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INTRODUCTION

Periodically during the last 3.0 m.y., the Owens River drainage system has consisted of a chain of
large lakes occupying a succession of closed basins in southeastern Califomnia {rig. 1). Presently,
the location of these paleo-lakes is marked by playas or small saline lakes, but evidence of
previous higher lake levels is provided by lacustrine deposits and wave-cut terraces found at
various elevations within the basins. The lakes were supplied predominantly by the Owens River
which presently drains an area of about 8500 km2, but receives most of its runoff from the eastern
slope of the Sierra Nevada. At any given time the number of lakes in the chain and the size of the
terminal lake are constrained by the regional climate. During historic times, Owens Lake has been
the terminus of the system, but during wetter periods of the past Owens Lake has overflowed to
progresssively fill a series of lower basins: China Lake, Searles Lake, Panamint Lake, and Death
Valley Lake. Throughout much of the past million years, Searles Lake was the terminus of the
system, but during extreme pluvial episodes Searles Lake overfiowed to supply Panamint Lake
and rarely Panamint overflowed into Death Valley Lake (G.I. Smith, 1984).

At its overflow level, Panamint Lake had an area of about 300 square miles, a depth of over 950
feet, and a volume of about 92 million acre feet. The elevation of the high stand was controlled by
overflow into Death Valley through Wingate Pass (elevation=1977+1 feet). R. S. Smith (1976)
has identified at least five uplifted lake terraces and associated lacustrine deposits which
correspond with high-stand overflow events. Fitzpatrick and Bischoff (1993) have performed U-
series analysis on lacustrine deposits from a number of Panamint high shorelines. Evidence for
low and intermediate stands of the lake is also seen in a number of locations in the valley (Smith,
1976).

Smith and Pratt (1957) have characterized the sedimentary deposits in Panamint Valley from
cores drilled in 1953. The PAN-3 core (Fig. 2) was removed from a 1000 foot-thick sequence of
clastic sediments with two thick interbedded units of pure halite. The halite deposits represent
periods of lake desiccation, indicating a period during which evaporation exceeded precipitation
and inflow. The timing of these desiccation events is important for the reconstruction of the
lacustrine and climatic history of the Owens drainage basin. Bischoff et al. (1985) successfully
dated a series of salt samples from the LDW-6 core in Searles Lake, adding important age control
to the sedimentary record from that lake, the immediate upstream water source for Panamint Lake.
Jannik et al. (1991) report three 36C) dates from the PAN-3 core in a study of Pleistocene
sedimentation in the Owens River system. The present study was undertaken to establish further
age control for the PAN-3 sedimentary sequence by application of uranium-series dating. Our
new dates allow a broad definition of sedimentation rates within Panamint Lake over the past 350
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Owens River System and chain of Pleistocene Lakes
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Present-day river
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Figure 2
Sketch map of Panamint Valley showing locations of holes drilled
and cores obtained by Smith and Pratt (1957).
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k.y. but do not offer the precision required to make fine-scale sedimentologic and climatic

interpretations.
SAMPLES AND PROCEDURES

Uranium-series analyses were performed on a number of evaporite samples from the PAN-3 core,
located in the south playa of Panamint valley (Fig. 2). The sample suite consists entirely of halite
with the exception of two gypsum samples taken at 376.2 ft. and 395.0 ft. The PAN-3 core was
drilled in 1953 (Smith and Pratt, 1957) and stored dry thereafter. Although preservation has not
been ideal, sample lithologies and locations match quite well with the lithologies originally logged.
Samples were mechanically cleaned of visible detritus, then crushed and subdivided by grain size
into several sample splits (>30 mesh, 30-100 mesh, 100-200 mesh, and <200 mesh). Leachate
analyses were performed on the bulk sample by dissolution in 2 N HNO3. Total sample
dissolutions (TD) were performed on a number of samples in order to construct isochrons
(Bischoff and Fitzpatrick, 1991). Discrete bulk samples or grain-size subdivisions were completely
dissolved in a mixture of HNO3 and HF in order to dissolve both authigenic and detrital silicate
phases. For both the leachate and TD analyses, uranium and thorium isotopes were separated
by ion-exchange chromatography and solvent extraction (Bischoff et al., 1988) and analyzed by
alpha spectrometry.

RESULTS AND DISCUSSION

The results of the uranium-series analyses are shown in Table 1. Uranium contents among
samples are extremely variable, ranging between 0.04 to 6.7 ppm. Similarly, 230Th/232Th ratios
exhibit a wide range of values (0.8 to >1000), and the 234y/238y ratios range between 0.90 to
1.65 for all samples. Samples 91-59, 91-122, 91-132, and 91-136 are problematic, in that they all
have very low U contents, low 230Th/232Th ratios, and unusual 234U/238y ratios. Although
these samples had negligible amounts of insoluble residue, the isotopic analyses suggest that
these salts contained aimost no authigenic uranium and the results represent isotopic transfer
from the associated detrital fraction. Replicate analyses of individual samples and of the separate
size fractions exhibit broadly similar values for U content, 230Th/232Th ratios, and 234,238y
ratios. The 90-ft sample, for instance, shows U contents ranging between 1.5 to 5.9 ppm,
2307n/2327n ratios ranging between 11.8 to 50.5, and 234U/238y ratios ranging between 1.20
to 1.24.



Figure 3

Nominal date versus depth plot for all sampies from the PAN-3 core. Sedimentation-rate curves of
1.2 fkyr and 2 ftkyr are shown as likely maximum and minimum limits.
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Figure 4

Isochron plot of total dissolutions of halite sample from 80.7' depth in the PAN-3 core. The age

error (1s) is based on scatter about the least-squares fit (Schwarcz and Latham, 1989). A:
2307Th/232Th vs. 234/232Th diagram to determine the 230Th/234y activity ratio of the pure
authigenic end-memoer. B: 234U/232Th vs. 2381/232Th diagram to determine the 2340/238y
activity ratio of the pure authigenic end-member.
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Figure 5
isochron plot of total dissolutions of halite sample from 90.0' depth in the PAN-3 core. The age
error (1s) is based on scatter about the least-squares fit (Schwarcz and Latham, 1989). A:
2307h/23271h vs. 234y/232Th diagram to deterinine the 230Th/234y activity ratio of the pure
authigenic end-member. B: 234U/2327Th vs. 238y/232Th diagram to determine the 234u/238y
activity ratio of the pure authigenic end-member.
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Figure 6

Isochron plot of total dissolutions of halite sample from 131.0' depth in the PAN-3 core. The age
error (1s) is based on scatter about the least-squares fit (Schwarcz and Latham, 1989). A:
230Tn/232Th vs, 234/232Th diagram to determine the 230Th/234y activity ratio of the pure
authigenic end-member. B: 234y/232Th vs, 238y/232Th diagram to determine the 234,238y
activity ratio of the pure authigenic end-member.
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Figure 7
Isochron plot of total dissolutions of halite sample from 190.0' depth in the PAN-3 core. The age
error (1s) is based on scatter about the least-squares fit (Schwarcz and Latham, 1989). A:
2307h/2327h vs. 234y/232Th diagram to determine the 230Th/234y activity ratio of the pure
authigenic end-member. B: 234y/232Th vs. 238/232Th diagram to determine the 234y/238y
activity ratio of the pure authigenic end-member.
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Figure 8
Isochron plot of total dissolutions of halite sample from 205.0' depth in the PAN-3 core. The age
error (1s) is based on scatter about the least-squares fit (Schwarcz and Latham, 1989). A:
230TR/232Th vs. 234y/232Th diagram to determine the 230Th/234y activity ratio of the pure
authigenic end-member. B: 234U/232Th vs. 238y/232Th diagram to determine the 234U/238y
activity ratio of the pure authigenic end-member.
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Figure 9
Isochron plot of total dissolutions of halite sample from 239.5' depth in the PAN-3 core. The age
error (1s) is based on scatter about the least-squares fit (Schwarcz and Latham, 1989). A:
C30Th/2327h vs, 234y/232Th diagram to determine the 230Th/234y activity ratio of the pure
authigenic end-member. B: 23423271 vs, 238/232Th diagram to determine the 234,238y
activity ratio of the pure authigenic end-member.
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Figure 10
Isochron plot of total dissolutions of halite sample from 265.0' depth in the PAN-3 core. The age
error (1s) is based on scatter about the least-squares fit (Schwarcz and Latham, 1989). A:
2307h/2327h vs. 234/232TN diagram to determine the 230Th/234y activity ratio of the pure
authigenic end-member. B: 234y/232Th vs. 238(y/232T1, diagram to determine the 234238y
activity ratio of the pure authigenic end-member.
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Figure 11
Isochron plot of total dissolutions of gypsum sample from 395.0° depth in the PAN-3 core. The
age error (1s) is based on scatter about the least-squares fit (Schwarcz and Latham, 1989). A:
2307h/232Th vs. 234y/232Tnh diagram to determine the 230Th/234y activity ratio of the pure
authigenic end-member. B: 234U/232Th vs. 238y/232Th diagram to determine the 234U/238y
activity ratio of the pure authigenic end-member.
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Figure 12

Isochron plot of total dissolutions of halite sample from 445.0' depth in the PAN-3 core. The age
error (1s) is based on scatter about the least-squares fit (Schwarcz and Latham, 1989). A:
2307h/232Th vs. 234y/232Th diagram to determine the 230Th/234y activity ratio of the pure
authigenic end-member. B: 234U/232Th vs. 2383/232Th diagram to determine the 2341238y

activity ratio of the pure authigenic end-member.
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Figure 13
Isochron plot of total dissolutions of halite sample from 470.0' depth in the PAN-3 core. The age
error (1s) is based on scatter about the least-squares fit (Schwarcz and Latham, 1989). A:
2307Th/232Th vs. 234Y/232Th diagram to determine the 230Th/234y activity ratio of the pure
authigenic end-member. B: 234y/232Th vs. 238/232Th diagram to determine the 234y/238y
activity ratio of the pure authigenic end-member.
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Figure 14
Isochron plot of total dissolutions of halite sample from 470.3' depth in the PAN-3 core. The age
error (1s) is based on scatter about the least-squares fit (Schwarcz and Latham, 1889). A:
2307h/232Th vs. 234(3/232Th diagram to determine the 230Th/234y activity ratio of the pure
authigenic end-member. B: 234/232Th vs, 238y/232Th diagram to determine the 234u/238y
activity ratio of the pure authigenic end-member.
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Figure 15
Isochron, best nominal (230Th/232Th ratios >8), and Jannik et al. (1991) 36CI dates versus depth
from analysis of samples from the PAN-3 core. Sedimentation-rate curves of1.2 f/kyr and 2 ft/kyr
are shown for comparison with Figure 3.
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The nominal dates derived from the isotopic analyses are plotted vs. depth in Fig. 3. Samples with
dates greater than the range of the technique (> 350 ka) are plotted at 350 ka. The broad trend of
increasing sample age with increasing depth has been bracketed by two sedimentation rate
curves corresponding to 1.2 f/kyr and 2 ft’/kyr. Approxiimately 70 percent of the analyses fall
within this sedimentation-rate envelope. A number of the analyses are of high quality
(230Th/2327n ratios > 8), but only the 90-ft sample replicates exhibit nominal dates wihiin error of
each other. Replicate analyses from 445 ft to 510 ft display significant variability in nominal dates,
outside of error in a number of cases, even though thorium ratios are favorable. Such variability is
likely due to localized uranium mobility.

Isochrons were constructed for ten samples (Fig. 4-Fig. 14). The linearity of the 230Th/232Th vs.
234yy/232Tn plot shows moderate variability among the samples (R2 of 0.83-1.00). Generally,
those samples with R2 values greater than 0.95 offer the highest confidence. The isochron
dates, the cleanest nominal dates (230Th/232Th ratios > 8), and the Jannik et al. (1991) dates are
plotted versus depth in Fig. 15. Sedimentation curves of 1.2 ft/kyr and 2 ft/kyr have been added
for comparison with Fig. 3.

There is a general relationship of age with depth in plots Fig. 3 and Fig. 15, but unfortunately, the
scatter exhibited allows only the broadest interpretation of sedimentation rates. It is likely that
localized uranium migration among these extremely soluble halites is the cause of poor precision
among the analyses, poor isochron linearity, and apparent age reversals which are ultimately
manifested as scatter on the depth versus age plots. The 36C| dates of Jannik et al. (1991)
generally fall within the sedimentation-rate trend defined by our analyses. Our analyses are
generally bracketed between sedimentation-rate curves of 1.2 ft/kyr and 2 ft/kyr. A
sedimentation rate of 1.2 ft/kyr would result in an age of 830 ka at the 1000 foot bottom of the
core and a sedimentation rate of 2 ft/kyr would result in an age of 500 ka at the bottom of the core.
The locally ubiquitous Bishop Tuff (age=758+2 kyr) is not present in this core suggesting either
its local nondeposition, erosion, or existence deeper in the basin. The last possibility in
conjunction with our U-series ages requires a deposition rate faster than 1.2 ft/kyr.
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