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Yucca Mountain, Nevada, is currently being 
investigated as a potential nuclear waste repository. 
Because radionuclides must be isolated over a ten to 
several hundred thousand year time span, an assessment 
of the performance depends in part on accurate 
reconstruction of the Quaternary geologic and 
hydrologic history of the mountain. Reliable 
geochronology in an oxidizing environment dominated 
by coarse-grained, clastic surficial deposits has become a 
central issue for several studies including paleoseismic 
reconstruction, determination of rates of erosion and 
deposition, and the history of regional water-table 
fluctuations documented by ground-water discharge 
deposits. Thermoluminescence (TL) dating of 
polymineralic silt fractions in a variety of surface deposits 
has become an important component of the Quaternary 
dating strategy, along with uranium-series disequilibrium 
dating of secondary carbonate and opaline silica, and to 
a lesser extent, radiocarbon dating of carbonate 
components. Although the complex mineralogy of these 
materials contributes to greater amounts of scatter in 
their TL response relative to typical quartzofeldspathic 
loess and dune deposits, the derived ages are 
reproducible, consistent with internal stratigraphy, and 
generally concordant with other available 
geochronology. 

Bedrock geology at Yucca Mountain is dominated by 
thick accumulations of 12-1 3 Ma rhyolitic ignimbrites. 
Quaternary surface deposits consist of gravely slope 
colluvium grading into consisting of boulder-to sand-size 
detritus, dominated by fine sand. Eolian activity is 
evident both from sand-ramp deposits commonly 
plastering lower hillslopes, the presence of modern and 
buried Av soil horizons, and the ubiquitous presence of 
a fine sand peak (0.5 to 0.05 mm) observed in particle- 

size distribution studies in alluvial soils (Lundstrom and 
others, US. Geological Survey, written commun., 1995). In 
addition, spatially-restricted, but hydrologically important 
wetland deposits are composed of fine-grained (clay to sand 
sized) eolian-derived detritus with variable amounts of 
authigenic carbonate and opaline silica precipitates. 

Sample pre-treatment for TL analysis is designed to 
separate the 4-11 micron fraction from these deposits. 
Although material was processed in dilute 4N HCI and 30 
percent-H,O, to remove carbonate and organic constituents. 
No attempts are made to mineralogically separate the 
remaining silt. Petrographic observations of grain mounts 
indicate the presence of a substantial component (up to 50 
percent or more) of devitrified felsic tuff (microcrystalline 
quartz and feldspar) in addition to discrete quartz and 
feldspar (dominantly sanidine) grains. Accessory phases also 
present include biotite, pyroxene, hornblende, sphene, 
possible glass and zircon. 

Dose rates are measured in situ using an Exploranium 
GR-256 gamma-ray spectrometer calibrated to concrete 
pads of known uranium, thorium and potassium contents. 
Daybreak Model 11 00 equipment and software are utilized 
along with blue transmitting filters (Schott UG-11 and Kopp 
7-59). Both total bleach and partial bleach methods were 
used to determine equivalent doses, and sunlight sensitivity 
and anomalous fading experiments were performed on all 
samples. 
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Figure 1: Generalized location map of the Yucca 
Mountain vicinity showing colluvim/alluvium 
sample sites (squares) and paleo ground-water 
discharge sample sites (circles). Dark-shaded 
polygon represents proposed repository footprint. 
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Figure 2 :  Sunlight sensitivity experiments for a typical 
Yucca Mountain sample. 

field-measured dose rates for Yucca Mountain 
surficial deposits are higher than published values from 
most other environments. Yucca Mountain values range 
from 5.5 to10 Gy/ka, in contrast with the typical 1.5 to 6 
Gy/ka values from loess and dune deposits. Dose rates 
for deposits lacking a substantial felsic tuff component 
exhibit a lower range of 3 to 6 Gy/ka. High dose rates 
are attributable to the greater contents of uranium, 
thorium and potassium within rhyolitic tuffs. These high 
dose rates limit the saturation of electron traps to 
relatively short time spans (maximum ages of -200 ka). 
Saturation can also be easily reached during application 
of artificial beta doses, requiring a rough estimate of the 
age of the material prior to irradiation. 

All samples show a high sensitivity to sunlight, 
resetting to residual levels in as little as 30 to 60 minutes 
(fig. 2). Two modern sediments were collected to test 
bleaching during transport, including eolian sand from 
beneath a living bush, and fine alluvial sediment from a 
recently active channel in a dry wash. Both samples 
exhibit only 1-2 percent of the TL signal typically 
observed in the youngest (1-5 ka) soil horizons. 
Although all samples show a 15-30 percent fading over a 
28 day period, fading within a normal laboratory span 
of 3 to 7 days is 5-8 percent. Besides collection in A 
and Av horizons, samples were also taken in argillic 8 
and Bt soil horizons, sandy eolian units, fault wedges, 
and fissure fills. Ages were generally within stratigraphic 
and U-series agreement, but occasional overprinting 
would produce two distinct plateau of differing 
estimated dose. 

This sampling strategy is aimed at providing multiple 
levels of internal and external checks of the accuracy of 
age estimates, including: 

1) Reproducibility: A total of 11 samples from a variety of 
the youngest soil horizons and deposits yielded ages 
typically falling between 5 and 15ka. Consistent results 
for these young materials is encouraging, despite the 
scatter commonly observed for the sampled glowcurves. 
Other specific units correlated by geological constraints 
yield identical ages within anaiytical uncertainty. 

2) Stratigraphic coherency: Seventy samples have been 
taken at a wide variety of sites, usually with between 3 
to 5 samples per site. With few exceptions, all have 
provided reasonable age estimates and are consistent 
with stratigraphy at a given site, 

3) Concordancy checks: Uranium-series disequilibrium 
dating at nearly all sites provides an independent test of 
TL age estimates. Although the two techniques date 
different geological events (sediment burial versus 
secondary cements or plant debris), ages are typically 
concordant within analytical uncertainties or consistent 
with subsequent addition of pedogenic components 
(Paces and others, U.S. Geological Survey, written 
commun., 1995). Exceptions exist, particularly at the 
upper end of the TL age range (150-200 ka), however, 
continuing developments in both techniques provide 
more, rather than less, confidence in resulting age 
estimates. Although less abundant, radiocarbon ages on 
carbonate closely associated with both TL and uranium- 
series disequilibrium samples, provides additional 
geochronologic support. 
TL data from polymineralic si l t  fractions of soil 

containing an abundant devitrified felsic tuff component can 
provide reliable age estimates of sediment burial for a wide 
variety of surface deposits in southwest Nevada. Materials 
as diverse as wetland deposits, matrix from coarse alluvium, 
colluvial fault wedges, and fissure fill can contain adequate 
fine-grained eolian detritus to provide TL results that are 
consistent with other geochronological control. In consort 
with uranium-series disequilibrium, and radiocarbon dating, 
TL dating provides. an important Quaternary 
geochronological tool for surface deposits that have been 
historically difficult to date. 
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