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Paleoclimatic, Paleohydrologic and Tectonic Applications of Uranium-Series
Dating of Travertine and Calcite Vein Samples from Southern
Great Basin and Grand Canyon Areas

by

Barney J. Szabo and Isaac J. Winograd
U.S. Geological Survey

ABSTRACT

Significant climatic fluctuations and changes in hydrogeologic and tectonic
conditions have occurred in the southern Great Basin area during the
Quaternary Period. Fossil travertines and calcite veins of ground water origin
in the southern Great Basin area provide proxy records of these Quaternary
events and are suitable for uranium-series dating. We present here an overview
of travertine and calcite vein dating results (both published and from ongoing
studies) bearing on paleoclimatic, paleohydrologic and tectonic events for
southern Great Basin and Grand Canyon localities. Because similar changes
may occur in the future, knowledge about the magnitude and frequency of
these events is important for the prediction of changes affecting the regional
climate. Utilization of the uranium-series dating results is especially
important for the evaluation of the suitability of the unsaturated zone of
Yucca Mountain, Nevada for the isolation of high-level radioactive waste.

INTRODUCTION

Fossil travertine deposits occur in association with modern spring discharge
areas in the southern Great Basin and Grand Canyon areas. The highly
variable morphologies of these travertines reflect local physical and chemical
conditions, influencing the style of deposition, such as, rate and mode (diffuse
versus channel) of discharge, degree of CaCO3 supersaturation, topography,
type of local vegetation, and the extent of weathering. One of the densest and
cleanest variety of travertine deposits studied is subaqueous, precipitated
calcite veins that line or fill fault-related fractures in bedrock in modern or
paleo-ground water discharge areas. Mapping and dating of fossil travertines
can provide information about routes of paleo-ground water, paleo-water table
elevations, changes in local and regional paleoclimates, rate estimates for
tectonic movements, and minimum ages for faulting events. Much of this
knowledge has implications for high-level nuclear-waste disposal
considerations at the potential Yucca Mountain repository site in southern
Nevada.



The uranium-series method is suitable for dating travertine deposits because
uranium from host-rock sources stays dissolved in ground water until it co-
precipitates with calcium carbonate during the accumulation of travertine
(Gascoyne and Schwarcz, 1982). Because ground water has negligible
concentration of thorium, the measurement of 230Th growth toward
radioactive equilibrium with respect to its parent 234U permits the calculation
of the age of travertine deposits between about 1 and 400 ka. Winograd and
others (1988), (1992) reported on dating calcite veins precipitated by ground
water in Devils Hole, Ash Meadows, Nevada, that remained as closed systems
with respect to uranium and thorium isotopes throughout the age of the vein -
therefore yielding reliable 230Th ages. These authors concluded that the
calculated initial 234U/238U remained relatively constant for a period of at
least 300 ka. Therefore, 234U ages of calcite vein samples may also be
calculated from 234U/238(, extending the applicable age range of the method
to more than 800 ka. All measurements reported here were performed by
alpha spectrometry and uncertainties represent one standard deviation of
propagated error.

CLIMATIC INFERENCES

Travertine deposits are discharge dependent and do not form continuously at
a given locality. At some of the travertine localities studied, water flow has
ceased, and travertine is no longer being deposited. Thus, fossil spring-
deposited travertine may yield paleoclimatic information in now arid regions
because, in the absence of other hydrogeologic processes affecting the rate of
ground water discharge, these deposits probably represent cooler and more
humid conditions than currently present in the area.

Surface-deposited travertine samples (dense tufas) were collected at several
localities in the eastern Grand Canyon National Park, Arizona, a rim region of
the southern Great Basin. These samples were dated by the uranium-series
method (Szabo, 1990). Some of the pertinent analytical data and 230Th ages
are presented in Table 1. Also shown are the back-calculated initial 234U/238U
activity ratios, which range between about 2 and 3.4 in the denser and
detritus-free travertine samples. These back-calculated uranium-isotope ratios
are within the range (1.9 to 4.8) of 234U/238U in modern ground water at the
Grand Canyon area (Stewart and others 1988). Dating results of these
travertines indicate that the deposits accumulated during several intervals, at
about 8-30, 55-85, 100-130, 155-190, 290-460 and >1,000 ka (Fig. 1). The
results are interpreted as indicating periods of greater effective moisture than
present climatic conditions.

A continuous 500,000-year record of oxygen-18 variation has been obtained
from subaqueous, precipitated calcite veins (DH-2 and DH-11) in Devils Hole,
Ash Meadows, Nevada (Fig. 2), that were dated by the uranium-series methods



Table 1.--Uranium-series data of travertine deposits
in eastern Grand Canyon National Park, Arizona

Sample! Uranium Initial® 230Th/?34U age?
L.D. (ppm) 24y238y (ka)

Marble-Tanner Canyon Area

KWA-1 0.9 2.1 178 +10
KWA-3 1.8 2.2 318 + 34
AWA78-3 2.1 2.2 69 +3
AWAT8-1 0.9 ~2 45300
AWA78-2 0.8 ~2 45300
COM-1 6.7 3.0 83+3
CARD-1 6.7 3.4 108+ 5
CARD-2 3.1 3.2 110+4
Elves Chasm Area
SEM-IV 0.5 1.3 2+12
SEM-4 0.4 1.2 61 £10
EM-5 0.5 ~2 45350
EM-6 2.6 ~2 45350
EC78-6 2.5 2.5 14+2
SEC78-4 1.9 1.4 116 + 15
EC78-5 2.1 ~2.3 360 (+110,-60)
EC-1 1.1 2.6 164+7
Havasu Area
H-8 1.4 2.7 7.9+0.3

1 Localities and detailed analytical results are reported by Szabo (1990).

2 Initial 24U/38U activity ratios back-calculated for measured 23°Th ages.
3 Uncertainties represent 1 sigma of propagated error.

4 Ages estimated to be 1,000 ka from measured 234U/238U activity ratios.
> Samples contain acid-insoluble detritus.
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Fig. 1. Uranium-series dated travertine samples from Grand Canyon

National Park localities. Error bars shown represent propagated lo
errors. (MC=Marble Canyon, TC=Tanner Canyon, EC=Elves Chasm and
H=Havasu area; after Szabo, 1990).



(Winograd and others, 1988, 1992; Ludwig and others, 1992). Our
interpretation is that the observed $180 variations reflect changes in mean
annual surface temperature at the recharge areas of Ash Meadows ground
water basin. The lighter 6180 values indicate that lower surface temperatures
occurred between about 50 and 115 ka and between 150 and 200 ka: heavy
8180 values between about 120 and 135 ka indicate warmer climate during the
last interglacial. The remarkable similarity of the DH-11 8180 curve to the
SPECMAP marine 8180 record (r=0.85) indicates that it is recording global as
well as regional paleotemperatures (Winograd and others 1992).

PALEO-WATER-TABLE ELEVATIONS

Vein calcites, in association with tufas, permit accurate dating of paleo-water
table stands. Paleozoic carbonate rocks comprise a major regional aquifer
system in east central Nevada (Winograd and Thordarson, 1975). The Spring
Mountains and Sheep Range are the principal recharge areas, with modern
discharge occurring along a spring line at the Ash Meadows basin in the
Amargosa Desert (Fig. 2). Due to supersaturation of ground water with respect
to calcite, all fractures in the carbonate aquifer at Ash Meadows and vicinity
(Fig. 2) are coated with subaqueously precipitated vein calcite. The climate of
the Great Basin area including Ash Meadows is presently arid to semiarid, but
various types of evidence indicate the existence of past wetter-than-present
conditions during late Quaternary time (Quade, 1986; Benson and Thompson,
1987; Van Devender and others, 1987).

Because regional ground-water discharge was anticipated to have occurred
above the modern level during periods of Pleistocene pluvial climates,
Winograd and Doty (1980) surveyed the area of Ash Meadows for evidence of
fossil spring deposits. They reported occurrences of spring-related vein calcite
up to 50 m above the highest modern water-table elevation of 719 m recorded
in Devils Hole (Fig. 2). Three calcite vein deposits (AM-7, DH-1 and AM-10; Fig.
2), respectively at elevations of 11, 19 and 26 m above modern water table in
Devils Hole, were selected for dating. Samples from these dense calcite veins,
which fill bedrock fractures, were cut parallel to laminations (Fig. 3), then
dated by the alpha-spectrometric uranium-series method. The measured
230Th/234U activity ratios are in or near secular equilibrium, thus yielding
minimum age estimates only (Table 2). For these older vein samples, 234U
ages were calculated from present day and initial 234U/238U values. The
initial 234U/238U value of 2.70+0.02 used for the 234U age calculation was
obtained from alpha-spectrometric results of dated Devils Hole veins DH-2
(Winograd and others, 1988), DH-II, and from analyzed ground water samples
of Devils Hole Spring (Table 3). The approximate constancy of initial
2341J/238U (Table 3) is attributable to the large size of the Ash Meadows ground
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Fig. 3. Calcite vein AM-7 near Devils Hole. An example of subaqueous
precipitation of calcite that eventually plugged the flow of water in
the fracture. Laminae sampled for dating labelled 1 through 4.



Table 2.--Analytical data and calculated U-series ages for

travertine and calcitic vein samples at Ash Meadows area

Vein L.D.- Uranium = ~-------mm- Activity Ratio--------—---  230Th Agel 234Uy Age?

Laminae (ppm) 2341y /238U 230Th /232Th 230Th /234U (ka) (ka)

3TSC1-1 1.39 1.557 7.4 0.0384
+0.02 £0.013 . +0.2  #0.0016 11.2+0.2 n.a.

4AMY/A 1.25 1.522 176 1.11 435 416+19
+0.02 +0.022 +53 +.03

AMY9/B 1.24 1.486 242 1.13 >420 441420
+0.02 +0.022 +50 +0.03

SAM7-4 0.182 1.391 51 1.144 >400 517+17
+0.003 0.014 +15 +.034

AM7-3 0.338 1.320 160 1.111 >400 588+19
+0.005 +0.013 +24 +0.033

AM7-2 0.330  1.300 80 1.150 Q) 611+19
+0.005 +0.013 +12 +0.035

AM7-1 0.346 1.283 25 1.147 Q) 631421
+0.005 +.013 +3 +0.034

"DH1-5 0.530 1.254 61 1.072 >400 669+32
+0.011 +0.019 +12 +0.032

DH1-2 0.415 1.203 27 1.099 >400 748437
+0.008 +0.018 +4 +0.033

DHI-1 0.452 1.134 29 1.072 >400 894+52

+0.009 +0.017 4 +0.032

8AM10-3 0.948 1.198 210 1.194 © 757£30
+0.019 +0.014 +30 +0.024




Table 2.--Analytical data and calculated U-series ages for
travertine and calcitic vein samples at Ash Meadows area continued:

TW-A- 0.121 0.999 11 0.884 (10 >1,200
+0.004 +0.022 +1 +0.033

TW-A-2 0.115 1.020 6 0.941 >250 >1,200
+0.004 40.025 +1 +0.037

1 2301 ages were calculated with half-lives of 230Th of 75,200 and 234U of 244,000 years,
respectively; uncertainties represent 1 sigma propagated error.

2 234( ages were caculated using initial 234U/238U of 2.70+0.02.

3 Travertine from Trout Spring Cave, Spring Mountains, Nevada

4 Horizontal vein in Plio-Pleistocene lake beds at Ash Meadows.

3> Vein deposit AM7 is 11 m above water-table elevation in Devils Hole (719 m), Ash Meadows.

6 Excess 20Th, age cannot be calculated.

7 Vein deposit DH1 is 19m above water-table elevation in Devils Hole, Ash Meadows.

8 Vein deposit AM10 is 26m above water-table elevation in Devils Hole, Ash Meadows.

% Vein deposit in Travertine Wash, Amargosa Flat.

10 Discordant 230Th age is disregarded.

n.a. = not applicable



Table 3.--Initial 24U/238U activity ratios in Devils Hole
calcitic veins and in samples of ground water, Ash Meadows

Distance 230Th age Measured Calculated?
(mm)l (ka) 234U /238U Initial 234U /238U
DH-2 Vein?

2 6116 2.415 2.68
+0.035

6 6412 2.445 2.73
+0.030

20 8513 2.312 2.67
+0.029

25 953 2.264 2.66
+0.026

4?2 121+4 2.163 2.64
+0.027

50 1515 2.079 2.66
+0.024

55 16317 2.060 2.68
+0.024

63 15017 1.996 2.53
+0.035

70 19619 1.997 2.74
+0.022

90 216+12 1.994 2.74
+0.022

93 248%16 1.917 2.85
+0.023

113 249+17 1.859 2.74
+0.025

10



DH-11 Vein*

2 63£1 2.410 2.57
+0.022

43 130£3 2.096 2.59
+0.021

68 180+5 2.093 2.82
+0.018

107 21948 1.915 2.70
1+0.016

146 267£13 1.787 2.68
+0.016

Groundwater from Devils Hole®

- - -- 2.707 2.71
+0.043
-- -- 2.762 2.76
0.043
Average of all values in table 3: 2.70+0.07 (1 6)°

1 Distance from outer face of vein to midpoint of lamina.

2 Calculated from 2°Th age and measured 24U/238U activity ratio.

3 After Winograd and others, 1988.

4 Winograd and others, unpublished data.

3 Szabo and others, unpublished data.

6 The standard deviation of the mean (2.70£0.02) is used to account for the uncertainty of initial
234/38U in connection with calculating 24U ages of calcitic vein samples from Ash Meadows.

11



water basin upgradient from the discharge area (Winograd and Thordarson,
1975), where local differences can be homogenized. That the calcite veins
behaved as geochemically closed systems is indicated by Figure 4. Addition or
subtraction of uranium or thorium isotopes from the vein calcite over the past
300 ka would have resulted in a large scatter of experimental data about the
dashed line representing the radioactive decay of 234U/238U with respect to
time.

From the elevations of fossil vein deposits AM-7, DH-1 and AM-10 relative to
modern water level in Devils Hole, and from preliminary age estimates of the
youngest part of the veins (510, 660, and about 750 ka), Winograd and Szabo
(1988) previously reported rates of water-table decline between 0.02 and 0.08
m/ka. Thus the Ash Meadows area apparently underwent progressive lowering
of the water table during the last 760 ka.

Recent work by Szabo and others (1994) addresses the magnitude of water-
table rise during past pluvial cycles superimposed on the slower regional
decline of the water table during the Quaternary. Results from dating of
speleothems sampled above present water level in a cave in Devils Hole, called
Browns Room, indicate increased effective precipitation at Ash Meadows
between about 20 and 120 kyr that maintained water-table elevation between
+5 and +9 m above the modern level.

TECTONIC APPLICATIONS

Nearly vertical calcite veins are exposed in fanglomerate of the Pliocene Funeral
Formation at Furnace Creek Wash, Death Valley, California. Out of hundreds
of veins, varying from a few millimeters to a meter in thickness, vein 10B (Fig.
2) was selected for uranium- series dating and stable isotopic analyses
(Winograd and others, 1985). This vein was about 100 mm thick, dense, and
finely laminated. The samples for dating were cut along major laminations
(Fig. 5) and analyzed for uranium concentrations and for uranium and
thorium isotopic compositions (Table 4).

Because the analyzed laminae are too old for 230Th/234U dating, 234U ages
were calculated by assuming that the 234U/238U in ground water from which
the vein calcite precipitated was similar to that in ground water now
discharging from three major springs (Nevares, Travertine and Texas, Fig. 2) in
the Furnace Creek Wash area of Death Valley, namely 2.41 + 0.22 (Osmond
and Cowart, 1982).

The 234U ages are plotted against the distances of the laminae from the open

12
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Fig. 4. Variation of 234U/238U and 230Th/234U with no initial 230Th.
Dashed line shows the change in the nuclide activity ratios in Devils
Hole calcite veins as age increases. (o=present day ground water
samples, A=calcite vein DH-2 samples, v=calcite vein DH-1l samples).
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Fig. 5. Death Valley calcite vein 10B. Samples for uranium-series dating
were cut along the numbered laminations . Heavy line on the right
hand side indicates the contact between calcite vein 10B and bedrock

materials of the Funeral Formation.
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Sample Distance Uranium = - Activity Ratio ----------—- 230Th Age2 234U Age3 Estimated4
(mm)1 (ppm) 234y/238y 230Th/232Th 230Th/234U (ka) (ka) 234y Age
(ka)

Vein caicite 10B

06 1.5 0.0496 1.183 17 0.782 5 778+ 93 800
+0.0010 +0.024 +4 +0.047
05 5 0.0918 1.108 70 0.871 5 964+ 84 880
+0.0018 +0.011 +21 +0.035
04 10 0.0997 1.066 110 1.09 6 1,137+104 950
+0.0020 +0.011 +30 +0.04
03 16.5 0.0851 1.061 82 1.04 >450 1,165+108 1,050
+0.0017 +0.011 +25 +0.04
02 23 0.0920 1.106 54 1.04 >370 971+ 84 1,150
+0.0018 +0.011 +16 +0.04
01 27.5 0.0868 1.064 43 1.17 6 1,148+106 1,220
+0.0017 +0.011 +13 +0.06
1 31 0.123 1.085 140 1.03 >360 1,048+ 93 1,260
+0.002 +0.011 +42 +0.04
2 37 0.193 1.040 190 0.990 >305 1,314+136 1,360
+0.004 +0.010 +57 +0.040
3 44 0.516 1.012 330 1.03 >460 >1,470 1,470
+0.013 +0.010 +130 +0.04
4 50.5 0.455 0.992 15 1.02 >440 >1,500 1,570

+0.009 +0.010 +5 +0.04
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samples at Furnace Creek Wash, Death Valley, California

Sample Distance Uranium -—-—— Activity Ratio -———--——- 230Th Age2 234U Age3 Estimated4
(mm)! (ppm)  234U/238U 230Th/232Th 230Th/234U  (ka) (ka) 234U Age
(ka)
5 60 0.451 1.000 172 1.02 >425 >1,500 1,710
+0.009 +0.010 +34 +0.04
6 70 0.539 1.003 - 57 1.04 . >730 >1,500 1,880
+0.011 +0.010 +12 +0.04
7 82 0.638 1.002 18 1.02 >420 >1,500 2,050
+0.013 +0.010 +2 +0.04
- —
FC-TU™ - 0.353 1.061 11 0.853 8] 1,160 -
+0.008 +0.021 +1 +0.021
FLT-18 - 0.202 0.938 6.6 0.983 >260 9 -
+0.004 +0.016 +0.3 +0.024

\O o Nonh W N =

Distance from outer face of vein to midpoint of lamina.

230Th ages were calculated with half-lives of 230Th of 75,200 and 234U of 244,000 years, respectively.

234U ages were calculated assuming that the initial 234U/238U of ground water from which the vein calcite precipitated was
similar to that of ground water now issuing from three springs in the Furnace Creek region, namely 2.41 + 0.22.
Estimated from graphical averaging assuming constant growth rate of 0.066 mm/ka. See Figure 6.

Discordant 230Th age is disregarded.

Excess 230Th, age cannot be calculated.

Tufa collected at Furnace Creek Wash,sample station 2, 0.3 km north of vein 10B. Prelimary study; results are not
discussed in the text.

Float of vein calcite at Furnace Creek Wash, California. Prelimary study; results are not discussed in the text.
Deficient 234U/238U ratio; age of the sample is estimated, based on field location and its measured & D value in fluid
inclusion, to be older than 1,000 ka and probably older than 1,500 ka.




face of the vein on Figure 6. From the best fit line of the data, we estimate that
the vein calcite was deposited at an average rate of 0.066 mm/ka between
about 800 and 1,400 kyr. Extrapolation of this growth rate suggests that the
vein may have started growing at about 2,300 ka (Fig. 6).

The maximum elevation of the calcite veins and associated tufa deposit near
vein 10B is about 855 m. Winograd and Szabo (1988) computed average rates
of vertical uplift in the range of 0.2 to 0.6 m/ka, utilizing sparse water-table
altitude data available in 1986, and assuming that the displacement of the
veins and tufa near vein 10B (Table 4) is due principally to Quaternary
vertical tectonism. We noted (Winograd and Szabo, 1988, p. 150) that Carr
(1984) utilizing other geologic data, computed an average uplift rate of 0.3
m/ka. Since publication of our paper, Winograd measured the water-table
altitude in a test well 2.7 km east of vein 10B. This altitude (650 m) when
used with the minimum age of vein 10B and the maximum altitude of the
veins and tufa near 10B (855 m), yields an average uplift rate of 0.26 m/ka;
this rate essentially matches that proposed by Carr.

Whereas the uranium concentration is nearly constant through time in DH-2
vein of Devils Hole (0.47+0.05 ppm; Winograd and others, 1988), the uranium
concentration in vein 10B varies over a factor of ten, from about 0.050 and
0.64 ppm (Table 4). In Figure 7, the uranium concentrations were plotted
against 234U age estimates assuming constant growth rate of of 0.066 mm/ka
(last column in Table 4). The correlation coefficient of 0.92 indicates a
statistically significant relationship between uranium concentration and time
of deposition. The trend of decreasing concentrations of dissolved uranium
with time indicates significant changes in the water-rock interaction processes
during the time of the calcite vein precipitation (between about 800 and 2,100
kyr) in this tectonically active area.

The timing of tectonic activities (faulting or jointing) and of vadose water flow
may also be estimated by dating of travertines deposited mostly above water
table in fractures. All of these ages are calculated by assuming a closed system
with respect to uranium and thorium, rapid rates of precipitation, a single
generation of carbonate deposition, and that the carbonate precipitation
occurred after the fracturing. However, no reliable methods exist to ascertain
the validity of these assumptions: therefore, the calculated ages have to be
considered minimum age estimates for the last activity of the fault or opening
of joints. :

Some of the previously discussed calcite veins filling nearly vertical fractures in
Furnace Creek Wash, Death Valley (near vein 10B, Fig. 2) were displaced
horizontally along a brecciated low-angle fault zone. Travertine filling in this

17
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Fig. 6. 234U/238U ages of calcite vein 10B are plotted against distances from
face of the vein in millimeters. From the slope of the line an average
growth rate of 0.066 mm/ka is calculated. By extrapolation of this
growth rate, the vein 10B may have started growing at about 2,300 ka.
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Fig. 7. Plot of uranium concentrations in calcite vein 10B against 234U/ 238y
ages. The calculated correlation coefficient of 0.92 shows correlation
between uranium concentration (ppm) and time of deposition (ka).
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fault zone yielded a minimum age estimate of 132+12 ka for the last
significant movement (Szabo and O'Malley, 1985).

Szabo and Kyser (1985) and (1990) dated calcite veins that fill joints in drill
cores of Tertiary volcanic rocks underlying Yucca Mountain, Nevada. The ages
of calcite samples range from 26 to >400 ka. Stable isotope compositions of
the samples suggest that the calcite veins precipitated predominantly from
meteoric water descending through the volcanic section toward the water
table.

Szabo and others (1981) reported uranium-series dates of possible spring-
related calcite veins in fractures of Paleozoic carbonate rocks in the Mercury
Valley area (Fig. 2). Some of their analytical data and calculated ages together
with previously unpublished stable isotopic data on the veins (analyses by T.
K. Kyser) are reported in Table 5. In three samples (30, 32 and 45)
undisturbed fault-filling materials gave ages >700 ka. Sample 47, however,
yielded a finite minimum age of about 100 ka for the latest opening along this
fault.

The existence of a 100 ka calcite vein apparently precipitated from ground
water at this location seemed anomalous (Winograd and Doty, 1980, p. 61, 62)
because the sample was collected at an elevation of 1140 m or about 420 m
above the modern water table. If we were to accept a ground-water origin for
this 100,000-year old vein, we would have to consider also the possibility of
significantly elevated ground water levels during late Pleistocene pluvial times.
On Figure 8, the field of 8180 against 313C of a subaqueous calcite vein, DH-2
from Devils Hole (Winograd and others 1987, 1988) is depicted as a hatchured
rectangle. The field of the same isotopes obtained for pedogenic calcretes,
veins, and carbonate cements from Trench 14 on the east side of Yucca
Mountain (Whelan and Stuckless, 1990) is shown by an open rectangle. The
values of 3180 and 613C of the 100-ka calcite vein 47 occur in the field of stable
isotopic compositions of pedogenic carbonates (Fig. 8) indicating a pedogenic,
rather than a ground water, origin for vein 47. In addition, the measured

234 /238U activity ratios of 1.12 and 1.17 in vein 47 (Table 5) show that the
vein cannot have been precipitated from the regional ground water, which has
a 234U/238U of 3.08+0.12 (Osmond and Cowart, 1982), because more than 700
kyr would be required for 234U/238U in such a vein to decay to the measured
value of about 1.17. From these considerations, we conclude that the 100-ka
vein 47 has no relation to pluvial ground water level elevations. Also plotted
on Fig. 8 are the 8180 and 813C values of the >700 ka veins 30, 32 and 45.
These deposits have low 8180 and high 813C values that are probably the result
of their formation at high temperatures (T. K. Kyser, University of
Saskatchewan, written commun., 1982).
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Table 5.--U-series and stable isotopic results of fault filling
travertines at Mercury Valley area, Nevada

Sample!  Uranium 234y/238y2 Age d13¢3 81303
(ppm) (ka) (o/00) (o/00)
30-A 0.021 1.00 45700 -- -
+0.001 +0.02
30-B 0.037 0.987 45700 +0.46 +7.32
+0.001 +0.030
32 0.0090 1.00 45700 +0.47 +6.62
+0.0002 +0.05
45-A 0.277 0.981 45700 +1.6 +10.78
+0.006 +0.015
47-A 1.78 1.12 5104+8 -- -
+0.04 +0.02
47-B 1.77 1.17 9748 -7.02 +20.94
+0.04 +0.02

1 Localities and additional U-series analytical results are reported by Szabo and
others, 1981.

2 Activity ratio.
3 Analyses by T.K. Kyser
4 Ages estimated from measured 24U/?8U ratios.

3 Isochron-plot derived ages (Szabo and others 1981).
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SUMMARY

Samples of travertine and calcite vein deposits from several localities within
the southern Great Basin and from localities in the Grand Canyon area were
analyzed using the uranium-series method. Dating results indicate the
deposits accumulated during several wet intervals, ranging from about 15 to
>1,000 ka. The present climate in the southern Great Basin is arid to semiarid,
but evidence indicates the existence of past wetter-than-present conditions
during Quaternary time. Data from samples of calcite veins in Devils Hole,
Nevada, indicate a warmer climate during the last interglacial bracketed by
periods of lower surface temperatures. Dating results from calcite layers above
the present water level indicate increased effective precipitation in the vicinity
between about 20 and 120 kyr.

Extrapolation of the growth rate, based on uranium-series dating for a calcite
vein located in Death Valley, California, suggest the vein may have
accumulated uninterrupted between about 800 and 2,300 kyr. Data from
water-table altitudes measured in the vicinity yield an average rate of tectonic
uplift of 0.26 m/ka. This value compares with those of previous geologic
studies (0.3 m/ka).

Measurements of stable isotopic compositions of dated fracture fillings and
determination of isotopic composition of uranium in associated regional
ground water may be useful for assessing the origin of erratic carbonate
deposits. In the Mercury Valley area, one sample yielded a minimum age of
about 100 ka. A ground water origin for this sample would indicate
significantly elevated ground water levels during the late Pleistocene. This
possibility is unlikely, because 8180 and 813C values of the samples when
compared with data from Devils Hole and Trench 14 near Yucca Mountain fall
in the range of stable isotopic composition of pedogenic carbonates.

Most travertines, in general, and subaqueous, precipitated calcite veins of
ground water origin, in particular, are reliable materials for uranium-series
dating. Dating such travertine samples has the potential of yielding
significant information regarding local and regional paleoclimatic changes,
location of paleo-ground water discharge areas, paleo-water table altitudes and
the timing of faulting. Utilization of the uranium-series method for dating
ground water elevations during pluvial times is especially important for the
evaluation of suitability of the unsaturated zone of Yucca Mountain for
isolation of high-level radioactive waste.
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