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RMIOML?TRIC DATING OF OCHOAN (PEWIAN) EVAPORITES. WIPP 

SITE, DELAWARE BASIN. NEW HEXICO, USA 
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*Dept. Geology, Univ. New Hexico, Albuquerque, NU 87110 
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ABSTRACT 

We have attempted radiometric dating of halide-sulfata salts and clay 
minerals from the Delarara Basin, New Hexico. USA, as part of geochemical 
study of the rtnbility of the evaporite sequence at the WIPP (Wnmte 
Isolation Pilot Plant--a US DOP facility) mite. We undertook thin dating to 
determine: (1) primary age of evaporite genesis or time(a) of 
recrystallization, (2) if previously undated eveporite minerals (leonite. 
polyhalite, kieserite) give useful data, and (3)  if the detrital clay 
minerala have been radiometrically reset at any time following their 
incorporation into the evaporite medium. We have shown earlier that 
polyhalitea can indeed be succeaafully dated by the K-Ar method, and once 
corrections are applied for admixed halide minerals. dates of 210-230 Ha for 
the Delaware Baain are obtained. Rb-Sr iaochrons from early stage 
aylvitea-polyhalites- anhydritea yield4a20 t 10 Ha, even when some sylvitea 
yield lower R-Ar dates due to le8s of - Ar*. K-Ar dates on leonites and 
kieaerites are alao low due to Ar* loan, but their Rb-Sr dates nre higher. 
Detrital clay minerals from the Delaware Basin collectively yield a highly 
scattered iaochron (390 f 77 Ha), but samplea from a local area, auch ae the 
WlPP Site, give a much better age of 428 t 7 Ha. These dates show that the 
interaction between the clay ciinerala and the evaporitic brines waa 
insufficient to reeet the clay minerala Rb-Sr eyatematice. In a related 
etudy, we note that a dike emploced into the evaporite at 34 Ha had only 
very limited effect on the intruded rocks: contact phenomena were all within 
2 rn of the dike. All of our geochemical (radio-metric and trace element) 
studies of the WIFP site argue for preeervation of the iaotopic end chemical 
integrity of the major minerals for the past 200 Ha. 

Thin work wae sponsored by the U.S. Department of Energy under Contract No. 
DE-AC04-76-DP00789 

INTRODUCTION 

The dating of evaporite9 by conventional geochronologic methods hae 
been a prohlem of some concern for many yeara (See diacuaafon in Rrookins 
11)). K-Ar dating of aylvite haa yielded spurious results [Z], for example, 
and it has been questioned whether or not any evaporite minerals preserve 
their original isotopic signatures [2,3]. We have undertaken a study of the 
evaporite minerals of the bedded evaporite sequence in southern New Hexico 
to test vhether or not reliable agee could be obtained, and Eor other 
reaaone (given below). The units we have worked with include the Salado and 
Castile Formations, vhich are described in detail in Powers et. al. 141 and 
in Register 151. The U.S. Department of Energy plans to store tranauranic 
radio-active waatee in the Salado Formation, and our studies have been in 
large part to carry out geochronologic measurementa to teat mineral and rock 
isotopic characteristics in the area. Our samples have been obtefned from 
drill core and underground workings at the site (WIPP; Waste Iaolation Pilot 
Project) and from core and potash mine workinga in the surrounding area. 
The reader ia referred to (41 for geographic detaila and other background 
information. 



The age of  t h e  Salado and C a a t i l e  fo rms t ions .  Ochna S e r i e s .  i s  g iven  a s  
L a t e  Permian 141. The rocks  c o n a i a t  of  in te rbedded  h a l i t e s  and anhydr f te  
with smal le r ,  but  economical ly a i g n i f i c s n t ,  i n t e r b e d s  nf K-rich mfnera l s  
such aa a y l v i t e  snd l a n g b e i n i t e .  P o l y h a l i t e  and o t h e r  l e s n  common e v a p o r i t e  
minera l s  a r e  l o c a l l y  abundant. S t r u c t u r a l  d i s t ~ l r h n n c e ~  of t h e  r v ~ p o r i t e  
sequence occur i n  t h e  v i c i n i t y  of  igneoue d i k e s  vh ich  i n t r u d e  t h e  e v a p o r i t e s  
some 10 km from t h e  WIPP s i t e ,  1181 and a t  l o c a l  rubb le  chimneyq commonly 
and e r roneous ly  c a l l e x  "brecc ia  pipes")  1191 o f  P l e i s t o c e n e  age .  and near  
the  Cap i tan  Limestone st t h e  b a s i n  margin 1181. 

One of t h e  impor tan t  q u e s t i o n s  concerning u s e  of t l lese e v n p o r i t e s  f o r  
t h e  s t o r a g e  of r a d i o a c t i v e  waste i a  whether o r  no t  t h e - r  rocks  have,  excep t  
very l o c a l l y  ( i . e . ,  n e a r  t h e  d i k e s  o r  r u b b l e  chimneys) ,  remsinrd c l ~ e m i c a l l y  
and i s o t o p i c a l l y  c l o s e d  t o  e lementa l  migra t ion  s i n c e  t h e i r  depoo i t ion .  The 
age of d e p o s i t i o n  (d i scussed  l a t e r  i n  t h i s  paper )  must he between 235 and 
240 Ma, al though e p i g e n e s i s  and po tash  ore-zone formatinn may n o t  hsve been 
complete u n t i l  some t ime  l a t e r .  To answer t h i s  ques t ion  of  c l o s e d  v e r s u s  
open system condi t ions .  we have undertaken atudy of  t h e  e v s p o r t t e s  by t h e  
K-Ar and Rb-Sr geochronologic methoda. 

PREVIOUS GEOCHRONOLOGIC STUDIES 

Severa l  geochronologic s t u d i e a  have been c a r r i e d  o u t  of samples taken 
a t  o r  n e a r  t h e  WIPP s i t e .  S c h i l l i n g  16) r e p o r t e d  K-Ar ages  f o r  l a n g b e i n i t e ,  
e y l v i t e ,  and mix tu res  of  t h e  two minera la .  The one pure  l s n g b c i n i t e  
analyzed y ie lded  245 t 10 Ua, two l a n g b e i n i t e - s y l v i t e  mix tu res  y ie lded  137 
and 147 Ua, and two f ~ l v i t e s  y i e l d e d  18 and 74 Mo. S ince  s y l v i t e s  e a s i l y  
10s. rad iogsn ic  (*) Ar. t h e  245 Ua l a n g b r i n i t e  age is cons ide red  t h e  most 
r e l i a b l a .  R l i s  age i a  w i t h i n  t h e  a t a t e d  l i m i t s  of  e r r o r  f o r  t h e  
Trias8ic-Parmian boundary given a s  235 f 5 Ha 171. 

I n  a d d i t i o n ,  igneous d i k e s  which c u t  t h e  e v a p o r i t e s  some 70 km from t h e  
WIPP s i t e  have y i e l d e d  K-Ar ages  of  32.2 t 1 .0  and 34.4 ? 1.3 Ma 181. Two 
a d d i t i o n a l  d a t e s  of  34.4 t 1.3 and 34.7 t 1.4 Ma (91 hnve conflrmed t l lese 
da tea .  

Tremba (101 at tempted Rb-Sr age  de te rmine t ione  f o r  s e v e r a l  e v a p o r i t e  
samples. His  r e s u l t s  i n d i c a t e  e v a p o r i t e  fo rmat ion  a t  230' 10 Ma and a l s o  a  
p o s s i b l e  "mid-Cretaceous" e v e n t  a t  about  120-130 Ha. A  more d r t a i l e d  Study 
h a s  been completed by R e g i s t e r  151 v h i c h  has  been r e p o r t e d  e l s rwhere  
[11,12].  

RECENT STUDIES 

Brookina and o t h e r s  1131 have r e p o r t e d  K-Ar ages  f o r  pure  p o l y h a l i t e  
and p o l y h a l i t e - h a l i d e  mix tu res ,  and a d d i t i o n a l  p o l y h a l i t e s  hnve a l s o  been 
s t u d i e d  1111. 

The Rb-Sr s t u d i e s  [5,12.14,15) a r e  of importance i n  d i s c u s s i n g  t h e  
o r i g i n  and s t a b i l i t y  of  t h e  e v a p o r i t e s  of t h e  Sa lado  Formation. These 
s t u d i e s  (Table I )  show t h a t  u n a l t e r e d  e v a p o r i t e  m i n e r a l s  ( e .g . ,  a y l v i t e .  
langbein$$e,  g g l y h a l i t e ,  anhydr i t e )  y i e l d  a  199 ? 20 Ha i sochron  v i t h  
i n i t i a l  S r /  S r  - 0gj07686 0.0014, based on 41 samples. Nine of t h e s e  
samples f a l l  o f f  t h e  S r I  S r  a x i s  and some show v a l u e s  i n  excg$s og 0.712 
i n d i c a t i n g  t h a t  they  have incorpora ted  S r  with r e l a t i v e l y  high S r /  ' ~ r  
a f t e r  i n i t i a l  c r y s t a l $ j z a t $ g n .  The 32 remaining aamplrs  y i e l d  an age of  214 
t 15 Ua w i t h  i n i t i a l  S r /  S r  - 0.7093 t 0.007 1121. Th i s  age  is 
considered more r e l i a b l e  t h a n  t h e  199 Ha d a t e .  The 214 t 15 Ha d a t e  is low, 
however, compared t o  t h e  235 t 5  Un d n t ~  f o r  t h e  Triassfc-Permian Boundary. 
Because some p o l y h a l i t e  d a t e a  c l u a t e r  between 212-216 Ha ( s e e  d i s c u s s i o n  
below), i t  haa been sugges ted  t h a t  f i n a l  e p i g e n e t i c  e f f e c t s  may no t  have 
been complete u n t i l  some 20 Ma a f t e r  o r i g i n s 1  e v a p o r i t e  fo rmat ion .  

A l t e r n n t i v e l y ,  t h e  l o a s  of 079rr  due t o  some g a o l o g i c  e v e n t  i n  t h a  T r i a s a i c  
cannot  he r u l e d  o u t .  W e t  i a  noteworthy,  however, i s  t h a t  t h a  m a j o r i t y  of 
d a t e s  p r e v i o u s l y  roportmd f o r  r e l i a b l e  samples y i e l d  age. i n  exceas  o f  200 
Ma. 

An e a r l i e r  n t t empt  a t  d a t i n g  e v a p o r i t e  whole rocks  1 5 i 7 i n  t h e  n o r t h e r n  
Delaware Unnin r e p o r t s  a  d a t e  of  171 ? 36 Ma v i t h  i n i t i a l  S r  - 0.7113 + 
0.0016 f o r  18 samplea. 15  o f  which f a l l  on o r  very c l o s e  t o  t h e  o r d i n a t e .  
These samples c o n t a i n  admixed c l a y  minera l s  and oxide-hydroxide c o a t i n g ,  and 
the  aamples a r e  cons ide red  marginal  a t  b e s t  f o r  Rb-Sr reconna i ssance  work. 

Tremba [LO] has  sugges ted ,  based on l i m i t e d  d a t a ,  p e r t u r b a t i o n s  o f  t h e  
Rb-Sr s y s t e m a t i c s  of e v a p o r i t e  minera l s  of t h e  Sa lado  Formation a t  129 f 5  
Ma and 120 f 28 Ha. Reg ie te r  151 has  queat ioned Tremba's d a t a  because (1)  
t h e  samples a r e  ve ry  few i n  number; (2)  i n  one "apparent  iaochron" o n l y  f o u r  
of f i v e  d a t a  were used ,  and t h e  f i f t h  sample f a l l s  w e l l  above t h e  i aochron  
and would d r a s t i c a l l y  i n c r e a s e  t h e  age but  no reason  is g iven  f o r  i t  b a i n g  
d i sca rded :  and (3 )  l a c k  of  t e c t o n i c  evidence f o r  a  "mid-Cretaceous" even t  
a f f e c t i n g  t h e  e v a p o r i t e s .  F u r t h e r ,  Tremha'a model age.  based on  l a r g e ,  
compoaite samples.  y i e l d s  a  230-240 Ma, which. c o n s i d e r i n g  t h e  32 p o i n t  
i sochron  of  I lZ] .  is more l i k e l y .  

Table I. Rb-Sr age de te rmina t ions  f o r  s e l e c t e d  ssmples i n  e v a p o r i t e s  of  t h e  
Delaware (Permian) Basin. s o u t h e a s t e r n  New Mexico. Loca t ions  f o r  samples 
a r e  g iven  i n  t h e  s o u r c e s  c i t e d (  Hn - Mfl l ion  y e a r s  be fore  p r e s e n t .  

Rb-Sr f ~ o a h r o n n  

Evapor i t e  minera la  
Evapor i t e  m i n e r a l s  
Evapor i t e  minera l s :  compoaita 
41 e v a p o r i t e  minera l s  
32 e v a p o r i t e  minera la  
Evapor i t e  v h o l e  rocks  
Clay m i n e r a l s  i n  evapor i t ea  
WIPP s i t e  c l a y  minera l s  

Ana (Ua l  

RADIOHETRIC K-Ar AGES FOR POLYHAI.ITES FROH THE WIPP SITE 

Brookins and o t h e r s  1131 hnve inves t ign te r l  p o l y h n l i t e a  [ K  Cn M R ( S O ~ ) ~ .  
2H 0 )  from t h e  middle and upper Salado Formation by t h e  K-Ar msthgd t o  s e e  
i f 2 t h i s  m i n e r a l  i s  s u i t e d  f o r  geochronologic s tudy .  P o l y h a l i t e  is of 
extreme importance i n  e v a p o r i t e  sequences because i t  i a  commonly i n t e r p r e t e d  
a s  secondary i n  o r i g i n ,  and a t  l e a s t  one au thor  [ I 6 1  h a s  sugges ted  t h a t  
p o l y h a l i t e  h a s  formed more-or-less con t inuous ly  i n  t h e  De lavare  Bas in  from 
pre-200 Ha t o  v e r y  r e c e n t  t imes.  Th i s  pe r iod  of p o l y h s l i t e  fo rmat ion  would 
r e q u i r e  t h a t  water  be  con t inuous ly  a v a i l a b l e  s i n c e  two moles o f  wa te r  a r e  
requ i red  i o r  each mole of p o l y h a l i t e  formed. According t o  Bodine 's  1161 
i d e a s .  aources  of  wa te r  would have t o  be  p resen t  a t  numerous t imea 
throughout  t h e  Mesozoic and Cenozoic. The continued p resence  o f  abundant 
wa te r  i n  t h e  WIPP a r e a  would pose many u n c e r t a i n t i e s  about  a v a i l a b i l i t y  of  
water  t o  i n t e r a c t  w i t h  r a d i o a c t i v e  wastes.  

A  more fundamental  q u e s t i o n  i s  whether  t h e  p o l y h a l i t e  formed e a r l y  i n  
t h e  h i s t o r y  of t h e  e v a p o r i t e s ,  o r  l a t e  i f  t h e  p o l y h a l i t e  is secondary .  To 
address  t h i s  and o t h e r  ques t ions ,  19 p o l y h a l i t e a  were s t u d i e d .  These 
i n c l u d e  v e r y  pure  p o l y h a l i t e s ,  p o l y h a l i t e s  mixed w i t h  h a l i d e s ,  and one 
p o l y h a l i t e  from t h e  d i k e  c o n t a c t  zone mentioned e a r l i e r  i n  t h i s  p s p e r .  



. Brookins and others [I31 reported K-Ar ages for right p~~lyl~elites. 
including five very pure polyhalites, two polyhalite-halide mlxturea, anal 
one polyhalite in the lamprophyre dike contact zone (Table 11). Five pure 
polyhalitea yield a range in K-Ar agea from 198-216 Ma (mean-=208He) while 
the two impure polyhalites yield lover ages of 154 and 174 Ha. Brookine and 
others 1131 attribut~~the lower ales to the presence of the lvnlides wh1c.h 
could cause loss of Ar* by presence of sm&p amount" of sylvite or 
K-bearing halite, or, possibly, by loss of Ar* from ha de-filled 
fracture0 in the polyhalite. The ages or mechanisms o f  "Ar* lor- nrc not 
known. The polyhalite in the dike contact zone  yield^ a date of 21.4 Mn 
which is aignificantly lower than the 34 Ma age of tllr dike. Thla 
dike-related material, too, is mixed with aylvite and halite and their 
genetic relationships are not well known. Brookins Ill) ham reported K-Ar 
agee for four additional polyhalites, three of which were chosen to 
purposely include halide minerals while the fourth vaa a pure polyhalite. 
The pure polyhalite yields 209 f 7 Ma while the impure polyhnlites range 
from 183 to 187 Ma. Brookins [I] obtained K-Ar ages for three more pure 
polyhalites, one polyhalite-clay mixture, and three halide-bearing 
polyhalites. The polyhalites yield a range of ages from 195 to 205 Ma and 
the polyhalite-clay mixture also yields 205 Ma. The three polyhalite-halide 
samples range from 181 to 183 Ma. In summary, the 10 pure polyhalites, plus 
the one polyhalite-clay mixture, yield en average age of 205 r 5 Ma, and, 
exclusive of the two polyhalites dated nt 154 end 174 Ma, the other six 
samples yield an average ege of 183 ? 4 Ma. One sample (MCC-Rc. Tsble 11) 
is from a rubble chimney exposed in a local mine (Mississippi Chemical Mine) 
where the beds adjacent to the chimney are highly distorted and from which 
other samples were taken. If the polyhalite represented newly formed 
materials in the rubble chimney, it should yield a near-zero age. If I t  18 
a xenolith affected by partial dissolution, it should yield an age 
significantly younger than 200 Ma, and if it represents true xenoliths, then 
an age of near 200-210 Ma vould be expected. It is noteworthy that all 
polyhalitea in the chimneys yield ages of 212 and 198 Ma. More important i~ 
that the amount of water in the rubble chimneys must have been extremely 
small; othervise, xenoliths of halite, anhydrite, and the polyhalite would 
have been diasolved. If diesolution were prevalent, the texturea should 
show reprecipitated material interlayered with clay-oxide-hydroxide miners18 
and ae void fillings, but the evaporite minerals appear to be xenoliths 48 
there is no well-defined textural evidence to support the dissolution-- 
reprecipitation model. Collectively, all data summsrized in this paper 
suggest formation of polyhalite early in the evaporite's history except for 
the dike contact-zone material. These data, in turn, of course, imply that 
the structurally bonded water in the polyhalites was available from the lnst 
brines accompanying epigenesis and is not related to some later Hrsozoic-to 
Cenozoic sources of water. 

Additional evaporite minerals from the IMr Mine have b e ~ n  studied hy 
the Rb-Sr and K-Ar methods 1171. The data are given in Table 111. The 
samples include very well-crystallized sylvite, secondary leonites, 
langbeinites, kieserite, and an authigenic sample of sylvite-halite with 
disseminated talc-magnesite. Langbeinites yield Rb-Sr nnd K-Ar dates in 
excess of 175 Ma. The kieserite sample yield an anomalousl)~ old Rb-Sr date 
(250 Ma). but a very young K-Ar date (103 Ma). The young K-Ar dnte is In 
part a reflection of the poor quality of this4plineral [or K-Ar work, due to 
its hygroscopic nature, and possible loss of Ar* by diffusion. The 
leonite Ys clearly a secondary mineral, and it yields an extrcmely y o ~ q g  
K-Ar date of 12 Ha. The 78-109 Ma Rb-Sr dates may be due to loss of Sr* 
Irom the leonite; alternately, it may have crystallired somewhere in thc 
Hid-Cretaceous, although geological evidence to support this l~ypothesis is 
lacking. The sylvite is of interest because both the K-Ar and Rb-Sr model 
dates are near 180 Me, which makes it the oldest sylvite K-Ar age (but 
youngest Rb-Sr age) yet determined from this area. Why some sylvitefi yield 
dates as young as few Ma, and this one is as old as I80 Ma, iq ~lnknown, rind 
will be the subject of future studies. 

Table 11. K-Ar radiometric ages for polyhsliten sampled from evaporites in 
the Delaware (Permian) Basin. southeastern New Mexico. Age given in million 
years before (Ma). ( El3 samples are from drill core next to ERDA-9 st the 
center of the WIPP sits. Locations of other samples are given in the 
sources cited.) 

Sample Age (Me) Sourcs 

A. Pure Polyhnlitea 
E9-158 216 t 7 1131 
E9-59 212 t 7 1131 
E9-84 200 f 7 1131 

,--, 
E13-7 (plus clay) 205 f 7 
E13-ll 

1181 
205 f I 1181 

~13-1za 195 f 7 1181 
Impure Polyhelites (polyhalite plus halite ? sylvite ? anhydrite) 

E9-99 174 $ 6 
A8-18 

1131 
154 t 15 

E9-848 
1131 

184 ? 6 
E9-91 

Ill1 
187 f 7 1111 

MCC-I2Ib 183 f 6 
E13-2b 183 t 6 

Ill1 

E13-3 183 f 6 
I181 

E13-12b 181 f 6 
I 181 

Polyhellte in Lsmprophyra Dike Contact Eone 
1181 

ME7622 21.4 * 0.8 1131 

Tabla 111. New Rb-Sr and K-Ar dates for selected IMC mine evaporites* 
Sample Description Age-Method 

IMC-1 Magnesite-talc- 183 t 15 Ma (Rb-Sr) 
Sylvite-halite 304 2 12 Ma (K-Ar) 

IHC-2A.28 leonite 78 + 15 Ma (Rb-Sr) 
K2Mg(S04) 2. 4H20 I09 t 15 Ma (Rb-Sr) 

12.6 + 0.5 Ma (K-Ar) 

IMC-3A.3B Lanpbeinite 173 ? 15 Ma (Rb-Sr) 
K2"B2(so4)3 205 * 12 Ma (Rb-Sr) 

202 2 7 Ma (K-Ar) 

IMC-4 Kieserite 
(MgS04) 

IMC-5A.5B Sylvite 
(KCI) 

260 i 20 He (Rb-Sr) 
103 t 5 Ma (K-Ar) 

180 2 12 Ma (Rb-Sr) 
177 ' 12 Ma (Rb-Sr) 

'Source: B$rootj&ne et sl., (171. All Rb-Sr dates are calculated assuming 
initial Sr/ Sr - 0.71. 

Samples collected by N. Rempp, IMC mine. 



Table I V .  Potaafiii~m-Argon Age Determinations 
CLAY MINERALS (AND INSOLUBLE RESIDUES OF LEACHED SALT SANFLFS) 

R e g i s t e r  and Brookins 1121 f i r s t  s t u d i e d  c l a y  m l n e r a l s  from t h e  WIPP 
a r e a  evapor i t e8  and r e p o r t  s d a t e  of  390 5 77 Ha f o r  namples from a  v i d e  
v a r i e t y  of l o c a t i o n s .  They a r e  c a r e f u l  t o  p o i n t  ou t  t h a t  t h e  390 Ha d n t r  is 
s i g n i f i c a n t  on ly  t o  demonstrate  t h a t  t h e  c l a y  mineraln were not  r r n r t  t o  a  
Late Permian d a t e  by r e a c t i o n s  wi th  e v a p o r i t i c  b r ine - .  More r e c e n t l y  t h e  
a u t h o r s  have c o l l e c t e d  a  s e r i e s  of  c l a y  seem finmples from t h c  underground 
working a t  t h e  WIPP s i t e ,  and t h e s e  a r e  repor ted  below. Two types of 
samples were used f o r  s tudy:  thoae  i n  which enough c l n y  (end i r o n  
oxyhydroxide) m i n e r a l s  were p r e s e n t  f o r  mechanical  s e p a r a t i o n ,  and thofie i n  
which an a t t empt  was made t o  s e p a r a t e  c l a y s  by d l s s o l u t i o n  01 t h e  s a l t  
samplea. I n  a d d i t i o n ,  one aample (WP-5) con ta ined  enough p o l y h a l i t e  f o r  
hand separa t ion .  The a t t empt  a t  c o n c e n t r a t i n g  s u f f i r i e n t  i n s o l u b l e .  
uncontaminated m a t e r i a l  by d i s s o l u t i o n  d i d  no t  work w r l l .  X-ray dntn nhow 
t h a t  t h e  samples s o  t r e a t e d  c o n t a i n  moderate amounts OF gypsum, h a l i t e ,  
a n h y d r i t e ,  and t h e i r  chemis t ry  i n d i c a t e s  t h e  p resence  of  a i g n l f i c n n t  nmounts 
of K, presumably de r ived  from t h e  e v a p o r i t e  s a l t s .  T h i s  excefis K i s  
a t t r i b u t e d  a s  a  p o s s i b l e  f a c t o r  aa  t o  why t h e  K-Ar d a t e s  shown i n  Table IV 
f o r  t h e  i n s o l u b l e  r e s i d u e s  range from 55 t o  114 Ha. These d e t e s  a r e  
i n t e r p r e t e d  a s  having no s i g n i f i c a n c e  a t  a l l .  

The K-Ar d a t e s  f o r  t h e  c l a y  minera l s  ( f  oxyhydroxlde minera l s )  
separa ted  by hand y i e l d  d a t e s  from 365-390 Ma, i n  agreement with t h e  Rb-Sr 
work (121. These d a t e s  a r e  o f f e r e d  a s  evidence t h a t  t h e  K-Ar sys temnt ics  of 
t h e s e  c l a y  minera l s  were not  completely r e s e t  t o  age of e v e p o r i t e  minera l  
formation when entrapped i n  t h e  e v a p o r i t i c  b r i n e  environment. 

Rb-Sr d a t e s  were determined i n  t h e  UNH Ceology Department Grochronology 
Laboratory.  The d a t a  a r e  given i n  Table V and F igure  I. The methods uued 
f o r  t h e  s tudy  inc lude  s t andard  d i s s o l u t i o n  methods f o r  s i l i c a t e - o x i d e  
assemblages, involving:  d i s s o l u t i o n  i n  HF, de ion ized  wate r ,  coo l ing ,  
f i l t e r i n g ,  and s e p a r a t $ ~ n  of Rb and S r  bg7ion exchange chromatography uuing 
2.2 N HCL a s  e l u a n t .  Sr-enriched and Rb-enriched s p i k e s  were added t o  
the  samples p r i o r  t o  d i s s o l u t i o n .  A f t e r  t h e  i o n  exchange p rocedure ,  samples 
were fused i n  q u a r t z  beakers ,  coo led  and s t o r e d .  Samples were loaded o n t o  a  
rhenium f i l ament  and i s o t o p i c  d a t a  ob ta ined  us ing  a  Nlcr-des n l{ainch. 
90-degree s e c t o r  thgpa18(.nirat ion mars spec t romete r .  A l l  "Srl S r  vn lues  
were normalized t o  S r /  S r  - 0.1194. S i x  ruR9 on8aimer and Amend Stendnrd 
SrCO dur ing  t h e  course  of t h i s  s tudy  y i e l d e d  S r /  S r  - 0.70803 * 0.00005 
(one3sigma). 

Ha - m i l l i o n s  of yea rs  be fore  t h e  p resen t :  I . i n e o l u b l s  r e s i d u e ;  
C  - c l a y  minere l  separa te :  0  - oxide  minera l s ;  P  - p o l y h a l i t e .  

Table V: WIPP S i t e  Rb-Sr Data Stlmmery 

no tes :  i n s  - i n s o l u b l e ,  wr - whole rock 



Figure  1.  Rb-Sr i sochron  f o r  c l a y  minera l s  (&) and oxy-l>ydroxide m i n e r a l s  (0 )  
(See t e x t  f o r  d i s c u s s i o n ) .  

DISCUSSION 

Prev ious  work ahows a c l u s t a r i n ~  of  d a t e s  of  c l a y  m l n e r a l s  from t h e  
Daleware Basin. bo th  by Rb-Sr and K-Ar. batween about  370 and 430 Ma. 
S u r p r i s i n g l y ,  t h e  i n s o l u b l e  r e s i d u e s  from t h e  samples of t h i s  s tudy  d e f i n e  a 
f a i r l y  good i sochron  with a  428 Ma. d a t e .  These d a t e 8  a r e  well  w i t h i n  t h e  
l i m i t s  of  u n c e r t a i n t y  of p rev ious ly  r e p o r t e d  K-Ar and Rh-Sr d a t e s .  The 
importance of  t h e  428 Ma i sochron  is t h a t ,  a g a i n ,  t h e  Rh-Sr s y s t e m a t i c s  o r  
t h e  samples were l a r g e l y  u n a f f e c t e d  by t h e i r  d i a g e n e t i c  r e s i d e n c e  t ime  i n  
t h e  e v a p o r i t i c  b r i n e s .  

The o r i g i n a l  i n t e r p r e t a t i o n  o f  t h e s e  pre-Permian d a t e s ,  by Brookins and 
o t h e r s  1131 and Arookins (11 was f o r  an a e o l i a n  o r i g i n  f o r  t h e  c l a y  
minera l s ,  and l a c k  of  r e - s e t t i n g  o f  t h e i r  K-Ar and Rb-Sr i s o t o p i c  
s y s t e m a t i c s  due t o  i n c o r p o r a t i o n  i n t o .  and r e a c t i o n  wi th ,  t h e  e v a p o r i t i c  
b r i n e s .  The 390 ? 77 Ma Rb-Sr i sochron  f o r  c l a y  mineral.: from f ievera l  
l o c a t i o n s  (Beg is te r ,  151 was bad ly  s c a t t e r e d ,  and no q l t m t i t a t i v e  comments 
concerning provenance,  and t h u s  e x t e n t  of  d i a g e n e t i c  r e a c t i o n ,  could be  
made). The i sochron  of f i g u r e  1 ,  however, is  much more l i n e a r  ( i . r .  t h e  
e r r o r  on t h e  age I s  o n l y  7 Ma and t h e  e r r o r  on t h e  i n i t i a l  i n t e r c e p t  o n l y  t 
0.00013). S ince  t h e  samples used f o r  t h i s  s tudy  a r e  a l l  from t h e  WrPP mine, 
then  problems of  mixed provenance,  e t c .  may have been avoided.  For example, 

i f  samples with d i f f e r e n t  p r e h i s t o r i e s ,  i n c l u d i n g  d i f f e r e n t  i n i t i a l  r a t i o s ,  
a r e  homogenized a t  some t ime ,  t .  then  s e v e r a l  p a r a l l e l  i sochrons  may r e s u l t .  
a l l  of t h e  same age. Th i s  cannot  be r u l e d  o u t  f o r  t h e  samples r e p o r t e d  by 
R e g i a t e r  [ S ] .  The d a t a  of t h i s  s tudy  a l s o  s u g g e s t ,  b u t  do  n o t  nnequ ivoca l ly  
prove,  t h a t  t h e r e  may have been a 400-450 M a  source  a r e a  f o r  t h e  c l a y  
minera l s  which dominated t h e  inpu t .  S ince ,  i n  theory ,  source  a r e a s  could 
have included every th ing  from e a r l i e r  i n  t h e  Permian t o  t h e  Precambrian,  
t h i s  i s  s u r p r i s i n g ,  and ehould be pursued f o r  t h e  purpoqes of paleogeology.  

CONCLUSIONS 

Based of t h e  [orgoing d a t a  and d i scusa ion  of  t h e  p roceed ing  pages ,  t h e  
conc lus ions  of t h i s  w r k  a r e ?  

(1 )  S y l v j t e  is a n u i t a b l e  mineral  f o r  Rb-Sr age  de te rmina t ion .  e i t h e r  f o r  
model ngea o r  For use i n  i sochron  c o n s t r u c t i o n .  

(2 )  P o l y h a l i t e  i s  n u i t a b l e  f o r  K-Ar age de te rmina t ions .  Admixed h a l i d e  
m i n e r a l s  cause  apparen t  age lowering,  but  can be c o r r e c t e d  f o r .  

(3)  The d e t r i t a l  n a t u r e  of  c l a y  mineral-oxyhydroxide m i n e r a l  a s semblages  
rrom t h e  e v a p o r i t e  sequence is confirmed by both K-Ar  and Rb-Sr atudy.  
These minera l s  were not  r e s e t  t o  t h e  time of  sed imenta ry-d iagenes i s  
(La te  Permian t o  Ear ly  T r i a s s i c )  d e s p i t e  t h e i r  r e s i d e n c e  i n / w i t h  
e v a p o r i t e  b r i n e s .  

(4) Provenance f o r  t h e  d a t r i t a l  c l a y  minera l s  is not  r eso lved .  The 
c l u s t e r i n g  of  400 Me d a t e s  is d i f f i c u l t  t o  e x p l a i n  i n  terms of e i t h e r  
a e o l i a n  o r  f l o o d  eourcen.  

(5 )  Some e v a p o r i t e  minera l s  a r e  no t  we l l  s u i t e d  f o r  Rb-Sr and /or  K-Ar work. 
i n c l u d i n g  l e o n i t a ,  k i e s e r i t e  and h a l i t e .  

(6) S y l v i t e  g e n e r a l l y  y i e l d s  low and r i a b l e  K-Ar d a t e s ,  b u t  a t  l e a s t  one 
y i e l d s  180 Ma. The mechanlem f o r  46Ar* 10,s from a y l v i t e  i s  n o t  known. 

(7)  The f a c t  t h a t  Rb-Sr ieochron and i n d i v i d u a l  d a t e s  and K-Ar ( c o r r e c t e d )  
p o l y h a l i t e  and l a n g b e i n i t e  d a t e a  e l l  c l u s t e r  a t  o r  i n  e x c e s s  of  ZOO Me 
shows t h a t  t h e  e v a p o r i t a s  from t h e  Salado Formation a t  and n e a r  t h e  
WIPP hove n o t  heen recrystallized r e g i o n a l l y ,  and p robab ly  n o t  l o c a l l y ,  
poat  200 Ma, 
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According to the  preeent Finnish mnept sdlun bentonite wi l l  be used 
a s  a b ~ f f e r  na te r i a l  in the repository far high-level waste. Experimental 
and theoret ical  etudies treat* the  effect  of tentarlte uan the chemiaal 
o m l i t i o n s  in a r e p i t o r y  --been in i t i a t e3  dth the eject  of -i&- 

, ing tha chsnis t ly  of th nwr f ie ld .  
Wim bMtoni te  uas l e t  react dth wter d e r  anaerobic oDnditions 

a t  25OC fo r  540 days, during h i c h  t b  a h  f lufd -leu ware entrectcld 
for m e  chemical a ~ l y s i s  of 15 chemical m c i e s .  The senerated f lu id  ehase 
was a l k a l i w  (@ = 9.; . lo)  an3 contained a-high m u n t - o f  b i ~ a r b 3 n a t e . ~ k e o  
a l w  redox-potential $ a m  rreasured. 'lhe f lu id  @mse chemistry ws invemti- 
gated using t h  geochemical code FiiFWEQE. Calcite sa turat ion wss observed 
i n  all f lu id  ssmples. 

A &ell ing of sodim bentonite interaction with water based on t he  
main mineral mnponenta o f  bentonite a l so  performed with FWEEQE. A 
f a i r l y  gxd aqreenent between experimental r e su l t s  and -1 c a l m l a t i a w  
was &served. 

In Finland, the current main o p t i m  for the  magenenr of spent fue l  
is the d i r ec t  disposal of spent nuclear fuel in g ran i t i c  bedrock. m e  wn- 
cept is based m multiple barr iers .  'Ihe chemical omditiona in the r e p x i -  
t o ry  and nearfield w i l l  thus be Betennined by the  interact ion between the  
groundwater and t he  berlrpck, buffer a d  backfi l l  materials and waste canis- 
t e r s .  In order to get  a m r e  r e a l i s t i c  description of the  c h d c a l  condi- 
t i ons  i n  the r e p s i t o r y  for t h e  assessment of the corrosim of canis ter  
m t e r i a l s ,  t he  dissolution of spent fuel and ~ p e c i a t i o n  md trmspxt of 
radimucl ides ,  the  possible effects of the buffer material d i m  bentonite 
must be taken in tq  amount. 

Groundwater c)remiatly in g ran i t i c  bedrock has h e n  studied extensively 
during the  l a a t  years i n  the fr-rX of sits invee t iqa t im progmmee i n  
W e n ,  W t e e r l a n d  and Qnsda. ?he f i r s t  r e su l t s  f m  a deep test b r e h o l e  
i n  Finland are fxm available [I . In addi t im.  factors  a f f e c t i  the 
gmtmiwater anpsit im in i innlsh bd-k have h e n  e v a l u a t e d ~ 2 ] .  

m e r e  are very few re@& resu l t s  m the chemical e f f ec t s  of e d i m  
bentonite. The reported experiments concern rminly the  swelling behaviour. 
mineral a l t e ra t ion  and leachability of bentonite. In order to ge t  informa- 
t ion  cn t h e  changes i n  the yroudwater chemistry due to d i m  bentonite, 
experlmental and theoretical studies were in i t i a t ed .  
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