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ABSTRACT

Palynological investigations of the Tule Springs 
Site, 18 kilometers north of Las Vegas, Nevada, were 
initiated as part of interdisciplinary studies to estab
lish the geochronology of the deposits and association 
of artifacts, radiocarbon dates, and the fossil fauna and 
flora, and to relate these to the Late Quaternary vegeta
tion history of the Las Vegas Valley. Fossil pollen 
spectra were obtained from alluvial, lake and spring 
deposits. For comparative purposes, modern soil surface 
pollen samples were collected from the plant communities 
of the Las Vegas Valley and the east slope of the Charleston 
Mountains.

Pollen analysis has proved an important tool for 
Southwestern archaeologists in the reconstruction of past 
environments, in dating archaeological horizons and in 
providing information on the past utilization of cultivated 
and wild plants.

The scarcity of ideal depositional environments 
in the Southwestern deserts, resulting in poorly preserved 
pollen and discontinuous records, has led to experimenta
tion with many sources of fossil pollen, each has its own
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limitations and advantages. The Quaternary vegetation 
history of the Southwestern deserts is gradually being 
deciphered by utilizing all possible fossil pollen sources, 
while realizing their individual limitations.

In spite of the many problems inherent in arid 
land palynology, useful paleoecological information was 
obtained from deposits of the arid Las Vegas Valley. The 
oldest pollen record comes from Early Wisconsin sediments 
that are beyond the limit of radiocarbon dating (>40,000 
B.P.). At that time. Great Basin sagebrush desert prob
ably occupied the floor of the Las Vegas Valley, and the 
frequency of pine, juniper and fir pollen indicates expan
sion of forest and woodland. Changes in cattail and pine 
pollen frequencies in lake bed samples, bracketed by 
radiocarbon dates of 31,300 B.P. and 22,600 B.P., indicate 
fluctuations in lake levels and suggest the expansion of 
pine communities in the surrounding mountains. The possible 
over-representation of pine pollen, accompanying the expan
sion of woodland and forest communities with slight downward 
vegetational shifts, makes the pluvial lake record especi
ally difficult to interpret.

The most conclusive evidence for vegetational change 
is recorded in spring deposits dating about 14,000 to 
13,000 B.P. Juniper pollen frequencies of 19 and 15 percent,
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xii
associated juniper wood, and the pollen of Slum suave and 
Shepherdia argentea suggest a minimum 1,000-meter down
ward placement of vegetation zones and a southward vegeta- 
tional shift.

The change from juniper-sagebrush to shadscale
sagebrush about 12,000 B.P. marks the beginning of gradual 
warming and drying. By about 7,500 B.P. the vegetation of 
the Las Vegas Valley was probably much like the present. 
Brief returns to cooler and more moist conditions may have 
occurred about 10,500 to 10,000 B.P. and again about 8,500 
to 8,000 B.P.

When projected southward through the smaller desert 
mountain ranges, a 1,000-meter lowering of the vegetation 
zones in the Spring Range would result in an almost con
tinuous woodland corridor between southern Nevada and 
southern California. This possibility is further sup
ported by juniper and pinyon pine in fossil woodrat 
middens and the past distribution of some small mammals. 
Fossil white fir and limber pine on Clark Mountain, 
California, clearly indicate Late Pleistocene expansion 
of forest as well as woodland species.



INTRODUCTION

Historical Background

In 1933 when Fenley Hunter discovered an obsidian 
flake apparently associated with an extinct Pleistocene 
camel (Simpson, 1933), southern Nevada received attention 
as a potential area of considerable archaeological signif
icance. His discovery was made at what later became known 
as the Tule Springs site. That same year Mark Harrington 
reported the association of artifacts and extinct fauna 
at nearby Gypsum Cave (Harrington, 1933). Further Tule 
Springs excavations were undertaken by Harrington and 
Simpson (1961) of the Southwest Museum. They reported 
artifacts, extinct fauna, and associated radiocarbon 
dates of more than 23,800 and 28,000 radiocarbon years 
ago. Some American archaeologists have accepted these 
findings as evidence of man in the New World more than 
30,000 years ago; others have felt that the evidence was 
not conclusive.

Because of the potential importance of the Tule 
Springs site in American prehistory large-scale excavations 
were begun by the Nevada State Museum under the direction 
of Richard Shutler, Jr. on October 1, 1962, lasting until
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January 31, 1963. The principle objective was to provide 
conclusive evidence for the age and associations of arti
facts. It was thought that this could be done more 
effectively through an interdisciplinary approach that 
included coordinated research by workers in archaeology, 
geology, radiocarbon dating, paleontology, and palynology. 
These resulting excavations and studies showed that early 
man may have been in the area between 13,000 and 12,000 
radiocarbon years ago but there was no conclusive evidence 
of his presence until 11,000 to 10,000 radiocarbon years 
ago (Haynes, 1965).

The interdisciplinary nature of the Tule Springs 
project offered the opportunity to test pollen analysis in 
a variety of sediments in an arid region, where it was 
hoped that a Late Pleistocene pollen sequence could be 
related to detailed geological, paleontological, and dating 
studies. From the start I regarded the weathered sediments 
of the arid Las Vegas Valley as a most unlikely source for 
a fossil pollen record. Therefore, the pollen investiga
tions were approached with some apprehension, which proved 
not entirely unwarranted. A majority of the samples ex
tracted did not contain pollen and, in many of the samples 
that did yield pollen, the pollen was too sparse or poorly 
preserved for analysis.
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The Study Area

The Tule Springs site, at an elevation of 703 
meters, is located in the Las Vegas Valley of the Mohave 
Desert (Shreve, 1942), approximately 18 kilometers north 
of Las Vegas, Clark County, Nevada (Figs. 1, 2). The 
Las Vegas Valley is bounded on the north and east sides 
by the Las Vegas, Sheep, Desert, and Pintviater Ranges.
On the west side it is bordered by the Spring Range, the 
highest central portion of which is referred to as the 
Charleston Mountains. Charleston Peak (3631 meters) is 
the highest point in the Spring Range and rises above 
timber line. The Las Vegas Valley drains southeast to 
the Colorado River, but it is only during intense summer 
storms— when there is rapid runoff from the steep mountain 
slopes— that water flows in the normally dry stream 
channels to the valley floor. Usually runoff evaporates 
rapidly or infiltrates into the higher portions of the 
alluvial fans.

At Las Vegas, Nevada (660 meters), the climate is 
characterized by low and infrequent rainfall (mean of 11 
centimeters), low humidity, and dry winds. About one-half 
of the precipitation (57 percent) falls during the cold 
season, October through March. The months with the least 
precipitation are May and June with a combined total of
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Figure 2. The Tule Springs site area showing Las Vegas 
Wash and the Las Vegas Range,



6
only 6.7 percent of the yearly average. There is great 
yearly variation in the mountain snow pack (Deacon, Bradley, 
and Larsen, 1964). The mean maximum and minimum tempera
tures are 105° and 76° F. for July and 55° and 33° F. for 
January (Brown, i960, p. 8).

Pollen Analysis and Southwestern Archaeology

Although pollen analysis has been used as an 
archaeological tool for many years in northern Europe 
(Gray and Smith, 1962), with few exceptions (Benninghoff, 
1942; Deevey, 1944; Knox, 1942; Sears, 1932) its use in 
the New World is relatively recent. The great majority of 
published work postdates i960 (Ogden, 1965, p. 495). In 
northern Europe Neolithic man's effect on his environment 
has been well-documented by the pollen record, which shows 
that the introduction of agriculture and the concomitant 
forest clearing is associated with a decrease in tree pollen 
and an increase in herb and shrub pollen, in addition to 
the first appearance of fossil cereal pollen (Iversen, 1949, 
I960).

In Europe the success of palynology associated with 
archaeology is partly due to the presence of artifacts in 
bogs and the proximity of sites to bogs or other ideal 
depositional environments (Gray and Smith, 1962). In the
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arid Southwest such associations are virtually unknown. 
Instead of peat bogs or lakes, which are ideal for palyno- 
loglcal investigations, the pollen content of trash mounds, 
room fills, cave earth and alluvium must be studied (Martin 
and Gray, 1962). Despite practical and theoretical prob
lems new ideas about pollen and archaeology are being 
developed and tested in bogless regions.

Most pollen studies of archaeological sites have 
been undertaken with hopes of obtaining environmental 
reconstructions, especially where ecological and cultural 
changes are assumed to be related. For several reasons 
many of these attempts have not been entirely successful. 
Among these reasons are the lack of- pollen, the presence 
of pollen in a low density or in a very poor state of 
preservation, and the factor of cultural disturbance of the 
natural vegetation (Yarnell, 1965). At the same time, a 
pollen sample which is too poorly preserved for routine 
analysis may contain archaeologically important economic 
pollen types even though the sample is essentially useless 
for environmental reconstruction.

The more successful attempts at environmental re
construction for periods encompassing parts of the last two 
thousand years (Hevly, 1964; Schoenwetter and Eddy, 1964), 
were also full-scale regional pollen investigations. It
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may be some time before an archaeologist can hope to col
lect a few samples from a single site and thereby gain 
meaningful environmental or cultural data with a minimum 
of time, effort, and expense, but gradually we are learning 
more about the problems and procedures of archaeological 
palynology in the Southwest. The work of Hevly (1964) and 
Schoenwetter (1966) suggests the possibility of establish
ing regional pollen chronologies which can be used as an 
independent method for dating or correlating within and 
between sites.

Environmental reconstruction for longer periods of 
time, as from the late-glacial, is also progressing rapidly 
and often in a context which has direct archaeological 
implications (Hafsten, I96I; Hansen, 1951; Heusser, 1963; 
Hevly, 1964; Martin, 1963a; Mehringer and Haynes, 1965; 
Mehringer, Martin, and Haynes, 1967; Wendorf and Hester, 
1962). As the pollen evidence continues to be added to 
the other new and existing evidence for the paleoecology 
of regions occupied by man since he first migrated to and 
spread throughout the New World, the archaeologists should 
have a continually improved record of prehistoric man's 
environment with which to mesh the history of subsistence 
patterns, of abandonment and migrations, and of cultural 
change or stability.
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One of the most intriguing uses of palynology has 

been the study of the fossil pollen content of coprolites. 
This method was first used in the Southwest at Gypsum Cave, 
Nevada (Laudermilk and Munz, 1934) and later at Rampart 
Cave in the Grand Canyon of Arizona (Martin, Sabels, and 
Shutler, 1961) in the investigation of the contents of the 
dung of the Shasta ground sloth (Nothrotherium). The 
results showed that plants not present as macrofossils 
were represented by fossil pollen and that the now extinct 
Nothrotherium was feeding on desert plants. Human copro
lites from the Glen Canyon of southern Utah are rich in the 
pollen of both cultivated and wild species (Martin and 
Sharrock, 1964). The pollen types include corn, squash, 
and beeweed (Cleome), the most abundant pollen type, as 
well as cactus, grass, and Chenopodiaceae or Amaranthus.
While the pollen content of prehistoric feces is of little 
direct use in paleoeeological interpretation, it gives 
useful information on the diet of the people and may add 
further economic plant types to the list of the ethnobotanist 
(Martin and Sharrock, 1964).

Not only does the content of human feces offer 
information on the diet of peoples but the pollen content 
of the feces of domesticated animals is also of value. A 
case in point is the analysis of turkey feces from the



10
dwellings at Mesa Verde (Martin, personal communication). 
They contained abundant pollen of Cleome, Zea, and Opun- 
tia —  pollen types which are commonly associated with 
archaeological deposits. In northern Europe, the presence 
of ivy (Hedera) pollen in the dung of domesticated animals 
has been used as collaborative evidence suggesting that the 
wild plants were gathered for fodder (Troels-Smith, i960). 
When examining the pollen content of feces there is the pos
sibility of identifying insect-pollinated types which might 
be important ecological indicators not ordinarily recovered.

Another use of palynology is the location of culti
vated fields and the determination of what was being grown 
there. Most economic pollen types are extremely rare in 
non-archaeological deposits. For example, the modern soil 
surface of an Indian or hybrid corn field contains only one 
percent or less corn pollen. Thus, the presence of corn 
pollen in a shallow soil profile from a likely area near a 
village could be an indication that the area was used as a 
cultivated field (Martin and Schoenwetter, i960, Table l). 
•This has been demonstrated at Mesa Verde where it was 
thought that crops were being cultivated behind stone 
check dams (Woodbury, 1961, Fig. 12; 1963, p. 63); soil 
beneath the post-occupation alluvium behind the check dams
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contained the pollen of corn and beev/eed (Cleome) (Martin 
and Byers, 1965).

A good example of close cooperation between the 
pollen analyst and archaeologist is found in the work of 
Hevly (1964), who investigated the pollen content of several 
archaeological sites excavated by P. S. Martin (Chicago 
Natural History Museum) in central Arizona. By the careful 
analysis of floor samples from different rooms of a pueblo, 
Hevly was able to characterize the use of the rooms. The 
difference in relative abundance of economic pollen types 
placed pueblo rooms into two categories —  storage and 
habitation. Some interesting information was also gained 
from the pollen content of soil washed from the surfaces 
and pits of metates. The difference in economic pollen 
types suggests that different textured metates had different 
uses. A coarse basalt metate contained cactus pollen and a 
fine textured sandstone metate contained corn pollen (Hevly, 
1964, p. 90-91, Table 4).

Man's effect on the natural vegetation, which is 
well illustrated in the pollen records of northern Europe 
(Gray and Smith, 1962), can as yet only be inferred from 
the evidence of possible secondary forest succession follow
ing abandonment of some areas which were formerly under 
cultivation (Leopold, Leopold, and Wendorf, 1963; Martin,
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1962). However, in this case, the choice between cultural 
and climatic change is not easily made.

Pollen analysis is widely used in environmental re
construction, but there are other types of information, 
some of which have been mentioned, that may prove useful 
to the archaeologist. It is important that the archaeolo
gist be aware of the possibilities and limitations so that 
he may ask realistic questions, framed in an archaeological 
context, that are amenable to study by pollen analysis.
While the use of pollen analysis in Southwestern archaeology 
is still in its infancy and in some cases still based on a 
trial and error approach, the results to date give every 
reason to expect a high degree of success in future studies.



PALYNOLOGICAL METHODS AND PROCEDURES 
IN THE ARID SOUTHWEST

Collection of Pollen Samples

Whenever a site is to be sampled for pollen, the 
collector must first have in mind the sort of information 
desired from the results of the pollen analysis. Therefore, 
it is difficult to proceed under any set of rules; however, 
common sense is always the best guide. The following dis
cussion is concerned with the collection of pollen samples 
from arroyo walls or exposed profiles with the purpose of 
reconstructing vegetational change. These methods were fol
lowed in collecting samples at the Tule Springs site.

The usual procedure is to collect a series of samples, 
from an arroyo or trench wall, that will represent the fos
sil pollen rain through the period of time represented by 
the sediment. The sampling interval should be such that an 
important change in the pollen record is not missed in 
sampling, and is therefore dependent upon the sedimentation 
rate. For example, fine sediments might be sampled more 
closely than coarse sediments (Dittert and Wendorf, 1963).
The arroyo walls of southeastern Arizona are ordinarily 
sampled at 10-centimeter intervals.

13
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In selecting a sampling plan the stratigraphy of 

the site should be the guide. If one locality in an arroyo 
has a greater thickness of one unit and at another locality 
a few meters away there is a greater thickness of another 
unit, each should be sampled at the location which will 
give the most complete record. When the upper part of a 
stratigraphic unit is located in one area and the lower 
part in another, both should be sampled and the pollen 
diagrams cross-matched (Mehringer and Haynes, 1965).

Samples should be collected so as to cover each 
stratigraphic unit as completely as possible, and each 
unit should be treated as a separate sampling problem, de
pending on the type of sediment, its relative importance 
to the sequence, and the associations with artifacts, 
charcoal for radiocarbon dating, or fossil remains. A 
sample should be collected from near the top and bottom 
of each stratigraphic unit but never on a contact. A few 
closer interval samples might be collected when the associa
tion is especially important.

Once the wall has been mapped and a sampling local
ity established, the wall is thoroughly cleaned. The 
amount of material removed from the wall in preparation 
for sampling will vary, depending on the degree of weather
ing and surface cracks; usually 30 to 60 centimeters is
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sufficient. On a fresh bulldozer cut, only a few centi
meters of material need be scraped from the wall. After 
the wall is cleaned, the section is measured and a red flag 
of surveyor's tape is placed in the wall with a 16-penny 
nail to mark where each pollen sample will be taken. The 
sample number and depth should be written on about every 
fifth flag so that the exact locality.of any sample can be 
verified if the need arises in later work. Before collection 
each sample number and depth should be placed on a strati
graphic diagram and a label prepared for each sample with 
the same information. Samples are collected from the 
bottom of the profile to the top, and the prepared wall 
is again cleaned at the locality of sample collection just 
prior to taking each individual sample.

About 200-300 grams of material is collected with 
a trowel or other suitable tool and placed in a clean 
plastic bag and labeled. Whenever possible the sediment 
is collected as a single large ped or several smaller ones 
so that before extraction each ped may be washed with 
water until surface material has been removed. This serves 
as a further guard against contamination which may occur 
during collecting.

Surface samples are collected in order to obtain 
an approximation of the pollen content of the soil surface.
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From 10 to 40 subsamples (ca. 4 to 8 grams) of surface 
dirt (upper 0.5 centimeters) are collected on the tip of 
a trowel and placed in a single clean plastic bag. Be
fore the sample is extracted, the contents of the bag are 
thoroughly mixed. All pollen studies should include 
modern samples from the different plant communities in the 
area for use in interpreting the fossil pollen record. At 
arroyo sites, these should include a sample from the arroyo 
floor.

Although a single subsample of surface dirt will 
contain enough pollen for a count, there is sample varia
tion among the subsamples, and therefore several subsamples 
are necessary to obtain a better approximation of the mod
ern soil pollen. While collecting the surface sample, the 
plant species in the area should be listed, and this list 
should accompany the sample. To alleviate the problem of 
seasonal variation, it is desirable to collect the samples 
during the winter months when the fewest number of species 
are flowering (Hevly, Mehringer, and Yocum, 1965). It is 
assumed that samples collected in this manner represent 
several years of pollen accumulation and that the data 
are useful in interpreting the pollen record (Bent and 
Wright, 1963; Dixon, 1962; Hevly et al., 1965; Janssen, 
1966; King, 1964; Maher, 1963; Martin, 1963a, 1963b; Martin
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and Gray, 1962; Mehrlnger and Haynes, 1965; Potter and 
Rowley, i960; Wright, 1967).

Extraction of Pollen Samples

The following pollen extraction method, which is 
in general use for alluvial sediments at the Geochronology 
Laboratories, University of Arizona, is a modification of 
methods used by Bernard C. Arms and is partly the.result 
of discussions with Richmond Bennett, formerly of the 
geochemistry section of the Geochronology Department.
Pollen has been difficult to extract from some alluvium 
because of the formation of resistant colloids, the 
presence of obscuring inorganic debris, and low pollen 
concentrations. Much of the time use of the following 
extraction method overcomes these problems. For a com
prehensive review of pollen extraction techniques see
Gray (1965).

In the following procedure the reagents and distilled 
water are stirred well with the sediment when added. After 
each step, the sample is centrifuged for 2-3 minutes and 
the liquid is decanted. A nearly full test tube of reagent 
or water (approximately 40 ml.) is added unless otherwise 
stated. The extraction technique given here and summarized 
in Table 1 is only a general outline; steps may be added or



TABLE 1. Extraction procedure for Southwestern 
alluvial pollen samples

approx. 50 K of sediment
HCl swirl. Oin0- ml. beaker
No. 100 mesh brass screen
HCl swirl, 250 ml. beaker

transfer to test tube 
10-15$ HC1 
25-30$ HC1 
HgO wash

50$ HP, 6-24 hour stand 
70$ HP, 6-24 hour stand 

70$ HP, 20-30 minutes in boiling HgO bath 
2 hot HgO washes 

20$ HNO3, 10 minutes stand 
2 hot HgO washes

cone. HC1 (37$), 2 minutes in boiling HgO bath
2 HgO washes

5-7$ KOH, 2-3 minutes in boiling HgO bath 
water washes until decant is clear 

transfer to vial 
mount on slide



deleted as one gains experience with the sediment of a 
particular age or area.

Approximately 50 grams of sample is mixed with 
250 ml. of water in a 500-ml. plastic beaker. Concentrated 
hydrochloric acid is added, 25 ml. at a time and stirred 
slowly. This is continued until the material can be 
stirred vigorously with no further reaction. This step 
removes much of the carbonate and assures the release of 
pollen cemented in calcareous matrix (Anderson, 1955). The 
mixture is then stirred with a circular motion until a
strong vortex is formed and all of the material in the/
beaker is in motion. The beaker is allowed to stand about 
45-60 seconds until the heavier fraction such as sand and 
gravel starts to settle out. While the material is still 
in motion it is poured slowly through a No. 100-mesh screen 
into a 250-ml. beaker. Any sediment remaining on the 
screen is washed well with a strong jet of water from a 
plastic squeeze bottle. The material is again stirred in 
a circular motion until a strong vortex is formed, and then 
it is allowed to stand less than two minutes. The material 
is then poured from the beaker into a 50-ml. halgene tube, 
which is centrifuged and the liquid decanted. The last 
step is repeated until there are 2 to 4 cc of sediment in
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the bottom of the test tube. The preceding part of the 
extraction technique is called the "HC1 swirl."

After the 2 to 4 cc. of sediment are accumulated 
in the test tube, it is washed with 10 to 15 percent hydro
chloric acid followed by 25 to 30 percent hydrochloric acid 
and a water wash. The last two hydrochloric acid steps 
remove the remaining carbonates and generally eliminate 
any vigorous reaction when the hydrofluoric acid is added. 
Next, 50 percent hydrofluoric acid is added, starting with 
10 ml., which is stirred gently. If no reaction results 
after 2 minutes the remainder of the hydrofluoric acid is 
added and stirred well. If there is a reaction the re
mainder of the hydrofluoric acid is added in 2 or 3 steps 
and stirred gently after each addition. The sample in 50 
percent hydrofluoric acid is left unstoppered but protected 
from contamination by paper toweling and allowed to stand 
for 6 to 24 hours in a well ventilated fume hood. Thirty 
ml. of 70 percent hydrofluoric acid is added, allowed to 
stand unstoppered for 6-24 hours and then stirred and 
placed in a gently boiling water bath for 20 to 30 minutes. 
While the JO percent hydrofluoric acid is in the water 
bath, a container of water is heated and used for the two 
hot water washes which follow.
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Next, 25 ml. of 20 percent nitric acid is added 

and allowed to stand for 10 minutes and followed by two more 
hot water washes. Thirty ml. of concentrated hydrochloric 
acid is added and the tubes are placed in a boiling water 
bath for two minutes. Again two water washes follow. The 
treatment with nitric acid oxidizes some of the organic 
colloids which become water soluble after the hydrochloric 
acid treatment. If necessary, acetylation (Gray, 1965, 
p. 554) follows the water washes after the preceding HC1 
step.

A 5**7 percent solution of sodium hydroxide or 
potassium hydroxide is added and the tubes are placed in 
a boiling water bath for 2-3 minutes. The sample is then 
washed with water until the decanted solution is clear.
This last step may require from 2 to as many as 12 water 
washes depending on the humate content of the sample. The 
remaining sediment is transferred to a 5-ml. shell vial 
and centrifuged. Most of the water is removed from the 
vial with a capillary pipette. A drop of the pollen-con
taining residue is placed on a microscope slide (1 mm. 
thickness) with a drop of glycerol and stained with basic 
fuchsin. The preparation is covered with a No. 0 cover 
glass. The remaining residue is stored in the shell vials



in a mixture of 2 parts glacial acetic acid, 2 parts 
glycerol, and 3 parts water.

Interpreting the Fossil Pollen Record

The use of fossil pollen in paleoecological inter
pretation has the advantage that pollen may be present in 
many types of sediments and when other fossils are entirely 
lacking. Pollen is also numerous and can therefore be 
treated statistically. While there are the advantages of 
ubiquity and quantity to the use of fossil pollen, there 
are limitations to the method just as there are to the use 
of any fossils in paleoecological reconstruction. Before 
the pollen record can be adequately interpreted, it is 
important to understand the general limitations of the 
method and the specific limitations for a given region.
Some of the more important factors for consideration in
clude pollen production, dispersal, identification, and 
preservation, as well as counting methods and statistical 
treatment. Excellent discussions of these factors are 
given by Potter and Rowley (i960) and Faegri and Iverson 
(1964). The statistical assumptions of pollen counting 
are presented by Mosimann (1965).

A discussion of pollen production and its effects 
on the fossil record is given by Potter (1964a). Since
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different species produce different amounts of pollen, 
it usually is not.possible to convert the relative fre
quencies of pollen types to phytosociological parameters, 
although some approximations are possible (Leopold, 1964).
The total pollen production of a given species will be 
determined by the factors which affect the physiology of 
the plant, and thus, the pollen production will vary from 
year to year. There is also a periodic, possibly cyclic, 
variation of pollen production in some genera (Hyde, 1952).

Superimposed on the problem of differential pollen 
production is the factor of differential distribution and 
representation. The vast majority of pollen grains re
covered in the fossil record are wind pollinated (anemo- 
philous) types. Self-fertilizing and animal, mainly in
sect (entomophilous), pollinated species produce pollen 
types which are not adapted to wind dispersal, are not 
produced in abundance, and are rare or completely lacking 
in the fossil pollen record. Even among the types well 
adapted for wind pollination there are differences in dis
persal distance. For example, in the Southwest, pine pollen 
is common many miles from its site of production while 
spruce and fir pollen are not. Pollen may also be carried 
by water from one ecological zone to another by both.small 
and very large drainage systems (Muller, 1959; Potter, 1964a).
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The fossil pollen record consists mainly of wind 

pollinated types and therefore presents a limited esti
mate of the plants which conceivably could have contributed 
their pollen to any particular sediment. Few of the pollen 
types which are commonly recovered in the Southwest can be 
identified to species, and many of those are identifica
tions "by default", with the identification resting on 
the fact that a genus is monotypic, as Zea mays, or is re
presented in the study region by only one species. An 
educated guess as to species can also be made where two 
species have similar pollen types but occupy different ’ 
ecological niches, such as Shepherdia argentea and S. 
rotundifolia.

Despite notable variations in morphology, many 
pollen types have only been Identified to genus in South
western pollen studies. Others such as Ephedra and 
Polygonum may be easily separated into groups of species.
In the case of the Gramineae (with the exception of corn) 
only the family identification is made; in the Compositae 
and Cactaceae, families may be divided into groups (Hevly 
et al., 1965, p..128). In the cheno-am category, identi
fication includes genera of the Chenopodiaceae and the 
genus Amaranthus of the Amaranthaceae. The number of 
recognizable pollen types will increase with more
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morphological studies. Detailed morphological studies 
of Southwestern pollen are a prerequisite to a more re
fined pollen chronology and essential to a better under
standing of past environments.

Preservation of the pollen grains is important 
in their identification. Divisions which can be made 
within a family or genus on the basis of minute morpho
logical details or slight size differences cannot be 
accomplished in poorly preserved material. Thus, in the 
alluvial fossil pollen record, in which the pollen is not 
commonly well-preserved, it would be unrealistic to 
attempt more precise identifications and it is more 
practical and less misleading to work only with the major 
pollen groups.

Preservation of pollen is dependent on such 
factors as the method of transport, environment of depo
sition, and the history of the sediments after deposition. 
If the pollen grains are transported in sediments to the 
site of deposition, either by wind or water, they may be 
mechanically eroded in transport and in a poorly pre
served state even before being deposited. Once deposited, 
there are still other factors which affect the preserva
tion. It is assumed that a reducing environment is 
conducive to pollen preservation, while an oxidizing
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environment contributes to the destruction of pollen.
The problem of poor preservation is compounded since 
not all pollen types are affected to the same degree.
The pollen of Populus is fragile and easily destroyed, 
and thus it may be very poorly preserved or entirely 
lacking in a sample where most of the other grains are 
well-preserved. Juniper pollen is probably preserved 
best in aquatic environments (Dixon, 1962). Pollen is 
also differentially destroyed by phycomycetes (Goldstein, 
1961).

The history of the sediments after the pollen has 
been deposited is also a factor in preservation. Pollen 
may be lacking on or below weathered surfaces and abun
dant elsewhere in a section. This occurs even when the 
original depositional environments, such as lake deposits 
and organic spring mats, should have been excellent 
environments for pollen preservation. In the Las Vegas 
Valley, Nevada, spring mats buried by two meters or more 
of eolian deposits and dated at about 10,000 radiocarbon 
years ago contain well-preserved pollen. Spring mats of 
the same age which are exposed, or near the surface and 
weathered, do not contain enough well-preserved pollen 
for routine analysis. Another, possibly related, case is



the lack of pollen from the upper one to two meters of 
Willcox Playa, southeastern Arizona (Martin, 1963b).

The ideal situation in which all the pollen grains 
present in a sample are well preserved and in which there 
is little or no differential destruction may be realized 
under the best conditions, but with few exceptions these 
conditions have not been realized at lower elevations in 
the Southwest. Alluvium may be the only source of a pollen 
record for a given site or time period, and typically, the 
pollen present is not especially well preserved. While 
such pollen samples do not lend themselves to.the sort of 
detailed morphological study which can be carried out with 
bog or lake samples, and while the types counted are those 
which preserve well or are easily identified even in a poor 
state of preservation, the work to date has shown that much 
valuable information can be obtained. It has also been 
shown that the results can be duplicated and that they 
follow the patterns that appear in the modern soil surface 
samples (Martin, 1963a; Mehringer et al., 1967;. Schoenwetter 
and Eddy, 1964).

A mixture of well preserved and poorly preserved 
pollen of the same type may indicate contamination of 
a sample with younger material. At the Lehner site in 
southeastern Arizona (Haury, Sayles, and Wasley, 1959;
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Mehringer and Haynes, 1965) such a situation was encountered 
In samples taken near the contact between sediments of dif
ferent ages. When younger, better preserved pollen is 
mixed with older, poorly preserved pollen, only the more 
obvious contaminants can be recognized.during counting, and 
the two may not be reliably separated. The problem of 
mixing at- contacts in alluvial sediments seems to be common, 
and thus, a full understanding of the alluvial stratigraphy 
is absolutely essential to the interpretation of their 
pollen records.

Inferences can be made from the presence of spec
ific pollen types in a sample. If cattail (Typha) pollen 
is abundant in a fossil sample the sediments probably 
represent a shallow-water or near-shore aquatic environ
ment. The abundance of greasewood (Sarcobatus) pollen 
might indicate high soil salinity. The presence of pollen 
types without reference to their relative frequency is also 
useful in the analysis of coprolite samples (Martin et al., 
1961,* Martin and Sharrock, 1964), where the relative 
frequencies are a result of artificial selection dependent 
on the seasonal availability of certain species or a food 
preference.

The changes in the relative frequencies of pollen 
types, which are assumed to indicate a change in vegetation
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through time, are typically represented in the form of 
a Pollen Diagram which is composed of Pollen Spectra, 
each representing a single sample and plotted from older 
to younger from the bottom to the top of the diagram.
The pollen diagram is a graphic means of illustrating 
and interpreting pollen counts. All the factors that may 
affect the production, dispersal, deposition, and post- 
depositional history of the pollen grains are finally 
incorporated in the pollen counts and expressed in the 
pollen diagram.

What does the pollen diagram mean in terms of 
past environment? There are two commonly used approaches 
to answer this question. The first is the use of pollen 
types of species or genera which have known ecological 
tolerances today and it is based on the assumption that 
these tolerances were the same during the time represented 
by the pollen record. This method has been widely used 
in northern Europe and the work has been reviewed by 
Dahl (1964), but with the exception of Y/endorf (1961, 
pp. 127-129), it has not often been used in the interpreta
tion of past Southwestern climates from the fossil pollen 
record.

The second method, which is discussed in detail 
by Leopold (1964), attempts to relate the relative
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frequencies of pollen types to the modern plant communi
ties. A thorough understanding of the modern pollen rain 
in relation to the existing vegetation is essential in 
the use of this method. One assumes that modern plant 
communities have fossil equivalents, and that the relative 
frequencies of the pollen types which are found today in 
given plant communities have equivalents in the fossil 
pollen record (Martin, 1964, Fig. 25). The advantage of 
this method is that the interpretation does not require 
complete knowledge of the factors that affect the distribu
tion and preservation of every pollen type in the fossil 
record— in most cases this knowledge is lacking— but de
pends rather on the quantitative relations among the 
various pollen types present in the modern samples from 
various plant communities. For example, we know that 10 
percent pine pollen is not unusual in modern soil surface 
samples in the Sonoran Desert even though the nearest 
pine trees may be many miles away (Hevly et al., 1965), 
while 10 percent fir (Abies) pollen is a good indication 
of the close proximity of fir trees.

The method is especially useful where the modern 
plant community is not characterized by the pollen of 
its dominant species. In parts of the Mojave Desert, 
where Joshua trees (Yucca brevifolia) and blackbush
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(Coleogyne ramoslsslrna) are the characteristic species, 
the pollen of Liliaceae and Rosaceae might be expected 
in the modern soil surface samples. But in this com
munity in the Charleston Mountains, Nevada, I have not 
recovered appreciably more pollen of the Liliaceae and 
Rosaceae than in the modern surface samples of other plant 
communities.

Modern pollen samples are obtained from a variety 
of sources including air samples, moss polsters (Hansen, 
19*19J King, 1964), bottom samples from lakes or bogs, 
cattle tanks (Hafsten, 1961; Martin, 1963a), and soil 
surface samples. The latter source is presently the most 
widely used in the Southwest. It is desirable to attempt 
to duplicate the depositional environment of the fossil 
record with the modern pollen samples. Thus, the soil 
surface samples are suitable for interpreting alluvial 
fossil pollen records but they may not be adequate for 
interpreting the fossil pollen content of lake sediments.

The apparent over-representation of pine pollen 
in the fossil record of the arid Southwest is a problem 
that plagues the pollen analyst. In areas of high relief 
where the forests are separated from the deserts by 
several hundred meters in altitude but by only a few 
kilometers in distance, high percentages of wind-blown
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tree pollen are encountered in the modern desert pollen 
rain, as at Tule Springs. The relative frequency of 
blown-in coniferous pollen increases with the reduction 
in plant cover as one enters the desert (Martin, 1964; 
Martin and Gray, 1962, Fig. l). If local vegetation is 
entirely lacking, the long distance transport must, of 
course, account for all pollen present in modern samples. 
This situation occurs in two cases in the Southwest —  the 
center of barren playas (Martin, 1963b) and in large lakes.

Pollen counts by P. S . Martin of bottom samples 
from various depths in Mono Lake near the California- 
Nevada border east of Leevining, California, and on Paoha 
Island (Table 2, Fig. l) illustrate the over-representation 
of pine pollen in a large body of water surrounded by 
shrub vegetation below the forest border but near the 
source of forest pollen. Mono Lake is surrounded by sage
brush (Artemisia) and Paoha Island is dominated by grease- 
wood (Sarcobatus). Trees and Artemisia were not observed 
by Martin while collecting the samples on Paoha Island,
The coniferous forests of the Sierra Nevada are less than 
6 kilometers from the western shore of Mono Lake. Within 
a kilometer of the western shore there is a dense stand of 
Pinus monophylla. The fact that the tree pollen does not 
increase with distance from shore suggests that there is



TABLE 2. Relative frequency of pollen types from Mono Lake, California

Water m
Depth $

Sample no. (meters) <

1 . 34.0 2.1
2. 27.0 1.5
3. 27.0 1.9
4. 8.0 VOd

5. 1.0 2.1
6.

Paoha Island
0.7 0.6

7. Soil surface 0.5
8. Pond — mm w
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75.5 3.0 1.5 13.5 1.5
71.0 3.0 2.0 15.0 4.0
68.6 1.4 3.3 15.0 0.4
84.5 1.0 3.0 6.5 . 1.5
70.3 1.5 1.0 16.3 1.5
61.8 3.4 1.0 11.3 18.3

20.2 0.5 —  —  — 2.9 58.1
16.5 0.5 mm mm mm 3.5 64.5



TABLE 2— Continued

Ms
Water ^
Depth c<u

Sample no. (meters) §
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1. 34.0 0.5 — — — 1.5 1.0 —- — ——
2. 27.0 2.0 0.5 0.5 — — — 0.5 —— —
3. 27.0 1.9 1.4 3.3 — — — 0.9 1.0
4. 8.0 — — — 0.5 -— 0.5 1.0 0.9
5. 1.0 0.5 — —- 1.0 1.5 1.5 2.8
6. 0.7 1.0 — 1.5 * — — — 1.1
Paoha Island

7. Soil surface 17.7 — — — — — — — —— -—
8. Pond 14.0 0.5 •— — — — — — — —* — 0.5
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thorough mixing of the pollen types, probably in the 
surface layer by waves, before the pollen sinks to the 
bottom (Table 2).

The pine pollen percentages from Mono Lake are 
similar to those from the modern pollen rain within the 
coniferous forests or parklands (Martin, 1963b). The 
samples from Paoha Island show the expected frequency of 
pine pollen due to long distance transport. If pollen 
counts similar to those from the Paoha Island surface 
samples were recovered in the fossil record, the vegeta
tion type represented could be accurately determined.
The same cannot be said for the lake samples, where the 
pollen is representative of coniferous forest and not the 
vegetation immediately surrounding the lake. Sample No.
6 (Table 2) is near the shore of Paoha Island and shows 
the expected higher values of Sarcobatus, but it is still 
much higher in pine pollen than the island samples.

The modern pollen rain samples from Mono Lake are 
used here to illustrate the maximum effect of long distance 
transport of pine pollen in a large closed basin lake 
located outside the forest border yet very near a large 
mountain range with extensive forests.

The proper interpretation of fossil pollen records 
from playa lake cores is dependent on a better understanding
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of the present deposition of pollen within modern lakes, 
and the samples from Mono Lake can serve as a basis for 
what might be expected in a fossil pollen record where 
a large lake was surrounded by sagebrush, but near a 
source of coniferous pollen. In a similar manner, the 
modern pollen content of bottom samples from Utah Lake 
could serve as a starting point for interpreting fossil 
pollen spectra obtained from playa sediments of central 
Utah.

While the over-representation of pine pollen is 
due mainly to blow-in areas where pollen production is 
low, there is yet another problem —  that of local over
representation. Local over-representation is especially 
apparent in the desert and desert grassland of Arizona 
where cheno-am and Compositae pollen may make up over 
80 percent of the fossil and modern soil surface sample 
pollen counts. Low-spine Compositae pollen is very abun
dant where the water table is high and ragweed (Ambrosia 
psilostachya, A. trifida) is common, as in cienegas, but 
it is also the most common pollen type from bajada com
munities of the Sonoran Desert (Hevly et al., 1965) which 
are dominated by bursage (Franseria deltoidea, F. dumosa). 
The pollen of cheno-ams is more common along actively 
cutting arroyos or disturbed flood plains (Martin, 1963a,
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pp. 23, 59)• Within the desert grassland the relative 
frequencies of cheno-am or composite pollen are apparently 
dependent on local edaphic conditions and are useful for 
correlation of alluvial sediments, but of limited use as 
indicators of regional climate. It was found that if 
these pollen types were excluded from the southeastern 
Arizona postglacial fossil pollen records, in which they 
are usually dominant, grass or grass and Ephedra become 
the most abundant types. A similar result is seen in the 
modern soil surface samples of the desert grassland and 
desert scrub.

A method of counting, in which selected pollen 
types suspected of representing local or long distance 
over-representation are excluded in a second count, is 
called double fixed sums (Mehringer and Haynes, 1965). A 
pollen diagram from the Lehner Mammoth site (Fig. 3) 
illustrates the use of double fixed sum counts. There 
is a major change in the relative frequencies of cheno-am 
and composite pollen in the first count, which probably 
reflects local edaphic and water table level changes.
By comparison, little change is evident when cheno-ams 
and composites are excluded in the second count, which 
indicates that there was probably no major regional vegeta
tion change (a change in the elevational position of the
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LEHNER RANCH ARROYO 

PROFILE D

Figure 3. A pollen diagram from the Lehner site, south
eastern Arizona, illustrating the use of double 
fixed sums. The solid portion of the diagram 
represents the first count, including all pollen 
types. The lined portion indicates the second 
pollen count, excluding cheno-ams and composites. 
The shaded area at the top of the diagram indi
cates the mixing of fossil and modern pollen.
The terms long-spine and short-spine Compositae 
used in this diagram are synonymous with high- 
spine and low-spine, as defined by Hevly et al. 
(1965), used elsewhere in the paper.
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vegetation zones of more than 300 meters) during the time 
represented by the pollen profile. A similar method might 
be used in the counting of playa lake cores where the high 
frequencies of pine pollen obscure the behavior of other 
pollen types. Instead of eliminating cheno-am and compo
site pollen from the second count, pine pollen would be 
excluded. Adam (1965) has used the double fixed sum count
ing method to expose the non-pine pollen record in the 
Sierra Nevada of California.

The point to be made here is that the modern 
pollen counts should be treated so that the different 
vegetation types of a region can be distinguished; since 
the relative frequencies of all of the pollen types may 
not be the best way to do this, some other methods such 
as the double fixed sums can be devised, using the modern 
pollen samples and then transferring the method to fossil 
spectra. This has been done by subtracting certain pollen 
types from the counts which are considered to be indica
tive of only local conditions and using the frequencies 
of the remaining types for interpretation as Schoenwetter 
has done with his "adjusted sum" (Schoenwetter and Eddy, 
1964), or by the use of ratios or other statistical treat
ment of specific pollen types which are most indicative of 
particular vegetation types (Maher, 1963).



The relative frequency of a pollen type is a func
tion of the abundance of all other types. For example, 
if the numbers of pine pollen grains in a sample increase 
and the number of all other types remains the same, their 
relative frequencies will decrease relative to pine, due 
to constraint imposed on the count by the increase in the 
one type. In Figure 3, the pine pollen frequencies are 
too low to suggest anything but long distance blow-in. 
Further, it is impossible to be sure if the increases in 
pine pollen frequencies are the result of expansion of the 
pine forests in the mountains near the site and thus a 
greater amount of pine pollen blow-in, or a decrease in 
the local vegetation and pollen production, resulting in 
a relative increase in pine pollen. It is thus possible 
that in the fossil pollen profiles of the desert grassland 
of southeastern Arizona (Martin, 1963a) an increase in the 
relative frequency of pine pollen is, in some cases, the 
result of a change to more arid conditions (Mehringer et
al., 1967, Fig. 2).

The proportions of the different pollen types in 
a pollen diagram may vary only because of constraint 
imposed upon the counts when they are considered in terms 
of their relative frequency. The statistical methods of 
Mosimann (1962, 1963) can be used to show non-constraint
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correlations among pollen types (Martin and Moslmann,
1965).

The use of absolute pollen counts (Davis and 
Deevey, 1964; Davis, 1967), which yield information on 
the actual number of pollen grains per year per unit 
area, requires reasonably precise estimates of sedimenta
tion rates. For this reason the method is not suited for 
alluvial studies, where sedimentation rates may vary 
sharply. The method would be more readily applied to 
Southwestern mountain bogs or lakes.

The relation of the pollen sampling site to the 
vegetation zone borders is another factor which must be 
considered when interpreting the fossil pollen record.
If the site is situated in an ecotone area even slight 
shifts in the vegetation should be apparent in the pollen 
record, but if the site is located in the middle of a 
relatively homogeneous vegetation type such as ponderosa 
pine parkland, which may range with little floristic 
change from 2200 to 2700 meters on the Mogollon Rim,
Arizona, a shift of 100 meters —  maybe even up to 300 
meters —  in zonal position may not greatly alter the 
pollen rain at the site (Hevly, 1964). By analogy, the 
tree-ring terminology of complacent and sensitive sites 
can also be applied to the fossil pollen sites (Adam, 1965)*
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Thus, when a pollen record shows no apparent change, it 
becomes important to evaluate the location of the site 
in relation to the areal extent of the vegetation zone 
which it occupies.



VEGETATION AND MODERN POLLEN SAMPLES1

The description, of the vegetation of the study 
area includes the Las Vegas Valley and the east slope 
of the adjoining Charleston Mountains. Since the soil 
surface samples were collected from the same area, it 
is convenient to discuss the soil surface sample pollen 
content with each of the vegetation units. The vegeta
tion zones used here are arbitrary, as they must be in 
any such limited description, but they are nevertheless 
a useful generalization and fulfill the needs of this 
treatment. The vegetation zones have been divided Into 
communities that can be distinguished by their modern 
pollen rain and which are convenient and practical to 
discuss in terms of the vegetational history of the Las 
Vegas Valley.

The relation of the soil surface samples to the 
vegetation zones in the Kyle Canyon soil surface pollen 
transect is shown in Figure 4. All surface pollen counts, 
sample station numbers, locations, and elevations are 
given in Table 3.

1. Authorities for the binomials of plants used 
in this paper are found in Clokey (1951) or Munz and Keck 
(1963).
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Figure 4. A pollen diagram of the major pollen types re
covered from soil surface samples in a transect 
in Kyle Canyon, Charleston Mountains, with the 
elevations, sample numbers, and vegetation types. 
The transect extends from §00 meters on the 
Kyle Canyon fan to Charleston Park at 2410 
meters.



TABLE 3. Modern pollen samples from the east slope of the Spring Range and the
Las Vegas Valley, southern Nevada (N = 200).*

Sample
Number Locality Elevation

(meters) Abies Pinus Junioerus Quercus

SOIL SURFACE SAMPLES 
Charleston Mountains

1 Kyle Canyon 900 22 7
2 tt tt 905 25 10
3 It tt 945 23 7
4 tt It 1000 25 4 •
5 It tt logo 29 5
6 tt tt 1120 26 5
7 tt tt 1160 20 9
8 tt tt 1305 31 15
9 It. tt 1415 4l 23
10 tt tt 1585 42 16

*Samples 1-29 repeated on succeeding pages for additional pollen types
1



TABLE 3— Continued

Sample
Number. Locality Elevation

(meters)

11
12
13
14
15
16
17
18
19
20

21
22

Kyle Canyon
!! II
IT II

II 11

II II
II II
It II

11 It

Lee Canyon 
Cold Creek Road

Las Vegas Valley 
Tule Springs Site Area

n ii ii it

1615
1710
1965
2075
2105
2165
2285
2410
2560
1905

705
705

Abies Pinus Juniperus Quercus

43
46
21

1 46
68

1 107
2 90
9 119
2 84
1 44

20
16

2

3 
7
14
5
4 
2 
1

4=-
ON

17
33
23
11
9
5
8
7
9

19

6
6



TABLE 3— Continued

Sample
Number Locality ^(meters)1 Abies Pinus Juniperus Quercus

23 Tule Springs Site Area 705 16 2
24 Eglington Scarp 675 16 12
25 2 k west of Corn Creek 

Springs 885 23 5 1
26 Corn Creek Springs 900 9 8

SPRING POOL SAMPLES
Las Vegas Valley

27 Corn Creek Springs 900 14
28 ii it ii 900 4
29 It !! ft 900 6

-j



TABLE 3— Continued

Sample
Number Locality Elevation

(meters)

SOIL SURFACE SAMPLES
Charleston Mountains

1 Kyle Canyon 900
2 It IT 905
3 It II 945
4 IT IT 1000
5 IT If 1090
6 IT IT 1120
7 IT IT Il60
8 IT 1305
9 IT It 1415
10 It IT 1585

Sallx Alnus Cyperaceae

106
120
110
110
117
130
110
58
56
39

-Er00



TABLE 3— Continued

Sample
Number Locality ■ Elevation 

(meters)

11
12
13
14
15
16
17
18
19
20

21
22

Kyle Canyon
If If

Lee Canyon 
Cold Creek Road

Las Vegas Valley 
Tula Springs Site Area

It It II  II

1615
1710
1965
2075
2105
2165
2285
2410
2560
1905

705
705

Sallx Alnus Cyperaceae (™£!spine)

22
25
73
63
50
19
27

1 26
40
52

1 102
101 -ErVO



TABLE 3— Continued

Sample 
Number Locality Elevation

(meters) Salix Alnus Cyperaceae Compositae 
(low-spine)

23 Tule Springs Site Area 705 121
24 Eglington Scarp 675 1 105
25 2 k west of Corn Creek 

Springs 885
•

54
26 Corn Creek Springs 900 1 10 36

SPRING POOL SAMPLES
- Las Vegas Valley
27 Corn Creek Springs 900 76 5
28 it it i i 900 119 • 27 5
29 t l II  II 900 2 ... 3 8

\

U1o



TABLE 3— Continued

Sample
Number Locality Elevation

(meters)

SOIL SURFACE SAMPLES
Charleston Mountains

1 Kyle Canyon 900
2 It It 905
3 It 11 945
4 It II 1000
5 It It 1090
6 It tt 1120
7 It It 1160
8 It It 1305
9 11 II 1415
10 It It 1585

Compositae
(high-spine) Lig-uliflorae Artemisia

15 5
6 7

14 ■ 5
23 ' 4
5 l
12 3
18 3
44 6
29 5
31 9

VIH



TABLE 3— Continued

Sample
Number Locality Elevation(meters)

11
12
13
14
15
16
17
18
19
20

21
22

Kyle Canyon
XI IX

II  I I

I I  II

I I  II

II  II

I I  II

II  II

Lee Canyon 
Cold Creek Road 

Las Vegas Valley 
Tule Springs Site Area

II II f II II

1615
1710
1965
2075
2105
2165
2285
2410
2560
1905

705
705

Compositae (high-spine) Liguliflorae Artemisia

26 24
9 1 48
9 1 40
21 38
8 26

12 23
15 13
3 4
15 2
10 48

15 1
12 2

XJIno



TABLE 3— Continued

Sample
Number Locality Elevation

(meters)
Compositae
(high-spine) Liguliflorae Artemisia

23 Tule Springs Site Area 705 6
24 Eglington Scarp 675 8 3
25 2 k west of Corn Creek 

Springs 885 2 2
26 Corn Creek Springs 900 23 1

SPRING POOL SAMPLES
Las Vegas Valley

27 Corn Creek Springs 900. 20 1
28 II II II 900 3
29 II  I I  II 900 5 1

vnLO



TABLE 3— Continued

Sample
Number Locality Elevation

(meters)
SOIL SURFACE SAMPLES 
Charleston Mountains

1 Kyle Canyon 900
2 I! 11 905
3 11 ft. 945
4 11 11 1000
5 11 11 1090
6 If 11 1120
7 11 11 1160
8 It 11 1305
9 11 11 1415
10 11 11 1585

Cheno-Ams
Ephedra Ephedranevadensis- torreyana- type type

17 12 1
14 11
24 8
13 13 1
22 17 1
6 9 1
13 19
22 15
24 12
38 18

Vl4=-



TABLE 3— Continued ,

Sample
Number Locality Elevation

(meters)

11
12
13
14
15
16
17
18
19
20

21
22

Kyle Canyon
it ii

It It

It It

It It

If ft

11 ft

It It

Lee Canyon 
Cold Creek Road

Las Vegas Valley 
Tule Springs Site Area

i i  it it it

1615
1710
1965
2075
2105
2165
2285
2410
2560
1905

705
705

Cheno-Ams
Ephedra Ephedra

nevadensls- torreyana- 
type type

47
23
10
9
14
9
16
10
13
7

9
9

14
4

1
1
2

10

28
39

3
6 10 VIV



TABLE 3— Continued

Sample
Number Locality Elevation

(meters) Cheno-Ams
Ephedra

nevadensis-
type

Eohedra
torreyana-

type

23 Tule Springs Site Area 705' 32 2 3
24 Eglington Scarp • 675 33 3 6
25 2 k west of Corn Creek 

Springs 885 105 1
26 Corn Creek Springs 900 95 2 3

SPRING- POOL SAMPLES
Las Vegas Valley

27 Corn Creek Springs 900 68 1 1
28 tl I I  II 900 26
29 II It It 900 165 1

vn
o\



TABLE 3— Continued

Sample
Number Locality Elevation

(meters)
SOIL SURFACE SAMPLES 
Charleston Mountains

1 Kyle Canyon 9 0 0

2
it 905

3 it 945

k ir it
1 0 0 0

5 it
1 0 9 0

6
it it

1 1 2 0

7 ft it
1 1 6 0

8
tr u 1305

9 t! tt 1415

1 0
tf it 1585

Gramineae Eriogonum Euphorbia-type

2  4 1

1 1 1
2  3

2
1

1 1  1
3 5

2 2 1
8 1
2 2 1



TABLE 3— Continued

Sample
Number Locality Elevation

(meters)

11 Kyle Canyon 1615
12 !! It 1710
13 !! II 1965
14 tt It 2075
15 It H 2105
16 It II 2165
17 It 1! 2285
18 It It 2410
19 Lee Canyon 2560
20 Cold Creek Road 1905

Las Vegas Valley
21 Tule Springs Site Area 705
22 it it it it 705

Gramineae Eriogonum Euphorbia-type

6 . 2 1
2 2 1
6 2
2 1
12 3 3
10
16 3 1
11 2
30
7 1

1 8 4
1 2 4 VI

03



TABLE 3— Continued

Sample
Number Locality Elevation

(meters) Gramineae 'Eriogonum Euphorbia-type

23 Tule Springs Site Area 705 1 4 3
24 Eglington Scarp 675 3 2 1
25 2 k west of Corn Creek 

Springs 885 5 1
26 Corn Creek Springs 900 7 3

SPRING POOL SAMPLES
Las Vegas Valley

27 Corn Creek Springs 900 10 1
28 11 If 11 900 12 1
29 11 It M 900 8

invo



TABLE 3— Continued

SampleNumber Locality Elevation
(meters)

SOIL SURFACE SAMPLES 
Charleston Mountains

1 Kyle Canyon 900
2 I! It 905
3 It tt 945
4 tt tt 1000
5 tt It 1090
6 It tt 1120
7 tt It 1160
8 tt It 1305
9 tt tt 1415
10 tt It 1585

Malvaceae Onagraceae Rosaceae

2 1

1
1

2

1
1

o



TABLE 3— Continued

Sample
Number Locality Elevation

(meters) Malvaceae

11
12
13
14
15
16
17
18
19
20

21
22

Kyle Canyon
n  it

it it

n it
it  it

it it

it it

i t  it

Lee Canyon 
Cold Creek Road

Las Vegas Valley 
Tule Springs Site Area

it  it it it

1615
1710
1965
2075
2105
2165
2285
2410
2560
1905

705
705

1

1

Onagraceae Rosaceae

1

CT\H



TABLE 3— Continued

Sample
Number Locality Elevation

(meters) Malvaceae Onagraceae Rosaceae

23 Tule Springs Site Area 705 1

24 Eglington Scarp 675 1

25 2 k west of Corn Creek 
Springs 885 1

2 6 Corn Creek Springs 900 2
SPRING POOL SAMPLES
Las Vegas Valley

27 Corn Creek Springs 900 1 1 1

2 8
!I It ft 900 3

29 ii  ‘ it it 900

G \
ro



TABLE 3— Continued

Sample
Number Locality Elevation 

(meters) Cruciferae Rhamnaceae

SOIL SURFACE SAMPLES 
Charleston Mountains

1 Kyle Canyon 900
2 ir n 905
3 !? It 945
4 1! II 1000
5 i i  it logo
6 n  it 1120
7 n  ' it 1160
8 it  n 1305
9 ii  it 1415
10 it it 1585

Rumex

1



TABLE 3— Continued

SampleNumber Locality Elevation(meters)

11
12
13
14
15
16
17
18
19
20

21
22

Kyle Canyon
ii ii

II II

II II

II II

II II

II II

It II

Lee Canyon 
Cold Creek Road

Las Vegas Valley 
Tule Springs Site Area

It II II II

1615
1710
1965
2075
2105
2165
2285
2410
2560
1905

705
705

Cruciferae Rhamnaceae Rumex

1

1
CT\
4=-



TABLE 3— Continued

Sample
Number Locality E(mctcr°)L Cruciferae Rhamnaceae Rumex

23 Tule Springs Site Area 705
24. Eglington Scarp 675 1 2
25 2 k west of Corn Creek 

Springs 885
26 Corn Creek Springs 900

SPRING POOL SAMPLES
Las Vegas Valley

27 Corn Creek Springs 900
28 II II I* 900
29 ii n ii 900

G\IT)



TABLE 3— Continued

Sample
Number Locality Elevation

(meters)

SOIL SURFACE SAMPLES
Charleston Mountains

1 Kyle Canyon 900
2 !! 11 905
3 11 11 945
4 11 11 1000
5 11 11 •1090
6 11 11 1120
7 11 11 1160
8 11 11 1305
9 11 11 1415
10 11 11 1585

Larrea Plantago Other

1 2
2 1

4
• 1 2  1 

1 
2

2

CAC\



TABLE 3— Continued

Sample
Number Locality Elevation

(meters)

11 Kyle Canyon 1615
12 It tt • 1710
13 It ft 1965
14 It If 2075
15 tt ft 2105
16 tt ft 2165
17 tt ft 2285
18 tt tt 2410
19 Lee Canyon 2560
20 Cold Creek Road 1905

Las Vegas Valley
21 Tule Springs Site Area 705
22 ii it it ii 705

Larrea Plantago Other

1



TABLE 3--Continued

Sample
Number Locality Elevation

(meters) Larrea Plantago Other

23 Tule Springs Site Area 705 9
24 Eglington Scarp • 675 1 2
25 2 k west of Corn Creek 

Springs 885
26 Corn Creek Springs 900

SPRING POOL SAMPLES
Las Vegas' Valley

27 Corn Creek Springs 900
28 !t If If 900
29 !! II II 900 1

g \co
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The following vegetation sketch of the study area 

is mainly from correspondence, discussion, and field work 
with W. Glen Bradley (Nevada Southern University). More 
detailed treatments of the vegetation of southern Nevada 
can be found in a number of sources (Allred, Beck, and 
Jorgensen, 1963; Beatley, 1965; Bradley, 1964; Clokey,
1951; Deacon et al., 1964).

A brief, simplified scheme of the vegetative zones 
and discussion of the soil surface pollen content of the 
east slope of the Charleston Mountains and the Las Vegas 
Valley is as follows:

a. Lower Mohave Desert (150-1220 meters). 
Creosote bush (Larrea divaricate), bursage (Franseria 
dumosa), hop sage (Grayia spinosa), and saltbush (Atriplex 
spp.) are very common. At higher elevations (915-1220 
meters) shrubs such as winter fat (Eurotia lanata). Mor
mon tea (Ephedra nevadensis), and Lycium andersonii are 
common, along with the creosote bush, bursage, hop sage, 
and saltbush. Cottonwood (Populus fremontii), willow 
(Salix spp.), mesquite (Prosopis .jullflora and P. 
pubescens), catclaw (Acacia greggii) a r r o w  weed (Plu- 
chea sericea), Arizona grape (Vitis arizonica), and 
salt grass (Distichlls spicata) are locally abundant



around springs or in washes where the water table is 
high (Figs. 2, 5-8).

Modern surface samples from the lower Mohave 
Desert are dominated by either low-spine composites 
(Ambrosiinae) or by cheno-ams. The low-spine dominated 
stations are those where Franseria dumosa is abundant.
These include the areas of thin rocky soil or desert pave
ment. The surface samples of the bajadas and erosion 
remnants of high areas or ridges in the valley are char
acterized by low-spine composite pollen. Atrlplex, Grayia, 
or Kochia grow on sandy, fine, or saline soils; the modern 
pollen content of these soils is characterized by cheno- 
am pollen. Corn Creek Springs (sample 26) and the exten
sive area of shadscale vegetation on the floor of the 
valley near Corn Creek Springs (sample 25, Fig. 5) are 
the only soil surface samples from the lower Mohave Desert 
which are dominated by cheno-am pollen.

The samples from the springs themselves represent 
a special case. In sample 27 (Fig. 9) Cyperaceae pollen 
is the most abundant type. In sample 28 the high Salix 
pollen value (59.5 percent) is the result of a single 
willow tree (Salix gooddingli) that grows on the mound 
(Fig. 6) and covers a small pool of water less than 10 
centimeters deep and 0.5 meters in diameter. This sample

70



Figure 5. Soil surface sample locality 25, at 885 
meters. The shadscale vegetation in fine 
soil on the valley floor west of Corn Creek 
Springs is dominated by Atrlplex canescens, 
A. polycarpa, A. confertifolia, and Grayia 
spinosa. Prosopis .juliflora grows on the 
dunes in the midground.

Figure 6. Modern spring sample locality 28, Corn
Creek Springs. The single large tree on the 
mound is a willow (Salix gooddingli). Some 
of the common plants on the spring mounds 
are Haplopapous sp., Kochia americana, Atri- 
plex canescens, salt grass (Dlstlchlis 
spicata), thistle (Cirsium sp.), arrow weed 
"(Pluchea sericea), and Phragmites communis. 
Around the base of the mounds Larrea divari- 
cata (in foreground), Franseria dumosa, 
Grayia spinosa, Hymenoclea sp., Kochia 
americana, and Atriplex spp. are common.

Figure 7 . A view from the Tule Springs site area 
looking toward Kyle Canyon (center back
ground), Charleston Mountains. Creosote bush 
and bursage are shown in the foreground. 
Modern surface samples 21-23 were collected 
from the site area.

Figure 8. Modern surface sample locality 1, on the 
Kyle Canyon Fan at' 900 meters. The plants 
shown in the photograph are creosote bush, 
bursage, and Mohave yucca (Yucca schidigeraK



Figure 5

Figure 7 Figure 8
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Figure 9. Modern spring sample locality 27 at Corn Creek 
Springs, The spring pool on the top of a mound 
is surrounded by a dense mat of salt grass (see 
Haynes, 19^5, PI. 12, Figs, 3, 4), Modern sur
face sample 26 was collected from the base of 
the mound.
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is a good illustration of local over-representation of 
a single pollen type. Sample 29 is from a pond at the 
Desert Game Range Headquarters at Corn Creek Springs. 
Samples 26 and 27 show a comparison of a soil surface 
sample with a spring pool sample (Fig. 9)• Sample 26 
was collected from around the base of the spring mound 
and sample 27 was collected from the pool of the same 
mound.

The pollen of Larrea divaricata, the most widely 
distributed and characteristic plant of the Southwestern 
deserts, is present in low relative frequencies in soils 
where Larrea is abundant. Larrea pollen is often poorly 
preserved in soil surface samples and its morphology and 
size are variable. My identification of the few Larrea 
pollen grains recorded was influenced partly by the fact 
that the plants were growing nearby.

b. Higher Mohave Desert (1220-1800 meters). On 
the bajadas blackbush (Coleogyne ramosissima), Joshua 
tree (Yucca brevlfolla), Mohave yucca (Yucca schidlgera), 
and saltbush are very common; creosote bush is still 
present but scattered at lower elevations. Shrubs such 
as rabbit brush (Chrysothamnus spp.), bladder sage 
(Salazaria mexlcana), Apache plume (Fallugia paradoxa), 
and Tetradymla axillaris are more common than at lower
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elevations. Ephedra viridls, sagebrush (Artemisia 
tridentata), and scattered junipers occur at the higher 
elevations, associated with Joshua trees near their 
upper limit (Figs. 10, 12, 14, 15).

All of the pollen counts for the higher eleva
tion Mohave Desert are plotted in Figure 4. With increase 
in elevation the pollen surface samples are characterized 
by a decrease in the low-spine Compositae pollen, as 
Franseria becomes less abundant, plus a relative increase 
in high-spine Compositae and cheno-am pollen. There is 
also a relative increase in the wind-blown pine and 
juniper values with the increase in elevation and proximity 
to woodland. Artemisia values increase sharply at about 
1600 meters. There is relatively little (less than 5 per
cent) wind-blown Artemisia pollen in the modern pollen 
samples not collected in the immediate vicinity of where 
the plants are growing. For this reason I believe that 
Artemisia pollen is one of the more important indicators 
of vegetational change in the fossil pollen record at Tule 
Springs.

c. Juniper-Pinyon Woodland (1800-2200 meters). 
Stands of pinyon pine (Pinus monophylla) and Utah juniper 
(Juniperus osteosperma) are found in the Spring, Sheep, 
and other ranges of sufficient elevation. Along the washes.



Figure 10. Modern surface sample locality 5> on the 
Kyle Canyon fan at 1090 meters. The plants 
shown in the photograph are Mohave yucca, 
Joshua tree (Yucca brevifolia), and creosote • 
bush; Lycium andersonii is also common at 
this locality.

Figure 11. The vegetation between modern surface 
sample localities 9 and 10, Kyle Canyon at 1500 meters. Banana yucca (Yucca baccata), 
Joshua tree, blackbush, and Apache plume 
(Fallugla paradoxa) are shown in the photo
graph ; Atriplex canescens, Lycium andersonii. 
winter fat (Eurotla lanata), Tetradymia 
axillaris, and Ephedra nevadensis are also 
common.at this locality.

Figure 12. Modern surface sample locality 12, Kyle 
Canyon at 1710 meters. Sagebrush, Joshua 
tree, and Utah juniper are shown in the 
photograph; Atriplex canescens, rabbit brush, 
banana yucca, and Ephedra virldis are also 
common at this locality.

Figure 13. Modern surface sample locality 15, Kyle 
Canyon at 2105 meters. Pinyon pine, sage
brush, cliff rose. Ephedra virldis, and 
Opuntla sp. are shown in the photograph.



Figure 12 Figure 13
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Figure 14. A blackbush-Joshua tree community at 1700 meters. Cold Creek Road, Charleston Mountains.

ch
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Figure 15. Modern surface sample locality 11, Kyle Canyon 
at 1615 meters. Sagebrush, blackbush, Joshua 
tree, banana yucca, and Atrlplex canescens are 
common at this locality.
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canyon bottoms, and lower slopes, desert almond (Primus 
fasiculata), mountain mahogany (Cercocarpus ledlfolius), 
cliff rose (Cowania stansburlana), scrub oak (Quercus 
turblnella), manzanita (Arctostaphylos pungens), banana 
yucca (Yucca baccata), Fallugia paradoxa. Ephedra virldis, 
Eriodictyon angustifolium, and Chrysothamnus spp. are common 
(Figs. 12, 13). Small scattered stands of sagebrush are 
found on flats and lower slopes. Mountain mahogany, man
zanita, and scrub oak form limited areas of chaparral on 
the lower slopes in the pinyon-juniper zone and on south
facing slopes in the ponderosa pine-white fir zone.

With the exception of the Cold Creek locality 
(sample 20, Table 3), the pollen counts for the juniper- 
pinyon zone are shown in Figure 4. The pollen rain is 
characterized by the combination of high juniper and sage
brush pollen values. The relative frequency of pine 
pollen is usually greater than in the communities below 
pinyon-juniper, but it may be low when the low-spine 
composite counts are high (see sample 13, Table 3; Fig.
4).

There is a rise in the relative frequency of 
low-spine composite pollen which occurs in both the Kyle 
Canyon samples and the Cold Creek sample. The most con
spicuous Compositae are Chrysothamnus and Gutierrezia,

/
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both high-spine composites. In the field I encountered 
no species whose pollen might account for the increased 
low-spine composite values. It is possible that an 
annual, not growing when the samples were collected or 
during a later trip when the low-spine contributor was 
searched for, is responsible for the low-spine composite 
pollen. Much of the low-spine composite pollen at higher 
elevations is probably the result of Pranserla pollen 
blown in from lower elevations, but the frequencies in 
samples 13-15 and 19-20 are too high to be accounted for 
by this means.

d. Ponderosa Pine-White Fir (2200-2750 meters). 
Ponderosa pine (Plnus ponderosa) is more abundant at 
the lower elevations and white fir (Abies concolor) at 
the higher elevations. The area in which ponderosa pine 
and white fir are co-dominants is more extensive than 
the pure stands of white fir. Other coniferous trees 
occurring at this elevation are pinyon pine, limber pine 
(Pinus flexilis), and pygmy juniper (Juniperus communis). 
Trees or shrubs often associated with pine and fir include 
Quercus gambelli, Acer glabrum, Sambucus coerulea, 
Amelanchier utahensis, Rlbes cereum, Rosa woodsii, and 
Holodiscus microphyllus. Mountain mahogany and aspen 
(Populus tremuloides) occur in large stands on favorable
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sites. Spruce (Plcea) and Douglas fir (Pseudotsuga 
menziessl) are not present in the mountains of southern 
Nevada.

With the exception of the Lee Canyon locality, 
all the modern surface pollen counts for the ponderosa 
pine-white fir vegetation zone are shown in Figure 4. 
Photographs of the sample localities are shown in Figures 
16-19. The ponderosa pine-white fir community is char
acterized by pine pollen in excess of 30 percent. None 
of the surface samples below station 15 (2105 meters) 
contains more than 23 percent pine pollen. Fir pollen 
is present in low percentages (less than 5 percent) and 
oak pollen (up to 7 percent) is present in all samples.
No soil surface samples were collected above the ponderosa 
pine-white fir zone.

e. Bristlecone Pine (2750-3500 meters). In the 
Sheep Range and Charleston Mountains some pure stands of 
bristlecone pines (Pinus aristata) are found, and they 
are also associated with limber pine, white fir, pygmy 
juniper, or ponderosa pine.

f. Alpine (above 3500 meters). The herbaceous 
vegetation above treeline is limited to talus and other 
rocky sites which are unsuitable for the growth of trees 
at this elevation.



Figure 16. Modern surface sample locality 16, Kyle 
Canyon at 2165 meters. Sagebrush, mountain 
mahogany (Cerococarpus ledlfolius), and 
ponderosa pine are shown in the photograph.

Figure 17. Modern surface sample locality 17, Kyle 
Canyon at 2285 meters. Ponderosa pine, 
sagebrush, mountain mahogany, and Quercus 
gambelii are common at this locality.

Figure 18. Modern surface sample locality 18,
Charleston Park, Kyle Canyon at 2410 meters. 
Ponderosa pine, white fir, and aspen are 
shown in the photograph.

Figure 19. Modern surface sample locality 19, a
snow covered meadow, in Lee Canyon at 2560 
meters, surrounded by ponderosa pine and 
white fir.



Figure 18

Figure 17

Figure 19
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THE' FOSSIL POLLEN RECORD

Introduction

The Tule Springs pollen record comes from a 
variety of sedimentary environments including alluvium, 
lake beds, organic spring mats, and eolian spring mound 
deposits. In many cases pollen was poorly preserved, 
scanty, or entirely lacking in sediments, but 73 of 225 
(32.4 percent) fossil samples extracted yielded suffi
cient pollen for a minimal 200-grain count. The percent 
of unidentified pollen types was low (2.3 percent maxi
mum in a single sample). Unidentified types are not 
included in the pollen sum plotted on the diagrams.

Unless mentioned specifically in the text, the 
pollen types recovered are discussed by Hevly (1964), 
Hevly, Hehringer, and Yocum (1965), or Martin (1963a). 
Pollen was identified by the use of standard texts 
(Erdtman, 1943, 1952; Erdtman, Berglund, and Praglowski, 
1961; Erdtman, Praglowski, and Nilsson, 1963; Faegri and 
Iversen, 1964; Uodehouse, 1959) and the pollen reference 
collection of the Geochronology Department, University of 
Arizona. Photomicrographs of some of the fossil pollen 
grains are shown in Figures 20-25.
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Figure 20. Photomicrographs of fossil pollen from the Tule
Springs site. A, Typha tetrad (Typha latifolia): 
B, Typha monad-Sparganium; C, Fraxinus; D,
Liguliflorae; E, Sallx; F, Be tula; G, Cyperaceae.
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Figure 21. Photomicrographs of fossil pollen from the 
Tule Springs site. A-C, Abies: D-F, Pinus; 
G, Junlperus; H, Onagraceae, Gaura-type.
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Figure 22. Photomicrographs of fossil pollen from the Tule 
Springs site. A, Slum suave; B, Betula; C, 
Sallx; D, Plnus; E, Malvaceae, Sphaeralcea-type; 
F, high-spine Composltae; G, Cyperaceae.
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Figure 23. Photomicrographs of fossil pollen from the Tule 
Springs site. A-C, Artemisia; D-E, Shepherdla 
argentea; F,
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Figure 24. Photomicrographs of fossil pollen from the Tule 
Springs site. A-B, Quercus; C, Sarcobatus; D, 
Erlogonum; E, high-spine Compositae; F, cheno- 
am; 5-1, Betula; J, low-spine Compositae.
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Figure 25. Photomicrographs of fossil pollen from the Tule 
Springs site. A-B, Ephedra nevadensls-type;
C, Ephedra torreyana-type; D, Pinus; E, 
Onagraceae, Gaura-type.
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The sampling sites were chosen to cover all the 

stratigraphic units as thoroughly as possible and to 
assure the proper association with carbon-14 dates, 
stratigraphy, and other features. The pollen samples 
were collected by P. J. Mehringer, P. S. Martin, and 
C. V. Haynes. Each sample was plotted on detailed 
stratigraphic diagrams by C. V. Haynes at the time of 
collection. Percentages for each pollen type, based 
on counts of at least 200 grains, are plotted to the 
same scale on the pollen diagrams, and the dots (•) 
indicate less than one percent of a discontinuous type.
The stratigraphic units in the spring mounds are indi
cated by adding an "s" to the letter designations on the 
pollen diagrams.

Pollen Profile V (Fig. 32) is an accumulation of 
miscellaneous samples from various areas of the site.
The miscellaneous samples are divided into spring and 
alluvial samples and placed on the diagram in their proper 
stratigraphic sequence. In Profiles I and II (Figs. 27, 
28), where pine is abundant, the percent of pine breakage 
is indicated by the dashed line. The pine breakage per
centage gives an estimate of variation in pollen preserva
tion. The stratigraphy of the Tule Springs site and the 
radiocarbon ages of the stratigraphic units shown on the
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pollen diagrams are discussed by Haynes (1965, Table 6). 
Radiocarbon dates associated with the pollen profiles are 
shown on the pollen diagrams. The pollen record from Tule 
Springs will be discussed by the stratigraphic units in 
which pollen is present (Table 4), starting with the oldest 
unit (Bg) and proceeding to the youngest (G).

TABLE 4. Approximate radiocarbon ages of the stratigraphic 
units shown on the pollen diagrams (C. V. Haynes, 
personal communication).

Unit age B.P.

200-1000 
1500-4000 
4000-5000 
7000-11,000 

11,500-14,000 
16,000-35,000 

> 40,000

Cattail Pollen

Typha (cattail) pollen was counted as tetrads, 
dyads and monads (Fig. 20); the counts are given in Table 
5. The tetrads, dyads and monads are not separated on the
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TABLE 5. Cattail (Typha) pollen counts in tetrads, dyads 

and monadsT [Figure numbers refer to the pollen 
diagrams.)

Stratigraphic
Unit

Sample
Number

Figure Tetrads 
Number

Dyads Monads- 
Sparganium

G 182 32 — — — — 4
E2 234 32 1 — ——
E2 l6l 31 1 — ——
E2 68 29 1 —- ——
E2 234 32 1 —— ——
El? 67 29 4 — — ——
E1 149 31 1 — — ——
E1 66 29 1 —— — —
D 137 29 10 — 2
D 41 28 1 — — —
D 44 28 90 — — 3
D 45 28 37 —— ——

‘ D 46 28 7 — — —
D 47 28 3 —— — —
D 48 28 5 —- 21
D 50 28 19 —— 43
D 51 28 2 —— — —
B2 30 27 6 — 42
b 2 123 32 24 8 77
B 120 32 2 —- — —
B2 63 32

Panamint Valley
— — — — 3

(UCLA 990, 10,435±100B.P.) 15 11 8
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pollen diagram because it was not possible to distinguish 
broken tetrads from dyads or monads. The tetrads of 
Typha pollen are referable to Typha latifolia and the 
monads to either T\_ angustifolia or T\_ domingensls. It 
is also possible that the monads identified as Typha are 
referable to Sparganium. Hybrids of latifolia and 
T. angustifolia have been reported to produce pollen 
grains in monads (Hotchkiss and Dozier, 19^9> P. 25*0 > 
or in monads and tetrads (Fassett and Calhoun, 1952, 
p. 3?6), or in monads, dyads and tetrads (Smith, 1961, 
personal communication).

In Arizona Typha domlngensis occurs below 1525 
meters and T. latifolia from 1065 to 2285 meters (Kearney 
and Peebles, i960, p. 64). The only reported locality 
for 1\_ angustifolia in Arizona is the Colorado River near 
Yuma (Mason and Hevly, I96I; C. T. Mason, Jr., personal 
communication). In California all three species may occur 
together below 915 meters and T^ latifolia occurs above 
915 meters (Mason, 1957). On the Nevada Test Site, T. 
latifolia grows at Whiterock Spring (1525 meters) and 
T. domlngensis at Cane Springs (1220 meters) (Beatley, 
1965, Fig. l). T. latifolia has been reported from the 
Charleston Mountains, but Clokey (1951) suggests that it 
was introduced. A check of the Typha collections in the
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herbaria of the University of California at Los Angeles 
and at Berkeley and the Rancho Santa Ana Botanic Garden 
showed that Typha latifolia is now extremely rare at 
lower elevations in the Mohave Desert. All of the North 
American cattails tolerate some salinity, but latifolia 
is the least salt tolerant (Hotchkiss and Dozier, 1949; 
McMillan, 1959).

The presence of Typha latifolia in the late 
Quaternary deposits of the Mohave Desert (Table 5) may 
indicate cooler temperatures, less saline water and less 
alkaline soils. With increasing aridity the Tj_ latifolia 
populations might be replaced rapidly by Tj_ angustifolia 
or 2\_ domingensis or more slowly by hybridizations with 
these two species and the gradual elimination of T. 
latifolia genes. The latter case might be reflected 
by a gradual relative decrease in Typha tetrads with an 
increase in the dyads and monads, and finally by the 
complete elimination of tetrads and dyads. Any pattern 
of replacement might be further complicated by eco- 
typic variation within a single population (McNaughton, 
1966).

The Typha pollen record from a trench near the 
shore of Lake Hill Island (Davis, in Rogers, 1966, p. 132), 
Panamint Valley, California, (Table 5) may represent either
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a hybrid population or broken tetrads of latifolia.
I have found no Typha localities at springs near the 
present playa in Panamint Valley, but 1\_ angustifolia 
does occur in the canyons of the Panamint Mountains 
(Coville, 1893, p. 209). The presence of T. latifolia 
or T_j_ latifolia hybrids on the present playa edge about 
10,500 radiocarbon years ago is especially indicative of 
more moist and/or cooler conditions. I have also re
covered abundant fossil Typha monads from Warm Sulphur 
Springs, Panamint Valley. Although there is apparently 
ample Typha habitat at Warm Sulphur Springs, Typha does 
not grow there today and its presence in the past might 
reflect a change in soil or water chemistry related to 
increased spring discharge, decreased evaporation or some 
other climatically controlled phenomena.

The Pine Pollen Problem

The over-representation of pine pollen in the 
present desert areas and in large lakes has already been 
mentioned, and therefore there is good reason to question 
any interpretations of pollen diagrams from Tule Springs 
based solely on an increase in pine pollen. There are 
yet other theoretical problems which should be considered
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before attempting to interpret the pine pollen record 
from units and D.

Using the area-elevation graph for the Spring 
Range (Fig. 26), it is apparent that even a slight drop 
in the lower elevational limit of a montane plant com
munity will greatly increase the areal extent of the 
community. For example, if it is assumed that the present 
distribution of conifers extends from about 1830 meters 
to 3050 meters and that this zone is lowered 610 meters 
(2000 feet) so that the lower and upper limits would be 
about 1220 and 2440 meters, then the area occupied by 
coniferous forest would be about two and one-half times 
larger (Fig. 26). If it is further assumed that a given 
area of conifers still produces the same amount of pollen, 
then there would be a proportionate increase in the 
amount of coniferous pollen falling on the valley floor 
at the Tule Springs site as the area of conifers expands. 
Also, if the actual number of wind-blown coniferous 
pollen grains decreases away from the forest border 
(Tauber, 1965), there would be an even greater amount 
of pine pollen falling at the Tule Springs site, since 
a downward displacement of 160 meters would bring the 
trees approximately 12 kilometers closer to the site.
Such theoretical considerations cannot be limited to the
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Spring Range. The increase in coniferous pollen produc
tion and the migration of conifers closer to the site area 
would apply to all of the ranges surrounding the Las Vegas 
Valley, and under this set of circumstances both pinyon 
and ponderosa pines might expand to smaller mountain ranges 
that they do not presently occupy. A change to more effec
tive moisture might also lead to a greater density of coni
ferous trees, thereby increasing the pollen production for 
a given area of forest.

It is apparent that a slight reduction in the 
lower limit of the present vegetation zones in the 
mountains surrounding the Las Vegas Valley would greatly 
increase the absolute numbers of pine pollen grains 
falling at the Tule Springs site. However, the pollen 
counts are given in relative frequencies. As previously 
stated, the main reason for the over-representation of 
pine pollen in the desert is that local plant cover is 
sparse, local pollen production is low, and therefore the 
relative frequence of wind-blown pine pollen is high.
Under cooler and more moist conditions, which would allow 
a lowering of the elevation of the plant communities on 
the mountain slopes, I would also expect an increase in 
vegetation density and increased pollen production on the 
valley floor thereby reducing the over-representation of
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pine pollen, even though there is an increase in the 
absolute number of pine pollen grains reaching the valley 
floor. Theoretically, a two-fold increase in pine pollen 
production, accompanied by a similar increase in herb 
and shrub pollen production in the valley, might not be 
detectable in the relative frequencies of the pollen 
grains.

Adequate data on the modern pollen rain of the 
northern Great Basin are not available. Thus, it is not 
known if surface samples from the desert ranges are 
reliable comparisons for interpretation of pluvial 
Pleistocene pollen records from the Mohave Desert. Since 
the changes envisioned amount to a lowering of the present 
vegetation zones by at least 1000 meters as well as a 
southward extension of vegetation, the Pleistocene equi
valents may not be found in the modern surface samples of 
the higher elevation communities of Southwestern mountains. 
In order to interpret the pollen record of the Las Vegas 
Valley during the deposition of units B^, D, and E^, it 
might be preferable to have a transect of surface samples 
from northern Idaho through the Great Basin and Mohave 
Deserts to southern California to compare with the tran
sect through the various vegetation zones in Kyle Canyon
(Pig. 4).
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Unit B2

The pollen samples from unit were collected 
from alluvial sediments and spring-laid organic clay and 
silt (Figs. 27# 32). Although both deposits are related 
to springs, the spring sediments were deposited within 
the spring pool (Haynes, 1965, Fig. 12). The alluvial 
sediments of this unit were deposited in spring-fed 
channels and are thus not directly associated with the 
springs. No finite radiocarbon dates were obtained from 
unit Bg but it is thought to be of Early Wisconsin (Alton- 
ian) age (Haynes, 1965, Fig. 7).

Sample 25 at the bottom of Profile I (Fig. 27) 
has a sufficiently high value of Artemisia to show that 
sagebrush occupied the valley floor, and indicates a 
Great Basin Desert environment with slightly more moisture 
and cooler temperatures than at present. Through sample 
28 there is an increase in the pine and fir values, with 
little change in the relative frequency of Artemisia. The 
increase in arboreal pollen is sufficient to indicate a 
major change in the vegetation. The pollen spectra of 
samples 27 and 28 are similar to the modern soil surface 
samples from the ponderosa pine-white fir communities of 
the Charleston Mountains (Figs. 4, 18, 19; Table 3). The
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presence of Abies pollen (Pig. 21), up to 5*2 percent, 
and high pine pollen values suggest that white fir and 
pines were growing at much lower elevations.

If samples 27 and 28 are interpreted only on the 
basis of the modern pollen counts from the Spring Range, 
it is possible that pine parkland occupied the valley 
floor. Also, if the vegetation zones were lowered so as 
to bring ponderosa pine to the level of the Las Vegas 
Valley, it is conceivable that parkland or forest could 
spread across the valley. However, at higher elevations 
within yellow pine parkland or forests today, meadows 
with deep soils are dominated by herbaceous vegetation 
(Fig. 19), or by sagebrush (Fig. 16). It is therefore 
not necessary to assume that in the past pines would have 
invaded all soil types.

A similar interpretation was suggested for the 
Pleistocene vegetation changes in New Mexico. The pollen 
content of soils in the Sandia Mountains, New Mexico, 
indicate a downward displacement of the vegetation zones 
by 1220 meters (King, 1964, p. 33). King believes that 
this displacement was limited to the mountain slopes 
and that the plains below remained treeless, with changes 
on the plains being of a "herbaceous nature."
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Considering the expansion of forest area and 
increased coniferous pollen production with a slight 
lowering of vegetation zones (Fig. 26) and the fact that 
I would not expect ponderosa pine or fir to invade areas 
of the Las Vegas Valley with deep soils, even if these 
trees descended to 700 meters, I think that the high pine 
and fir record from unit can best be explained by an 
expansion of the forest, woodland, or parkland on the 
bajadas, with Artemisia, grass, and possibly scattered 
junipers on the valley floor. Whatever interpretation 
is offered, a considerable expansion of the present dis
tribution of white fir in the Spring Range seems neces
sary to account for the frequencies of Abies pollen in the 
fossil record.

The modern pollen rain studies from the Southwest 
indicate that fir pollen is not greatly over-represented 
due to long distance wind-borne transport. The presence 
of Abies pollen in unit could be accounted for by 
water transport if the streams from the Spring Range 
flowed seasonally to the Las Vegas Valley. Streams prob
ably did flow from the Charleston Mountains during 
Pleistocene pluvial episodes, carrying arboreal pollen 
to the valley floor, but this cannot explain the 2 percent 
fir and 64.5 percent pine pollen in sample 121 (Fig. 32).
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Sample 121 is from a fossil spring, so the pollen record 
would not be affected by stream import, and the local 
pollen production around the spring would decrease the 
relative effect of wind transport. For these reasons I 
do not believe that the arboreal pollen record of any of 
the unit samples can be affected by water transport 
of pollen from higher elevations.

The fluctuations in Pollen Profile I could be the 
result of a climatic and vegetation shift associated with 
an Early Wisconsin (Altonian) pluvial event. The pollen 
record suggests a change from Artemisia dominated Great 
Basin Desert to more moist and cooler conditions, with a 
greater downward displacement of the vegetation zones in 
the surrounding mountains, followed by a return to Great 
Basin Desert. All of the samples from unit B^ indicate a 
vegetation which presently exists under cooler and more 
moist conditions. A reduction in the present vegetation 
zones by 1000 to 1200 meters seems required to explain 
the pollen record from unit Bg.

Harrington and Simpson (1961) reported charcoal 
identified as Quercus and either Cupressus or Juniperus.
It is now known that this wood came from both units Bg and 

(C. V. Haynes, personal communication). Fossil Fraxlnus 
and Vitis wood was also recovered from unit Bg (Mehringer,
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1965, p. 183). Fraxlnus velutlna grows around the desert 
springs at Ash Meadows in Nye County, Nevada, 100 kilo
meters northwest of Tule Springs at an elevation of 
730 meters, and in Clark County above 1130 meters.
Fraxlnus anomala occurs above 1120 meters in Clark County. 
The presence of ash trees at Tule Springs would indicate 
locally more moist conditions, but not necessarily a 
major change in the present vegetation of the area.
Vitis arlzonica occurs in the Las Vegas Valley today.

The pollen of Sarcobatus (Fig. 24), a genus 
which does not grow in Clark County today, occurs in 
unit Bg and sporadically throughout the record. The 
relative frequencies of Sarcobatus are within the limits 
of what would be expected as the result of long distance 
transport (Maher, 1964).

Unit D

The fossil pollen content of mudstones, which 
represent buried lake sediments (Haynes, 1965, Fig. 14; 
Mehringer, 1965, Fig. 6), are shown in Pollen Profile II 
(Fig. 28). The radiocarbon dates at the top and bottom 
of the profile were obtained from mollusc shells. With 
the exception of an Artemisia peak (sample 45), the only 
major change shown in the diagram is the replacement of
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Figure 28. Pollen Profile II, a pollen diagram from unit D lake sediments
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pine pollen by Typha (cattail) pollen. Typha pollen 
does not disperse far (Durham, 1951), so it was probably 
growing at or near the site where the pollen profile was 
taken and the high frequencies indicate shallow water 
near the shoreline of the lake. The replacement of pine 
by Typha through the profile is an indication of the 
fluctuating lake level and does not necessarily reflect 
a regional vegetational or climatic change. The levels 
without pollen are possibly the result of the shoreline 
shrinking beyond the site of the profile toward the 
center of the valley, thus producing a non-aquatic environ
ment of deposition less conducive to the preservation of 
pollen.

Since all the pollen of unit D is derived from 
lake sediments, where the problems of over-representation 
of coniferous pollen from wind and water transport are 
likely to be greatest, interpretation is difficult. When 
all factors are considered, I believe that the pollen 
record from unit D is indicative of a major change in 
vegetation. A lowering of the vegetation zones by at 
least 1000 meters is indicated by the relative frequency 
of pine pollen and the low but consistent presence of 
Abies, even when locally produced Typha pollen is abundant. 
For example, sample 44 contains 46.5 percent Typha pollen



and still the pine pollen value is 35 percent. In samples 
4l through 45 there is sufficient Artemisia pollen to 
indicate that sagebrush was common near the shore of the 
lake.

The only modern pollen samples which are suit
able for comparison with unit D are those from Mono Lake 
(Fig. 1, Table 2). With the exception of more Artemisia 
pollen in the Mono Lake samples, and considering that 
the pine pollen curve from unit D is depressed by the 
abundance of Typha pollen, the counts from the mudstones 
of unit D and those from Mono Lake compare rather well.
A considerable expansion of the pine forests in the 
mountains surrounding the Las Vegas Valley would be re
quired in order to obtain a fossil pollen record from 
Tule Springs comparable to the modern bottom samples from 
Mono Lake.

Sample 137 (Fig. 33; Haynes, 1965, Fig. 17) is 
from a fossil organic mat of Spring Mound 4A, located 
approximately 40 meters north of Spring Mound 4 (Fig.
30). The presence of 59 percent pine pollen with juniper, 
oak, and birch pollen in a spring sample where the local 
production of non-arboreal pollen minimizes the effect of 
long distance transport and may even mask the local arbo
real pollen, is especially indicative of the vegetation

107



108
changes which occurred at Tule Springs. The sample is 
placed below unit because the pine pollen values are 
higher than any sample from that unit, and Artemisia, 
characterizing unit E^ and, in part, E^, is not abundant. 
The sample appears to be close to the low Artemisia 
spectra of Profile II, unit D (Fig. 28); however, the 
frequency of Abies pollen is low but consistent in unit 
D and lacking in sample 137. On the basis of the radio
carbon dates that bracket the sample and the pollen content 
in relation to other pollen spectra, I would place sample 
137 in unit D.

Unit E%

Pollen spectra from unit are shown in Figures 
29, 31 and 32 (Haynes, 1965, Figs. 8, 10, 15> l6). There 
were two pollen types recovered from unit E^ which I 
believe can be identified to the species level. These 
are Slum suave (Fig. 22), labeled as Umbelliferae in 
Profile III (Fig. 29), and Shepherdia argentea (Fig. 23), 
labeled as Shepherdia in Profile III and V (Figs. 29, 32). 
Both of these species grow in damp ground and the pollen 
types were only recovered from spring deposits. The 
identification of Slum suave was made on the basis of 
Ting's key (Ting, 1961) and the Geochronology Department
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Figure 30. Spring Mound 4 in foreground, 4A in the mid-ground, and the 
Charleston Mountains in the background. Pollen Profile III 
(Fig. 33) was obtained from the west walls of the bulldozer 
trenches (see Haynes, 1965, PI. 9# Fig. 4). 110
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pollen reference collection. Slides were also sent to . 
Ting, who concurred with the identification on the 
basis of the reference collection at the University of 
California, Los Angeles.

The specific identification of Sheoherdia ar- 
gentea is based on the fact that, like Slum, it grows 
in moist habitats, and at Tule Springs the fossil pol
len grains are found only in spring deposits. I was not 
able to separate the modern pollen of Shepherdla argentea 
from Ŝ _ rotundifolia, but I think that the ecological 
differences of the two species and the fact that 
Shepherdia pollen was only recovered from spring deposits 
are sufficient reasons to assume that the fossil 
Shepherdla pollen from Tule Springs is referable to 
Shepherdia argentea. Neither Shepherdia nor Slum is 
present in the modern spring or soil surface samples 
from the Las Vegas Valley and neither of these genera 
have been reported from Clark County, Nevada. Thus their 
presence in the fossil pollen record at Tule Springs in
dicates a southward extension of both Slum and Shepherdia 
during the deposition of unit E^.

In order to establish the present distribution 
of Slum suave and Shepherdia argentea, the locality 
records for these species in Arizona, Utah, Nevada, and
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California were kindly provided by the curators of seve
ral herbaria in these states (University of California, 
Berkeley, Rancho Santa Ana Botanic Gardens, University 
of Nevada, Utah State University, University of Utah, 
Brigham Young University, University, of Arizona, and 
the Museum of Northern Arizona). The nearest known 
occurrence of Slum suave is Cave Valley, Lincoln County, 
Nevada, 195 kilometers north of Tule Springs at 1720 
meters elevation. The nearest known occurrence of 
Shepherdia argentea is 16 kilometers north of Beatty,
Nye County, Nevada, 160 kilometers northwest of Tule 
Springs at 1050 meters elevation. Both of these local
ities were furnished by Peter J. Herlan, Nevada State 
Museum. It is possible that one or both of these spe
cies could occur along the Virgin River in southwestern 
Utah or the Muddy River in southeastern Nevada, but as 
yet I have not found records from these areas. The 
present distributions of Slum suave and Shepherdia ar
gentea are essentially as reported in the published 
regional and local floras of the western United States.

Pollen Profile III (Fig. 29) was collected from 
the wall of a bulldozer trench cut through Spring Mound 
4 (Fig. 30; Haynes, 1965, PI. 9, Fig. 4; Fig. 16). There 
are no radiocarbon dates at the base of the spring mound
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but by correlation with the dated pollen spectra of 
sample 233 (Fig. 32; Haynes, 1965, Fig. 15) from another 
spring deposit, sample 66 and possibly sample 67 most 
likely belong in unit E^. This interpretation is also 
compatible with the stratigraphic studies (C. V. Haynes, 
personal communication). Both sample 66 (Fig. 29) and 
sample 233 (Fig. 32) have high juniper pollen values (19 
and 15 percent) and contain the pollen of Shepherdia. 
Sample 66 contains Betula (Figs. 20, 22, 24) and Slum 
pollen, which are lacking in sample 233, so I believe 
that sample 66 is probably older than sample 233, which 
is 15 centimeters below a date of 13,000 B.P. Sample 
66 probably dates from about 14,000 B.P. and represents 
the oldest pollen spectra of unit E^.

The juniper pollen percentages of samples 66 and 
233 leave little doubt that junipers were abundant on 
the valley floor in the immediate vicinity of the springs, 
at least 1000 meters lower than their present average 
lower limit in the Spring Range. The fossil wood of 
Fraxlnus and Junlperus or Cupressus has previously been 
reported from unit E^ (Mehringer, 1965, p. 183). Vorsila 
Bohrer (Department of Botany, University of Arizona) has 
also identified the fossil wood of Cupressaceae from two 
spring deposits of unit E^. The fossil Cupressaceae wood
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is associated with radiocarbon dates of 13,100 + 200 
(UCLA-522) and 12,920 + 220 (UCLA-521). The identifi
cations are only to the family level, but Junlperus 
seems the only likely genus considering what we presently 
know about the Pleistocene fossil plant record of the 
Mohave Desert. The pollen that I have identified as 
Juniperus could represent another genus of the Cupres- 
saceae such as Llbocedrus or Cupressus, but with the 
exception of a few grains which could conceivably have 
blown in from long distances, this seems unlikely. Fos
sil oak wood is present in unit or (Harrington and 
Simpson, I96I; Mehringer, 1965, p. 183). The most xeric 
oak in the vicinity of Tule Springs today, Quercus tur
bine 11a, may grow as low as ll60 meters in the Charleston 
Mountains.

The presence of Betula pollen in samples 66 (3.6 
percent) and 67 may indicate that water birch (Betula 
occidentalls) grew on the spring mounds or along streams 
draining the Spring Range about 14,000 years ago. Betula 
pollen, recovered only from spring sediments, is also 
present in unit Bg, but only as occasional grains in 
samples which were too poorly preserved for analysis. 
Today Betula occldentalis, the only species known from 
the area, is limited to a single canyon in the Charleston
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Mountains, where it grows along Deer Creek at an eleva
tion of 2750 meters (Clokey, 1951, p. 66). In other 
parts of the Southwest it is found along streams between 
1525 and 2440 meters (Little, 1950). The Betula, 
Juniperus, and Artemisia pollen of samples 66 and 67 
(Fig. 29) is masked by the high frequencies of Cyperaceae 
and Salix pollen so that the differences when compared 
with the modern pollen rain are even greater than they 
may appear at first.

The pollen of Artemisia is abundant in all of 
the samples from unit E^, indicating that sagebrush was 
present on the floor of the Las Vegas Valley. The high 
values of Juniperus pollen and the fossil wood plus the 
Artemisia pollen is suggestive of the lower limit of the 
juniper-pinyon vegetation zone of the Spring Range or 
the sagebrush-juniper communities of the northern Great 
Basin.

Pine pollen frequencies in samples 148 through 
150 (Pollen Profile IV, Fig. 31; Haynes, 1967, Fig. 10), 
as well as sample 233 (Fig. 32), might be the result of 
scattered pinyon pines growing on high ground in the 
valley. The pine pollen values could also be the result 
of the expansion of the pine forests in the surrounding 
ranges, with the lower bajadas being the lower limit of 
most or all of the pine trees.
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Unit Eg

Pollen spectra from unit are shown in Figures 
29, 31; 32. Between sites the alluvial samples from unit 
Eg vary in the frequency of Artemisia pollen, yet there 
is sufficient Artemisia pollen in all but the youngest 
alluvial samples (Fig. 31; samples 163-17l) to show that 
Artemisia was growing at the Tule Springs site area. There 
are at least two obvious explanations to account for the 
changes in the frequency of Artemisia pollen. First, 
there were climatically controlled fluctuations in the 
vegetation of the Las Vegas Valley and the decrease in 
Artemisia is the result of climatic change. Second, the 
sagebrush was limited by edaphic conditions to certain 
areas of the valley and therefore the pollen of Artemisia 
is more abundant at some sampling localities than at others. 
Since cheno-am pollen is also abundant in unit Eg, and con
sidering the relation between shadscale and sagebrush 
communities in the Great Basin today, either of these 
explanations is feasible.

According to Billings (19^9); Artemisia grows under 
more moist and cooler conditions than does shadscale. 
Billings compared the zonal position of shadscale on sites 
which are climatically unsuited for sagebrush to the
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blackbush zone which occurs elevationally below sagebrush 
in the mountain ranges of the Mohave Desert. Gates, 
Stoddart, and Cook (1956) show that either shadscale or 
sagebrush may be dominant under the same climate, depend
ing on edaphic conditions.

In Pollen Profile IV (Fig. 31), the transition 
from unit to sample 156 of unit might be the re
sult of climatic change and the replacement of sagebrush 
by shadscale vegetation. However, if sample 22 (Fig. 32) 
falls within the time period represented by the lower 
portion of unit Eg (Fig. 31, samples 152 through 156), 
the explanation of shadscale and Artemisia growing under 
the same climatic but different edaphic conditions is 
more probable. But, with the information available 
there is no sure way to place the samples from different 
unit Eg localities in their proper chronologic order.
The radiocarbon date of 9000 £ 1000 B.P. which occurs 
above sample 156 (Fig. 31; Haynes, 1965, Fig. 10) is 
from an organic seam on the opposite side of the bull
dozer cut and has a large error, so it is not a good 
date on which to place emphasis. The most that can be 
said on the basis of the date is that the break between 
sample 156 and 157 falls somewhere between 10,000 and 
8,000 B.P. Therefore, sample 22 (Fig. 32) with the high
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Artemisia value and dated at 10,000 B.P. cannot be pre
cisely related to the other unit samples.

All of the spring mound pollen spectra of unit 
Eg (Figs. 29, 32) are probably older than 9000 B.P. The 
spring samples show fluctuations in pine and juniper 
pollen, but as in the alluvial samples, cheno-am pollen 
is the most abundant type. The increase in the pine, 
oak, and juniper values (Fig. 29, samples 69 through 7l) 
falls within the time range of sample 22 (Fig. 32), which 
has a high Artemisia value. These samples might indicate 
slightly cooler or more moist conditions about 10,000 B.P. 
The same event is not seen in the pollen record of Pollen 
Profile IV (Fig. 3l). It is possible that the event is 
missing in the erosion interval separating samples 156 
and 157 where some sediment was removed. I believe that 
a cooler and more moist interval at about 10,500 to 
10,000 B.P, is probable, but without better chronological 
control for the pollen record between 11,500 and 9000 
years ago the evidence in support of this interpretation 
is weak, especially since it involves a correlation of 
spring and alluvial pollen records.

The high pine values of samples 157 through 162 
(Fig. 3l) below a date of 7480 B.P. and the high Artemisia 
value of sample 23 (Fig. 32) may represent a change to



more moist and cooler conditions between 8,500 and 8,000 
B.P. The pine values are sufficiently high to indicate 
a lowering of the vegetation zones in the surrounding 
ranges.

The pollen record from the younger unit sedi
ments of Pollen Profile IV (Fig. 31, samples 163 through 
171) shows a gradual decrease in Artemisia pollen toward 
the upper erosion surface. The pollen spectra are simi
lar to the soil surface samples 'from the present lower 
Mohave Desert communities and indicate that between J000 
and 7500 B.P. the vegetation of the Las Vegas Valley was 
not much different from today. The fluctuations in the 
cheno-am and composite pollen could be related to the 
local edaphic conditions as a result of cutting and 
filling. When the low-spine composites were dominant, 
Franserla was probably abundant, growing on erosion 
remnants and in shallow soils. An episode of filling 
could account for an increase in Atriplex and Grayia 
growing in deeper soils and the change from low-spine 
composite to cheno-am dominance.

Fossil wood of Populus and Fraxlnus was reported 
from spring deposits of unit Eg. Fraxlnus wood was also 
present in units Bg and E^ (Mehringer, 1965, p. 183).
The pollen grains of Fraxlnus were present in most of the
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spring mound samples of unit E^, but In very low fre
quency. Only one grain of Fraxlnus was observed while • 
making the pollen counts (Fig. 29, sample 67). As 
Populus fremontil grows around the springs in the Las 
Vegas Valley today, the presence of fossil Populus wood 
alone is not indicative of climatic or vegetational 
change.

In summary, the probable changes in the vegeta
tion of the Las Vegas Valley during unit and E^ time 
(about 14,000 B.P. to 7000 B.P.) are as follows: During
the early part of unit E^, sagebrush and junipers grew 
on the valley floor and Shepherdia, Slum, Betula,
Fraxlnus, and Sallx grew in the damp ground around the 
springs or along water courses. About 12,000 B.P. there 
was a change to sagebrush and shadscale dominance and 
junipers were limited to the lower bajadas or higher 
elevations. Betula. Slum, and Shepherdia are not present 
in the pollen record after about 13,000 B.P., but ash 
and willow trees continued to grow around the springs.

From about 12,000 to 7000 B.P. there was a gradual 
warming and drying trend until conditions similar to 
those of the present were reached. During this period 
there may have been a return to more moist and cooler 
conditions about 85OO to 8000 B.P. and also about 10,500
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to 10,000 B.P. These changes, if they occurred, were of 
a lesser magnitude than those represented in the pollen 
record prior to 12,000 B.P.

Units F and G

The fossil pollen spectra from units F and G 
(Figs. 29, 32) are all indicative of the present lower 
Mohave Desert plant communities. Since the Tule Springs 
site cannot be considered a sensitive pollen locality 
(see page 4l), changes amounting to a 300-meter lower
ing of the present vegetation zones would probably not 
be apparent in the fossil pollen record. This fact is 
obvious from the modern soil surface sample counts. The 
shifts in the dominance of cheno-am or composite pollen 
in units F and G are all probably the result of local 
edaphic changes.

Fossil wood of a legume, probably Acacia, was re
covered from unit F. Acacia greggii is the only member 
of the genus occurring in Clark County today and its 
presence in unit F would be in accord with the pollen 
evidence for desert conditions.

The unit F pollen record from Profile III (Fig. 
29) has a very high grass count and the lowest combined 
values of arboreal and Artemisia pollen in the Tule
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Springs pollen record. I believe that the dominance of 
grass and high-spine composite pollen was probably the 
result of moist conditions in the immediate vicinity of 
the spring, with grasses such as Distichlis and Phragmites 
very abundant on the spring mound. The local over
representation of their pollen would not be indicative 
of the regional vegetation of the Las Vegas Valley during 
the deposition of unit P. It is possible that during the 
time represented by units F and G there was an increase 
in the rainfall and a subsequent increase in grass on the 
lower desert, but there is no indication of such an event 
in any of the alluvial samples from units F or G.



DISCUSSION

The fossil pollen record from Tule Springs covers 
part of VJisconsin~VJurm and Recent time (Haynes, 1965), a 
period dating from about 70,000 years ago to the present 
(Flint, 1963; Frye and Hillman, i960; Broecker, 1966; 
van der Hammen et al., 1967). There are several major 
and many smaller breaks in the pollen record, so that 
much of this time is not represented in the pollen pro
files. Some tentative correlations with other Pleisto
cene and Recent events are possible and the task is made 
somewhat easier by the great number of radiocarbon dates 
directly associated with pollen profiles or single pollen 
spectra and with the stratigraphic features of the Tule 
Springs site. Haynes (1965, Fig. 7) has attempted cor
relations of the radiocarbon-dated stratigraphic units 
of Tule Springs with pluvial lake, glacial, and alluvial 
chronologies.

With the possible exception of sample 137 (Fig. 
29), there are no pollen samples which fall within the 
time of the maximum advance of mid-continent Late Wiscon
sin (Woodfordian) ice, about 18,000 to 20,000 years ago. 
Therefore, the maximum of pluvial vegetation changes may
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not be represented in any of the pollen samples from 
Tule Springs. Part of the Late Wisconsin pluvial could 
be reflected in the pollen spectra of unit D, in the 
upper portion of Profile II (Fig. 28). Pluvial changes 
south of the ice border accompanying an Early Wisconsin 
(Altonian) ice advance and retreat could very possibly 
be represented by the pollen fluctuations in unit 
(Fig. 27). ■

A major change occurs in the pollen record at 
Tule Springs about 12,000 B.P. This event corresponds 
in time to the Two Creeks interstadial of continental 
glaciation (Broecker and Farrand, 1963). Both fossil 
juniper wood and pollen indicate that junipers were 
growing on the floor of Las Vegas Valley 13,000 years 
ago, but not after that time. In Profile III (Fig. 29) 
there is a sharp decline in the juniper pollen and a 
change to cheno-am dominance in unit E^. In Pollen 
Profile IV (Fig. 3l) there is also a shift to cheno-am 
dominance following an abrupt decrease in the pine pollen 
in the uppermost part of unit E^, above a date of 12,400 
B.P. The pollen record at the Lehner Mammoth site indi
cates that the end of pluvial conditions in southeastern 
Arizona occurred before 11,200 B.P. (Mehringer and Haynes, 
1965, pp. 21-22; Martin and Mehringer, 1965, p. 439).
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Between 12,000 and 7500 to 7000 B.P., shadscale

sagebrush was probably the principal vegetation in the 
Las Vegas Valley. Within this time period there was a 
fluctuation to cooler and more moist conditions about 
85OO to 8000 B.P., as indicated by an increase in the 
relative frequency of pine pollen (Fig. 3l). The pollen 
record from southeastern Arizona also shows increased 
arboreal, grass, and aquatic pollen types about 8000 B.P. 
(Martin, 1963a, Figs. 20, 37; Mehringer, 1967). This is 
about the time of the Cochrane readvance in eastern 
Canada (Falconer, Andrews, and Ives, 1965).

There is an indication of another possible fluc
tuation to more mesic conditions at about 10,000 B.P. In 
Panamint Valley, California, bulldozer excavations into 
the edge of the playa sediments exposed an organic mat 
(Davis, in Rogers, 1966, p. 132). The mat was dated at 
10,435 +100 B.P. (UCLA-990). Pollen analysis of this 
material showed that sedges and cattails (Typha latifolia 
or hybrids of T̂ _ latifolia) were locally abundant (Table 
5). It is possible that the mesic conditions indicated 
by the organic mat and its pollen content may correlate 
with evidence for more effective moisture in the Las 
Vegas Valley, and that there was a regional moist and 
cool period about 10,500 to 10,000 B.P. The evidence is
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not yet sufficient to warrant correlations with other 
events of this age, but an organic mat at the Lehner 
site in southern Arizona dates from the same period and 
the pollen indicates a cienega type vegetation, possibly 
indicating a period of increased effective moisture 
(Mehringer and Haynes, 1965; Mehringer, 1967).

The change to lower elevation Mohave Desert 
vegetation occurs in the upper part of unit E^. This 
corresponds in time to the beginning of Antevs * (1955) 
Altithermal. Increased elevation of timberlines 
(Demarche and Mooney, 1967) and the present distribution 
of hybrid oaks (Cottam, Tucker, and Drobnick, 1959;
Tucker, Cottam, and Drobnick, 1961) may be the best 
botanical evidence for a post-pluvial period of warmer- 
than-present climate in the Great Basin. But even under 
ideal conditions the Great Basin fossil pollen evidence 
is not conclusive (Bright, 1966). In southeastern Arizona 
a period of more effective moisture than the present 
about 5000 radiocarbon years ago is recorded by the 
pollen content of beds at the Murray Springs locality 
(Mehringer et al., 1967).

There is evidence that the Altithermal vegetation 
at Tule Springs was like the present vegetation, but no 
evidence that conditions were either warmer or dryer.
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Admittedly, even if such an event did occur, it might 
not be detectable in the alluvial pollen record at Tule 
Springs where most of the period of Antevs* Altithermal 
may not be represented by pollen-yielding sediments.
There is nothing to be gained by attempting to make 
the biotic evidence fit preconceived notions about the 
Altithermal climate (Aschmann, 1958, p. 23), so further 
speculation must await the evidence.

Using the modern surface samples for compari
son, there was a lowering of the vegetation zones by 
at least 1220 meters during the maximum of Wisconsin 
pluvial conditions represented in the pollen record.
This estimate for the Tule Springs site might be some
what exaggerated as an average for the northern Mohave 
Desert because the site is located so near to a large 
mountain mass where the downward displacement of vegeta
tion zones might be expected to be greater (Martin,
1963a, Pigs. 3, 4). Also, with the data now available, 
it is not possible to tell exactly what effect the ex
pansion of the forests in the nearby mountains would 
have on the fossil pollen rain in the Las Vegas Valley. 
Added to this is the fact that the discussion of vegeta
tion change by vertical displacement is only a descriptive 
tool. There are many exceptions to present vegetation
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zonation In the Southwestern mountains (Lowe, 1964, p.
87; Mehringer, 1965, pp. 185-186).

It is possible that the fossil pollen record is 
deceiving. Perhaps there was less change in vegetation 
than I infer. But the high juniper pollen values for 
samples 66 (Fig. 29) and 233 (Fig. 32) indicate that 
junipers grew at the Tule Springs site, and the fossil 
Cupressaceae wood from two different spring deposits 
dated about 13,000 B.P. is even more secure evidence.
Using the present average lower limit of Juniperus in 
the Spring Range (1700 meters), the presence of junipers 
at the Tule Springs site (703 meters) implies a lowering 
of the present vegetation zones by at least 1000 meters.
I think that a 1000-meter displacement is an absolute 
minimum, but it is better to use the minimum based on 
firm evidence than the figure of 1220 meters or more which 
is admittedly more tenuous.

Knowledge of Pleistocene climatic change in the 
Southwest and Great Basin is based on many lines of 
evidence such as glaciation, pluvial lakes, soils, fossil 
plants and animals, and biogeography. I have previously 
reviewed the literature relevant to the interpretation 
of the fossil plant and pollen record at Tule Springs 
(Mehringer, 1965, pp. 172-174). Malde (1964) and Martin
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and Mehringer (1965) have also summarized the evidence 
for Pleistocene climatic change in the arid and semi- 
arid western United States. There is no doubt that there 
were changes in the distribution of plants and animals 
accompanying Pleistocene climatic change, but the magni
tude of biotic change is still open to question and 
should remain so, for the evidence is still meager. It 
would be naive to assume that the few pollen profiles 
from playa lake cores (Martin and Mehringer, 1965, Fig.
2; Roosma, 1958), fossil plant remains from woodrat 
middens (Wells, 1964, 1967J Wells and Jorgensen, 1964), 
fossil plant and pollen remains from ground sloth dung 
(Laudermilk and Munz, 1934, 1938; Martin et al., 1961), 
and the fossil pollen and plants from the Tule Springs 
site can be more than indicative of the possible magni
tude of Pleistocene vegetational change in the Mohave 
Desert.

Past vegetation change has been described here 
with a bias imposed by a conception of the association 
of familiar species in present plant communities. Com
binations of factors that determine the association of 
species could have been different in the past. A plant 
community widely prevalent in the Great Basin today 
might have been rare or absent during the Pleistocene,
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when other associations of plant species that are pres
ently atypical might have been the rule. Different rates 
of plant dispersal and community succession coupled with 
rapid climatic and geologic changes might result in 
"mixtures" of species that seldom or never associate at 
present. Clearly, we need more information on past 
associations, information which the fossil pollen record 
can perhaps provide.

Because of the imperfect nature of paleoecologi- 
cal evidence the interpretations must be based on threads 
of evidence which are comparable to a few pieces of a 
jigsaw puzzle. The interpretations are usually made to 
a greater or lesser extent on one or more of the follow
ing factors: (l) the fossil record; (2) the present
distributions and ecological tolerances of the fossil 
species and assemblages or similar forms and assemblages; 
(3) untestable ecological intuition; (4) a large amount 
of imagination. In some cases, the confident recon
struction of past environments by experts would seem to 
exceed our knowledge of the present ecology. In my own 
case, I must attempt an interpretation of the fossil 
pollen record from spring deposits despite the lack of 
comprehensive ecological studies of existing desert 
springs.



A PLEISTOCENE (WISCONSIN) WOODLAND CORRIDOR 
IN THE EASTERN MOHAVE DESERT

There are not yet enough known Pleistocene 
fossil plant and pollen localities in the Mohave Desert 
to draw any sweeping conclusion about the vegetational 
changes for the entire region. However, I have at
tempted to map (Fig. 33) what I believe are probable 
vegetational changes for a portion of the area from 
southern Nevada to the San Bernardino Mountains, southern 
California. There is a southward extension of fairly 
continuous mountainous terrain from Potosi Mountain at 
the south end of the Spring Range, through Clark Mountain 
and the McCullough, New York, Providence, and Granite 
Mountains. With a slight change in the lower elevation 
of the plant communities, this chain would provide an 
almost continuous Pleistocene woodland corridor, con
tinuing through the Bristol, Bullion, and Ord Mountains 
to the San Bernardino Mountains of southern California.
As mapped, there is only one gap of less than 15 kilo
meters (between the Bristol and Bullion Mountains) 
separating the postulated continuous distribution of 
juniper-pinyon woodland.
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Figure 33. The hypothetical position of Late Pleisto
cene woodland and forest in the eastern Mohave 
Desert, between the Spring Range, southern 
Nevada and the San Bernardino Mountains, 
southern California. The vegetation below 
the proposed lower limit of sagebrush-juniper- 
pinyon is not mapped, and with the exception 
of the sagebrush-juniper-pinyon of the desert 
slope, no attempt was made to map the vegeta
tion of the San Bernardino Mountains. Except
ing minor fluctuations, the map is for the 
period from approximately 22,000 to 12,500 
B.P. Such an expansion of woodland and 
forest toward the south and to lower eleva
tions could have occurred several times 
during the Pleistocene. Elevations are given 
in meters.
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The map shows juniper-pinyon woodland above 800 

meters, 1000 meters below Its average lower limit of 
1800 meters in the Spring Range, Nevada. Ponderosa Pine- 
white fir is shown above 1300 meters, 900 meters below 
its average lower limit at 2200 meters in the Spring 
Range. For the New York-Providence Mountain area, the 
vegetation map of Johnson, Bryant, and Miller (1948) 
shows the lower limit of juniper-pinyon at approximately 
1550 meters, 250 meters lower than the 1800 meters I 
have used for the Spring Range. Thus, no allowances are 
made for less vegetation change toward the south. Also, 
the figure given for the Spring Range is higher than the 
average lower limit of juniper-pinyon on the desert slope 
of the San Bernardino Mountains. The decreasing eleva
tion of vegetation zones with decreasing latitude in the 
Mohave Desert region was recognized by Loew (1876, p.
442) and more recently by Wells and Berger, 1967). The 
fact that I have used the Spring Range for comparison has 
made the estimates shown on the map conservative for all 
of the ranges except those of low elevation and small 
mountain mass.

I believe that the 1000-meter change shown should 
be considered minimum under conditions where soil, slope 
angle, and exposure allow for the growth of woodland
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today. There probably would have been extensions of con
tinuous stands of sagebrush in the deep-soiled valleys 
and a mixture of sagebrush-juniper-pinyon above the 800- 
meter contour used to map the lower limit of juniper- 
pinyon, as well as an extension of some sagebrush and 
juniper below this level. No attempt has been made to 
map the communities below juniper-pinyon or above ponde- 
rosa pine-white fir. It is possible that species which 
normally occur above ponderosa pine-white fir could have 
colonized the higher peaks in the New York Mountains 
and northward. Only the juniper-pinyon is mapped in the 
San Bernardino Mountains, and even though there are a 
few areas such as in the Ord and Old Woman Mountains 
which rise above the 1300 meters used as the lower limit 
of ponderosa pine-white fir, the areas are small and 
discontinuous and are not indicated as ponderosa pine- 
white fir on the map.

The evidence on which the map is based consists 
of an extrapolation southward of the changes indicated 
primarily by the fossil plant and pollen record from the 
Tule Springs site and also the following: (1) the joshua
tree and possibly juniper remains from Gypsum Cave 
(Laudermilk and Munz, 1934); (2) juniper remains from
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Rampart Cave (Martin et al., 1961); (3) radiocarbon- 
dated juniper and pinyon remains in fossil v/oodrat mid
dens from the Mohave Desert (Wells and Berger, 1967).

After the vegetation map was completed, I dis
covered two more fossil woodrat midden deposits. They 
have not been radiocarbon-dated or examined in detail, 
but they do contain obvious evidence for vegetational 
change in the Mohave Desert. One is in southern Nevada, 
11 kilometers northwest of Davis Dam, at an elevation 
of about 730 meters. This midden contains both Juni- 
perus osteosperma and Finus monophylla. The other is 
on Clark Mountain, California (Fig. 33) at an elevation 
of about 1900 meters. It contains needles of white fir 
(Abies concolor) and two species of pine that do not 
now grow on Clark Mountain, including limber pine (Finus 
flexilis).

Although, to the best of my knowledge, there is 
no fossil evidence for either ponderosa pine or white 
fir in the New York, McCullough, or Providence Mountains, 
the present distribution in nearby mountains indicates 
that suitable habitats would be available for coloniza
tion by either ponderosa pine or white fir if conditions 
were only slightly cooler and more moist than they are 
today. Ponderosa pine and white fir presently grow on
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Pofcosi Mountain (Miller, ig45), and white fir grows on 
Clark Mountain (Miller, 1940) and Kingston Peak (Munz 
and Keck, 1963, p. 50; P . A. Munz, personal communica
tion) . A lowering of vegetation zones would greatly 
expand the present distribution of ponderosa pine-white 
fir, decreasing the long-range dispersal distance between 
presently isolated ranges, and increasing area suitable 
for colonization of ponderosa pine or white fir intro
duced by long-range dispersal. For example, using the 
area-elevation graph for the Spring Range (Fig. 26), if 
the present area above 3050 meters (10,000 feet) is 
suitable for colonization by a boreal species introduced 
by chance long-range dispersal, and if, because of 
climatic change the lower limit was reduced uniformly 
by 610 meters (2000 feet), so that the lower limit at 
which an introduced boreal species could survive was 
2440 meters (8000 feet), then the "target area" for long- 
range dispersal and colonization of a boreal species 
would be approximately nine times larger. The increase 
in space and available microhabitats should also allow 
for an increase in species diversity. This sort of 
reasoning only indicates the probability that ponderosa 
pine and white fir could have occupied the area as indi
cated on the map (Fig. 33); I think it is probable that
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they did expand southward into areas that they do not 
presently occupy. Ultimately, the matter can be resolved 
only by fossil or biogeographic evidence.

Four Pleistocene lakes are shown on the map. The 
lake areas —  for the highest Pleistocene stand of each 
of the lakes —  are taken from Snyder, Hardman, and Zdenek 
(1964). Two dates of 19,300 and 19,500 B.P. on tufa 
(Fergusson and Libby, 1962,* Hubbs, Bein, and Suess, 1962) 
and a date of 13,800 B.P. on Anodonta shells (Hubbs et 
al., 1965) from shorelines of Lake Manix, and ten dates 
ranging from 8350 to 13,670 B.P. (Hubbs et al., 1965, p. 
99; Warren and DeCosta, 1964) on Anodonta shells and 
tufa associated with the shore features of Lake Mohave 
are sufficient to indicate that the lake levels shown on 
the map are close to the levels during the maximum of Late 
Wisconsin (Woodfordian) pluvial conditions. There are no 
dates from Lake Mesquite or Lake Ivanpah, but based on 
the radiocarbon chronologies from other Pleistocene lakes 
(Broecker and Kaufman, 1965; Stuiver, 1964) and the dates 
from Lake Manix and Lake Mohave, the high levels of these 
two lakes, as shown on the map, are also probably close 
to the levels during the maximum of the Late Wisconsin 
pluvial conditions.
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The Late Pleistocene climatic change reflected in 

the pollen and plant macrofossils from the Mohave Desert 
are accompanied by a very few but significant range 
changes in extant small mammals (Fig. 34). The single 
most important small mammal locality is Mescal Cave, 
located about ten kilometers south of Clark Mountain at 
an elevation of 1550 meters, and near Mescal Park which 
rises to 1979 meters (Fig. 33). The Mescal Cave deposits 
contained pika (Ochotona princeps), golden-mantled ground 
squirrel (Citellus lateralis), and marmot (Marmota 
flaviventris). The Mescal Cave material is presently 
being identified by Keith Murray. No radiocarbon dates 
are available.

The marmot from Mercury Ridge (1250 meters) is 
associated with a woodrat midden dated at 12,700 + 200 
B.P. (Wells and Jorgensen, 1964). The sagebrush rabbit 
(Sylvilagus idahoensis) and the California vole (Microtus 
californlcus) from Tule Springs were recovered from depo
sits dating between 14,000 and 11,500 radiocarbon years 
ago (Mawby, personal communication). The marmot from 
Rampart Cave (530 meters) was reported by Wilson (1942). 
It is not directly associated with a radiocarbon date.
The dates on the sloth dung from the Rampart Cave range
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from > 38,000 to 9900 radiocarbon years ago (Olson and 
Broecker, 1961, p. 165).

It is apparent from the distribution map (Fig.
34) that the types of habitats presently favored by these 
species are to be found to the north and at higher eleva
tions than the fossil localities. The areas of greatest 
overlap in present distributions include the Sierra 
Nevada and the mountains of east-central California, 
central and west-central Nevada, and southwestern Utah. 
With the magnitude of Late Quaternary vegetational change 
indicated by the fossil pollen and plant records, it is 
likely that the pika and golden-mantled ground squirrel 
could have migrated through the suggested woodland corri
dor (Fig. 33), in the north-south trending mountains at 
least to the Mescal Range, and possibly even further 
south to the Providence Mountains. The remaining three 
species could have found suitable habitats at lower 
elevations.



SUMMARY AND CONCLUSIONS

1. Pollen analysis of the Tule Springs site 
was hampered by the absence of pollen from a majority 
Of the samples and by poor preservation in many others.
Of the 225 samples'extracted, 73 yielded enough pollen 
for minimal 200-grain counts.

2. The pollen content of Las Vegas Valley sedi
ments indicates that the vegetation underwent several 
major changes during Wisconsin time, but the pollen re
cord is not complete for this period. Due to poor pre
servation, to complete destruction of pollen in some 
units, or to missing sediments, some vegetational fluc
tuations may have been missed.

3. A major fluctuation which occurs in the 
Early Wisconsin pollen record of unit indicates a 
change from sagebrush-dominated Great Basin Desert to 
more moist and possibly cooler conditions with an expan
sion of forest and woodland communities in the ranges 
surrounding the Las Vegas Valley, followed by a return 
to sagebrush desert.

4. All of the pollen spectra from buried lake 
sediments of unit D, dating from about 31,300 to 22,600

143



144
B.P., are indicative of a vegetation growing under 
more moist and cooler conditions than the present, but 
the variations in the pollen counts within unit D could 
be mainly the result of fluctuating lake level. The 
pollen spectra from the lake sediments and from a single 
spring mound sample indicate that there was an expansion 
of the present woodland and forest communities in the 
ranges surrounding the Las Vegas Valley.

5. The most reliable evidence for vegetation 
change comes from unit E^, about 14,000 to 13,000 B.P. 
High values of juniper pollen along with the fossil 
wood of Cupressaceae leave little doubt that junipers 
were growing on the floor of Las Vegas Valley. A south
ward vegetational extension is indicated by the presence 
of Shepherdia and Slum pollen in unit E^.

6. A major change in the pollen record occurs 
at about 12,000 B.P. with sagebrush-shadscale replacing 
juniper-sagebrush. Excepting two major fluctuations, 
there is a trend toward warmer and dryer conditions from 
about 12,000 to 7000 B.P. By 7000 B.P. the vegetation 
of the Las Vegas Valley was probably much like the pres
ent lower elevation Mohave Desert. A reversal of the 
warming-drying trend occurs in unit Eg about 10,500- 
10,000 B.P. and again about 8500 to 8000 B.P.



7. Between 7000 B.P. and the present there 
are no significant changes in the pollen spectra, but 
the pollen record is incomplete through this time in
terval and there could have been some important but 
probably minor climatic and vegetational shifts. It 
is doubtful if minor changes in the vegetation of the 
Las Vegas Valley, amounting to less than a. 300-meter 
variation in the elevational position of the present 
vegetation zones, could be detected in the fossil pollen 
spectra.

8. During the maximum of pluvial conditions 
recorded in the Tule Springs fossil pollen record there 
was a minimal lowering of the present vegetation zones 
by 1000 meters.

9. The results of the pollen studies at Tule 
Springs can be considered only as a first attempt, and 
preliminary to further study. The most important results 
of the Tule Springs pollen studies are the broad frame
work of vegetation change, which can be refuted or veri
fied and refined and expanded, and an indication of the 
potentialities and problems of further pollen studies in 
the Mohave Desert.

10. The possibility of an almost continuous 
Wisconsin age woodland corridor between the Spring Range,
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southern Nevada, and the San Bernardino Mountains, 
southern California, is suggested.
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