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INTRODUCTION

The most recent period of geologic time is the Quaternary Period.
The Quaternary in turn is divided into two epochs, the Postglacial or
Recent or Holocene and the Ice Age or Pleistocene.  The Pleistocene
Epoch is generally equated with the geologically recent time of cold
climate and glaciation.  In classic stratigraphy, rock sequences and their
contained fossil record define formal time periods and their boundaries
(Salvador, 1994).  The beginning of the Pleistocene or Ice Age was long
ago based on a sequence of marine sedimentary rocks in Italy that contain
paleontological evidence for the onset of cold climates about 1.65 million
years ago (Ma) (Aguirre and Pasini, 1985; Richmond and Fullerton,
1986).  Later investigations have shown that the age of the type strati-
graphic section for the Plio-Pleistocene boundary is younger than ini-
tially thought (Rio et al., 1991).  Because of the uncertainties in the rock
record and its worldwide correlation, it has been suggested that the begin-
ning of the Pleistocene should be pushed back in time to coincide with
the upper boundary of the paleomagnetic Olduvai subchron about 1.8
Ma.  After many years of debate and disagreement about the upper
boundary of the Pleistocene, the Pleistocene-Holocene boundary has
been defined arbitrarily at 10,000 years ago (Hopkins, 1975).  Thus, the
Ice Age or Pleistocene extends from about 1.8 Ma to 10,000 years ago.

It has become clear that the record of major glaciation extends
farther back in time than the Ice Age.  Years ago Richard Foster Flint
(1971, p.2) observed: “It was long supposed that at the near end of
geologic history major glaciation was confined to Quaternary time, dis-
tinguishing that period in terms of climate from its immediate predeces-
sors.  Now, however, it is evident that extensive glaciers had formed in
high latitudes of both polar hemispheres before the end of Miocene
time.”  Earth history is punctuated by major episodes of glaciation that
also extend back into the Paleozoic as well as late Precambrian time.

The present survey of Ice Age vegetation and flora of New Mexico
will be restricted to the Pleistocene.  Most of the Pleistocene fossil plant
records are documented from the past 40,000 years.  Age control of these
records is provided by radiocarbon dating.  Unique within the family of
chronometric methods, radiocarbon time is not the same as calendar time.
For example, the last glacial maximum of the Wisconsin Glaciation of
North America occurred about 18,000 radiocarbon years ago, which is
now known to be about the equivalent to 21,500 calendar years ago
based on radiocarbon and uranium/thorium ages of corals.  Early evalua-
tions of the astronomical theory of glaciations indicate that the last
glacial maximum was about 22,000 years ago (Zeuner, 1958, p.134-145,
411-415).  The lower Holocene boundary of 10,000 years is equivalent

to about 9,000 radiocarbon years ago.  Routine conversion of radiocar-
bon years to calendar years has been facilitated by workers in various
laboratories around the world, beginning with Suess (1970), who have
analyzed the 14C content of tree rings of known calendar age (Stuiver et
al., 1998).

The terms vegetation and flora have significantly different mean-
ings.  Vegetation is a general term that refers to plant communities or
plant assemblages that are in turn classified by dominant plant types.  In
New Mexico, six basic vegetation types are recognized by Dick-Peddie
(1993, p.37-41): tundra, forest, woodland-savanna, grassland, scrubland,
and riparian.  Each of these vegetation types is further divided into a total
of more than 20 “associations” or habitat types.  Other vegetation clas-
sifications generally include desert (Brown and Lomolino, 1998, p.112).
The desert category in New Mexico is included within grassland (desert
grassland) and scrubland (Chihuahuan desert scrub).

In contrast to vegetation and plant communities, the term flora
simply refers to a list of plant species that occur in a given region.  In the
first flora of New Mexico, for example, Wooton and Standley (1915, p.
9) cataloged 2975 species.  The more recent flora by Martin and Hutchins
(1980-81, p. vii) inventoried 3728 plant species and subspecies.

Pollen analysis is one of the most mature methods of vegetation
reconstruction and paleoecology and has been applied worldwide on
every continent since the first half of the 20th century.  In the American
Southwest, the first pollen analytical study was by Paul Sears (1937)
who reported pollen counts from recent alluvium at Tsegi Canyon, north-
eastern Arizona, when he was at the University of Oklahoma.  Within 50
years of Sears’ pioneer work, more than 500 pollen studies from the
Southwest have been completed.  Some of the early pollen work in the
Southwest, focused primarily on southeastern Arizona, was summa-
rized by Paul Martin (1963).  More recent syntheses of southwestern
pollen studies were written by Stephen Hall (1985, 1997).

Plant macrofossil analysis of ancient woodrat middens has pro-
vided a new look at plant species biogeography and floristics in the arid
Southwest and is now being applied to other desert regions of the world
where small mammals build nests with plant materials.  The first scien-
tific discovery of the significance of fossil woodrat middens was by
Wells and Jorgensen (1964) followed by the work of Thomas Van Devender
(1973).   Subsequently numerous additional studies from the arid South-
west have been completed and include floral records of about 300 genera
and species, summarized by Betancourt, Van Devender, and Martin
(1990).
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Very few records of pre-Wisconsinan (> 79,000 years) vegetation

exist for the state.  Only two studies have been reported, and those are
poorly dated and have not been pursued by more thorough, modern
investigations.  One of the major disappointments in paleovegetation
studies of the region is the absence of pollen from many important late
Cenozoic stratigraphic sequences, including the type sections of the
Clarendonian, Hemphillian, and Blancan land mammal ages in the Texas
Panhandle (Hall, 1995).

San Agustin Plains, Catron County.  Two cores, the first drilled
in 1955 to a depth of 645 feet and a second, longer core near the first
drilled in 1958-1959 to a depth of 2,000 feet, were taken from the large
Pleistocene lake basin (Clisby and Sears, 1956; Foreman et al., 1959).
The presence of Tertiary pollen below 950-foot depth suggested that the
950 to 2000-foot interval represented the Pliocene.  Paleomagnetic analy-
ses of the 540 to 1070-foot interval of the original 2000-foot core (rem-
nants of it were stored at the University of Arizona since 1976) indicate
that upper middle of the core incorporates paleomagnetically-reversed
sediments and a possible age of 0.7 to 1.6 Ma, consistent with the
Clisby-Sears report of Tertiary pollen (Markgraf et al., 1984).  Unfortu-
nately, there has been no new drilling of this important basin.

Valle Grande, Jemez Mountains, Sandoval County.  Cuttings at
5-foot intervals from a single core drilled to 65 meters and close-interval
samples from a nearby 14-meter core were analyzed for pollen (Sears
and Clisby, 1952).  A complete pollen record was not present, and the
age of the core was never determined.  However, a modern investigation
of the Valle Grande caldera fill should produce valuable paleoecological
insights.

Hansen Bluff, San Luis Valley, Colorado.  Just north of the New
Mexico border with Colorado, east of Alamosa, a 13-meter thick outcrop
of sandy lacustrine deposits contains a vast assemblage of fossil verte-
brates and mollusks as well as a pollen record.  The presence of the
Bishop ash (0.74 Ma) and paleomagnetic information indicate that the
outcrop sequence extends from about 0.75 to 0.80 Ma (Rogers et al.,
1985; pollen analysis by S. A. Hall).  In 1986, drilling at the outcrop site
produced a 127-m core that encountered the Huckleberry Ridge ash
(2.02 Ma), spanning the Plio-Pleistocene boundary (Rogers et al., 1992;
pollen analysis by R. G. Baker).  Unfortunately, only the upper 11.6 m
of the core contained well-preserved pollen suitable for analysis.  The
outcrop and core pollen record extends from about 0.75 to 0.89 Ma.  The
pollen is dominated by Pinus (pine) and Artemisia (sagebrush); higher
percentages of Pinus are interpreted to indicate pine vegetation on the
valley floor in response to colder (=glacial) climate and higher percent-
ages of Artemisia indicate a shrub-dominated valley floor and warmer
climate.  The chronostratigraphic, paleontologic, and paleoecologic analy-
ses of the investigation at Hansen Bluff set a new standard in the region
for paleoecological research.

VEGETATION RECORDS FROM THE LAST GLACIAL
MAXIMUM

The Late Wisconsinan represents the last continental glaciation in
North America, which occurred about 35,000 to 14,000 years ago.  The
maximum extent of both continental and alpine glaciers was about 22,000
years ago (Richmond and Fullerton, 1986).  The three definitive glacial-
age pollen records from New Mexico, including one from adjacent West
Texas, are all from lake deposits that formed at a time when the lakes
were much larger than today.

Dead Man Lake, Chuska Mountains, San Juan County.  Dead
Man Lake is called Toadlena Lake on the Toadlena 7.5 minute quadrangle
(USGS, 1966) and occurs at 9050 feet elevation, the highest-elevation
glacial-age vegetation record in the state.  In 1958 and 1961, 8-meter and
11-meter cores were taken, respectively, as well as supplementary short
cores from Dead Man Lake and other nearby lakes.  The two long cores
from Dead Man Lake from which the pollen record is derived consist of
gray sandy lacustrine clays overlain by 30 cm of black clay.  The lake

clays are dated 19.4, 24.7, 27.8, and >28 ka (thousand years ago), and the
thin overlying black clay that represents the Holocene is dated 3.9 ka
(Bent and Wright, 1963; Megard, 1964; Wright et al., 1973; Hansen and
Cushing, 1973).

Artemisia and Pinus pollen dominate the glacial-age Dead Man
Lake pollen record, together with minor percentages of Picea (spruce),
Abies (fir), and Gramineae (=Poaceae, grasses) (Fig. 1).  In a valuable new
approach to paleo-vegetation studies, the Pinus pollen grains were dif-
ferentiated to species, showing that the glacial-age pine forest was com-
posed of P. ponderosa (ponderosa pine), P. flexilis (limber pine), and P.
edulis (pinyon pine); limber pine is not presently found in the Chuska
Mountains.  The pollen record is interpreted as both a lowering and
compression of vegetation zones with alpine vegetation on the crest of
the Chuskas, spruce-fir-ponderosa and limber pine forest extending to
about 6500 feet elevation at the base of the mountains, and a pinyon
pine-sagebrush vegetation across the San Juan Basin.  A uniform lower-
ing of modern vegetation zones into lowlands, an assumption that char-
acterizes other paleo-vegetation reconstructions, was not found in the
Dead Man Lake study.  “This telescoping of altitudinal belts implies a
climatic gradient steeper than that of today” (Wright et al., 1973, p.
1155).

San Agustin Plains, Catron County.  In addition to a pre-Pleis-
tocene record of sedimentation that may span the past 2 million years,
the San Agustin Plains has a well-preserved sequence of glacial-age lake
deposits.  Clisby and Sears (1956) reported high percentages of Pinus
and Picea pollen with radiocarbon ages of 27.0 and 19.7 ka at 28-foot and
19-foot core depth, respectively.  In order to amplify the resolution of
the initial work by Clisby and Sears, a new series of samples was taken
in 1981 and 1982 from the wall of a pit (to 1.4 m) and nearby auguring (to
2.2 m depth).   The lacustrine sediments yielded abundant pollen,
ostracodes, diatoms, and freshwater algae with radiocarbon ages of 18.3,
15.0, and 8.7 ka (Markgraf et al., 1983, 1984).  While the published
pollen diagram is difficult to read, the glacial-age lake sediments are
dominated by Pinus, Picea, and Artemisia, which is interpreted as open
Pinus/Picea woodland with abundant Artemisia (Markgraf et al., 1984,
p. 339).  Markgraf et al. (1984, p. 339) further state “Paleoclimatic
interpretation of the pollen assemblages is based upon pollen concentra-
tions values, because pollen percentages for low pollen diversity exhibit
high variability that is difficult to interpret.”  The San Agustin Plains
clearly contains a valuable record of high-resolution glacial-age paleo-
ecology that is waiting to be harvested.

Estancia Valley, Torrance County.  Over many years several
students from the University of New Mexico have studied the geology
of the Estancia Basin east of the Manzano Mountains.  In 1971, Frederick
Bachhuber completed a doctoral dissertation that included a detailed
pollen record from Pleistocene lake deposits from old Lake Estancia (Fig.
2).  The pollen record, although poorly dated, is dominated by Artemisia
and Pinus, and represents sagebrush grassland on the broad basin floor
with pine-spruce forest in the nearby Manzano Mountains.  Although
the pollen study was never published, it includes the first clear evidence
for differential Pinus pollen preservation (Bachhuber, 1970, 1971).  The
pollen diagram from Bachhuber’s dissertation was re-drafted and in-
cluded in a paper on pollen preservation by Hall (1981).  The Bachhuber
study, showing the relationships between high percentages of Pinus and
Picea, absence of non-conifer pollen, high degree of corroded pollen
grains, and low pollen concentrations, was pivotal to the realization that
Hafsten’s High Plains pine-spruce forest was mistakenly based on dete-
riorated pollen assemblages (Hall and Valastro, 1995).

White Lake, Muleshoe Wildlife Refuge, Bailey County, Texas.
The High Plains playas and associated sediments have been studied by
no fewer than eight pollen analysts during the past 50 years (Bryant and
Schoenwetter, 1987).  For most of that time, the early pollen work by
Professor Ulf Hafsten, then of the University of Bergen, Bergen, Nor-
way, was accepted and widely cited as evidence for a pine-spruce forest
on the High Plains of New Mexico and Texas (Hafsten, 1961).
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White Lake is one of three playas in a larger basin.  About 10
meters of glacial-age lacustrine clays, named the Tahoka Formation (Evans
and Meade, 1945), are exposed by erosion on the east side of the lake.  A
6-meter-high lunette dune composed of clayey sand mantles the lake
deposits.  Oldfield and Schoenwetter (1975) analyzed pollen samples
collected from an outcrop of the lakebeds and overlying lunette dune
including lacustrine clays from an 8-meter core taken from near the base
of the outcrop of the lakebeds.  The pollen sequence was not directly
dated.

Subsequently, Stephen Hall collected pollen samples from the
same place at White Lake studied by Oldfield and Schoenwetter.  In a
departure from previous studies, pollen concentration was determined
for each pollen count and radiocarbon ages on organic matter from the
lakebeds were obtained; the only other ages from playa lakes in the
region are from lacustrine carbonates that tend to yield erroneously old
ages.  The new dated pollen record paralleled that produced by Oldfield
and Schoenwetter but with the difference showing that the high percent-
ages of Pinus and Picea pollen reported from almost every study are
artifacts of differential pollen preservation where conifer pollen grains
are preferentially preserved and non-conifer pollen grains destroyed.

The organic-matter radiocarbon ages, 17.7, 19.7, and 36.9 ka, also show
that the lakebeds are Late Wisconsin and late mid-Wisconsin in age (Hall
and Valastro, 1995; Hall, 2001).  The well-preserved part of the pollen
record with the radiocarbon ages is dominated by Artemisia, Poaceae,
and Asteraceae pollen and is interpreted as sagebrush grassland (Fig. 3).
A glacial-age background pollen rain of about 10% Pinus is similar to the
amounts of Pinus pollen that are deposited today in the modern High
Plains as a result of long-distance transport from the Rocky Mountains
(Hall, 1990).  The consistent 2% Picea pollen is curious; today in the
southern Rockies, Picea pollen and spruce trees are strongly correlated
(Fig. 12).  However, Picea pollen transport beyond spruce tree popula-
tions declines rapidly, and in the adjacent prairies Picea pollen is seldom
found beyond 40 km of spruce forests (Hall, 1990).  The origin of the 2%
Picea pollen on the glacial-age High Plains landscape is not yet identified.

Correlation of the White Lake chronostratigraphy and pollen record
with other studies is a labyrinth discussed in Hall (2001).  The “Tahoka
Pluvial” and other “climatic episodes” that have been proposed for the
High Plains are abandoned.  The name Tahoka Formation was originally
applied by Evans and Meade (1945) to the glacial-age lakebeds on the
High Plains of New Mexico and Texas, and it is recommended that the

FIGURE 1.  Pollen diagram from Dead Man Lake, Chuska Mountains, San Juan Co. (Wright et al., 1973); full-glacial age pollen record dominated by
Artemisia (sagebrush) with secondary presence of Pinus (pine), Picea (spruce), Abies (fir); differentiation of pine pollen to species indicates the glacial-
age pine forest was made up of Pinus ponderosa (ponderosa pine), Pinus edulis (Colorado pinyon), and Pinus flexilis (limber pine); limber pine does not
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FIGURE 2.  Pollen diagram from Estancia Valley, Torrance Co.; from Bachhuber, 1971, doctoral dissertation; lithology: 1 = thin-bedded gray clay, 2 =
laminated red sand and clay with numerous gypsum crystals, 3 = gray clay, 4 = gray brown clay and silt with gypsum crystals; although poorly dated, the
full-glacial age pollen record is dominated by Artemisia (sagebrush) and Pinus (pine); this study is the first to document the differential preservation of
conifer pollen upon weathering, whereby pine and spruce pollen are the last taxa to be preserved during pollen destruction.

FIGURE 3.  Pollen diagram from White Lake, Muleshoe Wildlife Refuge, Bailey Co., Texas (Hall and Valastro, 1995; Hall, 2001); late mid-glacial and full-
glacial age pollen records dominated by Artemisia (sagebrush) and Poaceae (grasses) indicating presence of sagebrush grasslands on the High Plains of New


