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B. J. S:ato and I. K. Kyser

ABST RACT

Fracture and cavity kf2::ng calcite and opal In the unsaturated zone of three

drill cores at Yucca Mountain 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 increase in TIC with depth are interpreted as

being due to the increase in temperature in drill holes corresponding to an

estimated maximum geotherma. gradient of 43° per km. Of the eighteen calcite

an opal deposits dated, four of the calcite and all four of the opal deposits

yield dates older than 400,000 years and ten of the remaining calcite deposits

yield dates between 6.00CZ and 310,000 years. The stable isotope and uranium

data together with t'te frnite uranium-series dates of precipitation suggest

cmglex history of r movements, rock and water interactions, and episodes

f frac-.ure rili ineg I te ast 3tC,000 years.

-_17TRODUC.:ON

Tertiary ash-fy'w :.;ffs of Yucca Mountain in southwestern Nevada are

teing cons'4ered ;s Pcssite hosts far a repository for high-level ra-:ative

waste. :nitial examinati.n of exploratory 2ores revealed that fractures and
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ari:.es are ^a:ed and ;- some nseS ^re :z.:etey ; e; w::-
seccr.arr a.z:..te. and opal together w4.tn occasi.nal trace amounts of manganese
ard :-o.^ *x:.es. Aparentrt; --ese s.3condary :7-era-3s were ^e^::tate. frsm
:za:ir= ^ grou cw.ater -- : :2ca^me sa-t-'1 e: w.t.h zaln te and s;.^a by

eacr:.-g wa: --,ccs and fault .uge -rater.als. The purpose of t.: s study is
to .se the staole Asotopic -zrpcsit:zn ^t --e :alclte to -esermlne :he origin
Of the fluids passing tnrougn f-actures, and to attempt to determine the ages
cC calcIte and opal samples oy the uranium-series dating method.

EXPERIMENTAL PROCEDURES

Samples of calcite and opal were collected from the unsaturated zones of
three drill holes at Yucca Mountain, Nevada: UE25af1, USW G-2 and USW
G-3/GU-3 (fig. 1). ieologic descriptions and results of geophysical

measurements of tfte dr 4l holes are reported by Hagstrum and others, 1980;
Maldonado and Koether, 983; and Scott and Castellanos, 1984. The thickness
of the calcite and opal deposits sampled from these cores vary between about

I mm and 1 cm. The calcite and opal coating was chipped or scrapped from the
bed rock surfaces and fragments showing little or no wall rock contamination

were hand-picked for subsequent analyses. Samples containing opal were

ctecked for fluorescence under ultraviolet light. Opals exhibiting yellow-

green light emission under ultraviolet stimulus are referred to as uraniferous

opal in contrast to other 31 .Sa which produced no noticeable fluorescence.

Sam-!es which were predom~nant., calcite were separated from occasional

uranifercus opal fragment3 ty nand-Ticking under ultraviolet lignt

il:nmir.ation. Samples that c:ntanr.ed mixtures of calcite and uraniferous opal
were collected together and were subjected to acid treatment for separation of
calcite from opal, as discussed later.
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Figure 1. Location of Yucca Mountain, the Nevada Pest S1.:e
and -'ocalities of dr':_- hoses.
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?orti:ns of calzite 1-cm the Ve.-ns were ZIssotved In *30 per~:ent

phospnoric acid and the released C3, gas was analyzed in an isotope ratio mass

s:eetrsmeter f:.- 2a::0n a-.' oxygen ;; ^^:cmposlt:ons. 7he va:_es are

eccrteid :-. ne fami. ar :et:a rnotati:n as :ne 11/2 cr l'/ 60 ratio . t-.e

sanp:e relative to tne ratios .n a standard such that 6'"C or !'59 -

IRamcle Rsandar - ) x 10CO wt.ere R * "C/2C or S,/ Standard -ean

ocean water (SHOW) is the standard for oxygen and a Oelemnite from the Peedee

Formation in North Carolina Is the standard for carbon. Using these

techniques, we obtained a 6"0 value of 17.20 and a 6 1C value or -5.00 tor

NBS-18 carbonatite, In agreement with other laboratories.

=ure calcite samples selected for 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 CaO. The samples were then dissolved In 8 F (formal) solution of HC1

and spiked with 236U, 2 2 8 7h, and ZZ'Th standard solution. Uranium and thorium

sotopes were isolated and puriried using an anion-exchange procedure

iescribed by Szato and others (1981). isolated and purified uranium was

electroplated onto a platinum disc. Purified thorlum was extracted in a small

amount of 0.4 F thenoyltritluoroacetone (TTA) in benzene and evaporated onto a

stainless steel disc. Both-di3cs were counted In an alpha spectrometer.

Mixtures ot calcite and opal, or calcite and wall-rock were heated for a

period of about 8 hours at 9000C converting calcite to CaO, then were

separated by disso ;ing CaO in dilute nitric acid solutions (0.25 to 1.0 F

?iN03, depending on sample size). The weighed sample was added to continuously

stirred solution of nitriC acid in small portions to prevent the slurry

turning tnsi_. The final acidity was adjusted to about pH 2, and the soluble

and i-soluble fract:_r.s were separated by centrifuging.

4



:ne sc :,e 2arzr..a:e fract.:n was sp;,ce: w , ''p ,3, 2 9-e 2-

c, r3 *e a ._a.'r : *-,e- '^rarnunm arn t^.r- m were ;e c:;. ated iw tr

es : :':^n a n 3---t :n r ccnce a e: ;: : .en -ne

;- ̂  -;e "S :S.5sZIe: .: -' s~ l::_r.. T're zo::-,.r.s :;.e "-ct: sn

,zpa: *.^:,- fi -- 'Cpar-.L.es) Was p;? .<ed witn Z)It, 226.. a n and

::SS;.;d -r repeate! -e..x-3 ftn :cncer. rateC . mixtures. After

taxen to dryness, t.-.e resliue jas dissolved in ; F HCI solutL.n. -or Koth

fract.ons, the diss"ved urani m and thorium were separated-and purified by

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

RESULTS AND DISCUSSION

Uranium-series and stable isotopic data for fracture-filling calcite and

opal samples from drill holes UE25a#1, USW G-2 and USW G-3/GU-3 at Yucca

mountain are snown in tables , 2, and 3. Errors reported for the uranium and

t-c-riu.m measurements are 1 o propagated errors. All 5 values are accurate to

. 0.15 (2 a).

The uranium concentrations of the calcite, acid- -soluble residues, and

uraniterous opal samples vary from about 0.01 to 58 ppm (flg. 2). The uranium

zoncentratl:ns of the carbonate samples range between about 0.01 and 5.0 ppm

w;th the exception -f sample 348.8-5 which has an unusually high uranium

conten: cf 33.3 ppm (table 2). The uranium contents in the residue fracti)ns

ccnsist.ng mainly of secondary silica and bedrock minerals vary between about

0.7 and 7 ppm and the uranium concentrations of the uraniferous opal samples

range tetween a:_ut 1- and 58 ppm.

The calcuia:ed uranium-series dates of the fracture f l-Ing calcite and

opa: samples from drill holes at the Yucca Mountain area are listed In table

4. The dates or calcite free of acid-'nsoluble residue and of opal samples

5



Tib - '-Analy'~ . a' ta ta oV f ,!act ure f 4U 1i n g c3a ~ .e -an d 3c i ~- Is o>A:.it e

3 am! ' e
:.eot! .Ppm) 'actIvity r'atio)

2 1o_*., 2 3.*
(;. 3 SLI

3 4 alc£Ite

87 Fault
gouge

`0.157
-I'

=0. 01 5

a0.10
to. I 0

5.03
o0. 1 0

3.43
o0. 07

±0. 02

1.09
±O. 02

1 .47
-±0. 02

1 .29
to. 02

.37
±0. 07

0.989
±0. 030

22.2
=0. 7

72
±3

I. .2

±0. 04

1.04
+0.04

1.19
0. 05

--. 9 *ŽO.C0

n.a. n.a.

-'.33 +17.50

-5.41 +15.60

283

611

Calcite

Calcite

n.a. not applicaole.
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Table 2. Analyt.eal lata of fracture " lling calcite, uran.fercus >a-' anc
acts snsowlle r esiue tract',ns from dril. nole USW 3-? ar t.e

Yucca Mountain area

e -a^ c n Peren-t 3 4 -= f3'/ 23 Sr 2 307!i/a 32-P L1v/1. 13,

,h :ar!cnate ri act;iv'ty rat./o, °:o.4ept
ri)

280

, 60

I00)

'2.0Ca ci te >99 0.530 .032
to. 01 '±0.015

302

346.7

346.8

348.7

348. 8-A

348.8-5

359-A

359-5

3-1

Calcite

Calcite

Residue

Calcite

Calcite

Calcite

Calcite

U Opal

Calcite

Calcite

U Opal

Calcite

64

0

n.d.

>99

97

63

0

61

75

a

n.d.

n.d.

0.405
±0.008

6.85
±0. 1 4

n.d.

0.073
±tO.006

0.136
±0.004

33.-3
±0.7

57;8
+1.2

1.21
±0.06

0.644
to. 01 3

27.0
.0.5

n.d.

n.d.

1.167
o0. 018

1.135
±O. 017

n.d.

1.02
±0.03

0.937
to. 028

1.026
±0.015

1.031
+0.015

1.020
0.015

0.965
o. 014

1.068
±0.016

n.d.

± 2.4

n.d.

4.29
tO.21

2.43
±0. 1 0

n.d.

4.6
tO.5

10.7
t1.6

94
tl5

232
+34

261
t80

36
±11

234
t70

n.d.

1.^23 -8. 35 19. ?
±-. 041

n.d.

0.915
to. 037

0.965
to. 049

n.d.

0.73
tQ.06

1.010
±O.C40

0.093
±0.037

1.027
+0.031

0.795
±0.032

0.811
tO. 032

1.04
±n0.04

n.d.

-7. 90

-7.43

n.a.

-7.37

-7.47

-6.93

n.d.

n.d.

-6.82

n.d.

n.d.

-6.56

.1 9.31

+18.22

n.a.

+18.30

+18.19

+18.13

n.d.

n.d.

+17.98

n.d.

n.d.

+17.77

n.d.

n .a.

not determined

not appl.-Canle
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13cL -reS.!Ues frzr. dril' !.e'243W 2G at e
.I ~Y-jcca Yountain area

apl :.2 ' -, ~

63 Zalctte

131

1 47

159

318

331

Residue

Calcite

U Opal

Calcite

Calcite

Calcite

Residue

Zalcite

U Opal

r :"Inat :-a-:

9 5 ~ Si
:O. W-

n~a. 3.5j

52 3.02
±0.36

n .a. 35.0
:0.7

n.d. n.d.

n.dA. n.d.

95 0.0836
±0.0017

ni.a. 1.98
±0.11

87 3.36
±0. 01

n.a. 14.9
±0.4

:, $U.. :3O-h/ z 271

2. 26

'.37 7.6
:0.13 .1.5

1.43 84
±0.02 ±40

1. 3 473
±0.02 ±190

n.d. n.d.

n.d. n.d.

0.991 2.58
±0.020 ±0.13

0.73 U.89
±0.07 ±0.73

t.06 0
±o.04 _5

1.05 153
t0.03 ±61

:. Z3

* 94
:0. 1 9

0.216
±0.009

1.15
±0.05

n.d.

n d.

1.10
-0.06

1. 27
-0-11 3

0.24
t 0.02

1.13
±0D.06

: 3 37t/ 2 3 -.
I A 1 3, La

-'.06 -20.23

n.a. n.a.

-5.11 +20.16

n.d. n.d.

-5.58 +20.04

-5.44 +20.28

-5.10 +19.11

n.a. n.a.

-4. 54 +18.73

n.d. n.d.

... ..

n.d.

not app~licable

not determuined

8



- Z, - . ela 3-.ran-iSer i as ac,::-e J.. L
-. -n s n ~C.... Asm.z. n sre .N vi:

~~epth r an". 'L.1~~~~~ a. ate d

nc~~~~~e pm ze~~~~~~'~

-&~~~~~~~~~~~~~~~~,ea.
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a,

ZU-3

GU-3

USW-G2

;3

131

280

O.56

3.0

0.50

227:20

26t2

>400

UE25a#1 283 5.0 31 0_.,

VU - 3

GU-3

USW-G-2

USW- G- 2

USW-G-2

USWd- G-2

USW-G-2

,jsw- G-2

UE25a#1

318

331

3 46.7

348.7

348.8-A

348. 8-a

359-A

359-a

611

0.084

0.36

0.40

0.073

0.14

33

1.2

0.64

3.4

>400

30±t4

I 90t20(b)

tu2±30

,400

280t70

170ti 8

i 85-Il8

'400

Uraniferous Opal

GU-3 131 35 >400

r'-3 331 15 >U03

'USW-G-2 3L8.q-S 58 >UOO

USW-G-2 359-3 27 >400

a. :sochron-plot corrected using analytical data

b. isochron-plot corrected using analytl^al data
carbonate and acid-Inscluble residue.

of rault gouge.

of both acid-soluble
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Table 4. Calculated ur3n,',m-s er-es agess of fracture Un caot
and. ~:;3 frM zrill ?isia az the '--uCca Mounta:4n a~rea,- N.evaca

Depth Uranium Calcu~ated
(in) (PPM) a2ge

>Q3 3 *ears)

:a~c~te

'J :-2 'a #1 3 *~ a a a)

GtJ-3

OU-3

USW-G2

U E2 5a #1

63

131

280

0.56

3.0

0.50

227±20

26t2

>400

283 5.0
+ 7 O

31 0-Ws

GU-3

CU-3

USW-G-2

USW-G-2

USW-G-2

USW-O-2

USW- G-2

USW-G-2

UE25a#l

318

331

346.7

348.7

348.8-A

348.8-D

359-A

359-B

611

0.084

0.36

0.40

0.073

0.1 4

33

1.2

0.64

3.4

>400

30±4

190t20(b)

1 42±30

>400

280T70

170tl8

1 85±18

>400

Uraniferous Opal

U-3 - 1 31 35 >400

GU-3 331 15 >400

UISW-G-2 348.8-B 58 >400

USW-G-2 359-B 27 >400

a. ts.cnron-plat corrected using analyt.cal data of fault gouge.

t. :sochron-plot corrected using analytical data o? both acid-soluble
carbonate and acid-..soluble residue.
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are Ca U13ted erm teir neasuret z23T'nh/2z ac:. v!: rat :,s us.3cg stanr!ar.!

rai-ioac g owth and decay equat ons assuming that the autni'.enic calcite

and o~al'had rema;-.ed :.eal :.zse: sy3tems with respect to thle :sototes or

,ran."L an! t-:.. _ -.e t^e:^ f^r:t _. -n ccntrasc. the !ares -:r impure

cal:ite samcles were ca: :uated . si thne results for the acid-soluble and

acid-insoluble fractions L- a oseudo-.zocrron-plot nethod tescri:ed by Szabo

and others (1981), and S:abo and Rosholt (1982).

Uranium-series dates of fracture-ftlling calcite samples range frcm

26,0o0 to >400ooo years and uranium-series dates of uraniferous opal samples

are all older than 400.000 years. The dates are plotted against their

corresponding depths in fig. 3. Depth intervals lacking dated samples,

however, may not be real because we arbitrarily selected the thicker deposits

best suited for dating. Two calcite samples yield an average date of 28,000

years, four calcite deposits yield an average date of about 170,000 years and

tour calcite deposits have an average date of about 280,000 years. In

addition, tour calcite and four uraniferous opal deposits are yielding minimum

dates of precipitation of greater than 400,000 years. The distribution of the

finite calcite dates suggests flu'd movement and tracture 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

hole USW G-2 was determined by fission-track mapping. A photomicrogr3ph of

the urani'erous infilling in the host calcite is shown in fig. 4-A and the

corresponding fission-tracK image is displayed in fig. 4-B. The dark areas in

rig. 4-2 correspond to: localities co urani.erous opal, the lIghter-colored

area are t.fe partlal-y crys:allized opal of lower uranium content, and the

2i ntest area is tne nost calcite of the lowest urani'm content. Bulk uranium

analysi3 of the separated calcite (0.136 ppm U-sample 348.2-A, taole 2) and of

12
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;Dal '57.3 p;m U-sanap'e 33-3, -;e 2' ̂ z-. --s h-at nearly all iraniz 3.

.n the 3$egra& Phase. However, slgnlf_,ant amounts ol uranium may be !_st tron

te. amorp opal uy t.e process co crystallization.

Exa~:~t.:z... z ~the s.a:I'e o:::ic mpcstton ot calcites revea's -.o

:tvious - r-elatn zetween :ce . 'so values and dates obtained tor the

samples. The absence zf sucn a 2cr-elation indicates that t-.e samples have

not teen subjected to systematis ia3genesis or that significant change with

time in the Isotopic composition ot .he fluids which precipitated the calcite

had not occurred. Also because the isotopic composition of the fluids did not

apparently change with time, the 6l0 value Ot the calcites can be used to

constrain the i30topic composition and the origin of the tluld. The

difference in 581O 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 6C"O of about .20 (fig. 5) would

have C 60 values near -10. This value is normal ot modern meteoric water oa

this area and suggests that tlhe source for the oxygen in these fracture-

filling calcites is meteoric water. The fluids which precipitated the deeper,

more '20-depleted calcites (fig. 5), had either lower 61 values or

experienced higher temperatures than those which equilibrated with the shallow

samples.

The 613C values in drill core calcites of the Yucca Mountain range

between 3bout -4 and -8 (fig. 6). There are two probable sources for the

carbon in these secondary :alcites. One source is ds3solved atmospheric C02

in the groundwaters which wou 1 procuce ll'- values near -1 in carbonates

similar to those from 1r.e n.-arby Amargosa Desert '.'(yser and otqers, 1981).

The other source is reducei ca:ucn from either organic matter or from the

tuf4s themselves: the 5'' value of these sources may approcah -23. Thne 6'"C
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va; uer - to -; per ..: sigges: t:at .;s ;f tne czr-cn r.:omes frw

Flst a:nos pneri c CO) .

.^.e 0 " va:>es lecrease Corn3lstenrtU with depth. r. a;: three drill ^.oles-

. cnr-ast, ;^e -' *a:.es c :a 1: es A.rte ase W;n. Iepth 'fig.

i r.^wever, sar.;-es ^^cm :r I cies G,- 5-3 na ve -igher "Z valies !.an do

those from USW G-2 at simiar 4ecW.3 an te d. " ralues ot drill hole Uc25a#

do not ,it wel : :.e trencs f t.e other -rill holes even if 6'3C result of the

shallowest sample 34 m, tatle ;) ,As :-,regarded. The general decrease of

6"0 and increase of ,61C with depth of the calcites may result from several

processes including (i) enrichment of "0 and "C in the fluids which produced

the shallowest samples through evaporation of "O-poor water and loss otf "C-

rich C02 from ascending deeper fluids, (2) depletion of 1'0 and '2C in the

deeper fluids as a result of continued precipitation of calcite, (3)

production of each calcite from fluids having ditferent .:rigins, and (4)

increase in the temperature of precipitation of calcite with depth as the same

fluid responds to the local geotherm.

Although the climate of the Yucca Mountain area is conducive to

evaporation at the surface, the regular decrease in the 6'"0 values of the

calcites to depths of several hundred-meters in conjunction with the high

degrees or evaporation (>50%) needed to produce the required appropriate

Isotopic modification of the deep fluid suggests that this mechanism is

unlikely. Similarly. the quantity of calcite that would have to precipitate

from the shallow fluids to -roduce the appropriate 6'"0 values of the deeper

fluils should prcd.ue much greater variation of the 6'"l values than is

observed. The regular increase in the 6''O and decrease In the 6''C values of

the calfltes wit- :epth argue against dlstlnct fluids for each calcite.
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.:.e sotopic fraotI:nat.-n -n response to -.nreasing tmr--rature acoear3

o be3. ain :.^.e deoth-relatet -.:ends i'n t.e stable i.sotope data 3f the

ca: tes 'n tne e dri !11o' oes. "Isr; the oxvzen isotope fract:-nat.-n factor

teween ciite ana 4ater as reoor-:eX y v NeU: -rAd *thers a n assuming

a 6''0 value f:r -eteor 4 water of -3, the measured 6100 values of the Yucca

Mountain Calcites suggest equilitration temperatures at about 20°- near the

surface and at about 4860 fcr tne sample at a depth of 611 meters (fig. 7).

The corresponding enrichment of '-' 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 430/km. This value represents

an upper limit of the gradient because the descending meteoric water can also

become 180-depleted and 1 3C-enriched as a result of the precipitation of the

carbonate.

Sass and others (1980) estimated thermal gradients of about 360/km for

depths to 470 meters In hole UE25a#I and mean annual ground-surface

temperatures of 14.8 0 C. A gradient of 45°/km was estimated for another ho'e

WUE25a#3) about 12 km from UE25a#1 (Sass and others, 1980). These gradients

agree well with that estimated from the isotopic composition of calcite 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 possible

downward percolation of ground water through both unsaturated and saturated

-ones at a rate on the order of 1 to 10 mm/year in the Yucca Mountain area.

7:;e stable isotope data presented here suggest that meteoric water moved

downward from the surface along fractures and precipitated calcite in near

t;uilibrium with the geotherm.
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Figure 7.

80OCALCME

61 0 versus the 6 "C values ot calcite from Yucca
Mountain. Lines and temperatures represent the
calculated isotopic composition of calcite in
equilibrium with meteoric water having a 61'0
value of -9 and 6''C values of either -11.5
(lower line, hole USW G-2) or -_ (upper lne,
hole USW G-3). Fractionation factors for oxygen
are those suggested by O'Neil and others (1969)
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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3ta.$,Le .z;s-Pe data ;- ICate tnat f racure an d aavity <£ -. e i4

Yucca M4i ain rir.' cores preciptated frcr. downward migrating meteoric

water. .-. e otserven iecrease .-. ' nd Icre ae in 3 :'fltents . calc, te

lepos; 's i. :^ Kept . are .nterpre:ed as Zeing rrar ' due

to increase in tem:erature -of bie water -oving downward al-ng fra:t e in tVhe

unsaturated zone. 7he changes A temperature with Cp-t., deduced from

measured 6 "0 values, correspond to a maximum geothermal gradient of 430/km.

The percolating ground water leached .ranium and other elements from

wall-rocks becomi-.g saturated with respect to calcite and silica.

Subsequently, various amounts of dissolved uranium coprecipitated with calcite

and opal. Some 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 calcite deposits yield dates

between 26,000 and 310,000 years (table 4). The finite dates of precipitation

indicate fluid movement and fracture filling during the last 310,000 years.

Generalizing on a limited data base, the migration of meteoric water and

subsequent calcite precipitation are probably tectonically controlled.

Fractures caused by tectonic processes allowed ground water to move until the

openings became obstructed by precip~itating calcite. The obtained dates for

calcite precipitation are then minimum ages for tectonic episodes. Another

possible interpretation of the results is that water migration and calcite

precipitation were 2-imatically regulated. That is, ground water movement and

calcite formation occurred during period c high rainfall. Three groups of

2



caic -e,44es may he recognized from our data whish may correspon- to pilv a-

period $ the Yucca Mountain area: two calcite deposits yield an average

4ate of 2SO00 years, four ca2- te deposits yield an average date of about

:74,300 vers.'and the average date of four other ! lcite deposit3 Is about

280,000 yers %f1g. 3). Alternatively, the finite calcite dates may be the

result of open-system modification. In this explanation, all calcite deposits

are presumed to be older than 400,000 years. Crystallization of opal then

released additional uranium which was incorporated in some of the calcite

deposits making them to appear too young.- As presented in fig. 4-B,

crystallized opal coexisting with calcite exhibits uranium redistribution and

possibly uranium loss as a function of recrystallization, but there is no

indication of secondary uranium uptake by the lowest-uranium containing host

calcite (sample 348.8-A in table 2).

In conclusion, this preliminary investigation of calcite and opal

deposits in fractures of Yucca Mountain drill cores combining uranium-series

dating and stable isotope data show promise to warrant a more systematic

sampling. Refinements of the procedure in a future study should include

identification of possible multiple generation of calcite, determination of

relationship betwen coexisting calcite and opal, and searching for evidence of

secondary uranium migration by using thin-sections, luminescence observations

and fission-track radiography.
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