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Shoreline altitudes of several pluvial lakes in the western Great
Basin of North America record successively smaller lakes from the
early to the late Pleistocene. This decrease in lake size indicates a
long-term drying trend in the regional climate that is not seen in
global marine oxygen-isotope records. At 170 m above its late
Pleistocene shoreline, Lake Lahontan in the early middle Pleistocene submerged some basins previously thought to have been
isolated. Other basins known to contain records of older pluvial
lakes that exceeded late Pleistocene levels include Columbus-Fish
Lake (Lake Columbus-Rennie), Kobeh-Diamond (Lakes Jonathan
and Diamond), Newark, Long (Lake Hubbs), and Clover. Very
high stands of some of these lakes probably triggered overflows of
previously internally drained basins, adding to the size of Lake
Lahontan. Simple calculations based on differences in lake area
suggest that the highest levels of these pluvial lakes required a
regional increase in effective moisture by a factor of 1.2 to 3
relative to late Pleistocene pluvial amounts (assuming that effective moisture is directly proportional to the hydrologic index, or
lake area/tributary basin area). These previously unknown lake
levels reflect significant changes in climate, tectonics, and (or)
drainage-basin configurations, and could have facilitated migration of aquatic species in the Great Basin.

The focus of this paper is on the paleoclimatic implications
and possible causes of the large, pre-late Pleistocene lakes.
However, I briefly document here the evidence for, and ages
of, these older pluvial lakes, which are discussed in detail in
Reheis and Morrison (1997) and Reheis et al. (in press). The
ages and altitudes of the old shorelines are estimated from
shoreline features and sediments; numerical age control is
obtained from tephra layers, magnetostratigraphy, and vertebrate fossils. The highest altitude of beach-gravel beds or lag
on bedrock slopes is taken as a minimum shoreline altitude.
Where beach morphology is discernible, relative preservation
and relict soils permit relative-age and rough chronologic assignments by comparing soil properties to those of dated deposits in similar climatic regimes elsewhere in the western
Great Basin (e.g., Reheis et al., 1995).
HIGH SHORELINES, AGES, AND CORRELATIONS

High Shorelines in the Lahontan Basin

INTRODUCTION

Four primary and several subsidiary sites (Fig. 1) in the
Walker Lake sub-basin document early and middle Pleistocene
shorelines that are much higher than the Sehoo shoreline.
Although active normal and strike-slip faults traverse much of
the Walker Lake sub-basin, the southeastern part of the basin
(the Thorne bar area, Fig. 1) is tectonically quiescent (Demsey,
1987; Stewart, 1988) and shorelines here are essentially undeformed (Reheis and Morrison, 1997).
Correlations based on ages, stratigraphic relations, and minimum shoreline altitudes among the four primary sites (Fig. 2;
Reheis and Morrison, 1997) indicate six or seven lacustrine
units whose shorelines exceeded that of the Sehoo lake. The
three oldest units lie within the Matuyama Reversed Chron and
thus are between about 2.6 and 0.78 myr (Cande and Kent,
1995); of these, the oldest is greater than 1.4 myr, the next is
between about 1.4 and 1.1 myr, and the youngest begins about
1 myr and ends before 0.78 myr. The next younger unit
contains the Bishop ash bed, if correctly identified on the basis
of paleomagnetic data (Sarna-Wojcicki et al., 1991). The three
youngest units probably postdate the 760,000-yr Bishop ash
bed (Sarna-Wojcicki et al., 1991) and have shoreline altitudes
at about 1400 m (oldest), 1370 m, and 1350 m (youngest).

Recent mapping in northern Nevada (Reheis and Morrison,
1997; Reheis et al., in press) has identified abundant sedimentologic and geomorphic evidence of lakes much older, and
shorelines much higher, than several of the late Pleistocene
lakes (Fig. 1: from west to east, Lakes Lahontan, ColumbusRennie, Jonathan [Kobeh Valley], Diamond, Newark, Hubbs
[Long Valley], and Clover). During its well-studied late middle
(Eetza; oxygen-isotope stage 6?) and late late Pleistocene
(Sehoo; stage 2) highstands, Lake Lahontan reached maximum
altitudes of about 1332 m and extended more than 350 km,
from the Nevada–Oregon border to beyond the southern end of
Walker Lake (Fig. 1; e.g., Russell, 1885; Benson et al., 1990;
Morrison, 1991). Many small, isolated lakes occupied other
valleys in the western Great Basin (Mifflin and Wheat, 1979);
their late Pleistocene highstands are not well dated. Little
information was previously available on older pluvial lakes and
their shoreline altitudes.
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FIG. 1. Regional map showing pluvial lakes of northern Nevada and vicinity. CV, Campbell Valley; E, Elko; LCR, Lake Columbus-Rennie (in Columbus
Salt Marsh and extending into Fish Lake Valley); LM, Lone Mountain; LT, Lone Tree Hill; MW, McGee Wash; PV, Pine Valley; R, Reno; RM, Rhodes Salt
Marsh; SA, Sunshine Amphitheater; SC, Smoke Creek Desert; TB, Thorne Bar; W, Winnemucca; WL, Walker Lake.
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At a previously unreported site on the Humboldt River,
lacustrine deposits are abundantly exposed in the walls of the
open-pit Lone Tree gold mine (Fig. 1; Reheis et al., in press).
Beach gravel locally extends as high as about 1415 m on the
south flank of Lone Tree Hill. Outcrops and drill core reveal
the presence of four lake units separated by unconformities and
paleosols. The oldest unit (in the core, not seen in outcrop)
contains glass shards tentatively correlated with the 2.1-Ma
Huckleberry Ridge ash (Izett, 1981). Reversely magnetized
sediment of the next younger unit (exposed in pit walls) contains a Glass Mountain tephra and thus is about 1 myr, and the
overlying unit contains the 760,000-yr Bishop ash. I correlate
the youngest beach gravels, which unconformably overlie the
unit containing Bishop ash, to those graded to the highest
1400-m shoreline in the Walker Lake sub-basin (Fig. 2). These
deposits locally crop out higher at Lone Tree mine than Lahontan deposits of apparently similar age to the south, most
likely because they are preserved on a horst (Lone Tree Hill)
flanked on three sides by Quaternary normal faults with tens of
meters of total displacement.
Beach gravels lagged on bedrock at unfaulted sites in the
Smoke Creek Desert and east of Winnemucca (Fig. 1) indicate
high stands at altitudes of about 1400 and 1370 m and possibly
at about 1350 m. These sites lack age control at present, but the
correspondence of these altitudes with those of the three
youngest shorelines in the Walker Lake sub-basin argues that
they represent the same highstands of Lake Lahontan.

The large modern drainage basin of Lake Diamond (tributary to Lake Lahontan when overflowing) includes the ancient
Lake Jonathan in Kobeh Valley. Davis (1987) inferred that
lake sediments containing the 670,000-yr Rye Patch Dam ash
bed (Fig. 2) represented an internally drained lake (here named
Lake Jonathan, for its discoverer) that breached its sill and
became tributary to Lake Diamond sometime after 670,000 yr.
Paleomagnetic data and correlations of tephra from two older
unconformity-bounded sets of lake sediments beneath those
containing the Rye Patch Dam ash are tentatively interpreted to
indicate that Lake Jonathan also had high stands at about
760,000 yr and at about 2.0 myr (Fig. 2; Reheis et al., in press).
Thus, the record of Lake Jonathan is consistent with that of
Lake Lahontan at Lone Tree Hill and in the Walker Lake
sub-basin. Well preserved shoreline features in Diamond Valley also record high stands as much as 25 m above the late
Pleistocene shoreline. Relict soils indicate that the highest of
these is likely several hundred thousand years old (Mifflin and
Wheat, 1979).
Newly discovered beach gravel crops out in large borrow
pits along Interstate 80 in northern Independence Valley, part
of the pluvial Lake Clover basin (Fig. 1; Mifflin and Wheat,
1979). This gravel is as much as 32 m above the late Pleistocene shoreline of Lake Clover and suggests the possibility of
ancient overflow of the Lake Gale–Lake Franklin–Lake Clover
chain of lakes into the Humboldt River at Wells, Nevada.

High Shorelines in Other Lake Basins

The ages of gravels that mark the very high shorelines
throughout the Lahontan basin and in the basin of Lake
Jonathan can be estimated from underlying deposits. Deposits
of Lake Jonathan, which contain 670,000-yr-old tephra and
overlie an older lake unit containing Bishop ash, document an
extreme high stand at about this time (Fig. 3). The unit that
marks the 1400-m shoreline of Lake Lahontan overlies the
;1-myr lake unit at four sites, three in the Walker Lake
sub-basin and one at Lone Tree Hill; it also overlies a unit
containing 760,000-yr-old Bishop ash at Lone Tree Hill and
possibly in the Thorne bar area (Fig. 2; Reheis and Morrison,
1997; Reheis et al., in press). At Sunshine Amphitheater, two
layers of fan gravel and three argillic paleosols intervene
between the ;1-myr lake unit and the highest beach gravel, an
interval likely representing at least 150,000 yr (assuming
;50,000 yr are required to form an argillic horizon in the
southern Great Basin; Reheis et al., 1995). All these relations
and the very high lake level represented by these beach gravels
throughout the Lahontan basin suggest a correlation to
lacustrine deposits of the ;700,000 – 600,000-yr-old Rye
Patch Alloformation of Lake Lahontan, which Morrison (1991)
believes were deposited at least in part during oxygen-isotope
stage 16, one of the largest deviations toward glacial (pluvial)
conditions (Fig. 3).
In North America, the last two pluvial-lake cycles coincided
with glaciations, though the highest shorelines of Great Basin

At least five other lake basins in Nevada contain evidence
that middle Pleistocene lakes were much larger than late Pleistocene lakes (not all candidate lake basins have been visited by
the author). New discoveries indicate at least three lake cycles
higher and older than the late Pleistocene shoreline (altitude
1400 m; Mifflin and Wheat, 1979) of Lake Columbus-Rennie
(Fig. 1). This area is essentially unaffected by Quaternary
faulting. The highest preserved beach deposits at about 1452–
1457 m in altitude reflect a lake that extended far south into
Fish Lake Valley at about 760,000 yr (Reheis et al., 1993;
Reheis and Morrison, 1997). Properties of relict soils on stable
berm crests of the two lowest shorelines in the Columbus basin
suggest ages of at least 50,000 yr and 20,000 –10,000 yr,
respectively (Reheis et al., 1995).
Two independent basins in east-central Nevada held Lake
Hubbs and Lake Newark during the latest Pleistocene at shoreline altitudes of about 1902 and 1848 m, respectively. Three
levels of beach gravels that are increasingly indistinct, hence
older, with altitude are preserved above the late Pleistocene
shorelines of both lakes (Fig. 1; two of these sites were first
identified by Mifflin and Wheat, 1979). Properties of relict
soils on the lowest three shorelines of Lake Newark suggest
that the lowest shoreline is latest Pleistocene in age, the next
higher is probably at least 100,000 yr, and the third is likely
more than 200,000 yr (Reheis et al., 1999).

Estimated Ages of High Shorelines
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FIG. 2. Correlation of stratigraphic sections in Kobeh Valley (Lake Jonathan), at Lone Tree Hill (northern Lahontan basin), and in the Walker Lake basin.
Multiple units (Qlo1, Qfo1, etc.) are numbered sequentially within each study area (from Reheis et al., in press). Q, Quaternary; T, Tertiary; lo, pre-late Wisconsin
lake deposits; fo, pre-late Wisconsin fan deposits; a, alluvium; co, colluvium; t, tuff.

pluvial lakes somewhat postdated the maximum glacial advances of both continental ice sheets and montane glaciers
during isotope stage 2 (e.g., Benson et al., 1990; Clark et al.,
1995; Adams and Wesnousky, 1998). Major advances of ice
sheets and montane glaciers in North America occurred just
prior to deposition of the Lava Creek ash and just after deposition of the Bishop ash and (or) the beginning of the Brunhes
Normal Chron (Richmond and Fullerton, 1986; Reheis et al.,
1991), an interval that includes both oxygen-isotope stage 18
and stage 16 (Fig. 3). Because stage 18 apparently represents
less-extensive glaciation worldwide than does stage 16, I provisionally correlate deposits of the 1400-m highstand of Lake
Lahontan and deposits of Lake Jonathan that contain the
670,000-yr Rye Patch Dam tephra with isotope stage 16, fully
recognizing that more dating (of the shorelines as well as the
tephra layers) is required to confirm this correlation.
I infer, on the basis of the rare occurrence and poor preservation of lag beach gravel on bedrock, that the highest shoreline deposits of Lakes Columbus-Rennie, Hubbs, and Newark
are coeval with the 1400-m highstand of Lake Lahontan. From
its degree of soil development, the highest shoreline of Lake
Diamond (Mifflin and Wheat, 1979) may also have formed at
this time. These correlations are bolstered by the preservation

of lake sediments and very high beach gravels of this age
(dated by ash beds) of Lake Jonathan (Fig. 2) and in Pine
Valley (Smith and Ketner, 1976), not far northwest of Lakes
Hubbs and Newark (Fig. 1).
Beach deposits of the ;1370-m and ;1350-m(?) shorelines
of Lake Lahontan and of the two intermediate shorelines of
Lakes Columbus-Rennie, Hubbs, and Newark, retain the forms
of berms and shore platforms. Only relative-age information is
available for these intermediate shoreline deposits. The relative
preservation of berm morphology and properties of relict soils
formed on the berms indicate that age increases with shoreline
altitude (Reheis et al., in press; Adams and Wesnousky, 1996).
In the Lahontan basin, these beach deposits are inset into older
units at several localities in the Walker Lake sub-basin (Figs. 1
and 2); they represent units younger than that correlated to the
Rye Patch Alloformation and as old or older than the high
stand represented by the upper part of the Eetza Alloformation,
thought to be equivalent to isotope stage 6 (Morrison, 1991).
Berms of the upper of the two intermediate shorelines have
poorly preserved morphology but can still be detected on aerial
photography. This group of deposits is represented by the
;1370-m shoreline of Lake Lahontan, preserved in several
localities, and by remnants in the other lake basins 12 to 30 m
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FIG. 3. Estimated shoreline altitudes and ages of pluvial lakes in northern Nevada, compared with the delta 18O marine oxygen-isotope record (data from
Imbrie et al., 1993). Data in the interval from 0 to 400,000 yr B.P. are from the SPECMAP stack; data below 400,000 yr B.P. are from ODP site 677 (Shackleton
et al., 1990). Tephra abbreviations are: L, Lava Creek B (660,000 yr); Rp, Rye Patch Dam ash (670,000 yr); B, Bishop ash (760,000 yr); G, Glass Mountain
G(?) ash (;1 myr); T, tuff of Taylor Canyon (several layers, ;2 myr); and H, Huckleberry Ridge ash (2.1 myr) (ages from Sarna-Wojcicki et al., 1991, and
A. Sarna-Wojcicki, written communications, 1994 –1997).

above their late Pleistocene highstands (Reheis et al., in press).
Berms of the lower of the two intermediate shorelines are
better preserved than the upper berms, but distinctly subdued
compared to those of late Pleistocene age. Several lake basins
contain numerous remnants of a lower intermediate shoreline 7
to 17 m above the late Pleistocene highstand; in the Lahontan
basin, this lower level is only known thus far from one beach
barrier in the Walker Lake sub-basin at about 1350 m (Fig. 2)
and possibly by fluvial terrace gravels along the Carson and
Humboldt Rivers. Properties of relict soils in the basins of
Lakes Columbus-Rennie and Newark suggest an age greater
than 50,000 –100,000 yr (by comparison to dated soils in the
southern Great Basin; Reheis et al., 1995, and in press), possibly correlative with the Eetza Alloformation of Lake Lahontan (Morrison, 1991) and thus perhaps with isotope stage 6 (an
intense glacial episode ending at about 130,000 yr). Assignment of the 1350-m shoreline of Lake Lahontan to isotope
stage 6 conflicts with Morrison’s (1991) evidence that the
highest Eetza shoreline is at about the same altitude as the
1332-m Sehoo shoreline of late Pleistocene age. However, soil
data of Adams and Wesnousky (1996) suggests that Lahontan
shorelines around the 1332-m level are all Sehoo in age.
Recently published U-series ages of tufa from the Pyramid
Lake area of Lake Lahontan show that the lake stood at
intermediate levels (about 1207 m) from about 400,000 to
170,000 yr B.P. (Szabo and Bush, 1996) and may have intermittently risen much higher, but the timing and altitude of the
highstands is unknown.

Correlation of Very High Shorelines in Nevada to Other
Climate Records
The early Pleistocene lake sediments of Lake Lahontan and
Lake Jonathan represent several highstands whose ages are not
easily related to the marine oxygen-isotope record (Fig. 3) and
simulations of global ice volume (Imbrie and Imbrie, 1980),
which show more rapid oscillations between glacial and interglacial conditions prior to about 0.9 myr. However, advances
of the Laurentide ice sheet at about 2.2 myr and 0.9 myr, of
glaciers in the Yellowstone area at about 1.6 myr, of the
Cordilleran ice sheet in the Puget Lowland three times during
the Matuyama Chron (2.6 – 0.8 myr), of glaciers in the Sierra
Nevada before about 0.8 myr (all the foregoing summarized in
Richmond and Fullerton, 1986), and of glaciers in British
Columbia at about 1.1 myr (Spooner et al., 1995) record
significant expansion of glacial ice that could be reflected by
pluvial lakes in the Great Basin.
Other lakes in the western United States have early Pleistocene records that are similar to those of Lakes Lahontan and
Jonathan. Tule Lake in northern California was deep and dilute
between 1.4 and 1.2 myr (Bradbury, 1991), and Searles Lake in
southern California was fresh and overflowing from 1.2 to 1.0
myr (Smith et al., 1983; Jannik et al., 1991). A lake was
probably present in Fish Lake Valley (Lake Rennie; Reheis et
al., 1993) and possibly in Death Valley (Knott et al., 1996) at
about 1 myr. Links to pluvial lakes north of the Lahontan basin
at 760,000 yr are problematic because the Bishop ash has not

201

PLEISTOCENE LAKES WESTERN GREAT BASIN

TABLE 1
Lake and Basin Areas and Modern Climate Data

Pluvial lake
Columbus-Rennie
Lahontan
Newark
Hubbs

MAP
(cm)

MAT
(°C)

Late Pleistocene
lake area (km 2)

Largest known
lake area (km 2)

Late Pleistocene
basin area (km 2)

Largest known
basin area (km 2)

14

11.5

33
33

7.6
7.6

141
21,456
817
532

468–796
30,605–34,985
986
620

3531
114,693
3552
1724

3531
119,511–130,900
3552
1724

Note. Lake areas from ARC/INFO measurements; basin areas from Mifflin and Wheat (1979). Mean annual precipitation (MAP) and temperature (MAT) from
closest weather station.

been found north of Lone Tree Hill (Fig. 1). South of Lake
Lahontan, the Bishop ash is contained within sediments of
moderate to deep lakes of Lakes Columbus-Rennie (Fig. 1;
Reheis et al., 1993), Clayton (Fig. 1; Reheis and Morrison,
1997), Owens (Smith et al., 1997), Searles (Jannik et al.,
1991), and Manley (Knott et al., 1996). To the east in the
Bonneville basin of Utah, however, the Bishop ash is contained
within shallow-lake and fresh-water marsh deposits rather than
deep-water sediment (Eardley et al., 1973; Oviatt et al., in
press).
Three highstands of middle Pleistocene lakes recorded by
beach gravels in several basins represent gradual decreases in
lake size across northern Nevada since the early middle Pleistocene (Fig. 3). Such a consistent decrease in lake size is not
apparent in other middle to late Pleistocene records from Lakes
Owens, Searles (Smith et al., 1997; Jannik et al., 1991), and
Bonneville (Oviatt et al., in press). These records depend
largely on stratigraphic evidence from cores in pelagial (offshore) settings; thus, they are difficult to relate to the shorelines
of this study (Currey, 1990). In addition, flow-through lakes
like Owens and Searles do not sensitively record changes in
runoff volume because they cannot change in “size.” Nevertheless, the number of deep-lake cycles within the past 700,000
years interpreted from cores taken from Lakes Searles and
Bonneville is consistent with the shorelines preserved in the
basins of the present study. Lake Searles had major overflows
to Lake Panamint between about 700,000 and 600,000 yr (two
events), 440,000 and 350,000 yr (two events), 150,000 and
120,000 yr, and 24,000 and 10,000 yr (Jannik et al., 1991). The
Burmester core from Lake Bonneville, previously thought to
contain evidence for 17 deep-lake cycles during the Brunhes
Normal Chron (Eardley et al., 1973), has been reinterpreted to
indicate just four deep-lake cycles that are provisionally correlated with oxygen-isotope stages 16, 12, 6, and 2 (Oviatt et
al., in press).
PALEOCLIMATE RECONSTRUCTIONS

Simple equations that relate lake and drainage-basin area to
mean annual temperature, precipitation, runoff, and evapora-

tion (Mifflin and Wheat, 1979) can be used to estimate the
changes in climatic parameters required to produce the very
large lakes in Nevada during the early middle Pleistocene
(Table 1). Lake area, not volume or depth, is the gauge for
response of closed-basin lakes to changes in the hydrologic
balance (climate) (e.g., Mifflin and Wheat, 1979; Benson et al.,
1990). In Tables 2 and 3, HI and Z are equivalent hydrologic
indices based on two different sets of parameters: HI 5 lake
area 4 area of tributary basin; Z 5 runoff from tributary
basin 4 (lake evaporation 2 lake precipitation) (Mifflin and
Wheat, 1979). Thus, HI is calculated from easily measured
areas, whereas Z is calculated from estimated quantities that
are typically extrapolated using curves of runoff and precipitation versus altitude constructed using data from only a few
sites, many of which are not located in the basins of interest.
Until better data are available for runoff from these isolated,
internally drained basins with large variations in topography,
values of Z in Table 3 should be considered only as guides to
relative changes in hydrologic conditions. A third set of values
in Table 2, normalized surface area, compares pluvial lake area
to the area of historical lakes in a basin (Benson and Paillet,
1989).
At its highest known stand of 1400 m, Lake Lahontan
attained an area of about 30 –35 3 10 3 km 2 (the range is the
difference between known and inferred possible lake areas,
Fig. 1). The hydrologic index (HI) for the 1400-m lake level is
about 1.5 times greater than HI for the 1332-m late Pleistocene
highstand, identical to the difference between normalized lake
areas at these levels (Table 2). The discrepancies between
values of HI and normalized lake areas between the highest and
the late Pleistocene levels of Lake Columbus-Rennie, close to
the Sierra Nevada, are much larger (.2.5 times) than those for
Lake Lahontan; 1 discrepancies between values of HI and normalized lake areas for Lakes Newark and Hubbs, 300 km east
of the Sierra, are smaller (.1.2 times). These relations suggest
that the changes in climatic parameters required to achieve the
1

Similar large discrepancies of HI values are calculated for nearby Lake
Russell (Fig. 1; unpublished data).
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TABLE 2
Hydrologic Indices for Late Pleistocene and Maximum-Area Pluvial Lakes

Pluvial lake

HI a of late
Pleistocene lake

HI of
largest lake

Increase in HI
(largest/late Pleistocene)

Normalized area b
of late Pleist. lake

Normalized area
of largest lake

Increase in
normalized area
(largest/late Pleist.)

Columbus-Rennie*
Lahontan
Newark*
Hubbs*

0.04
0.23
0.30
0.45

0.15–0.29
0.34–0.36
0.38
0.56

2.5–7.0
1.5
1.3–1.4
1.3–1.4

141.5
8.9
816.8
532.2

468.4
12.6–14.5
986.4
620.0

3.3–5.6
1.4–1.6
1.2
1.2

HI, hydrologic index 5 area of lake/area of tributary basin (that is, basin area minus lake area) from Table 1 (Mifflin and Wheat, 1979).
Normalized area 5 area of pluvial lake/area of historical lake (Benson and Paillet, 1989).
* Basins of Lakes Columbus-Rennie, Newark, and Hubbs are dry; area of their historical lakes arbitrarily set as 1 for calculations.
a
b

highest stands of these pluvial lakes become smaller from west
to east. However, it is possible that at their highest shoreline
positions, Lakes Newark and Hubbs overflowed into a tributary
of the Humboldt River (Fig. 1; Reheis et al., in press); thus,
their lake-area values (HI) are minimum estimates of the increase in moisture required to reach these highest stands.
Calculations of the estimated hydrologic index (Z) using
different values for temperature, precipitation, runoff, and
evaporation show that published paleoclimate parameters for
the late Pleistocene in Nevada (first two columns of Z values in
Table 3) are insufficient to produce the highest shorelines of
this study. Values of Z derived from climate parameters based
on physical models of Lake Lahontan (Hostetler and Benson,
1990) appear to match HI values for the highest stands of
Lakes Newark and Hubbs (third column of Z values in Table
3), but this model is specific to Lake Lahontan and is probably
not appropriate to apply to other lake basins, especially those
without runoff from the Sierra Nevada. Exploration of various
combinations of climate parameters (Table 3) suggests that
minimum changes required to produce the highest shorelines of
Lakes Newark and Hubbs include (1) decreasing mean annual
temperature by 5°C and increasing precipitation by 70%, or (2)

larger decreases in temperature and smaller increases in precipitation. If it is assumed that effective moisture is directly
proportional to the hydrologic index, the data in Tables 2 and
3 suggest that to attain the highest level of Lake ColumbusRennie, the most southerly and arid basin in the present study,
requires two to three times the present precipitation combined
with a decrease of 8°C. These parameters are similar to those
of recent reconstructions using plant macrofossils which indicate that the low arid basins of southern Nevada were about
5– 6°C colder and had more than twice as much precipitation
during the last glacial maximum than at present (Thompson et
al., in press). However, the presence of a relatively small
shallow lake in the Columbus basin during the last pluvial
period suggests that either (1) these recent reconstructions do
not apply to the area of Lake Columbus-Rennie farther north,
or (2) estimates of runoff used to calculate Z in Table 3 are
incorrect. Significant increases in effective moisture (based on
HI values in Table 2, perhaps 30 –50% above late Pleistocene
models suggested by Mifflin and Wheat, 1979; Spaulding et
al., 1984; and Hostetler and Benson, 1990) are also required to
produce the highest level of Lake Lahontan (Table 2).

TABLE 3
Estimated Climatic Parameters for Pluvial Lakes
Z values a (compare to hydrologic index values [HI] of Table 2)

Pluvial lake

22.8°C MAT,
170% MAP b

25°C MAT,
140% MAP c

Zd

25°C MAT,
170% MAP

28°C MAT,
10% MAP

28°C MAT,
140% MAP

28°C MAT,
170% MAP

Columbus-Rennie
Newark
Hubbs

0.02
0.33
0.35

0.02
0.28
0.29

0.02
0.88
0.54

0.03
0.55
0.59

0.01
0.19
0.19

0.04
0.78
0.78

0.08
2.11
2.11

Z, hydrologic index 5 runoff from tributary basin/(lake evaporation2lake precipitation); values estimated from graphs in Mifflin and Wheat (1979). Z was
not calculated for Lake Lahontan because its drainage basin spans a very large area with great variability in climate parameters.
b
Climatic parameters of Mifflin and Wheat (1979). MAT and MAP, mean annual temperature and precipitation.
c
Climatic parameters of Spaulding et al. (1984).
d
Climatic parameters are 242% of present evaporation, 1.8 3 MAP, and 2.4 3 modern runoff to achieve the late Pleistocene highstand of Lake Lahontan
(Hostetler and Benson, 1990).
a
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IMPLICATIONS OF VERY HIGH SHORELINES

The Lahontan basin and several other lake basins in central
and western Nevada contained pluvial lakes during the early to
middle Pleistocene that were areally much larger, and had
significantly higher shorelines, than the late Pleistocene lakes
(Fig. 1). The descending bathtub-ring nature of the Nevada
shoreline sequences suggests that younger pluvial periods became increasingly drier from the early middle to the late
Pleistocene, a trend not apparent in most marine oxygenisotope records (Fig. 3). The relative importance of climate,
tectonics, drainage changes, and water sources in causing the
observed changes in pluvial lake levels in the western Great
Basin is difficult to determine and probably has changed with
time. Future work could test various combinations of these
parameters using regional climate models to find the most
plausible combinations. The possible parameters include:
(1) Changes in the position of the jet stream due to changing
configurations of the Laurentide (and Cordilleran?) ice sheet
could affect both precipitation and temperature in the western
United States. Global circulation models show that the Laurentide ice sheet induces splitting of the jet stream; the movement of the two branches and their associated storm tracks
appears to account for pluvial-lake fluctuations in the Basin
and Range during the late Pleistocene (e.g., Thompson et al.,
1993). Limited evidence suggests that temperatures may have
been colder during earlier glaciations. Interpretations based on
fluid inclusions in halite in the Death Valley core suggest that
average temperatures could have been a few degrees colder
during part of isotope stage 6 than during isotope stage 2
(Lowenstein et al., 1999). Relict colluvial deposits in southern
Nevada suggest that winter temperatures in the southern Great
Basin were at least 1°–3°C colder in the early and middle
Pleistocene than in the late Pleistocene (Whitney and Harrington, 1993). However, previous configurations (especially
altitudes) of older ice sheets are too poorly known to estimate
their effects on jet-stream position.
(2) Geologists have long thought that relative uplift of the
Sierra Nevada since the late Pliocene, estimated to be about 1
km since 3 myr ago and 300 m since 800,000 years ago (Huber,
1981; Winograd et al., 1985), has produced an increasing rain
shadow to the east through time. In contrast, recent studies
have suggested that the range was elevated before the middle
Miocene and has since been decreasing in average elevation
(Small and Anderson, 1995; Wernicke et al., 1996). However,
several lines of evidence indicate progressive warming and
drying of at least the southern Great Basin during the past three
million yr, consistent with an increasing rain-shadow effect.
These include depletion in deuterium content and increasing
d 18O content of ground water (Winograd et al., 1985, 1997),
decline in water table (Winograd and Szabo, 1988; Hay et al.,
1986), increase in salinity of lake deposits (Smith et al., 1983),
and decrease in pluvial-lake size (this study). The apparent
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discrepancy may be resolved by Small and Anderson’s (1995)
model which suggests that uplift of the Sierra Nevada caused
by isostatic response to erosion (rather than tectonic uplift)
permits 30 –200 m of uplift per million yr during the Quaternary in the maximum (as opposed to average) altitude of slowly
eroding parts of the Sierran crest. In addition, there is strong
evidence that the Transverse and Cascade Ranges to the south
and north of the Sierra Nevada have increased in altitude since
the Pliocene. Uplift of the western Cordillera relative to the
western Basin and Range could help to explain the progressive
decrease in lake levels since about 700,000 years ago.
(3) Regional-scale lithospheric subsidence may have decreased average altitudes in the northern Great Basin following
uplift associated with emplacement at about 16 myr of the
plume head of the Yellowstone hot spot, centering in northern
Nevada near the Oregon–Idaho border (Pierce and Morgan,
1992; Parsons et al., 1994). This possible effect likely is not
significant in the study area over the time span of the Quaternary, and seems contradicted by recent interpretations of fossil
flora to suggest that elevations in western Nevada were much
higher at about 15 myr (possibly due to emplacement of the
plume head) but had decreased to about the same as the present
by about 12 myr (Wolfe et al., 1997).
(4) More moisture may have crossed the Sierra Nevada in
the early and early middle Pleistocene due to the presence of
Lake Clyde, a tectonically dammed lake that filled the Great
Valley of California (Sarna-Wojcicki, 1995). Water evaporated
from this large (30,000 –50,000 km 2) lake could have recharged Pacific air masses that gave up moisture passing over
the Coast Ranges of California. This additional water should
have increased the snowpack on the Sierra Nevada but would
have had less effect on ranges and pluvial lakes farther east.
Lake Clyde overtopped its sill, rapidly incised its outlet, and
drained shortly after 660,000 years ago (Sarna-Wojcicki,
1995). This effect helps explain the high lake levels of the early
middle Pleistocene and some earlier periods but does not
account for the highstands of younger pluvial lakes.
(5) Drainage changes have altered the size of the Lahontan
drainage basin through time. For example, Lake Russell probably discharged into the Walker River in the late Pliocene or
early Pleistocene (Fig. 1; Reheis and Morrison, 1997). Other
lake basins now tributary to Lake Lahontan were previously
isolated; Pine Valley (PV, Fig. 1; Smith and Ketner, 1976) and
Lake Jonathan were internally drained until sometime after
about 660,000 yr ago. The highest shorelines of Lakes Hubbs
and Newark are very close to modern sill levels between these
two basins and between the Newark and Lahontan basins (Fig.
3), permitting the possibility that these lakes were temporarily
tributary to Lake Lahontan during this old (isotope stage 16?)
lake cycle. In addition, other pluvial lakes in east-central Nevada that were isolated during the late Pleistocene, such as
Lakes Gilbert, Gale, Franklin, and Clover (Fig. 1; Mifflin and
Wheat, 1979), could have discharged into the Lahontan basin
with rises of about 10 – 40 m above their late Pleistocene levels
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(estimated from modern topography and not accounting for
changes due to faulting and sedimentation). These four basins
presently contain relict fish populations that indicate former
drainage connections with the Lahontan basin via the Humboldt River (Hubbs et al., 1974). Other overflows and basin
connections are also possible (Fig. 1). Thus, these high lake
stands may prove key to understanding the distribution of
native populations of fish and other aquatic species in the Great
Basin (e.g., Hubbs and Miller, 1948; Minckley et al., 1986;
Hershler and Sada, in press).
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