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Geochemical and Pb, Sr, and O Isotopic Study of thé
Tiva Canyon Tuff and Topopah Spring Tuff,
Yucca Mountain, Nye County, Nevada

ByLeonid A. Neymark, Brian D. Marshall, Loretta M. Kwak, Kiyoto Futa, and

Shannon A. Mahan

Abstract

Yucca Mountain, located in Nye County,
Nevada, is currently being studied as a potential
site for an underground repository for high-level
radioactive waste. Because Yucca Mountain is
located in a resource-rich geologic setting, one
aspect of the site characterization studies is an
evaluation of the resource potential at Yucca
Mountain. Geochemical and isotopic signatures
of past alteration of the welded tuffs that underlie
Yucca Mountain provide a means of assessing the
probability of hydrothermal ore deposits being
present within Yucca Mountain.

In this preliminary report, geochemical and
isotopic measurements of altered Tiva Canyon
Tuff and Topopah Spring Tuff collected from fault
zones exposed on the east flank of Yucca Mountain
and from one drill core are compared to their unal-
tered equivalents sampled both in outcrop and drill
core. The geochemistry and isotopic compositions
of unaltered Tiva Canyon Tuff and Topopah
Spring Tuff (high-silica rhyolite portions) are
fairly uniform; these data provide a good baseline
for comparisons with the altered samples.
Geochemical analyses indicate that the brecciated
tuffs are characterized by addition of calcium-car-
bonatc and opaline silica; this resulted in additions
of calcium and strontium, increases in oxygen-18
content, and some redistribution of trace elements.

After leaching the samples to remove authi-
genic carbonate, no differences in strontium or
lead isotope compositions between altered and
unaltcred sections were observed. These data
show that although localized alteration of the tuffs
has occurred and affected their geochemistry,
there is no indication of additions of exotic compo-
nents. The lack of evidence for exotic strontium
and lcad in the most severely altered tuff samples

at Yucca Mountain strongly implies a simila- lack
of exotic base or precious metals.

INTRODUCTION

Yucca Mountain in Nye County, Nevada, is
being studied as a potential site for the underground
storage of high-level radioactive waste. It is als»
located in the resource-rich Basin and Range province.
These resources include deposits of base, preciovs, and
strategic metals; industrial minerals; hydrocarbcns;
and geothermal energy. The presence in Yucca Moun-
tain of favorable host rocks for both metals and hydro-
carbons requires a thorough assessment of its natural
resource potential. Geochemical and isotopic investi-
gations of fault zones and other zones of potential fluid
flow are helpful for such an assessment, because exotic
isotopic compositions (Pb, Sr, O) would be evidence of
passage of hydrothermal fluids.

This study is based, in part, on the ability of nat-
ural isotopic ratios of both strontium and lead to be
changed by small additions of these elements frcm for-
eign sources introduced during alteration. Significant
variations in these ratios are observed in areas of
known mineralization nearby at Bare Mountain
(Peterman and others, 1994). The term “exotic” refers
to isotopic signatures that are not typical of the inal-
tered volcanic rocks.

This preliminary report describes results ¢
geochemical and isotopic (Pb, Sr, O) study of both
altered and unaltered felsic tuffs of the Tiva Canyon
Tuff and Topopah Spring Tuff. The scope of the work
was:

1. To collect baseline data for unaltered tuffs (Antler
Ridge reference section of outcrop samp'es for
Tiva Canyon Tuff and UE-25a #1 drill core
samples for Topopah Spring Tuff);

2. To analyze altered tuffs at three different loc-lities
(UE-25a #1, Trench 14, and Busted Butte).

Abstrart 1



3. To compare the results for altered felsic tuffs with
the baseline data.

Sample Collection

Two suites of samples were selected to obtain
baseline geochemical and isotopic data for unaltered
felsic tuff in the Tiva Canyon Tuff and Topopah Spring
Tuff, and three different localities were sampled to
study its altered varieties. The sampling sites are
located in proximity to the potential repository as
shown in figure 1.

ill h -25a #1

Drill hole UE-25a #1 is located on the northeast-
ern flank of Yucca Mountain (fig. 1). Among other
stratigraphic units, it intersects high-silica rhyolite of
the Topopah Spring Tuff in the depth interval from
155.6 to 403.6 m. In this drill hole, much of the basal
vitrophyre and the lowermost part of the overlying
high-silica rhyolite are variably altered along fractures
to clays and zeolites (Levy and O’Neil, 1989). The
eight samples analyzed were described by Peterman
and others (1991). Samples 510.4 to 990.6 are from the
densely welded, devitrified zone composed of unal-
tered high-silica rhyolite. Samples 1274.0, 1274.4,
1295,0, and 1324.3 are from the lower vitrophyre and
represent various degrees of zeolitization.

Antler Ridge

A suite of 18 out of 35 outcrop samples (Singer
and others, 1994) collected from a 91.5-m thick verti-
cal transect of the Tiva Canyon Tuff along the southern
flank of Antler Ridge (fig. 1) was selected for this
study. Selected samples represent all lithologies
(samples 9855 to 9880 are high-silica rhyolite, and
from 9883 to 9889 are quartz latite) and textural zones
(hackly, lower lithophysal, clinkstone, upper litho-
physal, and upper cliff; Scott and Bonk, 1984)
observed within the Tiva Canyon Tuff. This suite of
unaltered tuff is used to obtain reliable baseline
geochemical and isotopic data for this stratigraphic
unit.

Busted Butte

Altered felsic tuffs at Busted Butte (fig. 1) are
represented by brecciated Topopah Spring Tuff. Here
sand ramps and bedrock are cut by the Paintbrush
Canyon fault. Breccias contain variable amounts of
tuffaceous clasts in a matrix of finely crushed tuff and
authigenic mineral cements. Four samples of brecci-
ated bedrock (HD-74-1, HD-74-2, HD-74-3, and
HD-74-4) of about 20 g each, representing different

proportions of clasts, matrix, and cement me*erials
were drilled out of a breccia block (approximately
40%30x% 20 cm). Samples HD-74-2 and HD-74-3 con-
tained maximum and minimum proportions of the tuf-
faceous clasts, respectively.

Trench 14

Bedrock breccias at Trench 14, which is located
along the Bow Ridge Fault (fig. 1), are restricted to the
Tiva Canyon Tuff. The section of Tiva Canyon Tuff
exposed in Trench 14 is a densely welded, d-~vitrified
tuff. The breccias resemble those in Busted Butte, but
contain more authigenic cement (Levy and 1 Taeser,
1991). Three samples of the breccia (HD-41-1,
HD-41-2, and HD-41-3) of about 20 g each were
drilled out of a breccia block (approximately
30 x 20 x 15 cm) and analyzed during this work.

Study Methods

This paper reports new isotopic (Pb, Sr, O) and
concentration (Pb, U, Th) data for Tiva Canvon Tuff
from Antler Ridge (table 1), new U-Pb data for
Topopah Spring Tuff from drill hole UE-25¢ #1
(table 2), and new U-Th-Pb, Sr and O isotopic, and
energy dispersive X-ray fluorescence (XRF) concen-
tration results for breccia samples from Busted Butte
and Trench 14 (tables 3 and 4). Previously published
Rb-Sr and XRF concentration data for drill Iinle
UE-25a #1 (Peterman and others, 1991) and XRF data
for the Antler Ridge section (Singer and others, 1994;
Z.E. Peterman and K. Futa, U.S. Geological
Survey, written commun., 1994) were also used.

Minor and trace elements were determined on
representative splits of approximately 3 to 5 grams of
250-mesh rock powder by energy-dispersive X-ray flu-
orescence. Replicate analyses of the USGS GSP-1
geochemical reference standard (Govindaraju, 1989)
indicate precisions of better than +4 percent (15) for all
elements analyzed except Y and La, which Iave a
reproducibility of 8 percent. The Rb/Sr ratio in the
standard reproduces to better than +3 percent.

Sr was separated from a split of 200-mesh rock
powder by conventional ion-exchange chromatogra-
phy after dissolution in a mixture of concentrated
hydrofluoric (HF) and sulfuric (H,SO,) acid~. Isotope
analyses were performed automatically in static mode
on a 7-collector Finnigan™ MAT-262 mass-spectro-
meter. Two samples of the USGS carbonate standard
EN-1 (Futa, Peterman, and Hein, 1988) were analyzed

in each turret of 13 samples and gave mean 8751/36Sr of
0.709111+0.00002 during the course of this s‘udy; Sr
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ratios are normalized to an EN-1 value of 0.70920.
Mass-fractionation correction was made by normaliza-

tion to a “°Sr/38Sr value of 0.1194. Breccia samples
from Trench 14 and Busted Butte were pre-treated in
IN hydrochloric acid (HCI) to eliminate the authigenic
carbonate component, and the leached residues were
analyzed for Sr.

U-Th-Pb isotopes were analyzed using 50—

200 mg splits of the same rock powders. Samples from
UE-25a #1 and Antler Ridge were decomposed in a
mixture of HF and nitric (HNO?3) acids in teflon™
bombs ur.der pressure. Breccia samples from

Trench 14 and Busted Butte were leached twice using
0.8 N acctic acid, and residues were digested in HF on
a hot pla.2. Three out of seven leachates also were ana-
lyzed.

U-Pb systematics in UE-25a #1 borehole sam-
ples were determined at the Institute of Precambrian
Geology and Geochronology (IPGG), St. Petersburg,
Russia, using the conventional hydrobromic acid (HBr)
technique (Manhes and others, 1978) for lead separa-
tion by 1on-exchange chromatography (L.A. Neymark,
U.S. Geological Survey, IPGG, unpublished data).
Total chemistry blank at IPGG during the measure-
ments wis 0.8+0.2 nanograms (ng) Pb. Uranium and
Pb conceatrations were determined with a precision of

+1 percent by isotope dilution using a 235y and 2%pb
mixed splke. The average for three separate runs of
USGS BCR-1 standard (Doe and Rohrbough, 1977,
Govindaraju, 1989) analyzed at IPGG during the
course of this study is presented in table 2. Isotopic
analyses were carried out on an 8-collector Finnigan™
MAT-261 mass-spectrometer in static mode. Numer-
ous measurements of National Institute of Standards
and Technology (NIST) SRM-982 Pb-isotope standard
(Catanzaro and others, 1968; Todt and others, 1993)
revealed a Pb mass-fractionation correction factor of
0.1310.03% per mass unit. Pb-isotope ratio reproduc-
ibility of +0.05% (20) per mass unit was considered
acceptau.e.

The other U-Th-Pb analyses were done at the
USGS (L enver) laboratory using the same chemical
procedures as for silicate rocks. Concentrations were
determined with a precision of 1 percent by isotope

dilution using 206pp, 2354 and 230Th spikes. Uand Th
in altered samples from UE-25a #1 were measured
with 236U and 22°Th spikes. Pb, U and Th blanks were
0.510.2, 0.008+0.003, and 0.01+0.002 ng, respectively.
Acid-leached carbonate fractions were analyzed using
an ammonium hydroxide (NH4OH) coprecipitation
technique (Zartman and Kwak, 1993a), for which these
blanks were 1, 0.04, and 0.08 ng, respectively.

Pb-isotope analyses were made automatically in
static mode on a 7-collector Finnigan™ MAT 262 mass
spectrometer. Measured lead isotopic ratios have been
corrected for a mass-discrimination factor of 0.05 per-
cent per mass unit obtained from analyzing the
NIST SRM-982 lead standard. Data for the standard
obtained in both laboratories also revealed strong cor-
relations (r > 0.95) between errors of measured isotopic
ratios caused by mass fractionation. The reported
ratios are mass fractionation, blank corrected, and are
accurate to within £0.05% (20) per mass unit.

Oxygen isotope analyses of the Tiva Canyon
Tuff from Antler Ridge were performed by Geochron
Laboratories of Cambridge, Massachusetts. Oxygen
isotope compositions of the other samples were mea-
sured at the Department of Geological Sciences,
University of Saskatchewan, Canada. Oxygen was
obtained by decomposition of about 10 mg of a sample
powder using bromine pentafluoride (BrFs). Calcite-
containing altered samples were leached with 0.8 N
acetic acid (C,H40O,) prior to analysis. The isotopic
composition of oxygen is reported as permil %o devia-
tions (8180 values) from standard mean ocean water
(SMOW). Estimated reproducibility of the oxygen iso-
tope analyses is 0.4 %o (20).

Acknowledgments

G. Ovchinnikova and B. Gorokhovskiy (IPGG,
St. Petersburg, Russia) helped to obtain U-Pb data on
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GEOCHEMICAL AND ISOTOPIC
CHARACTERISTICS OF THE TIVA
CANYON AND TOPOPAH SPRING TUFFS

Antler Ridge

U-Th-Pb, Rb-Sr, and oxygen isotope data for
unaltered samples of the Tiva Canyon Tuff are pre-
sented in table 1. This set of samples displays remark-
ably uniform geochemical and isotopic characteristics.
Relative standard deviations for U, Th, and Pb concen-
trations and Th/U ratios are within a range from
6.7 percent to 21.2 percent (table 1). Lead isotopic
compositions are also fairly uniform (fig. 2) and their
standard deviation (table 1) does not exceed analytical
precision. Variations in oxygen isotopic composition
(fig. 3) are limited and not systematic. The average

GEOCHEMICAL AND ISOTOPIC CHARACTERISTICS OF THE TIVA CANYON AND TOPOPAH SPRING TUFFS 7
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value of 5!80 in 18 samples equals to 9.140.4 %o (10).
The range of measured Sr isotopic compositions is age

related, vecause measured 87Rb/26Sr and 87Sr/%6Sr
ratios forin an errorchron (not shown) corresponding to
the age of 1212 Ma, which agrees well with the Ar-Ar

age of 12.7 Ma (Sawyer and others, 1994, p. 1305).

The variations in U, Th, and Pb concentrations,
and Pb a1.d oxygen isotope data for unaltered Tiva Can-
yon Tuff samples observed in this study range within
narrow litnits. Similar restricted variations have been
reported . or both a suite of selected major and trace ele-
ments and initial Sr isotopic ratios from the same set of
Antler Ridge reference section samples (Singer and
others, 1994), and for samples of the Tiva Canyon Tuff
from drill hole UE-25 NRG #3 (Z.E. Peterman and
K. Futa, U.S. Geological Survey, written commun.,
1994). 1ue uniformity of compositions for a large
number of samples over a 90-meter-thick rhyolite tuff
section provides a good basis for using the results as
baseline data for comparison with altered tuff varieties.
Borehole UE-25a #1

The U-Th-Pb data for eight samples are pre-
sented in table 2. Previously reported geochemical and
Sr isotopic results for these samples and others
(Peterman and others, 1991) of unaltered high-silica
rhyolite (:I1SR) (depth from 155.6 to 356.7 m) have
shown very small variations in initial Sr isotopic com-
positions and in the concentrations of all the elements
analyzed. Zeolitized HSR samples (depth 388.3 to
403.6 m) were variably depleted in K, Rb, and Y, and
significantly enriched in Sr and Ca in comparison with
unaltered -ISR. U and Pb concentration data presented
in figure 4 show uniform values throughout the unal-
tered HSR. Uranium in the altered zone is depleted rel-
ative to its concentration in the unaltered rocks by up to
a factor of two. The same rocks show both gains and
losses of Pb. Th/U ratios in the altered samples range
from about 8.1 to 10.2 (table 2) and are significantly
elevated relative to the average value of 5.310.9 (16) in
unaltered Tiva Canyon Tuff samples (table 1). This
indicates that during the process of zeolite formation,
U follows K and Rb, but the behavior of Pb is more
complicated. Lead gain observed in some samples
could result in differences in Pb isotopic compositions
between aitered and unaltered samples analogous to
those obscrved for Sr isotopes (Peterman and others,
1991). However, this is not the case, and no measur-
able Pb-isotope variations are observed (fig. 5). This
means that lead was redistributed from sources with
indistinguishable isotopic composition, most likely
from local sources.

Trench 14 and Busted Butte

Geochemical and isotopic data for seven breccia
samples are presented in tables 3 and 4, in which resi-
dues after acid leaching are denoted by sample name
suffix “r”. When normalized to average concentration
data of the unaltered HSR from the Tiva Canyon Tuff
(Peterman and Futa, written communication) and
Topopah Spring Tuff (Peterman and others, 1991),
unleached breccia samples (figs. 6 and 7) show signifi-
cant enrichment (up to a factor of 20) in Ca, Sr, and Ba,
and relative depletion in Ti, Rb, Y, and Nb.

The data may be explained by the presence of
calcite (CaCOj3) which contains large concentrations of
Sr and Ba and acts as a diluting component for other
elements. Results of acid leaching presented in
figures 8 and 9 partly support this suggestion, display-
ing significantly lower Sr concentrations in the residues
after leaching. The HSR-normalized concentrations of
Rb, Sr, Y, Nb, Th, and Pb from the leached residues are
still below unity; but the U content is elevated, and the
Th/U ratio (1.05 to 2.46) is much lower than the aver-
age value of 5.310.9 (16) obtained for samples of the
unaltered Tiva Canyon Tuff (table 1). These data may
either indicate gains or losses of the elements during
breccia formation, or mixing with a component which
is enriched in U but depleted in other elements. Opa-
line silica, which is a common constituent of the authi-
genic breccia cements (Levy and Naeser, 1991), is a
good candidate for such a component. These samples
fluoresce a bright yellow-green under short-wave ultra-
violet light, which is typical for U-rich opals (Zielinski,
1982). According to Szabo and Kyser (1990), opals
from fracture fillings in Yucca Mountain area drill
holes USW G-2 and USW G-3/GU-3 are enriched in U
(concentrations from 15 to 58 ppm) and have elevated

values of 830 (up to +24.8). The oxygen isotope data

on leached samples (table 4) give 8130 values from
+12.1 to +20.4 for the breccia samples and support the
presence of opaline silica. The oxygen isotopic com-
positions of the Busted Butte breccia are linearly corre-
lated with normalized concentrations of Ti, Nb, K, Y,
and Pb (fig. 10). These negative correlations, if inter-
preted as two-component mixing lines, point to an end-
member having elevated 8!30 (>+21) and variable
depletion in these elements. This end-member is most
likely opaline silica. Itis more difficult to constrain the
chemistry and oxygen isotopic composition of the
other end-member. Obviously, it should be authigenic
cement-free brecciated tuff. The breccia formation
took place after solidification and cooling of the tuffs
but before the fracture cementation with the authigenic
carbonates and silica. If the brecciation was accompa-
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Figure 4. Uranium and lead concentrations in both unaltered and altered Topopah Spring Tuff from borehole
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Figure 5. Uranium isotopic data with error bars (26) for both unaltered and altered Topopah Spring Tuff
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18.13110.022 for unaltered HSR samples.
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elements in breccia samples from Busted Butte.

nied by open-system behavior, then no plausible sug-
gestions can be made about the breccia’s oxygen
isotopic composition. If it had the same oxygen isoto-
pic composition as unaltered tuffs, the breccia would
be sligr.ly enriched in Ti and Nb. Proportions of the
opaline silica end-member can be evaluated using sim-
ple two-component mixing equations (Faure, 1986).
Assuming equal oxygen concentrations in both end-

members and a value of 8180 of +9 for one of them and
of +25 for an authigenic opal component, the contribu-
tion of 1ae latter is estimated to be in the range from
71 percent (sample HD-74-3) to 14 percent

(sample HD-14-2). The numbers are fairly high if
compared with proportions of carbonate authigenic
compou2nts which were directly measured as sample
weight loss after acid leaching (table 3) and did not
exceed 17 percent even after strong acid (HCI) leach-
ing. This observation may either reflect highly variable
proportions of calcite and silica contents in authigenic
compot.2nts or inappropriate boundary conditions in
the calculation. A significant decrease in the estimated

opal proportion may be reached by assuming a much
lower 8'80 value for rock component in the mixture.

In spite of the complexities in the geochemical
and oxygen isotope data, Pb and Sr isotope results
(table 4) do not display any exotic features. Srisotopic

compositions and 8’Rb/86Sr ratios (fig. 11) are within
the same range as those for the unaltered Tiva Canyon
Tuff and Topopah Spring Tuff samples. Average Pb
isotope ratios for the unaltered (table 1) and altered
(table 4) samples are statistically indistinguishable and
even 16 error ellipses for the average values overlap on
a Pb-Pb plot (fig. 12). In addition, Pb isotopic compo-
sitions of acid leachates (table 4) also are statistically
identical to those in residues. The data provide no evi-
dence for any involvement of external sources of Sr
and Pb in the formation of the breccias as might be
expected if hydrothermal fluids from deeper sources
were responsible (Peterman and others, 1994). If such
an involvement took place, it would measurably
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Figure 11. Comparison of rubidium and strontium data for the breccia samples from Trench 14 and
Busted Butte with the data for unaltered Tiva Canyon Tuff from the Antler Ridge section and Topopah

Spring Tuff from borehole UE-25a #1.

change Pb isotopic compositions, because underlying
Paleozoi: and Late Proterozoic sediments, for exam-
ple, have significantly more radiogenic Pb-isotope
composi.ions (206Pb/204Pb from 19.2 t0 29.1; Zartman
and Kwak, 1993b) than those observed in the breccias
from Trench 14 and Busted Butte. The data presented
in figure 12 also show small, but measurable differ-
ences in Pb isotope compositions between both altered
and unaltered varieties of Tiva Canyon Tuff and
Topopah Spring Tuff. These differences may be used
to distinguish these stratigraphic units when common
geologicul criteria may fail, (for instance, in under-
ground workings, where some of the features used in
outcrops will be absent).

CONCLUSIONS

The following conclusions can be made based on
the geoci.emical and isotopic analyses of the altered

and unaltered samples of the Tiva Canyon Tuff and
Topopah Spring Tuff.

1. U, Th, and Pb concentrations and Pb-isotope data,
obtained for unaltered Tiva Canyon Tuff
(Antler Ridge section) and Topopah Spring
Tuff (borehole UE-25a #1) felsic tutfs, display
uniformity of these characteristics which pro-
vides a good basis for using them as baseline
data for further comparison with altered rock
varieties.

2. Altered basal vitrophyre of Topopah Spring Tuff
from borehole UE-25a #1 displays open sys-
tem behavior of U, Th, and Pb that occurred
during alteration of tuffs to zeolite and clay
mineralogies. Up to 50 percent of U was lost
during the process. Both gains and losses of
lead were observed, but Pb isotope data point
to redistribution of lead only from local
sources.

14 Geoc..emical and Pb, Sr, and O Isotopic Study of the Tiva Canyon Tuff and Topopah Spring Tuff, Yucca Mountain,

Nye County, Nevada




39.7 T I T I T |
A Unaltered and altered felsic tuffs i
335 [ a
Busted Butte breccia
393 |- / .
¥o) - ]
QO. .7
& w1 | 7 ¥ rench 14 breccia i
a Al
X
5] I Topopah Spring Tuff, UE25A#1 k
389 | -
Tiva Canyon Tuff Antler Ridge section
387 ]
385 ! | i | 1 ]
! | ! | ! [
1566 - B Unaltered and altered felsic tuffs ]
1562 |~ -1
Q i i
o
S
3
o 1558 -
L
i
15.54 - _
15.50 1 | t ] L |
180 18.1 18.2 183
208py, 204y,

Figure 12. Average values for 208Pb/2%4Pp, 207pp/204pp, and 296Pb/2%4Pp isoto-
pic ratios for breccia samples from Trench 14 and Busted Butte and those for
unaltered Tiva Canyon Tuff and Topopah Spring Tuff. The average values are
shown as 1-sigma error ellipses.

CONCLUSIONS

15



3. Ceochemical and oxygen isotope data for altered
Topopah Spring Tuff and Tiva Canyon Tuff
represented by breccia samples from Busted
Butte and Trench 14 respectively, present evi-
dence of significant proportions of both authi-
genic carbonate and opaline silica. They show
elevated (relative to unaltered tuffs) concentra-
tions of Ca, Sr, U, and Ba and their 8'30 values
range from +12.1 to +20.4.

4. F> and Srisotope results for both leachates and
residues from breccia samples are identical to
those for unaltered tuffs and do not provide any
evidence of involvement of external sources in
their formation.

5. L.otopic data for altered tuffs studied along zones
of potential fluid flow in three different locali-
ties in close proximity to the potential reposi-
tory (borehole UE-25a #1, Trench 14 and
Busted Butte) do not reveal any exotic isotopic
compositions that would be evidence of pas-
sage of hydrothermal fluids which previously
had been in interaction with any external
source. A similar absence of exotic mineral-
ization is inferred.
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