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FOREWORD

Hvdrology of the closed basins in the Great Basin of the
Western United States and similar regions of the world,
offers one of the most sensitive measures ot Jlimatic

- change.

The prime objective of this study was to evaluate past
pluvial paleoclimates of the Nevada portion of the Great
Basin. The significance of this type of nvestigation is
hecoming more widely recognized with continued human
activities generating situations where such knowledge be-
comes more than academic interest. In the tuture. major
transfers of water on g regional scale may bhe realized in
parts of the Western United States. including the Great
Basin. Such transters could again create large “lakes™ in
Nevada and provide water availability on a scale similar
to pluvial conditions in sume of the presently arid basins.
Man-induced processes. hoth planned and unplanned, are
producing measurable climate moditication. and correlation
ol hydrologic impact with a given degree of climatic change
can be beneficial. Recent evidence of natural climatic
shifts. or cyveles also makes accurate prediction of associ-
ated Great Basin paleoclimatic conditions more important
than might have been evisivned a few years ago.

This research is also dependent on another prublem not
generally recognized unul recently. Results of this study
relate to the need tor sate disposal of radivactive wastes on
a time frame of the same scale as the Quaternary. Evidence
continues to accumulate indicating that arid Zone environ-
ments, and assoctated hydrology. may prove to be the only
viable terrestriat environments for longterm disposal
{storage} of radivactive wastes. Nevada may become impor-
tant in radioactive waste disposal considerations: data and
interpretations vn tius subject depend directly on the
acceptability and design of such long-term disposal meth-
ods. Problenis such as these indicate the need for additional
research on paleoclimatology and associated paleohydro-
fogy ol the Great Basin.
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is impossible to properly acknowledge all the individuals
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ABSTRACT

The search tor shoreline evidence in more than 81 basins
of Nevada has yielded recognition of 53 pluvial lakes uf
Lahontan (Wisconsinan) age. probable shoreline evidence
ot three pre-Luhontan lukes in three basins. and absence
of shoreline features in many basins previously thought to
have contained pluvial lakes. Basin areas, basin tloor alii-
tudes, overtlow relations, and other data have been deve-
luped to aid in quantitative analysis of full pluvial climates
of Lshontan age in Nevada. Using modern aspects of Great
Basin climates and associated hydrology. the authors feel
the observed pluvial lake- paleohydrology could have been
maintained by: a} mean annual temperatures approximately
5°F lower than those of today: b) by corresponding pluvial
mean annual precipitation averaging 68 percent over
modern precipitation: ¢) by mean annual pluvial lake
evaporation averaging 10 percent less than mean annual
modern lake evaporation. The analyses indicate that
modern climates of the cuolest and moistest parts of
Nevada (extreme northwestern Nevada and some parts of
the northeast) are likely very similar to the full pluvial
climates in parts of southcentral and northwestern Nevada.

Quantitative analysis and lack ot shoreline evidence
contradict the findings of a number of previously reported
pluvial lakes of Lahontan age in southern Nevada. as well
as severul in other parts ot Nevada. Most pluvial lakes
retuted here appear to have been identitied on the basis of
fine-grain deposits related to ground-water discharge during
the pluvial climate or mapping of playa Jdeposits. The size
and degree of development of mapped pluvial lakes con-
sistently correlate with basin size. lake altitude. latitude of
location, und basin closure. A consistent  quantitative
relanon between modern climate and pluvial climate based
on pluvial lake distribution and development generally
supports the pluvial lake mapping of this study.

Shoreline features of Lahontan age vary in degree of
preservation due to post-pluvial terrain stability caused by
modern climate variation and associated vegetation density.
The best shoreline preservation is generally found in cefa-
tively cuul. moist parts of Nevada. Limited evidence sug-
gests earlier pluvial lakes ot Rye Patch age (illinoian) were
of similar size to the tull pluvial extents of Lahontan age
lakes. Most well-preserved bolson landtorms dJeveloped
within hydrographically closed basins ot Nevada are be-
lieved to be no older than Paiute age (Sangamonian), and
the majority of surficial depusits are o’ Lahontan age or
younger.
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INTRODUCTION

Nearly every earth scientist who lus spent some time in
the Great Basin becomes interested in the “pluvial ™ land-
torms which abound in many of the topographically closed
basins. Fundamental questions of where, when, and why
run through the mind as basins are traversed and old shore-
lines are recognized in the presently arid bolsuns. The
authors are no exception. and initially began an attempt to
better answer “why.” belivving that the “where™ and
“when™ questions were well i hand. At an early stage of
this research it became evident the “where™ and “when™
questions were not adequately answered in many cases.
even atter repeated attention by a number of investigators.
As a resuit, the study expanded into mapping the extents
ot pluviai lakes and establishing age relationships for con-
fident use in guantitative paleoclimate analyv<is, Much etfort
was devoted 1o developing plate 1, 3 mup of late Quater-
nary pluvial lukes in Nevada, and the Appendix which sum-
marizes both yuantituative and qualitative data developed.

Plate 1 depicts accurate extents of pluvial lakes tor
which surface evidence in the form of shoreline features
exist. Unless otherwise stated. the distaibutio .. extent. and
statistics ot the pluvial lakes shown in plate | and the
Appendix stem from this work. In many ob the mapped
pluvial lakes. details ot shape or extent are ditterent than
on existing maps: further. & number ot pluvial lakes shown
on existing maps are disclaimed here and a few small

“pluvial lukes presiously overlooked have been added.

The extent of the pluvial lakes retlects the hyvdrolugic
response to 3 past climate in basins with drainage closure.
Modern hydrologic response in most of the basiny once
vecupied by a pluvial lake is the occurrence of extremely
limited and often ephemeral surface-water featuces. Usually,
the lowlands contain playas, and less frequently. playva
lukes. Availability of moisture in excess of evaporation and
transpiration is so limited that tew perennal surface-water
features are present within the boundaries of these basins.

Pluvial lakes formed during paleoclimatic conditions
when mosnsture input esceeded moisture output. In ali
probability . the development ot pluvial lakes was a gradual
process of a changing dynamic hy drologic equilibrium
occurnng over centuries ot time. As the accumulation of
water filled the lower parts of closed basins, more surface

“water and phreatophytic vegetation Jdeveloped. which. in
turn. generated greater discharge of moisture trom the
hasins through evaporation and transpiration. Surtace areas
of the lakes expanded to maximum extents sufficient to
evaporate all warer i excess of that lost by evapotranspira-
tion within the basins before runott reached the lakes.
Nearly all ot the maximum lske extents displayed in plate
| are believed to be essentially contemporaneous,

Most. it not all, basins containing large pluvial lakes were
sinks for both surface water und ground water Juring
pluvial conditions. Water entening either the surface-water
or ground-water systems eventually lett the basin either hy
evaporation trom the lake surfage or by evapotranspiration
trom surrounding areas ol phreatophytes and muoist soils,
Modern climatic regimens generate more or less similar
hydrologic conditions: however, some of the paleolake
hasing Jo not have ground-water discharge with modern
climatic conditions, A statewide map of the distribution ot
ground-water flow systems and associated discharge areas
shows that most pluvial lake busins in the northern two-

>

thirds ol the state are sites ol ground-water ‘1
number ot pluvial lake basins in the most su.

of ovgurrence are no longer ground-water discila..
(Mittlin. 196Xy, Extreme aridity and minor groun.
recharge locally cause modern hydrologic condiu
interbasin tflow that were less likely to have occu.
Jduring the pluviat climate.

In a general sense. parts ul the areas once vccupred by
pluvial lakes now pertorm the same hydrologic function of
maoisture discharge but on a greatly reduced scale and in a
maditied manner. Moisture is lost from the bulsons through
ground-water discharge by evapotranspiration trom locai
areas ol phreatophytes (usually within the area inundated
by the pluvial lakes). by direct evaporation from ephemeral
surtuce wiater on the plavas tusually developed within the
pluvial luke area), and through discharge of ground water
from the playa areas by evaporation. A tew closed basins
still contain perennial bodies ot standing water such as
Pyramid Lake. Walker Lake. and Ruby Marsh due to
sources ol basin moisture concentrated by surface water
systems or by ground-water discharge from limestone
springs into a localized area (Ruby Marsh). At the other
extreme are basins that discharge relatively small.amounts
of muisture in the old lake areas through evaporation of
ephemeral surface water which occasionally reaches the
playas.

Must muoisture entering the Great Basin is eventually
lust by evaporation or transpiration. Much of the precipi-
tution veeurs in amounts and intensities that only intre-
quently yield sustained runott in drainage channels or
limited ground-water recharge. In the high mountains.
major canyons typically contain streams with perennial
tlow, but only a few western and northern basins have
through-flowing streams. There are four important river
systems of Nevadu and adjacent Calitornia which rise in
the Sierra Nevada: the Susan, Truckee. Carson. and Walker
Rivers. Another important river. the Humboldt. heads in
northeastern and northern mountains. All of them drain to
northwestern Nevada basins which. during pluvial climatic
conditions. were integrated into a large basin. Lahontan.
At the present time, all ot the streams and rivers ot Nevada
become losing streams in their lower reaches due to high
rates ol evapotranspiration and limited moisture input.

Previous Investigations

Perhaps the earliest recugnition of vld lake features in
Nevada was made by Henry Englemann, a geologist on the
Simpson expedition of 1833%—18359 (Simpson. 1876) who
discussed evidence of a Jeep lake in the Lahontan Basin.
Whitney (1363} also recognized lake depuosits in the Great
Basin -at about the same time. The next recognition and
study was G. K. Gilbert's { 1875) disclosure ot Pleistocene
lakes in many closed basins of Nevada. About the same
time, King (187%) published a map of Lake Lahontan. and
applied the name in recogmtion ot Baron LaHontan, an
early adventurer and explorer. These eurly erforts were
tollowed by I. C. Russell’s extensive studies ot Lake Lahon-
tan (Russell. 1883, 1885). Mono Valley (Russell. 1339),
pluvial lakes in southern Oregon {Russell. 1834), and
Nevada in general (Russell. 1835, 1896). Russell's work
which constitutes some of the best work done in these
areas, was accomplished at a time when access was difficult,
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good base maps nonexistent. and background information
rather sketchy . Russell (1885: 1896, p. 1321 alsu may have
been the first to estimate quantuatively. the necessary
climate to produce Luke Lahontan. He estumates an in-
crease in mean annual precipitation of about 20 inches if
the temperature reginien were the same as today.

A subsequent phase of the study of pluvial lakes in
Nevada might be considered the mapping era: it was essenti-
ally begun by Russell (1883, 1896) and Gilbert (1890}
and was followed by the development of many maps. For
a complete list of maps of pluvial lakes in the Great Basin
up to 1945, Hubbs and Miller (1935, pp. 136 - 147, 156~
166) give a fine review of the work and the sources of
information. The tollowing are investigations ot importance
m this perivd: Spurr (19031 Young (19131, Free (1914).
Meinzer (1922). Mifler (1946). and Hubbs and Miller
(1948). Other mups that appeared prior to 1948 are gen-
erally compilations which rely heavily upon the Russell and
Meinzer maps.

Hubbs and Miller’s work is an invaluable reterence: thewr
use of names is followed whenever apprupriate in this
study. As biologists they rely heavily upon geologic inter-
pretations of others; the net result is a compilation of
nearly every pluvial lake in the Great Basin known up to
that time. and thus includes lakes hased on what we believe
o he nterpretive errors ot earlier investigators. Hubbs and
Miller (194X, pp. 1343-140) also believe many ot therr
mapped pluvial lakes were not perennial:

Many ot the smaller lakes. particularly in the south-
ern’ part of the Great Basin. may have been ephemerai
even at the height of the Pluvial period. Such qualifi-
cations are indicated in the table and in the text.
whenever these indetinite lukes are mentioned. The
policy has been to include on the map alt but the very
smallest ot the plavas that are shown on maps. on the
theory tpp. 28=29) that nearly all such depressions
probably contained at least shallow and semiperman.
ent Pluvial Lakes.

Hubbs and Miller's ohjective ot comparing hydrographic
history with respect to the distribution of fish within the
Great Basin led them to the above policy: however, the
obtective ot this study. that ot identityving pluvial lakes in
equilibrium with- the paleoclimate. requires omission of
plava lakes. In 3 recently published study. Hubbs and
others (1974) have greatly extended earlier work on relict
fish in an area ventering in east-central Nevada. Although
They include considerable discussion with respect to
physiographic evidence for overtlow or basin closure of a
number ot basins. thieir mapping criteria (and interpreta-
1ons in some casesi are mconsistent with this study.

Two more recently compiled maps are well known. Both

maps have been intluenced by earlier work. and thus. errors

ot inferpretation were incorporated into the maps. A nap
by Feth ¢1961) is purported ta be a compilation of pro-
hable extents of all repuorted Pleistocene lakes and is totally
inadequate for the purposes of this research with respect

_tu time relativnships or criteria of mapping. The othier

and most widely  “ed map. by Suyder and others 1 1964),
was initially  assumed accurate enovugh tor quantitative
hydrologic analysis in this study: it was compiled at a time
when aerial photographs and AMS 1:250.000 base maps. a3
well as some topogruphic map coverage at a scale of
1:62.500 and 30 teet or smaller contour intervals, were
available. tarly in our reconnaissance work, however, we

trequently Jiftered with 1espect to interpret.

extent, existence. and overflow history, Such di...

were so abundant and significant to quantitative es::.
of the pluvigl paleoclimate that a complete basin-by -
photu-interpretation mapping ettort was made to oi

‘pluvial lake areas, sites ot actual lakes. and tirm evide:

of basin overflow. The map and appended data ol Snydet
and others (1964) were ‘used to help establish the names
and the basins to he studied. and in general, the hyvdro-
graphy of the Great Busin. Little quantitanive dava were
taken trom their work. The State of Nevada (1972) puh-
lished the Nevada portion of their map. unmoditied. us
part of the Hydrologic Adas ot Nevada,

There 4re other recently published maps of pluvial
lakes in Nevada. Morrisun (19653, p. 2663 compiled a map
ot pluvial lakes and areas ol aipine glaciation wm the Great
Basin. Much of his pluvial lake data cume trom previously
mentioned sources and contams several ereors. The map is
also of inadequate scale fur the vbjectives ol this study :its
main contribution here is the depiction ol areas of known
Jlpine glaciation, leaving little doubt us to the minor im-
portance of alpine glaciation to the hydrologic regimes of
most Great Basin pluvial lakes. v

Studies which provide the basis for age of mapped
pluvial features are important departure puints tur age
correlations made in this study. Though many earlier
workers correctly. deduced that most of the plusial land-
forms of the great Basin were correlative with ulpine
glaciation of the bordering ranges and the lutest major
alpine ylaciation was correlative with the Wisconsinan
continental glaciation of the Midwest, little confirming
evidence was available until radivmetric dating techniques
became available. Additionally, lucalized detailed strati-
graphic work and associated soil stratigraphy have permit.
ted extension of geomorphic and stratigraphic relationships
bevond better studied “control™ areas. The most important
work along these two lines began with the Broecker and
Orr’s (1958) radivcarhon studies of Luke Lahontan and
Lake Bonneville. which confirmed that both pluvial lakes
were, at least in part. Wisconsinan in age. Subsequent work
tBroecker and Walton. 1939: Broecker and Kautman. {963:
Born. 1974) substuntiztes and elaborates earlier con-
clusions. :

In southern Nevada. anuther study provides hoth de.

~tailed stratigraphy. including soil stratigraphy. and radio-

metric control. Haynes™ (1967) geologicat work of the Tule
Springs archaeological investigation provides Jdetailed data
in the Las Vegas Wush area located about seven miles north
of Las Vegas. His work is particularly interesting due to

. developed radiocarbon data from Wisconsinan equivalent

or vounger deposits. He also recognized up to 15 reet of
lacustrine sediments ot “Pluvial Lake Las Vegas™ extending
trom Corn Creek Springs in the northwest to Craig Hills
or bevond. to the suutheust (Haynes. 1907 p. 751 Haynes
dates these sediments. interpreted as lucustnne, s pre-
22.600 vears B.P. and correlates them with the Midwest

. Woaodtordian deposits. in addition. other geologists. begin-

ning with some early workers and extending 1o Mavey and
Jameson 1 193%), Bowver and others 1 1Y38), and Longwell
11961), considered these and simtar deposits ot the region
10 be lacustrine.

The urigin of several such areas of “lacustrine™ sedi-
ments in southern Nevada is a critical point nut only in the
validity and-accuracy of the extent ot pluvial fakes in plate
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I but aiso in the reliability ot adopted cnteria used in this
study tor mapping Wisconsinan equivalent  {or oider)
pluvial lakes in the Great Basin. We believe these southern
Nevada sediments. which have been called lacustrine.
were more likely tormed in paludal and discharge playva
environments.

Studies ot paleosols. lacustrine stratigraphy. and cor-
relation of sequences hy Morrison (1964a. h). Marnson
and others (1963, pp. 28-32, 38 -3%). Morrison {19653)
and Morrison and Frve (1965) have been invaluable to
this study. These latter studies. as well as similar efforts
in Utah dn the Lake Bonneulle deposits. such as Morrison
t1963b). provided the background ntormation tor both
photo and field interpretation ot shoreline age and sedr-
ment characrer of lacustrine teatures . Nevada. Addi-
tionally. these studies have demonstrated the generally.
well-sorted nature of lacustrine depusits associated with
deep lakes. the existence and meaning of paleosuls of
varving degrees of development which aid in separating
pre Wisconsinan, early Wisconsinan. and late Wisconsinan
equivalent sediments, as well as the Jdegree of preservation
ot high energy lacustrine shore depuosits of known age. A
study of isostatte rebound in the Lahontan Basin (Mittlin
and Wheat. 1971 also lends important perspective to age
of shorelines in other Nevada basins. Both early and late
Wisconsinan equivalent maximum shorelines have been
noted and studied in sarious parts of the Lahontan Basin.

Pluvial paleoclimates also have received considerable

attention. Jones (19I5) made a palenclimate estimate

simifar to Russell’s. Antevs { 1952) estimated a mean annual
full pluvial temperature of $°F lower than the modem
temperature and apparently is the only modern investigator
that favored a cemperature difference between modern and
pluvial climates similar to quantitatuve results of this study.
Broecker and Orr (1958, p. 1029--1031) concluded a 53°C
(9°F) temperature drop would be adequate to restore Lake
Lahontan to its maximum level after establishing a con-
tinuity equation {similar to Equation 4 in this study). and
then assuming evaporation would decrease and runolt
would increase. Snvder and Langbern ( [962) studied pluvial
Spring Lake in eastcentral Nevada and concluded. (on the
basis of modem climatic parameters and evaluation of a
continuity equation similar to Equation 4), a probable
decrease of 9°F mean annual temperature and an increase
ot 8 inches of precipitation. Morrison (19653, p. 267)
suggests an 8°F to 15°F decrease in mean annual tempera-
ture and more moisture, but does not elaborate on his
method ot derivation. Of the mentioned estimates. Snyder
and Langbein 1962} are the most quantitatively explicit
n justityving their estimates.

There are uther recent studies that address the same
objective as this study. Birkeland (1969), on the basis of
clay mineralogy in paleosols in a part of the Lahontan
Basin. suggests no major ditlerences in climate since their
tormation. Galloway (19700 ¢comes to an extremely dif-
ferent conclusion of a 10°C t15"F) lower temperature and
less precipitation by studying “selifiuction™ deposits in
New Mexico and pluvial lake sice in the Great Basin.
Curry (1969), on the basis of Sierra Nevada snowtall
analysis, tavors less extreme Jifterences more compatible
to the urder of magnitude derived in this study. Weide
(1974), using analytical techmques similar to Snyder and
Langbein (1962), and Leopold {1951) applied to pluvial

lakes in southeentral Osegon, favors a tempe:
of ¥ F._ with 6 inches more precipitation.

The Quantitative Problem

There have been numerous attempts to deternun,
Pleistocene climates ever since evidence of Jdifterences
hetween modern and past climates became  recogmized.
Recently. Beaty (1970, 1971 questioned the generally
aceepted concepts ol wetter “pluvial™ Jdimates alter 1
study ot age and rate of accumubation ot glluvial fans of
the White Mountains i Calitornia. He states:

No one today senously doubts the realits of past

climatic changes. but those who interpret nonmete-

orological evidence in terms ol climate change have a

responsibility  to  demonstrate. on  meteorological

grounds. the teasibility of their proposed climatic
muodels. :

Beaty believes the models must fit within the limits of
what is known about atmospheric behavior and must
reasonably fit the geologic. bivlogic, and hydrologic evi-
dence. This study is mainly within the context of the con-
straints provided by geologic. climatic. and hvdrolugic
evidence.

Most authorities favor the interpretation of cooler and
perhaps moister conditions in temperature latitudes during
tull glacial climates. Unfortunately. most. it not all esti-
mates of past climate require certain basic assumptions to
quantity paleoclimate in terms of precipitation and temper-
ature. because much of the evidence used 1o estimare -
climate is dependent upon both variables of climate. Thus.
disagreements as to the Jdegree ol decrease in temperature
Or increase in precipitation stem mostly trom dJiffering
assumptions advpted in quantitative estumation. There are
few direct measures ol paleotemperature and even fewer
direct measures ol precipitation.

The Quantitative Approach

The tundamental concept of lake stage and associated
lake size relating to inflow and vuttlow dates back 10 ar
least the mid-1%00's. One terrestrial environment where
quantitative estimates ot paleoclimates (particularly pluvial
paleaclimates) can be made based ou this concept is hy dro-
graphically closed busins in arid areas. In such regions as the
Great Basin closed basins were aften the sites of pinvial
luKes.

Generally, it is believed the maximum fake stages pro-.
hably correlate with the extreme climatic changes. This
assumption. however, could be in error to some Jegree
in that the climatically induced changes in the hvdrologic
cycle and the associated high lake stands may not retlect
the extreme conditions of climate with respect o tempera-
ture. Theretore, by definttion. in this study pluvial reters
o conditions of relative increases of moisture storage and
“tull pluwvial climate™ is used in the sense of maximum
wonditions of moisture storage within the hasins,

Change in climate is measured by apparent differences
among modern climatic measures (mean annual precipita-
ton, temperature, and evaporation trom deep budies of
water). This approach suggests the use ot long-term records
because ot short-term variations of considerable magnitude
common to the modern climates of the Great Basin. This



in turn, greatly reduces the dutd base ot moedern climatic
data and suggests the adopnen or 1§ Weather Burcau
Climatic Division data (1931 odb Areas with more o less
stmiilar climate have been delineated to form what has been
culled Climatic Divisions. The mean of long-term data trom
the individual stations within the Climatic Division forns
the Climatic Division mean vatues. and these values have
been adopted in this study to characterize the modern
climates in the Great Basin. In tigures und tubles of the
text, a number ot Climatic Division mean values hase heen
wsed. und these include the tollowing climatic divisions:

tligh Plateau of Oregon . (HPO)
Southcentral Oregon (SCO})
Southeastern Oregon (SEM

Northern [nterior Basins iNIB)
in Calitornia

Northwestern Nevada (NWN)
Northeastern Nevada INEN)
Southcentral Nevada (SC\H
Southern Nevada {S\)
Western Utish (Wi
Southeentral Utah (SCLY

{n addition. the extreme northwestern part ot Nevada, with
4 climate division of southeentral Oregon. has ulso been
called Extreme Northwestern Nevada tENWN),

The size of a pluvial lake (surface ar2a) 15 2 quantitative
measure of paleoclimate during prolonged puiiods ot equ-
librium ot the pluvial lukes because 1t represents moisture
leaving the luke:

Moisture into the luke = Muisture out
or,

(ATRT) + (-\LPL’ = -\Ll‘L
or by rearranging and factoring,
ATRT=-\L(I‘L -PL) thy
where,
.-\T= tributary area ot the basin (total bawn grea minus
luke area).
RT = ¢combined runoft ot surtace and ground water per
unit grea per ut ot tune.,
A = maximum like area as indicated by the highest
shore, :
Py = precipitation directly upon the luke per unit ares
per untt of time. and
F‘L = evaporation of the lake per unit area per unit of
time.
A useful form of Equanion | is obuined when the runott
(R} is stated in terms of climatic parameters: average basin
precipitation per unit area per umt of ume IPTI minus
average trihutary hasin evapotranspiration per unit area per
umit of time (ET):
RT = Pr LI'T (A
By substitution of Equation’ 2 into bquattan [ the con-
nnuty equation is put into terms of the product of measn -
able paleohiy drotogic areas and quasiclimuiie parameters
AT‘ PT LTT’ =\ Ll t L I,l ) t
It s important o Jdifterentiate between the generul
character ot each parameter of Fgquanon 3. The area terms
{A1. Ap) are directly measurable palechy drologic para-

meters preserved as physiographic features ..

surface. in other words, these numbers are develope.

the geomorphic evidence, summanzed 1 plate 1 ar-..
Appendin of tis study . The terms embadying charag
isties of chmate (P P BT Ep. Rypd ure. in the pai.
Indiologic sense, measured only by ~|m‘-uecl means und ali

‘may be mtluenced by paleotemperature; thereture. Fyuu-

tnons boang 3 are wintten to make this distineton hy
establishing a phavial hydeologic index (7)) o the cdosed
hisins

/.="\£=I,T' l"-T'_|f=“__R'_|‘ 4

The relation of the ke area to the basin ames yuant.
hed by the Plasial Hydrotogie Index™ there informalhy
named) has led most investigators of pluvial fakes o call
upon covler amd wetter climates to expluin the so-called
pluvial features in the western states (Russell. 1853, {xu6:
Gilbert, 1590 Meinzer. 1922; Jones. 1925: Hubbs and
Miller, 1945: Leopald. 1951 Broecker and Orr. 19S8N
Sovder and Langhein. 1962: Snyder and others. 1964
Reeves, {908 Indeed. stunding upon the highest wave cut
terrace of Lake Lahontan or Lake Bonneville, and looking
vut over hundreds of square imtles ot Jesert {covered ahout
twelve thousand vears ago by several hundred feet of water),
makes event the niost conservative mvestigator ¢ heliever off
past “wetter” conditions, it nut “cooler™ conditions. The
Juestion generally remains. however, how much “cooler™
or “wetter” were the pluvial climates that gave rise to the
pluvial kikes and related features? Ogeasionally . dissenting
voives even challenge the idea of significantly “wetter™
pluvial climates.

A pluvial by drologic index 1Z) is a2 quantitative measure
of hydrologe response to pluvial climatie conditions. and
is quantitatively related to commonly used modern climatic
indicators such as mean annual wemperature, evaponation,
and preaipitanion. In oorder o identify the measurable
physiograpine and geographic parameters that influence the
value of the pluvisl hydrologic indices. 33 nonovertlowing
pluvigl fukes were tested by regression analysts using lati-
tide. longitwde, werehted hasin elesations, and lake altitude
a mdependent vaiabies. It was tound that lake alutude
and lattande accwmmted tor 78 percent of the varance ot Z.
Fraure |y o dounde plot of the two significant parameters
with respect to the mean of pluvial by deodogic indices in
varous regions of Nevada (grouping of these basins into
tegions is discussed i g later section), Two trends of the
regionalized means tmean lake altitude mean hydroiouw
mdex and mean lantude mean hyvdrologic inden) Jdeimon:
stiate the approsimate rate of sarignee ot the (wo indepen-
dent parameters. The veneral influence of one Jdegree of
latitude change on the pluvial hydrologte index is about
the same as & 300 feet change in altitude. An additional
nele of mitesest v the apparent linem aspects of the twa
tretuds when protted on semilog courdinates ot Figure 1.
T suegests exponential functions of both parameters
with respect 1o ordices. Thus, the manner in which tem-
peratare. bike evaporation, precipitation. and runottf vary
with respect 1o futitude and luke altitude combine inio
exponental vanance of the  pluvial hydrologie inde.
Retatiwmsbnps o1 the parameters of Equation 3, Jiscussed
i dection ta taollow, tend to demonstrate this.

Two additional aspects were developed tmuodern hasin
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MEAN HYDROLOGIC BASIN INJEX(D)

FIGLRE 1. Refation of regronalized mean hydrologic basin indices,
lake alticudes, and basin latitudes of Climatic Divisions which con-
tained pluvial fakes,

precipitation and weighted basin altitude) but are not in.
cuded in the Appendix. It wus tound that quantitative
estimates of modern  hasin precipitation. as  developed
from the svailable precipitation map. vielded erratic cor-
relation with the magnitude ol measured pluvial indices.
Uncertaingy i accuraey of the data suyyested abandonaent
ot these data for analysis. The precipitation map of Nevada
(Nevada Hvdrologic Atlas, 1972) was Jeveloped by use ot
very sparse station data and judgment extrapolation (con-
struction ot 1sohyvetal tines through use of altitude of ter-
rmn and vegetal patterns. as well as sparse runotlt data). The
weighied hasin eleration data. as expected. had a correla-
tion of 0.90F with luke altitude. i.e.. a very high interdepen-
denee. While the elevatuon data did enter the prediction
equation at step 301t did not, howeser, add signdicantly
to the wariance and decreased the “F7 ratio from 454
e 203

Fhe 75 percent ol explained variance leaves a rather im-
portant Jmount of anesplained variance ot the pluvial
hvdrologic indices. Error in lake area could be important:
tor example. i Lake Franklin (36 in plate 1) was 10 per-
cent smaller (435 mi® instead of 433 mi®) the pluvial
v drologie index would he reduced 16 percent (0.6l
reduced to U.51) Local variations in climates caused by
runshadow etfects and ditferences in basin conlfiguration
which permit greatly increased or decreased evapotranspir-
ation [osses are fikely in some cases but very difticult to
quantitatively evaluate. Another mmportant factor likely
to have heen aperating was impuortant amounts ot inter-
hasin low of groundwater in the carbonate rock province
ol Nevada (Mittlin, 196%). {t is possible that modern
patterns ot interbasin Nows were changed. but magmtude
of the Tow was stanlar or perhaps even greater in a few
areas. Jakes Vailey (35 in plate 1) and Long Valley (44 10
plate Y provide interestmye examples. Currently. Jakes
Vatley is estunated to leak between 13000 10 17,000 acre-
1y wroundwater to anorher basin, and the pluvial hydro-
logic “index of 049 is considerably smaller than adjscent
basins of simtlar character. Long Vylley, immediately 1o
the nonth, is estimated to currently lesk about 8,000 acre-
teve but displays a pluvial hydrologic index of .41, If

10

the 13000 o 17000 acreft/vr Jakes IS
subtracted from Long Valley and added
and new indices are determined by using pius .
parameters developed in tollowing sections ol thie
four contiguous basins ot simitar character yield the
ing indices:

Butte (9 in plate 1) 0.2%

Jakes (35 in plate 11 1,27 or 0.29 qadjusted)

Long (44 1 plate 1) 0.36 or 0.34 (adjusted)

Newark (39 m plate 11 U.2N
Tlus anulysis suggests that Long Valley may have been a
regional sink for interbwsin flow ot groundwater duning
pluvial climates, and that the magnitudes of interbasin
Hows may have been simitdar to those estimated tor modern
climates. but not necessurily in the same directions or pat-
tern. Several other eustern Nevada basins may lave lust
enough moisture through interbasin groundwater tlow to

reduce the pluvial hydeologic-indices to recognizable Jow - -

values:

Antelupe (4 in plate 1) O.16

Spring { Baking Powder, 61 in plate 1) 0.17

Stevens (63 in plate 1) 0.11
In the case of Spring there is firm evidence of some inter-
hasin tlow to the southeuast at the present time.

Pluvial Lake Mapping

The heart of this study is physiographic information on
the distribution of pluvial lakes in Nevada. Plate { and the
Appemdix have heen developed to accurately describe the
palevhvdrolugic response of each hydrographically closed
basin during the fast tuil pluviat climate, that is, the time
wlien the pluvial lukes were at tullest development. In ogder
to compare lake size throughout Nevada to arrive at paleo-
climate estimates, age relationships were a4 prime considera-
tion. The use ol Equation 4 also requires accuracy in lake
and hasin area. A turther critical requirement ia the pluvial
hydrologic respanse Jduta was recognition of lake overtlow
which . §r it occurred. limited the measured pluvial hydro-
fogic inden to g value smaller than the potential index that
would have occurced it closure had been pertect. Data of
lesset unportanee in aceuraey . but ot value in the evaluation
of Eguation 4 were luke altitudes, basin tloor altitude,
latitude. and characteristics of shoreline features tpreser-
vation and  Jevelopnient). The atorementioned physical
aspects were prune objectives at some stage ot this study.

Mapping Procedure

The techmques used mn the lake mapping and Jduta gath-
ering part ot the study beyan wul the location and collec-
tion ot ali avaitable topographic base maps (AMS 1:230.000,
USGS 162,300, USGS 1:24.000 advance sheets or tinal
maps) and other topographic controls such as level lines
and bench mark descriptions. The next step was the loca-
ton of aertal photographs tor all of Nevada (mostly aval-
able from the Nevads Bureau of Mines collection of AMS
F:o) QUY and USGS 1:24.000 photographsi. Supplemental
photography - was occasionalty wed., locatized i coverage
and of wrnons scates from 3 number of sources such as the
Nevada Air Navonal Guard reconnaissance photography,
the L. S. Bureau of Reclaumanon, U, S, Forest Service. and
the U S. Bureau of Indian Artairs. The starung point there-
ture. was to gather the best available control data in the




tort of 2erial photos, topography Cand clesatn o contol.
During the course ot the study oty adicice sheets fom
the UL S, Geological Surves hecame available

The next step was stereographic phote mtcipretation ol
each topographically closed basn and cach basn seporied
to have contained a plusial Like. The visthle shoreline
teatures were mapped on overlavs an the aviilable photo
saale, and corrections were made T phora distartton: by
visual comparison of overfay Jata. using the avanfable hawe
maps of the best scale and topographic contiol.

Lake arcas were extended bevond the shore features by
tullowing  the appropriate comtom antersal, they were
measited by planneter erther from phote overfans o
directly from adeguately scaled taposiapluc maps. Basin
areas were generally deseloped tom AMS 1250000 scale
maps. but where possible they were crossecheched by
measurement on better scaled maps. FThe tinad mapping
step yielding plate 1 was to transter the basiny and luke
areas (on 1:250.00, 1:62.500, 0r 1224000 seale work maps
ur overlays) to g 1300000 LS Geolowical Sursey base
map of Nevada. When newly issued topogeaphic maps made
it pussible to check the accuracy of lake areas measared
from zertal photo overlays, thete was wenerally less than §
percent error in lake areas. The taigest noted lake-area
errors Oeversl [0 to 15 percenty developed trom lack of
adequate topographic control fin luhe margin extension
cases of inmited shore preservation, The tuke and basm aren
data ot the Appendix are not directly measured from plate
L. where aecttacy safters trom tianster problenis and seade.

The final step way 1o develop accurate data of fuke and
basin tloor altitude, test accuraey i photo interpretation,
wvertlow selations, and possible oo i age relationships.
These aspects were established by available topograplhic
maps ot supplementary  elevation contiol. Fieid  recon-
nassance was made to check mapped features and to note
age relutionships i many of the basins, There are varving
Jdewrees of accuracy with respect to data in the Appendix
and the sources of the data are theretore indicated 1o
give perspectine to expectable securacy . The majonty of
Jduty gathenng and teldwork of this study extended to
pertod ot more than siv vears, Genewal sevision of data
presented in plate b oamd the Appendiv was accomplished
i the sumimer of 197 20 and nunor revistons were made as
late as 107N,

Age Relationships

Contemporaneity of shoreiine features is based on the
hasin-by -hasin study ot aenal photographs with supplemen.
tary Neld reconnatssance. Sach photo and tield study yviehls
the relative degree of shore teatures devefopment | preserva-
uon, and weathernmny as the pancpal cnitena tor Jdeternin-
mg contemporatenty . A number o detaled  studies
mentioned presviously estabish “control™ perspective with
respect to aye ot mapped pluviat teatues. Punapat control
areas are in Luhontan Basin, Bonneville Basin, and Las
Vegas Valles. Tlhroaghout  the vewrs, late Pletocene
depostts o euch area have been ~stndied i deral; this hetps
place inte contest the ave relationmbons. ot Licasitime and
other tvpes of swficial deposits celated 1o the shorehine
features of this study .

A summarized correlation chart ¢table 1y gives mterpie-
tations ot the age relatiombips. Generally o niost pluvial
lkes, s shown in plate 1. were mteipieted o corelare
with the Wisconsinan Stage of glacigiton of the mudwestern

patt ob the Unisted Stares, and most gl shan,
helieved 1o conelate with a late Wisconsinan S |
Lahootan and Take Bemnesille have been conrel
the Wisconsitan Stage by most invesiigatons,

ln Bonneville and Tabontan basms the maxuman b
hnes are belicsed by most msestisttons 1o e ety | gin
o age (hps 208 and 40 Detailed isostatic b !
sticbies (Mitline and Whear . 1971 demonsteate s is peer
the cose moall o the babontan Basin. In nonheastenny
vallevs ot the basin. the Iighest beadds deposits overhie ohdey
heach deposits upon which the Clwechall Saal devetoped.

Puyidence resalung trom the rebound woed
urdicates theres was imporiant wediona; wanpig s tilong
to the noth berween the tune ot ey Lake Lahooign
brrehe Lake stand and associated deposiis thetza Lormation
and the vounger Lake Lahontan bighest stand and assoqr-
ated deposits (5choo Founation). This caused the hraiest
lake stand ot Schoo ume to wandate the older Fetza shoe.
line in the northeastern pat of the basin: however, there s
often such chose simtlasity i the general appedgrance ot the
high shores of both ages i the Lahontan Basto that it
originally aegmred a good sl exposuare at eaactly the
highest shoreline bar to demonstiate the dittevences in high
shore age i the Lahontan Basin,
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As a resule. the detailed age ot the highest shore teatures
in most of the other basins, abter spot chiecks ot shore
teatures, cannot be definitels determuned. Based on acea-
siongl evposed weathering protiles that wete found. and
comparing  the rélative degiee ol preservation between
ingh and lower shore features, 1as believed Farly and Late
Labontan maxemum lakes were usually about the same
levels, and the majotity of high shoreline features mapped
were formed in Late Lahontan tme. I this s not the case,
the slight difterence i size hetween barh and Lare Lehon.
tan fakes is so sinull with respect to lake area it would not
“agnificantly alter the value of measuied pluvial hy drofogic
indices.

There are some exceptions in shoreling age noted m this
study. Lake Wellington in Smith Valles 139 Ein plate [ s
prabably bLarly Labontan i age tfig. 5). There are well-
developed soils on very limuted shore teamnes i the s,
The hastory ot tus basn s complicated by probable stieaim
captute ot g headwater pottton o the Fast Walker Rive
near Sonory Juncion i the Sierra Sevada by the West
Walker River due toice damnung. Map gelatbions ot pre-
Tahoe Till erraties in this wmea presented i Wahthuting and
Sharp (E9605) suggest the prabable stieam capture couid
have been as yvouny as Mono Basin, or as old as Sherwin or
MeGee glaciations. The Snuth Valles lacustiine deposits
atdd paleosals. alony wath the overtlow histors of Lake
Welhngton, aind the suggested  East Waiker River captuie
have ondy been studied on g reconnuissance basis. [t over.
How occurred because of stream capture dunng one of the
carly Sierty Nevada glaciations, the presenved zravel bar i
the notth end of Senth Vailev seems oo well preseived to
correlate wuly the event. Based on the degree ot sail deve-
lopmients and generud presenvation, it s more fikely Fariy
Labontan age. Tnal overttow from Sunth Valiey appeins
o have occurred at about SO teet MSL, but the pre-
wived high bar i the nonhern part of the basin s approsa-
mately at 4500 teet MSL: dhns, the 1avored intenpretation
ot the hydiogaphic tustorny s that imtal overlow and
saie downcutting resulted in Snnth Valley when the head-
water capture ot Fast Walker River occuried, perliaps as
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FIGURE 2. View ot shoreline features of Lake Lahontan in the northeast corner of the Caeson Sink which demonstrate the degree of develop-
ment and postdacustral destruction by crosional processes, With the exception ot the Early Lahoatan shoreline at (F), all features are Late
Lahontan in age.
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late as Mono Lake time. Addationally . during Fady Lahon-
tan tme the basin refitled 1o 4.500 feet MSL and over.
flowed through the partly incised Wikson Canson outlet.
and then continued to maintain exterior low m Late
Lahontan time by entrenching u foodplain through deltaic
and lacustrine deposits in the vallev. While this interpreva-
tion is currently favored. other scenarios have been posta-
lated which, it proved by subsequent investigation, may
place some shorelines m Smith Valley as old as pre-
Luhontan.

Other shorelines of appurent great age have been noted
tn scattered locations. In BDiamond Valley secognizable
shore features between 6,000 and 6.05) reer MSL (1ig. &)
are at least in purt pre-Lahontan in age and the oldest
could be pre-Ryve Patch (pre-lllinvian). The Labontan age
shure is believed to be cluse to 6.0U0 MSL. with overtlow
to the Lake Lahontan drainage (tig. 7). In two other valleys
limited extents uf “old™ shoreline teatures are still visible
slightly higher than those of Lahontan age. These vccur in
the south end of Long Valley (44 in plate 1. fig X)und in
the southeast of Newark Valley (49 in plate 1). The local
preservation above Lahontan age shore teatures may be
due to tectonic warping in this region between Lahontan
and Rye Patch pluvials.

In general. all of the recognized evidence indicates
pluvial lukes of Lahontan age were generally as large. or
perhaps slightly larger. than Rye Patchian pluvml lakes. In
the few areas of Nevada where the “old™ shore teatures
have heen found. hasin overtlow and associated down-
clitting, regwonal tilting, vr local warping have caused the
“old™ features to be locally spared rum subsequent oblit-
eration hy the Lahontan age shoure features. In Lahontan
Basin. where extensive field work has heen accomplished
in shoreline studies, there has been surprising evidence
of regional warping or ulting of measurable magnitude
trom Early Lshontan time to the present and also some
suggestive evidence of even lunger term regional wurping
that may have given rise to important Jditterences between
paleohydrography of the Lahontan pluvial and that of Rye
Patch and older pluvials. Significant difterences could be
true of much ot the Nevada portion of the Great Basin.

Lake Distributions

The smallest contidently measured pluvial hydrologie
index proved to be 0.03 in magnitude. There are a few
basins where perennial pluvial lakes of even smaller size
may have existed. hut photographic and field evidence
wis judged tou weak to reliably map. These guestionable
basins occur in northwestern and southcentral Nevada,
and the uncertamty is usually noted hrietly in the
Appendix. Data yiven in the Appendix demonstrate all
recuognized pluvial takes had maximum depths ot muore
than 20 feet. The field evidence indicates gradations to
smaller surface-water teatures of shailower depths: however,
at a crittcal depth (approximatley 23 feet), wave action,
longevity. and lake level stability were such that weakly
developed shore features could not be recognized with the
techniques ol mapping used in this study.

A" turther mapping complication observed was that
basins which yielded little runott during pluvial clitmates
are now extremely arid with sparse vegetation. Post pluvial
erosiunt processes have been vigorous in these basins and
vield rupidly accumulating bolson deposits which caver

s

or destroy  pluvial lake landforms. Perhaps

of the Lahontan eguivalent shoreline features are p:.

in some ul the northeastern basins. The interpluvial civ-
has heen moist enough to provide vegetal densities that =
stabilized terrain (tigs. 9 and 10). In Jrier parts of no
western Nevady and much  of southeentral Nevada, as
litthe as 10 1o 20 pergent ol the plusial shore features may
be preserved. In some areas. even such recent reatures as
century-old rmbowd grades have been extensnely oblit
erated by active run accreation and erosion. In the drier
regions such as in the Sand Spring Valley, shoreline tea-
tures were initially less well develuped because of generally
smaller and shallower hodies of water, and subsequent
erosional processes have heen less conducive (0 extensive
preservation ot such features ttig. 11). U pon initial study
in these areas. the zccuracy of plusial luke mapping was
uncertain due to the above mentioned problems: however,
atter fieldwork and sutficient mapping to demonstrate
the decreases in pluvial hydrologic indices into these areas.
it is believed thut most. if not all. of the Lahontan age lukes
ol more than 30 or so feet in maximum depth have been
recognized. and the southernmost basins ot Nevada have
not heen the sites of Lahontan age pluvial lakes. This does
not cule out shallow playa tukes which rarely develup well
defined shore features due to lack ot wave action and lake
level stability .

For a number of basins our mapping disagrees with pre-
viously published interpretations of the existence of Late
Pleistocene pluvial lukes. In nearly every case it seems the
interpretations have gone astray by confusing playa de-
posits ur contusing paludal deposits caused by concentrated
ground-water discharge for lacustrine deposits. In several
important cuses there is no basin-closure at the present
time, and during the Lahontan pluvial of greater moisture
availability there should have been an even better vpportu-
nity for exterior drainage. Possibly a few of these areas
were sites ot pre-Lahontan lakes, hut it is somewhat doubt-
ful due to ahsence of “uld™ shore teatures or overflow
channels comparable to those where overflow has been
documented.

The most mmportant disagréeements generated by total
absence of shoreline teatures are as tollows: in Steptoe
Valley €25 m plate 1) south of Currie. Nev.. 4 large pluvial
lake was interpreted by Clark and Riddeil (1920). and other
map makers have continued tw inctude this lake. Tlus
valley. however. has extensive areas of lacustrine-like de-
pusits that are probably related to ground-water discharge
or shallow water paludal environments tfigs. 12 and 130,
It is possible, it the northward regional warping extends to
this region o Nevada. that o much older {pre-Rye Patch?)
lake existed in this hasin and that by Rye Patch time.
Goshute and Steptoe Villeys were integrated by 2 channel
cut near Curnie. Hot Creek Valley (33 A in plate 1), with
no closure and containing lacustrine-like sediments re-
lated to pluvial ground-water discharge, was reported as a
pluvial lake by Hardman in Snyder and others {[Y64).

" Palrump Valley (50 in plate 1) has extensive lacustrine-like
deposits in some areas and no signiticant closurce. These
deposits are interpreted o be partly plava and partly
paludal deposits caused by localiced and concentrated
ground-water discharge. Hubbs and Miller (1948) and
Maxey and Jameson (1948) believed these deposits to be

.ewdenuc of a pluvial lake. lvanpah Valley (34 in plate 1)
“was cited by Hewett (1936) as containing a pluvial lake
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FIGURE 4A. Comparative views, with similar exposures about 15 miles apart of shoeeline features in Goshute Valley ($A). and Boanesille
Basin*14B). The degrees of shorctine deselopment and preservation are very similar, sugyesting similar age. There have been numerous interpre-
trtions of age of the manimum Like Bonneville shoreline: in this arca it occurs at 3.210 teet MSL and scems to be of the <ame aye as shote
features assigned 1o Late Lakontan age in this study. Fhe degree of shoreline Feature preservation with respect to alluvial fan development in
both valleys mdicates that the magonty of Tan development predates the fast majog fake cycle, and that post plusial terrain stability has per-
sintedd i thas segion ot Sevada.
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FIGURF 4B8. Bonnesille Basin,
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Feature A s the well-preseesed segment of the high shore bar of Lake Wellington in the northeen part of Smith Volley, The arrows
pest te the best preseesed shorchine teature i the salley . and dearly these features are older than shoechines of Late Lavontan age. Hlowever,
ohswenved retationstips mdivate o complicated Bistory of capture of a2 pare of the Fas Walker River dramage by ihe West Walker River, with

initial Stach Valtey overtlus at a higher elevation than the presersed shoreline featare, then sith desclopaient of deltan dacustring sediments
in the basin apd the shoreline teatures, amd then subeguent down cutting and ntaintenance of exterioe drainage.
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DIAMOND VALLEY

FIGURE 6. View of the north end of Diamond Valles where pre-Lahoatan shorcline teatures (PL) necur up to 6,080 feet MSL, and the
Lahoatan shoreline features (L} nccue 3t A0 feer MSL, approvimatety 160 feet above the lowest level of overtlow from the valley.
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FIGURE 7. View of the northeast vsertlon pass 1) from Diasmond Valley to Lake Lahontan drainage. Only Lahontan aged shoreline features
1L) can be distinguished with confidence i dhis areg of averlow, but evidence of older, higher shoee fearures indicates initial overtluw aceurred
in pre-Lahontan nme at about 6,080 feet MSL or more, aboat 248 teet higher than the youngest Late Lalontan channel level, Post pluvial
mtling places Radroad Pass at §.895 1eet MSE
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LONG VARLEY "

FIGURE 8. View of the Pre-Lahonean har (A) in the south end of Long Valley. and an alluvial deposit of appeoximately the same age (B). This
is the best well peeserved exampic of a shoeeline feature shove Lahontan age shorelines (L) 3 nonwoverflowing hasin, and 1t may be related
to local warping and. or Faulting. or regionat tlt. In Newark Valley, adjacent to the west, similae old shore features are preserved along the
southeast embay ment of Lake Newark. .
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FIGURE 9. View of the western flank of Goshute Valley where welldeveloped and preserved shorcline features of Lahontan age demonstrate
roant pluvial climates have generated relatively stable terrn.
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FIGURF 10. Example of Lake Labontan shorelines Larrow s in Silver State Valley . 3 northeastern wub-basin of the Lahonon Baun. Relatively
shallow water and limited fetch permitted only moderate development of shorctine features thae are celatively well presersed,
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FIGURE 11 View ot Penover Valley tSand Spring Valley) where Girm evidence of Lahontan age lake is abwent. Features which are suggestive
ut shorehine teatures (S) u;) gu-;uh' w vlevation where present. and are absent i other quadrants, Tt n Gikely that shallow pl_n)ﬂ fakey weee
present dunng plusial chimates, and that apparent shorclinedihe features are related o the past postion of groundwater discharge Juang
the plusial chimare.
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FIGLRE 12, View oot the west side of noethern Steptoe Valtey where groundsater decharge and asseaated pheeatophy tes create tincations oLy
castly: mistahen tor shoredine fearuees, Targs sprmnues and seepage arcas 1NY ocour at or nedgs tie beeah in slope tormed by the toce ot altusial fans
and dower energy deposits of the asiat plan of the bolswn, e mogntamenis terre s composad ot carhomie rock, and the faege springs are
behieved clenely associated wethh localized zones oo sl peamn ablary o A e -tromt ol race is ool deseloped (F 0




FIGLRE 13. View of the narth end of Steptoe Valley south of Currie where a swries ot faubts () localize gronnds ster discharge an. S sle
fincations. This area is the Towest part ot Steptoe Valley and ahsence of Lahontan age shoreline features on the northwest Nank ot - aley
helps contirm the origm of hneations 0 the valley which might be confused with shoeeline teatures,
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based on fine-crained deposits: they are more likely pluvial
plava and recent plava deposits. Mesquite Valley 146 in
plate 1) has lacustrine-like deposits. agsin helieved to he
ground-water discharge related and again cited by Hardman
in Snyder and others (1964) as a pluvial luke area. Fish
Cieek Valley or Fish Lake Valley (the south part of basin

15 in plate 1) has been cited by Hardman in Snyder and:

others {1964) as having a pluvial lake: here again are the
fine-grained Jeposits related to ground-water discharge
with no basin closure. There ure several uther, less impor-
tant basins with similar types of disagreement in interpre-
tation. as can be seen by comparison ot data presented in
plate | and the Appendin as well s mosi published maps.

An important mterpretive disagreement revolved around
pluvial “Lake Las Vegas™ in Lus Vegas Valley. General
mapping has heen done in this region by Maxey and Jume-
son (194X). Bowyver and others (1938), and Longwell
{1961). Havnes (1967) studied some ot the deposits in
Jdetail. Again, the lacustrinedike sediments attributed to
pluvial "Lake Las Vegas,” seem to he paludal and,or playa
Jdeposits related to relatively more extensive and vigorous
ground-water discharge in Las Vegas Valley duning the
Lahontan pluvial penod ¢fig. 14). Careful study of similar
depusits near Ash Meadows. Nev., has led Denny and Drews
11965) to conclude a nonlacustnine origin.  Additional
rationale can he examined m Mifllin (1967, pp. 15-17;
1ves, pp. 15- 200 Sume of these deposits vield molluscan
shells that have convinced some investigators of a lacustrine
origin: vet a clear separation between focalized -paludal
depositional environments and more extensive lacustrine
Jepaositional environments seems ditficult on the basis of
the bivlogical evidence discussed by Yen (1951) and Taylor
tive.

Price (1966, pp. 22--24) reports to have tound mol-
luscan shells trom three widely separate exposures of the
Lus Vegas Formation in Las Vegas Vulley and gives a table
with wdentification and interpreted environment made by
Ernest J Ruscue ot the Field Museum of Natural History :

S 2836 TH1uS.RelE Enviconment
PL'I('("\'{)H(’\

Piseditm sp. or spp. Freshwater
Ceustropogds )

Fuconulus <p. Terrestrial

Lynoaea sp. Freshwater. may inhabit very
muoist terrestrial environ-

ments. e.g.. mud banks

Physa sp. Freshwater
Pupilan?y sp. Terrestrial
NE 4 S13T2IS.ROVE
Pelecypods
Pisiditon sp. ot spp. Freshwater

Caseropods
Euconulus sp.
(rrraudus sp.
Lyvinaeat ) sp.

Terrestrial

Freshwater

Freshwater, may inhabit very
motst terrestrial environ-

ments
Pupitla(?y sp. Terrestrial
Zonitid(?y Terrestrial
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Currentlv, in Nevuada, there are a number 1
paludal environments with mollusks. and some ex:
there is no significant topographic closure. As can b.
in plate 1, Las Vegas Valley has been omitted as a4 ¢
basin due to no closure (there is no physiographic evide
of shoreline features or possible hydrographic closure ot
Lahontan age to explain a large luke which could vield the
distribution of “lacustrine”™ Lake Las Vegas sediments). The
total evidence supporting the interpretation ot 1 non-
existent lurge Luake Las Vegas outweighs the somewhat
ambiguous  tossil evidence: for example: a) absence of
plausible basin closure of the correct age: b) pluvial hydro-
logic indices trending to essentially zero vilues well to the
north of ¢he latitude of Las Vegas Valley and at higher
hasin elevations; ¢) total absence ot shoreline teatures
throughvut Las Vegas Valley. and J) modern. usually
spring-fed marshy environments in playva margin areuas in
several parts ot the Great Basin.

The comparison of plate | with the most recently com-
piled maps ot uthers {Snyder and others. 1964 Morrison.
t963a) demonstrates rather protound difterences. particu-
larly in southern Nevada. Even though the map by Snvder
and others is said to be based on the criterion of shore
teatures. results of this study show this is not entirely the
case. It seems clear that assumptions ot others. undoubt-
edlv motivated by the lacustrine-like. fine-grained deposits
related to other modes of origin. caused them to map
pluvial lukes in southern Nevada and in adjacent areus in
California. Those basins in Califurnia nourished by the
high Sierra Nevada or other high ranges seem plausible sites
of Lahontan age pluvial lakes, however, several California
basins do not have 'such nourishment areas. The most reli-
able criterion for recognition of pluvial lakes of Luhontan
age is presence or ahsence of shoreline teatures since uther
lines of evidence may be quite misleading.

Basin Overflow in Lahontan Time

A number of basins vvertlowed during the Lahontan
pluvial through low passes into adjacent basins. Those
pluvial lukes that clearly overtlowed Jduring Lahontan time
are 1n Buttalo Valley (39 B in plate | und fig. 13). Diamuond
Valley (39 C in plate | and tig. 7)., Bawling Calt Basin (39 A _
in plate 1). Hawksy Walksy Valley (2 A in plate 1), Summit
Valley (2 B in plate 1), New Years Vailey (03 A in plate 1),
and Washoe Valley (30 G in plate 1) the latter two are
still very shallow playva lakes which continue to overtlow
periodically. All ot the above have well-developed teatures
ot overtlow. The Tahoe Basin (39 F in plate 1) continues
to vverflow but was periodically blocked by ice dams in
Lahontan time (Birkelund. 1964).

Summit Lake Basin (2 B in plate 1) has an overflow
history that is complex as well as nteresting. The general
history of druinage to both the Alvord Basin to the north in
Oregon and to Lahontan Basin cunstitutes 1 potential
hydrofogic mechanism tor transter o indigenous tish be-
tween these two major basins in the mid to late Pleistocene,
1 hydrographic history unrecognized in studies by Hubbs
and Miller (194K). The latest Late Luhontan overtlow.
approximately  S.%36 teet MSL tv Virgin Creek {Alvord
Basin). is demonstrated by early man’s artitacts discovered
during this study along the highshore of Lake Parmun.
Layion (1970) studied and described these artitacts and
more rtecently. turned up identical tools at Lust Supper

.
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FIGLRE 1S, View of the noetheast area of Butfale Valley shere Tabontan age sseetlon ovcuered. The position of highest shoretne bars (LY of
Lahontan age ot Eake Buttalo suggest present clossre of the basn oserflow channel is likely post-Uahontan in age, and consists of sand dunes
(Seand mue talings (0L arge gerons andicate apparent osertlos parh (o Dake Lahontan drnnage.



Cave, located about 12 miles to the north, wlineh have been
Jated by C'* methods at about 9,000 yeurs B.P. (Layton.
personal communication. 19774

Drainage of Summit Lake Basin to Lahontan Basin via
Soldier Creek was blocked by the massive Snow Creek
landslide: the present altitude of basin closure on this
teature is about 3910 feer MSL. with no evidence of
overtflow. This altitude of landslide closure is interesting
to compare with the apparent tevel necessary for initiation
of vvertlow to Virgin Creek. approximately 5920 teet MSL
based on present landform alutudes near the uvertlow
channel. There 15 no reliable date un the Snow Creek land-
slide: however. moderately rugged topography with un-
Jrained depressions and moderate weathering suggest un
Early Lahontan or younger age of landslide tormation. The
well-developed incised overtlow channel to Virgin Creek
{60 plus feet) also argues tor prolonged overtlow to Alvord
Basin (fig. 16). Earlier drainage history is less apparent. It
was noted that headward erusion slong Soldier Creek
drainage captured at least part of Summit Lake drainage
hetore the Snow Creek lundslide vccurred., but the drainage
canyon of Soldier Creek below the slide is not overfit when
compared to other tributary channels of the same drain-
age. This. plus the well-developed ovvertlow channel to
Virgin Creek, argues for earlier initial overflow to Virgin
Creek pnior to the landslide blockage and perhaps only
short Lahontan pluvial period of drainage to the Lahontan
Basin. The latrer hydrographic histors is the favored
interpretation based on available evidence.

Diamund Valley. with repeated overtlow and down.
cutting, is the only recognized busin within Nevada with
such an extertded overtlow history recorded by pre-
Lahontan shore teatures (fig. 6). Two other lakes may have
overflowed during Lahontan time to 2 nunor extent. Lake
Maxey (61 in plate 1). in Spring Valley probhably leaked a
limited amount ot ground-water undertlow northward
Lake Spring (62 in plate | and tigs. 17 and %) Lake Gale
in Butte Valley (9 in plate 1) has a possible overflow
channel to the north. but it overflow occurred. the history
is not clear trom field relationships. The maximum bar
closes the luke basin within the valles . A short distance to
the north there is an incised vvertlow channel through old
alfuvial tan deposits (fig. 19). There has heen no preserva-
tivn of higher shore features in the valles . Perhaps periodic
overtlow occurred Jduring the Lahontan pluvial to Ruby
Valley (36 in plate 1), but is seems more likely that there
were no uvertlows of this age. The pluvial hydrologic index
ol 0.28 suggests the possibility of overtlow at this time
when compared with somewhat larger indices of adjacent
vallevs: however, bounding ranges ot Butte Valley are not
as well nourished by mowsture as_some adjacent valleys.
Lake Vailey (19 in plate 1) leaked ground-water undertlow
but not to the extent ot greatly decreasing the hydrologic
index. It is believed that basin closure ot Sand Spring
Valley (53 B wn plate 1) wus tormed in post Lahontan time
by voleanism. Scort and Trask (1971) have Jdiscussed
dpparent age relations of the voleanics in the area of neces-
sary closure. Reveille and Railroad 1532 and 33 in plate 1)
Busins have a joint wributary system which indicates Now
periodicaily ted either one or the other, and have been
combined in guantitative anzlvsis. No evidence tor over-
How of Lahontan age tor Lake Franklin in Ruby Valley
(56 in plate 1) or Lake Gilbert in Grass Valley (31 in
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plate | and tig. 200 ) has been found: however, d
others { 1963 reported overtlow ot both.

Basin Overflow in Pre-Lahontan Time

Some additional areas may have seen uverllow d:
pre-Luhontan pluvials. As previously mentioned. Stepic o
Valley may have contwned a luke in pre-Labontan nme
that eventually became integrated wih Goshute Valley
through overtlow at Currie. Nevada. It the latter s the case.
it occurred no later than Rye Patch (llinoian) tme.
Goshute. in an eurly pluvigl. may have overtloned
Bonneville Basin through a northessterly puass. Lake Valley
(40 in plate 1) with only an alluvial tan closure on the
south in Lubontan time. could have been open to Delmar
Valley in carlier pluvials.

Lahontan Basin, with its great extent and numerous
integrated subbasins, may have spilled during a pre-
Lahuntan pluvial to the south as tur as Clavion Valley
(11 in-plate 1. This pussibility is suggested on the follow-
ing lines of recognized evidence:

1) In the Watker Lake subbhasin. north of Thormne.
Nev.. there is a large point bar that was active
during Lahontan time. Abuove the highest Lahon-
tan beach of 4.360 feet MSL there are typicai
well sorted and rounded “lacustrine™ gravels o
at least 3480 feet MSL. suggesuny the ruot zone
tor the point bar is older and tormed by a lake
with 2 much higher maximum fevel (fig. 21).

2) To the south ot the Walker Lake subbhasin or Lake
Lahontan are a2 series ot vallevs. separated by
alluvial fun closures helow 3000 teet, offering
possible paths tor ancient basin integration.

3) Rhodes Salt Marsh. Columbus Salt Marsh, and
Clayton Valley, are anomalous concentrations ot
saline deposits. when compared to their drainage
areas. One explanation tor the abnormal salt con-
centrations would be a series ot overflow hasins
acting pertodically  as  evaporation  basins  tor
drainage spill during pre-Lahontan pluvials.

4) There are relatively thin Rye Patch (lllinoian)

lacustrine sediments, in part deltaic. in the central
part of Lahoutan Basit. north of Lovelock, Nev.,
but ar a lower clevation than Lahontan age sedi-
ments. The impression the Rye Patch formaton
expusure gives is a Jepositional envionment neat
the upper lake level close to the confluence of the
ancestral Humboldt River. These sediments are
about 200 reet lower than the maximum stages of
Lake Labontan in thes area.
Evidence that ues the previous observations to-
gether into the suggestion of pre-Lahontan south-
ward overtlow from the Lahontan Basin is
evidence of regional downwarping te the north
snd  northeast during and since the Lahontan
pluvial (Mittlin and Wheat. 1971). The rate und
amount of warping. should it also have been active
m pre-Lahontan time. would have been sufticient
to raise the suggested Walker Luke subbasin over:
How area as much as 300 400 teet higher than
the Rye Patch sequence at Rye Patch Dam during
the time between the Rye Patch tIllinovian) pluvial
and the present time. The 4480 feet MSL “lacus-
trine” gravels near Thorne fit the warping evi-
dence.
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FIGURE 16. View of the nverflow channel from Summit Lake Basin to Virgin Creek and Alvord Basin, Latest overflow appears (o have vccur-
red in Late Lahontan time: however, overtlow to Lahontan Basin has also occurred, perhaps in Eardy Lahontan time.
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FIGURE 17, View of ihe aorth shore of pluvist Uahe Masey in Baking Powder Flar, The termingl bar tBY clises the bavn, aad numerous faubt
traces 1) can he seen. troundwater discharge oucnrs gt and near the highest shore
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FIGURE 18. This photo iltustrates the mavimum stage shoeeline of Lake Spring in its southernmast extent (A). Numerous faults (F), ground-
water discharge deposits, and weakly developed shore features due (0 very shallow water make identification ditficult. To the south of this
photo is the well-developed nvrthernmost high har ot Lake Masey.

13




FIGURE 19, View of what has been considered the overilow channet in the noeth end of Butte Valley. The maximum shoreline har (B) of
Lahontan age accurs below the topographic closure (T) Active groundwater discharge in the area has created well-developed lincations (G,
(Overtlow may have accurred in pre-Lahontan times, or the welldeveloped northward drainage channel (D) may be the result of the combina-
ton of ephemeral runatt and pechaps more sigorous groundwaters discharge during pluvial dlimares. The channet is deeply incised into altusial
fan deposits af pre-Lahontan age. :




FIGURE 20, Mosaic view of the north end of Grass Valley whese § ake Githert ovgrflow has been indicated by vasi-
ous investigators. The topogsaphic closure (T) is approrimately 127 feet above the level of the mavimum Lahontan
age shore featore () ). Overflow appears highly unlikely in pre-1 ahontan time also, Three well-developed shoreline
hars indicate protenged ability at thice lake stages, which in turn suggest three periods of ditfering pluvial con-
digions.
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HIGURFE 21, View of the south end of Walker Lake and the Thorne Point bar. Above the clearly maximum Latontan age shoreline 3t about
4370 feet MSL (LMY occur well-rounded gravels and landform expression of possihle pre-Lahontan bar matenal up to 4,480 feet MSL (PL)
Ihis and other evideace suggests 4 hy pothesis of pre-Lahontan age overtlow of Lahontan Basin to the south. Betow the railroad tracks historic
shorchnes occur (1), and ghave, poarly preserved primanly due to erosioaal activity, occur Lahoatan age sharelines (L). Note that the point
har shire Features aec it a Gaverable position for proloaged preservation,
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Cquanutative  angivses

Ihe evidence cecounized here suggests 1 hyvpothess of
fong-ternt regional downwarpig to ©oe onoith, with Rye
Parch or carlier pluvial tukes sprtling southward bevond
the Lahontan age drainage divide 10 torm o seuies of evapo-
ite basins.

. The pluvial patevhvdrography as determmed by thns
study. including overows during Libontan tme and
possible eurlier overtlow  histories.  provides  additional
perspective to the consuderations ot Hubhs and Mdler
(1948) on distnbunion of tish in the Cieat Basin. Findings
of this study indicate overtlow in Labontum time s e
limited i comparison to the data Hubhs and Miller weorked
with and that iake distribution tas detied b was much maore
restricted. The vpportumits for transter o Lalontan fish 1o
Alvord Busin by shitting drainage was not retlecred i thei
sample analvses. hut the atfinity of the Tish assemblages 1o
the south ot the Labontan Basn werh Lahontan Busin
species was noted, The actual mechantsne o fish transter
in the Greatr Basin, and time required tor the development
of distinct populations through  bolation, are sabpects
warranting rurther consideration. Hubbs and others 1 1954)
have further investiyated easteentral Nevada tish with
respect to palechydrography s however. results of thus study
indicate that 4 more accurate history of paleshydrography
s pussible with respect to distubution ot pluvial lakes and
tining ot basin closures.

In summary. pluvial lake data given on piate 1 and the
Appendix have heen developed thiough application of g
somewhat rigrd set ot cnterid. The principad evidence ssed
wrorecognize and map the pluvial lakes 1 the preserved
slworeline features. [n addition. attentton has been given to
the apparent age of the shore features through consulera-
tion of preservation, weathenng. Jdramnage history . and
associated soils. Other lines of ¢vidence have been con-
sidered but have not heen judged reiable cniteria. Numer-
ous previous interpretation ot plutal lakes. basin closuses,
and “lacustrine” deposits have been judged i this study 1o
be unreliabie. and theretore, a number obf previously
mapped pluvial lukes have been omitted. As the toltowing
will Jdemonstrate. the Jdeveloped
plusial fake daty ot plate | and the Appendix vield con-
sistent results Such consistency is not possible using the
luke distributions of previous work.

Modern Climate and Estimation of Pluvial Climate

When 4 comparnson s made between the modern dlimate
and the pluvial climate of a given hasin or a yiven regivcn ot
the Great Basin using Egquadon 4. the variahles ot the
equation must he known. Scattered longterm maodern
chimatic data are svalable in terms of mean annual precipi-
tation and associated temperature: evapoation e 4 few
deep bodies ot wuter 15 fairly well hnown: and bocalized
tunolt s somew hat kinown in scsttered parts of the Great
Basin. The most saccesstul approach in Jlunate comparison
18 1o comsider the mean annual tempetature. precipitation,
and craparatton as the prane vanables wlndh desenive the
cimates,

Precipitation and Temperature

In most ot the Great Basin there v one overwhehning
aspect about muodern precipitation, that is. precipitation
is highly variable with respect to physwographic conditions
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amd nmes e hugh mountans there as cdeards an oo aphieg
ciiect with much farger precipitation salues occuinng in
the mountains than m the basns. The three 1vpes o1
precaptation, ovclonic, convective and  orograplie s
generated by some mechansny to Lift e masses to proviuee
counling and aseciated condensatton are cleady wporaine
in the Gueat Basin, Precipiation is more o less evenldy dis.
titbuted herween warm and cold months i much or Nee-
vadi. Cold maonth preapitation s more anportant with
respect oo tunodt o and ground-water reclunge: snow ik
in the high mountains store enough mostee (oo penne
nmort S overcome lugh evaporation and  transpaton
rates an the wanmer summer months, Much of the w i
weathar precpitanion s st o the armosphere thiough
mositu”T esaporation and  transpuatnion inog maticr o
hoars or duys,

An important problem in the avaluble pieapitation
tentperatire data is the distubution ot medsurenent sta-
tions with long-term records. Most stations are focated in
hasin lowlands. only 3 few are 1 low passes o1 valley s wath-
in Mmountainous areas, and even fewer me on mountam
ridges or crests. Areas receiving the most important amounts
ot precipitation are theretore those with the least Jata,
Generally . piedmont and valleys portions of basins i N\e-
vada receive less than s inches of moisture per vewr. Most
mountam aanges with more than 3000 teet ol reliet.
more than 14 mches per yeur. and the higiest
mountam ranges receive more than 20 inches per vear in
crestal portions, '

Untortunately. precipitation and  tempeaiure n the
Great Basin are not comsistently Jdependent vartables. Figure
22 s a plot of Climatic Division means of temperatine and
precipitation, with supplemental dividual station data
selected upon the hasis of low mean annual temperatutes
to give some additional perspective to the meaning ot the
Climatic Division data plots. The scatter of the daig makes
extimation of expected precipitation with 4 temperature
drop not particulardy satistving, and tus problem is perhaps
the weakest aspect of compaing modern climate with
pluvial climates through the use of Equation 4. Since there
is no better alternative. these Jdata have bheen used o
deselop precipritation remperatire ainves to estimare what
might be evpected with o tempetature Jdrop

Caretul study of the geograplue and  phy siogravhie
relationships ot the data of Figure 22 vields some basts tor
Jdeveloping the needed curves. By inspection. it can he seen
that two trends seem to he estahiished hy the Climatic

feCeIve

. Division mean plots. The upper trend is best detined and in

the S0°F 10 45°F mean annual tempetature ange. depiats
the mustest portions ot the Great Basin: for example.
southeastern  Oregon,  southeenteal  Utah, southeentral
Oregon, and the northern mterior basus of Calitorna. The
supplemental stations that tall near this trend are mountain
crest, mountain tlank ov mountan valley stations. Supple-
mental siations ot special interest are Austin and Jiggs in
northeentral Nevada, Awstin is o the western tlank ot the
Tonvabe Range at about 6,500 teet MSL, and Jiggs 15 at
about £200 teet MSL w Huntington Valley neur the toot
of the Ruby Mountans.

The lower trend 1s not as well detined. bt 1y established
by the means of Climatic Divisions of northwest and nosth.
east Nevada, and the High Plateau of Oregon. Mot stations
of these divisions are located in basin environments, The
supplemental station plots in Nevada and Orevon are all
within the intermontane valleys.
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In considering these data and the typical basin contig-
uration of the Great Basin. it is reasonable to sugyest the
lower Climatic Division trend represent what might be
expected in the very intermontane basin environments:
the upper curve represents less arid high mountamn lank
and crestal environments, and a tew less arid basins in the
north and east of Nevada., Many of the basin lowlands in
this study are best reiated o the lower curve: however.
three extreme northwestern basins ot Nevada better tit the
upper curve. as do parts ot Lahontan Basin (the moun-
tainous areas of the Sierra Nevada rivers and Humboldt
River headwaters). Some ot northeentral Nevada also may
lie closer to the upper curve relativaships than the lower
curve, as indicated hy the Austin and Jiggs data.

In analyzing Great Basin topographic configurations and
requirements of precipitation vaiues in Equation 4, it has
been tound that about [0 percent of the hydrographic
basin can be considered high mountain terrain and the rest
is intermediate or basin lowland. When precipitation is
weighted according to terrain altitude using the precipi-
tation map ot Nevada. it is found that tributary basin
precipitation |PTl is usnally about 25 percent higher
than basin Hoor precipitation (Ppd. This. of course.,
will vary in both directions depending upon the partcular
busin and assoctated mountin terram: howeser. a more
sensitive approach is not warranted hecainse ot the esti-
mated nature off precipitation isohvetes in the precipitation
maps ol Nevada.

Figure 22 has been adopted as a guide in estimating
expected changes in precipitation that seem reasomable i

’
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mean annual temperature varied during the piuvial climates.
The direction ot least climatic change necessary to provide
more moisture is clearly toward lower mean annual tempera-
tures: however, due to the spread of data represented by
the upper and lower trends ot the devetoped temperature

precipitation curve, judgment i necessary o use the
curve tor evaluating Eguation 4. A conservative approuch is
1o attempt to estimate the correct trend tor several climatie
sones of Nevada and also assume that the upper curve iy
more tepresentative ot tributary preaputation (P where
appropriate. The lower curve. because of the strony husin
bias of the stations, scemys reliable tor lake precpitation
(Py ) in the very arid basins. A median curve has been dis-
plaved and has been used in several cases. as discussed fater.
The adopted approach. using Figure 22, assumes the mod-
ern climate interdependency of precipitation and tempera-
ture in the Great Basin abso applied to pluvial climates. it
permuts a departure trom modern climate and adjusts esu-
mates ot pluvial climate 1w values of known vatiation of
temperatwre and preaiptation  within the Great Basin.
Other methods af estunating precipriation with 2 tempera-
ture drop seem less sensitine to the complen and relatisely
unknown characteristics ot imate in the Great Basin.
When seurchme for reasomable departire curves ol prect-
pitation and temperature for estimating pluvial climates. ot
was found that available loog-term records do not show a
clear correlation of a temperature Jecrease with more
precipitation in the annual records of individual stations.
Yet. data presented in Figure 22 clearly suggest interdepen-
dence of increased precipitation with lower temperatures



X n 3 geographie sense. and thus hase eosersation leads o
the underlyving assumption that modern Cunatic satianons
within the Great Basin give an idication ot what should
be expected precipitation in Nevada tor pluvial climates
with tower mean annual temperatures.

Runoff

Runotf is a tunction ol precipitation and evapotrans-
piration: however, evapotranspiration 15 very dependemnt
upon subtle parameters such as terrain conditions and dis-
tribution  of precipitation m time and intensity. Thus.,
when evatuating Jdimate from hydrologic condinons Je-
picted by Equation 4. the right-hand term containing
runott is caster (o use.

Runotf 15 abso a dependent varuhle of temperature.
Figure 23, adopted and mudified from Schumm {1965,
p- 784), clearly demonstrates just how important tempery-
ture is with respect to runoff tfrom a given amount of
annual precipitation. These curves by Schumm are based
on runoft throughout the United States presented by
Langbein and others (1949, p. 9). Meuan annual runoft
and precipitation is compared to weighted mean annual
temperature. Weighted mean annual temperature reters to
. the temperature Juring the wne of runatt, ie.. if the
majority ot runott occurred during wurmer months, a
o higher weighted meun temperature would result. In Nevada.
- where the majority of runoft occurs during spring and early
summer tfrom snow melt. weighted meuns should be close
to the mean annual temperature. To aid evaluation in this
“

B e kb OO0 =

study . trends were somewhat extended beyond schumm’s
data supported curves into the region of low runott and
raintall. as indicated by the question marks in Figure 23.

Collectively. the basins of northwest Nevada have o
mean annual temperature ot about S0°F and mean annual
precipitation of only N inches. Using Figure 23, it would
appear that something less than 0.1 inches of runolt theo.
retically should occue eachr vear. All but g small percentage
of the region has less than | inch of aversge annual run-
oft. as shown on an average annual runott map (Nevada
Hydrologie Atdas, 19720 The smali areas where runoft
exceeds | oinch are focalized areas of exceptionaliy high
terrain where precipitation is much wreater than ~ inches:
for example. about 31 inches ot precipitation at 43°F
vields about 1h inches ot annual runoft tor 2 mountan
station (Truckee Ranger Station, Calit). This is a pro-
found ditference in availabiity of runott and directly com-
parable to only small areas of the highest mountains in
Nevada. such as the Curson Range near Reno. the Sunta
Rosa Range and Jarbidge Mountains in northern Nevada:
abso. the Ruby Mountains, Snake Range. and Schell Creek
Range in northeastern Nevada, and the Toquima Range
and Toiyabe Range in central Nevada. These mountainous
areas locally vield more than 10 inches of runoft.

[n comparing modern climatic conditions and associated
runoft to pluvial climaue conditions and associated runoft,
the obvious contrast is demonstrated by the existence of
the pluvial lakes (plate 1). In other words. pluvial climatic
conditions were clearly conducive to more runott reaching
the lower parts of mamy of the closed basins in Nevada.
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Figure 23 can be used to demonstrate how esther a shitt
in precipitation or a shift in temperature could have -
creased runoft. In the modern Great Basin temperature
regimens. 1§ inches of precipitaton at 30°F would yield
only | inch of runoft, but it temperature dropped to J0°F.

about 2.5 inches of runoff would occur. Conversely, it

only an increase in precipitation occurred. trom 13 inches
at 30°F to 20 inches at 30°F. runutt would increase from |
inch to 2.5 inches. In terms of human perception as well as
biological and geological processes. the 10°F mean annual
temperature drop is a greater change w climate than the 3
inches ol increased precipitation. With respect to necessary
climate shift. less change is required in precipitation to give
iunpressive hydrologic results.

As demonstrated in Figure 22, it seems muost likely
that the general lowering of mean annual temperature in
the Great Basin would result in an increuse in precipitation,
which in turn would produce mose runot?t trom the com-
bined effect of the temperature decrease and precipitation

increase. This Jemonstrates. more or less, the direction of

“least™ change trom modern climates that would produce
the pluvial climate hydrotogy ol the Grear Basin.

Evaporation

According to Linsley and others (1955, p. 91 ). evapora-
tion is intluenced by solar radiation. air temperature. vapor
pressure. wind. and possibly atmuospheric pressure. OF these
variables perhaps differences in solar radiation and air
temperature are the most important facrors in producing

-=-—s——-- - differences in evaporation tfrom Jeep water bodies in the

Great Basin. All uther intluencing parumeters are more or
less similar throughout the Great Basin.

Numerous studies of evaporation from lakes in the Great
Basin provide duta to establish graphs tor estimating evapor-
ation rates tfrom large lakes. Figure 24 has been developed
from Jata presented by Harding ( [965, p. 22). Phillips and
Van Denburgh 11971, p. Bl) and Langbein and others
(1949), These data of luke evaporation demonstrate the
effect of sltitude (air temperature primarily) and suggest
the lesser intluence of latitude ¢solar radiation). Data of
Figure 24 suggest no more than about 7.2 inches of varia-
tion n evaporation within a range of 6° fatitude: however.
each change in alttude of 1.000 teet generates as much as
10.8 inches (between 1.000 and 2.000 reet altitude) to as
little as 3 inches of evaporation (between 6.000 and 7.000
teet altitude). Snyder and Langbein (1962, p. 2390.--2391),
in their study ot pluvial Spring Lake in eustern Nevada.
estimated evaporation rates Jdecrease at about 6 percent
per 1.000 teet rise w altitude in the Greac Basin. In Figure
=4, however. between 3000 and 4.000 teet altitude. a
13.7 percent decrease is indicated [(51 inches per veur)

(44 inches per veur) + (3 inches per yeuar)| and between
5600 and 6.600 leet altitude a 10.3 percent decrease is
indicated. in the study by Snyder and Langbein (1962)
theie assumed & percent decrease appears to have been
slightly low according to enisting Jawa, and the values
and associated trend of Figure 24 are believed to provide a
more viable departure for estimation of pluvial lake evapor-
ation.

The pluvial luke evaporation rates can be approximated
from modein rates by assuming 4 similar lapse rate as
modern climate {3.5°F thousand teet of ultitude change)
and adjusting the rate according to estimated mean annual

temperature drop: bor example. $°F, S F and o | tempera-
ture drops would represent increases i altitude ot 11343,
1429, and L7014 deet. aespectively, and cortespondin:
lesser rates ol fake cvapination as Gihen trom Figure 24,

Comparison of Climates

Methods for estimating all necessary parameters ot
Lquation 4 have been developed tiom  either muodern
observations ot climate and hydrology with associated
extrapolations, or trom the phy sical evidence of the pluvial
lakes and their respective basin charactersiios. Caleulated
hydrologic indices are sensiiive 1o sinall Jitferences in
values of Take precipitution (P )and runott (R 1 pronduced
by assumed amounts ot precipitation incredse Jue to a
temperature Jdrop. Lake evaporation remans at g tined rate
according to a temperature drop. although adopuon ot ¢
ditfferent lapse rute or ditferent initial modern departure
values could make important differences in the caiculated
indices. In this study Figure 22 is the meost critical in s
assumptions and application in evaluations using Equation
4.

Climatic Division means dJepicted in Figure 22 are
believed reasonable depuarture points to estimate the pluvial
climates ot the Great Basin. [t is informative to adopt the
procedure ot assumiing a lower meun annual temperature
of some amount and then attempt to establish what the
hydrologic responses in the hasins would have been through
the use of Fquation 4. The magnitude of necessary temper-
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ature drop is of great interest, as supgested changes range
from as little as $:5°F (Antevs, 1952) 1o as wuch as 20°F
(Galloway . 1970

The relationships developed in the preceding sections
permit trial and error calcutation of pluvial indices until
the calculated indices match the measured pluvial indices.
Calculation of the indices for a given climatic sone of
Nevada with Equation 4 has heen perfurmed in the tollow-
ing manner:

1) A mean annual temperature chunge is assumed and
subtracted trom the Climatic Diviston mean annual
teniperature of the zone of interest.

2) The corresponding increase in precipitation is
established tfrom one ot the trends of Figure 22 1o
give either the lake precipitation (P ) or the
tributary precipitation (Pp).

3) The lake or tributary precipitation value is then
calculated by adding or subtracting 25 percent.

4) Lake evaporation (Ey ) is determined trom Figure
24 by establishing lake elevation and then cor-
recting tor the temperature drop by increasing the
altitude according to the modern lapse rate of
3.5°F/1.000 feet.

5) Runott. {Ry) is Jetermined by using Figure 23
with the adopted mean annual temperature and
the tributary precipitation already determined.

6) Computation of the pluvial index (Z) of Equation
4 is made using the derived variables ot the pre-
ceding tive steps.

In order to tacilitate the compartson of measured pluvial
indices with calculated indices through the use ot Equation
4, the basins representing climatic zones have been grouped
together to establish the mean lake elevations and the
mean pluvial index (Z) within each zone. The eftect of this
procedure is tor generalized climatic relationships to be
compared with generalized measured pluvial indices. Tables
2 through 6 group the basins according to the estimate of
similar modern climate which more or less ¢orresponds to
the Weather Bureau Climatic Division. One should note
that the measured values of the pluvial indices more or less
vary in magnitude with respect to modern climate. The
largest indices occur in the basins which now experience
the coolest and muistest climates. This relationship sup-
ports the basic assumption made in this study of unitormity
between the pluwvial and modern climates: that is. the
pluvial climates were closely related to modern climates
of the Great Basin and the ditterences are probably the
result of relatively small shitts in mean annual temperature
with corresponding shifts in precipitation and associated
hvdrologic response. While indices vary 1n magnitude within
the Climatic Division groupings. all measured pluvial indices
seem to tit a general pattern established by the conditions
ot modern climate and terrain characteristics.

TABLF 2. Extreme Northwestern Nevada tENWN) pluvial data.

Basin Luke Plate | No. Lake Alutude Pluvial {nden
Long, Memnzer 43 AL 091
Macy Flat Macy 45 AR U 0.56
Surprise: Surprise 6s 5130 087

Mean §6u0  Mean 068

TABLE 3. Northwestern Nevada (NWN) pluvial data.

Basin' Lake Plate | No. Lske Alrntude Plusial Inden

Antelope 3 112 "
Cold Sprine

Laurhton 14 S0 niv
Divie. Divie I8 1ot nili
CGrabbs 28 40K8 n
Granite Springs/ Gra-

nite Springs 29 INSA nnd
Kurmiva: K umava 3R 3.0 nnd
Lemmon: Lemmon 41 $.990 niy

Mean 4432 Mean  0nNd

The use of Figure 22 to establish lake and tributary
basin precipitation (Py and PT) requires a certain amount
of judgment to make the quantitative comparison of
climates as meaningful as possible. Extreme Northwestern
Nevada (ENWN) contains three basins with modern cli-
mates closer to the Southcentral Oregon Climatic Division
and the Northern Interior Basins Climatic Division of
California. {t seems reasonable to adopt the upper trend ol
data in Figure 22 and consider it the tributary precipitation
{P1) parameter. This judgment is made upon the basis of
modern hydrology. distribution and type of vegetation.
trequency of snow falls. and limited climate records. as well
as the magnitude of the measured piuvial hydrologic indices
of the three basins.

The grouping of basins assigned to the Northwest
Nevada Climatic Division (NWN) is not very satistving.

TABLE 4. Northeastern Nevada (NEN) pluvial data.

Basin/Lake Plate | No. Lake Altitude Pluvial index
Antelopers Antelope 3 5724 . 0.1e
Big Smokv:iToivabe 6 §.388 019
Butte Gale 9 6250 0.28

tovertlon ™)
Cave'Cave 1o 6.0N0 n23
Clover-Independence:

Clover 12 $674 ns3
Edwards Creek. Edward | i 5.280 .34
Goshute: Steptoe 28 §077 .20
Grass/Gilbert N $.740 0.36
Jakes/ Jukes 38 6.380 0.19
Lake/Carpenter 30 S.988 034
Little Smoky/Corral 42 6.5 n.23
Long'Hubbs 13 6.300 03
Newark: Newark 49 & U610 0.28
Ruby . [ runklin 56 6.068 o6l
Smith Creek /Desatoya R 6.230 nd4i
Spring: Maxey 6l §.793 n17
Spring/Spring 62 5770 0.27
Stevens) Yahoo 63 7.320 0.1

Mean 602§ Mean 0.295




TABLL §. Southeenteal Nevada (SCN) pluvial data,

Basini Lake Plate | No Lake \ltitude  Pluvisd Inden
Alkali Spring | 3802 1]
Big Smoky Tonopah = 4 800 103
Clayton 1] 4.266 1}
Cuoal/Coual 1} 4.99) nnz
Columbus Salt Marsh 13 3680 0.4h
Dry Lake. Briviaol 19 3.620 004
t mugrant, Groom 23 4473 nns
Garticdd: Garticld 26 S 6600 nns
Gold § Lat Gold | Lac = S nod
Huntoon 2 A4 u
Kawich Kawich i X0 0o
Monte Cristo 4% 274 0
Penoyer R 4.73R 0
Ratdroad; Railroud 53 4870 0oy
Ralston. Mud 54 5.280 0.08
Rhodes. Rhodes 38 4432 0wo?
Soda Spriny 1 Acme) 39 $.373 0
Soda Spring 1 Lunings Ay 4339 1]
Stanewalt hd 4649 1]
Teels Marsh Ak 4.4 n

Mean  d.NA6 Mean 103l

Two basins, Cold Spring and Lethon (14 and 41 in plate
1) are hydrologically intluenced by yn eastern spur of the
Sierra Nevada. Peavine Mountain, which vields more
runoft than most of the other high areas feeding uother
basins in this group. Another basin. Dixie Valley (18 in
plate 1) has high bounding ranges with climate more
simifar to the northeastern Nevada grouping even though
“the hasin floor is the fowest in the nocthern half of Nevada.
The other four basins included in this group are extremely
anid due 1o the rain shadow ettect ot the Sierra Nevada. In
view ol the variation in modern hydrotogy and climate of
the basins in this group. two separate trends and associated
values for lake and tributary busin precipitation have been
adopted trom Figure 22, Clearly. part of this region of
Nevada is very arid. and the lower data trend of Figure 22
is most descriptive. The three basins mentioned. Cold
Spring. Lemon and Peavine Mountain. seem to he mure in
a transitional climatic position between the two data trends
of Figure 22, and thus the median curve has been Jdeveloped
and used to evaluate Eguation 4. This dual approach also
allows demonstration of the etfect or sensitivity of use of
Figure 22 with respect to estimating mean annual tempera-
ture dirferences between pluvial and modern climates.

The majority of the Northwestern Nevads Climatic
Division is part of the Lahountan Basin (39 and 39 A
through 39 G in plate ). Lake Luhontan. however. has
heen omitted trom this group tor two reasons: 1) its size
and  subbasin hyvdrologie complexity  during the pluvial
Jdimatic interval. and 2) the clear difterence of climates in
the two prime nourishment regions. the Sierra Nevada and
the northeastern mountains of Nevada. These two aspects
muore or less deteat the evaluation approach being employed.

and thus Lake Lahontan is treated separately .

Data on the Northeastern Nevada Climatic Division e
problematic. as can he seen by the supplemental dut « pomnts
in Figure 22. The unly two long-term high valley o1 mown-
tain flank stations ot Nevada are within this region and
nicely plot along the upper Jdata trend or Figure froow -

L)

~ever, McGill, Montello, Elv and Eiko stations are shso in
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this region and clearly Jdemonstiate the aridhiy oF ar icast
some of the intermontane basins. Again. the median curse
and the lower curve in Frgure 22 huve Seenused to desehop
precipitation values tor use n Eguation 4 and 1o provide s
sensitvity test in the use o1 Figure 22,

The basins ol the Southcentral Nevada Climatic Divie
sion {SCN) are gquite and with respect to modern climate.,
and the lower trend of Figure 22 has been adopted to
establish precipitation values for kquanon 4 evaluation.
The Southern Nevada Climatic Division basins (SN have
been treated by using the upper part ot the Chimatne Divi-
sion data trend in the temperature region where there is
no divergence. While this approach vields no sigmiticant
increase in precipitation from modern climate to estimated
pluvial climate, when small temperature shifts are assumed.
the absence of physivgraphic evidence tor plusial lukes in
this climatic division supports andity Juring the pluvial
climate. To the extreme north ot the southern groupmg s
a general decrease in magnitude of measured pluviat hy dro-
logic indices to the smailest measured valtues 10.03 10 0.03)
as hasins become lower or more southerlv in the South.
central grouping (SCN) of closed basins. “ine ot the 20
basins of the Southcentral grouping contsin no recognis-
able pluvial lake features. In the Southern Nevada group
(SN) the modern climate is much warmer, and accordingly .
rates of evaporation and evapotranspiration are much
greater. There is considerable evidence. however. that at
least the higher mountains i southern Nevada recetved
more moisture during the pluvial climate, and accordingly
Figure 22 may aot he very satistactory for this part ot Ne-
vada.

TABLE 6. Southern Nevada (SN) pluvial data.

Basin Plize I N \ltitude Plural Indes
Apes Dy Lake N R LY "
Delamar 16 4538 "
Desert 17 KT "
East Jean Y 2998 0
Frenchman 24 jore )
Grapevine Canven 3u 4013 "
{ndian Springs 33 EEUE) "
fvanpah 34 MG I
Jean Deyv Luke R 3784 "
Mesquite 46 2.54n 0
Pahrump N 2457 "
Papoane N 4.569 n
Sarvobatus L7 KGR 0
Yuceu a8 J414 "

Mean 3223 Meun o
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This region deserves caretul consideration as 3 resuit of
the previvusly discussed Havnes (1907} interpretation of
his caretul stratigraphic study in the Tule Springs area and
because ol the many other 1eports of lacustring sediments
believed to be of Pleistocene age. Thereture, 1o make a test
that is very liberal with respect to pluvial precipitation
values. the lower curve of Figure 22 isassumed to hegin its
point of inflection. as it does at the Southcentral Nevada
Climatic Division data point, and at the Southern Nevada
¢ timatic Division Jdata point. Table 7 illustrates the calcu-
lated results tor mean annual temperature drops of §°F,
1U°F. and 15°F.

Even when using the ewiggerated precipitation curve
moditication of Figure 22. a 10°F temperature drop is
necessary to produce a caleulated index that is nearly
equal o the smallest measured index of Nevada. In
addition, the physiographic evidence indicates that pluvial
bodies of water much smaller than the small mapped pluvial
lakes yielding the minimum value indices were tou shallow
andior ephemeral to produce reliably recognizable shoreline
teatures. Based on the necessity for more than double the
mean anoual temperature shift that will be demonstrated
as necessary for the rest of Nevada and the absence ol
shoreline features. we can therefore conclude. that southern
Nevada dJid not contain perennial lakes during the Wiscon-
sinan pluvial: also. that the “lacustrine "like sediments of
this <eneral age have a more subtle ougin as previously
discussed.

" Estimated Full Pluvial Climate

Table X gives the results of the evaluations ot Equation
4. assuming 4°F, 3°F. and 6°F mean annual temperature
drops. and compares the calculated pluvial indices (Z)
with the regional mean values of the measured indices (Z).
The results indicate a 5°F or 6°F mean annual temperature
drop. The 6°F Jdrop approximates the measured mean
index three times. the 5°F twice. and in one case. a 4°F
drop best approximates the measured mean index. With
respect to the tavored choice ol curves from Figure 22, as
indicated by asterisks in Table S, the 3°F Jdrop in mean
annual temperature is the tavored general measure of
the ditference between modern and full pluvial climates.

An important consideration is the sensitivity ot the
calculated index to the use of differing curves of Figure 22
with respect to necessary temperature drop. Generally
speaking. when adjacent curves of Figure 22 are used tor
evaluating the index. the matching temperature changes
by 1°F. In the case of the northeastern Nevada evaluation.
the ditference is 2°F due to the low initial Climatic Division
temperature and the greater divergence of precipitation
curve trends in this region of temperature. These relation-
ships are comforting in that the choice ot curves of Figure
22 is necessarily somewhat subjective.

TABLE 7. Evaluation of Southern Nevada (SN}
with exaggerated precipitation.

r T P P Ry e 2
SRS s°F X 10 “0 16 026
53.8 n’k 12 15 "8 41 NN
48.5 15% 19 23R 4 34 0.267
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In the tour evaluated regions of Nevada where pluvial
lahes were present, the derived pluvial lake precipiation
(Py ) values are considerably greater than the modern hasin
precipitation values (Climatic Division daw). These dif-
terences. calculuted as percent increase over the modern
data. are as tollows: ENWN 77 percent. NWN 63 percent.
NEN X0 percent. and SCN 32 percent. The calcwlated
numerical increases range from 3.3 to 9.5 inches and
average 0.5 inches of precipitation, Due to the manner in
which the estimated climate shifts were derived. the calcu-
lated increases in tributary basin precipitation are ot
similar percentuge. but 23 percent greater in numerical
magnitude. Thus. the quantitative evaluations using Equa-
tion 4 yield, in general terms. a statewide shitt of climates
tv mean annual temperature about 5°F lower. with an
average of 6% percent more precipitation. Reduction in
lake evaporation averaged 10 percent.

ft is informative to compare the derived climate changes
with the extremes ot historic climate data in the same
regions. Table 9 depicts the mean and extremes in annual
temperature and precipitation between 1931 and 1960 for
the Climatic- Divisions used in the analysis. The largest
recorded extremes in precipitation generally approach the
pluvial lake values that were estimated as necessary. With
the exception of northeastern Névada. however. the towest
recorded temperatures are 2°F or more above the estimated
pluvial climate temperature. These relations indicate hydro-
logically significant but rather small differences hetween
modern and full pluvial climates. The shifts in climate are
slightly more than the normal extreme variations in annual
climatic conditions of the modern climates. Further, the
estimated increases of precipitation seem very reasonablé
in view of the data comparisons in table 9. One important
aspect of the annual recurds is that there is no correlation
between wet years and lower mean annual temperature;
they are sometimes warmer. average or cooler in tempera-
ture, and thus one might argue the basic assumption used in
adoption of Figure 22 is without hasis. Caretul examination
of Table 9 does illustrate the basis for this assumption, that
lower’ temperature should vield more precipitation. at
least in Nevada. The data ot the four Climatic Divisions of
Nevada illustrate this overall trend.

Evaluation of Lake Lahontan

The Lahontan Basin presents a complex problem when
an attempt is made to fullow the preceding approach of
hydrofogic index generation. The basic problem stems from
basin overlap into climatic zones which greatly ditter from
one anuther. In addition, subbasins with pluvial lakes which
wvertlowed add to the complexity. Perhaps the greatest
stumbling block is estimating the appropriate modern
climatic paramieters in apprupriate climatic sones. such as
the Sierra Nevada and the Susan River/Madeline Plains
region. and then weighting them according to percentage of
basin ared wnvolved. While pussible und perhaps informative
to pertorm, the latter would offer much room tor error as
compared to those derivations already performed. A more
valuable approach is to solve tor runotft (Ry) and then
consider whether or not such derived runotf reasonably
could be generated with a 3°F drop in temperature. The
fotlowing parameters sre obtained trom Figures 22 and 24,
recognizing that most ot the lake was restricted to the
nurthwestern Nevada climatic zone. and the general lake




TABLE 8. Comparison of calculated indices with mean measured indices.

Fig. 22
T T P Pr Ry E, z z Curve
ENWN 43.3 4% 15 75 b} 6.8 35 042
(ssmg) 428 5°k 2178 9 9.2 34 0.751 10.68 Upper
47.5°F) s 6°F s 34 s 13 20 (Pp
NWN 16 45 19 12.5 0.77 19 0027
14452") s S DX 13 105 38 0.038 Lower
- oh 34 " 6% 13 14.4 1.65 37 0065 1.084
16 4% 12 15 1.48 39 0.08
45 s°F 135 16.9 2.2§ 18 0.092 0.084 Median *
44 6°F 15 18.8 37 0.15
NEN 42 4% 13.5 16.9 3 34 0.15
16025) 31 $°F 15 18.8 36 33 0.20 Lower
6 10 6%F 16 20 45 32 0.28 . 0.295
42 3% 19 238 6 34 04 0.295
4 s°F 2 269 7.8 33 0.65 Medisn®
40 6t 13 94 11 32 1.29
SCN X Fo - 11.28 0.5 39 0.017
14366 ) 46.5 5% 95 1.9 0.64 38 0.022 Lower
SI.SF .
AR ass 6°F 10.2 12.8 0.9 37 0.034 0.031
SN 598 1% $.5 6.9 <0.1 37 0.0024
3223 5K.8 s°F ss 6.9 <0.1 16 0.0028 0
163.5F) °,.
§78 6°F 6 7.8 <0.1 Y 0.0026

surface at maximum stage (before isostatic rebound)
was approximately 4,360 teet MSL:

Ey = 37 inches
PL = 1l inches tminimum curve from Figure 22)
2=0.26

R
Z2=0.26=__T orRy=6.75inches
57-11

If the mean annual temperature within the basin was
between 40°F and 45°F. approximately 23 to 26 inches of
tributary precipitation would have been required to pro-
duce such runolt, Such an amount seems reasonable when
compared to those tnbutary precipitation estimates derived
tor northwestern Nevada (13.1 or 169 inches), north-
eastern Nevada (18.8 or 26.6 inches), and extreme north-
wostern Nevada (29 inches). The muoisture rich Sierra
Nevada would have had even higher values and could
have more than made up tor the drier parts of the basin.
Additionally . there would have been a greater opportunity
for evapotranspiration of the large basin and subbasin
pluvial lakes. While the evaluation lacks precision. the

derived Lahontan Basin runoff value is slightly lower than
the derived pluvial runoff mean of the three climauc
cones that the basin straddles (6.3 inches to 7.1 inches).

Therefore. the 5°F lower mean annual temperature is

adequate to generate Lake Lahontan. and necessary runoff
is consistent with prime nourishment-area runotfs derived
from the same temperature change.

Modem Hydrologic Indices

Examination of hvdroiogic conditions in most topo-
graphically closed basins once occupied by pluvial lakes.
reveals the equivalent ot very small indices. If indices are
to be measured upon the basis of lake area. only a few
have values exceeding zero. This approach is believed the
most valid for direct comparison of modern hydrologic
indices with pluvial indices: however., most busins Jo
teceive water through groundwater tlow to areas of dis-
charge in the lower parts of the bolsons. Further. most
basins are occupied by playas which occasionally receive
surtace-water runolt from infrequent runotf events. Water
on playas is spread out into thin sheets. often only a few
inches or less in depth and usually evaporates within a
matter of days or weeks even in winter months. There is
little data on the percent of time or extent of inundations
for playas in Nevada. Playas range from very small areas



TABLE 9. Comparison of evalusted pluvisl climates with annual
extreme variations of Climatic Division means, 1931-1960.

Climate  Evaluated Annual Tcempcr:nure Annual Precipitation
Division  Climage ) (inches)
Tempi t High High
PL ‘inches Mean Mean
Low Low
SCO 428 S04 7.38
(ENWN) 46.7 12.28
by B 44.5 6.86
NWN 48 330 12.75
9.8 R.30
138 47.3 3.90
NEN 42 50.9 16.45
459 10.5
19 326 147
SCN 45.5 354 12.77
s 6.72
10.2 49.7 3.10
SN 8.8 67.3 11.37
63.3 slo
8+ 619 1.40

*Value from Table 7 based un adjusted curve of Figure 23,

to hundreds of square miles in extent. but even the
largest playas receiving ephemeral runott would be equi-
valent to very small areas of perennial lake surtace yielding
three or more feet of evaporation per vear. Estimates of
modern hydrologic indices based on ephemeral surtace
water on plavas and groundwater discharge can be approxi-
mated by moditying Equation 4 to :

Z.\l = AE(EP - PB’ = AT(RS + RG)

ot

-2e-RsvRg
Ar Ep-Pg

ZM (3

where. AE = Area necessary to evaporate the comBined

surface water (Rg) and ground water {Rg)
reaching the basin tloor.

Ep = Potential evaporation, and
Pg =Modern busin precipitation.

Calculations over the tnbutary area aiways vield less than |

inch per year and usually less thun half inch per year
where estimates of groundwater discharge have been made
(Mifflin. 1968 Nevada Hydrologic Atlas. 1972). Examina-
tion of the surface-water runott map ol Nevada (Nevada
Hvdrologic Atlas, 1972) demonstrates a mean of less than
2 inches of surface runotf distributed over tributary basins;
usually it is considerably less than 1 inch. Thus. a maximum
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modern hydrologic index tor northeastern Nevada can be
approximately evaluated as follows: .

1.3
=0.053
-pPg 40-10.8 285

R5+R(~._ |+0.5_
E

Ly =
P

Ruby Valley (36 in plate 1), un the eust side ot the
Ruby Mountains. constitutes one orf the maoistest losed
basins in northeastern Nevada. This busin has a well-
develuped perennial paludal body of water called Ruby
Marsh nourished by a number ot large carbonate rock
springs which vields a hydrologic index of Q.026 when the
marsh area is used for a measured luke area i byuation 4.
The marsh measurement provides a direct comparison to
the pluvial index ot Ruby Valley. This value omits about
an equal amount of groundwater und surtuce-water dis.
charge thay meadows, areas ot phreatophytes, playa and
marsh) in the northern half of the valley north of Ruby
Marsh. This northern Ruby Valley runolt is not as dis-
tributed in time nor as concentrated uas the spring flow
of the Ruby Marsh System. Thus. it the total runoff to the
entire valley s considered. the modern hydrologic index
would be about 0.05 or approximately that calcutated
as maximum hydrologic index for northeastern Nevada.

In northwestern and southcentral Nevada all modern
indices are smaller, and vnly in a few extreme northwestern
basins (and in a number of basins vccurnng just beyond
the Nevada line in California) do conditions suggest modern
hydrologic indices ot similar magnitude. In these latter
basins the playas are more frequently occupied by water
or are playa lakes, and groundwater discharge from large
areas of phreatophytes suggest a halt inch or so of ground-
water discharge.

In the drier areas, the tullowing evaluation of Equation
5§ gives an idea of a maximum hydrologic index for south-
central Nevada: '

In southern Nevada, the following might be expected:

_ RS+RG _ S+.25

T4 -3

Zy

.75
=__ = 0012
EP - PB 49

Al evaluations of modern hydrologic indices using
Equation § yield values not directly comparable to the
values obtained in Equation 4 tfor pluvial indices. The
prime reason direct comparison is misleading is the artificial
way in which the hasin shape has been circumvented in
Equation 5. All surface water (Rg) and groundwater runott
(Rg) does not concentrate into one lucalized perennial
body of water due to basin shape. It surface water runoft
(Rg) and groundwater runott (Rg;) could be measured at
the edge of the plavas. hoth would drop to very small
values because ol evapotranspiration losses upgradient:
therefore. an important part of the numerator in Equation
5 would be embodied in ET in Equation 4.

Mono Lake, west ot the Nevada horder in California,
offers a larger modern lake to compare with a pluvial
hydrologic index. Pluvial - Lake Russell in Mono Lake



Basin vields a pluvial hydrologic mdex of 1120 Using
Equation 4 to establish a modern mdex. Jdata trom the
Appendix yields:

Iy =

i

A
ZL = ¢y
AT

It is informative to note the general vrder of magnitude of
dilference between the modern and pluvial indices of
Mono Basin (0.17 and .11 and the somewhat lacger order
of magnitude change (0.0026. 0.029. 0.26) that was calcu-
lated when southern Nevada was tested the second time
with $°F. 1O°F. and 15°F temperature Jrops and the
shitted lower curve (table 7). With the liberalized precipi-
tation. about vne arder of magnitude change of the caleu-
lated pluvial index represented a 3°F shift in temperature.
The Mono Lake modern;pluvial hydrologic indices relativn-
ship supports the 3°F shift trend established in Equation 4
evaluations when using more conservative temperature/
precipitation curve relationships. Note also that the Ruby
Valley (Lake Franklin) pluvial hydrologic index is 0.61
and the approximated mudern index is 0.03, vr 3 ditference
ot about one order of magmitude. Overtlow from Butte
Vialtey may have increased the Ruby Valley pluvial index
somewhat, so the comparison is of uncertain value.

The modern index of Mono Luke corresponds to a
number of pluwial indices observed in Nevada. The pluvial
lukes in the following basins closely correspond to the
modern Mono Lake. with a lake area of %7.5 square miles
and a modern index ot 0.17:

Lake Antelope: lake area 48 square miles. pluvial

Lake Cave: lake area oY square miles, pluvial mdexs
0.23
Lake Jake: lake grea 63 sqguare miles. pluvial index
0.19
Lake Maxey {(Sprnng Vallev): lake area NI sguae
miles. pluvial index .17,
The basins of the listed pluvial lakes responded in the vune
hydrologic manner duning the full plusial dimate as Moo
Lake Basin is now responding to vy madern Gimare, The
Mono Lake Basin, howeter. ts not heieved to tepreseni an
exact “homoclimate™ or the pluvial climates o the lisied
husins. »
Figure 23 illustiates a series of hydrologic mdes graphs
plotted with respect to runoft (Ry = Pr b1y on the
ordinate and net evaporation (k. Py on the absissa,
Each index graph indicates the possthle range in the rwo
plotted variables which would produce the measmed hyvdro.
logic index. Also plotted are the evaluated mean indices tor
each recognized olimatic sone produced by a 3°F mean
annual temperature drop as Jeveloped in the preceding
sections. Further, the two modern indices discussed. Mono
Lake and Ruby Vulley, are also plotted tor compurison.
These data suggest the close similarity between the modern
Ruby Valley climate and the estimated pluvial paieo-
climates ol Southcentral Nevada (SCN) and Nortiwestern
Nevada (NWN). [n other words, it seems the modern Runy
Valley climate is a near “homoclimate™ ot southeentral
and northwestern Nevada's lull pluvial climates.
Mono Lake Basin climate can be seen to he consider-
ably different than that of Northeastern Nevada (NEN)
average pluvial climate conditions where several basins

index 0.16 responded in the sume hydrolugic manner. as previously
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FIGURE 25. Comparison of full pluviat climates 10 modern climates using hydrologic indices.
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noted. Due o warmer condittons 1z Mono Basin, more
runoft trom the lugh Sierra Nevada s necessary to pro-
duce the matching hydrologte mdey with greater net luke
evaporation.  Southern  Nevada (SN} with sivnficantly
warmer pluvial climate temperatures creating large net lake
evaporation rates and essentially no runofl, stamds alone on
the abscissa of Figure 23, This graphical depiction helps
demonstrate how deficient the muoistiie tput necessary
tor lake tormation would have been in southern Nevada
with a $°F drop in mean annual temperature.

Other Estimates of Pluvial Climates

Several investizators have suggested quantitative values
of climate change tor the Great Basin or southwestern
United States. Most ot the techmques used to arrive at the
estimates are subject to as much or more error as embuodied
in techniques emploved in rhis studsy . and sometimes there
is little weight placed on muodern relationships ot climate
and hydrology which are paramount to viable estimates.
In this analysis. an attempt has been made to evaluate the
palevclimate giving rise to the highest lake levels experi-
enced since THmoian time, and perhaps the highest lake
stages experenced during the Plentocene in the Great
Basin. Thus climatic condition 15 assumed the “tull™ pluvial
climate: it represents a long-asting maxamum change in
paleoclimate with respect to available moisture tor runott
within the Great Basin,

Caretul statigraphic studies by Mornson (196da) and
Morrison and others (196%) indicate that a considerable
number ot lake fluctuations vccurred below the maximum
luke level in rthe Luhontan Basin. Fucther. study of paleo-
suls  and  sedimentation  patterns  within  the Lahontan
Basin lacustrine sequence suggests to Morrison { [Y63b)
that not only have there been cool muist paleoclimatic
conditions. but also there have been Jlimate shifts, so
there has been. at times. warm- moist and cool --dry
conditions. The warm moist conditivns are believed by
Morrison (1964h, pp. 134 135 o be evident trom
relatively short intervals which produced weuk weathering
profiles during limited lake drops. Morrison’s interpretation
18 sonteshut gt odds with the fupdamental assumption
made in this study : when the chimate changed. it changed in
a pattern similar o that observed currently m the Great
Basin. that of lower temperatures associated with increased
precipitation and  higher temperatures associated  with
reduced precipitation. Thus, the two basic parameters
ot climate are assumed more or less dependent variables s
m the case in modern climates observed in the Great Basin.
It is important to note that Morren { 1964b) believes $2°F
meuan annual temperature seems o mark the lower temperu-
tare limit o getive soil tormation (chemical weathering).
The reconnaissance work indicated the well-develuped
Churchill Soil found in the tower elevanons ot Labontan
Basin (table ). was not well developed or clearly identifi.
able in the hicher central and vortheastern Nevada basins.
A continued effort was made to recognize the Churchilt
Satll equivaient to help establish relative age of the highest
shorelines n ail the basins visited. hut rhe Churchill Suil
equmvalent was not recognized in the lugher cential and
northeastern dasins. In the lower basins elsewhere in Ne-
vada, equivalent paleosols were sometimes  recognized.
Perhaps. it Morrison's suggested temperature cutol? tor
active soil formaton is accurate. the interpluvial mean
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annual  temperatures i the higher Nevada basins have
never reached this value.

Morrison (196354, p. 267) suggests the cooler and werter
pluvials were %7 to 13°F covler than the present climate
and appreciably less arid. From his extensive stratigraphic
and soil studies. Morrison suegests the cvclic pattern ot
climatic change as tollows: at the start o1 an interfucustral
period cool--dry changing to warm dry, then 1o wanm
wet, then during the ensuing lacustral-alacial maximum, to
coul moist, then back to cool dry. These mtervretations
are essentially hased on sedimentation patierns amid paleosol
formation. Having worked closely with Morrison i some
of his Lahontan studies we are tamilie with much ot the
stratigraphic evidence upon which he has hased s interpre-
tutions: however, we helieve there are no sedinientation
or soil relutionships  that demand valeoclimate models
reversing modern trends in precipitation with respect w
temperature.

The interpretation of the same evidence when consid-
ered within the context of this study. is wurm  dry inter-
pluvial - conditions changing to slightly cooler conditions
with more precipitation and runoft and less evaporanion.
The tull pluvial climates were probably the coolest and
wettest conditions, hut only about 3°F couoler. Final
stuges of the pluvial periods are interpreted as times of
reversal of the overall climate trends with less available
nourishment for the existing pluvial lukes. It the pluvial
climates were indeed similar to the modern Grear Basin
climates. there were more than likely. short and perhaps
intermediate duration net reversals ot long term trends in
climate throughout pluvial cyeles. It should be kept n
mind that the verv iarge. deep lakes such as Lshontan,
once partly or tully tormed. could persist with various rates
of declining stage for rather long intervals of time. It
would have been possible fur relatively short-term reversals
of climate 1o occur while the lukes were present, and the
waters in shallow embayments would have warmed and
weak weathering protiles would have formed in the lake
margin Jdeposits in the lower, warmer basins. With a termin-
ation .ot the reversals, renewed inundation with lake rise
would have occurred. The durations ot these relatively
short-term climatic reversals could have heen severul hun-
dred vears. with Lake Lahontan sull persisting at lowered
stages in the central subbasins where stratigraphic studies
have bheen made. All of these suggested conditions are
concordant with the stratigraphic and shore deposit evi-
Jdence ot Lake Lahontan.

Snyder and Lanebein ¢ 1962) have made a Jetailed quan-
titative analysis ot Spring Valley (61 and 62 in plate )
piuvial lake (actually two adjacent pluvial takes according
to our detailed mapping) that also yields greater change in
paleoclimate temperature than that arnved at in tns study .
They tound that an increase in precipitation ot S mches and
a reduction of evaporation of 13 inches would have yielded
pluvial Sprine Lake. This ditters from the tindings in this
study in thae luke evaporation s reduced about ¥ inches.
luke precipitation is increased about X.5 inches, and tnbu-
tary basin precipitation increased about 107 inches. In
ettect. it appears that Snvder and Langbein call upon un x
or °F Jdrop in mean annual temperature and about the
e increase in precipitation as is developed herein. They
used moere or less a similar continuity eguation approach
towards evaluating paleoclimate. but rather than using
graphs to establish trends of observed climatic and evapora-
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tion data. they used statistics and probabihities of climatic
data to demonstrate the most hkely climatic change. In
doing so. they arrived at a relationship ot increased preci-
pitation with lowered mean annual temperature that is
also developed by Figure 22: however, they believed that
mean annual lake evaporation under modern conditions is
44 inches. whereas Figure I4 suggests it may be closer to
39 ‘inches. They alsu estimated a 6 percent decrease in
evaporation per 1 000 feet of altitude change. and vhserved
data of Figure 24 indicate an 8 percent decrease ut that
altitude. These ditferences account for much of the dif-
terence in results of the two paleoclimates snabyses.

Broecker and Orr (1935 p. 1030) have suggested a §
t9°F) drop in mean annual temperature and an increase
from an average basin precipitation of 10 inches to an
average of I8 inches to restore Lake Lahontan to'its maxi-
mum level. They arrive at these conclusions through the use
ot rather generalized appronimations of precipitation,
runoff. and evaporation relationships as well as the use of
a continuity equation similar to Equation 4. Broecker and
Orr additionally suggest a 30 percent decrease in evapora-
tion. assumed to be 54 inches with modern climatic condi-
tions based on data tfrom Hardman and Venstrom (1941,
p. ¥2). Figure 23, using primarily Harding's ( 1965) evapors-
tion- data. indicates the initial Sdsnch evaporation value
is considerably too high. It 13 interesting to note that the
suggested 30 percent drop using thew high initial value
yields approximately the same suggested pluvial evapora-
tion vatue as in the previvusly discussed evaluation ot Lake
Lahontan (38 inches to 37 inches. respectivelv). Further,
their 8-inch increase 1in basin precipitation is more or less
similar to the Jerived estimates ot this’ study. Here again,
initial depuafture data seem to generate some of the dif-
tferences in actual suggested temperature drop: however,
Broecker and Orr (1938) did not guantitatively show the
derivation of their values ot climate change: rather, they
made approximations without showing how the suggested
temperature drop was derived.

Reeves (1965, p. 124) has compiled a list of authorities
citing estimates of Pleistocene temperature lowering. either
for summer temperatures or mean annual temperatures.
Qut of 27 references ta mean annual temperature change in
various parts ot the world. most are drops of 10°F or more
and only two authorities have called tor temperature drops
m $°F or less. One of these. Antevs {1932), tavored about

5°F drop 1n mean annual temperature from his prolonged
und intensive studies in the southwestern United States.
including the Great Basin. In the case of Lake Lahontan.
he believed mean annual precipitation of 39 inches and a
temperature drop of £°F would explain the lake. This
increase in precipitation  seems unreasonably high. ®The
culéulations made in this study indicate 23 to 26 inches tor
basin precipitation. Almost every other authority seems to
tavor about twice as much temperature drop, or even muore
in a few cases. Gatloway (1970, p. 252) goes to the extreme

" and estimates almost 2 20°F drop in temperature, evapora-

tion rutes 50 percent less. and precipitation 10 to 20
percent less tor the American southwest. While such cli-
matic change could conceivably produce the pluvial lakes of
the Great Basin {fig. 25). neither supporting evidence for
such extreme drops in tempersture nor indication of
reduced precipitation were recognized in this study. On the
contrary, there is geomorphic evidence: which suggests
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more precipitation and uttendant stabilized terrain condi-
tions through increased vegetal cover.
Gallnw.lv builds his deductions of the cohl, dn mlcu-
climate on interpretation of “periglacial solitluction de- .
posits™ in the Sacramento Mountains of New Mexico. and
similar deposits at similar altitudes cited by others i the
same general region. The deposits. which oceur at 2,000 m
and higher. are presently stabilized. and Galloway correlates
them as Wisconsinan age on the basis ot sil Jevelopnient.
weathering, and preservation. He helieves the Jeposits
represent a paleoclimate July isotherm of 10°C (SO°F)
where the modern July isotherm is 20- 21 Caos "0°Fy
Galloway Jerives the rest ot s paleuclimate analyvsis on
the size ol pluvial lukes in southwestern United States,
including several Nevada pluvial lakes: however, the soli-
tluction deposits are neither rfiomly correlated nor are such
deposits necessarily tormed in the climatic environment
he envisions. Cuol, semi-rid climates of the Great Basin
give rise to similar mass wasting deposits tormed in much
the” same manner as classical solifluction processes of
alpine environments: similar prereyuisite conditivns are
essentially matched. with perhaps the differences being
primarily in rates of development. Conducive conditions
are sparse vegetation, slow or absent soil formation pro.
cesses, freezing and thawing. periodic moisture availublity .
and slopes with rapidly disintegrating but slowly decompos-
ing bedrock. Such conditions give zise to “periglacial
sulifluction™ features in the Great Basin and can be found
both as active and relic deposits. Galloway also recognized
that such deposits could be tormed in a dry climate. but
believed the Sacramento Mountain deposits are periglacial.
It seems highly unlikely that temperatures creating past
arctic conditions in the Great Basin would not vield wide-
spread and reddily detectable munitestations.  With
Galloway's postulated mean annual temperature decrease.,
all Climatic Divisions in Nevada, with the exception of
southern Nevada, would have been characterized by a mean
temperature helow freezing. Rather. small climate shifts.
as demonstrated in this study. appear sulficient to produce
viable hydrologic results that equal pluvial pateobydrologic
conditions. and the associated temperature and precipita-
tion regimens support or at least coexist with the many
other lines of evidence of pust pluvial climates.
From extensive study of modern uand prehistore chmatic
variation in the Donner Pass area (the westom edge of
Lahontan Basin in the Sierra Nevada) Curry 11969, p, 3%
concludes that snowrall during the Wisconsinan maxima
vould have been us little as 1.8 times that ot the present
climatic normal. This estimate is buased on the assumption
ot cooler and cloudier smnmer conditions which are reason-
able conditions attending a mean annual temperatare drop
and an increase in precipitation. Fhe estimared change is of
similar magnitude as the ncreased precipitavion in the
analysis ot this studs. On the basis o Curry’s (1969, p,
42 43 analysis of the Jegiacial climate. he states:
- Glacial climates appurently  characterized tmes of
increased  vigor of upper-atmosphete  circulation
with higher amplitude. longer wive length upper-
atmusphere meander ‘patterns and resuitant more
tfrequent frontal stones and more southerly exten.
sion of storm tracks.

Curry’s view and observation support the wmplicit sugges-

tion of this study of 2 more vigorous hydrologic oyole




operating in the Great Basin during pluvial climates and
not greatly dittering temperature regimens.

In his swudy of clay mineralogy of middle and late
Quaternary paleosols from the Donner Lake area down
into the lowlands ol the Lahontan Basin. Birkeland (1969,
p. 289) found little evidence which would indicate drastic
change of climate or vegetation patterns trom those now
persisting. While he recognizes several dJitticulties in the
Jetinitive interpretation of’ the soil—clay mineralogy. the
most significant aspect is lack of intense leaching of the
basin soils. Thus, he believes it is unlikely. that there were
periods of markedly increased precipitation. Although. on
a percentage hasis, quantitative results of our study show
marked increase in precipitation. the actual pluvial climate
precipitation values in basinward enviruns are still within
the range of arid and semiarid conditions in the lower
basins such as the Lahontan lowlands. Recall that Table 9
demonstrates the mean pluvial precipitation increases are
similar to the modern extreme precipitation values. Thus,
Birkeland's findings seem compatible.

One interesting investigation (Mehringer and Ferguson,
1969, with respect to Jderived estimates of pluvial climate
in our study. is the analysis of twigs of Pinus monophylla
radiocarbon dated at 12460 £ 190 B.P. (about the latest
high stage ot Lake Lahontan) from a woodrat midden at
6.300 teet MSL on Clark Muuntain. located about 40 miles
southwest of Las Vegas. Comparison of treering growth
chargcteristics with 27 modern twigs from both Clark
Mountain and the Spring Mountains (in Nevada near Las
Vegas) demonstrates all modern samples, including thuse
trom tavorable sites for moisture. had slower growth.
Other lines of evidence of their study suggest at least 1,500
teet of vegetal community depression. and the rapid growth
indicated bv the width of the rings stromgly indicate
marked increase in moisture avadability. Depressed vege.
tation zones in the Great Basin have long heen postulated,
but biological evidence which bears more directly on
relative amount ot precipitation is rare. Marked increase in
precipitation during pluvial climates significantly decreases
the amount of change necessary in mean annual tempera-
ture, and this cited evidence seems strungly supportive of
the yuantitative results ot the current study.

Beaty (1970) believed the “Pleistocene climate™ was not
likely to have dittered greatly from modern climate. after
his study ol the geomorphology of alluvial fans flanking
the White Mountains on the California~Nevada border.

When using quantitative approaches based on Leopold
(1951) and Snyder and Langbein (1962). Weide (1974)
found that an average annual drop in mean annual tempera-

ture of 9°F and an increase in average annual regional:

precipitation of 4 inches would be sufficient to restore
Lake Warner and adjacent pluvial lakes. While there is no
disugreement that such a combination ot temperature and
precipitation could have produced pluvial lake restoration,
the question of relative importance of change in the two
parameters is pointed out by comparing results of the two
studies. Extreme northwestern Nevada borders the area
studied by Weide. and the Jerived increase in lake precipita-
tivn is about 9.5 inches with the $°F decrease in mean
annual temperature.

. Several of the earliest workers in Nevada came just about

«as close 1o the results of this study as the more recent
investigators.., Russell (1885: 1896, p. 132) and Jones

(1925) estimated similar temperatures to those ot present

- day and an increase of mean annual precipitation 1o about .
.20 inches in the Lahontan Basin to account for Luke

Lehontan. We find the 3°F meun annuul temperature
change is necessary to generate the increase in moisture,
associated increase in runolf, and decreased evaporation.
Meinzer (1922) suggested that modern moisture conditons
of northwestern Nevada were prevalent in southern Nevada
during the pluvial paleoclimate. This is. in a quantitative
sense. reasonably close to what has been tound in this

study . '

CONCLUSIONS

This study has been an attemnpt to translate caretully
vhserved physiographic evidence ol palevhydrologic condi-
tions into quantitative estimates of _the pluvial paleo-
climates. We have determined that approximately a 3°F
mean annual temperature decrease and cuorresponding
increases in precipitation. as indicated by temperature;
precipitation characteristics of modern climates of the
Great Basin. would be sufficient climatic change. {n the
regions of Nevada that had pluvial lakes. the estimated

.increases of precipitation above modern basin values in the

basins range from $2 to BO percent and average about

.68 percent. In addition. some of the more indirect evi-

dence briefly touched upon seems to argue against major
temperature differences between present climates .and
pluvial climates. ‘ .
In this study. no quantitative evidence has been recogni-
zed 10 indicate the exact magnitude of change in either
principal parameter of the pluvial paleuclimates; however,
there is indirect evidence against significantly lower temper-
atures. The following suggest considerably lower tempera-
tures were not likely to exist: ) weak weathering profiles
between moderate drops in Lake Lahontan levels: 2) gen-
eral absence of ice marginal teatures at high levels of the
pluvial lake shores; 3) presence of tufa precipitated by
algae up to the highest levels ot Lake Lahontan: $) indigen-
ous and unique tish well adapted to present water-
temperature regimes in Pyramid Lake and in many thermal
springs of the northern Great Basin, and: ) palynological
dara indicating more or less similar flora (but somewhat
ditferent distributions). Further. there is no recognized
evidence indicating the general characteristics of the pluvial
climates were greatly different trom the modern climate.
In view ol these considerations. it seems necessary to call
upon more moisture input into the Great Basin to generate
the observed pluvial hydrologic indices. The data indicate
considerable hydrologic change should be expected with

-only small changes in mean annual temperature.

Seme evidence is compelling enough to consider even

_less temperature change. and correspondingly more precipi-

tation, should the analysis of this study be found to errin
some manner. As it is. the results are essentially compatible

- with the sum total of evidence presently available within
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Nevada. Perhaps a more accurate evaluation of Great
Basin pluvial paleoclimates will be possible using the same
general approach when the modern climates of the Great
Basin are better known. As has been pointed out. some of
the Jilferences between the results of this study and similar
analyses in the Great Basin result from the initial departure
in use of climatic and hydrologic data. At present. some




.f
p

aspects of modern climatic data are pot very satisiving or
sensitive  with respect to the needs of the analytical
approach.

A brief comparison of the general results of this study
with contemporary ideas of pluvial climates seems war-
ranted. Clearly. the idea of more northerly storm tracks
which shitted southward trom modern paths by cold air
masses associated with continental ice fields is compatible
with the results of this study. Severul of the cited investi-
gators have suggested such direct cause of the pluvial
climates in the Great Basin. Using modern climate as 2
guide suggests thut the Greur Basin would be penetrated
more frequently Junng winter months by frontal storms
hringing signiticantly more moisture withvut major temper-
ature change. Such winter moisture is rather signiticant
with respect to runott in the modern Great Basin climates.
Further. the absence ot important alpine glaciation in
nearly the entire Great Basin suggests that summer temper-
atures were just too high tor substantial annual carryover
uf mountain snowpacks even in the most fuvorable expo-
sures, and possibly the summer climatic characteristics
were not gready changed. Net ettect might be envisioned
as many more storms in winter months with signiticantly
increased precipitation and eventual runott: also. summers
with a tew more frontal storms and a considerable increase
in convectivnal precipitation triggered by more local Great
Basin moisture: this is a possibility tavored hy' Stidd ¢ 1968).
Summer temperatures may have been slightly lower. but it
seems unlikely the strong continental climatic influence
would be weakened enough to cause signiticant shift in the
temperature. The suggested increase in convectional preci-
pitation would still be relatively insignificant with respect
to generation of runoft. Presumably. runolf derived from
summer month precipitation would remain a rather small
percentage ot annual runoft.

In general terms. the average winter would bring more-
snow, as well as mure spring and tall storms. and in the

higher basins snow cover should have heen prolonged more
than they are now. Summer might well have been very
similar, but vegetation distribution should have been
stgniticantly  different due to soil—moisture availability.
[t seems the sagebrush-grass and Pinyon Juniper zones of
Bilhngs (1951) would have moved down in altitude as much
as 2.000 teet in response to increased svil—moisture availa.
bility  when the 'ike precipitation values of table 7 are
examuned. As Pinyon and Juniper begin to appear abundant
at about 14 to 16 inches of precipitation and sagebrush at
% to 10 inches, the sagebrush community should have.been
found in many of the basins now occupied by the shadscale
community, and the Pinyvon. Jumper communities should
have moved down mountain tlanks into many ot the basins
as they presenty are in some parts of northeastern and
extreme nocthwestern  Nevada. Additionally. it seems
likely that the sagebrush and shadscale communities would
have moved southward and hecome more extensive in
suuthern Nevada. )

In 2 hydrologic sense. there should have been some
additional ditterences besides development ot the mapped
pluvial lakes. In the drier hasins. wet (phreatic) plavas.
playa lakes. and marshes should have been more common
and areus ot phreatophytes much more extensive. Drainage
vhannpels should have had perennial flow through more of
their reuches and good evidence indicates that in regions
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underlain by carbunate rock terrain there was maore vigor-
ous or extensive spring discharge. and perhaps maore large
springs. It is also believed that there were hikely a numbe
ot aceus ot marsh environments in southern Nevada due to
concentrated groundwater and spring discharge consider.
ably in excess of present discharge. In southeentral and
southern Nevada significant ditferences in the amount and
location ot groundwater discliarge seem apparent.

Another interesting observation is evidence tur greater
terrain stability in the bhuasins during the pluvial clunate.
This aspect is demonstrated by relative age and Jdeveiop-
ment ot alluvial tan deposits and shoreline feawures. Gener-
atlly speaking, there appears much greater tun acunity
during post-pluvial and inter-pluvial tunes than during
pluvial intervals. This is nor sucprising it one considers the
net effect of higher density vegetal covers due to increase
availability of soil moisture. but the normal muanner of
thinking is for increased runott to produce more rapid
rates ot erosion and associated sedimentation. In the
precipitation regimes ol both modern and pluvial Jdimates
ol the Nevada portion of the Great Basin. this is not and
probably was not the case. Further, where pluvial shorelines
occur in Nevada, the more arid and warmer the present
modern climate. the more active the tans appear to have
been since the last pluvial. Translated into shoreline preser-
vation. the higher, well vegetated buasins have the best
shoreline preservation.

In summary. the pluvial lauke evidence has heéen pre.
sented und the apparent paleuclimatic meaning in hoth

“qualitative and quantitative terms has been demonstrated.
-We conclude that full pluvial climates were not ygreatly

difterent than modern climates. but diftered enough when

= megsured in hydrologic terms to greatly change the paleo-

wydrology of the region. Some relatively untested basic

assumptions have been made which permit guantitative
estimation of the pluvial climates. Hopetully this analysis
might stimulate further study of this problem. as it s
clearly shown that regions of arid. hydrographically closed
basins ofter unique vpportunities for understaiiding paleo-
climates.
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The Nevada Bureau of Mines and Geology and the Nevada Mining
Analytical Laboratory are research and public service divisions of the
University of Nevada. Reno,

NBMG/NMAL performs research and: compiles mformation on
Nevada's geology and mineral resources. and makes the intformation
available through published maps and reports. unpublished data files
and collections. and talks. correspondence. and personal tuntacts,
NMAL also provides assaving, mineral identification. and metallurgical
testing services. Neither organization has any regulatory duties.

NBMG/NMAL research includes all phases of Nevadas geology and
mineral resources: basic geologic mapping and laboratory  studies,
veophysical and  geochemical surveys. engineering geology. carth-
environmental considerations in urban and rural planning, the prepara-
tion of educational guides and bookiets. statewide investigations of
mineral commodities. the geology of ore deposits. and the exploration,
development. mining, processing. utilization. and conservation of meial
ores, industrial minerals. fossil and nuclear fuels, gevthermal power,
and water.

For information concerning the gevlogy and mineral resources of
Nevada. contact: Director, Nevada Bureau of Mines and Geology.
University of Nevada. Reno NV 39557, A publication list will he semt
upon request.
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22)

(23)
(24)

(25)

126)

27)

Mono
High shore belicved of Lahontan age. Some investigators Iuvc recognized “older™ and higher shore features; in field reconnaissance we found no definitive evidence.

Newark
“Ol” shore features recognized in the southeast comer of the b.osm Either Early Lahontan or Rye Patch equivalens features; presesved due 10 faullmg or warping.
Not visited in the field.
Pahrump .
Playa features of Recent age. 1 ahontan age paludal and playa sedinlents in several areas.
Penoyer )
Lacustrine tufa and wellsorted sediments found duming reconnaissance, but no definitive high shore feature recognized in field or on aerial photographs.
Raifroad .
Includes Vake Reveille drainage and lake arca and Sand Spring drainage in computation of hydrologic index. Basin area of Reveille and Railroad is 4.690 mi?.
Drainage from 53A periodically spilled 1o Lake Railroad.
Sand Sprivg
Playa lake shore features with basin closure apparently d;vdupmg fmm post Lahontan volcanisn. See Scott and Trask (1971) for relative age of volcanics und
long history ul vul‘.anmn in the area.
Ruby
Havdiman, in Snyder .md others (1964), believed Ruby Valley overflowed to the north. There is considerable closure and no evidence of overtlow in the suggested
area ol overllow.
Sarcobatus
Playa of Recent age. Some paludal and playa depusits of Lahontan age.
Spring
Minor groundwater seepage to Lake Spring.
Stonewall Flat

Minor basin closure, possibly related to desiccation of Lahontan age groundwater discharge basin; deposits appear to be paludal or playa in origin.

Teels Marsh ‘ :
Lahontan and Recent paludal and playa deposits. No recognized shore Features in aerial photographs or in field reconnaissance.
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