e  R u s t l e r  Formation i s  t h e  Salado Formation, a 610-m- 
(2,000-ft-) t h i c k  sequence o f  h a l i t e  and l e s s e r  amounts o f  anhydr i te,  
po lyha l  it e, s i l t  stone, sandst one, and potash-beari  ng mineral  s. Much o f  t h e  
ha1 i t e  i s t ransparen t  t o  t rans lucen t ,  but  i s  commonly t i n t e d  1 ight-gray,  
reddish-orange, o r  reddish-brown depending on which o f  t h e  l e s s e r  cons t i t uen ts  
a r e  i nc luded  w i t h  t h e  h a l i t e .  

STRATIGRAPHY A M  LITHOLOGY OF THE RUSTLER FORMTION 

The Rust1 e r  Formation i s  94.5 m (310 f t )  t h i c k  'near t h e  center  o f  t h e  
W IPP s i t e  (Jones, 1981), bu t  v a r i e s  i n  th i ckness  from 140.8 m (462 f t )  on t h e  
east  s i d e  o f  t h e  s i t e  t o  l e s s  t h a n  45.7 m (150 f t )  i n  t h e  BLM-1 h o l e  t o  t h e  
southwest. Nest o f  t h e  BLM-1 hole, t h e  R u s t l e r  has been complete ly  removed. 
Bachman (1984, p. 16) c i t e s  f i e l d  evidence 8 km (5 m i )  nor theast  o f  Carl sbad 
and a l s o  77 km (48 mi) south-southwest of t h e  WIPP s i t e  t h a t  i n d i c a t e s  relnoval 
o f  t h e  upper R u s t l e r  Formation, i n c l u d i n g  t h e  Magenta Dolomite Member, 
occur red before  o r  du r ing  T r i a s s i c  time. This r e p o r t  discusses progression 
from west t o  eas t  o f  a " d i s s o l u t i o n  f r o n t "  i n  t h e  R u s t l e r  Formation, and t h e  
e f f e c t  o f  t h i s  p rogress ion on t h e  th i ckness  and l i t h o l o g i c  charac ter  o f  t h e  
formation. 

The R u s t l e r  Format i o n  consists '  o f  f i v e  members,' from o ldes t  t o  youngest 
t h e y  are; (1)  a unnamed lower  member, (2) t h e  Culebra Dolomite Member, (3) t h e  
Tamarisk Member, ( 4 )  t h e  Magenta Dolomite Member, and ( 5 )  t h e  For ty -n iner  
Member. Vine (1963) was t h e  f i r s t  t o  propose t h i s  f i v e - f o l d  d i v i s i o n .  

Complete una l te red  th icknesses o f  a l l  members o f  t h e  R u s t l e r  Formation 
a re  found o n l y  eas t  o f  t h e  WlPP s i t e  where t h i c k  o v e r l y i n g  sedimentary rocks 
p r o t e c t  t h e  upper p a r t  o f  t h e  formation from d i r e c t  pene t ra t i on  by sur face 
water.  West o f  t h e  WIPP s i t e ,  t h e  Rus t le r  i s  exposed a t  t h e  surface; 
expectab ly  a1 1 ha1 i t e  has been removed, and a1 1 anhydr i t e  near t h e  sur face has 
been hydrated t o  gypsum. The f o l l o w i n g  d e s c r i p t i o n s  o f  t h e  manbers o f  t h e  
R u s t l e r  Formation a re  de r i ved  mat n l y  from d r i l l  h o l e  P-18, which penetrated a 
complete u n a l t e r e d  s e c t i o n  o f  t h e  Rus t le r  Formation, on t h e  east s i d e  o f  t h e  
WIPP s i t e  ( f i g .  1 ) .  

The lower  unnamed member c o n s i s t s  o f  1 aminated t o  massive dark-gray 
s i l t s t o n e  about 21  m (70 f t )  t h i c k  o v e r l a i n  by 23 m (75 f t )  o f  a l t e r n a t i n g  
beds o f  h a l i t e ,  dark-gray and reddish-brown s i l t s t o n e ,  and l i g h t -  t o  medium- 
gray anhydr i te.  Secondary h a l i t e  commonly f i l l s  f r a c t u r e s  i n  t h e  lower 
s i l t  s tone bed. 

The Culebra Dolomite Member, a 6 t o  9.1 m (20  t o  30 f t )  t h i c k  f i n e l y  
c r y s t a l  1 i n e  vuggy do lomi te  o v e r l i e s  t h e  unnamed lower  member. The vugs a r e  
d i a g n o s t i c  o f  t h e  Culebra, and may have be.en formed by gas bubbles du r ing  o r  
s h o r t l y  a f t e r  d e p o s i t i o n  (Vine, 1963, 8-14). The vugs i n  some d r i l l  ho les  
c o n t a i n  ha1 i t e  o r  gypsum. The Culebra i s  one o f  two known a q u i f e r s  i n  t h e  

1 R u s t l e r  Fonnation near t h e  WlPP s i t e .  Mercer (1983, p. 60) suggests t h a t  
d i r e c t  i o n  o f  ground-water movement i n  t h e  f r a c t u r e d  Cul ebra Dolomite i s  



a f fec ted  by d i r e c t i o n a l  d i f ferences i n  hydrau l i c  conduc t i v i t y  (an isot ropy)  , 
and t h a t  t h e  regional  d i r e c t i o n  of  f low may show 1 i t t l e  o r  no r e l a t i o n s h i p  t o  
1 ocal ized d i r e c t i o n  of flow. The contours on t h e  potent iometr ic -sur face map 
(Mercer, 1983, f ig.  17) show a southward f low t r end  i n  t h e  v i c i n i t y  o f  t h e  
W I P P  s i t e .  

The Tamarisk Member, 179 feet t h i c k ,  which o v e r l i e s  t h e  Culebra Dolomite, 
i s  composed o f  two anhydr i te  l aye rs  separated by a t h i c k  sec t ion  o f  h a l i t e  and 
minor s i l t s t o n e .  ,On t h e  east s ide  o f  t h e  WIPP s i t e  and f u r t h e r  east, t h e  
Tamarisk conta ins a 1.2 t o  1.5 m (4  t o  5 f t )  t h i c k  bed of p o l y h a l i t e  
(K2Ca2Mg(S04) 2H20) near t h e  middle o f  t h e  ha1 i t e  un i t .  I do not know whether 
t h l s  p o l y h a l i t e  IS ub iqu i tous i n  t h e  unal tered evaporites, bu t  my study o f  
gamma-ray and sonic logs from many d r i l l  holes east and south o f  t h i s  area 
i nd i ca tes  t h a t  no p o l y h a l i t e  i s  present where a l l  h a l i t e  has been removed from 
t h e  Tamarisk Member. 

The Magenta Dolomite Member, about 6 t o  9.1 m (20 t o  30 f t )  t h i c k ,  
over1 i e s  t h e  Tamarisk Member. Whereas t h e  Culebra Dolomite i s a chemical ly 
p r e c i p i t a t e d  rock, t h e  Magenta i s  a f l u v i a l  u n i t  t h a t  conta ins minor crossbeds 
as we l l . as  some laminae o f  anhydr i te  and dolomite. The d i s t i n c t  purp l i sh - red  
c o l o r  (magenta) and t h e  laminae i d e n t i f y  t h i s  member whether i n  core samples, 
cu t t i ngs ,  o r  outcrop. This member, l i k e  t h e  Culebra, i s  a lso  an aqui fer ;  t o  
t h e  southeast o f  t h e  W I  P s i t e ,  i n  d r i l l  ho le  H-10, t r a n s m i s s i v i t y  i n  t h e  h Magenta i s  low (0.01 f t  /day), but t o  t h e  west ( d r i l l  ho le  W-25) where a great  
deal o f  d i s s o l u t i o n  has occurred i n  t h e  under ly ing Tamarisk, t ransm iss i v i t y  i s  
much h igher  (375 ft2/day; Mercer, 1983). Between these two  extremes, t h e  
t r a n s m i s s i v i t y  va r ies  according t o  t h e  amount o f  d i s s o l u t i o n  o f  h a l i t e  and 
hydra t ion  o f  anhydr i te  i n  t h e  under ly ing Tamarisk. I be l i eve  'that t h e  removal 
o f  h a l i t e  and hydra t ion  o f  anhydr i te  have caused v e r t i c a l  movement o f  t h e  
rocks be1 ow t h e  Magenta Do1 m i t e ,  and t h i s  movement has caused f r a c t u r i n g  o f  
t h e  dolomite. Mercer (1983, f ig .  20) shows on a potent iometr ic -sur face map 
t h a t  t h e  d i r e c t i o n  o f  water f l ow i n  t h e  Magenta Dolomite Member i s westward 
across t h e  WIPP s i t e .  

The For ty-n iner  Member, 150 f e e t  t h i c k ,  composed o f  two t h i c k ,  l i g h t -  t o  
medi um-gray anhydr i t  e beds separated by a reddi sh-brown s i l t y  ha1 i t e  u n i t  i s 
t h e  uppermost of t h e  Rus t le r  members. D i  r e c t l y  over l y ing  t h e  For ty -n iner  are 
t h e  Dewey Lake Red Beds. The For ty-n iner  Member d i f f e r s  markedly i n  c o l o r  and 
1 i t ho logy  from t h e  over ly ing  Dewey Lake Red Beds. Despite t h i s ,  t h e  u n i t s  
appear t o  be conformabl e (Bachman, 1983). Jones (1973, p. 24) , however, 
descr ibes t h e  contact as "an unconformity o f  s l i g h t  discordance." 

DR ILL-HO LE DATA 

L i t ho log i c  u n i t s  and co r re la t i ons  der ived from t h e  d r i l l - h o l e  da ta  a re  
shown on f i g u r e  2. The f i v e  holes on t h e  WIPP s i t e  were d r i l l e d  as pa r t  of a 
geologic study o f  t h e  WIPP area; t h e  BLM hole t o  t he  southwest (BLM-1) was 
d r i l l  ed on behal f o f  t h e  Bureau o f  Land Management as pa r t  o f  a study o f  t h e  
water resources o f  t h e  Carlsbad potash area (Geohydrology Associates, Inc., 
1979). 

D r i l l  c u t t i n g s  were genera l ly  t o o  homogenized t o  be usefu l  so gamma-ray, 
dens i ty ,  and neutron logs, as we1 1 a s  core from d r i l l  ho le  W-25 were used t o  
i d e n t i f y  l i t h o l o g i c  un i t s .  Although d r i l l  ho le  P-18, on t h e  east s ide  o f  t h e  





WI?P s i t e ,  penetrated a  near l y  complete sec t ion  o f  una l tered Rus t l e r  
Formation, s l  i g h t l y  t h i c k e r  una l tered sect ions o f  t h e  Rus t l e r  are present t o  
t h e  east. I be1 ieve, however, t h a t  t h e  increase i n  th i ckness  i s  a t t r i b u t a b l e  
t o  t h i c k e r  beds, r a the r  than add i t i ona l  ones. - -- 

Figure 3 matches l i t h o l o g i c  and geophysical l ogs  from ho le  P-18. The 
logs are from Jones (1978). Gamma-ray 1  ogs record na tu ra l  r a d i a t i o n  i n  rocks; 
curve d e f l e c t i o n s  t o  t h e  l e f t  i n d i c a t e  low rad ia t i on ,  d e f l e c t i o n s  t o  t h e  r i g h t  
i n d i c a t e  h i gh  rad ia t i on .  Anhydrite, gypsum, and ha1 i t e  are  rocks 
character ized by low rad ia t ion ;  c lay ,  s i l t s t o n e ,  dolomite, p o l y h a l i t e ,  and 
s i l t y  ha1 i t e  are  rocks character ized by h i gh  rad ia t ion. .  Potassi um-40 i s  t h e  
major source o f  t h e  radiat ion.. On t h e  dens i t y  log,  h igher  dens i t y  rocks cause 
a d e f l e c t i o n  t o  t h e  l e f t ,  lower dens i t y  rocks cause a d e f l e c t i o n  t o  t h e  
r i g h t .  The neutron l o g  measures hydrogen, and thus,  i n  e f fec t ,  t h e  presence 
of water; d e f l e c t i o n s  t o  t h e  l e f t  show l e s s  water, de f l ec t i ons  t o  t h e  r i g h t  
more water. The geophysical l ogs  on f i g u r e  3 show r e l a t i v e ,  not  ac tua l  
val  ues . 

The unnamed lower member o f  t h e  Rus t le r  i n  d r i l l  ho l e  P-18 shows no 
a l t e r a t i o n  o f  anhydr i te  t o  gypsum and on l y  minor amounts o f  res idue a r e  
present, t h e  r e s u l t  o f  hal..ite d i sso lu t i on .  Evidence o f  d i s s o l u t i o n  o f  ha1 i t e  
o r  hyd ra t i on  o f  anhydr i te  a lso  i s  miss ing from t h e  Tamarisk and For ty-n iner  
Members. D r i l l  ho le  P-18 i s  one of two d r i l l  holes on t h e  WIPP s i t e  i n  which 
ha1 i t e  i s  present i n  t h e  Forty-niner Member (Jones, 1978). The Magent a  and 
Cul ebra Dolomite Members main ta in  t h e i  r normal th ickness,  but  commonly' t hey  do 
not  t h i n  unless t hey  are exposed t o  sur face erosion. Hydrau l ic  . t es t s  i n  P-18 
across t h e  Cul ebra show a t r a n s m i s s i v i t y  o f  0.001 f t2/day (Mercer, 1983, 
p. 105); t h e  Magenta was not tested.  I be1 i eve  t h a t  t h e  very  low 
t ransm iss i v i t y  va lue f o r  t h e  Culebra i nd i ca tes  t h a t  t h e  u n i t  conta ins  few o r  
no open f rac tu res .  Such f r ac tu res  would r e s u l t  from t h e  s e t t l  i n g  o f  t h e  
Cul ebra onto under l y ing  d isso l  ut i o n  res idue i n  t h e  1  ower unnamed member. 

D r i l l  ho le  P-10 i s  about 1,524 m (5,000 f t )  west o f  P-18. The t h r e e  
h a l i t e  beds i n  t h e  unnamed lower member t h i n  westward ( f i g .  2). The two upper 
anhydr i te  beds o f  t h e  1  ower unnamed member show no evidence o f  hyd ra t i on  on 
t h e  geophysical l ogs  (Jones, 1978). I n  t h e  Tamarisk Member, bo th  h a l i t e  u n i t s  
t h i n  .westward, t h e  anhydr i tes  show no hyd ra t i on  e f f e c t s ,  and t h e  polyhal  i t e  
bed i s  o v e r l a i n  by a  t h i n  anhydr i te  bed. The h a l i t e  and anhydr i te  beds i n  t h e  
Forty-niner Member show ne i t he r  d i s s o l u t i o n  nor hydrat ion.  Hydraul ic  t e s t s  
were not run  i n  d r i l l  hole P-10, so I 1 ack evidence o f  poss ib le  f r a c t u r i n g  of 
t h e  do1 o ~ i i i t  e  members. 

In d r i l l  ho le  W-21, about 3,505 m (11,500 f t )  west o f  P-10, each o f  t h e  
t h r e e  ha1 it e lanhyd r i t  e  bear ing members show evidence o f  d i  ssol u t  i o n  and 
hydration. Ab,out ha1 f t h e  h a l i t e  i n  t h e  unnamed lower member has been 
removed, and t h e  anhydr i te  beds are p a r t l y  converted t o  gypsum. The ha1 i t e  i n  
t h e  Tamarisk and For ty-n iner  Members has been completely relnoved, 1  eaving on ly  
s i l t  and c l a y  residue; and much o f  t h e  anhydr i te  has been a l t e red  t o  gypsum. 
The polyhal  i t e  bed, represented i n  d r i l l  holes P-10 and P-18, i s  miss ing from 
t h e  Tamarisk Member i n  t h i s  hole. Thickening o f  anhydr i te  beds as t hey  a l t e r  
t o  gypsum i s  apparent i n  t h e  Tamarisk and For ty -n iner  Members ( f i g .  2) .  Vine 
(1963) descr ibed a  massive s i l t  stone i n  For ty-n iner  Member outcrops found west 
o f  L i v inys ton  Ridge. Jones and 'others (1960) i d e n t i f i e d  t h i s  s i l t s t o n e  as 
d i s s o l u t i o n  residue. 
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I n  d r i l l  ho le  P-12, 3,353 m (11,000 f t )  west o f  W-21, geophysical logs 
i n d i c a t e  t h a t  a1 1  t h e  ha1 i t e  i n  t h e  Rust ler  Fonnation has been removed, 
l eav ing  behind a  s i l t y  residue; and more than h a l f  t h e  anhydr i te  i n  t h e  t h r e e  
non-do1 omit e  members has hydrated t o  gyps m w i t h  an accompany1 ng vol  une 
increase expressed as a  t h i cken ing  of t h e  former anhydr i te  beds. 

From d r i l l  ho le  P-18 t o  d r i l l  ho le  P-12 ( f i g .  2) ,  t h e  Rus t l e r  Formation 
t h i n s  westward. The l o s s  o f  ha1 i t e  more than o f f s e t s  any t h i cken ing  caused by 
t h e  hyd ra t i on  o f  anhyd r i t e  t o  gypsum. Approximately 4,176 m (13,700 f t )  west 
o f  P-12 i s  d r i l l  h o l e  W-25, loca ted  i n  Nash Draw, 9.6 t o  19.2 km (6 t o  12 mi) 
west of  t h e  cen te r  o f  t h e  WlPP s i t e .  Bachman (1981, p. .5) be1 ieves t h a t  Nash 
Draw was formed i n  par t  by erosion,  but  i n  p a r t  by t h e  d i s s o l u t i o n  o f  t h e  
under ly ing evapor i tes.  The Rust ler  Formation i n  d r i l l  ho le  W-25 i s  t h i c k e r  
t han  i n  P-12. Only about 4.6 m (15 f t )  o f  anhydr i te  remains i n  t h e  Rust ler ;  
a l l  t h e  r e s t ,  as much as 35.7 m (117 f t )  o f  anhydr i te,  has been a l t e r e d  t o  
about 54.3 m (178 f t )  o f  gypsum, a  volume increase o f  about 52 percent. 

Approximately 6.2 km (10 mi )  southwest o f  W-25, i n  d r i l l  ho le  BLM-1, t h e  
Rus t l e r  i s  on l y  about 37.2 m (122 f t )  t h i c k  as a  r e s u l t  o f  bo th  e ros ion  and 
d i s s o l u t i o n  o.f ha1 i t e .  The basal s i l t  stone o f  t h e  unnamed 1 ower member, and 
t h e  Culebra Dolomite are  unchanged i n  th ickness,  but  t h e  Tamarisk Member has 
been reduced by d i s s o l u t i o n  t o  2.4 m (8  f t )  o f  residue. The Magenta Dolomite 
Member, now on ( o r )  near t h e  surface, has been p a r t l y  eroded, and t h e  For ty -  
n i n e r  Member i s  completely gone. Mercer (1983) r epo r t s  t h a t  about 11 km 
(7  mi )  northwest o f  t h e  WIPP s i t e  (beyond t h e  area shown on f i g .  I ) ,  t h e  
Culebra Dolomite i s near t h e  sur face along t h e  Pecos River. The Rus t l e r  

1 . Formation cont inues t o  t h i n  westward as a  r e s u l t  o f  erosion,  and f i n a l l y  i s  
I 

eroded away i n  t h e  v i c i n i t y  o f  t h e  Pecos River. 
I 

An isopach map o f  t h e  Rus t l e r  Formation ( f i g .  4) shows a general p a t t e r n  
I o f  d i s s o l u t i o n  o f  ha1 i t e  and hydra t ion  o f  anhydr i te.  On t h e  east and 

1 p rogress ing westward f o r  about 3.2 km (2 mi)  t h e  format ion t h i n s .  In  t h i s  

I area on l y  ha1 i t e  i.s being removed, general l y  from t h e  For ty-n iner  Member. 
I F igu re  4  d i v i des  t h e  WIPP area i n t o  f ou r  zones; from east t o  west they  are: 
I (1)  no ha1 i t e  d isso lved  from Rus t le r  Formation, (2) ha1 i t e  d isso lved  from 
I Fo r ty -n iner  Member, (3)  ha1 i t e  d isso lved from Tamari sk Member, and ( 4 )  ha1 i t e  

d isso lved from lower unnamed member. I n  t h e  f i r s t  two o f  these zones t h e  ' Rus t l e r  Formation t h i n s  progress ive ly  westward, but i n  t h e  t h i r d  and f o u r t h  
zones t h e  format ion t h i n s  and th ickens  depending on how much anhydr i te  has 

I a l t e r e d  t o  gypsum. 
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Figure 4.--1sopach map of the Rustler Formation in the vicinity of the 
WIPP site showing dissolution zones. (Hachures indicate 
closed lows.) 



CONCLUSIONS 

As one progresses westward across t he  WIPP s i t e  t he re  i s  bo th  a 
progressive d i s s o l u t i o n  o f  ha1 i t e  and. a  gradual hydra t ion  of anhydr i te  t o  
gypsum. Seemingly, ha1 i t e  from t h e  uppermost member, t h e  For ty-n iner ,  i s  
removed f i r s t ,  fo l lowed by removal of h a l i t e  from the  midd le  Tamarisk Member, 
and then f i n a l l y  from t h e  unnamed lower  member.. The i n te r ven ing  do lomi te  
members a re  no t  d i r e c t l y  a f f ec ted  by these processes, bu t  as h a l i t e  i s  removed 
from below each of  them, t h e  dolomites s e t t l e  and f r a c t u r e  and t r ansm i t  ground 
water more read i l y . .  A t  some stage i n  t h e  removal of ha1 i te,  poss ib ly  when t he  
d i s s o l u t i o n  reaches a  po in t  where t h e  anhydr i tes  s e t t l e  -and crack a l l ow ing  
ground water t o  f l ow through them, t h e  anhydr i tes  begin hyd ra t i ng  t o  gypsum. 
This process tend.s t o  th i cken  t h e  format ion even though h a l i t e  i s  be ing  
removed. The mutual i n t e r a c t i o n  between these two processes r e s u l t s  i n  an 
e r r a t i c  t h i cken ing  and t h i n n i n g  o f  t h e  Rus t le r  Formation as seen on t h e  
isopach map ( f i g .  4). 

The increase i n  t r a n s m i s s i v i t y  i n  t h e  Magenta and Culebra Dolomite - 

Members seems t o  "feed upon i t s e l f ; "  f r a c t u r i n g  increases as more ha1 i t e  i s  
removed and more anhydr i te  a l t e r s  t o  gypsum, more ground water moves through 
these aqu i f e r s  removing more ha1 i t e  and a1 t e r i  ng more anhydri te. Eventual l y  
a l l  t h e  gypsum formed i s  a l s o  removed by d isso lu t ion .  The f i n a l  stage i s  
reached when t h e  dolomites a re  exposed a t  t h e  sur face w i t h  on l y  a  few f e e t  o f  
d i s s o l u t i o n  residue between them. Because about 168 m (550 f t )  o f  younger 
rocks o v e r l i e  t h e  Rust ler  Formation a t  t h e  center  o f  t h e  WIPP s i t e  (Jones, 
1981), i t  appears t h a t  some p a r t  o f  t h e  Rus t l e r  w i l l  remain f o r  some time. 

The " d i s s o l u t i o n '  f r o n t  ," moving west t o  east  i n  t h e  Rus t l e r  Formation i s  
no t  a  s t r a i g h t  l i n e  o r  even a smooth curve as i s  shwn  on f i g u r e  4; bu t  r a the r  
in roads are made i n  each o f  t h e  evapor i te  members and even tua l l y  any small 
i s l ands  o f  non-dissolut ion a re  removed. The f a i r l y  smooth 1  ines  d i v i d i n g  t h e  
f o u r  d i s s o l u t i o n  zones on f i g u r e  4  are  i n t e r p o l  ated between d r i  11 holes. 
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