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ILLUSTRATIONS

Location of Yucca Mountain, the Nevada Test Site

and localities of drill hOleS...eveeeenvoccsannaes
Hisz2gram cf uranium ¢cncentrations in calcite,

uraniferous opal 2and acid insoluble residues......
Calculated uranium-series cdates (x10® years) of

fracture and cavity filling calcite and opal

in drill holes area plotted against corresponding

depths in meters. Bars indicate experimental

Bl O S it eesasssossssonccsssnssosscsoanesascnsssnes
Photomicrograph (A) and corresponding fission track

M€, i vveeesecesossnsaosnstsansssssassscasssasaasans
{8) of uranium distribution {n calicite and opal

at 348,8 m depth in drill core USW G-2. Scale

is 3x5 mm using cross-polar .ight. Uranium

appears as dark snading in the fission track

image .in B; the lighter, banded regions show

uranium redistribution due to partial

crystallization of the amorphous secondary

opal and the white area corresponds to low

uranium CalcCite..veerveeroscossassarrcscrssossasnons
§18%0 val.es of calcite from drill holes and

surface travertines are plotted against

depth Of SamMPle . e ceereeectsresassassvsossnnanson
Relationship between the §'’C value and depth

of calcite from the Yucca Mountain area....c..eee.
§'%0 versus the §'3C values of calcite from Yucca

Mountain. Lines and temperatures represent

the n23alculated isotopic composition of calcite

in equilibrium with meteoric water having a

§'%0 value of -9 and 4!'3C values of either

-11.5 (lower line, hole USW G-2) or -3

(upper line, nols USW 5-3). Fractionatis:

factzrs for oxvgen are those suggestes by

J'Neil and sthers (1969) and for carbton are

those derived by Friedman 1970). The depth

of scme of the samples in meters are indicated
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Calculated uranium-series ages of fracture f{lling
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A3STRACT
Fracture and cavity fil.ing calecite and opal {n the unsaturated zone of three
drill cores at Yuceca Mountaip were analyzed for uranium and stable isotope
contents, and were dated by the uranium-series method., Stable isotope data
indicate that the water from-which the calcite precipitated was meteoric in
origin. The decrease in '*0 and incfease in '3C with depth are interpreted as
Yeing due to the inc¢rease in %temperature in drill holes cofrespondlng to an
estimated maximum geothermal gradient of 43° per km. Of the eightgen calcite
an 2pal deposits dated, four of the calcite and all four of the opél deposits
yield dates older than 400,700 years and ten of the remaining calcite deposits
yield dates between 25,300 and 310,000 years. The stabl.e isotope and uranium
data together with the finite uraniﬁm-series dates of precipitation suggest
complex nhistory of fl.ild movements, rock éﬁd wacer.interaétioqs. and episodes

2f fracture filling 2uring Zne Zast 210,000 years.

INTRZDUCTION

Tertiary ash-flow <uffs of Yucea Mountain in southwestern Nevada are

teing considered zs pcssitle hosts Jir a regcsitory for high-level rat.tacstlive

4aste. Iaitial examinztizn of exploratory cores revealsd that fractures and



2avities are 2cmmonly 2catad 3and 1o SOM2 2332S 3re 2TmIlately fillaz with

seccriary z3aizite. and opal together Witn oczasicnzl trace amounts of manganese
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22r22.32%in3 Zrounivater 73t I22ame S3tiuriate with zfalzite and silica Jy

_2aching wall ~2¢ks and fault Zsuge materials. The purpose of this study i3
5 u3e ‘the stapdla isotopic 22mpcsitizn <8 <he zalgite to zetermine the origin
of the flLuids passing througn {ractures, and $£2 attempt -0 determine the ages

c¢f calcite and opal samples by the uranium-series dating method.

EXPERIMENTAL PROCEDURES

Samples of calcite and opal were collected from the unsaturated zones of
three2 drill holes at Yucca Mountain, Nevada: UE2%a#1, USW G-2 and USW
G-3/GU~3 (fig. 1). ieologic descripticns and results of geophysical
measurements of the dri.l nholes are reported by Hagstrum and others, 1980;
Maldonacdo and Koether, °"9383; and Scott and Castellanos, 1984. The thickness
of the caicite and opal deposits sampled from these cores vary between about
1 mm and ! em. The calcite and opal coating was chipped or scrapped from the
wed rock surfaces and fragments showing little ¢r no wall rock contamination
+ere hand-picked for subsequent analyses. Samples containing opal were
crhecked for fluorescence under uitraviolet light. Opals exhibiting yellow-
green light emiasion under ultraviolet stimulus are referred to as uraniferous
opair in contrast to other 3ilici which procduced no noticeable fluorescence.
Samzles which Wwere predominant., calcite were separated from occasional
Jdranifercus opal fragment3 -y nand-picking under ultravislet lignt
{llimination. Samcles -hat cantained mixtures of czlcite and wraniferous opal
Jere coilected together and were subjected to acid treatment for separation of

calcite from copal, as discussed iLater.
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samp.e relative %O tne ratios in a standard such that §'’C or 5°%) =

/] -1) x 1000 whera ] = '17/'3C or !'%*9/'%2, 3tandard mean

]
N ‘‘standara2

“samgl
Jcean water (SMOW) is the atandard for oxygen and a telemnite from the Peedee
Formation in North Carolina is the standard for carbon. Using these
techniques, we obtained a §'*0 value of +7.20 and a 8'3C value of -5.00 for
NBS~-18 carbonatite, in agreement with other laboratories,

*ure calcite samples selected fqr uranium-series analysis were ground to
a fine powder and heated for a period of about 8 hours at 900°C to convert
Caco3 to Ca0. The samples were then dissolved in 8 F (formal) solution of HCl
and spiked with 2%y, 22%Th, and 22°'Th standard solution. Uranium and thorium
isotopes were isolated and purified using an anion-exchange procedure
jescrived by Szabo and others (1981). 1Isolated anc purified uranium was
electroplated onto a platinum disc. Purified thorium was extracted in a small
amount of 0.4 F thenoyltrifluoroacetone (TTA) in benzene and evaporated onto a
stajinless steel disc. Both-discs were counted in an alpha spectrometer.

Mixtures of calcite and opal, or calecite and wali-rock were heated for a
period of about 8 hours at 900°C converting calcite to Ca0, then were
separated Sy d4issol;ing Ca0 in dilute nitric acid solutions (0.25 to 1.0 F
Hﬂ03, depending on sample size). The weighed sample w;s added to continuously
stirred soluticn of nitrio acid in small portions to prevent the slurry
turning t=sis. The final acidity was adjusted tO about pH 2, and the soluble

and insoluble fracti:ns were separated by centrifuging.

FR
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‘opal andrlr wIL.-T2CK TArtic.25) Was

pixked ui:h_"‘u. 2287, 3nd 22974 and
~igsalvad Y re;eaté: rafliging ~ith oncentrated HF-XI1I. mixtures. After
raxen t3 dryness, tne residue 4as Jdissoived in 3 F HCl solﬁti:n. For toth
sractions, the lissclved uwranium and thorium were separatad.and purified by

anion-exchange, and the discs were prepared and measured as descrited above.

RESULTS AND DISCUSSION

Uranium-series and stable {sotopic data for rracturé-rilling caleite and
opal samples from drill holes UE25a#1, USW G-2 and USW G-3/GU-3 at Yucca
Mauntain are snhown in tables ', 2, and 3. Errors reported for the uranium and
tasrium measurements are ! g propagated errors. All 5 values are accurate to
+ 0.15 (2 o).

The uranium concentrations of the calcite, acigd-:i~soluble residues, and
uraniferous opal samples vary from about 0.01 to 58 ppm (fig. 2). The uranium
concentratisns of the carbonate samples range between about 0.91 and 5.2 ppm
4ith ths exception =f sample 3u48.8-B which has an unusually high uranium
content 3f 33.3 ppm (table 2). The uranium contents in the residue fracti{sns
consisting mainly of secondary silica and bedr9ck ninerais vary between about
2.7 and 7 ppm and the uranium concentrationé of the uraniferous opal samples
range Yetween zzout 1% and 58 ppﬁ. |

The calculated uranium-seri2s dates of the fracture f:illing calcite and
Jpa. samples from drill holes at the Yucca Mountain area are listed in tabdle

4. The datas of calcite free of acid-insoluble residue and of gpal samples

(6]
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Table . Apalytizal <ata of fracture fillling cail
wWa.L. rPS2Kk material from o I~ill o ncle UEZSa#t 3t tn

Sample  Magacial Ueainiam 23400, 238 0y 3337wy 2327 2397a s 23
i8ntn _Ppm) “activity ratio)
o)
3u Calegite :.787 LT 2.17 W2
£3.015 +£0.02 +0.07 +0. 04
87 Fault €. 1.09 0.989 1.06
gouge +0.10 =3.02 +0.030 +0.04
283 Calecite 5.03 y.47 22.2 1.04
+0.10 =J.Q2 0.7 +0.04
611 Calcite 3.43 1.29 72 1.19
+0.07 +0.02 3 +0.05

n.a. not applicaole.



Table 2. Analytica: 2ata of fracture filling caleoite, uranifarcus spal ancg
acid inscluble residue fractizns from drill 2ole USW 3-2 at the
: fucca Mountain area

oy

Saaple  Fragilin Percent  Uranium  PiSu/238y 23oTn izTy Ddomp 23 glap §:42
septh sarbcnate im; ‘activity ratiol 9730
‘m)
280 Caleite 99  2.520 1,032 12,0 1.223  -3.35  «19.21
«3.010 *£0,015 + 2.4 =23.041
302‘ Calcite a.d. a.d. n.d. nd. n.d. -7.90 «19.31
346.7 Calcite 64 0.408% 1.167 .29 0.915 -7.43 +18.22
£0.908 £0.018 £0. 21 +0.037
Residue 0 6.85 1.135 2.43 0.965 n.a. n.a.
£0.14 +0.017 +0.10 +0.049
346.8 Calcite n.gd. n.d. n.d. n.d. n.d.  -7.37 +18.30
348.7  Caleite >99 0.073  1.02 u.6 0.73 -T. 4T +18.19
348.8-A Calcite 97 0.136 0.937 10.7 1.010 -6.93 +«18.13
3u48.8-B Calcite 63 33.3 1.026 94 0.093 n.d. n.d.
£0.7 +0.015 215 +0.037 :
U Opal 0 57.8 1,031 232 ‘ 1.027 n.d. n.d.
+1,2 +0.015 +34 +0.031
359-A  Calsite 61 1,21 1.020 261 0.795  -6.82 +17.98
+0.06 +0.01§ +80 +0.032
359-8 Calcite 75 0.644 . 0.965 - 36 0.811 n.d. n.d.
' ' +0.013 +0.014 +11 +0.032 E
U Opal 0 27.0 1.068 234 1.08 n.d. n.d.
+0.5 +0.016 +70 +3.04
3N Calcite n.d. n.d. n.d. n.d. - n.d. -6.56 +17.77

n.g. not determined
n.a. not applicansle




i
: Table 3. Analysizal d3ta 9f fracture Silling calisita2, cranifersis 223l amd
- 3Ci2 insslusle resilues from 2rill nole U3W 3-3/3U-7 a3t tae
’ 7221 Yountain area

Sampia Trzoticn Tarcent Uranium 36338y 130Ty 2327, 1337w 23eg gi3p 5189
bR Feete) 2ar2cnate  3onm ‘agnivicy matic. 9/30;
.7) '
53 Zaleita 35 3.3=%2 2.25 iz .03 -7.06 «30.23
=D, 31 «C.0 = =3.23
Residue 1.3, 2.48% t,37 7.6 t. oY n.a n.a
«Q.352 =0.13 +1.5 =0. 19
131 Calcite 52 3.02 1.43 84 0.216 -5.11 +20.16
i £0.96 £0.02 40 £0.009
U Opal a1.a. 35.9 1.13 u7r3 1.15 n.d. n.d.
0.7 £0.02 +190 +0.05
147 Calcite n.d. n.d. n.d. n.d. n.d. -5.58 +20.04
159 Calcite n.d. n.d. n.d. n.d. n.d. -5.44  +20.28
318 Calcita 95 0.0826 Q0.99 2.58 1.10 -5.10 «19,.11
£0.0017 +0.020 +0.13 +0.06
p Residue n.a. 1.88 0.73 4,89 1,27 n.a. _ n.a.
3 +0.11 £0.07 +0.73 +0.13
N Zalcite 87 2.36 1.06 o] 0.24 -4,54 +18.73
+0.01 =0.04 5 =3.02
Y Opal 1.a. 14.9 1.05 153 1,13 n.d. a.d.
=0.4 +0.03 +51 +3.06

n.a. not applican.e

n.d. not determined
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JE2%a#! Te o oded : 3:::{3
-3 3 .56 227220
Gu-3 131 3.0 2612
USW-G2 280 0.50 >400
UE25a 81 293 5.0 3107,
Gu-3 318 0.084 >400
Gu-3 EE) 0.36 3024
USW-G-2 146.7 0.40 199+20(?’
JSW-G-2 2u8.7 0.073 142230
USW-G-2 348.8-4 0.14 ~4Q0
USW-G-2 348.8-8 ’ 33 280£70
USW-G-2 359-A 1.2 170218
JSW=G-2 359-8 0.64 185218
UE25a#1 511 3.4 400

. Uraniferous Opal
GU-3 131 35 >400
cu-3 231 15 >400
USW=-G-2 218,8-3 . 58 >400
USW-G-2 359-3 27 >400

a. Isochron-plot ccrrected using analytical data of fault gougs.

b. Isochron-plot corrected using analytical data of both acid-soluble
carbonate and acid-inscludle residue,



NUMBER OF SAMPLES

EXPLANATION
Caicite
U Opal

D Acidnsolunie residue

1T , / 17 A A
,“ 10 E?s%%éﬂn -ls 50

URANIUM, IN PARTS PER MILLICN

Figure 2. Histogram of uranium concentrations In calcita,
uraniferous opal and acid insoluble residues.
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. - -calculated uranium-series ages of fracture filling calzgits
from 2-il1 72128 at the Zucca Mountain area, Nsvaca

" Depth ' Uranium Calcu.ated

(m) {(ppm) ‘ : age
' ‘x13? vears)

Taieite
JE23am ‘ 2y :::(a)
SU-3 63 0.56 227+20
-3 131 3.0 ' 2622
USW-G2 ‘_ 280 . 0.50 >400
UE25a#t 283 5.0 31070,
w-3 318 : 0.084 | >490
@-3 - 33 0.36 304
USW-G-2 346.7 | 2.40 190£20(®)
USH-G-2 8.7 0.073 142230
USH-G-2 348.8-A 0,14 >400
USH-G-2 "3u8.8-B | 33 | 280270
CusW-G-2 90 1.2 170018
USW-G-2 359-B 0.6k 18518

UE25a#1 611 ' T3, >400

Uraniferous QOpal

cU-3 Y o 35 >400
- CU-3 3 o 15 | >400
USW-G-2 38.8-B | 58 5400
USW-G-2 . 359-B Y 5800

a. Isccnron-plot corrected using analytical data of fault gouge.

O Isochron-plot corrected using analytical data of both acid-soluble

- .

carbonate and acid-insoluble residue.

11



5

T-owth and decay equatlions assuming that the authigenic calcite

1ai~ad :deal 2l2sel systams with respect %5 the i3otcges of

RN

iranium and tnorium 3inge tha2ir formaticn. Ia contrast, the dates for impwe
callite samp.es ware 2alculated using %ne results for the acid-solusi2 and
acid-inssludble fractions in a1 psauds-izocnron-plot method Zescerized by Szabo
and others (1381), and Szabo and Resholt (1982).

Uranium-series dates of fracture-filling calcite samples range from
26,000 to >400,000 years and uranium-serias dates of uraniferous opal samples
are all older than 400,000 years. The dates are plottad against their
correaponding dapths in fi3. 3. Depth intervals lacking dated samples,
however, may not be real because we arbitrarily selactad the thicker deposits
best suited for dating. Two calcite samples yield an aﬁerage date cf 28,000
years, four calcite deposits yield an average date of about 170,000 years and
four calcite deposits have an average date of about 280,000 years. In
addition, four calcite and four uraniferous opal deposits are yielding minimum
dates of precipitation of greater than u400,000 years. The aistribution of the
finite calcite dates suggests fluid movement and fracture and cavity filling
in these drill holes between 26,000 and 310,000 years.

The distribution of uranium in uraniferous_opal at 348.8 m depth in drill
hola USW G-2 was determined by fission-track mapping. A photomicrograph of
the uraniferous infilling in the host calcite is shown in fig. 4-A and the
corresponding fission-track image {3 displayed in fi{g. 4-B. The dark areas in
£ig. 4-2 Ccorrespond %3 locali%ies cf uraniferous opal, the lighter-colored
area are the partially crystallized ospal of lower uranjium content, and the
ligntest area is the nhost calcite of the lowest wranium content. 3Sulk uranium

analysis of the separated calcit2 (9.136 ppm U-sample 348.2-A, taole 2) and of

12
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".Figure 3. Caleculated uranium-series dates (x10® years) of

fracture and cavity filling caleite and opal in
drill holes area plotted against corresponding
depths in meters., 3ars inillcate experimental

errcrs.
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Photomicrogriaph (A) and corvespoambing Vission track
image (B) of uranfum distribut ion in caleite and opal
at 348.8 m depth in drill core USW G-2.  Scale is x5
mm using cross-polar light. Uranium appears as dark
shading In the fission track image in B; the Viphter,
banded regions show uranium redistyibut ion duc to

part fal crystallization of the amorphons secomdary opal
and the white area corresponds to low uranium calyite.
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.2 2: 2snlirms that nearly all iraniim ‘s

n
ot

»e

spal ’57.3 pra UJ-zample 343.3-3,
in the a:%,ca<phas However, significant amounts of uranium may be icst from

Py

she amorﬁﬁcﬁ@ oca Sy thne srocess <l orystalllization.

iz compcsition of calcites reveals no

- v N
Zxaminitisn =7 tne stasla §

n

sovigus Isrreilzticn c2tween the (799 yalues and dates obtained for the
samples. The absence 3f suca 3 cer-elation indicates that <-e samples have
10t teen subjected tO systemati: Ziagenesis or that significant cnange with
sime in the isotopic composition of the fluids which precipitated the calcite
had not occurred. Al3o because the isotopic cohposltlon of tﬁe fluids did not
apparently change with time, the §'%) value of the calcites can ba usad to
constrain the isotopic composition and the origin of the fluid. Ths
difference in §'°0 values of co-existing calcite and water at 20°C is about 30
per mil (O'Neil and others, 1969) so that the water in equilibrium at this
temperature with the shallowest calcites with §'%0 of about +20 (fig. S5) would
nave §'%0 values near -10. This value is normal of modern meteoric water of
nis area and suggests that the source for the oxygen in thegse {racture-
filling calcites is meteoric water. The fluids which precipitated the deasper,
more !*%0-depleted caleites (fig. 5), had sither lower §'® values or
experienced higher temperatures than those which equilibrated with the shallow
samples.

The 6'?C values in drill core calcites of the Yucca Mountain range
between ahout -4 and -8 (fig. 6). There are two probable sources for the
carzon {n these sacondary calcites. One source i3 dissolved atmospneéic COZ
in the groundwatars which wou.2 procduce 5'?C values near -1 in zarbonate
similar to those from t:e n=arby Amargosa Desert (Xyser an< others, 1981).

The other source {s reduced carben from either organic matter or from the

tuffs themselves: the §!'’ value cf these sources may approcah -29. The 6'°C

16
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100~ EXPLANATION , 5 -
< UE2Sa =1 . -

zoor— ®USW G-2 : ' -

g Z USW G-3 .
o

o 0 ~e -~
£ o0
:. 400 p= -
=
-9
w
]

500}— -

sc0f- - -

- ] ! | | | |
% 5 T "7 8 . T 20 2!
§'"0caLcive

Figure 5. &'%0 values of calcite from drill holes and surface

travertines are plotted against depth of sample.
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E 400~ EXPLANATION
o O UE2Ss =1 :
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Figure 6. Relationship between the §''C value and depth of
caleite from the Yucca Mountain area.
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3%, Ecwever. samples {rem 3rill ﬁéles USW G-3 nave njigher '3C values than do
- those from QSW G-2 at similar 322gtis and the §'37 values of drill ndle Ug25a#'
do not fit well zne trencs of the other irill noies even if §'’C result of the
‘shaliowest sample .3d m, talie i) is ::sregarded; The general decrease of
§'%0 and increase of §'°C with depth of the calcites may result rrqm‘several
processes fncludinz (i) enrichment of '*0 and {2 {n the fluids which produced
‘the shallowest samples through evagoration of '*0-poor waﬁer and loss Qr"'c-
rich CO, from ascending deeper rluids.‘(Z) depletion of l"0 and '2C in the
deeper fluids as a result of continued precipitaticn of calclite, (3)
production of each calcite from fluids having different Irigins, and (%)
increase in the temperature of précipitaiion of caleite with depth as the sanme
fluid responds to the ilocal geotherm. |

Although the climate of the Yucca Mountaln area is conducivg to
evaporation at the surface, the regular decfease in the §**0 vélues of the
calcites to depths of several hundred meters ln’bdnjunc:ion with che_high
degrees of evaporation (>50%) needed to produce the fequiréd apbropriate
isotppic modification of the deep fluid suggests that :his;mech#nism is
unl'kely. Similarly, the quantity of calcite ﬁhat would have to precipitate
f~om the shallow fluids %o ;roducé the approﬁriate §1%0 vaiues of the deeper
fluiis should-prcducefﬁuch greater variation of the §!’C values than is

abservad. The reguiar increase in the 5'%0 and decrease in the §'C values of

the calcites witz depth argue against distincet fluids for each calcoite.
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as reported Sy 7'Neil zind cSthers
3 4'%0 vaiue f:or mateori:s water of -3, the measured §'%0 vaiues of tre Yucca
Mountain calcites suggest equilidratica tamperatures 3t azbout 20°7 near the
surface and at about 48°C faor the sample 3t a depth of 611 meters (fig. 7).
Tne corresponding enrichmehc of ''C with depth in calcites from the same drill
holes can also be explained by increasing the temperature at which the calcite
precipitates. These estimates of the changes of temperature with depth
correspond to a maximum geothermal gradient of 43°/km. Thi{a value represents
an upper linait of tha gradient because the descending meteoric water can alSo
cecome '"O-depleted and '*C-enriched as a result of the precipitation of the
carbonate.

Sass and others (1930) estimated thermal zradients of about 36°/km for
depths t3 UT0 meters in hole UE25a#! and mean annual ground-surface
temperatures of 14.8°C. A gradient of U45°/km was estimated for another hole
(UE25a#3) about 12 km from UE25a#1 (Sass and others, 1930). These gradients

‘agree well with that estimated from the isotopic composition of caleite in the
drill holes although we assumed a surface temperature of precipitation of the
calcite of about 20°C. Sass and Lachenbruch (1982) also report the posaible
downward percolation of ground water through both. unsaturated and saturated
zones at a rate on the order of 1 to 10 mm/year in the Yucca Mountain area.
The stabla isotope data presented here suggest that meteoric witer moved
downward from the surface along fractures and precipitated calcite i near

232ilibrium with the geotherm.
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Figure 7.

§'%0 versus the §''C values of calecite from Yucca
Mountain. Lines and temperatures represent the
‘calculated isotopic composition of calcite in
equilibrium with meteoric water having a §'°0

value of -9 and §'’C values of either -11.5

(lower line, nole USW G-2) or -2 (upper line,

hole USW G-3). Fractionation factors for oxygen
are those suggested by O'Neil and others (1949)

and for carbon are those derived by Friedman 1970).
‘The depth of some of the samples in meters are

indicated in parentheses.
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SJUMMARY

water. v *9%2 3nd increzze in Y7 2dateats of calaite

1epos.its ~ith maspact to Zdeptn fig. T are nterpreted as t2ing primarily due
Lo increase in temzerature 5 the water moving downward along frzstwr2s in the
unsaturated zone. The changes o tamperature with c¢spth, deduced Srom
measured §'®0 values, ccrrespond to a maximum geothermal gradient of u43°/km.
The percolating ground water leached .ranium and other alements from
wall-rocks becoming saturated with respect t3 calcite and silica.
Subsequently, various amounts of dissolved uranium coprecipitated with calcite
and opal. Socme of these deposits in three drill holes were selected for
dating by the uranium-series method. All dates are calculated by assuming a
closed system. and single generation with rapid rates of accumulation of the
fracture filling deposits. Of the eighteen samples dated, four calcite
deposits and all four of the opal deposits are older than the detection limit
of the method of about 400,000 years, and ten cilcita deposits yield dates
between 26,000 and 310,000 years (table 4). The flniﬁe dates of precipitation
fndicate fluid movement and fracture filling during the last 310,000 years.
Gerneralizing on a limited data base, the migration of mateoric water and
subsequent calecite preclplﬁatlon are probably Cec;onically controlled,
Fractures caused by tectonic processass allowed ground water to move until the
orenings dbecame obstructed by precipitating caleite. The obtained dates for
calcite precipitation are then minimum ages for tectonic episoﬁes. Another
possible interpretation of the results {3 that water migration and calcite
precipitation were 2limatically regulated., That i3, ground water mc¢vement zand

caleite formation cccurred duriag period ¢ high rainfali. Three groups of
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caiciig;fates may be recogiized from our cata which may corresponz £d pluvial
* Py A: . . N .

periodsf ‘the Yucca Mountain area: tw@o calcite deposits yield an average

3

date of éé;ooo 9;3rs. four cal:iie deposits yield én average'daﬁe of about
172,300 vers, and the average cdate of four other 2i:lcite deposits (s about
280,900 yers (fig. 3). “Alternativel}. the finite calcite dates may be the
resuit of‘open-system modtrlcation. Iﬁ this explénation. all calcite deposits
are presumed to be older than 400,000 years. Crystallization of opzl then

- released additional wanium which was incorporated in some of the calcite
deposits making them to aﬁbear too young. As prgsented in fig. 4-B,
crystallized opal~coex1=t1ng'w1th calcite exhibits wanium redistribution and
possibly uranium loss as a function of recrystallization, but there is no
Indicayion of secondary uranium uptake by the lowest-uranium containing host
calecite (sample 348.8-A in tabdble 2).

In conclusion, this preliminary'investlgation of caleite and opal
deposits in fractures of Yucca Mountain drill core$ combining uranium-series
dating and stable isotope data show promise to uarrént a more systematic
sampling. Refinements of the procedure in a future study should include
identification of possible multiple generation of calcité; determination of
relationship betwen coexisting calcite and opal, and searching for evidence of

- secondary wanium migration by'uSing thin-sections, luminescence observations

and fission-track radiography.
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