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ABSTRACT

We have attempted radiometric dating of halide-sulfate salts and cley
minerals from the Delaware Basin, New Hexico, USA, ae part of gsochemical
study of the stability of the evaporite esquence at the WIPP (Waste
Isolation Pilot Plant--a US DOE facility) site. We undertook this dating to
determine: (1) primary age of evaporite genesis or time(s) of
recrystallization, {2) 1f previously undated eveporite minerals (leonite,
polyhalite, kieserite) give useful data, and (3) if the detrital clay
minerals have been radiometrically reset at any time following their
incorporation into the evaporite medium. We have shown earlier that
polyhalites can indeed be successfully dated by the K~Ar method, and once
cortections are applied for adwixed halide minerals, dates of 210-230 Ma for
the Delaware Basin are obtained. Rb-Sr isochrons from early stage
aylvites-polyhalites— anhydrites yie1d4620 + 10 Ma, even when some sylvites
yleld lower K-Ar dates due to logs of = "Ar*. FK-Ar dates on leonites and
kieserites are also low due to  Ar* losa, but their Rb-Sr dates are higher.
Detrital clay minerals from the Delaware Basin collectively yield a highly
gscattered igochron (390 # 77 Ma), but samples from a local area, such aa the
W1PP Site, give a much better age of 428 * 7 Ma. These dates show that the
interaction between the clay minerals and the evaporitic brines was
insufficient to reaet the clay minerals Rb-Sr gystematics, In a related
study, we note that a dike emplaced into the evaporite at 34 Ma had only
very limited effect on the intruded rocksj contact phenomena were all within
2 m of the dike. All of our geochemical (radio-metric and trace element)
studies of the WIFP site argue for preservation of the isotopic snd chemical
integrity of the major minerals for the past 200 Ma,

This work was sponsored by the U.S. Departwent of Energy under Contract No,
DE-AC04-76-DPO0789

INTRODUCTION

The dating of evaporites by conventional geochronologic methods has
been a problem of some econcern for many years (See discussion in Brookins
[1]). R-Ar dating of sylvite has yielded spurfous results [2], 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 Mexico
to test whether or not reliable ages could be obtained, and Eor other
reasona (given below)., The units we have worked with inelude the Salsdo and
Castile Formations, which are described in detail in Powere et. al. [4] and
in Register [5]. The U,5. Department of Energy plang to etore transuranic
radio-active wastes in the Salado Formation, and our studies have been in
large part to carry out geochronologic measurements to test minersl and rock
isotopic characteristics in the area., Our samples have been obtajned from
drill core and underground workings at the site (WIPP; Waste Imolation Pilot
Project) and from core and potash mine workinga in the surrounding area.

The reader i{s referred to [4] for geographic details and other background
information.

Mat. Rles, Soc. Symp, Proc, Vol. 84. <1387 Malerlals Ressarch Soclety




772

The age of the Salado and Castile formstiomns, Ochoa Series, is given as
Late Permian [4). The rocks consist of interbedded hslites and anhydrite
with smaller, but economically significant, interbeds of K-rich minerals
such as sylvite snd langbeinite, Polyhalite and other less common evaporite
minerals are locally abundant. Structural disturbances of the cvaporite
sequence occur in the vicinity of igneous dikes which intrude the evaporites
gome 10 km from the WIPP site, [18] and at local rubble chimneys commonly
and erroneously called "breccia pipes") [19] of Pleistocene age, and near
the Capitan Limestone et the basin margin [18}.

One of the important questions concerning use of these evaporitea for
the gtorage of radioactive waste is whether or not thesr rocks have, except
very locally (i.e., near the dikes or rubble chimneys), remained chemically
and isotopically closed to elemental migration since their deposition. The
age of deposition (discussed later in this paper) must he between 235 and
240 Ma, although epigenesis and potash ore—zone formatfon may not have been
complete until some time later. To answer this questicn of closed versus
open system conditions, we have undertaken study of the evaporites by the
K-Ar and Rb-Sr geochronologic methods.

PREVIOUS GEQCHRONOLOGIC STUDIES

Several geochronologic studies have been carried out of samples taken
at or near the WIPP gsite. Schilling [6) reported K-Ar ages for langbeinite,
sylvite, and mixtures of the two minerals. The one pure langbeinite
analyzed yielded 245 * 10 Ma, two langbeinite-sylvite mixtures yielded 137
and 147 Ma, and two gulvitee yielded 18 and 74 Ma. Since sylvites easily
lose radfogenic (*) Ar, the 245 Ma langbainite age i1s considered the most
reliabla. This age is within the stated limits of error for the
Triassic~Parmian boundary given as 235 + 5 Ma [7].

In addition, igneous dikes which cut the evaporites some 70 km from the
WIPP site have yielded K-Ar ages of 32.2 * 1,0 and 34.4 * 1.3 Ma [B]. Two
additional dates of 34.4 * 1.3 and 34,7 * 1.4 Ma [9) have confirmed these
dates.

Tremba {10] attempted Rb-Sr age determinatfons for several evaporite
samples. His results indicate evaporite formation at 230¢ 10 Ma and also a
possible "mid~Cretaceous" event at about 120-130 Ma. A more detailed study
has been completed by Register [5] which has been reported elscwhere
{11,12).

RECENT STUDIES

Brookins and others [13] have reported K-Ar ages for pure polyhalite
and polyhalite-halide mixtures, and sdditional polyhalitee have also been
studied [11].

The Rb-Sr studies {5,12,14,15) are of importance in discussing the
origin and stability of the evaporites of the Salado Formation. These
studies (Table I} show that unaltered evaporite minerals (e.g., sylvite,
langbeinQSe, Bglyhalite, anhydrite) yield a 199 * 20 Ma isochron with
initial ~ St/  Sr = 08;07683 0.0014, based on 41 samples. Nine of these
samplea fall off the ~ St/ Sr axis and some show values in excggs o 60.712
indicating that they have incorporated Sr with relatively high = Sr/ St
after initial crystnlé’zat&gn. The 32 remaining samples yield an age of 214
+ 15 Ma with initial “'Sr/° Sr = 0.7093 * 0.007 [t2]. This age is
considered more reliable than the 199 Ma date. The 214 * 15 Ma date ia low,
however, compared to the 235 + 5 Ma date for the Triass{c-Permian Boundary.
Because some polyhalite dates cluster between 212-216 Ma (see discussion
below), it has been suggested that final epigenetic effects may not have
been complete until some 20 Ma after originsl evaporite formation.
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Alternatively, the loas of a751" due to some geologic evant in the Triaseic
cannot be ruled our. What ia noteworthy, however, fs that the majority of
dates previously reportad for reliabla samples yleld ages in exceas of 200
Ma.

An egrlier attempt at dating evaporite whole rocks [5).in the northern
Delaware Basin reports a date of 171 * 36 Ma with initial ~'Sr = 0.7113 *
0.0016 for 18 samples, 15 of which fall on or very close to the ordinate.
These samples contain admixed clay minerals snd oxide-hydroxide coating, and
the samples are considered marginal at best for Rb-Sr reconnaisssnce work.

Tremba [10] has suggested, based on li{mited data, perturbations of the
Rb-Sr systematics of evaporite minerals of the Salado Formation at 129 + 5
Ma snd 120 + 28 Ma. Register [5]) haa questioned Tremba's data because (1)
the samples are very few in number; (2) in one "apparent isochron" only four
of five data were used, and the fifth sample falls well above the isochron
and would drastically increase the age but no reason is given for it being
discarded; and (3) lack of tectonic evidence for a "mid-Cretaceous" event
affecting the evaporites, Further, Tremba's model age, based on large,
composite samples, yields a 230-240 Ma, which, considering the 32 point
isochron of [12], s more 1likely.

Table I. Rb-Sr age determinations for selected msmples in evaporites of the
Delaware (Permian) Baain, southeastern New Mexico, Locations for samples
are given Iin the sources cited; Mao = Mfllion years before presant.

Rb-8r_lgochrona Aga (Ma) Sourge
Evaporite minerals 129 2 5 {10}
Evaporite minerals 120 + 28 [10}
Evaporite minerals: composite 230 + 240 [10]
41 evaporite minerals 199 + 20 [51
32 evaporite minerals 216 + 15 [12)
Evaporite whole rocks 171 ¢ 36 [5)
Clsy minerals in evaporites 390 £ 77 [12]
WIPP site clay minersls 428 + 7 [18}

RADIOMETRIC K~Ar AGES FOR POLYHALITES FROM THE WIPP SITE

Brookins and others [13) have investigated polyhalites [K,Cn Mg(SO )4.
2H20) from the middle and upper Salado Formation by the K-Ar methgd to éee
i1f"this minersl is suited for geochromologic study. Polyhalite 1s of
extreme importance in evsporite sequences because it 1s commonly interpreted
as secondary in origin, and at least ome author [16) has suggeated that
polyhalite has formed more~or-less continuously {n the Delaware Rasin from
pre-200 Ma to very recent times. This period of polyhslite formation would
require that water be continuously available aince two moles of water are
required for each mole of polyhalite formed. According to Bodine's [16]
ideas, sources of wster would have to be present at numerous times
throughout the Mesozoic and Cenozoic. The continued presence of abundant
water in the WIPP area would pose many uncertainties about availability of
water to interact with radioactive wastes.

A more fundamental question 18 whether the polyhalite formed early in
the history of the evaporites, or late if the polyhalite is secondary. To
addresa this and other questions, 19 polyhalites were studied. These
include very pure polyhalites, polyhalites mixed with halides, and one
polyhalite from the dike contact zone mentioned earlier in this paper.
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Brookins and others [13] reported K-Ar ages for eight polyhalites,
including five very pure polyhalites, two polyhalite-halide mixtures, and
one polyhalite in the lamprophyre dike contact zone (Table 1I). Five pure
polyhalitea yleld a range in K-Ar ages from 198-~216 Ma (mean~208Ma) while
the two impure polyhalites yleld lower ages of 154 and 174 Ma. Brookina and
others [13] attributg . the lower ages to the preasence of the halides which
could cause loss of Ar* by presence of small amounts of sylvite or
K~bearing halite, or, possibly, by loss of Ar* from ha)ljde~filled
fractures in the polyhalite. The ages or mechaniems of ~ Ar* losas are not
known. The polyhalite in the dike contact zone yieldr a date of 21.4 Ma
which 18 significantly lower than the 34 Ma age of the dike. This
dike-related material, too, is mixed with sylvite and halite and thelr
genetic relationships are not well known. Brookins {11} hes reported X-Ar
ages for four additional polyhalites, three of which were chosen to
purposely include halide minerals while the fourth was a pure polyhalite.
The pure polyhalite yilelds 209 % 7 Ma while the impure polyhalites range
from 183 to 187 Ma., Brookins [1] 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 f{rom 195 to 205 Ma and
the polyhalite-clay mixture also ylelds 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 an average age of 205 % 5 Ma, and,
exclusive of the two polyhalites dated at 154 and 174 Ma, the other six
samples yield an average age of 183 * 4 Ma, One sample (MCC-Rc, Tsble II)
is from a rubble chimney exposed in a local mine (Missiseippl 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 1t is
a xenolfth affected by partial dissolution, it should yield an age
significantly younger than 200 Ms, and 1f it represents true xenoliths, then
an age of near 200-210 Ma would be expected. It is noteworthy that all
polyhalites in the chimneys yield ages of 212 and 198 Ma. More important is
that the awount of water in the rubble chimneys must have been extremely
small; otherwise, xenoliths of halite, anhydrite, and the polyhalite would
have been dissolved., If dissolution were prevslent, the texturea should
show reprecipitated material interlayered with clay-oxide-hydroxide minersls
and as void fillings, but the evaporite minerals appear to be xenoliths as
there 18 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 last
brines accompanying epigenesis and is not related to some later Mesozolc-to
Cenozoic sources of water.

Additional evaporite minerals from the IMC Mine have been studied by
the Rb-Sr and K-Ar methods [17]. The data are given in Table TII. The
samples include very well-crystallized sylvite, secondary leenites,
langbeinites, kieserite, and an authigenic sample of sylvite-halite with
disseminated talc-megnesite. Langbeinites yield Rb-Sr and K-Ar dates in
excess of 175 Ma. The kieserite sample yield an anomalously old Rb-Sr date
(250 Ma), but a very young K-Ar date (103 Ma). The young K-Ar date is in
part a reflection of the poor quality of this4Bineral for K—Ar work, due to
its hygroscopic nature, and possible loss of ' Ar* by diffusion. The
leonite 1s clearly a secondary mineral, and it yields an extremely yo! 98
K-Ar date of 12 Ma. The 78-109 Ma Rb-Sr dates may be due to loss of ~'Sr*
from the leonite; alternately, it may have crystallized somevhere in the
Mid-Cretaceous, although geological evidence to support this hypothesis is
lacking. The sylvite is of interest because both the K-Ar and Rh-Sr model
dates are near 180 Ma, which makes it the oldest sylvite K-Ar age (but
youngest Rb-Sr ape) yet determined from this arca, Why some sylvites yield
dates as young as few Ma, and this one is as old as 180 Ma, is unknown, and
will be the subject of future studies.
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Table II. K-Ar radiometric ages for polyhelites sampled from evaporites in
the Delaware (Permian} Basin, southesstern New Mexico. Age given in million
years before (Ma)., ( El3 pamples are from drill core next to ERDA-9 at the
center of the WIPP gite. Locations of other samples are given in the
sources cited.)

Sample Age (Ms) Source

A. Pure Polyhalites

E9-15a 216 *+ 7 - {13)
E9-59 212 + 7 {13}
E9-84 200 % 7 [13]
MCC-Rc 212 ¢ 7 {13}
MCC-121a 198 ¢ 7 [13]
E9-15b 209 + 7 {11]
E13~1 201 + 7 [18]
E13-7 (plus clay) 205 ¢ 7 [18]
E13-11 205 * 7 [18]
El13-12a 195 2 7 [18]
B. Impure Polyhelites (polyhalite plus halite * sylvite * anhydrite)
£9-99 ~ 174+ 6 [13}
AB-18 154 ¢ 15 [13)
E9-84B 184 ¢ 6 [11)
E9-91 187 &+ 7 [11}
HCC-121b 183 ¢+ 6 {11]
E13-2} 183 ¢ 6 [18]
E13-3 183 £ 6 [18)
E13-12b 181 £ 6 {18)
C. Polyhalite in Lsmprophyre Dike Contact Zone
MB1622 21,4 £ 0.8 {13}

Table I1I. New Rb-Sr and K-Ar dates for selected IMC mine evaporitest

Sample Description Age-Method
mec-1 Magnesite-talc- 183 *+ 15 Ma (Rb-Sr)
Sylvite~halite 304 + 12 Ma (K-Ar)
IMC-2A,2B leonite 78 *+ 15 Ma (Rb-Sx)
KZHg(SOA)Z.AHZO 109 * 15 Ma (Rb-Sr)
12.6 * 0,5 Ma (K-Ar)
1MC-34A,3B Langbeinite 173 + 15 Ma (Rb-Sr)
K2H32(504)3 205 + 12 Ma (Rb-Sr)
202 * 7 Ma (K-Ar)
188 * 6 Ma (K-Ar)
IMC-4 Kieserite 260 *+ 20 Ma (Rb-5r1)
(HgSOA) 103 * 5 Ma (K=Ar)
IMC~5A,5B Sylvite 180 * 12 Ma (Rb-Sr)
{KC1) 177 + 12 Ma (Rb-Sr)

*Source: B;roobéns et al,, {17}, All Rb~Sr dstes are calculated sssuming
initial " "Sr/" Sr = 0.71.

Samples collected by N. Rempp, IMC mine.




CLAY MINERALS (AND INSOLUBLE RESIDUES OF LEACHED SALT SAMPLES)

Register and Brookins [12] first studied clay minerals from the WIPP
area evaporites and report a date of 390 ¢ 77 Ma for namples from a wide
variety of locations. They are careful to point ocut that the 390 Ma date is
significant only to demonstrate that the clay minerala were not reset to a
Late Permian date by reactions with evaporitic brines. More recently the
authors have collected a series of clay sesm samples from the underground
working at the WIPP gite, and these are reported below. Two types of
samples were uged for study; thome in which enough clay (and iron
oxyhydroxide) minerals were present for mechanical separation, and those in
which an attempt was made to separate clays by dissolution of the salt
samplea. In addition, one asmple (WP-5) contained encugh polyhalite for
hand separation. The attempt at concentrating sufficient insoluble,
uncontaminated material by dissclution did not work well, X-ray data show
that the samples so treated contain moderate amounts of gypsum, halite,
anhydrite, and their chemistry indicates the presence' of aignificant amounts
of K, presumably derived from the evaporite salts. This excess K is
attributed as a possible factor aa to why the K-Ar dates shown in Table IV
for the insoluble residues range from 55 to 114 Ma. These dates are
interpreted as having no aignificance at all.

The K-Ar dates for the clay minerals ($ oxyhydroxide minerals)
separated by hand yield dates from 365-390 Ma, in agreement with the Rb-Sr
work {12]. These dates are offered as evidence that the K-Ar systematics of
these clay minerals were not completely reset to age of evaporite mimeral
formation when entrapped in the evaporitic brine environment.

Rb-Sr dates were determined in the UNM Geology Mepartment Geochronology
Laboratory. The data are given in Table V and Figure 1. The methods used
for the study include standard dissolution methods for silicste-oxide
aspemblages, involving: dissolution in HF, deionized water, cocoling,
filtering, and separatégn of Rb and Sr by_ion exchange chromatography using
2,2 N HCL as eluant. Sr-enriched and  Rb-enriched spikes were added to
the samples prior to dissolution. After the ion exchange procedure, samples
were fused in quartz bemkers, cooled and stored. Samples were loaded onto a
rhenium filament and isotopic data obtained using & Nlcr-dehégn lﬁginch.
90-degree sector thggmalséonization mass spectrometer., All Sr/ " Sr values
were normalized to = Sr/° Sr = 0.1194., Six rupg onsgimer and Amend Standard
SrCO0, during the course of this study ylelded ~'Sr/  Sr = 0.70803 ¢ 0.00005
{one”sigma).
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Table 1V. Potassium-Argon Age Daterminations

Sample “Oprs (ppm) K (D “040are /"0y t (a)?
FH-6B-C 0.02195 0.0694 0.387 378 ¢ 15
0.02007 0.741 0.526 )
FH-45-~C,0 0.02755 0.904 0.753 390 ¢ 15
0.02583 0.860 0.657
FH-42-1 0.005177 0.147 0.053 88.7 ¢ 5.3
0.001335 0.197 0.087
FH-32-C 0.02 PRAA
~32~ .02272 0.769 0.744 14
0.02105 0.757° . 0.757 #7213
FH-27-C 0,02315 0.821 0.659 365 ¢ 14
0.02259 0.806 0.546
FH=-27-1(P) 0.001913 0.491 0.125 55,5 ¢+ 3
0.001873 0.475 0.138 )
FH-27-WR 0.000898 0.045 0.164 324 + 20
0.000585 0.050 0.193 B
0.002236 0.057 0.415
0.001311 0.334
FH-26~C 0.02782 0.931 0.548 382 * 15
0.02516 0.860 0.492
FH-6A-1 0.09240 6.687 0.894 187 & 7
0.1056 7.245 0.795
0.08967 6.987 0.790
FH-4~-1 0,005578 0,634 0.243 114 + 5
0,004565 0.684 0.173
0.006156 0.195
Ma = millions of years before the present; I = insoluble residue;
€ = clay minersl separate; 0 = oxide miverals; P = polyhalite,
Table V: WIPP Sitc Rb-Sr Data Summary
Sample Rb(ppm) Sr(ppm) 87Sr/“Sr 87Rb1865r
FH41ne 10.96 9041.0(1) 0,7072(8 '
FHGALns 0.54 3481,7¢(1) 0.707623; g.gggZ;
FH6Bing 42,18 58.3(6) 0,7199(9) 2,0937
FH26wr 0.15 1.2(2) 0.7083(0) 0.35576
FH27ins 2.55 7449.1(4) 0,7080(5) 0.00099
FH32ur 0.45 1.76(6) 0.7130¢0) 0.74018
FH404ine 11.41 4129.5(3) 0,7073(5) 0.00799
FH421ins 40.57 83.7(3) 0.7159(9) 1.40306
FH4S5ins 48.17 42.0(2) 0.7271(0) 3.32312
WIPPlins 46.31 25.1(4) 0.7405(7) 5.34694

notes: 1ins = insoluble, wr = whole rock
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Figure 1. Rb-Sr isochron for clay wminerals (A) and oxy-hydroxide minerals (o)
(See text for discussion).

DISCUSSION

Previous work shows a clustering of dates of clay minerals from the
Delaware Besin, both by Rb-8r and K-Ar, between about 330 and 430 Ma.
Surprisingly, the insoluble residues from the samples of this study define a
fairly good isochron with a 428 Ma, date. These dates are well within the
1imits of uncertainty of previously reported K-Ar and Rb-5r dates, The
importance of the 428 Ma isochron ig that, again, the Rb-Sr systematics of
the samples were largely unaffected by their diagenetic residemce time in
the evaporitic brines.

The original interpretation of these pre-Fermian datesa, by Brookins and
others [13] and PBrookins [1] was for an aeolian origin for the clay
minerals, and lack of re-setting of their K-Ar and Rb-Sr isotoplc
systematice due to incorporation into, and reaction with, the evaporitic
brines. The 390 * 77 Ma Rb-Sr isochron for clay mineral« from reveral
locations (Register, [5] was badly scattered, and no guantitative comments
concerning provenance, and thus extent of diagenetic reaction, could be
made). The isochrom of figure 1, however, is much more linear (i.e. the
error on the age is only 7 Ma and thé error on the initial intercept omly *
0.00013). Since the samples used for this study are all from the WIPP mnine,
then problems of mixed provenance, etc. may have been avoided. For example,
if samples with different prehistories, including different initial ratilos,
are homogenized at some time, t, then several parallel isochroms may result,
all of the same age. This cannot be ruled out for the samples reported by
Register [5]. The data of thls study also suggest, but do not unequivocally
. prove, that there may have been a 400-450 Ma source area for the clay
minerals which dominated the input. Since, in theory, source areas could
have included everything from earlier in the Permian to the Precambrian,
this is surprising, and should be pursued for the purposes of paleogeology.
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CONCLUSIONS

Based of the forgoing data and discusaion of the proceeding pages, the
conclusions of this work are:

(1) Sylvite 1s a nuitable mineral for Rb-Sr age determination, either for
model agea or for use in {sochron construction,

(2) Polyhalite 1s suitable for K-Ar age determinationa. Admixed halide
minerals cause apparent age lowerimg, but can be corrected for.

(3) The detrital nature of clay mineral-oxyhydroxide mineral assemblages
from the evaporite sequence is confirmed by both K-Ar and Rb-Sr study.
These minerals were not reset to the time of sedimentary-diagenesis
(Late Permian to Early Triaesic) despite their residence in/with
evaporite brines,

(4) Provenance for the datrital clay minerals is not resolved. The
clustering of 400 Ma dates is difficult to explain in terms of efther
aeolian or flood sources.

(5) Some evaporite minerals are not well suited for Rb-Sr and/or K-Ar work,
including leonite, kieserite and halite.

(6) Sylvite generally yields low and xﬁliable K-Ar dates, but at least one
yields 180 Ma. The mechanism for '“Ar* loss from sylvite is not known,

(7) The fact that Rb-Sr isochron and individual dates and R-Ar (corrected)
polyhalite and langbeinite datea all cluster at or in excess of 200 Ma
shows that the evaporites from the Salado Formation at and near the

WIPP have not heen recryatallized regionally, and probably not locally,
post 200 Ma,
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LABORATORY AND MODELLING STUDIES OF
SODIUM BENTONITE GROUNDWATER INTERACTION
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RABRSTRACT

According to the present Finnlsh concept eodium bentonite will be used
as a huffer material in the repository for high-level waste. Experimental
and theoretical studies treating the effect of bentonite upon the chemical
conditions in & repoeitory have been initiated with the cbject of specify-
ing the chemistry of the near field.

Sodium bantonite was let react with water under anmercbic conditions
at 25C for 540 days, during which time six fluid pamples were axtracted
for the chemical analysis of 15 chemical species. The generated flnid phase
was alkaline (pH = 9...10) and contained a high amount of bicarbonate. Also
a low redox-potential wes measured. The fluid phase chemistry was investi-
gated using the geochemical code PHREEQE. Calcite saturation was observed
in all fluid samples.

A modelling of sodium bentonite interaction with water based on the
main mineral components of bentonite was also performed with PHREEQE. A
falrly good agreement between experimental results and model calculations
was cbserved.

INTRODUCTION

In Finland, the current main option for the managament of spent fuel
is the direct dlsposal of spent miclear fuel in granitic bedrock. The con-
cept is based on multiple barriers. The chemical conditions in the reposi-
tory and nearfield will thus be determined by the interaction between the
groundwater and the bedrock, buffer and backfill materials and waste canis-
ters. In order to get a wore realistic description of the chemical condi-
tions in the repository for the assessment of the corrosion of canister
materials, the dissolution of spent fuel and speclation and transport of
radlonuclides, the possible effects of the buffer material sodium bentonite
must be taken intq account.

Groundwater chemistry in granitic bedrock has been studied extensively
during the last years in the framework of site investigation programmes in
Sweden, Switzerland and Canada. The first results from a deep test torehole
in Finland are now available [1}' In addition, factors affecting the
groundwater camposition in Finnish bedrock have been evaluated [2).

There are very few reported results on the chemical effects of sodium
bentonite. The reported experiments concern mainly the swelling behavieour,
mineral alteration and leachability of bentonite. In order to get informa-
tion on the changes in the groundwater chemistry due to sodium bentonite,
experimental and theoretical studies were initiated.
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