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Geochemical and geomorphic data from dune fields in south-
western Nebraska provide new evidence that the Nebraska Sand
Hills once migrated across the North and South Platte rivers and
dammed the largest tributary system to the Missouri River. The
Lincoln County and Imperial dune fields, which lie downwind of
the South Platte River, have compositions intermediate between
the Nebraska Sand Hills (quartz-rich) and northeastern Colorado
dunes (K-feldspar-rich). The most likely explanation for the in-
termediate composition is that the Lincoln County and Imperial
dunes are derived in part from the Nebraska Sand Hills and in
part from the South Platte River. The only mechanism by which
the Nebraska Sand Hills could have migrated this far south is by
complete infilling of what were probably perennially dry North
Platte and South Platte river valleys. Such a series of events would
have required an extended drought, both for activation of eolian
sand and decreased discharges in the Platte River system. A
nearby major tributary of the North Platte River is postulated to
have been blocked by eolian sand about 12,000 14C yr B.P. We

ropose that an eolian sand dam across the Plattes was con-
tructed at about this same time. © 2000 University of Washington.

Key Words: Great Plains; Nebraska Sand Hills; Colorado sand
unes; geochemistry.

INTRODUCTION

Extensive tracts of unconsolidated, stabilized sand d
and eolian sand sheets are found on the semiarid Great
of North America. The area covered by these sands is
mous; the 50,000-km2 Nebraska Sand Hills region is the larg
0033-5894/00 $35.00
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dune field (active or stabilized) in North America (Fig.
Interest in the eolian sands of the Great Plains has increa
recent years because of rapidly accumulating evidence
these sediments have been repeatedly active in the Holo
including the past millennium (Ahlbrandtet al., 1983; Swine
hart and Diffendal, 1990; Madole, 1994, 1995; Loopeet al.,
1995; Holliday, 1995a, 1995b, 1997; Wolfeet al., 1995; Ar-
bogast, 1996; Muhset al., 1996, 1997a, 1997b; Stokes a
Swinehart, 1997) and even historic time (Muhs and Holli
1995).

Although several of these studies have concentrated o
Nebraska Sand Hills, less attention has been paid to small
still-sizable ($1000 km2) satellite dune fields south of the Sa
Hills. Dune fields that are in proximity to one another need
have similar origins, and dune fields relatively far apart f
one another can have similar sources. For example, in n
eastern Colorado, Muhset al. (1996) showed that dunes no

f the South Platte River were derived at least in part f
edrock residuum sources, whereas dunes immediately
outh were derived from South Platte River sediments
ontrast, eolian sands of the Fort Morgan dune field and
ray dune field are both derived from South Platte R

ediments, despite being separated by an extensive be
lateau (Fig. 2).
These observations lead to two hypotheses about the

f satellite dune fields, such as the Lincoln County and Im
ial dune fields, found to the south of the Nebraska Sand
Figs. 1–3). The simplest explanation is that because they
he south of a major potential sediment source, the South
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River, these dune fields are derived mainly from this flu
source, as is the case with other dune fields to the we
Colorado (Muhset al., 1996). Swinehart and Loope (199
however, suggested that the Lincoln County dune field
remnant of a former, larger Nebraska Sand Hills. They hyp
esized that eolian sand from the Nebraska Sand Hills may
filled the North and South Platte river valleys when they w
dry during the last glacial period (Fig. 4). A giant dune d
would have been created by this eolian sand movement, w
in turn would have generated a large lake or series of la
Diffendal and Leite (1989) reported widely distributed, dia
maceous lake sediments in tributaries of the North Platte R
and a radiocarbon age of 10,54014C yr B.P. was obtained fo
a paleosol at the top of a 3-m-thick lacustrine sequence,
above the present floodplain (Fig. 5).

Geomorphologists outside North America have docume
infilling of dry washes with eolian sand and building of du
dams across major drainages in Senegal, Mauritania, and
(Grove and Warren, 1968), Namibia (Teller and Lanca
1986), Botswana, South Africa, and Saudi Arabia (Breedet al.,
1979), and Egypt (Haynes, 1980). A spectacular examp

FIG. 1. Map showing the distribution of eolian sand in the Nebraska
ebraska Sand Hills, and localities referred to in the text. The crossed cir

5. Distribution of eolian sand is taken from Swinehart (1990) and Swin
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this process is the complete infilling and burial of an anc
drainage system by the Selima sand sheet in Egypt and S
(McCauleyet al., 1982). The presence of the fluvially carv

aleolandscape was never suspected until it was imag
pace shuttle astronauts using radar methods.
Despite many examples of dune dams in African

audi Arabian sand seas, few geomorphologists hav
orted evidence of eolian dams or eolian infilling of dra
ges in North America. It could be argued that the prese
erennial rivers of the Great Plains are really not comp
le to the mostly ephemeral rivers in Africa cited above,

herefore eolian sand dams ought not to be expected in
f North America. However, prior to human regulation
uvial systems in the past century, there is good his
vidence that Great Plains rivers were also probably ep
ral (Williams, 1978; Muhs and Holliday, 1995). In ad

ion, there are isolated examples of eolian sand depositi
ry river valleys, such as that which occurred during
id-Holocene in the Southern High Plains of Texas
ew Mexico (Holliday, 1995b). Finally, Loopeet al. (1995)
nd Masonet al. (1997) documented two periods (lat

nd Hills, the Lincoln County and Imperial dune fields, sample localities
labeled “L” is a stratigraphic section containing lacustrine sediments shown in Figur
rtl. (1994b).
Sa
cle
ehaet a



th

ou
th

sm
fro
, th
t a
ot
co
tw

t th
bot
ha
C
ca
h
ni

ld
, a

s in
ssed
local-
995;
ith
ne
ely
were

, the
rom
par
d for
unes
ul-

g-
artz
Fry-
ne
in

edo-
tire

. 3).
n the
1–3)
ved
were
rsive
ented

by
ted

the
ition
rted
une
m
and
the

two
coln/
l evi-
nt oc-
soils
erial
ow-
at
, at
ither

ask
nt s
DP
n f

rial,
neh
ln

C ra
d hol
l
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Pleistocene and mid-Holocene) of eolian sand activity
dammed drainages within the Nebraska Sand Hills.

In this paper, we test the competing hypotheses of a S
Platte River origin versus a Nebraska Sand Hills origin for
Lincoln County and Imperial dune fields. Both mechani
require that late Quaternary paleowinds were dominantly
the northwest. In addition, if the first hypothesis is correct
Lincoln and Imperial dunes should have compositions tha
indistinguishable from those in Colorado. The second hyp
esis requires that the Lincoln and Imperial dunes have a
position similar to dunes in the Nebraska Sand Hills. These
hypotheses are not mutually exclusive; it is possible tha
Lincoln and Imperial dunes have been derived from
sources at different times in their histories, and they may
a composition that is intermediate between Nebraska and
orado dunes. Testing of these hypotheses is possible be
the Nebraska Sand Hills and northeastern Colorado dunes
mineralogical and geochemical compositions that are sig
cantly different (Muhset al., 1996, 1997a).

FIELD AND GEOCHEMICAL METHODS

Eolian sand in the Lincoln County and Imperial dune fie
was mapped using aerial photographs and soil surveys

FIG. 2. Map showing distribution of eolian sand in southwestern Nebr
and northeastern Colorado, and paleowinds (small arrows). Annual resulta
drift directions (RDD; shown by bold arrows) and resultant drift potentials (R
in vector units (terminology from Fryberger and Dean, 1979) are also show
the following localities: A, Akron, Colorado; S, Sterling, Colorado; I, Impe
Nebraska; NP, North Platte, Nebraska. Eolian sand distribution is from Swi
et al. (1994b) and Muhset al. (1996). Dune field abbreviations: LC, Linco

ounty dune field; I, Imperial dune field; NSH, Nebraska Sand Hills; W, W
une field; FM, Fort Morgan dune field; S, Sterling dune field; AH, auger

ocality. Cross section A-A9 shown in Figure 4.
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field-checked in detail (Fig. 3). The relative age of the dune
the Lincoln County and Imperial dune fields was asse
using soils. Recent studies in Colorado and Nebraska at
ities with radiocarbon-dated sections (Madole, 1994, 1
Muhset al.,1996; Muhset al.,1997a) indicate that dunes w
A/Bw or [Bt]/C soil profiles probably date to the mid-Holoce
or before, whereas dunes with A/AC/C soil profiles are lik
of late Holocene age. Relative ages based on soil profiles
assigned to all localities.

The two largest dune fields in northeastern Colorado
Wray and Fort Morgan dune fields (Fig. 2), are derived f
the South Platte River and are relatively rich in K-felds
compared to most eolian sands that have been reporte
dune fields in North America and elsewhere. In contrast, d
of the Nebraska Sand Hills were probably derived from m
tiple sources (Aleinikoffet al.,1995), but they are mineralo
ically mature and are characterized by relatively high qu
contents and low K-feldspar contents (Ahlbrandt and
berger, 1980; Muhset al., 1997a). Thus, the Colorado du
fields are relatively enriched in K and Rb (both found
K-feldspar) compared to the Nebraska Sand Hills.

Eolian sands were collected just below the depth of p
genic alteration at 54 localities distributed over the en
extent of the Lincoln County and Imperial dune fields (Fig
We also collected samples of eolian sand that occurs o
interfluve between the North and South Platte rivers (Figs.
and samples of North Platte River alluvium, which were sie
to remove gravel, coarse sand, silt, and clay. All samples
ground and analyzed as bulk powders by energy-dispe
X-ray fluorescence. Geochemical analyses were supplem
with semiquantitative mineralogical analyses obtained
X-ray diffraction, with relative mineral abundance estima
by diffraction peak heights, following the method of Muhset
al. (1995). Both geochemical and mineralogical data for
Lincoln and Imperial dunes were compared to the compos
of 62 samples from the Nebraska Sand Hills (Fig. 1) repo
by Muhs et al. (1997a) and 50 samples from Colorado d
fields reported by Muhset al. (1996). Patchy eolian sands fro
the interfluve between the North and South Platte rivers
from an auger hole through a single parabolic dune in
Lincoln County dune field were also analyzed.

RESULTS

Stratigraphic and soil evidence indicates that at least
episodes of eolian sand movement occurred in the Lin
Imperial dunes during the late Quaternary. Based on soi
dence, the most recent episode of eolian sand moveme
curred during the late Holocene. Examination of modern
in dozens of hand-dug pits and roadcuts in the Lincoln/Imp
dunes shows only the development of A/AC/C profiles. H
ever, a few roadcuts and one deep (;6 m) auger hole show th
eolian sands with A/AC/C soil profiles are locally underlain
a depth of 2–5 m, by older eolian sands that have e
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LATE-GLACIAL SAND DAMMING OF NEBRASKA RIVERS 217
A/Bw/C profiles or profiles with weak Bt horizons, both
which indicate an older and longer-lasting period of eo
sand stability and pedogenesis. It is concluded from t
observations that deposition of the older eolian sands in
Lincoln/Imperial dune fields could have occurred in or be
mid-Holocene time, but the most recent episodes of eolian
movement probably occurred in the late Holocene and affe
almost all of the Lincoln/Imperial dunes.

Critical to tests of either hypothesis is geomorphic evide
of the direction of eolian sand migration. A compilation
modern wind data, using the methods of Fryberger and
(1979), shows that sand-moving winds come from the n
west in western Nebraska (Figs. 2 and 3). Measurement
orientation of several hundred parabolic dunes of prob
Holocene age in Colorado, the southern part of the Neb
Sand Hills, and the Lincoln/Imperial dune fields shows g
agreement with modern wind directions (Fig. 2). Furtherm
winds during full-glacial time also likely came from the nor
west. Regional patterns of loess thinning and particle

FIG. 3. Distribution of eolian sand in the Lincoln County and Imperial
for the cities of North Platte, Hays Center, and Imperial. Generalized e
Division, University of Nebraska (1978) with field checking by the autho
n
se
he
e
nd
ed

e

an
h-
he
le
ka
d
e,

e

decrease in the midcontinent, summarized by Muhs and B
(1998), show that northwest winds were dominant during
late Wisconsin period. Similar patterns of late Wisconsin
oria) loess thinning to the southeast are apparent in Neb
(Swinehartet al., 1994). Drainage alignments with a nor
westerly trend are also evident on the interfluve betwee
North and South Platte rivers and may be the result of e
erosion (Diffendal, 1994), similar to that described in Iowa
Hallberg (1979). Northwesterly winds probably were the m
synoptic-scale pattern over much of the midcontinent du
the past glacial–interglacial cycle. Therefore, it is possible
eolian sand could have moved from either the Nebraska
Hills or the South Platte River to the southeast under
glacial or modern climatic conditions.

The Lincoln and Imperial dunes have concentrations
and Rb that are intermediate between eolian sands o
Nebraska Sand Hills and northeastern Colorado (Fig. 6)
cause previous studies (Muhset al.,1996, 1997a) indicate th
hese elements are found mainly in K-feldspar, a reaso

e fields, sample localities (including deep auger hole, AH), and detailed
nt of eolian sand taken from Soil Conservation Service–Conservationurvey
dun
xte
rs.
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MUHS ET AL.218
interpretation is that the Lincoln/Imperial dunes h
K-feldspar contents that are intermediate between the Neb
Sand Hills and Colorado dune fields. Semiquantitative m
alogical analysis by X-ray diffraction supports this interpr
tion.

The samples in the analysis described above were coll
just below the modern soil at all localities, and therefore
reflect the composition of the most recent episode of e
sand movement. However, stratigraphic and geochemica
also indicate that this composition is typical of older eo
sand as well. Analysis of sediments collected from a 6-m-
auger hole in a parabolic dune from the Lincoln County d
field shows that eolian sand at all depths, including the pas
major periods of deposition (mid-Holocene or before, and
Holocene), have both K and Rb concentrations that are
mediate between the ranges of values for the Nebraska
Hills and Colorado dune fields (Fig. 7).

Small patches of eolian sand are found on the inter
between the North and South Platte rivers. These sands
compositions that are intermediate between the Nebraska
Hills and fine-grained fluvial sands of the North Platte R
(Fig. 8), suggesting that they formed as a mixture of the
sources. The interfluve eolian sands are also depleted in
Rb relative to the Lincoln County dunes.

GEOMORPHIC AND PALEOCLIMATIC SIGNIFICANCE

We interpret the geochemical data as showing tha
Lincoln/Imperial dunes evolved as a mixture of two comp
tionally distinct sand sources. Although modern winds ab
threshold velocity are from the northwest, saltating gr

FIG. 4. Schematic cross section of surficial and upper bedrock geo
from Swinehart and Diffendal (1990); geology southeast of the South P
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(confined to,2 m above the ground surface; Pye and Ts
990) from the Nebraska Sand Hills obviously cannot m
cross the North Platte River at present because this va
ot dry. Thus, the North Platte River valley now serves
ediment sink. In contrast, sand from the south side o
outh Platte River valley can be transported southeast t
incoln/Imperial dunes, and was a likely late Holocene s
ource. These observations suggest, therefore, that the
hemical similarities between the Lincoln/Imperial dunes
ortheastern Colorado dunes is the result of a geomo
etting much like the present, where the South Platte Riv
he only available source.

In contrast, the geochemical character of the Linc
mperial dunes which resembles that of the Nebraska
ills must have been inherited from a geomorphic setting
as dramatically different. Inputs of sand from the Nebra
and Hills to the Lincoln/Imperial dunes could have occu
nly if sediment from the former source completely filled b

he North and South Platte river valleys. A likely scen
ould be filling of a dry North Platte River valley with eoli
and, buildup of this sediment into climbing dunes or eo
and ramps on the north side of the interfluve between
orth and South Platte rivers, and gradual overtopping o
ivide by moving sand. Continued migration of sand to
outheast would have created a falling dune on the southe
ide of the interfluve, filling of a dry South Platte River vall
nd migration onto the upland south of the river. The sm
emnant patches of eolian sand we found on the inter
etween the two rivers (Fig. 3), with their K and Rb conc

rations intermediate between the Nebraska Sand Hills an

c units in southwestern Nebraska (location shown by A-A9 in Fig. 2). Taken partl
e River is from the present study. Vertical exaggeration is about 1003.
logi
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LATE-GLACIAL SAND DAMMING OF NEBRASKA RIVERS 219
North Platte River (Fig. 8), support this hypothesis. Subseq
breaching of the dune dams that were likely created by
process by the North and South Platte rivers would have c
the Nebraska Sand Hills source and allowed only a South P
River source to the Lincoln/Imperial dunes. Repeated mix
through reworking of older sediment derived from the
braska Sand Hills with sediment derived from the South P
River, would have resulted in the present intermediate co
sition. Sand that was originally present between the S
Platte River and the present northern extent of the Lin
County and Imperial dunes must have been eroded an
worked to the south (Fig. 3).

The rather complex series of events outlined above w
require a climate considerably drier than at present. The
ern stability of the Nebraska Sand Hills is due to an exten

FIG. 5. Stratigraphic section exposed in a tributary to the North P
River in westernmost Keith County, Nebraska (SW 1/4, SW 1/4, sec. 17,
R41W) showing diatom-bearing lacustrine sediments overlain by fluvia
eolian (?) sediments, and radiocarbon ages of organic matter from pa
(upper age is Beta-31684; lower age is Beta-31683). Locality is show
Figure 1. Stratigraphy and radiocarbon ages are from Leite and Diff
(1988), Diffendal and Leite (1989), and Swinehart and Loope (1992), an
redrawn from Swinehartet al. (1994a).
nt
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vegetation cover; absence of this cover requires a m
negative moisture balance than at present. A regionally
climate would also be required for the greatly reduced
charges in both the North and South Platte rivers, such
eolian filling of their valleys could take place.

DISCUSSION AND CONCLUSIONS

Results of geochemical analyses indicate that the Lin
Imperial dune fields in southwestern Nebraska prob
formed from two sand sources. The latest influxes of sedim
which probably occurred repeatedly in Holocene time, w
dominantly from the South Platte River and are characte
by relatively high amounts of K-feldspar. However, the ear
K-feldspar-depleted influxes of sediment were from the
braska Sand Hills. This could only have occurred if the N
and South Platte river valleys were dry long enough to a
eolian sand from the Nebraska Sand Hills to fill the vall
create climbing and falling dunes, and migrate over interflu
thus creating one or more dune dams. A radiocarbon a
10,54014C yr B.P. above lacustrine deposits in a tributary
the North Platte River suggests that this dune dam wa
existence prior to 11,00014C yr B.P. (Swinehart and Loop
1992). More compelling evidence for the timing of the da
ming comes from Masonet al. (1997). They interpreted eolia
sand to have blocked the 5800-km2 Blue Creek basin, in th
Nebraska Sand Hills, sometime prior to 10,50014C yr B.P.
Additional radiocarbon ages from basal lake sediments i
upstream portion of the Blue Creek basin (Sweeneyet al.,

998) suggest dune blockage occurred prior to 12,00014C yr
B.P. The southernmost dune dam in the Blue Creek ba
;100 km from the North Platte River. The blockage o
significant tributary would have further reduced the flow in
ancestral North Platte River. A latest Pleistocene age as
ment for dune blockage is consistent with stratigraphic
geochemical data which suggest that the Lincoln/Imperial
sands have been well mixed over the past two (middle an
Holocene) periods of deposition.

Eolian activity in the Nebraska Sand Hills during late-gla
time is consistent with regional evidence for dune sand m
ment at this time over much of the Great Plains. In additio
the dune blockage of Blue Creek prior to 12,00014C yr B.P.,
discussed above, 50-m-high barchanoid dune ridges else
in the Nebraska Sand Hills have a maximum-limiting ra
carbon age of 13,1606 450 14C yr B.P., and therefore cou
date to late-glacial time (Swinehart and Diffendal, 1990).
lian sands in northeastern Colorado have minimum-lim
radiocarbon ages of 95806 90 14C yr B.P. (Muhset al.,1996).

tratigraphic and pedologic evidence suggests that eolian
ands of about this age are extensive over northeastern
ado (Madole, 1995; Muhset al., 1996). Near Clovis, Ne
exico, Clovis (;11,500–11,00014C yr B.P.) artifacts unde-

lie eolian sands that contain Hell Gap (;10,500–950014C yr
B.P.) artifacts, which tightly constrains the age of eolian s

e
N
d
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deposition there to the late-glacial interval; archaeologica
idence suggests a similar age for eolian sands in the Sou
High Plains of Texas (Holliday, 1997).

The results presented here suggest that eolian processe
have a much greater influence on fluvial systems in N
America than previously supposed: the Platte River syste
the largest tributary system to the Missouri River. If

FIG. 6. Concentrations of K and Rb in the Lincoln County and Im
Colorado data are from Muhset al. (1996); Nebraska Sand Hills data are

FIG. 7. Concentrations of organic matter, K, and Rb shown as a fun
2 and 3) in the Lincoln County dune field. Shown for comparison are the
dune fields given in Fig. 6.
v-
ern

may
th
is

system were blocked by dune dams in the latest Pleistoce
southwestern Nebraska, then possibly such dams were c
during arid periods in other dune fields of North Amer
Evidence for dune blockage should be sought in loca
where dune fields lie on both sides of major drainages, su
the South Saskatchewan River in Alberta and Saskatche
the Souris River in North Dakota, the South Platte Rive

al dune fields, the Nebraska Sand Hills, and northeastern Colorado d
m Muhset al. (1997a).

n of depth in auger hole samples taken from a parabolic dune (locality
nges of concentrations of these elements for the Nebraska Sand Hills ao
peri
fro
ctio
ra
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Colorado, the Arkansas River in Kansas, the North Cana
and Cimarron rivers in Oklahoma, and the Colorado Rive
Arizona and California.
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