
    

Stratigraphic evidence for late-Holocene aeolian sand
mobilization and soil formation in south-central
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Stratigraphic evidence and radiocarbon dating of sediments from the Great
Bend Sand Prairie in Kansas indicates that significant deposits of aeolian sand
have accumulated in the region during the late Holocene. Radiocarbon ages
obtained from total humates in buried soils suggest that five periods of late-
Holocene stability and soil formation are preserved in dune fields at
approximately 2300, 1400, 1000, 700, 500 and 300 years B.P. Reactivation
of aeolian sand in the past 1000 years has resulted in a variety of well defined,
parabolic dunes. In general, events in the region correspond with established
chronologies elsewhere on the Great Plains and in particular correlate well
with dune fields in north-eastern Colorado. Overall, results indicate that the
threshold of landscape stability on the Great Bend Sand Prairie can easily be
crossed in the current climatic regime.
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Introduction

It is widely believed that increases in atmospheric CO2 and other greenhouse gases
could lead to significant global warming (Washington & Meehl, 1984; Hansen et al.,
1988). Climatic modelling (e.g. Hansen et al., 1988; Schlesinger, 1989) indicates that
the level of warming in the next few decades may reach the maximum levels achieved
during the last few interglacials, especially if current levels of volcanism and insolation
remain constant (Crowley & North, 1991). Although models suggest that warming will
vary regionally, above-average levels of warming and aridity have been predicted,
beginning this decade, for the already sub-humid and semi-arid Great Plains (Hansen
et al., 1988; Wetherald & Manabe, 1988).

Aeolian landscapes of the Great Plains are particularly sensitive to climate change.
Large portions of the region are mantled by presently stabilized sand dune fields and
sand sheets (e.g. Smith, 1940; Ahlbrandt et al., 1983; Muhs, 1985; Holliday, 1989;
Madole, 1994; Fig. 1). Periodic desertification and mobilization of sand sheets has
been demonstrated during the late Quarternary when episodic drought reduced
stabilizing vegetative cover (Madole, 1986, 1994, 1995; Holliday, 1989, Swinehart,
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1990). Dune formation apparently occurred during both cool, arid periods such as the
late Wisconsin (e.g. Wright et al., 1985; Forman & Maat, 1990) and warm, arid
intervals like the middle Holocene (Ahlbrandt et al., 1983; Holliday, 1989; Forman &
Maat, 1990). The conditions under which these geomorphically sensitive areas would
again destabilize, and the nature of the response, has been the focus of increased study
in north-eastern Colorado (Muhs, 1985; 1991; Madole, 1986, 1994, 1995; Forman &
Maat, 1990; Forman et al., 1992; 1995; Muhs et al., 1996), Wyoming (Gaylord, 1982;
Stokes & Gaylord, 1993), Nebraska (Ahlbrandt & Fryberger, 1980; Ahlbrandt et al.,
1983; Swinehart, 1990; Ponte et al., 1994), and Texas (Holliday, 1985, 1989).

Until recently, little information has emerged regarding the evolution of dune fields
in Kansas, which occur mostly in the western half of the state along the Arkansas River.
The largest sand sheet in the area is the Great Bend Sand Prairie, located in the south-
central part of Kansas. This paper presents the results of detailed stratigraphic

Figure 1. Location of the Great Bend Sand Prairie and other dune fields and sand sheets in the
central Great Plains (modified from Muhs & Holliday, 1993).
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investigations that were recently conducted on the Great Bend Sand Prairie (Fig. 2).
The primary goal of the study was to reconstruct the late-Quarternary paleoenvir-
onmental and geomorphic history, specifically the chronology of aeolian sand
mobilization, in the region.

Study area and methods

The Great Bend Sand Prairie, approximately 4500 km2 in size, is defined primarily by
its inclusion within the ‘great bend’ of the Arkansas River (Figs 1 and 2). Major
tributaries in the region are the North Fork Ninnescah River, which flows generally to
the south-east, and Rattlesnake Creek, a north-easterly trending stream that bisects the
study area (Fig. 2). The present climate is semi-arid to sub-humid and strongly
continental, characterized by an extreme (–7·0–34·0°C) range in temperature. Mean
annual precipitation is about 75 cm, but has ranged historically from 37 to 89 cm
(Kansas Statistical Abstracts, 1990, p. 289). Generally, the region can be characterized
as a high-energy environment (drift potential (DP) = 1090) with multi-directional
winds. During the winter months prevailing winds are north-westerly (Fig. 3(a)),
whereas they are southerly to south-westerly in summer (Fig. 3(b)). On an annual
basis, summer winds are strongest, resulting in an overall north-easterly drift direction
(Fig. 3(c); Muhs, unpub. data).

The late-Quarternary geology of the Great Bend Sand Prairie consists largely of two
diachronous stratigraphic units: a near ubiquitous, poorly-sorted deposit of sand, silt
and clay (a.k.a. silty sand) and aeolian sand (Rosner, 1988; Johnson, 1991). The silty
sand is a late Wisconsin deposit that apparently accumulated in a series of playas and/

Figure 2. Major dune fields and study sites on the Great Bend Sand Prairie.
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or low-energy fluvial systems (Arbogast, 1995). Although the silty sand occasionally is
found at the surface, it is usually mantled by variable thickness of aeolian sand that
form a number of dune fields, including a variety of parabolic forms.

Although summary statistics on the morphometry of dunes have not been
calculated, the orientation of most parabolic limbs empirically is south-west to north-
east (Fig. 4). Given the north-easterly drift direction that results in the region due to

Figure 3. (a) February sand rose diagram (complex) for Hutchinson. Winds are multi-
directional, with the prevailing wind from the north-west and a south-easterly resultant drift
direction (RDD; modified from Muhs, unpub. data). Drift potential (DP; measured in vector
units) is a measure of relative sand-moving capability of wind, whereas the RDP is the resultant
drift potential. The reduction factor, which is the number by which the vector-unit total of each
sand rose arm was divided so the longest arm would plot at < 50 mm (Fryberger & Dean, 1979)
is 2. (b) July sand rose diagram (wide unimodal) for Hutchinson. Winds are dominantly
southerly with a north to north-easterly RDD. (c) Annual summary of sand rose diagrams
(complex) for Hutchinson (modified from Muhs, unpub. data).

Figure 4. Aerial photograph of a parabolic dune field in secs 9, 10, T.27S., R.20W. Dune arms
point to the south-west, indicating that prevailing winds were south-westerly. Bright spots are
blowouts, where sand is locally active. Thin, bright lines are cattle trails. Distance across the
photograph is approximately 3·2 km.

A. F. ARBOGAST 406



the relative strength of summer winds (Fig. 3(c)), it is concluded that most dune
movement occurs during the summer.

Stratigraphic information presented in this report was obtained from 16 localities
distributed throughout the Great Bend Sand Prairie (Figs 2 and 4). Nine sites were
described by backhoe trenching, whereas the remainder are cut bank, quarry or
roadcut exposures. Each site is situated in a parabolic, compound parabolic, or
compound sub-parabolic dune field. The chronology of aeolian sand mobilization and
stability in dune fields is reconstructed from radiocarbon ages obtained from the total
humate fraction of bulk samples ( ≥ 4 kg) collected from the upper and/or lower 5 cm
of buried A horizons. Radiocarbon ages from the lower parts of buried A horizons
provided the closest minimum-limiting ages for the parent aeolian sand, whereas those
from the upper parts of buried A horizons estimate the closest maximum-limiting ages
for overlying aeolian sand. During preparation, rootlets and other detrital plant
material were removed by flotation, the sand fraction was separated by decantation,
and HCl treatment was performed to eliminate carbonates. Samples were subse-
quently oven-dried, pulverized, and submitted to the University of Texas (Austin) for
age determination. All ages were calculated at 2σ, corrected for isotopic (δ13C)
fractionation (Stuiver & Polach, 1977), and calibrated to the tree-ring curve (Stuiver
& Reimer, 1993) to provide conservative estimates. Resultant δ13C values reflect a
warm/semi-arid climate (Krishnamurthy et al., 1982; Nordt et al., 1994), much as the
present one, in which C4 plants such as blue grama (Bouteloua gracilis) and buffalo
(Buchloe dactyloides) grass thrived (Table 1).

Late-Holocene aeolian sand mobilization

Radiocarbon ages obtained from buried soils at 16 localities on the Great Bend Sand
Prairie indicate that parabolic dune fields in simple, compound, and complex forms
are generally late-Holocene landforms with significant, but episodic, aeolian sand
accumulation in the past 1000 years. At 11 sites, the stratigraphy consists of aeolian
sand with an underlying, noncalcareous, and poorly-sorted deposit of silty sand.
Buried soils in the upper part of the silty sand are extremely well developed with Ab
horizons overlying thick Btb horizons that are occasionally vertic in character. Aeolian
deposits at each site consist of massive to horizontally stratified, noncalcareous sand
that is medium to pale-brown in color. Although sorting varies between and within
localities, the sand is usually moderately well sorted and is occasionally cross-stratified,
such as at the Crocket Cutbank. At least two stratigraphic units were observed in the
dune sand at each locality. Buried soils are generally weakly developed with A/C
profiles. At the Crocket Cutbank, Stafford 6, and Reno 3 sites, two buried soils were
recognized in the dune sand, with the lower one being best developed (Fig. 5).

Three possible source areas for late-Holocene dune sand are present in the study
area. Although late Wisconsin deposits contain high percentages of silt and clay, they
are also rich in sand which could be deflated upon exposure. Another possible source
is Holocene floodplains, which consist largely of sand and gravel. Lastly, older aeolian
sands may have been reworked to form late Holocene dunes. Although the relative
contribution of each potential source has not been quantitatively determined, it is
believed that present dunes consist mostly of reworked aeolian sand.

Several radiocarbon ages were derived from deposits underlying dunes, with those
obtained from the silty sand estimating the unit’s time of deposition or subsequent
burial by aeolian sand. An age of 16,670 ± 160 years B.P. from the lower silty sand at
Reno 4 indicates a late Wisconsin age for the basal part of the unit. In contrast, ages
from the upper part of the deposit range from 5370 ± 120 (Reno 4) to 810 ± 120
(GWMD2) years B.P. and provide maximum-limiting dates for the overlying aeolian
sand. At the Crocket Cutbank, an alluvial silt drape at the base of the exposure yielded
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an age of 3280 ± 1000 years B.P., indicating that approximately 8 m of aeolian sand
has accumulated in the past 3000 years at this site.

Radiocarbon ages of Holocene age were derived from buried soils in dune sand at
nine localities. A middle Holocene age of 6160 ± 160 years B.P. was obtained from
the upper 5 cm of a buried soil in a dune at Stafford 3 (Figs 2 and 5), suggesting that
older dunes were present and are occasionally preserved. At five sites (Fig. 5), buried
soils provided late-Holocene ages greater than 1000 years B.P. In the central part of
the study area, for example, an age of 2310 ± 100 years B.P. was obtained from the
upper 5 cm of a buried soil at the Cornwell Quarry (Figs 2 and 5). At two sites,
14KW7 and Stafford 2, buried soils in dunes provided ages of approximately 1000
years B.P.

Significant mobilization and deposition of aeolian sand since 1000 years B.P. is
documented at five, widely scattered sites (Fig. 5). The thickest accumulation of sand
occurred at the Crocket Cutbank (Figs 2 and 5), where an age of 880 ± 80 years B.P.
from the upper 5 cm of a buried soil is a maximum age for deposition of an
approximately 6-m thick unit of aeolian sand. The episodic nature of aeolian sand
mobilization in the past 1000 years is best illustrated at Stafford 6 (Fig. 5), located in
the north-central part of the study area (Fig. 2), where two periods of soil formation
are documented to have occurred in approximately the past 500 years. Two ages were
obtained from the lowermost buried soil at the site: 550 ± 80 years B.P. and 480 ± 100
years B.P. from the basal and upper 5 cm, respectively. Following deposition of about
60 cm of aeolian sand, a brief period of soil formation occurred as indicated by an age
of 270 ± 80 years B.P. on the top 5 cm of the uppermost buried soil. There is also
evidence for post-settlement mobilization of aeolian sand on the Great Bend Sand
Prairie, as manifested by a strand of barbed wire buried by approximately 1 m of sand
at the Cullison Quarry (Figs 2 and 5).

Summary and conclusions

Stratigraphic data obtained from sites widely scattered across the Great Bend Sand
Prairie indicate that dune fields in the region are largely late-Holocene landforms that
have episodically mobilized. An underlying, poorly sorted alluvial deposit of sand, silt
and clay (i.e. silty sand), late Wisconsin in age, often serves as a temporal boundary for
late Holocene dune development. Radiocarbon ages from the upper part of the silty
sand suggest simultaneous deflation of sand at some localities and burial at others by
aeolian sand during the late Holocene.

Although some older, aeolian sand deposits are apparently preserved (e.g. Site
Stafford 3; Fig. 5), radiocarbon and stratigraphic evidence indicates that dune fields on
the Great Bend Sand Prairie are primarily late-Holocene landforms that have
episodically mobilized following brief periods of soil formation. Central values of
calibrated radiocarbon ages, plotted in a cumulative frequency histogram with
intervals of at least 300 years, suggest five periods of stability; modes occur at
approximately 1900, 1250, 850, 550 and 250 years B.P. (Fig. 6). If error bars are
included at 2σ, four distinct age groupings can conservatively be discerned where little
or no statistical overlap exists: around 2300, 1400, 1100 to 900, and 700 to 200
calibrated years B.P. (Fig. 7). When stratigraphic information derived from dunes is
included, the episodic nature of stability and mobilization is even better resolved.
Specifically, two buried soils recognized in the dune at Stafford 6 yielded calibrated
ages, from bottom to top, of about 540 and 300 years B.P. (Figs 5 and 7). As a result,
it is concluded that at least five periods of late-Holocene soil formation, generally
bracketing intervals of aeolian sand mobilization, are preserved in dunes of the Great
Bend Sand Prairie at approximately 2300, 1400, 1100 to 900, 700 to 500 and 300
calibrated years B.P.
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Results from this study compare favourably with other findings derived from the
central Great Plains in the past 10 years. Late-Holocene dune formation has been
reported throughout the region (e.g. Ahlbrandt et al., 1983; Muhs, 1985; Madole,
1986, 1994, 1995; Forman & Maat, 1990; Ponte et al., 1994; Forman et al., 1995;
Muhs et al., 1996), with significant reactivation of dunes in both north-eastern
Colorado and the Great Bend Sand Prairie in past 1500 years B.P. Mobilization of
aeolian sand in the Colorado piedmont and Kansas was apparently episodic, and
periods of stability and soil formation may have occurred regionally in dunes at
approximately 1400 and 900 years B.P. The record suggests, however, that stability
has transpired more frequently in the past few hundred years in south-central Kansas
because soils dated at c. 700 to 500 and 300 years B.P. on the Great Bend Sand Prairie

Figure 6. Cumulative frequency histogram (minimum 300-year interval) of radiocarbon ages on
the Great Bend Sand Prairie.

Figure 7. Distribution of calibrated radiocarbon ages (2σ) derived from late-Holocene dunes at
sites on the Great Bend Sand Prairie, and north-eastern Colorado (from Madole, 1995).
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have not yet been recognized in north-eastern Colorado (Fig. 7). Fundamentally, this
is a logical conclusion because north-eastern Colorado is currently more arid ( < 40
cm of precipitation annually; NOAA, 1982) than the Great Bend Sand Prairie (c. 75
cm of precipitation annually).

Given the concerns regarding the potential response of aeolian sand sheets on the
Great Plains to increased warming, a primary goal is to better determine the causes of
instability. Toward that end, Muhs & Holliday (1995) applied a general model for
aeolian activity, one that largely associates mobilization with decreased vegetation
caused by a reduction in the ratio of precipitation to evapo-transpiration, to the Great
Plains. Intuitively, it would appear that dune fields in the central Great Plains in
general and the Great Bend Sand Prairie in particular are the result of dramatic shifts
toward less effective moisture because these and other results (e.g. Madole, 1994,
1995, Ponte et al., 1994; Forman et al., 1995; Muhs et al., 1996) document
mobilization of aeolian sand in the past 1000 years. Theoretically, major drought and
aeolian sand mobilization has occurred during intervals when atmospheric circulation
over the central Great Plains has been more zonal (e.g. middle Holocene), resulting in
the dominance of relatively dry Pacific air (Borchert, 1950; Bryson, 1966). Data from
Elk Lake in north-central Minnesota, for example, show the onset of drought,
increased windiness, and aeolian deposition of quartz grains because the Pacific
airstream migrated to a position overhead at A.D. 1200 (Bradbury et al., 1993).

Although extended drought has occurred periodically (e.g. 1890s, 1930s, 1950s)
since climate data have been compiled for the central Great Plains, however, it has not
been sufficiently severe to promote aeolian sand mobilization on a regional scale (e.g.
Tomanek & Hulett, 1970). Although the tendency is to consider dune mobilization
within a regional climatic framework, perhaps the record more accurately reflects the
cummulative effect of countless episodes of localized instability through time. Madole
(1995), for example, noted that some buried soils may not have resulted from the
regional activation of sand, but were buried on the lee side of blowouts that were active
within otherwise stable dune areas. In contrast, the likelihood of all paleosols being
preserved is slim because localized erosion may erode soils at specific sites. In fact, it
seems that dune activation has varied spatially within a given drought during the
historic period. Muhs & Holliday (1995) correlated sighting of active sand by 19th-
century explorers with the dendroclimatic record, noting references to ‘naked sand’ at
several localities on the Great Bend Sand Prairie that were adjacent to dunes densely
populated by sunflowers. Even in the present relatively moist climate regime, blowouts
are common in the western part of the study area (Fig. 4). Clearly, the bulk of evidence
derived from the central Great Plains indicates that most dunes can easily be
destabilized with only a subtle shift to less effective moisture (Muhs & Maat, 1993).
The specific causes of dune mobilization, including the potential influence of
migrating bison herds (e.g. Schlesinger et al., 1989), have, however, yet to be
quantified. In order for a detailed record and better understanding of causal effects to
emerge, therefore, even more research needs to be conducted in these sensitive
areas.

Funding for this research was provided by a NASA Fellowship in Global Climate Change. I am
grateful to J. Arbogast, W.C. Johnson, R. Johnson, R. Cox, D. Baumgartner and S. Bozarth for
assistance in the field. Cooperation of the landowners in the region is very much appreciated. I
especially thank W.C. Johnson, D.R. Muhs and S. Stokes for their thoughtful reviews and
suggestions for improving this paper
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