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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, how pro-
vide clues to the environment during this time, which includes the
earliest, or Paleoindian period (~11,200-8000 “C yr B.P.) of
human occupation. During the Clovis occupation (~11,200-
10,900 *C yr B.P.), valleys contained perennial streams. This was
followed in Folsom time (10,900-10,200 “C 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 *C yr B.P. Clovis time probably was
the wettest of any Paleoindian period in terms of runoff and spring
discharge. The Folsom period was drier and was the earliest
episode of regional wind erosion and eolian deposition and may
have been the warmest of Paleoindian times. Evidence of a previ-

ously hypothesized “Clovis drought” in this region is
sparse.  © 2000 University of Washington.
Key Words: Southern High Plains; Paleoindian; Clovis;

Folsom; drought.

INTRODUCTION

modern environment of the Great Plains appeared during tl
Paleoindian occupation.

The broad outlines of the environments during the Paleoil
dian occupation of the Southern High Plains emerged froi
interdisciplinary archaeological work conducted in the 1930:
1940s, and 1950s in New Mexico and Texas (e.g., Howar
1935; Sellards, 1952; Sellards and Evans, 1960). Few pale
environmental details were forthcoming, but all investigator
agreed that terminal Pleistocene and earliest Holocene tim
were generally “wetter” or “more moist” and probably cooler
than today, followed by warmer and drier conditions, althoug!
Sellards (1952, p. 152) and Sellards and Evans (1960) rais
the possibility of several wet—dry cycles during Paleoindial
times.

In the late 1950s and early 1960s studies of late Quaterne
environments focused on the evidence, largely from pollen, f
coniferous forest on the Southern High Plains during a coc
wet interval at the close of the Pleistocene, coeval with some |
the Paleoindian occupations (Wendorf, 1961, 1970; Wendo
and Hester, 1975). These interpretations were routinely cited
the literature until the 1980s (Holliday, 1987a) and still show
up in archaeological discussions (e.g., Boldurian, 1990; Fiede
1999), although more recent research provided data that cc
trasted with those of the High Plains Paleoecology Project ar
cast considerable doubt on the reliability of the earlier polle
interpretations (Johnson, 1986, 1987a; Bryant and Schoenw
ter, 1987; Holliday, 1987a, 1995a, 1997a; Hall, 1995; Hall an
Valastro, 1995).

In contrast to the earlier interest in evidence for a “cool an
wet forest,” much recent research has focused on indicators
drought and aridity both in Paleoindian and in post-Paleoindie
times (Holliday, 1989, 1997a; Haynes, 1991, 1993; Meltzel
1991, 1995, 1999). In particular, some evidence was put fo
ward suggesting drought conditions during the Clovis (earlie:

The late-glacial and early postglacial environmental recoRhleoindian) occupation of the region (ca. 11,200—10,400
of the Great Plains has long been the focus of research yoyB.P.) (Haynes, 1991, 1993).
Quaternary scientists. This paper presents data and interpretdhis paper deals with the issue of drought during the P:
tions for terminal Pleistocene and early Holocene enviroteoindian period. Drought is defined most broadly as below
ments on the Southern High Plains that both refine and contragerage precipitation for an extended period of time, causing
with previous interpretations. In particular, evidence is preerious hydrological imbalance (Felch, 1978, pp. 25-26; Ro
sented that significant characteristics of the late Holocerexs and Armbruster, 1990, pp. 126). Put another way, droug
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represents a temporary moisture deficit in relation to averageer, only isotopic data from playa fill and lunette sediment
precipitation (Mainguet, 1999, p. 24). Drought is a temporagre compared and interpreted. In the draws, rapidly changil
condition and is not confined to arid or semiarid regionslepositional environments during the Paleoindian period ir
Aridity, in contrast, is a long-term climatic condition that carhibit meaningful interpretations for this time interval (Holli-
be defined in relation to annual precipitation and potentidhy, 1995a). Other proxy indicators of past environments (er
evapotranspiration (e.g., Mainguet, 1999, p. 25). Paleoindiployed by previous investigators) include phytoliths anc
environments on the Southern High Plains may never hasamains of invertebrate and vertebrate faunas (Stock and Bo

been arid, but could have been prone to drought. 1936; Wendorf, 1961; Lundelius, 1972; Slaughter, 1975; Wer
dorf and Hester, 1975; Johnson, 1986, 1987b; Bozarth, 19¢
SETTING AND METHODS Neck, 1995; Winsborough, 1995). Most of these method:

while successful, have been used on a more geographica

The Southern High Plains subregion of the Great Plains isestricted basis.
vast plateau covering approximately 130,000 KRig. 1). This Age control for the eolian deposits and soils is provided b
semiarid landscape has a virtually featureless, constructiorediocarbon ages or by archaeological correlation. Most radi
surface, formed by deposition of widespread and thick eoli@arbon ages were determined for samples collected from
sediments during the Quaternary (Holliday, 1995b; Hollidayorizons of buried soils in valley fills (Holliday, 1995a) and
and Gustavson, 1991). Low topographic relief on the Highnettes (Holliday, 1997b) or from lacustrine or palustrine
Plains is provided by thousands of small lake basins (“playastiiuds in the valley fill (Holliday, 1995a) or playas (Holliday
about a dozen dry valleys (“draws”) that are tributaries of tha., 1996) (Table 1). Samples collected from the top of a burie
Red, Brazos, and Colorado rivers to the east; and eolian safidhorizon provide a maximum age for overlying sediment:
including sheet sands, dune fields, and lunettes (dunes tftdolliday et al., 1983, 1985; Haast al., 1986; Holliday,
fringe the downwind margin of some playas) (Fig. 1). Th&995a; Martin and Johnson, 1995). Many of the Paleoindic
playas, draws, and dunes are the sites of preserved (and usuatifact types found in association with eolian deposits in bot
stratified) late Quaternary sediments, soils, anditu archae- the dunes and the draws are relatively well dated and serve
ological sites (Hester, 1975; Holliday, 1995b, 1997a). reliable age indicators. The principal artifact types (and the

Reconstructing the history and impact of past climatiage ranges in uncalibratédC yr B.P.) are Clovis (11,200—
changes on the Great Plains has sometimes proven difficl®900), Folsom and Midland (10,900-10,200), Plainview an
because long-term, high-resolution records, such as tree rilgitnesand (10,500-9500), Hell Gap-{0,000-9500), and
and speleothems, are not available anywhere in the regifirstview (9400—8300) or late Paleoindian (10,000-800C
Moreover, the semiarid climate of the Southern High Plair{§rison, 1991; Haynes, 1992, 1993; Haym¢sl., 1992; Hol-
inhibits preservation of regionally extensive and easily recoliday, 1997a; Hollidayet al., 1999).
erable paleoenvironmental indicators such as pollen (Bryant
and Schoenwetter, 1987; Holliday, 1987a; Bryahal., 1994; STRATIGRAPHIC EVIDENCE
Hall and Valastro, 1995). Nevertheless, the well-preserved
stratigraphic record of late Quaternary sediments and soils caThe best-documented stratigraphic evidence for envirol
provide valuable clues to the regional paleoenvironments ameéntal change in the latest Pleistocene and early Holoce
environmental change (Haynes, 1975, 1995; Hollidagpmes from the draws and sand dunes. In the valleys, Clov
1995a,b, 1997a). In particular, eolian sediments on the Grege alluvial deposits are overlain by Folsom-age lacustrine al
Plains are key indicators of minimal vegetation cover and wirghlustrine sediments at the Clovis, Lubbock Lake, and Mu:
erosion resulting from aridity (Formaet al., 1992, 1995; tang Spring sites (Fig. 1) (Cotter, 1937; Sellards, 1952
Muhs and Maat, 1993; Muhet al., 1997). Soils formed in the Sellards and Evans, 1960; Green, 1962; Haynes and Agogir
eolian strata mark periods of more abundant vegetation ab@66; Haynes, 1975, 1995; Stafford, 1981; Holliday, 198E
landscape stability due to relatively moist conditions followind995a; Meltzer, 1991). The contact between these deposits
aridity. Late Quaternary eolian deposits modified by pedogeabrupt but generally conformable. It dates+d1,000™C yr
esis are found in the draws and dunes throughout much of 84>. at Clovis and Lubbock Lake, but is mid-Folsom-age
Southern High Plains and thus can be used to infer past aridity.~10,200"C yr B.P.) at Mustang Spring. Additional evi-

Independent verification of the paleoenvironmental infedence for Folsom-age lacustrine or palustrine conditions fo
ences drawn from the stratigraphic record comes largely frdowing (undated) alluviation is reported for the Tolk, Andersor
stable-carbon isotopes, which have emerged as one of the #asin No. 2, Davis, Lubbock Landfill, and Progress sites o
datable proxies of paleovegetation in semiarid regions like tBéackwater Draw, Edmonson site on Running Water Draw
Southern High Plains. Carbon isotopes in organic matter candoed Mustang Spring and Wroe sites on Mustang Draw (Fig. :
utilized in a wide variety of late Quaternary sediments througlifable 3 in Holliday, 1995a). Lacustrine sedimentation shifte
out much of the Southern High Plains (Holliday, 1995ap palustrine conditions rather abruptly at most sites, based
1997b). To minimize the variables in their interpretation, howstratigraphic evidence, but the timing of the change range
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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 Pleigtocel
Holocene eolian sediments, including Paleoindian archaeological sites (Fig=2Béthel, 2= Barber, 3= Burns, 4= Clovis, 5= Carbody, 6= Anderson Basin
No. 2, 10= Marks Beach, 12= Plainview, 14= Lubbock Landfill, 15= Lubbock Lake, 16= Elida, 17= Ro-16, 18= Williamson and Milnesand, 2% Tatum,

22 = Seminole-Rose, 23 Carley-Archer, 24= Winkler-1, 25= Shifting Sands, 26= Bedford Ranch, 2% Wyche Ranch, 36= Midland); other draw localities
(from Holliday, 1995a) (%= Davis, 8= Progress, $= Tolk, 11 = Edmonson, 28= Mustang Spring, 29- Wroe); and lunettes (from Holliday, 1997b) (¥3Texzona,
15 = Lubbock Lake, 19= Little Bluitt and Bluitt Cemetery, 26= Bently West). Inset shows the location of the Southern High Plains in Texas and New Mexic
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TABLE 1
Radiocarbon Ages and Stable-C Isotopes from Lunettes® and Playas”

Lunette Playa
Age (“C yr B.P) Lab No. 8"C (%o) Age (“C yr B.P.) Lab No. 8C (%)

Bently West Boyd

7965+ 170 A-7868 -21.1 5450+ 165 SMU-2539 -19.8

19,340+ 825/-745 A-7867 -16.9 Brown
Bluit Cemetery 7770 210 SMU-2538 -19.7

7880+ 185/~180 A-6904 -17.9 Clovis

21,865+ 305 A-6903 -12.3 21,140+ 470 SMU-2533 -19.1
Bluit Refinery Elida

13,730+ 130 A-6454 -8.4 3215+ 355/-340 A-7435.1 -17.0

14,740+ 120 A-6453 -7.3 3475+ 100 A-7436 —20.6

15,150+ 150 A-6455 —16.6 4720+ 325/-315 A-7437 -215

16,210+ 510480 A-6910 —18.0 Finney

21,540+ 220 A-6456 -16.2 30,200+ 810 SMU-2681 -23.4
Little Bluit Jorde

10,660+ 245/~235 A-6916 -10.5 16,590+ 510/~480 A-6901 -19.4
Lupton West Lupton East

24,410+ 1280~1100 A-6911 -9.5 17,440+ 840 SMU-2235 -16.8
Peterson Ryan

1000+ 85 A-6908 -14.1 9220+ 220 SMU-2448 -15.9

19,320+ 750/~690 A-6909 -15.7 10,650+ 120 SMU-2447 -16.2
Poverty Hill San Jon

13,800+ 90 A-6457 -19.7 3600+ 205/—~200 A-7440.1 —18.8
Shepard 7570+ 115/~110 A-7865 -20.0

3110+ 45 A-6445 —14.4 8360+ 210/~205 A-7864 —22.6

5500+ 65 A-6446 -16.1 11,450+ 300 A-7438 —27.3
15,040+ 200 A-6447 —22.2 12,510+ 230 A-7439 —28.5
Texzona 13,145+ 315/-305 A-7866 —-27.7

8030+ 65 A-6448 -16.3 Seminole-Rose

9470+ 70 A-6452 —20.6 16,310+ 230 SMU-2342 -15.4

11,670+ 80 A-6449 —14.2 Truett
Tobosa Ranch 6665 190 SMU-2537 -16.3

450+30 A-6913 -17.0

755+ 35 A-6912 -17.8

14,940+ 240 A-6914 -13.0

@ Radiocarbon ages and isotope data from Holliday, 1997b.
® Radiocarbon ages from Hollidast al., 1996.

between 10,500 and 900fC yr B.P. (Holliday, 1995a). Strati- similar case was made for the identical stratigraphic sequen
graphic and paleontologic evidence also shows that there watd ubbock Lake (Holliday, 1985). Stafford (1981) and | botf
several significant fluctuations of water levels (shifting beanterpret the alluvial deposits there as evidence of throug!
tween several meters depth and no standing water) duriit@ving streams resulting from higher runoff and spring dis
accumulation of the lacustrine sediments at a number of locaharge. The erosional contacts within the sands at Clovi
ities between 11,000 and 8506fC yr B.P., including at least interpreted as eolian deflation surfaces by Haynes (199
two Folsom-period low stands (Holliday, 1995a; Winsbort993), could be from alluvial erosion (cutting-and-filling) or
ough, 1995). perhaps represent only the earliest phases of dessication
For the Clovis site proper, Haynes (1991, 1993) proposesnd erosion. The lacustrine and palustrine deposits represe
that erosional disconformities within the Clovis-age alluvieh hydrologic shift to isolated standing water due to decreas
deposits are indicative of eolian deflation during a “Clovisunoff and declining spring discharge. The subsequent sh
drought” and that the overlying lacustrine and palustrine dé~10,000 **C yr B.P.) from lacustrine (standing water) to
posits represent increased effective moisture following tipalustrine (marshy) conditions is interpreted as evidence f
drought. An alternate interpretation is that the change in sembntinued drying and lowering of the water table.
imentation and the resulting stratigraphic break represents dalayneset al. (1999) also describe a “well” at the Clovis site
decreasein effective moisture (Holliday, 1995a, 1997a). Aand offer it as further evidence of drought conditions during th
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Clovis occupation of the site. This writer participated in theoils formed, whereas under drier conditions the playas we
1993 work on the feature. Clearly it is a pit dug by Clovis-agsubject to deflation, which would result in dune sedimentatior
people. Pits can be dug for many reasons, however, and theesliocarbon ages from five sites (Fig. 1) show that during tf
is no clear evidence that it was a well. In any case, excavatiPaleoindian period there were probably several cycles of I
of a well is not necessarily a response to drought. If the pit doestte sedimentation and stability (Holliday, 1997b). The Lub
represent digging in response to a lowered water table, howsck Lake lunette contains evidence of at least two cycles
ever, it could represent a short (one season) dry spell. The ptability—sedimentation—stability: ca.12,000 to>8300"C yr
although interesting, is far from unequivocal evidence fd.P. and<8300 to>6700"C yr B.P. The Little Bluitt lunette
regional drought. accreted sometime before and after ca. 10,600 B.P., and
Eolian deposits in the draws are also evidence for dryirfgpth the Bluitt Cemetery and the Bently West lunettes wer
from Clovis to Folsom and later times. Eolian sediments areaative shortly before and shortly after ca. 7900 yr B.P. The
common component of the valley fill in the region, usually aSexzona lunette went through at least one cycle betwee
a valley-margin or upland facies (Holliday, 1995a). The oldest11,600 and>8000"C yr B.P. The data from lunettes do not
dated eolian deposits (based on radiocarbon or artifact assolaiectly address the issue of Clovis drought vs Folsom drougt
ations) in or along the draws are ca. 11,000 yr B.P. or a but clearly provide evidence of episodic drought during th
little younger (i.e., latest Clovis or Folsom age) (Fig. 2)Paleoindian occupation of the region.
Radiocarbon ages or artifacts recovered from the Burns, Car-
body, Marks Beach, Lubbock Landfill, Lubbock Lake, and ISOTOPIC INDICATORS
Seminole Rose sites suggest that additional eolian sedimenta-
tion began after 10,008C yr B.P., with substantial accumu- Stable-carbon isotope$'{C PDB) in organic matter from
lation after 9500"C yr B.P. (Fig. 2). the dated A horizons of buried soils in 10 lunettes and fror
Upland eolian sand on the Southern High Plains is found dfated lacustrine muds in 11 playas (Table 1) allow inference
three west-to-east-trending dune fields (Fig. 1) and in lunettés.be made regarding past vegetation, and hence past envir
The dunes are stratified, and buried soils are common. Timents, because there is a strong positive correlation betwe
dunes typically contain three or four separate eolian unismperature and relative abundance of grasses (Teeri &
(Green, 1961; Holliday, 1995b, 1997a). The oldest eolian str&towe, 1976; Kellyet al., 1993, 1998). Plants of Land G
tum in each of the three dune fields is a layer of sand, deposif@tbtosynthetic pathways are broadly indicative of two distinc
as a sand sheet or low-relief dune, usuailyy m thick and with environments: Cplants are mainly warm-season grasses wit
a Bt horizon that rests uncomformably on older noneoliadi’C values of—9 to —17 (mean of—13), whereas the C
deposits. The dunes have long been known to be rich prants include cool season grasses, most aquatic plants, anc
archaeological material, particularly Paleoindian remairngees, withs*°C values of—22 to —32 (mean of-27) (Fig. 3).
(Pearce, 1938; Fritz and Fritz, 1940; Polyak and William3he trends in late Pleistocene and early Holocene plant cor
1986; Holliday, 1997a). Twelve Paleoindian sites associatatunities are best compared with data for “modern” or lat
with the oldest eolian unit in the dunes were investigated. Site®locene plant communities in playas and lunettes. For It
with Clovis artifacts are rare in this unit; almost all componentsettes, only three data points are available for the past 15
are younger, with Folsom artifacts being especially commonyars (Fig. 3), but suggest a mix of, @nd G, plant commu-
most sites (Fig. 2). The common association of Folsom andies. This interpretation is supported by a regional study c
younger artifacts with a sheet sand, as well as the absencésofope values for native prairie (Table 2 in Fredlund an
Clovis material, suggests that the oldest layer is Folsom agelaeszen, 1997). Only one data point is available for the play
younger. An alternative explanation is that these sites simglyig. 3), also indicative of an isotopically mixed plant com-
were not inhabited by Clovis occupants. Evidence that timeunity. This is supported by descriptions of the plant commt
eolian sheet sands are no older than Folsom age, howeveniies growing in modern undisturbed playas (Reed, 193l
available from the Clovis site proper. Boldurian (1990)Rowell, 1971), which indicate a mixed;@nd C, grass com-
Haynes (1995), and Holliday (1995a) report a Folsom-ageunity.
upland eolian layer, identical to the one at the other FolsomThe well-drained, exposed lunettes and more poorly draine
localities in dunes. No upland Clovis-age eolian deposit withlaya floors are very different settings and each probab
good stratigraphic control is known in the area, although Clgentained different vegetation assemblages, precluding mee
vis occupation here was extensive and is well-documentiedjful comparison of specific isotopic values. The playa basir
(Hester, 1972). Moreover, no Clovis-age eolian sediments also may contain some organic matter washed in from the ba:
reported from the uplands of the Southern High Plains. margins, whereas the lunettes probably have a recoirdsifu
Lunettes accreted episodically throughout the late Pleisteegetation. Some organic matter may have been deflated frc
cene and Holocene, indicating fluctuating water levels in thie basins and redeposited on lunettes, but this would ha
adjacent playas (Holliday, 1997b). Under wet conditionseen during dune accretion and most if not all of the redepo
playas did not deflate, the adjacent lunettes were stable, dled organic matter would have been oxidized prior to the ne
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FIG. 2. Archaeological sites on the Southern High Plains (located in Fig. 1) with Paleoindian-age eolian deposits (War¥Wiliamson and Milnesand
sites; AB2= Anderson Basin No. 2). The shading indicates the presence of eolian sediments with associated archaeological material representing a
time period (vertical axis), although episodes of eolian deposition probably represent much shorter time intervals. Eolian deposits inesitéy ddrate
associated radiocarbon ages. The sites are grouped by geomorphic setting. Sites identified as “dune/draw” are in dunes along the margins. df)dfidves (F
Paleoindian chronology follows Holliday (1997a), which also contains discussions of all sites. Additional information is available for thegfeltes: Clovis
(Haynes and Agogino, 1966; Haynes, 1975, 1995; Haghat, 1999), Lubbock Lake (Stafford, 1981; Holliday, 1985; Johnson, 1987b), Midland (Holliday ar
Meltzer, 1996), and Plainview (Hollidagt al., 1999).

phase of dune stability and soil formation. Comparisons beavier values 9000—700€C yr B.P. The data points for the
specific points in time also are difficult owing to the distribulate Pleistocene from the playas are broadly similar to thos
tion of radiocarbon ages. Substantial changes in vegetatfoom the Ilunettes although indicating cooler condition:
through time due to climate change, however, are apparentl000—-11,006C yr B.P. The two different data sets do not
a comparison of broad isotopic trends (Fig. 3). provide the same temporal coverage, but a reasonable int
In the lunettes there was a gradual shift toward lightg@retation is that vegetation on the floors of playa basins me
(lower) isotopic values from 25,000-15,06@ yr B.P. (i.e., not have been as sensitive to short-term environmental chang
from C,-dominated grass to &Jominated grasses). Isotopicother than decreasing in density during brief dry phases.
values for the period 15,000—8006C yr B.P. are variable, The data from both lunettes and playas for the perio
including both heavier and lighter values 15,000-13,800/r 11,000-7000%C yr B.P. show considerable fluctuation in
B.P., but generally heavier values 12,000—-10,0@yr B.P. isotopic trends, suggestive of environmental fluctuations b
(based on only two data points), and a shift back to lightéween cooler and warmer conditions. The most dramatic shi
values 10,000—800YC yr B.P. (also based on only a few datas the one toward heavier isotopic values 11,000—-10,80Qr
points). At ca. 8000*C yr B.P. there was another shift toB.P., indicative of relatively warm conditions during the Fol-
relatively heavier values. The lunette data show a gradwsm occupation. During the preceding Clovis occupation, or
increase in plants favoring cooler, temperate environments ateta point from a lunette suggests that the warm trend wi
probably an increase in effective moisture 25,000-15,000 underway, but the single Clovis-age isotope sample from
yr B.P. The isotopic variability for the period 15,000—13,00@laya indicates that cool-season plants persisted. Perhaps
¥“C yr B.P. may be indicative of fluctuating environmentsyettes, being well drained and topographically higher than tt
followed by warmer conditions until 10,000C yr B.P. and surrounding terrain, warmed more quickly than playa basin
then a return to a cooler environment until 800G yr B.P.  Alternatively, perhaps the warming trend began with a series
The isotope data from the playa sediments for the period ¢emperature fluctuations during Clovis time. A similar contras
20,000—-8000“C yr B.P. suggest a marked shift from heaviein isotope trends, also based on only one data point each for t
to lighter values 20,000-12,000C yr B.P., back to heavier two settings, is apparent for the period 10,000-96D yr
values ca. 12,000-9008C yr B.P., and then a return toB.P. The lunettes either stayed warmer later or the peric
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FIG. 3. Values for stable-carbon isotopes from late Pleistocene and early Holocene contexts in lunettes (from Holliday, 1997b) and playas on the &
High Plains (modified from Fig. 5.3 in Holliday, 1997a). Shading indicates the approximate duration of the Folsom occupation of the Southermsligh F

witnessed more temperature fluctuations. Relatively cooleas subjected to significant, rapid fluctuations in temperatu
conditions apparently existed from 9000—86D yr B.P. The and moisture in the last millennia of the Pleistocene and ear
isotopic data from the lunettes indicates a dramatic shift towamdllennia of the Holocene, including the Paleoindian perioc
warmer conditions at ca. 800¢C yr B.P., almost identical to The aridity characteristic of the middle and late Holocene firs
a trend apparent in isotopic data from late Quaternary valleppeared as episodes of drought in the last millennia of tt
fills (Holliday, 1995a) that coincides with independent stratPleistocene and earliest millennia of the Holocene. The stra
graphic and paleontological evidence of middle Holocergraphic record from dune fields and draws, and to a less
warming and drying (Holliday, 1989, 1995a,b; Johnson, 1987axtent from lunettes, indicates that the region was subjected
Johnson and Holliday, 1986). several periods of wind erosion and eolian sedimentation b
The stable-C isotope values also provide additional evidenweeen ~11,000 and~8000 “*C yr B.P., but evidence for
that the Southern High Plains was not covered by coniferodsought during Clovis time~11,200-10,900°C yr B.P.) is
forest in terminal Pleistocene and early Holocene times (Wesparse. Data from stable-C isotopes show that the grass co
dorf, 1961, 1970; Wendorf and Hester, 1975). All trees followunities shifted between dominantly cool-season and don
the G, photosynthetic pathway and hawe’C values in the nantly warm-season species beginning in Clovis time ar
range of —24 to —28%.. All of the values for the period continuing until ~9000 **C yr B.P., but with a very strong
11,000-9000C yr B.P. are heavier and most are not in the Gnfluence from warm-season grasses during Folsom time a

range (Table 1, Fig. 3). no evidence of boreal forest, as proposed by earlier investig
tors. The drying, probably linked to warming, destabilized the
DISCUSSION AND CONCLUSIONS landscape and resulted in wind erosion and eolian sedimen

tion. This eolian sedimentation also marked the beginning ¢
Lacustrine, palustrine, and eolian sediments, stable-C ismnstruction of the dune fields of the region.
topes, and paleontology indicate that the Southern High PlainsThe earliest and best-documented phase of marked regio!
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drying and widespread eolian sedimentation occurred betwagiands, sand sheets began to form beginriig,900*C yr
10,900 and 10,208C yr B.P. and was largely coincident withB.P. and spread episodically until the early Holocene, whe
the Folsom occupation of the region. Evidence for sand she#igy evolved into dune fields. In the draws, these pulses
dating to this time is found throughout the western portion @olian sediment interfinger with the lacustrine and palustrin
the Southern High Plains. The draws also began to undergdeposits.
marked hydrologic change from flowing water to standing The recognition of drought episodes during the early hume
water. This hydrologic shift in the draws evolved over moreccupation of the Southern High Plains raises the issue
than a millennium (11,000-9506C yr B.P.) and produced an human adaptation to the changing environment. The archae
asynchronous stratigraphic record (Holliday, 1995a). Thiggical record at this point provides some clues. Most of th
change was first manifested sedimentologicaly at three majotensively studied Folsom sites in the region with situ
springs (Clovis, Lubbock Lake, and Mustang Spring) at or jutatures are kill/lbutchering locales (Holliday, 1997a). Thes
after 11,000“C yr B.P. with an abrupt change from alluviatiorfeatures include bone beds at the Lubbock Lake and Clov
to lacustrine sedimentation. Eolian sediments also beganatehaeological sites found within diatomite (Hester, 1972; Ho
accumulate in some reaches of the draws during the 11,00@ay, 1985; Johnson, 1987b) and formed during marshy, lov
10,000*C yr B.P. interval. The stable-C isotopes also provideater phases (butchering would be unlikely in standing water
evidence, albeit limited, of a shift to warmer conditions at thisherefore, the drought conditions apparently did not impa
time. Several more phases of drying followed the Folsobsison populations significantly. Likewise, human predation c
period, but they are not as well dated or as apparent strdtison, which occurred prior to, throughout, and after thi
graphically. There was probably one between 10,000 and 9Qf¥Yiod, appears to be unaffected by the local climatic shift
¥“C yr B.P. and another around or after 906@ yr B.P. However, the high archaeological visibility of bison remains
Limited stable-C data suggest that there was a shift to relativehay mask the fact that additional resources were incorporat
cooler conditions during all or part of the period 10,000—8006@to the diet in response to archaeologically undetectable flu
“C yr B.P. At ca. 8000"C yr B.P. the entire region wastuations in bison numbers. Overall, archaeological evidenc
subjected to the warmer and drier conditions that characterizémbs not suggest a major decline in human population
the middle Holocene “Altithermal” period. resources during drought episodes of the Folsom period.
Paleobiological studies at several localities in the region The potential lack of an obvious adaptive response t
provide further clues to the shifting environments of the Parought may be related to the intensity and duration of thi
leoindian period. The microvertebrate record from Lubbodtrought. Conditions were only temporarily drier, but water wa
Lake clearly shows a significant ecological change at 11,080l available. This was not a drought of the magnitude of thi
¥“C yr B.P., with cooler, wetter conditions in Clovis timemiddle Holocene “Altithermal” when groups responded to th
shifting to relatively warmer, drier, and more seasonal condiisappearance of surface water by digging wells, broadenii
tions in Folsom time (Johnson, 1986, 1987a,c). Mollustke diet to include more plant resources, and even abandoni
(Neck, 1995), and particularly diatoms (Winsborough, 19959pcal areas (Johnson and Holliday, 1986; Meltzer, 1995, 199¢
from a number of draw localities provide evidence of fluctuMoreover, given that Folsom Paleoindian groups were amor
ating ponds and marshes between 11,000 and 8@g@r B.P. the earliest occupants of the region, their population densi
The chronometric resolution of these records is low, but tmeay have been relatively low and the demand for resourc
diatoms suggest a period of higher water and possibly moistesis not as great as that during the Holocene.

conditions sometime between 10,500 and 95 yr B.P., Interpretations of Paleoindian environments on the Southe
perhaps separating the Folsom and earliest post-Folsom éfigh Plains have evolved considerably since they were fir:
sode of regional dessication. proposed more than 60 years ago. A recent revision of the

The drought conditions on the Southern High Plains durinigterpretations is Haynes’ (1991, 1993) proposal for a Clovi
the Folsom occupation are not comparable to aridity of tlrought, followed by a return to cooler, wetter conditions ir
middle Holocene or the droughts of historic time. Drought anfolsom time. A reasonable assumption to follow from thi:
aridity are not synonymous terms. In a relative sense, howeVspothesis is that evidence for a regional drought on th
(and drought is a relative condition), drought prevailed duringouthern High Plains should be manifested by Clovis-ag
the Folsom and subsequent late Paleoindian time compare@atian deposits. The Clovis Drought hypothesis is based ¢
conditions during the earlier Clovis period. Water was flowingtratigraphic data from the southwestern United States, inclu
in most draws until~11,000 *C yr B.P. At that time the ing two localities on the Southern High Plains: the Clovis an
hydrology of the draws began to change; lakes, ponds, axiéthmi archaeological sites. The stratigraphic interpretations
marshes abruptly replaced streams. At least twice during F@llovis are equivocal, however, as discussed above, and t
som time lakes with water several meters deep disappeaesdian layer at Miami actually predates the Clovis level (Hol
from the draws and temporarily were replaced with shalloliday et al., 1994; Holliday, 1997a). The geochronology anc
ponds or marshes. Beginning10,000*‘C yr B.P., the lakes stratigraphy of the Midland site were reinvestigated and sul
and ponds began to fall permanently, leaving marshes. On #tantially revised (Holliday and Meltzer, 1996). The site ic
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typical of other draw localities in the region, containing eviaccounted for sediment movement in some of the large du
dence for reduced discharge from pre-Folsom through Folsdields (Muhset al., 1996, Muhset al., 1999).
time (Holliday, 1995a). There is no evidence for Clovis-age Several archaeological sites on or along the fringes of tt
wind deflation or eolian sedimentation. Moreover, archaeologerthern High Plains (Lindenmeier, CO, Hell Gap, WY, anc
ical sites in the region with Clovis artifacts and Clovis-ageange-Ferguson, SD) are mentioned in support of the Clov
sediments typically are associated with depositional enviroDrought hypothesis (Haynes, 1993, p. 231-232). They &
ments characteristic of wetter conditions (e.g., perenniebntain evidence of Clovis-age erosion (interpreted as an i
streams, alluviation, and more energetic spring dischargégator of aridity) followed by formation of a Folsom-age “wet
compared to Folsom-age and younger sediments characterizeshdow soil” (interpreted as a return to more stable wett
by depositional environments associated with relatively drieonditions). The interpretations are equivocal. The Clovis-ac
conditions (e.g., standing water or absence of surface wadeosion could be the result of wetter conditions and increas
altogether, lower spring discharge or seeps, and eolian sadinoff followed by drier Folsom-age conditions with marshe:
mentation). Clovis time, in all probability, was the “wettest” oforming where water once flowed. Or the erosion and stabilit
any Paleoindian period, at least in terms of runoff and sprirguld represent a geomorphic cycle unrelated to climate
discharge. The Folsom period, in contrast, was the earli@stiuced by environmental instability in Clovis or pre-Clovis
episode of regional wind erosion and eolian deposition atiche.
may have been the warmest of Paleoindian times. In other areas of the eastern Great Plains, evidence sugge
A broadly similar stratigraphic and paleoenvironmentdhat during the last millennia of the Pleistocene and the ear
record for the period 12,000—800¢C yr B.P. is apparent millennia of the Holocene the landscape was stable and exy
elsewhere on the Great Plains. Some Paleoindian-age eoli@ncing pedogenesis and that environmental conditions we
deposition is documented in western Oklahoma (Thurmowg@nerally cooler and moister than today, although they we
and Wyckoff, 1998). On the Colorado Piedmont and Higgradually warming and drying (Martin, 1993; Humphrey anc
Plains of eastern Colorado, Clovis artifacts are reported kerring, 1994; Nordet al., 1994; Valero-Garceet al., 1997).
association with alluvium or indicators of high-water-tabl&ormanet al. (1995, p. 46), drawing on various lines of
conditions (e.g., Holliday, 1987b; Reider, 1990; McFauhl., evidence, emphatically state that “eolian activity ceased in tt
1994; Hayneet al.,1998). Some younger occupations are alsmid-continental U.S. between ca. 12,000 and 908G][yr
associated with these conditions, especially along the So@lP.” This generalization, however, is based on a very limite
Platte River (McFaukt al., 1994; Haynest al., 1998), but number of localities studied in eastern Colorado and conflic
beginning with the Folsom period, Paleoindian sites are imith other studies in that area and western Nebraska (Swin
creasingly associated with eolian deposits (e.g., Roberts, 198&rt, 1989; Loopeet al., 1995; Madole, 1995; Muhst al.,
Malde, 1960; Agogino and Parrish, 1971; Reider, 1990; Md996, 1999, in press).
Faulet al., 1994). Some of the extensive sheet sands and dundrapid climatic oscillations apparently coincided with the
sands in eastern Colorado probably were emplaced ca. 11,860apse of the last Pleistocene ice sheets (Dansgeiagd.,
¥C yr B.P., and locally eolian deposition may have continuetb89; Stuiveret al., 1995), but most of the evidence for these
until 9000 **C yr B.P. (Madole, 1995; Muhet al., 1996). climate shifts comes from high latitudes or the western an
Loess was also deposited in eastern Colorado betwesastern margins of North America (e.g., Allen and Andersor
~11,000 and 9000“C yr B.P. under warming conditions1993; Bensoret al., 1997; Yu and Eicher, 1998). The data
(Muhs et al., in press). Farther east, a component of theresented in this paper are the first from the Great Plains
Nebraska Sand Hills probably formed between 11,000 ardggest that this mid-latitude, continental region was als
10,000*C yr B.P. (Swinehart, 1989; Loopet al., 1995; May subjected to rapid fluctuations in climate in late-glacial times
et al.,1995; Muhset al.,1999). High-resolution paleobotanicalln particular, the eolian activity documented for 10,900-
or paleontological records for the terminal Pleistocene and®,200*C yr B.P. on the Southern High Plains coincided with
early Holocene on the Great Plains are rare, but Fredlund ahd Younger Dryas climate episode, the subject of much di
Tieszen (1997), using isotope and phytolith analyses, show thatssion in recent Quaternary paleoclimate literature (e.c
the Black Hills region underwent rapid warming betweeBerger, 1990; Broecker, 1992, 1995; Mayewskial., 1993;
11,000 and 9006°C yr B.P. Anderson, 1997). How the Younger Dryas affected the Gre:
The paleoclimatic significance of some of the eolian deposi®ains, if at all, is far from clear, however. Although the
on the Central Plains and Rolling Plains is difficult to assedsplsom-age eolian activity coincides in time with the Younge
however. Many of the localities are near major drainag&ryas, the Folsom period was probably drier (and warmer’
which probably provided an abundant supply of sand (e.g., ttiean the preceding Clovis period or the succeeding late P
South Platte and Red rivers) (e.g., Mugisl., 1996, p. 147) or leoindian period. As yet, no evidence has been found ¢
are located in proximity to extensive sand sources (e.g., tfleunger Dryas-style cooling on the Southern High Plain
Ogallala Formation in western Oklahoma) (Thurmond antil,000-10,006°C yr B.P.
Wyckoff, 1998). However, regional aridity almost certainly The stratigraphic and isotopic data refine the chronology
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late Pleistocene and early Holocene environmental change ogravel pit, 1936.Proceedings of the Philadelphia Academy of Natural
the Southern High Plains and contradict some previous recon=cience®0, 2-16.
structions, particularly the ideas for a Clovis-age drought and@nsgaard, W., White, J. W. C., and Johnson, S. J. (1989). The abr

Folsom-age boreal forest. The environmental conditions in tEéleLm';at';n C(’i;:g)m;ngerhmf; climate ?VeNmsre 339'5?@;5"34' .
. . . . . . cn, . . . rought: aracteristics and assess Nort
region . .
9 during the Paleoindian occupation clearly were unli gAmencan Droughts” (N. J. Rosenberg, Ed.), pp. 25-42. American Assoc

a_my Other time in the |atf3 Pleistocene or in_the _H0|Ocene' Th%tion for the Advancement of Science, Westview Press, Boulder.

final m!”enma of the Ple'Stpcene became S'gn'f'ca_mly Warm%redel, S. J. (1999). Older than we thought: Implications of corrected dates f
and drier than the preceding part of the late Pleistocene angajecindiansAmerican Antiquitys4, 95-115.

probably triggered shifts in vegetation that destabilized th@rman, s.L., Goetz, A. F. H., and Yuhas, R. H. (1992). Large-scale stabilize
sandy substrate and led to formation of three dune fields. Thiglunes on the High Plains of Colorado: Understanding the landscape |
drought was the first step in late Quaternary desiccation of theponse to Holocene climates with the aid of images from siiaeelogy20,
Southern High Plains which culminated, in the middle Holo- 145-148.

cene, with the most severe aridity in the geologic record of tif&man. S. L., Oglesby, R., Markgraf, V., and Stafford, T. W. (1995). Palec
climatic significance of Late Quaternary eolian deposition on the Piedmor

region. and High Plains, Central United Statéslobal and Planetary Changgl,
35-55.
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