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The paleoenvironments of late Pleistocene and early Holocene
time on the Southern High Plains have been studied for decades,
but regionally extensive or long-term, easily recoverable proxy
climate indicators are difficult to find. The stratigraphy of valley
fill and upland eolian deposits and stable-carbon isotope data, in
addition to geographically limited paleontological data, now pro-
vide clues to the environment during this time, which includes the
earliest, or Paleoindian period (;11,200–8000 14C yr B.P.) of
human occupation. During the Clovis occupation (;11,200–
10,900 14C yr B.P.), valleys contained perennial streams. This was
followed in Folsom time (10,900–10,200 14C yr B.P.) by an abrupt
change to lakes and ponds (with water levels fluctuating between
several meters depth and no surface water) and marshes and
accumulation of sheet sands on uplands, starting the earliest phase
of construction of the regional dune fields. These changing condi-
tions indicate a shift from relatively wetter to relatively drier
conditions with episodic drought. Stable-C isotopes further indi-
cate that warming characterized the Clovis–Folsom transition.
During the rest of the Paleoindian period the environment was
relatively cool but fluctuated between wetter and drier conditions
with an overall trend toward drying that resulted in further en-
largement of the dune fields and culminated in the warm, dry
Altithermal beginning ;8000 14C yr B.P. Clovis time probably was
he wettest of any Paleoindian period in terms of runoff and spring
ischarge. The Folsom period was drier and was the earliest
pisode of regional wind erosion and eolian deposition and may
ave been the warmest of Paleoindian times. Evidence of a previ-
usly hypothesized “Clovis drought” in this region is
parse. © 2000 University of Washington.

Key Words: Southern High Plains; Paleoindian; Clovis;
Folsom; drought.

INTRODUCTION

The late-glacial and early postglacial environmental re
of the Great Plains has long been the focus of researc
Quaternary scientists. This paper presents data and inter
tions for terminal Pleistocene and early Holocene env
ments on the Southern High Plains that both refine and co
with previous interpretations. In particular, evidence is
sented that significant characteristics of the late Holoc
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modern environment of the Great Plains appeared durin
Paleoindian occupation.

The broad outlines of the environments during the Pale
dian occupation of the Southern High Plains emerged
interdisciplinary archaeological work conducted in the 19
1940s, and 1950s in New Mexico and Texas (e.g., How
1935; Sellards, 1952; Sellards and Evans, 1960). Few p
environmental details were forthcoming, but all investiga
agreed that terminal Pleistocene and earliest Holocene
were generally “wetter” or “more moist” and probably coo
than today, followed by warmer and drier conditions, altho
Sellards (1952, p. 152) and Sellards and Evans (1960) r
the possibility of several wet–dry cycles during Paleoin
times.

In the late 1950s and early 1960s studies of late Quate
environments focused on the evidence, largely from pollen
coniferous forest on the Southern High Plains during a c
wet interval at the close of the Pleistocene, coeval with som
the Paleoindian occupations (Wendorf, 1961, 1970; Wen
and Hester, 1975). These interpretations were routinely cit
the literature until the 1980s (Holliday, 1987a) and still sh
up in archaeological discussions (e.g., Boldurian, 1990; Fi
1999), although more recent research provided data tha
trasted with those of the High Plains Paleoecology Projec
cast considerable doubt on the reliability of the earlier po
interpretations (Johnson, 1986, 1987a; Bryant and Schoe
ter, 1987; Holliday, 1987a, 1995a, 1997a; Hall, 1995; Hall
Valastro, 1995).

In contrast to the earlier interest in evidence for a “cool
wet forest,” much recent research has focused on indicato
drought and aridity both in Paleoindian and in post-Paleoin
times (Holliday, 1989, 1997a; Haynes, 1991, 1993; Mel
1991, 1995, 1999). In particular, some evidence was pu
ward suggesting drought conditions during the Clovis (ea
Paleoindian) occupation of the region (ca. 11,200–10,9014C
yr B.P.) (Haynes, 1991, 1993).

This paper deals with the issue of drought during the
leoindian period. Drought is defined most broadly as be
average precipitation for an extended period of time, caus
serious hydrological imbalance (Felch, 1978, pp. 25–26;
ers and Armbruster, 1990, pp. 126). Put another way, dro
0033-5894/00 $35.00
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VANCE T. HOLLIDAY2
represents a temporary moisture deficit in relation to ave
precipitation (Mainguet, 1999, p. 24). Drought is a tempo
condition and is not confined to arid or semiarid regio
Aridity, in contrast, is a long-term climatic condition that c
be defined in relation to annual precipitation and pote
evapotranspiration (e.g., Mainguet, 1999, p. 25). Paleoin
environments on the Southern High Plains may never
been arid, but could have been prone to drought.

SETTING AND METHODS

The Southern High Plains subregion of the Great Plains
vast plateau covering approximately 130,000 km2 (Fig. 1). This
semiarid landscape has a virtually featureless, construc
surface, formed by deposition of widespread and thick e
sediments during the Quaternary (Holliday, 1995b; Holli
and Gustavson, 1991). Low topographic relief on the H
Plains is provided by thousands of small lake basins (“play
about a dozen dry valleys (“draws”) that are tributaries of
Red, Brazos, and Colorado rivers to the east; and eolian
including sheet sands, dune fields, and lunettes (dune
fringe the downwind margin of some playas) (Fig. 1).
playas, draws, and dunes are the sites of preserved (and u
stratified) late Quaternary sediments, soils, andin situ archae
ological sites (Hester, 1975; Holliday, 1995b, 1997a).

Reconstructing the history and impact of past clim
changes on the Great Plains has sometimes proven di
because long-term, high-resolution records, such as tree
and speleothems, are not available anywhere in the re
Moreover, the semiarid climate of the Southern High Pl
inhibits preservation of regionally extensive and easily re
erable paleoenvironmental indicators such as pollen (B
and Schoenwetter, 1987; Holliday, 1987a; Bryantet al.,1994;

all and Valastro, 1995). Nevertheless, the well-prese
tratigraphic record of late Quaternary sediments and soil
rovide valuable clues to the regional paleoenvironments
nvironmental change (Haynes, 1975, 1995; Holli
995a,b, 1997a). In particular, eolian sediments on the G
lains are key indicators of minimal vegetation cover and w
rosion resulting from aridity (Formanet al., 1992, 1995
uhs and Maat, 1993; Muhset al.,1997). Soils formed in th

eolian strata mark periods of more abundant vegetation
landscape stability due to relatively moist conditions follow
aridity. Late Quaternary eolian deposits modified by pedo
esis are found in the draws and dunes throughout much o
Southern High Plains and thus can be used to infer past a

Independent verification of the paleoenvironmental in
ences drawn from the stratigraphic record comes largely
stable-carbon isotopes, which have emerged as one of th
datable proxies of paleovegetation in semiarid regions lik
Southern High Plains. Carbon isotopes in organic matter c
utilized in a wide variety of late Quaternary sediments thro
out much of the Southern High Plains (Holliday, 199
1997b). To minimize the variables in their interpretation, h
ge
y
.
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ever, only isotopic data from playa fill and lunette sedim
are compared and interpreted. In the draws, rapidly chan
depositional environments during the Paleoindian period
hibit meaningful interpretations for this time interval (Ho
day, 1995a). Other proxy indicators of past environments
ployed by previous investigators) include phytoliths
remains of invertebrate and vertebrate faunas (Stock and
1936; Wendorf, 1961; Lundelius, 1972; Slaughter, 1975; W
dorf and Hester, 1975; Johnson, 1986, 1987b; Bozarth, 1
Neck, 1995; Winsborough, 1995). Most of these meth
while successful, have been used on a more geograph
restricted basis.

Age control for the eolian deposits and soils is provided
radiocarbon ages or by archaeological correlation. Most r
carbon ages were determined for samples collected fro
horizons of buried soils in valley fills (Holliday, 1995a) a
lunettes (Holliday, 1997b) or from lacustrine or palust
muds in the valley fill (Holliday, 1995a) or playas (Hollidayet

l., 1996) (Table 1). Samples collected from the top of a bu
horizon provide a maximum age for overlying sedime

Holliday et al., 1983, 1985; Haaset al., 1986; Holliday
995a; Martin and Johnson, 1995). Many of the Paleoin
rtifact types found in association with eolian deposits in

he dunes and the draws are relatively well dated and se
eliable age indicators. The principal artifact types (and
ge ranges in uncalibrated14C yr B.P.) are Clovis (11,200

10,900), Folsom and Midland (10,900–10,200), Plainview
Milnesand (10,500–9500), Hell Gap (;10,000–9500), an
Firstview (9400–8300) or late Paleoindian (10,000–80
(Frison, 1991; Haynes, 1992, 1993; Hayneset al., 1992; Hol-
liday, 1997a; Hollidayet al., 1999).

STRATIGRAPHIC EVIDENCE

The best-documented stratigraphic evidence for env
mental change in the latest Pleistocene and early Holo
comes from the draws and sand dunes. In the valleys, C
age alluvial deposits are overlain by Folsom-age lacustrine
palustrine sediments at the Clovis, Lubbock Lake, and M
tang Spring sites (Fig. 1) (Cotter, 1937; Sellards, 1
Sellards and Evans, 1960; Green, 1962; Haynes and Ago
1966; Haynes, 1975, 1995; Stafford, 1981; Holliday, 19
1995a; Meltzer, 1991). The contact between these depo
abrupt but generally conformable. It dates to;11,00014C yr

.P. at Clovis and Lubbock Lake, but is mid-Folsom-
.;10,200 14C yr B.P.) at Mustang Spring. Additional e

dence for Folsom-age lacustrine or palustrine conditions
lowing (undated) alluviation is reported for the Tolk, Ander
Basin No. 2, Davis, Lubbock Landfill, and Progress site
Blackwater Draw, Edmonson site on Running Water D
and Mustang Spring and Wroe sites on Mustang Draw (Fi
(Table 3 in Holliday, 1995a). Lacustrine sedimentation sh
to palustrine conditions rather abruptly at most sites, base
stratigraphic evidence, but the timing of the change ra
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EPISODIC DRYING DURING THE FOLSOM DROUGHT 3
FIG. 1. Map of the Southern High Plains showing the location of the dune fields of the region, drainages, and localities with evidence of late Pleisty
Holocene eolian sediments, including Paleoindian archaeological sites (Fig. 2) (15 Bethel, 25 Barber, 35 Burns, 45 Clovis, 55 Carbody, 65 Anderson Basi
No. 2, 105 Marks Beach, 125 Plainview, 145 Lubbock Landfill, 155 Lubbock Lake, 165 Elida, 175 Ro-16, 185 Williamson and Milnesand, 215 Tatum,
22 5 Seminole-Rose, 235 Carley-Archer, 245 Winkler-1, 255 Shifting Sands, 265 Bedford Ranch, 275 Wyche Ranch, 305 Midland); other draw localitie
(from Holliday, 1995a) (75 Davis, 85 Progress, 95 Tolk, 115 Edmonson, 285 Mustang Spring, 295 Wroe); and lunettes (from Holliday, 1997b) (135 Texzona
15 5 Lubbock Lake, 195 Little Bluitt and Bluitt Cemetery, 205 Bently West). Inset shows the location of the Southern High Plains in Texas and New M
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VANCE T. HOLLIDAY4
between 10,500 and 900014C yr B.P. (Holliday, 1995a). Stra
graphic and paleontologic evidence also shows that there
several significant fluctuations of water levels (shifting
tween several meters depth and no standing water) d
accumulation of the lacustrine sediments at a number of l
ities between 11,000 and 850014C yr B.P., including at lea
two Folsom-period low stands (Holliday, 1995a; Winsb
ough, 1995).

For the Clovis site proper, Haynes (1991, 1993) prop
that erosional disconformities within the Clovis-age allu
deposits are indicative of eolian deflation during a “Clo
drought” and that the overlying lacustrine and palustrine
posits represent increased effective moisture following
drought. An alternate interpretation is that the change in
imentation and the resulting stratigraphic break represe
decreasein effective moisture (Holliday, 1995a, 1997a).

TAB
Radiocarbon Ages and Stable-C I

Lunette

Age (14C yr B.P.) Lab No. d13C (‰)

Bently West
79656 170 A-7868 221.1
19,3401 825/2745 A-7867 216.9

Bluit Cemetery
78801 185/2180 A-6904 217.9
21,8656 305 A-6903 212.3

Bluit Refinery
13,7306 130 A-6454 28.4
14,7406 120 A-6453 27.3
15,1506 150 A-6455 216.6
16,2101 510/2480 A-6910 218.0
21,5406 220 A-6456 216.2

Little Bluit
10,6601 245/2235 A-6916 210.5

Lupton West
24,4101 1280/21100 A-6911 29.5

Peterson
10006 85 A-6908 214.1
19,3201 750/2690 A-6909 215.7

Poverty Hill
13,8006 90 A-6457 219.7

Shepard
31106 45 A-6445 214.4
55006 65 A-6446 216.1

15,0406 200 A-6447 222.2
Texzona

80306 65 A-6448 216.3
94706 70 A-6452 220.6
11,6706 80 A-6449 214.2

Tobosa Ranch
450630 A-6913 217.0
7556 35 A-6912 217.8
14,9406 240 A-6914 213.0

a Radiocarbon ages and isotope data from Holliday, 1997b.
b Radiocarbon ages from Hollidayet al., 1996.
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similar case was made for the identical stratigraphic sequ
at Lubbock Lake (Holliday, 1985). Stafford (1981) and I b
interpret the alluvial deposits there as evidence of thro
flowing streams resulting from higher runoff and spring
charge. The erosional contacts within the sands at C
interpreted as eolian deflation surfaces by Haynes (1
1993), could be from alluvial erosion (cutting-and-filling)
perhaps represent only the earliest phases of dessicatio
wind erosion. The lacustrine and palustrine deposits repr
a hydrologic shift to isolated standing water due to decre
runoff and declining spring discharge. The subsequent
(;10,000 14C yr B.P.) from lacustrine (standing water)
palustrine (marshy) conditions is interpreted as evidenc
continued drying and lowering of the water table.

Hayneset al. (1999) also describe a “well” at the Clovis s
nd offer it as further evidence of drought conditions during

1
opes from Lunettesa and Playasb

Playa

Age (14C yr B.P.) Lab No. d13C (‰)

Boyd
54506 165 SMU-2539 219.8

Brown
77706 210 SMU-2538 219.7

Clovis
21,1406 470 SMU-2533 219.1

Elida
32151 355/2340 A-7435.1 217.0
34756 100 A-7436 220.6
47201 325/2315 A-7437 221.5

Finney
30,2006 810 SMU-2681 223.4

Jorde
16,5901 510/2480 A-6901 219.4

Lupton East
17,4406 840 SMU-2235 216.8

Ryan
92206 220 SMU-2448 215.9
10,6506 120 SMU-2447 216.2

San Jon
36001 205/2200 A-7440.1 218.8
75701 115/2110 A-7865 220.0
83601 210/2205 A-7864 222.6
11,4506 300 A-7438 227.3
12,5106 230 A-7439 228.5
13,1451 315/2305 A-7866 227.7

Seminole-Rose
16,3106 230 SMU-2342 215.4

Truett
66656 190 SMU-2537 216.3
LE
sot
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EPISODIC DRYING DURING THE FOLSOM DROUGHT 5
Clovis occupation of the site. This writer participated in
1993 work on the feature. Clearly it is a pit dug by Clovis-
people. Pits can be dug for many reasons, however, and
is no clear evidence that it was a well. In any case, excav
of a well is not necessarily a response to drought. If the pit
represent digging in response to a lowered water table,
ever, it could represent a short (one season) dry spell. Th
although interesting, is far from unequivocal evidence
regional drought.

Eolian deposits in the draws are also evidence for dr
from Clovis to Folsom and later times. Eolian sediments a
common component of the valley fill in the region, usually
a valley-margin or upland facies (Holliday, 1995a). The ol
dated eolian deposits (based on radiocarbon or artifact a
ations) in or along the draws are ca. 11,00014C yr B.P. or a
little younger (i.e., latest Clovis or Folsom age) (Fig.
Radiocarbon ages or artifacts recovered from the Burns,
body, Marks Beach, Lubbock Landfill, Lubbock Lake, a
Seminole Rose sites suggest that additional eolian sedim
tion began after 10,00014C yr B.P., with substantial accum
lation after 950014C yr B.P. (Fig. 2).

Upland eolian sand on the Southern High Plains is foun
three west-to-east-trending dune fields (Fig. 1) and in lune
The dunes are stratified, and buried soils are common
dunes typically contain three or four separate eolian
(Green, 1961; Holliday, 1995b, 1997a). The oldest eolian
tum in each of the three dune fields is a layer of sand, depo
as a sand sheet or low-relief dune, usually,1 m thick and with

Bt horizon that rests uncomformably on older noneo
eposits. The dunes have long been known to be ric
rchaeological material, particularly Paleoindian rem
Pearce, 1938; Fritz and Fritz, 1940; Polyak and Willia
986; Holliday, 1997a). Twelve Paleoindian sites assoc
ith the oldest eolian unit in the dunes were investigated.
ith Clovis artifacts are rare in this unit; almost all compon
re younger, with Folsom artifacts being especially comm
ost sites (Fig. 2). The common association of Folsom

ounger artifacts with a sheet sand, as well as the absen
lovis material, suggests that the oldest layer is Folsom a
ounger. An alternative explanation is that these sites si
ere not inhabited by Clovis occupants. Evidence that
olian sheet sands are no older than Folsom age, howe
vailable from the Clovis site proper. Boldurian (199
aynes (1995), and Holliday (1995a) report a Folsom
pland eolian layer, identical to the one at the other Fo

ocalities in dunes. No upland Clovis-age eolian deposit
ood stratigraphic control is known in the area, although
is occupation here was extensive and is well-docume
Hester, 1972). Moreover, no Clovis-age eolian sediment
eported from the uplands of the Southern High Plains.

Lunettes accreted episodically throughout the late Ple
ene and Holocene, indicating fluctuating water levels in
djacent playas (Holliday, 1997b). Under wet condit
layas did not deflate, the adjacent lunettes were stable
e
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oils formed, whereas under drier conditions the playas
ubject to deflation, which would result in dune sedimenta
adiocarbon ages from five sites (Fig. 1) show that during
aleoindian period there were probably several cycles o
ette sedimentation and stability (Holliday, 1997b). The L
ock Lake lunette contains evidence of at least two cycle
tability–sedimentation–stability: ca.,12,000 to.830014C yr

B.P. and,8300 to.670014C yr B.P. The Little Bluitt lunett
accreted sometime before and after ca. 10,60014C yr B.P., and
both the Bluitt Cemetery and the Bently West lunettes w
active shortly before and shortly after ca. 790014C yr B.P. The
Texzona lunette went through at least one cycle betw
,11,600 and.800014C yr B.P. The data from lunettes do n
directly address the issue of Clovis drought vs Folsom dro
but clearly provide evidence of episodic drought during
Paleoindian occupation of the region.

ISOTOPIC INDICATORS

Stable-carbon isotopes (d13C PDB) in organic matter from
the dated A horizons of buried soils in 10 lunettes and f
dated lacustrine muds in 11 playas (Table 1) allow infere
to be made regarding past vegetation, and hence past en
ments, because there is a strong positive correlation be
temperature and relative abundance of grasses (Teer
Stowe, 1976; Kellyet al., 1993, 1998). Plants of C3 and C4

photosynthetic pathways are broadly indicative of two dis
environments: C4 plants are mainly warm-season grasses
d13C values of29 to 217 (mean of213), whereas the C3
plants include cool season grasses, most aquatic plants, a
trees, withd13C values of222 to232 (mean of227) (Fig. 3).
The trends in late Pleistocene and early Holocene plant
munities are best compared with data for “modern” or
Holocene plant communities in playas and lunettes. Fo
nettes, only three data points are available for the past
years (Fig. 3), but suggest a mix of C3 and C4 plant commu
nities. This interpretation is supported by a regional stud
isotope values for native prairie (Table 2 in Fredlund
Tieszen, 1997). Only one data point is available for the p
(Fig. 3), also indicative of an isotopically mixed plant co
munity. This is supported by descriptions of the plant com
nities growing in modern undisturbed playas (Reed, 1
Rowell, 1971), which indicate a mixed C3 and C4 grass com
munity.

The well-drained, exposed lunettes and more poorly dra
playa floors are very different settings and each prob
contained different vegetation assemblages, precluding m
ingful comparison of specific isotopic values. The playa ba
also may contain some organic matter washed in from the
margins, whereas the lunettes probably have a record ofin situ
egetation. Some organic matter may have been deflated
he basins and redeposited on lunettes, but this would
een during dune accretion and most if not all of the rede

ted organic matter would have been oxidized prior to the
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VANCE T. HOLLIDAY6
phase of dune stability and soil formation. Comparison
specific points in time also are difficult owing to the distri
tion of radiocarbon ages. Substantial changes in vege
through time due to climate change, however, are appare
a comparison of broad isotopic trends (Fig. 3).

In the lunettes there was a gradual shift toward lig
(lower) isotopic values from 25,000–15,00014C yr B.P. (i.e.
from C4-dominated grass to C3-dominated grasses). Isoto
values for the period 15,000–800014C yr B.P. are variable
including both heavier and lighter values 15,000–13,00014C yr

.P., but generally heavier values 12,000–10,00014C yr B.P.
(based on only two data points), and a shift back to lig
values 10,000–800014C yr B.P. (also based on only a few d
points). At ca. 800014C yr B.P. there was another shift
elatively heavier values. The lunette data show a gra
ncrease in plants favoring cooler, temperate environment
robably an increase in effective moisture 25,000–15,0014C
r B.P. The isotopic variability for the period 15,000–13,

14C yr B.P. may be indicative of fluctuating environme
followed by warmer conditions until 10,00014C yr B.P. and
then a return to a cooler environment until 800014C yr B.P.

The isotope data from the playa sediments for the perio
20,000–800014C yr B.P. suggest a marked shift from hea
to lighter values 20,000–12,00014C yr B.P., back to heavie
values ca. 12,000–900014C yr B.P., and then a return

FIG. 2. Archaeological sites on the Southern High Plains (located in
sites; AB25 Anderson Basin No. 2). The shading indicates the presenc
time period (vertical axis), although episodes of eolian deposition prob
associated radiocarbon ages. The sites are grouped by geomorphic set
Paleoindian chronology follows Holliday (1997a), which also contains dis
(Haynes and Agogino, 1966; Haynes, 1975, 1995; Hayneset al.,1999), Lubbo
Meltzer, 1996), and Plainview (Hollidayet al., 1999).
f

on
in

r

r

al
nd

,

a.
r

heavier values 9000–700014C yr B.P. The data points for th
late Pleistocene from the playas are broadly similar to t
from the lunettes although indicating cooler conditi
14,000–11,00014C yr B.P. The two different data sets do
provide the same temporal coverage, but a reasonable
pretation is that vegetation on the floors of playa basins
not have been as sensitive to short-term environmental ch
other than decreasing in density during brief dry phases.

The data from both lunettes and playas for the pe
11,000–700014C yr B.P. show considerable fluctuation
isotopic trends, suggestive of environmental fluctuations
tween cooler and warmer conditions. The most dramatic
is the one toward heavier isotopic values 11,000–10,00014C yr
B.P., indicative of relatively warm conditions during the F
som occupation. During the preceding Clovis occupation,
data point from a lunette suggests that the warm trend
underway, but the single Clovis-age isotope sample fro
playa indicates that cool-season plants persisted. Perha
nettes, being well drained and topographically higher tha
surrounding terrain, warmed more quickly than playa ba
Alternatively, perhaps the warming trend began with a seri
temperature fluctuations during Clovis time. A similar cont
in isotope trends, also based on only one data point each f
two settings, is apparent for the period 10,000–900014C yr
B.P. The lunettes either stayed warmer later or the p

. 1) with Paleoindian-age eolian deposits (Wm/Miln5 Williamson and Milnesan
f eolian sediments with associated archaeological material representin
represent much shorter time intervals. Eolian deposits in sites denoted by * have

. Sites identified as “dune/draw” are in dunes along the margins of draw. 1). The
ssions of all sites. Additional information is available for the following sites: Clovis
Lake (Stafford, 1981; Holliday, 1985; Johnson, 1987b), Midland (Hollida
Fig
e o

ably
ting
cu
ck



ol

wa
o
alle
ati
en
87

en
ro
e

llow
e
d

1 C

is
lai

ture
early
iod.
first
f the
trati-
sser
ed to

be-
r

com-
omi-
and
g
and

tiga-
the
enta-
g of

gional

he Southern
gh Plai

EPISODIC DRYING DURING THE FOLSOM DROUGHT 7
witnessed more temperature fluctuations. Relatively co
conditions apparently existed from 9000–800014C yr B.P. The
isotopic data from the lunettes indicates a dramatic shift to
warmer conditions at ca. 800014C yr B.P., almost identical t
a trend apparent in isotopic data from late Quaternary v
fills (Holliday, 1995a) that coincides with independent str
graphic and paleontological evidence of middle Holoc
warming and drying (Holliday, 1989, 1995a,b; Johnson, 19
Johnson and Holliday, 1986).

The stable-C isotope values also provide additional evid
that the Southern High Plains was not covered by conife
forest in terminal Pleistocene and early Holocene times (W
dorf, 1961, 1970; Wendorf and Hester, 1975). All trees fo
the C3 photosynthetic pathway and haved13C values in th
range of 224 to 228‰. All of the values for the perio

1,000–900014C yr B.P. are heavier and most are not in the3
range (Table 1, Fig. 3).

DISCUSSION AND CONCLUSIONS

Lacustrine, palustrine, and eolian sediments, stable-C
topes, and paleontology indicate that the Southern High P

FIG. 3. Values for stable-carbon isotopes from late Pleistocene and
High Plains (modified from Fig. 5.3 in Holliday, 1997a). Shading indica
er

rd

y
-
e
a;

ce
us
n-

o-
ns

was subjected to significant, rapid fluctuations in tempera
and moisture in the last millennia of the Pleistocene and
millennia of the Holocene, including the Paleoindian per
The aridity characteristic of the middle and late Holocene
appeared as episodes of drought in the last millennia o
Pleistocene and earliest millennia of the Holocene. The s
graphic record from dune fields and draws, and to a le
extent from lunettes, indicates that the region was subject
several periods of wind erosion and eolian sedimentation
tween ;11,000 and;8000 14C yr B.P., but evidence fo
drought during Clovis time (;11,200–10,90014C yr B.P.) is
sparse. Data from stable-C isotopes show that the grass
munities shifted between dominantly cool-season and d
nantly warm-season species beginning in Clovis time
continuing until ;9000 14C yr B.P., but with a very stron
influence from warm-season grasses during Folsom time
no evidence of boreal forest, as proposed by earlier inves
tors. The drying, probably linked to warming, destabilized
landscape and resulted in wind erosion and eolian sedim
tion. This eolian sedimentation also marked the beginnin
construction of the dune fields of the region.

The earliest and best-documented phase of marked re

ly Holocene contexts in lunettes (from Holliday, 1997b) and playas on t
the approximate duration of the Folsom occupation of the Southern Hins.
ear
tes
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VANCE T. HOLLIDAY8
drying and widespread eolian sedimentation occurred bet
10,900 and 10,20014C yr B.P. and was largely coincident w
the Folsom occupation of the region. Evidence for sand s
dating to this time is found throughout the western portio
the Southern High Plains. The draws also began to unde
marked hydrologic change from flowing water to stand
water. This hydrologic shift in the draws evolved over m
than a millennium (11,000–950014C yr B.P.) and produced a
asynchronous stratigraphic record (Holliday, 1995a).
change was first manifested sedimentologicaly at three m
springs (Clovis, Lubbock Lake, and Mustang Spring) at or
after 11,00014C yr B.P. with an abrupt change from alluviat
to lacustrine sedimentation. Eolian sediments also beg
accumulate in some reaches of the draws during the 11,
10,00014C yr B.P. interval. The stable-C isotopes also pro

vidence, albeit limited, of a shift to warmer conditions at
ime. Several more phases of drying followed the Fol
eriod, but they are not as well dated or as apparent s
raphically. There was probably one between 10,000 and

14C yr B.P. and another around or after 900014C yr B.P.
Limited stable-C data suggest that there was a shift to rela
cooler conditions during all or part of the period 10,000–8
14C yr B.P. At ca. 800014C yr B.P. the entire region w
subjected to the warmer and drier conditions that characte
the middle Holocene “Altithermal” period.

Paleobiological studies at several localities in the re
provide further clues to the shifting environments of the
leoindian period. The microvertebrate record from Lubb
Lake clearly shows a significant ecological change at 11
14C yr B.P., with cooler, wetter conditions in Clovis tim
shifting to relatively warmer, drier, and more seasonal co
tions in Folsom time (Johnson, 1986, 1987a,c). Mollu
(Neck, 1995), and particularly diatoms (Winsborough, 19
from a number of draw localities provide evidence of flu
ating ponds and marshes between 11,000 and 800014C yr B.P.
The chronometric resolution of these records is low, bu
diatoms suggest a period of higher water and possibly mo
conditions sometime between 10,500 and 950014C yr B.P.,

erhaps separating the Folsom and earliest post-Folsom
ode of regional dessication.
The drought conditions on the Southern High Plains du

he Folsom occupation are not comparable to aridity of
iddle Holocene or the droughts of historic time. Drought
ridity are not synonymous terms. In a relative sense, how
and drought is a relative condition), drought prevailed du
he Folsom and subsequent late Paleoindian time compa
onditions during the earlier Clovis period. Water was flow
n most draws until;11,000 14C yr B.P. At that time th
hydrology of the draws began to change; lakes, ponds
marshes abruptly replaced streams. At least twice during
som time lakes with water several meters deep disapp
from the draws and temporarily were replaced with sha
ponds or marshes. Beginning;10,000 14C yr B.P., the lake
and ponds began to fall permanently, leaving marshes. O
en
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uplands, sand sheets began to form beginning;10,90014C yr
B.P. and spread episodically until the early Holocene, w
they evolved into dune fields. In the draws, these pulse
eolian sediment interfinger with the lacustrine and palus
deposits.

The recognition of drought episodes during the early hu
occupation of the Southern High Plains raises the issu
human adaptation to the changing environment. The arc
logical record at this point provides some clues. Most of
intensively studied Folsom sites in the region within situ
features are kill/butchering locales (Holliday, 1997a). Th
features include bone beds at the Lubbock Lake and C
archaeological sites found within diatomite (Hester, 1972;
liday, 1985; Johnson, 1987b) and formed during marshy,
water phases (butchering would be unlikely in standing wa
Therefore, the drought conditions apparently did not im
bison populations significantly. Likewise, human predatio
bison, which occurred prior to, throughout, and after
period, appears to be unaffected by the local climatic s
However, the high archaeological visibility of bison rema
may mask the fact that additional resources were incorpo
into the diet in response to archaeologically undetectable
tuations in bison numbers. Overall, archaeological evid
does not suggest a major decline in human populatio
resources during drought episodes of the Folsom period.

The potential lack of an obvious adaptive respons
drought may be related to the intensity and duration of
drought. Conditions were only temporarily drier, but water
still available. This was not a drought of the magnitude of
middle Holocene “Altithermal” when groups responded to
disappearance of surface water by digging wells, broade
the diet to include more plant resources, and even aband
local areas (Johnson and Holliday, 1986; Meltzer, 1995, 1
Moreover, given that Folsom Paleoindian groups were am
the earliest occupants of the region, their population de
may have been relatively low and the demand for resou
was not as great as that during the Holocene.

Interpretations of Paleoindian environments on the Sou
High Plains have evolved considerably since they were
proposed more than 60 years ago. A recent revision of
interpretations is Haynes’ (1991, 1993) proposal for a Cl
drought, followed by a return to cooler, wetter condition
Folsom time. A reasonable assumption to follow from
hypothesis is that evidence for a regional drought on
Southern High Plains should be manifested by Clovis
eolian deposits. The Clovis Drought hypothesis is base
stratigraphic data from the southwestern United States, in
ing two localities on the Southern High Plains: the Clovis
Miami archaeological sites. The stratigraphic interpretatio
Clovis are equivocal, however, as discussed above, an
eolian layer at Miami actually predates the Clovis level (H
liday et al., 1994; Holliday, 1997a). The geochronology a
tratigraphy of the Midland site were reinvestigated and
tantially revised (Holliday and Meltzer, 1996). The site
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EPISODIC DRYING DURING THE FOLSOM DROUGHT 9
typical of other draw localities in the region, containing e
dence for reduced discharge from pre-Folsom through Fo
time (Holliday, 1995a). There is no evidence for Clovis-
wind deflation or eolian sedimentation. Moreover, archaeo
ical sites in the region with Clovis artifacts and Clovis-
sediments typically are associated with depositional env
ments characteristic of wetter conditions (e.g., peren
streams, alluviation, and more energetic spring disch
compared to Folsom-age and younger sediments charact
by depositional environments associated with relatively
conditions (e.g., standing water or absence of surface
altogether, lower spring discharge or seeps, and eolian
mentation). Clovis time, in all probability, was the “wettest”
any Paleoindian period, at least in terms of runoff and sp
discharge. The Folsom period, in contrast, was the ea
episode of regional wind erosion and eolian deposition
may have been the warmest of Paleoindian times.

A broadly similar stratigraphic and paleoenvironme
record for the period 12,000–800014C yr B.P. is apparen
elsewhere on the Great Plains. Some Paleoindian-age
deposition is documented in western Oklahoma (Thurm
and Wyckoff, 1998). On the Colorado Piedmont and H
Plains of eastern Colorado, Clovis artifacts are reporte
association with alluvium or indicators of high-water-ta
conditions (e.g., Holliday, 1987b; Reider, 1990; McFaulet al.,
1994; Hayneset al.,1998). Some younger occupations are
associated with these conditions, especially along the S
Platte River (McFaulet al., 1994; Hayneset al., 1998), bu
beginning with the Folsom period, Paleoindian sites are
creasingly associated with eolian deposits (e.g., Roberts,
Malde, 1960; Agogino and Parrish, 1971; Reider, 1990;
Faulet al.,1994). Some of the extensive sheet sands and
sands in eastern Colorado probably were emplaced ca. 1
14C yr B.P., and locally eolian deposition may have contin
until 9000 14C yr B.P. (Madole, 1995; Muhset al., 1996).

oess was also deposited in eastern Colorado bet
11,000 and 900014C yr B.P. under warming conditio

Muhs et al., in press). Farther east, a component of
ebraska Sand Hills probably formed between 11,000
0,00014C yr B.P. (Swinehart, 1989; Loopeet al.,1995; May

et al.,1995; Muhset al.,1999). High-resolution paleobotanic
or paleontological records for the terminal Pleistocene
early Holocene on the Great Plains are rare, but Fredlun
Tieszen (1997), using isotope and phytolith analyses, show
the Black Hills region underwent rapid warming betw
11,000 and 900014C yr B.P.

The paleoclimatic significance of some of the eolian dep
on the Central Plains and Rolling Plains is difficult to ass
however. Many of the localities are near major draina
which probably provided an abundant supply of sand (e.g
South Platte and Red rivers) (e.g., Muhset al.,1996, p. 147) o
are located in proximity to extensive sand sources (e.g
Ogallala Formation in western Oklahoma) (Thurmond
Wyckoff, 1998). However, regional aridity almost certai
-
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accounted for sediment movement in some of the large
fields (Muhset al., 1996, Muhset al., 1999).

Several archaeological sites on or along the fringes o
northern High Plains (Lindenmeier, CO, Hell Gap, WY,
Lange-Ferguson, SD) are mentioned in support of the C
Drought hypothesis (Haynes, 1993, p. 231–232). The
contain evidence of Clovis-age erosion (interpreted as a
dicator of aridity) followed by formation of a Folsom-age “w
meadow soil” (interpreted as a return to more stable w
conditions). The interpretations are equivocal. The Clovis
erosion could be the result of wetter conditions and incre
runoff followed by drier Folsom-age conditions with mars
forming where water once flowed. Or the erosion and stab
could represent a geomorphic cycle unrelated to clima
induced by environmental instability in Clovis or pre-Clo
time.

In other areas of the eastern Great Plains, evidence su
that during the last millennia of the Pleistocene and the
millennia of the Holocene the landscape was stable and
riencing pedogenesis and that environmental conditions
generally cooler and moister than today, although they
gradually warming and drying (Martin, 1993; Humphrey
Ferring, 1994; Nordtet al.,1994; Valero-Garce´s et al.,1997).

orman et al. (1995, p. 46), drawing on various lines
vidence, emphatically state that “eolian activity ceased i
id-continental U.S. between ca. 12,000 and 9000 [14C] yr

B.P.” This generalization, however, is based on a very lim
number of localities studied in eastern Colorado and con
with other studies in that area and western Nebraska (S
hart, 1989; Loopeet al., 1995; Madole, 1995; Muhset al.,
1996, 1999, in press).

Rapid climatic oscillations apparently coincided with
collapse of the last Pleistocene ice sheets (Dansgaardet al.,
1989; Stuiveret al., 1995), but most of the evidence for the
limate shifts comes from high latitudes or the western
astern margins of North America (e.g., Allen and Ander
993; Bensonet al., 1997; Yu and Eicher, 1998). The d
resented in this paper are the first from the Great Plai
uggest that this mid-latitude, continental region was
ubjected to rapid fluctuations in climate in late-glacial tim
n particular, the eolian activity documented for 10,90
0,20014C yr B.P. on the Southern High Plains coincided w

the Younger Dryas climate episode, the subject of much
cussion in recent Quaternary paleoclimate literature (
Berger, 1990; Broecker, 1992, 1995; Mayewskiet al., 1993;
Anderson, 1997). How the Younger Dryas affected the G
Plains, if at all, is far from clear, however. Although
Folsom-age eolian activity coincides in time with the Youn
Dryas, the Folsom period was probably drier (and warm
than the preceding Clovis period or the succeeding late
leoindian period. As yet, no evidence has been foun
Younger Dryas-style cooling on the Southern High Pl
11,000–10,00014C yr B.P.

The stratigraphic and isotopic data refine the chronolog
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VANCE T. HOLLIDAY10
late Pleistocene and early Holocene environmental chan
the Southern High Plains and contradict some previous re
structions, particularly the ideas for a Clovis-age drought a
Folsom-age boreal forest. The environmental conditions i
region during the Paleoindian occupation clearly were un
any other time in the late Pleistocene or in the Holocene.
final millennia of the Pleistocene became significantly war
and drier than the preceding part of the late Pleistocene
probably triggered shifts in vegetation that destabilized
sandy substrate and led to formation of three dune fields.
drought was the first step in late Quaternary desiccation o
Southern High Plains which culminated, in the middle H
cene, with the most severe aridity in the geologic record o
region.

ACKNOWLEDGMENTS

This study was funded by the National Science Foundation (EAR-9218
Garry Running, James Jordan, and Jemuel Ripley provided valuable fie
laboratory assistance. Tom Bouton and William Johnson helped with so
the isotope data. I thank Dave Meltzer, Pegi Jodry, Jack Hofman, and
Johnson for valuable discussions of Great Plains drought and human a
tions. Various versions of the manuscript benefited from reviews by Me
and Johnson, as well as Bruce Huckell, Dan Muhs, and Lee Nordt.

REFERENCES

Agogino, G. A., and Parrish, A. (1971). The Fowler–Parrish site: A Fo
campsite in eastern Colorado.Plains Anthropologist16, 111–114.

Allen, B. D., and Anderson, R. Y. (1993). Evidence from western N
America for rapid shifts in climate during the last glacial maximum.Science
260,1920–1923.

Anderson, D. E. (1997). Younger Dryas research and its implication
understanding abrupt climate change.Progress in Physical Geography21,
230–249.

Benson, L., Burdett, J., Lund, S., Kashgarian, M., and Mensing, S. (1
Nearly synchronous climate change in the Northern Hemisphere duri
last glacial termination.Nature388,263–265.

Berger, W. H. (1990). The Younger Dryas cold spell—A quest for ca
Palaeogeography, Palaeoclimatology, Palaeoecology89, 219–237.

Boldurian, A. (1990). Lithic technology at the Mitchell Locality of Blackwa
Draw. Plains Anthropologist Memoir24.

Bozarth, S. (1995). Fossil biosilicates.In “Stratigraphy and Paleoenvironme
of Late Quaternary Valley Fills on the Southern High Plains” (V.
Holliday), pp. 47–50.Geological Society of America Memoir,Vol. 186.

Broecker, W. S. (1992). Defining the boundaries of the late glacial is
episodes.Quaternary Research38, 135–138.

Broecker, W. S. (1995). “The Glacial World According to Wally.” Eldig
Press, Palisades, NY.

Bryant, V. M., Jr., and Schoenwetter, J. (1987). Pollen records from
Lubbock Lake site.In “Lubbock Lake: Late Quaternary Studies on
Southern High Plains” (E. Johnson, Ed.), pp. 36–40. Texas A&M U
Press, College Station.

ryant, V. M., Jr., Holloway, R. G., Jones, J. G., and Carlson, D. L. (19
Pollen preservation in alkaline soils of the American Southwest.In “Sedi-
mentation of Organic Particles” (A. Traverse, Ed.), pp. 47–58. Camb
Univ. Press, New York.

otter, J. L. (1937). The occurrence of flints and extinct animals in pl
deposits near Clovis, New Mexico, part IV: Report on excavation a
on
n-
a
e
e
e
r
nd
e
is

he
-
e

).
nd
of
en
pta-
er

or

).
he

s.

e

e

.

).

e

l
e

gravel pit, 1936.Proceedings of the Philadelphia Academy of Nat
Sciences90, 2–16.

ansgaard, W., White, J. W. C., and Johnson, S. J. (1989). The
termination of the Younger Dryas climate event.Nature339,532–534.

elch, R. E. (1978). Drought: Characteristics and assessment.In “North
American Droughts” (N. J. Rosenberg, Ed.), pp. 25–42. American As
ation for the Advancement of Science, Westview Press, Boulder.

iedel, S. J. (1999). Older than we thought: Implications of corrected dat
Paleoindians.American Antiquity64, 95–115.

orman, S. L., Goetz, A. F. H., and Yuhas, R. H. (1992). Large-scale stab
dunes on the High Plains of Colorado: Understanding the landsca
sponse to Holocene climates with the aid of images from space.Geology20,
145–148.

orman, S. L., Oglesby, R., Markgraf, V., and Stafford, T. W. (1995). P
climatic significance of Late Quaternary eolian deposition on the Pied
and High Plains, Central United States.Global and Planetary Change11,
35–55.

redlund, G. G., and Tieszen, L. L. (1997). Phytolith and carbon iso
evidence for late Quaternary vegetation and climate change in the so
Black Hills, South Dakota.Quaternary Research47, 206–217.

rison, G. C. (1991). “Prehistoric Hunters of the High Plains,” 2nd
Academic Press, San Diego.

ritz, W. C., and Fritz, B. (1940). Evidence of the Folsom culture in the
dunes of western Texas.Bulletin of the Texas Archaeological and Pale
tological Society12, 217–222.

reen, F. E. (1961). The Monahans Dunes area.In “Paleoecology of the Llan
Estacado” (F. Wendorf, Ed.), pp. 22–47.The Museum of New Mexico Pre
Publication of the Fort Burgwin Research Center,Vol. 1.

reen, F. E. (1962). The Lubbock Reservoir site.The Museum Journal(West
Texas Museum Association)6, 83–123.

Haas, H., Holliday, V. T., and Stuckenrath, R. (1986). Dating of Holo
stratigraphy with soluble and insoluble organic fractions at the Lub
Lake archaeological site, Texas: An ideal case study.Radiocarbon28,
473–485.

Hall, S. A. (1995). Pollen.In “Stratigraphy and Paleoenvironments of L
Quaternary Valley Fills on the Southern High Plains” (V. T. Holliday),
53–54.Geological Society of America Memoir,Vol. 186.

Hall, S. A., and Valastro, S. (1995). Grassland vegetation in the Southern
Plains during the last glacial maximum.Quaternary Research44,237–245

Haynes, C. V., Jr. (1975). Pleistocene and Recent stratigraphy.In “Late
Pleistocene Environments of the Southern High Plains” (F. Wendor
J. J. Hester, Eds.), pp. 57–96.Publication of the Fort Burgwin Resear
Center,Vol. 9.

Haynes, C., V., Jr. (1991). Geoarchaeological and paleohydrological ev
for a Clovis-age drought in North America and its bearing on extinc
Quaternary Research35, 438–450.

Haynes, C. V., Jr. (1992). Contributions of radiocarbon dating to the geo
nology of the peopling of the New World.In “Radiocarbon After Fou
Decades: An Interdisciplinary Perspective” (R. E. Taylor, A. Long, and
Kra, Eds.), pp. 355–374. Springer-Verlag, New York.

Haynes, C. V., Jr. (1993). Clovis–Folsom geochronology and climatic ch
In “From Kostenki to Clovis: Upper Paleolithic–Paleo-Indian Adaptatio
(O. Soffer and N. D. Praslov, Eds.), pp. 219–236. Plenum Press, New

Haynes, C. V., Jr. (1995). Geochronology of paleoenvironment change,
type site, Blackwater Draw, New Mexico.Geoarchaeology10, 317–388.

aynes, C. V., Jr., and Agogino, G. A. (1966). Prehistoric springs
geochronology of the Clovis site, New Mexico.American Antiquity31,
812–821.

aynes, C. V., Jr., Beukens, R. P., Jull, A. J. T., and Davis, O. K. (1992).
radiocarbon dates for some old Folsom sites: Accelerator technology.In “Ice



, p
rad

98)
, C

H er
wel
rica

H Site
ter,

H
J.

ch

H ite

H ore

H olo

H ains

H Qua
f

H Hig
289

H Hig

H s o

H so
er-
l

H land

H 94)
the

H igra
Hig

H ioca
ltur
t

H ioca

H rbon
age

H

H latest

J ents on

J
.), pp.

J n the

J ry
Texas

J ake.

K tope
l

K and
r and

L med
trols
f

L d.
ew
n

M eolian

M ger,

M Colo-

M graphy
e

M es of

M Late
Sand

arts
nser-

M n,
ere

M oar-
.

M stang

M l cli-

EPISODIC DRYING DURING THE FOLSOM DROUGHT 11
Age Hunters of the Rockies” (D. J. Stanford and J. S. Day, Eds.)
83–100. Denver Museum of Natural History and Univ. Press of Colo
Denver.

Haynes, C. V., Jr., McFaul, M., Brunswig, R. H., and Hopkins, K. D. (19
Kersey–Kuner terrace investigations at the Dent and Bernhardt sites
orado.Geoarchaeology13, 201–218.

aynes, C. V., Jr., Stanford, D. J., Jodry, M., Dickenson, J., Montgom
J. L., Shelley, P. H., Rovner, I., and Agogino, G. A. (1999). A Clovis
at the type site 11,500 B.C.: The oldest prehistoric well in Ame
Geoarchaeology14, 455–470.

ester, J. J. (1972). “Blackwater Locality No. 1: A Stratified Early Man
in Eastern New Mexico.”Publication of the Fort Burgwin Research Cen
Vol. 8.

ester, J. J. (1975). Paleoarchaeology of the Llano Estacado.In “Late Pleis-
tocene Environments of the Southern High Plains” (F. Wendorf and
Hester, Eds.), pp. 247–256.Publication of the Fort Burgwin Resear
Center,Vol. 9.

olliday, V. T. (1985). Archaeological geology of the Lubbock Lake s
Southern High Plains of Texas.Geological Society of America Bulletin96,
1483–1492.

olliday, V. T. (1987a). Re-examination of late-Pleistocene boreal f
reconstructions for the Southern High Plains.Quaternary Research28,
238–244.

olliday, V. T. (1987b). Geoarchaeology and late Quaternary geomorph
of the middle South Platte River, northeastern Colorado.Geoarchaeology2,
317–329.

olliday, V. T. (1989). Middle Holocene drought on the Southern High Pl
Quaternary Research31, 74–82.

olliday, V. T. (1995a). “Stratigraphy and Paleoenvironments of Late
ternary Valley Fills on the Southern High Plains.”Geological Society o
America Memoir,Vol. 186.

olliday, V. T. (1995b). Late Quaternary stratigraphy of the Southern
Plains.In “Ancient Peoples and Landscapes” (E. Johnson, Ed.), pp.
313. Museum of Texas Tech Univ., Lubbock.

olliday, V. T. (1997a). “Paleoindian Geoarchaeology of the Southern
Plains.” Univ. of Texas Press, Austin.

olliday, V. T. (1997b). Origin and evolution of lunettes on the High Plain
Texas and New Mexico.Quaternary Research47, 54–69.

olliday, V. T., and Gustavson, T. C. (1991). Quaternary stratigraphy and
of the Southern High Plains.In “Quaternary Nonglacial Geology: Cont
minous United States” (R. B. Morrison, Ed.), pp. 479–484.Geologica
Society of America Centennial Special VolumeK-2.

olliday, V. T., and Meltzer, D. J. (1996). Geoarchaeology of the Mid
(Paleoindian) site, Texas.American Antiquity61, 755–771.

olliday, V. T., Haynes, C. V., Jr., Hofman, J. L., and Meltzer, D. J. (19
Geoarchaeology and geochronology of the Miami (Clovis) site, Sou
High Plains of Texas.Quaternary Research41, 234–244.

olliday, V. T., Hovorka, S. D., and Gustavson, T. C. (1996). Lithostrat
phy and geochronology of fills in small playa basins on the Southern
Plains.Geological Society of America Bulletin108,953–965.

olliday, V. T., Johnson, E., Haas, H., and Stuckenrath, R. (1983). Rad
bon ages from the Lubbock Lake site, 1950–1980: Framework for cu
and ecological change on the Southern High Plains.Plains Anthropologis
28, 165–182.

olliday, V. T., Johnson, E., Haas, H., and Stuckenrath, R. (1985). Rad
bon ages from the Lubbock Lake site, 1981–1984.Plains Anthropologist30,
277–291.

olliday, V. T., Johnson, E., and Stafford, T. W. (1999). AMS radioca
dating of the type Plainview and Firstview (Paleoindian) assembl
American Antiquity.
p.
o,

.
ol-

y,
l
.

J.

,

st

gy

.

-

h
–

h

f

ils

.
rn

-
h

r-
al

r-

s.

oward, E. B. (1935). Evidence of Early Man in North America.The Museum
Journal, University of Pennsylvania Museum24, 61–175.

umphrey, J. D., and Ferring, C. R. (1994). Stable isotopic evidence for
Pleistocene and Holocene climatic change in north-central Texas.Quater-
nary Research41, 200–213.

ohnson, E. (1986). Late Pleistocene and early Holocene paleoenvironm
the Southern High Plains (USA).Geographie Physique et Quaternaire40,
249–261.

ohnson, E. (1987a). Paleoenvironmental overview.In “Lubbock Lake: Late
Quaternary Studies on the Southern High Plains” (E. Johnson, Ed
90–99. Texas A&M Univ. Press, College Station.

ohnson, E., Ed. (1987b). “Lubbock Lake: Late Quaternary Studies o
Southern High Plains.” Texas A&M Univ. Press, College Station.

ohnson, E. (1987c). Vertebrate remains.In “Lubbock Lake: Late Quaterna
Studies on the Southern High Plains” (E. Johnson, Ed.), pp. 49–89.
A&M Univ. Press, College Station.

ohnson, E., and Holliday, V. T. (1986). The Archaic record at Lubbock L
Plains Anthropologist Memoir21, 7–54.

elly, E. F., Yonker, C., and Marino, B. (1993). The stable carbon iso
composition of paleosols: And application to the Holocene.Geophysica
Monographs78, 233–239.

elly, E. F., Blecker, S. W., Yonker, C. M., Olson, C. G., Wohl, E. E.,
Todd, L. C. (1998). Stable isotope composition of soil organic matte
phytoliths as paleoenvironmental indicators.Geoderma82, 59–81.

oope, D. B., Swinehart, J. B., and Mason, J. P. (1995). Dune-dam
paleovalleys of the Nebraska Sand Hills: Intrinsic versus climatic con
on the accumulation of lake and marsh sediments.Geological Society o
America Bulletin107,396–406.

undelius, E. L., Jr. (1972). Vertebrate Remains from the Gray SanIn
“Blackwater Locality No. 1: A Stratified Early Man Site in Eastern N
Mexico” (J. J. Hester, Comp.), pp. 148–163.Publication of the Ft. Burgwi
Research Center,Vol. 8.

adole, R. F. (1995). Spatial and temporal patterns of late Quaternary
deposition, eastern Colorado, U.S.A.Quaternary Science Reviews14, 155–
177.

ainguet, M. (1999). “Aridity: Droughts and Human Development.” Sprin
New York.

alde, H. E. (1960). Geological age of the Claypool site, northeastern
rado.American Antiquity26, 236–243.

artin, C. W. (1993). Radiocarbon ages on late Pleistocene loess strati
of Nebraska and Kansas, central Great Plains, U.S.A.Quaternary Scienc
Reviews12, 179–188.

artin, C. W., and Johnson, W. C. (1995). Variation in radiocarbon ag
soil organic matter fractions from late Quaternary buried soils.Quaternary
Research43, 232–237.

ay, D., Swinehart, J. B., Loope, D. B., and Souders, V. (1995).
Quaternary fluvial and eolian sediments: Loup River basin and the
Hills of Nebraska.In “Geologic Field Trips in Nebraska and Adjacent p
of Kansas and South Dakota” (C. A. Flowerday, Ed.), pp. 13–31. Co
vation and Survey Division, Univ. of Nebraska–Lincoln.

ayewski, P. A., Meeker, L. D., Whitlow, S., Twickler, M. S., Morriso
M. C., Alley, R. B., Bloomfield, P., and Taylor, K. (1993). The atmosph
during the Younger Dryas.Science261,195–197.

cFaul, M., Traugh, K. L., Smith, G. D., and Doering, W. (1994). Ge
chaeologic analysis of South Platte River terraces: Kersey, ColoradoGeo-
archaeology9, 345–374.

eltzer, D. J. (1991). Altithermal archaeology and paleoecology at Mu
Springs, on the Southern High Plains of Texas.American Antiquity56,
236–267.

eltzer, D. J. (1995). Modeling the prehistoric response to Altitherma



es”
ock

M rma

M nds
of t

M an,
ast
f

M aat
rnar

M . A
olia

M n, J
Hi

-
, pp

N n-
. T

N Late
on

.

P aile
ty

P ctil
og-

R ins

R nvir
Co

P.
a

R lso
936

R gh
me

R exas

S stin.

S ession
”
hila-

S edge
ins”
t

S f the

S imals
rte-

-

S
n, and

”
coln,

on of

T ng the
e

V nd
lains
chem-

nter,

nt
ds.),

nts of
ch

nts
T.

last

VANCE T. HOLLIDAY12
mates on the Southern High Plains.In “Ancient Peoples and Landscap
(E. Johnson, Ed.), pp. 349–368. Museum of Texas Tech Univ., Lubb

eltzer, D. J. (1999). Human responses to middle Holocene (Altithe
climates on the North American Great Plains.Quaternary Research52,
404–416.

uhs, D. R., and Maat, P. B. (1993). The potential response of eolian sa
greenhouse warming and precipitation reduction on the Great Plains
U.S.A. Journal of Arid Environments25, 351–361.

uhs, D. R., Aleinikoff, J. N., Stafford, T. W., Jr., Kihl, R., Been, J., Mah
S. A., and Cowherd, S. (In press). Late Quaternary loess in northe
Colorado, I: Age and paleoclimatic significance.Geological Society o
America Bulletin.

uhs, D. R., Stafford, T. W., Cowherd, S. D., Mahan, S. A., Kihl, R., M
P. B., Bush, C. A., and Nehring, J. (1996). Origin of the late Quate
dune fields of northeastern Colorado.Geomorphology17, 129–149.

uhs, D. R., Stafford, T. W., Swinehart, J. B., Cowherd, S. D., Mahan, S
Bush, C. A., Madole, R. F., and Maat, P. B. (1997). Late Holocene e
activity in the mineralogically mature Nebraska Sand Hills.Quaternary
Research48, 162–176.

uhs, D. R., Swinehart, J. B., Loope, D. B., Aleinikoff, J. N., and Bee
(1999). 200,000 of climate change recorded in eolian sediments of the
Plains of eastern Colorado and western Nebraska.In “Colorado and Adja
cent Areas” (D. R. Lageson, A. P. Lester, and B. D. Trudgill, Eds.)
71–91.Geological Society of America Field Guide1.

eck, R. W. (1995). Molluscan remains.In “Stratigraphy and Paleoenviro
ments of Late Quaternary Valley Fills on the Southern High Plains” (V
Holliday), pp. 59–67.Geological Society of America Memoir,Vol. 186.

ordt, L. C., Bouton, T. W., Hallmark, C. T., and Waters, M. R. (1994).
Quaternary vegetation and climate changes in Central Texas based
isotopic composition of organic carbon.Quaternary Research41,109–120

earce, W. M. (1938). A survey of the sand-hill camp sites of Lamb and B
Counties.Bulletin of the Texas Archeological and Paleontological Socie8,
184–186.

olyak, V., and Williams, M. (1986). Gaines County Paleo-Indian proje
point inventory and analysis.Transactions of the 21st Regional Archeol
ical Symposium for Southeastern New Mexico and Western Texas25–95.

eed, E. L. (1930). Vegetation of the playa lakes in the Staked Pla
western Texas.Ecology11, 597–600.

eider, R. G. (1990). Late Pleistocene and Holocene pedogenic and e
mental trends at archaeological sites in plains and mountain areas of
rado and Wyoming.In “Archaeological Geology of North America” (N.
Lasca and J. Donahue, Eds.), pp. 335–360.Geological Society of Americ
Centennial Special Volume4.

oberts, F. H. H. (1937). New developments in the problem of the Fo
Complex. Smithsonian Institution Explorations and Field Work in 1
67–74.

ogers, J. D., and Armbruster, J. T. (1990). Low flows and hydrologic drou
In “Surface Water Hydrology” (M. G. Wolman and H. C. Riggs, Eds.). Volu
0–1, pp. 121–130. Geological Society of America Centennial.
.

l)

to
he

ern

,
y

.,
n

.
gh

.

.

the

y

e

of

on-
lo-

m

ts.

owell, C. M. (1971). Vascular plants of the playa lakes of the T
Panhandle and South Plains.The Southwestern Naturalist15, 407–417.

ellards, E. H. (1952). “Early Man in America.” Univ. of Texas Press, Au

ellards, E. H., and Evans, G. L. (1960). The Paleo-Indian cultural succ
in the Central High Plains of Texas and New Mexico.In “Men and Cultures
(A. F. C. Wallace, Ed.), pp. 639–649. Univ. of Pennsylvania Press, P
delphia.

laughter, B. H. (1975). Ecological interpretation of the Brown Sand W
local fauna.In “Late Pleistocene Environments of the Southern High Pla
(F. Wendorf and J. J. Hester, Eds.), pp. 179–192.Publication of the For
Burgwin Research Center,Vol. 9.

tafford, T. W., Jr. (1981). Alluvial geology and archaeological potential o
Texas Southern High Plains.American Antiquity46, 548–565.

tock, C., and Bode, F. D. (1936). The occurrence of flints and extinct an
in pluvial deposits near Clovis, New Mexico, part III: Geology and ve
brate paleontology of the Quaternary near Clovis, New Mexico.Proceed
ings of the Philadelphia Academy of Natural Sciences88, 219–241.

tuiver, M., Grootes, P. M., and Braziunas, T. F. (1995). The GISP2d18O
climate record of the past 16,500 years and the role of the Sun, ocea
volcanoes.Quaternary Research44, 341–354.

Swinehart, J. B. (1989). Wind-blown deposits.In “An Atlas of the Sand Hills
(A. Bleed and C. Flowerday, Eds.), pp. 43–56. Univ. of Nebraska–Lin
Conservation and Survey Division Resource Atlas,Vol. 5.

Teeri, J. A., and Stowe, L. G. (1976). Climatic patterns and the distributi
C4 grasses in North America.Oecologia23, 1–12.

hurmond, J. P., and Wyckoff, D. G. (1998). Late Pleistocene dunes alo
Dempsey Divide, Roger Mills county, Oklahoma.Current Research in th
Pleistocene15, 139–143.

alero-Garce´s, B. L., Laird, K. R., Fritz, S. C., Kelts, K., Ito, E., a
Grimm, E. C. (1997). Holocene climate in the northern Great P
inferred from sediment stratigraphy, stable isotopes, carbonate geo
istry, diatoms, and pollen at Moon Lake, North Dakota.Quaternary
Research48, 359 –369.

Wendorf, F., Ed. (1961). “Paleoecology of the Llano Estacado.”The Museum
of New Mexico Press, Publication of the Fort Burgwin Research Ce
Vol. 1.

Wendorf, F. (1970). The Lubbock Subpluvial.In “Pleistocene and Rece
Environments of the Central Great Plains” (W. Dort and J. K. Jones, E
pp. 23–36. Univ. Press of Kansas, Lawrence.

Wendorf, F., and Hester, J. J., Eds. (1975). “Late Pleistocene Environme
the Southern High Plains.”Publication of the Fort Burgwin Resear
Center,Vol. 9.

Winsborough, B. M. (1995). Diatoms.In “Stratigraphy and Paleoenvironme
of Late Quaternary Valley Fills on the Southern High Plains” (V.
Holliday), pp. 67–82.Geological Society of America Memoir,Vol. 186.

Yu, Z., and Eicher, U. (1998). Abrupt climate oscillations during the
deglaciation in central North America.Science282,2235–2238.


	INTRODUCTION
	SETTING AND METHODS
	STRATIGRAPHIC EVIDENCE
	FIG. 1
	TABLE 1

	ISOTOPIC INDICATORS
	FIG. 2
	FIG. 3

	DISCUSSION AND CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

