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ABSTRACT 

The  mineral  potential  of  a  proposed  WIPP  site,  located 

40 km east  of  Carlsbad,  Eddy  County,  New  Mexico,  has  been 

evaluated on the  basis  of  information  obtained  from  onsite 

field  studies,  the  examination of records  provided  by  Sandia 

Laboratories,  and  pertinent  literature.  The  site is located 

near  the northern:edge of  the  Delaware  Basin;  the  upper  part 

of the  stratigraphic  section  is  comprised  of  marine  and 

continental  redbeds  underlain  by  marine  Ochoan  evaporites. 

Available  data  indicate  that  the  only  WIPP  site-related 

commodities  that  may  have  any  economic  potential  are 

(1) caliche, ( 2 )  salt, ( 3 )  gypsum, (4) lithium-bearing 

brines, (5) sulfur,  and ( 6 )  uranium.  A  more  detailed  study 

however,  indicates  that  for  one  or  more  of  several  reasons 

including (1) commodity  abundance, (2) commodity  accessibility, 

( 3 )  low  demand  for  the  commodity,  and (4) adequate  supplies 

of  the  commodity  elsewhere,  these  six  commodities  are  uneconomic 
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EVALUATION OF THE MINERAL POTENTIAL 

(EXCLUDING HYDROCARBONS,  POTASH, AND WATER) 

O F  THE WASTE ISOLATION PILOT PLANT S I T E ,  

EDDY COUNTY, NEW MEXICO 

INTRODUCTION 

New Mexico Bureau of Mines and  Mineral   Resources i s  

p r o v i d i n g   t e c h n i c a l   a s s i s t a n c e   t o   S a n d i a   L a b o r a t o r i e s  i n  

t h e   e v a l u a t i o n  of t h e  mineral  p o t e n t i a l   o f  a proposed WIPP 

(Waste I so la t ion  P i l o t   P l a n t )  s i te   east  of   Carlsbad,  Eddy 

County, New Mexico.  The results of t h i s   i n v e s t i g a t i o n ,  which 

center a round  in format ion   ob ta ined   f rom  f ie ld   s tud ies  of t h e  

area  and  f rom  the  examinat ion  of   records  provided  by  Sandia  

Labora to r i e s ,  are conta ined  i n  t h i s   r e p o r t .  

The proposed WIPP s i te  i s  about  4 0  km (25 m i )  east of 

Carlsbad,  New Mexico ( f i g .  1) and inc ludes   four   zones   wi th  a 

t o t a l  area of about  93.7 km2 (36 m i  ) , c e n t e r e d  a t  t h e  common 

co rne r   o f   s ec t ions  20 ,  21 ,  28 ,  and 2 9 ,  T .  22  S . ,  R .  31 E .  

Approximately 9 0  p e r c e n t   o f   t h e   a r e a  consists o f   f e d e r a l  owned 

surface and mineral r igh t s ;   t he   r ema inde r  i s  owned by t h e  State  

of New Mexico. 

2 

The WIPP s i te  is  on the   eas te rn   margin   o f   the   Pecos  River 

Valley,   and i s  par t   o f   the   wes tward-s loping  Los MedaFios p l a i n .  

Most of t h e   p l a i n  i s  cha rac t e r i zed   by  hummocky sand-dune 

t o p o g r a p h y   w i t h   s t a b l e   t o   s e m i s t a b l e   s a n d   d u n e s   t h a t   s u p p o r t  

a sparse   f lo ra   o f   sc ruboak ,   mesqui te ,   and  grass. 
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STRATIGRAPHIC SETTING 

The proposed s i te  i s  l o c a t e d   n e a r   t h e   n o r t h e r n   b o r d e r  of 

t h e  Delaware Basin,  a d e e p   s t r u c t u r a l   f e a t u r e   i n  which t h e  

Precambrian  surface l ies 4 , 6 0 0  t o  5,500 m (15,000-18,000 f t )  

below t h e   s u r f a c e .   P a l e o z o i c  t o  H o l o c e n e   u n i t s   f i l l   t h e   b a s i n ,  

w i t h  Ochoan  (Upper  Permian) t o  Holocene  uni ts   occupying  the 

upper 1,200 m ( 4 , 0 0 0  f t ) ;   t h e   s e d i m e n t a r y   s e c t i o n  i s  shown i n  

table  1. With the   excep t ion   o f  a l i n e a r   d i k e   o r  d i k e  zone t o  

t h e  west of   the  proposed WIPP s i t e ,  rocks   w i th in   t he  area are 

exc lus ive ly   s ed imen ta ry .  From t h e   b a s e   o f   t h e  Casti le Formation, 

marine Ochoan e v a p o r i t e s  are ove r l a in   by   mar ine   and   con t inen ta l  

Ochoan t o   Q u a t e r n a r y   r e d b e d s .  

Jones   and   o thers   (1973)   have   descr ibed   the   sed imentary  

s e c t i o n   i n   d e t a i l  and much o f   t h e i r   d e s c r i p t i o n  Kas been 

i n c o r p o r a t e d   i n t o   t h i s   r e p o r t .   P e r m i a n   r o c k s ,   i n   a s c e n d i n g   o r d e r  

f rom  the  base  of   the  Ochoan Series, inc lude   t he   Cas t i l e   Fo rma t ion ,  

Salado  Formation,  Rustler  Formation,  and Dewey Lake  Redbeds. 

Casti le Formation i s  comprised  of  about 558 m (1,830 f t )  

o f   anhydr i t e ,  rock s a l t ,  and  subordinate   l imestone.   Three 

members are recognized:  (1) a lower member of rhythmic ly  

a l te rna t ing   laminae   o f   g ray   anhydr i te   and   brownish-gray  

l imes tone  ( 2 )  a middle member of   rocksa l t   and   subord ina te  

in t e r l amina ted   anhydr i t e   and   l imes tone ,  6 1  m t o  2 2 1  m (200-  

400 f t )  above  the  base of the   format ion ,   and  ( 3 )  and  upper 

member of   anhydr i te   l amina ted   by  ca lc i t ic  l imes tone ,   wi th  

subord ina te   mass ive   anhydr i t e ,   r ock  s a l t ,  and  l imestone. 

The t o p   o f   t h e  Cast i le  u n d e r l i e s   t h e  WIPP s i t e  a t  a depth   o f  
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Rock Uni t  I Thickness 
(feet) 

Mescalero 
Sand 0-15 ' 

Caliche 1 0-5 

.""""""" """""". 

."""""""+" """"" 

Gn tuna 
Formation 0-375 

."""""""""""""" 
Ogal l a l a  
Formation ' 20-60 

."""""""""""""" 
Chinle 
Formation 300-800 

Santa Rosa 
Sandstone 212-245 

Dewey Lake 
Redbeds I 505-560 

Rustler 

Salado 
Formation ' 1  ' 1,200-2?10 ' 

C a s t i l e  
Formation 30-lj330 

Descript ion 

Sandstone  and  si l tstone,   poorly  indurated,   dominantly  reddish-orange 
--------..-----------------------UNCONFORMITY--------.-----.-------------- 

Sandstone,  f ine-  to  medium-grained,  tan,   pink,  and  gray.  locally con- 
g lomera t ic ,   and   typ ica l ly   has   res i s tan t   cap   o f   wel l - indura ted   ca l iche  

"""""""""""""""" UNCONFORMIT'y----------------------------- 

Mudstone skaly,   reddish-brown and greenish-gray,   in terbedded  lcnses   of  
conglomerate,  and  gray  and  reddish-brown  sandstone 

Sandstone, medium- to coarse-grained, commonly c r o s s - s t r a t i f i e d ,   g r a y  
and  yellowish-brown,  contains  conglomerate and reddish-brown mudst,one 

b 

.-----------..--.-.---------------UNCONFOR"--------.-------------------- 

S i l t s t o n e  and sands tone ,   very   f ine   to   f ine-gra ined ,   reddish-orange   to '  
reddish-brown,  contains  interbedded  reddish-brown  claystone,  small- 
s ca l e   l amina t ion  and c r o s s - s t r a t i f i c a t i o n  common ' . ,  " 

--.,------------.----------.-----UNCONFORMITY--..----;-..-----.--------.---- 

Anhydriteiand rock salt w i t h  subordinate dolomite, sandstone, claystone 
1 'a'nd po.lyhiili.te.'. * .  .. I . ,  . I . ,  ,.. . , . . , , , . , , .  , . . , . . , . . ;. .. , , I . .  . . 1 .  . . . . 

Rock sa l t   w i th   subord ina te   anhydr i t e   po lyha l i t e ,   po ta s s ium  o re s l  . "andstone.,' 'aiid' magnes'i.tg. . . , , ... , . . . I . ,  , ,,. . . , . , . . . , . , . . . . . , . . , , . . . , , . . , , 

Table 1. Summary of rock u n i t s  o f  l a t e s t  Permian  (Ochoan)  and  younger i n  age,  Los 
Medanos a rea ,  Eddy and Lea  Counties, New Mexico (af ter   Jones  ana  oOhers , ,1973) .  



5 

about  865 m (2,836 f t )   i n   t h e  ERDA 9 (sec. 20, T .  22  S., 

R; 3Ii E .I) ~ dr~i$-r::hble. ~ ~~ 

The Salado  Formation rests conformably  on  the Castile 

Formation  and i s  t y p i c a l l y   a b o u t  600 m (1,970 f t )  t h i c k   i n  

t h e  WIPP si te  a r e a .   I n   t h e  ERDA 9 drill h o l e   t h e   t o p   o f   t h e  

formation l ies about  2 6 2  m ( 8 6 0  f t )  b e n e a t h   t h e   s u r f a c e .  

The Salado is  85 t o  90 pe rcen t   rock  s a l t  w i t h   a n h y d r i t e  as 

t h e   n e x t  most abundant   rock   type ;   po lyha l i te ,   o ther  

po ta s s ium- r i ch   rocks ,   s ands tone ,   and   c l ays tone   cons t i t u t e  

the   remainder  of the   format ion .  The rock s a l t  c o n t a i n s  

h a l i t e  a n d   c l a y e y   h a l i t e   i n   d i s c r e t e   l a y e r s   r a n g i n g   f r o m  2.5 cm 

(1 i n )   t o   s e v e r a l  meters i n   t h i c k n e s s .  A t h r e e f o l d   d i v i s i o n  

of   the   Sa lado   Format ion   inc ludes :  (1) a lower member 

c h a r a c t e r i z e d   b y   a l t e r n a t i n g   t h i c k   b e d s   o f   r o c k  s a l t  and   t h inne r  

beds   o f   anhydr i t e   and   po lyha l i t e ,  ( 2 )  t he   midd le  McNutt 

potash  zone composed of potash-bearing  rocks  and  hydrous 

evapor i t e   mine ra l s ,   and  ( 3 )  an  upper member con ta in ing   rock  

s a l t ,  minor   anhydri te   and  polyhal i te ,   and two p e r s i s t e n t   h a l i t i c  

sandskwe  beds  (Jones, '   1973) .  

The Rust ler   Formation  conformably  overl ies   the  Salado 

Formation  and i s  95 m (310 f t )  t h i c k   i n   t h e  ERDA 9 d r i l l   h o l e .  

The top of t h e   f o r m a t i o n  l i e s  about  168 m (550 f t )   b e n e a t h   t h e  

s u r f a c e .  The fo rma t ion   cons i s t s   o f   anhydr i t e ,   and   rock  sal t  

wi th   subord ina te  gypsum, dolomi te ,   sands tone ,   c lays tone ,   and  

p o l y h a l i t e .  Much o f   t he  gypsum t h a t  i s  so t y p i c a l   i n   o u t c r o p  

g i v e s  way t o   a n h y d r i t e   i n   t h e   s u b s u r f a c e .  
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Dewey Lake  Redbeds o v e r l i e   t h e   R u s t l e r   F o r m a t i o n   i n  

apparent   unconformity  and  represent   an  abrupt   change  f rom 

e v a p o r i t e   d e p o s i t i o n   t o   d e p o s i t i o n   o f   t e r r i g e n o u s  material. 

The Dewey Lake i s  about  1 6 0  m (525 f t )  t h i c k   i n   t h e   a r e a   a n d  

cons is t s   o f   in te rbedded   reddish-orange  t o  reddish-brown 

s i l t s t o n e ,   s a n d s t o n e   a n d   c l a y s t o n e .  The contac t   be tween  the  

Dewey Lake  and t h e   o v e r l y i n g   S a n t a  Rosa Sandstone i s  a low- 

angle   angular   unconformi ty .  

Triassic r o c k s   i n   t h e  Los Meda’iibs area i n c l u d e   t h e   S a n t a  

Rosa Sandstone  and  the  Chinle  Formation of Late Triassic age.  

The Santa  Rosa Sandstone i s  about  70 m ( 2 3 0  f t )  t h i c k   i n   t h e  

area and c o n s i s t s   m o s t l y   o f   c r o s s - s t r a t i f i e d ,  medium- t o  

coarse-grained,   gray  to   yel lowish-brown  sandstone  and 

subordinate  conglomerate  and  mudstone. The ove r ly ing   Ch in le  

Formation i s  dominantly  reddish-brown  mudstone  with  minor 

lenses   of   sandstone  and  conglomerate .  

The Ogallala Formation of Late  Miocene t o   P l i o c e n e  

a g e   c r o p s   o u t   i n   s e v e r a l  High P l a i n s   o u t l i n e s  east o f   t he  s i te  

and c o n s i s t s  of as much as 1 8  m (50 f t )   o f   l i g h t - c o l o r e d ,  

f i n e -  to.medium-grain8dVcalcareous s a n d s t o n e   i n t e r s p e r s e d   w i t h  

lenses  of  conglomerate  and  capped  by a wel l -cemented  cal iche.  

The Gatuna   Format ion ,   p r imar i ly   o f   ear ly   P le i s tocene  (Bachman, 

1 9 7 6 ) ,  form a th in   man t l e   o f   s ed imen t s   on   e ros ion   su r f aces   cu t  

below  the High Plains   (Ogal la la)   remnants .   Gatuna  sediments  

o f   t he  s i te  form a th in   veneer   on   lower  Triassic r o c k s ,   b u t   i n  

nearby areas a t t a i n   t h i c k n e s s e s   o f  as much as 32 m (10 f t ) .  

The f o r m a t i o n   c o n s i s t s  of poorly  cemented  reddish-orange 

sands tone   and   s i l t s tone   and  some poor ly   conso l ida t ed  



conglomerate  with  some  clasts  derived  from  the  Ogallala 

caprock  caliche. The  Gatuna  Formation is overlain  by  as  much 

as 1.5 m ( 5  ft)  of  caliche  of  the  Mescalero  Plain  (Bachman, 

1976). This  caliche is covered  by as much as 5 m (15 ft) of 

fine-grained,  light-brown  to  reddish-brown  dune  sand,  called 

the  Mescalero  Sand. 

ECONOMIC  GEOLOGY 

Our  field  work  and  examination  of  existing  records 

suggest  that  some  consideration  should  be  given  to  the  economic 

potential  of  the  following  commodities: (1) caliche, ( 2 )  salt, 

( 3 )  gypsum, (4) brine, ( 5 )  sulfur,  and  (6)  uranium. The 

economic  potential  of  most is evaluated  below  in  terms of 

(1) their  quality  and  abundance (2) present  and  future  demand 

for  the  commodities,  and ( 3 )  conditions  that  may  make  the 

commodities  economic. The uranium  potential  is  evaluated  only 

in  terms  of  its  occurrence. 

Caliche 

Description of Deposits 

Caliche  is  a  general  term  for  a  zone  of  secondary  carbonate 

accumulation  in  surficial  materials,  formed  by  both  geologic 

and  pedologic  processes in  warm,  arid  to  subhumid  regions. 

Finely  crystalline  calcium  carbonate  forms  a  nearly  continuous 

void-filling  and  surface-coating  medium  in  a  variety  of 

geologic  materials.  Cementation  ranges  from  weak in nonindurated 

forms  to  very  strong  in  "petrocalcic"  or  "calcrete"  varieties. 

Caliches of the WIPP.site formed  by the  pedologic  (eluvial/ 

illuvial)-process of  leaching  of  carbonates  from  sandy  surface 
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sediments  by downward p e r c o l a t i n g   s o i l  water w i t h  p r e c i p i t a t i o n  

o f   c a r b o n a t e   c e m e n t   d e e p   i n   t h e   s o i l   p r o f i l e .  

Cal iche  was measured,  described,  and  sampled a t  f o u r  

l o c a l i t i e s   o n   t h e  WIPP s i t e  ( d e s c r i p t i o n s   i n   t h e   A p p e n d i x ) .  

Cal iche  covers about  14 km2 of t h e  93 km WIPP s i te  with  an 

average  thickness   of   about  1 . 3  m, and it thus   has  a volume  of 

about  9 6  m i l l i o n   c u b i c  meters ( 1 2 6  m i l l i o n   c u b i c   y d s ) .  The 

a v e r a g e   d e n s i t y   o f   c a l i c h e   i n   t h e  area i s  about   1 .15 g/cm ; 

t he re fo re ,   abou t  1 6 8  b i l l i o n  Kg (185 m i l l i o n   t o n s )   o f   c a l i c h e  

occur   wi th in   the   boundar ies   o f   the   p roposed  WIPP s i t e .  

2 

3 

S a m p l i n g   o f   r e p r e s e n t a t i v e   c a l i c h e   p r o f i l e s  was done  on 

t h e  basis of   gene t ic   so i l   morphologies   us ing   the   sys tem of 

horizon  nomenclature  developed  by Gile and   o thers  (1965: 1 9 6 6 ) .  

S o i l   h o r i z o n s   t h a t  are so s t rongly   carbonate- impregnated   tha t  

t h e i r  morphology i s  determined  by  the  carbonate  are des igna ted  

"X hor izons" ,   wi th  K 2  des igna t ing   ho r i zons   o f  9 0  pe rcen t  o r  

more (by  volume)  X-fabric,  and K1 and K 2  designat ing  upper   and 

lower   t r ans i t i ona l   zones   o f  50  p e r c e n t   o r  more X-fabric  (Gile 

and   o the r s ,   1965) .  The s u b s c r i p t  "m",  eLg. K 2 m ,  i n d i c a t e s  

indura t ion   and   presence   o f  a s o i l   " p e t r o c a l c i c "   h o r i z o n .   S o i l  

horizons  containing  minor   carbonate   accumulat ions are noted 

by "ca" symbol in   combina t ion   w i th  a master ho r i zon   des igna t ion ,  

e . g . ,  Bca o r  Cca. 

The th i ckness   o f   t he  K 2  hor izon  on  the WIPP s i t e  averages  

about  5 4 . 0  cm (1 .8  f t )  and  ranges  between 50 cm and 6 6  cm 

(1 .6  and 2 .2  f t ) .  The K 2  hor izon  i s  m o t t l e d   w h i t e   i n   c o l o r   a n d  
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c o n s i s t s  of angular ,   b locky  to  p l a t y   p e d s  ( 2  t o  6 cm i n   l e n g t h )  

f i r m l y  cemer,ted toge the r   by  calcium carbonate .  A few i s o l a t e d  

angular   f ragments   of  Triassic San ta  Rosa   s ands tone   occu r   i n   t he  

K2 hor i zon  a t  some l o c a l i t i e s .   I n   t h e   u p p e r  1 0  t o  20 cm, t h e  

ho r i zon  i s  of ten   weakly   l amina ted   and   the   long   axes   o f   p la ty  

peds are o f t e n   o r i e n t e d   p a r a l l e l   t o   t h e   s u r f a c e .   S o l u t i o n  

channels   and  pipes  are o b s e r v e d   i n   t h e  K2 hor izon  a t  most 

l o c a l i t i e s   a n d  are commonly f i l l e d  w i t h  a red,  sandy-loam 

cons i s t ing   ma in ly   o f   qua r t z   g ra ins   w i th  some fe ldspa r   and   c l ay  

mine ra l s .  

The K2 hor i zon   g rades  downward i n t o  a K horizon  which 3 
ranges  from 40 t o  90 c m  (1.3-3.1 f t )  i n   t h i c k n e s s ,  and  has   an 

average t h i c k n e s s  of about  6 4  cm (2.1 f t ) .  The K3 hor izon  

cons i s t s   o f   b locky  to  p l a ty   peds  and angular,   reddish-brown 

sandstone  f ragments   weakly  to   moderately  cemented  together   by 

ca l c ium  ca rbona te .   In   p ro f i l e s   s ampled   w i th in   t he  s i te  t h e  

K3 hor izon   grades  downward i n t o   e i t h e r  a C c a  hor izon   of  scattered 

carbonate   nodules  embedded i n  Triassic sands tone ,  o r  i n t o   t h e  

b a s a l  zone of s a n d y   s u r f i c i a l   d e p o s i t s   t e n t a t i v e l y   c o r r e l a t e d  

with  the  Gatuna  Formation.  

Chemical Data 

P a r t i a l  chemical   analyses  were made on 11 samples   co l lec ted  

from 4 r e p r e s e n t a t i v e   p r o f i l e s   f r o m   c a l i c h e   p i t s   w i t h i n   t h e  

s i te  and 2 exposures   ad j acen t  t o  t h e  s i t e  (Appendix A ) .  

Determinat ions were made f o r   p e r c e n t   i n s o l u b l e   r e s i d u e s ,  loss  

o n   i g n i t i o n ,   s i l i c o n , c a l c i u m ,  magnesium,  aluminum, i ron,   sodium, 
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potassium, t i t an ium,  and   bar ium;   and   for   par t s   per   mi l l ion   o f  

manganese,   strontium,  l i thium,  copper,   uranium ( U  0 1, bromine, 

and  iodine.  The dominan t   so lub le   cons t i t u t en t  i s  low magnesium 

calcite, and  the major in so lub le   mine ra l  i s  q u a r t z   i n   t h e  form 

o f   v e r y   f i n e   t o  medium sand   g ra ins .   Pe rcen t   i n so lub le   r e s idue  

is g i v e n   i n  table  2 .  S t ront ium  and   l i th ium  conten ts   a re  

less than  1 0  ppm i n  a l l  but  one  sample (#5B-K3 horizon-30 ppm 

S r )  . Uranium  and iod ine   con ten t s  are less than 1 ppm, and 

bromine i s  less than  5 ppm i n  a l l  samples.   Copper  contents 

ranges  from 9 t o  31 ppm, and  potassium ( K 2 0 )  percentages  are 

less than  one.  

3 8  

TABLE 2. Percent  i n s o l u b l e s  i n  c a l i c h e  

P r o f i l e  No. 1 2 5 6 3- 11 4- 2/  

K2m 32 26 15  37. 28  2 1  

K3 

cca 

6 5  60 34 51 - l/similar p r o f i l e  
o u t s i d e  s i te  

Divide" 
c a l i c h e  on "The 

53 69 41 - 2/0gal la la   caprock  

Uses, Supply,  and Demand 

The p r imary   u se   o f   ca l i che   i n   sou theas t e rn  New Mexico 

i s  for   crushed,   road-surfacing  and  subgrade material 

(Lovelace 1 9 7 2 ) .  Where market demand a n d   t r a n s p o r t a t i o n   c o s t s  

permi t   deve lopment   o f   ca l iche   depos i t s ,   va lues   per  cubic yard 

are i n   t h e  one t o  two dol la r   range . '   Curren t  ( 1 9 7 6 )  New 

Mexico product ion   f igures   f rom  the   S ix ty- four th   Annual   Repor t  

o f   t he  State Inspec to r   o f  Mines ind ica t e   t ha t   commerc ia l ly  
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utilized  deposits  annually  produce  only  tens  of  thousands  of 

cubic  yards  of  caliche.  Because  reserves at the WIPP site 

alone  exceed 100  million  cubic  yards  and  since  caliche  deposits 

of equal  or  better  grade  and  greater  thickness  than  those on 

the  site  are  present  throughout  the  southeastern  New  Nexico 

region  (Lovelace,  1972),  extensive  utilization  of  onsite 

material is not  foreseen. To date, caliche  excavated  from  a 

small  number  of  pits in  or  near  the WIPP site  has  been  used 

for  surfacing of local  roads. This  type of limited  resource 

utilization  can  be  expected  to  continue. 

Salt 

Description  of  Deposits 

"Salt" is used in  this  report  to  identify  the  mineral 

halite or sodium  chloride.  By  weight,  pure  salt  contains 

39.34  percent  sodium  and 60.66 percent  chloride,  will  depress 

the  freezing  point  of  water  by  21.2OC  or  38OF,  and  will  melt 

at 800.8OC or, 1,473OF  (Klingman, 1975). Salt  is produced  in 

three  ways: (1) underground  mining  in  which  all  presently 

operating  salt  mines  in  the  United  States  use  the  room-and- 

pillar  method,  (2)  solution  mining  of  underground  salt  which 

makes  use  of  wells  that  utilize  much  of  the  technology  and 

equipment  of  the  petroleum  industry,  and  (3)  solar  evaporation 

or artificial  evaporation of lacustrine  brines. 

1February  1978  prices  at  Littlefield  and  Lubbock,  Texas,  caliche 
pits  are  $1.25  per  cu.  yd.  pit  grade,  and  $1.50  to  $2.00  per 
cu.  yd.  crushed  grade. 



e 
1 2  

Descr ip t ions   o f   po tash  drill h o l e s   i n   t h e  WIPP si te  

(Jones,  1 9 7 7 )  i n d i c a t e   t h a t   b e d s   o f   h a l i t e   a n d   i m p u r e   h a l i t e  

with a n  a v e r a g e   t o t a l   t h i c k n e s s  of about  535 m (1,756 f t )  

occur   in   the  Salado:   Foamation.  The top  of  the  uppermost s a l t  

bed  occurs   about  1 6 5  m ( 5 4 2  f t )  below  the  surface  and the base  

of   the   lowes t  s a l t  bed is about  865 m (2,836 f t )  below  the 

su r face .   Sa l ado  s a l t  u n d e r l i e s   t h e   e n t i r e  93.5 km2 (36 m i  ) 

proposed WIPP s i te .  Assuming a spec i f i c   g rav i ty   o f   abou t   2 .15 ,  

an   es t imated  1 1 8  b i l l i o n   t o n s   o f  sa l t  o c c u r   i n   t h e   S a l a d o  

Formation  beneath  the  proposed si te.  

2 

The s a l t  i s  in t e rbedded   w i th   anhydr i t e   po lyha l i t e ,  

s ands tone ,   and   c l ays tone   i n  a r egu la r   success ion   i nvo lv ing  

a change  from  claystone upward through  anhydr i te  o r  p o l y h a l i t e  

and h a l i t e   t o   c l a y e y   h a l i t e   c a p p e d   b y   c l a y s t o n e ;  a change  from 

h a l i t e  t o  c l a y e y   h a l i t e  t o  c l ays tone  i s  no ted   i n   o the r   s equences  

(Jones,  1 9 7 3 ) .  Salado s a l t  i s  composed o f   h a l i t e  and  clayey 

h a l i t e   i n   d i s c r e t e   l a y e r s   t h a t   r a n g e   f r o m  2 cm t o  s e v e r a l  

meters i n   t h i c k n e s s .  The c l a y e y   h a l i t e   c h a r a c t e r i s t i c a l l y  

c o n t a i n s   t e r r i g e n o u s   q u a r t z  and c l ay   mine ra l s .  The c l a y  

minera ls   inc lude  i l l i t e ,  c h l o r i t e ,  and a co r rens i t e - type  

of   swel l ing,   regular   mixed-layered  c lay  mineral   (Jones,   1973) .  

C l a y e y   h a l i t e  i s  m o d e r a t e l y   c c y s t a l l i n e ,   b u t  somewhat porous 

with small cavi t ies  f i l l e d   w i t h   c l a y  and o t h e r   t e r r i g e n o u s  

material. Traces o f   po lyha l i t e   and   anhydr i t e ,   and   l oca l ly  

g l a u b e r i t e ,  s i l v i t e ,  c a r n a l l i t e ,   k i e s s e r i t e ,  and a few e x o t i c  
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e v a p o r i t e   m i n e r a l s  are common t o  b o t h   h a l i t e  and  clayey 

h a l i t e .  Traces of brine and  gas f i l l  s m a l l ,   i n t e r g r a n u l a r  

vacuoles .  

Most d r i l l i n g   d e p t h s   o n   t h e  WIPP s i t e  are too   sha l low 

t o   p r o v i d e  much d a t a   o n   t h e  Castile Formation. It w a s ,  

t h e r e f o r e ,   n e c e s s a r y   t o   r e l y   m o s t l y  upon pub l i shed   r eg iona l  

s t r a t i g r a p h i c   s t u d i e s   t o   d e t e r m i n e   t h e   n a t u r e  s a l t  i n   t h i s  

lowermost Ochoan u n i t .  The Casti le c o n t a i n s  a sa l t  zone 

t h a t  i s  about  366 m ( 1 , 2 0 0  f t )  t h i c k   i n   t h e  Los Medagos area 

(Jones ,   1973)   wi th   the   top  of t h e  s a l t  o c c u r r i n g  a t  a dep th  

of about  916  m ( 3 , 0 0 0  f t ) .  The s a l t  z o n e   g r a d e s   l a t e r a l l y  

i n t o ,  and   i n t e r tongues   w i th   anhydr i t e  t o  the   nor th .   There  are 

no  publ ished data r e g a r d i n g   t h e   l i t h o l o g i c   c h a r a c t e r  of 

Castile s a l t  benea th   t he  WIPP s i t e .  

Use, Supply,  and Demand 

Table 3 summarizes t h e   v a r i o u s   u s e s  of sa l t :  it should 

b e   n o t e d   t h a t   t h e r e  are no s u b s t i t u t e s   f o r  s a l t  i n  any of i t s  

a p p l i c a t i o n s .   S a l t  i s  the  most  abundant  and least  expens ive  

source   o f   sodium  and   ch lor ine   used   in   the   manufac ture  of 

caus t i c . soda ,   soda   a sh ,   ch lo r ine ,   and  metallic sodium. The 

product ion  of the   i n t e rmed ia t e   ch lo r -a lka l i   and   soda   a sh  

chemicals  consumes about   57   percent  of t h e   s a l t   p r o d u c e d   i n  

the   Un i t ed  States (LeForid, 1975) .  The p o r t i o n   o f  sa l t  going t o  

t h e  making of o ther   chemica ls   has   been   qu i te   un i form a t  about  

23 p e r c e n t  f o r  t h e  past 1 0  years  (Klingman,  1975).  



Table 3 .  U.S. salt demand by end   u se   ( a f t e r  Klingman, 
1975) .  
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The n e x t   g r e a t e s t  demand f o r  s a l t  i s  f o r  use i n  highway 

de ic ing .  Such demand, however, i s  i r r egu la r   and ,   depend ing  

on the  weather ,   ranges  f rom  about  1 2  t o  2 1  pe rcen t   o f   t he  

t o t a l  s a l t  consumed  by the  United States.  The a v e r a g e   f o r   t h e  

l a s t  10 y e a r s  i s  about   15   percent   o f   the   to ta l   usage  

(Klingman,  1975).  Environmentalist  groups  have  claimed  the 

excessive  use  of  highway s a l t  damages p lan ts ,   an imals   and  

equipment  along  highways. 

About 5 t o  6 percent   o f  sa l t  product ion  i s  used   fo r  

a g r i c u l t u r a l   p u r p o s e s .  Such s a l t  i s  used   as  a s o i l   s t a b i l i z e r  

and  pond sealer on many farms,  and  the ca t t l e  indus t ry   u ses  

sa l t  in   f eed   fo rmula t ions   and   fo r   t he   p roduc t ion   o f  s a l t  

blocks.   Miscel laneous  uses   of  s a l t  a re   a l so   found   i n   t he   pape r -  

pu lp ,  ceramics, p l a s t i c s ,   g l a s s ,   s o a p   a n d   d e t e r g e n t ,   p e t r o l e u m ,  

and metal i n d u s t r i e s .  Smal l  q u a n t i t i e s  are u s e d   f o r  water 

t rea tment   and   for   medic ina l   purposes .  

The demand f o r  s a l t  i n   t h e   U n i t e d  States  i n  1 9 7 6  was 

45 .1   mi l l i on   t ons ,   w i th   t he   f i ve   l ead ing   p roduce r s   be ing  

Louisiana,   Texas,  New York,  Ohio,  and  Indiana  (Foster, 1 9 7 7 ) .  

Of t h e  sa l t  produced, s a l t  i n   b r i n e   a c c o u n t e d   f o r  53 pe rcen t ,  

r o c k   s a l t   f o r  33 pe rcen t ,  and evaporated s a l t  f o r   1 4 . p e r c e n t .  S a l t  

imports amounted t o  4 . 1  m i l l i o n   t o n s .  The demand f o r  s a l t  

i n   t h e   U n i t e d   S t a t e s  i s  p r o j e c t e d   t o  rise t o   a b o u t  1 3 6  m i l l i o n  

tons   by  2000  (Kl ingman,   1975) .   P len t i fu l   suppl ies ,   an   es t imated  

6 1  t r i l l i o n   t o n s  (Klingman,  1975), ex is t  underground as rock 
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s a l t  o r  as br ine;   moreover ,  seawater r ep resen t s   an   a lmos t  

i n e x h a u s t i b l e   s o u r c e   o f  s a l t .  The United States s a l t  

r e sources  are, t h e r e f o r e ,   v i r t u a l l y   u n l i m i t e d .  

The s a l t  m i n i n g   i n d u s t r y   i n   s o u t h e a s t e r n  New Mexico 

produced  about 1 1 0 , 0 0 0  tons  of  sa l t  i n  1 9 7 7 .  Most o f   t h i s  

product ion  was from t h e  S a l t  Lake Mine (Un i t ed   Sa l t   Corpora t ion )  

wi th   an   annual   capac i ty  of about  1 0 8 , 0 0 0  tons  produced  by 

d r e d g i n g   s a l t   t h a t   h a s   a c c u m u l a t e d   i n  S a l t  Lake ' (T .  22  S . ,  

R. 29 E,.). S a l t  i s  a l so   p roduced  a t  t h e  Zuni S a l t  Lake Mine 

i n   w e s t - c e n t r a l  New Mexico  by solar  evapora t ion  a t  an  annual 

c a p a c i t y  of about  1 0 0  t o n s .  The n e a r e s t  s a l t  producing areas 

o u t s i d e   o f   t h e  state are i n  Texas, Oklahoma,  and  Kansas. 

About 50 p e r c e n t   o f   t h e  s a l t  produced i n  N e w  Mexico 

i s  used for road (snow and ice) c o n t r o l   w i t h i n   t h e  state. 

A s  much as 1 5   p e r c e n t   o f   t h e   t o t a l   p r o d u c t i o n  i s  s e n t  t o  

Ar i zona   fo r   t he  same purpose.  The remaining 35 p e r c e n t  i s  

used i n  ca t t le  f eeds ,   w i th  most b e i n g   s e n t   t o   n e a r b y   f e e d l o t s  

i n   w e s t e r n  Texas. S a l t  sh ipmen t   r epor t s   a l so  show t h a t  New 

Mexico i s  a small salt-consumer (P.  J. F o s t e r ,   p e r s o n a l  

communication, 1 9 7 7 ) ;  furthermore,   consumption i s  n o t   l i k e l y  

t o   i n c r e a s e   s u b s t a n t i a l l y   u n l e s s   t h e r e  i s  a ma jo r   i n f lux  of 

sa l t -consuming  indus t r ies   (chemica l ,   paper ,  glass, p l a s t i c s )  

i n t o   t h e  s ta te .  

The m a j o r   s a l t   p r o d u c e r   i n  N e w  Mexico, United S a l t  

C o r p o r a t i o n ,   i n d i c a t e s   t h a t   s u r f a c e  sa l t  s u p p l i e s ,   i n c l u d i n g  

b r i n e   l a k e s   a n d   p o t a s h   t a i l i n g   p i l e s   ( w h i c h  are predominantly 
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h a l i t e )  are la rge   enough  to  meet a l l  f o r e s e e a b l e  demands f o r  

s a l t  (personal  communication, 1 9 7 7 ) .  They believe t h a t   t h e r e  

is l i t t l e  l ike l ihood   o f   eve r   need ing   t o  mine  underground 

s a l t  i n   t h e  WIPP s i te  a r e a .  

Synthesis   and  Outlook 

T h e r e   a r e   s u b s t a n t i a l  sa l t  r e s e r v e s   i n   t h e   S a l a d o   a n d  

Castile Formations  beneath  the  proposed WIPP s i te .  However, 

c o n s i d e r i n g   t h a t :  

1. t h e s e  s a l t  r e s e r v e s  are more t h a n  1 6 5  m below  the 

s u r f a c e ,  

2 .  t h e r e  are v i r t u a l l y   u n l i m i t e d ,   r e a d i l y   a v a i l a b l e  

s a l t  r e se rves   on   t he   r eg iona l   and   na t iona l   l eve l s ,  

3 .  s u b s t a n t i a l   p r o d u c t i o n  of s a l t  occur s  between:.: '~ 

New Mexico  and  major  consuming  areas t o   t h e  east ,  

4 .  t h e r e  are p l e n t i f u l   s u r f a c e   s u p p l i e s   o f  sa l t  i n  

New Mexico t h a t  w i l l  meet a l l  f o r e s e e a b l e   f u t u r e  demands 

w i t h i n   t h e  s t a t e ,  

t h e  economic p o t e n t i a l  of s a l t  i n   t h e   s u b s u r f a c e   b e n e a t h   t h e  

WIPP s i te  is  small. Only i f  t h e r e  is an   in f lux   of   major  

s a l t - c o n s u m i n g   i n d u s t r i e s   i n t o  N e w  Mexico is t h e r e  a p o s s i b i l i t y  

t h a t   t h e  demand f o r  s a l t  w i l l  i n c r e a s e  enough f o r  it t o  become 

economica l   to   mine   the   deeply   bur ied  s a l t  5n   the   Sa lado   and  

Castile Formations  beneath  the WIPP s i t e  by e i ther   underground 

or   so lu t ion   min ing   methods .  
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Gypsum 

Desc r ip t ion   o f   Depos i t s  

Gypsum i s  one   o f   t he   p r inc ip l e   cons t i t uen t s   o f   mos t  

evapor i t e   depos i t s   and  i s  t h e  most commonly observed  phase 

o f   ca l c ium  su l f a t e   i n   ou tc rop .   Pu re  gypsum c o n t a i n s  3 2 . 6  

p e r c e n t  CaO,  4 6 . 5  p e r c e n t  SO3, and 20.9 p e r c e n t  H20; however, 

because  of   metastable   re la t ionships   between it and  anhydri te ,  

the  anhydrous  phase  of   calcium  sulfate ,   pure  gypsum d e p o s i t s  are 

seldom  found. Most mine  produced gypsum i s , :  t h e r e f o r e , .  

on ly   about  85 t o  95 p e r c e n t   p u r e ,   b u t   i n  some cases t h e  

product   can   be   upgraded   by   benef ic ia t ion .  

Both  open p i t  and  underground  methods are used t o   f i i n e  

gypsum. Open p i t  employs  conventional  methods  and  equipment 

such as d r a g l i n e   a n d   s c r a p e r s   t o  remove the  overburden  and 

showels or f ron t - end   l oade r s   t o  load the   rock .   E igh teen  

p e r c e n t   o f   t h e  gypsum mines i n   t h e   U n i t e d  States are under- 

ground. Most use  the  room-and-pi l lar   method  and  total   rock 

recovery  ranges  f rom 70 t o  80 pe rcen t .  

Although gypsum does   no t   occu r   on   t he   su r f ace   o f   t he  

proposed WIPP s i te ,  as much as 30 m ( 1 0 0  f t )  i s  p r e s e n t   i n   t h e  

subsu r face   i n   t he   Rus t l e r   Fo rma t ion .   Cons ide rab le   Rus t l e r  

gypsum o c c u r s   t o   t h e  west of t h e  s i t e ,  b u t   t h e  gypsum grades  

in to   anhydr i t e   and   po lyha l i t e   benea th   t he  WIPP s i te  (Jones ,   1973) .  

Where R u s t l e r  gypsum occur s   benea th   t he  WIPP si tes,  it 

h a s   a n   a v e r a g e   t o t a l   t h i c k n e s s  of about  1 2  m ( 4 0  f t )  d i s t r i b u t e d  

among one t o  f i v e  gypsum beds  ranging  from 1.5 t o  1 8  m 
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( 5  t o  60 f t )   t h i c k .  The top  of  the  uppermost  bed l ies 1 0 2  m 

(335 f t )  be low  the   su r f ace  and the   base   o f   the   lowermost   bed  

occurs  a t  a depth  of  305 m ( 1 , 0 0 0  f t )  below t h e   s u r f a c e .   R u s t l e r  

gypsum under l i e s   abou t  4 4  km2 ( 1 7  m i  ) of  the  proposed WIPP s i te .  

Pure gypsum has a s p e c i f i c   g r a v i t y  of 2 .32;   therefore ,   an   es t imated  

1 . 3   b i l l i o n   t o n s  of t h e  commodity o c c u r   i n   t h e  Rustler. Formation 

wi th in   t he   boundar i e s   o f   t he   p roposed  WIPP s i t e .  It should be 

noted ,   however ,   tha t   the  estimate i s  b a s e d   o n   t h e   s p e c i f i c   g r a v i t y  

of   pure  gypsum,  and t h a t   t h e r e  i s  no d a t a   o n   t h e   a c t u a l   q u a l i t y  

o f   t he  gypsum i n   t h e  area. 

2 

Uses, Supply,  and Demand 

Most u ses  f o r  gypsum ( t a b l e  4 )  are based upon the   un ique  

p rope r ty   wh ich   ca l c ium  su l f a t e   has  of r e a d i l y   g i v i n g   u p ,   o r   t a k i n g  

on water of c r y s t a l l i z a t i o n .  With t h e   a p p l i c a t i o n  of a moderate 

amount of h e a t  (a process  known as c a l c i n i n g ) ,  gypsum is  conver ted  

t o  a hemihydra t e   o f   ca l c ium  su l f a t e   (p l a s t e r   o f   Pa r i s )   wh ica~ ,  

when mixed wi th  water, w i l l  set t o   h a r d e n  as t h e   c a l c i u m   s u l f a t e  

r e t u r n s   t o   t h e   d i h y d r a t e   f o r m .   T h i s   s e m i f i n i s h e d   p r o d u c t  i s  

then   manufac tured   in to  a l a r g e   v a r i e t y  of plasters,  wal lboard  

a n d   b l o c k   f o r   c o n s t r u c t i o n   o r   i n d u s t r i a l   a p p l i c a t i o n .   I n  1 9 7 2 ,  

about  70 p e r c e n t  of t h e  gypsum used i n   t h e   U n i t e d  States was 

c a l c i n e d   f o r   t h e s e   p u r p o s e s  (LeFond, 1975) .  The remaining 30 

p e r c e n t  was marketed as unca lc ined ,   c rude  gypsum,  which w a s  used 

as a retarder in   po r t l and   cemen t ,  as a s o i l   c o n d i t i o n e r ,   a n d  as 

a m i n e r a l   f i l t e r .  Gypsum a l s o   c o n s t i t u t e s  a l a r g e   s u l f u r   r e s e r v e ,  
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and  it has  been  put  to  small  scale  use  in  the  manufacturing 

of  sulfuric  acid  and  other  sulfur  compounds.  Sulfur  is, 

however,  readily  available  at  a  lower  cost  from  other  sources 

here  in  the  United States and  such  use  occurs  only  outside 

of  the  country;  consumption  is,  therefore,  controlled  by  the 

construction  industry.  In  1976,  for  example,  building 

activity  improved  and  sales  of  prefabricated  products  increased 

18 percent  (Pressler, 1977).  During  the  same  time  period, 

gypsum  output  increased  from 9.8 to 11.5 million  tons, or 

about  17  percent.  Consumption of gypsum  in  1976,  however, 

amounted  to 18.1 million  tons, with net imports of 6.6 million 

tons  making  up  the  difference.  Consumption  is  expected  to 

increase  at an annual  average  rate of about  2  percent  through 

the  year  2000  and  reach  a  projected 35 million  tons  (Reed,  1975). 

Domestic  resources  and  reserves  of  gypsum  are  adequate  for 

any  foreseeable  period of time  but  are  unevenly  distributed. 

Large  deposits  occur  in  the  Great Lakes~region,rnidcontinent 

region,  California,  and  a  few  other  states.  Leading  producers 

are  California,  Michigan,  Iowa,  Texas  and  Oklahoma,  which 

together  account  for 62 percent of the  total  production  in  the 

United  States  (Pressler,  1977). There are'no gypsum  deposits, 

however, on the  eastern  seaboard  of  the  United  States,  and 

large  imports  from  Canada  are  used  to  augment  domestic  supplies 

in  this  area. In some  cases  other  construction  materials  can 

be  used in place of gypsum,  but  there  is  no  substitute  for 

the  commodity  in  portland  cement. 
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Table 4 . U.S. demand p a t t e r n  for gypsum 1965-1974 ( a f t e r  
Reed, i975) .  
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New Mexico  produced  255,000  tons of gypsum i n  1973  and 

157,000  tons of gypsum i n  1 9 7 4  from mines loca ted   i n   Sandova l  

and  Santa Fe c o u n t i e s  (Craig,  1 9 7 4 ) .  Three gypsum mines 

(1) White Mesa, sec. 11-15, T. 15 N . ,  R.  1 E.: ( 2 )  San   Fe l ipe ,  

sec. 35 and  36, T .  4 N . ,  R.  5 E . ,  and ( 3 )  Rosar io ,  sec. 5 and 

32, T. 1 4  &15 N . ,  R .  7 E.,are c u r r e n t l y   o p e r a t i n g   i n  New 

Mexico.   Product ion  f rom  these  three  operat ions i s  u n c e r t a i n ,  

b u t  we e s t i m a t e  it t o   b e   a b o u t  250,000 t o n s   p e r   y e a r .   V i r t u a l l y  

a l l  o f   t he   c rude  gypsum i s  used to   manufac tu re   cons t ruc t ion  

products :   very small q u a n t i t i e s  are used fo r  a g r i c u l t u r a l  

purposes .  Estimates of the q u a n t i t y  of gypsum products  consumed 

i n  New Mexico  and those   sh ipped   ou t   o f  s ta te  could   no t   be  

obtained  from  American Gypsum Company, t h e   l a r g e s t  consumer 

o f  r a w  gypsum i n  New Mexico. I d e a l  Cement Company, which 

consumes about   25,000  tons of gypsum annually,   however,  

r e p o r t e d   t h a t   o n l y   a b o u t  5 p e r c e n t  of t h e  cement  products 

they   produce  are s h i p p e d   t o   d e s t i n a t i o n s   o u t s i d e   o f  New Mexico. 

Depos i t s  of rock gypsum and  gyps i te  are w i d e l y   d i s t r i b u t e d  

throughout  a l a r g e   p a r t   o f  N e w  Mexico i n  r o c k s   r a n g i n g   i n  age 

f rom  Pennsylvanian   to   P le i s tocene ,   wi th  local gypsum dune 

sands  of  Recent  age.   Reserves are s u b s t a n t i a l .  The one 

gypsum d e p o s i t  a t  White Mesa conta ins   measured   reserves  of 

9 8  mi l l ion   tons   and   an  estimated a d d i t i o n a l   1 2 3   m i l l i o n   t o n s  

a v a i l a b l e   b y   s t r i p p i n g   r e l a t i v e l y   t h i n   o v e r b u r d e n  (Weber and 

Kot t lowski ,   1959) .  A t  p re sen t   p roduc t ion  rates,  t h e  White Mesa 



23 

depos i t   a lone   would   supply  New Mexico wi th  gypsum for about  

885 y e a r s .  Gus Palmeroy  of  the  White Mesa Gypsum  Company 

cannot  foresee t h e   n e e d   t o  ever mine t h e  gypsum benea th   t he  

sur face   o f   the   p roposed  WIPP s i t e  (Gus Palmeroy,  personal 

communication,  1978). 

Synthesis  and  Outlook 

About 1 2  m ( 4 0  f t )   o f  gypsum, dis t r ibuted  between  one t o  

f i v e   b e d s ,   b u r i e d  1 0 2  t o  305 m (355-1000 f t ) ,   o c c u r   i n   t h e  

Rus t le r   Format ion   benea th   the   sur face   o f   the   p roposed  WIPP 

s i te .  We conclude,   however ,   that   because  there   are   adequate  

gypsum reserves i n   t h e  Great Lakes ,  midcontinent,   and West 

Coast   regions--closer  t o  large  consuming  areas,  and  because 

New Mexico h a s   l a r g e  known r e s e r v e s   t h a t  w i l l  meet i t s  f u t u r e  

demands, t h e r e  i s  l i t t l e  l i k e l i h o o d  of it b e i n g   n e c e s s a r y   t o  

mine t h e  gypsum in   t he   Rus t l e r   Fo rma t ion   benea th   t he   p roposed  

WIPP s i t e  t o  meet a demand f o r  gypsum. 

Brine 

D e s c r i p t i o n  of Depos i t s  

B r i n e   p o c k e t s ,   s a t u r a t e d   i n  N a ,  K, C a ,  and Mg chlor ides   and  

s u l f a t e s   o c c u r   f r e q u e n t l y   i n   t h e  McNutt member of   the   Sa lado  

Formation.  Such  pockets are e n c o u n t e r e d   r o u t i n e l y   i n   t h e   c o u r s e  

of potash  mining.   There are no q u a n t i t a t i v e  data on t o t a l  

b r i n e  volume.  Griswold ( 1 9 7 7 )  r e p o r t e d   t h a t   t h e   l a r g e s t  known 

pocket   conta ined   an   es t imated  1 0 0 , 0 0 0  gal  o f   b r i n e ;   t h e   a v e r a g e  

pocket  i s  much smaller ( 1 0  t o  1 0 0  g a l ) .  
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On July  30,   1975,  borehole ERDA No. 6 (sec. 35, T .  2 1  S . ,  

R. 31 E. )  p roduced   sa tura ted   b r ine   and  H2S gas  from a f r a c t u r e d ,  

gray,   laminated Cast i le  anhydr i t e   un i t ,   626 .5  m ( 2 , 7 1 1  f t )  

be low  the   su r f ace .  O i l  companies   report  similar phenomena 

i n   t h e  Castile (Lambert, 1 9 7 7 ) .  A c h e m i c a l ~ a n a i y s i s  (New Nexico 

Bureau  of  Mines  and  Mineral  Resources  Laboratory, 1 9 7 6 )  i n d i c a t e s  

t h e   b r i n e   c o n t a i n s  1 4 0  g/ml l i t h i u m .  Economic concen t r a t ions  

of  other  commodities were n o t   f o u n d   i n   t h e   b r i n e .  

. . ~  

Use, Supply,  and Demand 

Lithium is t h e   l i g h t e s t  of a l l  t h e  metals, having   an  

atomic  weight  of 6.938.   Major   uses   for   l i thium are f o r   t h e  

product ion   of   p r imary  aluminum, ceramics and g l a s s ,   l u b r i c a n t s ,  

f l uxes ,   and  a i r  conditioning.  American .firms, mos t ly   l oca t ed  

i n   t h h   c e n t r a l  and A t l a n t i c  states, consumed 3,100  tons of 

l i t h i u m   i n  1 9 7 7  (Quan, 1 9 7 7 ) .  Table 5 shows t h a t  demand 

e x p e c t e d   t o   i n c r e a s e  a t  an  annual ra te  of 5 percent   and  approach 

1 4 , 4 0 0  t o n s  by 2000  (S ingle ton   and  Wood, 1975) .   S ing le ton  

( 1 9 7 7 )  b e l i e v e d   t h a t  mo'st o f   increas in-g  demand f o r   l i t h i u m  

w i l l  be  for  small batteries a n d   l i t h i u m   c a t a l y s t s   f o r   o r g a n i c  

chemicals.  Lithium,  however, i s  s t i l l  a developing commodity 

and i ts  i m p l i c a t i o n s  are expanding   rap id ly .  Its a p p l i c a t i o n  

in   va r ious   phases   o f   t he   me ta l lu rg ica l   and   chemica l   i ndus t r i e s  

are d ive r s i fy ing   and   expand ing   r ap id ly .  A p o t e n t i a l  

a p p l i c a t i o n   f o r   l i t h i u m   a l s o   e x i s t s   i n   n u c l e a r  power as an 

a b s o r p t i o n   b l a n k e t   i n   f u s i o n   g e n e r a t i o n .   I n   t h e r m o n u c l e a r  

r e a c t i o n s ,   t h e   m o s t   l i k e l y   f u e l  w i l l  be  a deu te r ium- t r i t i um 
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Table 5 . Ur-S. projections and forecasts  for  lithium demand 
by end use, 1973-2000 (after  Singleton and Wood, 1975). 

. .  
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mixture   because of i ts  ve ry  large r e a c t i o n  ra te  (Holden, 1 9 7 1 ) .  

T r i t i u m   i s n a t u r a l l y  scarce b u t   c a n   b e   a r t i f i c i a l l y   g e n e r a t e d  

w i t h i n  a reactor i t s e l f  by  bombarding a l i t h ium-6   i so tope   i n  

the   b lanket   wi th   neut rons   c rea ted   by   the   fus ion   reac t ion .  

Product ion  of l i t h i u m   i n  1977  w a s  abnut  4 , 0 0 0  tons  (Quan, 

1 9 7 7 ) ;  t he re fo re   an   ove r supp ly   p reva i l ed  a t  t h e   c l o s e   o f  

1 9 7 7 .  Most o f   t h e   w o r l d ' s   l i t h i u m   r e s e r v e s  are i n   t h e   U n i t e d  

States ,  t h e  U.S .S .R . ,  Canada,  and  southern  Rhodesia. 

Approximately 36 p e r c e n t  ( 2 7 0 , 0 0 0  t o n s )   o f   t h e   w o r l d ' s  

r e s e r v e s  are i n   s u b s u r f a c e   b r i n e s ,   m a i n l y   i n  Nevada. United 

S t a t e s  t o t a l  r e s e r v e s  are estimated to  be   about   3 .2   mi l l ion  

tons  and w i l l  meet demand through 2000  and well  i n t o   t h e   n e x t  

century,   assuming  the  average  growth ra te  (5   pe rcen t   d i scussed  

earlier (S ingle ton   and  Wood, 1975;   Singleton,  1 9 7 7 ) .  

There i s  no information  concerning  the  consumption  of  

l i t h i u m   i n  New Mexico. However, more than  13,000  tons  of  

l e p i d o l i t e  and several hundred  tons of spodumene (two 

p r inc ip l e   l i t h ium-bea r ing   mine ra l s )   have   been   p roduced   i n  

New Mexico s i n c e  1 9 2 0  (Lesure,1965) .  Most of t h i s   p r o d u c t i o n ,  

r e p r e s e n t i n g   n e a r l y  1 0  p e r c e n t   o f   t h e   t o t a l  U . S .  p roduct ion  

between 1 9 2 0  and  1950, came from  the  Harding  mine  in  Taos 

County. Small amounts came f r o m   t h e   P i d l i t e  mine i n  Mora 

County. No l i t h ium  p roduc t ion   has   been   r eco rded   i n  New 

Mexico s i n c e  1950  (Lesure,   1965).  

Jahns   (1953)   es t imated   the  amount o f   l e p i d o l i t e  and 

spodumene i n   t h e   P i d l i t e   m i n e s   t o   b e  530 t o n s   i n  1 9 4 7 ,  b u t  

how much of this has  been  mined  s ince  then i s  u n c e r t a i n .  
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L a r g e   q u a n t i t i e s   o f   t h e  two minera ls  still remain i n   t h e   H a r d i n g  

pegna t i t e   (Lesu re ,  1965), but   no  reserve  data   have  been 

publ i shed .  

Synthesis  and  Outlook 

Economic g rade   l i t h ium-bea r ing   b r ines  do o c c u r   w i t h i n   t h e  

boundaries   of   the   proposed WIPP s i t e ,  b u t   t h e r e   a r e   i n s u f f i c i e n t  

data t o   d e t e r m i n e   t h e   q u a n t i t y   o f   t h e   b r i n e   t h a t   o c c u r s   t h e r e .  

Fur thermore ,   the   b r ines  seem t o   o c c u r   i n  small, l o c a l ,  

isolated pocke t s   con ta in ing  1 0  t o  1 0 0  g a l   o f   b r i n e  t h a t  occur  

a t  least  400 m below the su r face .  

With  spodumene r e se rves   i n   Nor th   Ca ro l ina   and   l i t h ium-  

b e a r i n g   b r i n e  reserves i n   C a l i f o r n i a  and  Nevada t h a t  are 

s u b s t a n t i a l  enough t o  meet a l l ~ , d e m a n d S   f o r   l i t h i u m  well  i n t o  

the   nex t   ceh tu ry ,  it is  inconce ivab le :   t ha t  it w i l l  be economic 

t o   d r i l l   w e l l s t o ~ d e p t h s   i n  excess of 4 0 0  m t o  pump less than  

1 0 0  g a l s   o f   b r i n e .  I t  is ,  the re fo re ,   conc luded   t ha t   t he  

economic p o t e n t i a l  of WIPP s i t e - r e l a t e d   b r i n e s  is very  small. 

S u l f u r  

S u l f u r  i s  one  of   the most i m p o r t a n t   i n d u s t r i a l  raw 

materials w i t h   i m p o r t a n c e   i n   e v e r y   s e c t o r   o f   t h e   f e r t i l i z e r  

and indus t r i a l   complexes   o f   t he   wor ld .   Su l fu r ,   cons t i t u t ing  

0 . 0 6  p e r c e n t   o f   t h e   e a r t h ' s   c r u s t   ( G i t t i n g e r ,  1 9 7 5 ) ,  is  one  of 

the   mos t   abundant   e lements   in   the   ear th ,   and  i s  one   of   the  few 

t h a t   o c c u r s   i n   t h e   n a t i v e  state.  By f a r   t h e   g r e a t e s t   q u a n t i t y  

however, i s  combined w i t h  other   e lements .   Various  mining 
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methods are u s e d   t o  mine s u l f u r   i n c l u d i n g :  (1) the   Frasch  

Process, ( 2 )  t unne l ing ,  ( 3 )  room-and-pillar,  ( 4 )  c u t - a n d - f i l l  

systems, (5)  open p i t s ,  and ( 6 )  various  forms of s toping .  

P r o c e s s i n g   o r e   t o   s e p a r a t e   s u l f u r  i s  by var ious  combinat ions 

o f   m e l t i n g ,   d i s t i l l a t i o n ,   a g g l o m e r a t i o n ,   f l o t a t i o n  and s o l v e n t  

e x t r a c t i o n .  

No s u l f u r  w a s  observed  on  the WIPP s i t e  du r ing   t he   cour se  

o f   o u r   f i e l d  work, nor  was any   su l fur   encountered   in   any  of 

t h e   p o t a s h   d r i l l   h o l e s   o n   t h e  WIPP s i te .  Smith ( 1 9 7 8 ) ,  

n e v e r t h e l e s s ,   r e p o r t e d   t h a t   s u l f u r  i s  common i n  gypsum and 

gyps i fe rous   rocks   o f  Ochoan (Late Permian)  age i n  Eddy County, 

New Mexico, b u t   h i s  work cen te red   a round   con t ro l   po in t s   i n  

Culberson  and  Reeves  counties,  Texas, and h i s  maps b a r e l y  

ex tend   ac ross   t he  N e w  Mexico border .  The s u l f u r  of  the  main 

ore body o c c u r s   a l o n g   f a u l t s   a n d   j o i n t s   i n   t h e  Cast i le  

Formation,   usual ly   near   the  base,   and as i r r egu la r   masses  and 

lenses   in   the  Salado  res idum.  Hinds  and Cunningham (1970)  

f o u n d   t h a t   t h e  Cast i le  F o r m a t i o n ,   i n   t h e   c e n t r a l  Delaware 

Bas in ,   con ta ins   s eve ra l   t h i ck   ha l i t e   beds .  Along t h e  west and 

south  sides of   the  basin,   however ,   the  Cast i le  h a l i t e   b e d s  

were never   depos i ted  or have  been  removed  by  subsurface 

s o l u t i o n .  A l l  o f   t h e   s u l f u r   d e p o s i t s  l i e  west o r   s o u t h   o f  

t he   sou the rn   and   wes t e rn   edges   o f   t he   Cas t i l e   ha l i t e   (H inds ,  

and  Cunningham, 1 9 7 0 ) .  The WIPP s i t e  i s  l o c a t e d  east  of t h e  

edge  of   the Casti le h a l i t e   ( f i g .  2 ) ;  t h e r e f o r e , a n   o n s i t e  

occurrence  of  a s u l f u r   d e p o s i t   t h a t  i s  l a rge   enough   t o   be  

economic i s  u n l i k e l y .  
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Uranium 

Associations 

Numerous  small  uranium  occurrences  belonging  to  the  redbed 

copper-uranium  association  are  known  throughout  eastern  New 

Mexico  (Finch,  1972).  These  deposits  occur  in  rocks  that 

range  in  age  from  Pennsylvanian  to  Pleistocene,  and  may  be 

characterized  briefly as occurring  in  fluvial  sandstones 

intimately  associated  with  abundant  carbonaceous  plant  matter 

(organic  "trash").  Rock  units  containing  uranium  deposits 

are  invariably  brownish  to  black  in  color.  Red  and  maroon 

colored  units  seem  to  be  conspicuously  barren  (Tschanz  and 

other, 1958). Scours cut into  underlying  fine-grained  rocks 

that  are  backfilled  by  carbonaceous  sandstone  contain  the 

highest  uranium  concentrations;  however,  overall  grade of 

mineralization is low.  Channel  samples of deposits  typically 

contain 0.001 to 0.05 percent U 0 although  selected  samples 

may  contain 0.10  percent  U308  or  more. 
3 8' 

The uranium  potential  of  the WIPP site  caliches  has  been 

previously  examined  in  the  section  of  this  report on caliches 

(p.  7-11)  and  in  Appendix  A. 

Dewey  Lake  Redbeds 

The  Dewey  Lake  Redbeds  of  Permian  age  are  exposed  or  are 

present  in  the  subsurface  throughout  the  entire  study  area 

and  in  adjacent  regions.  The  redbeds  are  148  m  (487  ft)  thick 

in ERDA  9  and  consist  of  reddish-brown  siltstone  and  mudstone 

with  greenish-gray  reduction  spots  (Griswold,  1977).  Several 
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thin  (less  that 1.5 m  thick)  very  fine-grained  reddish-brown 

silty  sandstone  beds  are  present.  The  Dewey  Lake  Redbeds  are 

62 m  (202  ft)  thick  in  the  Project  Gnome  shaft  southeast  of 

the WIPP site (sec. 34, T. 23 S., R. 30 E.) and  consist  almost 

exclusively of thinly  bedded  reddish-brown  siltstone  with  small 

greenish-gray  reduction  spots  (Gard, 1968). Sandstone is rare, 

and  occurs  as  units  less  than 0.3 m  thick.  Carbonaceous 

material is essentially  absent.  Elsewhere is the  Nash  Draw 

15' Quadrangle,  Vine (1963) reports  that  the  Dewey  Lake 

Redbeds  consist  of  red-orange  to  red-brown  thinly  laminated 

siltstone  and  fine  sandstone..  Lenses  of  cross-bedded  fine 

sandstone  in  the  upper  part  of  the  unit  may  have  formed  in  a 

fluvial  environment. 

No  evidence  of  uranium  favorability  is  found  in  the 

Dewey  Lake  Redbeds.  The  unit  contains  mostly  fine-grained 

deposits,  and  lacks  carbonaceous  matter.  Colors  are  exclu- 

sively  reddish,  in  contrast  to  known  redbed  uranium  occurrences 

No  elevated  uranium  concentrations  are  indicated  from  exam- 

ination  of  gamma  ray  logs  from  potash  evaluation  holes  pene- 

trating  the  redbeds.  Most  gamma  logs  show  only  moderate 

variability at approximately 100 cps  throughout  the  Dewey  Lake 

interval.  A  spectral  gamma  log  for K, U, and Th, in  ERDA 9 

indicates  a  uniformly  low  uranium  concentration  of  less  than 

13 ppm. 
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Santa  Rosa  Sandstone 

The  Triassic  Santa  Rosa  Sandstone is present  in  the  study 

area  only  northeast  of  a  north-northwest  trending  line  located 

slightly  west of the  ERDA  9  drill  site.  Southwest  of  this  line 

the  unit  has  been  removed  by  erosion.  Maximum  thickness  is  in 

excess  of  76  m  (250  ft) on the  northeast  margin  of  the  study 

area.  Vine  (1963)  described  the  Santa  Rosa  from  outcrops  in 

the  northeast  part  of  the  Nash  Draw  15'  Quadrangle;  a  thin 

wedge  of  the  unit is present  in  the  ERDA  9  drill  hole  (Griswold, 

1977). 

In  the  Nash  Draw  region,  the  Santa  Rosa  consists  of 

reddish-brown,  large-scale  trough  cross-bedded  sandstone  of 

probable  fluvial  origin.  Cross  sets  are  1-5  m  (3-15  ft)  thick, 

and  are  separated  from  adjacent  sets  by  thin  partings  of  reddish 

siltstone  and  mudstone. The sand is  dominantly  fine-grained, 

poorly  sorted,  and  contains  15-20  percent  feldspar.  Local 

conglomeratic  beds  occur.  Vine  reports  the  rare  occurrence 

of  fossil  plant  impressions  and  other  carbonaceous  material 

Secondary  bleaching  has  occurred  locally at the  base  of  the 

unit  and in  some of the  coarser  sandstone  beds,  indicating 

post  depositional  movement of fluids. 

Despite  the  local  occurrence  of  carbonaceous  trash  in  a 

thick,  arkosic  fluvial  sandstone,  the  Santa  Rosa of the  WIPP 

site  is  considered  to  be  unfavorable  for  uranium  concentrations. 

The  colors  are  dominantly  reddish,  whereas  known  uranium  deposits 

in the  Santa  Rosa  occur  in  dark  brown  sandstones  (Finch,  1972). 
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Gamma  logs  show  no  evidence  of  elevated  count  rates,  and 

frequently  show  lower  radioactivity  than  the  underlying 

Dewey  Lake  Redbeds.  Some  lowered  radiation  zones  may  cor- 

respond  to  bleached  (leached)  zones  noted  in  the  published 

descriptions.  The  spectral  gamma  log  from  hole  ERDA 9, 

although  penetrating  less  than 3 m (10 ft) of Santa  Rosa, 

indicates  less  than 13 ppm  uranium.  While  the  fluid  movement 

that  produced  the  bleached  zones  noted  above  may  have  leached 

uranium  from  the  near  surface  rocks  and  reconcentrated it down 

dip,  no  evidence  for  such  reconcentration  can  be  observed  in 

the  available  data.  A  spectral  gamma  log  from  drill  hole  AEC 8 ,  

located  outside  the  WIPP  site  boundary  to  the  northeast  indicates 

a  maximum  uranium  content  of  approximately 6 5  ppm  locally. 

Gatuna  Formation 

Radioactive  anomalies  have  been  described  from  the  Gatuna 

Formation  in  Lea  County  (Finch, 1 9 7 2 ) ,  some  tens  of  miles  east 

of the  WIPP  site.  These  occurrences  are  in  dark  red,  gypsif- 

erous  clay as exposed  in oil  well  mud  pits.  Maximum  uranium 

content  reported is 0 . 0 0 6  percent U302 ( 6 0  ppm)  (Waltman, 1954). 

No  evidence of such  radioactive  zones  could  be  detected  in  gamma 

logs  from  the  WIPP  site. 

SUMMARY  AND  CONCLUSIONS 

The proposed  WIPP  site is located  about 4 0  km (25 mi)  east 

of  Carlsbad,  New  Mexico,  near  the  northern  border  of  the  Delaware 

Basin.  From  the  base  of  the  Castile  Formation,  the  stratigraphic 
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section  includes  marine  Ochoan  (Late  Permian)  evaporites  that 

are  overlain  by  marine  and  continental  Ochoan  to  Quarternary 

redbeds.  Our  field  observations  and  examination  of  existing 

records  indicated  that  (1)  caliche., . (2) salt, (3) gypsum, 

(4) lithium-bearing  brines, ( 5 )  sulfur,  (6)  uranium  are  the 

only  WIPP  site-related  commodities  that  may  have  any  economic 

potential. A more  detailed  study of WIPP  site  reserves  and 

national,  state,  and  local  supply-demand  relationships  indicates 

that  the  economic  potential  of  onsite  reserves of the  first 

five  commodities is minimal.  Uranium is present  only  in 

concentrations  far  below  economic  levels  and  therefore is 

not  considered  to  be  of  potential  importance. 

Caliche  reserves  of  the  proposed  WIPP  site  are  about  96 

m3 (126 yds ) ; however,  because  of  the  low  local  demand  for 

caliche  (about 10,000 yds ) and  extensive  caliche  deposits of 

higher  quality  throughout  southeastern  New  Mexico,  we  cannot 

foresee  the  utilization  of  WIPP  site  reserves. 

3 

3 

There  are  about 118 billion  tons  of  salt  in  the  Salado 

and  Castile  formations  beneath  the  WIPP  site.  We  conclude 

that  because  of  the depth.of the  salt*-(greater  than 165'~m) the 

low  demand  for New  Mexico  salt,  and  virtually  unlimited  and 

readily  available  salt  reserves on the  regional  and  national 

level,  the  economic  potential  of  WIPP  site  salt  reserves  are 

also  very  small. 

About 1.3 billion  tons  of  gypsum  occurs  within  the 

boundaries  of  the  proposed  WIPP  site. In our  opinion  the 

economic  potential  of  this  gypsum  is  very  small  because  there 
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are  substantial  gypsum  reserves  in  the  Great  Lakes,  midcontinent, 

and  West  Coast  regions,  closer  to  large  consumer  areas.  Further- 

more,  New  Mexico  has  other  large,  widely  distributed  gypsum 

reserves  that  will  meet  all  of  its  foreseeable  demand  for  gypsum. 

Pockets  (10  to 100 gal)  of  economic  grade (140 ppm),  lithium- 

bearing  brines  occur  in  the  WIPP  site  subsurface.  However, 

because  of  the  small,  isolated  nature  of  the  pockets,  and  the 

presence  of  adequate  lithium  reserves  in  North  Carolina,  Nevada, 

and  California,  we  cannot  foresee  the  utilization  of  onsite  brines 

to  meet  a  demand  for  lithium. 

Sulfur  deposits  in  the Los Medanos  area  may  be  economically 

important,  but  the  WIPP  site  is  located  east  of  the  edge  of  the 

Castile  halite,  and  all  known  sulfur  deposits  lie  to  the  west 

of  the  Castile  halite  edge.  Any  occurrence  of  onsite  sulfur 

is  unlikely. 

There is no  evidence  that  economic or subeconomic  concen- 

trations  of  uranium  exist  in  the  redbed  units  of  the  WIPP  site 

study  area,  despite  the  fact  that  certain  units  (Santa  Rosa 

Sandstone  and  Gatuna  Formation)  are  known  to  contain  subeconomic 

deposits  elsewhere. The  dominant  red  coloration,  and  corres- 

ponding  lack  of  carbonaceous  material  in  the^ sediment  (reducing 

agent  for  uranium),  indicates  regional  unfavorability.  Gamma 

ray  logs  for 21 potash  test  holes,  and  spectral  gamma  logs  for 

2 additional  holes  (AEC 8 and  ERDA 9) also  indicate  uniformly 

low  uranium  content  (less  than 100 ppm  max). 
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APPENDIX A 

Descr ip t ion   of  Sampled S o i l - C a l i c h e   P r o f i l e s   i n  or n e a r   t h e  
WIPP S i t e ,  Eddy County, New Mexico 

Pro f i l e s   desc r ibed   and   co l l ec t ed   by  W. T.  Siemers, G.  0. 

Bachman (USGS) and C.  Rautman.  Sample notes  reviewed  and 

appendix  prepared  by J. W .  Hawley. 

Genera l   Se t t ing   and  Comments on  Sampled P r o f i l e s :  

Surface  geology of t h e   p a r t   o f   t h e  Site on Nash D r a w  

(15 minute)   Quadrangle   has   been mapped by Vine (1963) . 
A low i n t e n s i t y   s o i l   s u r v e y   ( s c a l e   1 : 3 1 , 6 8 0 )   o f   t h e   e n t i r e  

site  area has  been  publ ished  by  the U.S .  So i l   Conse rva t ion  

S e r v i c e  (Chugg and   o the r s ,  1 9 7 1 ) .  General   aggregate-resource 

inventory  and  geologic   mapping of t h e   a r e a  (scale 1:191) ,080 

was a l so  done by   t he  New Mexico Highway Department  (Lovelace, 

1 9 7 2 ) ,  Quad, 1 1 9 ) .  Recent reconnaissance  maps (scale 

1:250,000) of t h e  S i t e  region  have  been  prepared  by Bachman 

(1976)  and C .  C. Reeves (Texas Bur.  Econ.  Geology, 1 9 7 6 ) .  

Sampled p r o f i l e s  1, 2 ,  5, and 6 are located i n   t h e  

9 3  square  km (36  square mile) WIPP s i te  area. P r o f i l e s  3 

and 4 are l o c a t e d ,   r e s p e c t i v e l y ,   a b o u t  4 and 7 miles n o r t h e a s t  

of .site c e n t e r .  A l l  p r o f i l e s  except no. 4 (Oga l l a l a  Fm. 

caprock   ca l i che  on  "The Divide")  are i n  materials represen-  

t a t i v e  o f   c a l i c h e s   o n   t h e  s i t e .  S u r f a c e   s o i l  materials 

(Chugg  and o thers ,  1 9 7 1 )  above   ca l iches  a t  p r o f i l e s  1, 2 ,  3 

and 6 are r e p r e s e n t a t i v e  of the  Soi l   Survey  "Berino  complex" 

t h a t   c o m p r i s e s  1 t o   1 . 5  meters o f   r edd i sh ,   f i ne   s and  t o  sandy 

clay-loam  with a b a s a l  zone o f  sof t  c a l i c h e .  Low s t a b i l i z e d  
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sand  dunes are l o c a l l y   p r e s e n t   i n   t h i s  mapping uni t .   Soi .1  

materials above   ca l iche  a t  p r o f i l e  5 are r e p r e s e n t a t i v e   o f   t h e  

"Kermit-Berino  f ine  sands".   This  s o i l  Survey  mappiqg-unit 

complex  comprises s o i l s  of the  "Berino  complex"  with common 

o v e r l a y s ,   u p   t o   1 . 5  meters t h i c k ,   o f   s t a b i l i z e d   a n d   a c t i v e   d u n e  

s a n d .   F i e l d   i n v e s t i g a t i o n s   i n d i c a t e   t h a t  75 t o  80 percent   o f  

S i t e  area i s  under la in   by  materials l i k e   t h o s e   d e s c r i b e d  a t  

p r o f i l e s  1, 2 ,  3, 5 ,  and 6 .  Samples   s e l ec t ed   fo r   l abo ra to ry  

a n a l y s e s  are deno ted   w i th   an   a s t e r i sk  ( * ) .  

- P r o f i l e  1: 

Sampled i n   c a l i c h e   p i t ,  NE%,NE%, Sec. 32, T .  22 S. ,  R.  31 E. 

Su r face  so i l  material i n   p i t  area: SCS So i l   Su rvey  Mapping Uni t  

BB (Ber ino   Complex) .   Es t imated   depth   range   to   ca l iche   near   p i t  

i s  1 t o  1 . 5  m; ove r ly ing   r edd i sh  s o i l  material poorly  exposed.  

0-66 cm;  K2m ho r i zon ,   i ndura t ed   ca l i che ,   b locky   ped   s t ruc tu re ,  

angular   peds  2-6 c m ,  f irmly  cemented;  sandy, 

cemented  zones in   jo in ts ;   weakly-developed ,  

s u b h o r i z o n t a l   l a m i n a r   s t r u c t u r e   i n   u p p e r  1 7  cm.  

Dry c o l o r s :   v e r y   p a l e  brown  (10YR8/3), wi th   p ink  

(5YR8/4) m o t t l e s  ( 2  cm diameter). Channel  Sample 

Wc-la* . 
66-134 cm; K3; c a l i c h e ,   w i t h   s c a t t e r e d   f r a g m e n t s   o f  Triassic 

sandstone  engulfed  by CaC03 ;  carbonate-plugged 

n o d u l a r   f a b r i c   i n   u p p e r  45 cm; l ower   pa r t   nodu la r ,  

bu t   loose ly   cemented .  - Channel  Sample Wc-lb*. 

below  134 cm; Triassic sands tone  
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- P r o f i l e  2 :  

Sampled i n   c a l i c h e   p i t ,  NWkrNW%, sec. 22 ,  T. 22  S . ,  R.  31 E .  

S u r f a c e   s o i l  material: SCS Soi l   Survey  Mapping Unit  BB (Berino 

Complex). Est imated depth  range t o  c a l i c h e   n e a r   p i t  i s  1 t o   1 . 5  m; 

t ongues   o f   ove r ly ing   r edd i sh   so i l  material are p r e s e n t   i n  

so lu t ion   channe l s   and   p ipes   t ha t   pene t r a t e   t he  KZm hor izon  

(Sample Wc-2a). 

0-48 cm; K '. hor izon ,   indura ted   ca l iche ,   wel l -cemented;   upper  2m 
1 0  cm hard  under  hammer, weakly  laminated;   platy 

ped   s t ruc tu re ,   peds   up   t o  5 cm long  and 1 c m  

t h i c k .  - Channel  Sample W,c-2b*. 

48-102 cm; K3; ca l iche ,   wi th   modera te ly-cemented   p la ty   peds ;  

basal 15 cm loosely  cemented. - Channel  Sample  WC-~C*. 

102-127 cm; Cca h o r i z o n ,   s c a t t e r e d   c a r b o n a t e   n o d u l e s   i n  Triassic 

sandstone.  - Sample Wc-2e*. 

below 127:  c m ;  sands tone .  - Grab Sample Wc-2d. 

- P r o f i l e  3: 

Sampled i n   c a l i c h e   p i t ,  NE+,SW%, sec. 1 2 ,  T. 2 2  S . ,  R.  31 E .  

S u r f a c e   s o i l  material: SCS S o i l  Survey  Mapping  Unit BB (Berino 

Complex). Estimated depth  range t o  c a l i c h e   n e a r   p i t  i s  1 t o   1 . 5  

meters; ove r l ay   o f   r edd i sh  so i l  material sampled  (Grab  Sample 

Wc-3a). 

0-160 cm; Km; i n d u r a t e d   c a l i c h e ;   p l a t y  ped s t r u c t u r e ,  well  

cemented  throughout;   engulfs Triassic s a n d s t o n e   a t  

base;   numerous  pipes   and  incipient   pipes  a t  t h i s  

l o c a l i t y .  - Grab  Sample Wc-3b*. 



Profile 4: 

Sampled in  west-facing  scarp  of  "The  Divide"  SW%,SW&,  sec. 4, 

T.  22 S . ,  R. 32  E.  Outcrop  of  Ogallala  caprock 

caliche;  well-indurated,  dense,  with  zones  of 

pisolotic  structure.  Grab  Sample  Wc-4*. 

Profile 5: 

Sampled in  caliche  pit;  SW%NE%,  sec. 5, T. 23 S . ,  R. 31 E. 

Surface  material:  Pit  spoil;  SCS  soil  mapping  unit  in  pit 

area  is  "Kermit-Berino  fine  sand  (Unit KM) . I '  Estimated 

depth  to  caliche  near  pit  is  from 0.5 to  2.5 m; fine  dune 

sand  forms  the  upper  part  of  thicker  zones of overlying soil 

material  (Kermit  soils),  and  reddish  sandy  clay  loams 

(similar  to  surface  soils  at  profiles 1, 2,  3  and 6 )  make 

up  the  basal  part. 

0-20  cm; K22m horizon,  indurated  caliche;  blocky  ped 

structure,  angular  peds  with  subhorizontal  long 

axes;  moderately  to  firmly  cemented.  Channel 

Sample  Wc-5a*  (upper) . 
20-50 cm; K23;; indurated  caliche;  blocky  ped  structure, 

with  prismatic  peds;  moderately  cemented. 

Channel  Sample  Wc-5a*  (lower). 

50-145  cm; K3 horizon;  blocky  peds;  moderately to poorly 

cemented.  Channel  Sample  Wc-5b*. 

below  145  cm;  Cca  horizon;  carbonate  nodules  with  sandy 

earth  matrix,  some  coalesced  nodules. 

Channel  Sample WC-~C*. 
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- Profile 6: 

Sampled in  caliche  pit,  SEb, sec. 17, T. 22 S., R. 31 E. 

Surface  soil  material  in  pit  area:  SCS  Soil  Survey  Mapping 

Unit  BB  (Berino  Complex).  Estimated  depth  range to caliche 

near  pit is 1 to  1.5 m;  overlay  of  reddish  soil  material 

sampled  (Grab  Sample  Wc-6a). 

0-52  cm; K2m horizon,  indurated  caliche,  block  to  platy 

ped structure;  well  cemented;  angular  fragments 

of  Triassic  sandstone  sparsely  scattered  in 

caliche  matrix.  Channel  Sample  Wc-Gb*. 

52-92  cm: K3, caliche,  blocky  ped  structure,  moderately 

cemented  with  some  well-cemented  layers.  Common 

Triassic  sandstone  fragments.  Channel  Sample 

WC-~C*. 

92-117  cm;  Cca  horizon;  nodules  and  platy  masses of carbonate- 

impregnated  sandy  material.  Bulk  of  unit  composed 

of  Triassic  sandstone. - Channel  Sample  Wc-Gd*. 

below  117  cm;  Triassic  sandstone,  Sample  Wc-Gc. - 
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