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ABSTRACT

Integration of sedimentological and radiocarbon
data collected from upland, valley side, and valley

bottom deposits has revealed a chronology of landform

evolution during the last 30,000 years along an 80-km
reach of the Republican River basin, south central
Nebraska. Beginning shortly after 26,200 yr B.P., the

Peoria loess, which is preserved on uplands, was

deposited, burying a paleosol that appears to be the
temporal equivalent of the Giiman Canyon Formation.
Weakly developed paleosols within the Peoria loess
indicate that deposition was episodic. Peoria loess
deposition continued until just before 13,000 yr B.P.,
at which time an episode of entrenchment occurred.
Between 13,000 and 11,400 yr B.P., the recently-cut
valleys were filled with late Peoria loess and
reworked Peoria loess. Floral and faunal data from that
period indicate a higher water table and cooler and
wetter climatic conditions than those of the present.
Surface stability and regional so0il development
dominated between 11,400 and 10,200 yr B.P. This soil,
which is the temporal equivalent of the Brady paleosol,

was buried after 10,200 yr B.P. by the Bignell loess on




uplands and by fluvially-deposited sediments in the
valley. Bignell loess deposition appears to have ended
around 8000 yr B.P., but alluviation in the valley
continued until approximately 4500 yr B.P., probably
under progressively warmer and drier climatic
conditions. Soil formation occurred around 4500 yr
B.P., perhaps as the climate became more mesic, and was
then followed by renewed eoclian depostion of reworked
Peoria loess on valley sides. At some time between 4500
and 3700 yr B.P., the Republican River entrenched about
10 m.

The late Holocene record (post-4000 yr B.P.) has
been characterized by stability on uplands and valley
sides and alternating floodplain stability and rapid
floodplain aggradation on the valley floor. Floodplain
accretion took place between post-3000 and pre-2700,
post-2700 and pre-2000, and post-2000 yr B.P.
Floodplain stability, as denoted by paleosols, occurred
#found 3700 to 3000, 2700, and 2000 yr B.P. This
pattern of alternating floodplain aggradation and
stability is thought to have resulted from changes in
flood magnitude and frequency, with stability taking
place during periods of infrequent flooding or low

magnitude flooding, and floodplain aggradation occurring
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during times of frequent flooding or high magnitude
flooding. At some time after 2000 B.P., there was
entrenchment by the Republican River of about 7 m,
followed by gradual fioodplain accretion. The synchrony
between the late Holocene chronology reported here and
that documented elsewhere in the central Great Plains
implies a climate-control of fluvial landform change.
Additionally, the late Holocene record demonstrates that

river systems are highly sensitive to fluctuations in

environmental conditions.
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CHAPTER 1: INTRODUCTION

This Study

As revealed in recent summaries (e.g., Johnson and
Martin 1987; Osterkamp et al. 1987; Johnson and Logan,
In press), the chronology of late Quaternary
sedimentation and erosional activity in the central
Great Plains is just beginning to emerge. With growing
concern about human impact on environmental systems,
including fluvial and climatic systems, studies that
assess past landform changes; their causes, and the
rates at which they progressed will be requisite to
predicting future change (see Revelle 1982; Porter 1983;
Oliver 1986; COHMAP 1988). By providing a chronology of
late Quaternary (last 30,000 years) landform evolution
in an area that has, to this point, received limited
attention, this study adds to the small volume of
- research for the central Great Plains. The radiocarbon
control used here also permits comparison of the
resultant chronology of landform evolution to
chronologies that have been constructed for areas within
and peripheral to the central Great Plains.

Additionally, the chronology can be compared to the

forthcoming paleoenvironmental record of the region,
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thereby revealing the type of geomorphic activity that
results from a given environmental regime.

Specifically, the objectives of this study are

as follows:

1) Distinguish among fluvial, colluvial, and
eolian sediments along an 80-km reach of the
Republican River in south central Nebraska, and
determine the temporal and spatial relationship
among them.

2) Reconstruct the upland and lowland chronology in
the study area, and, where possible, document
the rate at which change occurred.

3) Make revisions in the "classical" late
Quaternary stratigraphy of the area, most of
which was constructed prior to the advent of
radiocarbon dating.

4) Speculate on the paleoclimatic conditions that
caused landform change.

This research focuses on Harlan Lake and an

associated upstream reach of the Republican River in

fi south-central Nebraska (Figure 1:1). Seasonal

fluctuations in the level of the lake have provided

exposures of upland and valley side deposits (Plate
1:1), and lateral migration of the Republican River has
Produced exposures of fluvial deposits in the valley
(Plate 1:2). In addition, the study area is positioned
nidway between the Loup River system, which has been the

focus of extensive work by May (1986, 1989), and the
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Figure 1:1 Position of Harlan Lake and Republican River
in the Great Plains. Note that the Republican River is
a major tributary to the Kansas River. May (1986,1989)
has constructed an alluvial chronology for the Loup
River system, Nebraska, and Johnson and Martin (1987) a
chronology for the Kansas River system, north central

and northeastern Kansas.



Plate 1:1 Harlan Lake, Nebraska. Photo shows loess

bluffs (Peoria loess) on the south shore of
View is looking to the west from a location

the Bone Cove site.

the lake.
just west of




Plate 1:2 Cutbank on the Republican River, Nebraska.
This is the Schoenenburg site, located about 3 km south

of Orleans, Nebraska. Deposits are late Holocene in
age.
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Kansas River (see Figure 1:1), which has received the
attention of several researchers (see Johnson and Martin
1987; Johnson and Logan, In press). That is, the
results of this study provide information for a region
that has not, hitherto, been studied in such a detailed
fashion. Further, as Johnson and Martin (1987) noted,
it is not known whether changes documented along major
trunk streams in the central Great Plains occurred
concurrently along major tributary streams. By
reconstructing change along the Republican River, a
major tributary to the Kansas River, this study should
help in assessing the spatial and temporal patterns of
fluvial change. Research completed in other river
systems has revealed that the direction and magnitude of
response in the fluvial system may vary according to
position in the drainage basin (e.g., Knox et al. 1981;

Van Nest and Bettis 1990).

Reconstruction of Landform Evolution

The reconstruction of landforms depends on accurate
interpretation of the record of sedimentation and
erosional activity. As Baker (1983,118) has noted, the
fluvial record is especially critical to late Quaternary

research in the central Great Plains:
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«+. in many interior regions of the United States,
fluvial deposits provide the only easily studied
record of Quaternary paleoclimate."

Deciphering the stratigraphic record, especially the

fluvial record, is often difficult, however: there are

problems interpreting it, correlating it from region to
region, and determining the causes of change preserved
in it.

Despite considerable research, a thorough

understanding of fluvial depositional environments

remains elusive (Reineck and Singh 1975; Allen 1978;
Collison 1986). One common approach to reconstructing
change in depositional conditions is to analyze changes
in grain sediment size within a deposit (e.g., Folk and
Ward 1957). Unfortunately, such studies have produced a
range of conclusions: sediment size in stratigraphic
sequences has been linked to sediment source area (e.g.,
Diffendal and Corner 1983; Kochel and Baker 1988);
proximity to the active channel at the time of
deposition (e.g., Nanson 1980; Bown and Kraus 1987;
Brakenridge 1988); and changes in flood magnitude and
frequency (e.g., Starkel 1983; Knox 1985).

Although numerous studies have demonstrated that
the sedimentation record contains evidence of changes in

fluvial depositional and erosional activity (e.g.,
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Knox et

Baker and Penteado-Orellana 1977;
it has proven

Waters 1988),
Much

Schumm 1976;
Starkel 1983;

al. 1981;
difficult to determine the cause of such changes.

of the literature suggests that fluvial adjustment
although there is

results from climate change,

considerable disagreement about the type of adjustment
that is triggered by a given climatic regime. Indeed,
some have argued that more than one type of fluvial

adjustment can result from a given climatic regime

Baker and Penteado-Orellana 1977).

(e.g.,
Early work by Bryan (1941) and Antevs (1952) in the

American southwest indicated that river incision
occurred during dry periods, aggradation during the
transition to wet periods. According to this model, dry
conditions reduce the vegetation cover, thereby
resulting in larger floods having increased erosive
power. Mesic conditions, on the other hand, increase
thé vegetation cover, thereby slowing the velocity of
As a result of the decrease in flow
Subsequent work in the

Leopold and

Conversely,

river flow.
deposition occurs.

velocity,
region reported similar findings (e.g.,

Miller 1954; Karlstrom 1988; Waters 1988).

several studies linked mesic periods to a regime of




river incision. According to this model, increased
moisture fosters an expanded vegetation cover which, in
turn, reduces sediment delivery to channels and prompts
entrenchment. In contrast, xeric conditions cause
contraction of the vegetation cover, and a concomitant
increase in sediment delivery to channels; oversupplied
with sediment, rivers then aggrade their beds
(Huntington 1914; Love 1979; Brakenridge 1981,1984; Knox
1983).

Other studies postulated that adjustment is
governed by the complex response of the drainage basin
to a single event. Adjustment occurs when an internal
threshold (e.g., slope, surface material, vegetation) is
exceeded. Adjacent basins, depending on how close they
are to exceeding a threshold, may respond differently to
change in a single external variable (e.g., climate,
base-level, tectonics). This hypothesis, developed to
explain the lack of synchrony among erosional and
depositional episodes in adjacent basins of the American
southwest (Schumm 1973), is supported by findings from
several s;udies in the western United States (e.g.,
Schumm and Parker 1973; Womack and Schumm 1977; Patton
and Schumm 1981; Boison and Patton 1985).

Although most researchers have argued that climate




is an important, if not the most important, factor in
fluvial activity, some studies have suggested that
conditions inherent to a particular drainage basin may
be equally important in explaining activity. Trimble
(1983) maintained that floodplains are fairly immobile,
even during high magnitude fluvial events. He argued

that vegetation armors floodplain sediments and reduces

the velocity of overbank flow, thereby reducing the
erosive power of overbank floods. He concluded that the
erosion of deposits and the loss of sediment from
storage is a slow process that is affected by factors

({e.g., amount of sediment in storage, conveyance

capacity of streams) in addition to climate (Trimble and
Lund 1982; Trimble 1983; Trimble 1989). This model
stands in contrast to that of Knox (1983), which
concluded that changes in the magnitude and frequency of
_floods are key determinants of fluvial activity.

Receht studies of drainage basins, although
producing conflicting results in several instances,
generally agree that the fluvial system is inherently
complex, and that adjustment within it is complicated
and often non-synchronous (Butzer 1980; Bettis and Benn

1984). When regional synchrony is observed, it is

10




generally assumed to have resulted from major change in
an external variable such as climate, base-level, or
tectonics (Wendland 1982; Knox 1983). In studies of the
late Quaternary record of the Great Plains, tectonism
can usually be eliminated as a variable (Osterkamp et
al. 1987). The existence of synchrony among
sedimentation records in the region is typically linked,
therefore, to a climatic control (Wendland 1982; Knox
1983; May 1989).

This study will develop a model of landform
evolution in an area of the central Great Plains that
has not, to this point, been studied. The reach of the
Republican River examined here fills a "geographical
niche" between the Loup River system to the north and
the Kansas River system to the south, both of which have
received attention from investigators (e.g., May 1986,
1989; Johnson and Martin 1987; Johnson and Logan, In
Pféés). Also, the Republican River falls between these
two systems in terms of size (larger than the Loup
River, smaller than the Kansas River), and is a major
tributary of the Kansas River. The resultant
radiocarbon-controlled chronology will be compared to
dated sequences in the surrounding region Fo determine

whether synchrony exists among them. Finally, the
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chronology will be compared to the emerging
paleoenvironmental record of the region, and, where
possible, the paleoclimatic conditions that appear to

have triggered landform change will be discussed.
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CHAPTER 2: LATE QUATERNARY LANDFORM EVOLUTION IN THE
CENTRAL GREAT PLAINS

Late Pleistocene Landform Evolution

Much of the chronology of Pleistocene landform
evolution for the central Great Plains, including
stratigraphic relationships and implications, was
compiled in the 1940s and 50s, prior to the development
of radiocarbon dating (e.g., Lugn 1935; Schultz and
Stout 1945; Frye gnd Fent 1947; Frye and Leonard 1951,
1952); subsequent revisions, as summarized in Reed and
Dreeszen (1965), Bayne and O’Connor (1968), and Dreeszen
(1970), afforded radiocarbon control and additional
detail to the chronology. Unfortunately, as detailed in
the following review, little has been done during the
last twenty years to further refine the chronology.
Moreover, the work completed to date varies in scope and
detail. At one extreme are the single-site
archaeological studies that contain little, if any,
information about fills and surfaces other than those
associated with excavation sites; at the other end are
the basin-wide surveys that measure, describe, and
Correlatebfills and terraces throughout a drainage
basin, Additionally, erosion has removed a large part

of the late Quaternary record from many drainage basins
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in the central Great Plains (see Knox 1983).
Consequently, a comprehensive sedimentation and erosion
chronology for the region is lacking (see Knox 1983;
Osterkamp et al. 1987).

My review of the literature is arranged
chronologically from the late Pleistocene to the late
Holocene. The survey begins at 30,000 yr B.P. to ensure
that it includes the Peoria loess, the major upland
deposit found in the study area. The date of the
Pleistocene/Holocene boundary is designated after Porter
(1983), and the divisions of the Holocene are based on
the tripartite climates as proposed by Antevs (1955).

The temporal categories are:

Late Pleistocene 30,000 - 10,000 yr BP
Early Holocene 10,000 - 7500 yr BP
Middle Holocene 7500 - 4000 yr BP
Late Holocene 4000 yr BP - Present

Late Pleistocene (30,000 - 10,000 yr B.P.)

The most comprehensive record of late Pleistocene
fluvial sedimentation comes from Nebraska, where SChultz
and Stout (1945) developed, and in subsequent years
revised, their TO (floodplain) tb T5 (highest terrace)
sequence of terraces and fills (see Schultz and Stout

1948; Schultz and Martin 1970; Schultz and Hillerud
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1978). Unfortunately, the site descriptions contained
in much of their work lacked the requisite stratigraphic
detail and documentation for the construction of a
regional fluvial chronology.

In some of the first basin-wide, radiocarbon-
controlled studies of drainage systems in the central
Great Plains, Brice (1964, 1966) mapped two Pleistocene-

age terraces in Nebraska, the Wellfleet terrace in the

Medicine Creek valley and the Kilgore terrace in the
Loup River valley. Although the ages of the Wellfleet
terrace and fill were unknown, Libby (1955) reported a
radiocarbon age of 10,500 yr B;P. on charcoal extracted
from basal fill of the Stockville terrace, the terrace
that is inset against the Wellfleet. In the Loup River
valley, the entrenchment that formed the Kilgore terrace
occurred prior to 10,500 yr B.P., and was followed by
alluviation of the Elba terrace fill after 10,500 yr
B.P. (Brice 1964). 1In the Middle Platte River valley,
Nebraska, May (1989a) reported deposition of the Todd
Valley Formation around 14,000 yr B.P., and incision to
form the Todd terrace shortly thereafter; this terrace
may be cohtemporaneous with the Wellfleet terrace of
Medicine Creek. Diffendal and Corner (1983) noted three

late Quaternary alluvial fills along Pumpkin Creek in
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western Nebraska, but, owing to a lack of datable
material, did not provide a chronology of fluvial
activity.

Along the Pomme de Terre River in south-central
Missouri, fill beneath the highest of three terraces
present in the valley was deposited, and subsequently
incised, between 32,000 and 30,000 yr B.P. (Haynes 1976,
1985). Fill of the middle terrace was deposited between
26,000 and 16,500 yr B.P. Stability and soil formation
occurred between 16,500 and 13,000 yr B.P., followed
after 13,000 yr B.P. by the entrenchment that formed the
middle terrace. Alternating aggradation and incision
took place around 11,000 yr B.P., and then aggradation
during the late Pleistocene and early Holocene (Haynes
1976,1985). In the same valley, Brakenridge (1981)
identified a period of floodplain stability between
26,000 and 13,500 yr B.P., and an episode of aggradation
between 10,500 and 8100 yr B.P.

The late Pleistocene fluvial record of Kansas is
documented most completely along the Kansas River and
its tributaries in the northeastern part of the state
(Johnson and Logan, In press). At several locations

along the Kansas River valley, Frye and Leonard
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(1952,1954) noted late Pleistocene alluvium beneath the
surface of a low terrace. Davis and Carlson (1952)
mapped three terraces along the Kansas River, and
Dufford (1958) correlated them to Pleistocene glacial
advances; neither study, however, provided detailed
information about fills underlying the terrace surfaces,
or about the surfaces themselves. Recent radiocarbon

dating of terrace fills along the Kansas River has shown

that deposits assigned previously to the Pleistocene
actually date to the Holocene (Holien 1982; Bowman 1985;
Johnson 1985). Following a survey of radiocarbon assays
from the Kansas River basin, Johnson and Martin (1987)
concluded that a regionally synchronous episode of
floodplain stability and strong soil formation occurred
between 10,500 and 10,300 yr B.P.

Elsewhere in northeastern and north-central Kansas,
Bayne and Fent (1963) reported late Pleistocene fluvial
deposits buried in the Republican River valley. Schmits
(1980) identified, but did not radiocarbon date, a late
Pleistocene fill along the Big Blue River; the oldest
Holocene fill, which is inset against the late
Pleistocene fill, dated to at least 6280 yr B.P. In
Western Kansas, Rogers (1984) mapped three late

Pleistocene terraces along the Arkansas River and one
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along the Smoky Hill River, but provided no radiocarbon
ages on terrace fills; ages were assigned on the basis
of resident faunal remains.

Research in North and South Dakota has focused on
the Missouri River and its tributaries. In South
Dakota, Coogan and Irving (1959) recognized three late
Quaternary terraces along the Missouri River. At
several locations in North Dakota, Bickley (1972)
mapped, but did not radiocarbon date, the late
Pleistocene Oahe Formation. Along the Knife River, the
lowermost (youngest) of three Pleistocene terraces was
forméd by an episode of incision about 13,000 yr B.P.
(Reiten 1983).

On the periphery of the central Great Plains,
Holliday (1987) mapped three terraces along the South
‘Platte River in northeastern Colorado. Fill of the
Kersey terrace, the oldest of the three, was deposited
until 10,000 yr B.P., after which incision formed the
terrace scarp. Also in northeastern Colorado, Stanford
(1979) reported an episode of soil development around
10,500 yr B.P. To the east of the central Great Plains
in northeastern Iowa, undated Pleistocene terrace

remnants were cited by Hallberg and others (1984) as
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evidence of episodic, late Pleistocene river
entrenchment.

The dearth of studies having basin-wide radiocarbon
control has precluded the construction of a
comprehensive late Pleistocene fluvial chronology for
the central Great Plains. It appears that most
sediments of this age-have been eroded from or buried in

valleys, leaving only scattered terrace remnants to

piece together fluvial activity. Evidence gathered from
these remnants suggests widespread entrenchment,
concurrent with a period of regional surface stability
and soil development, at or shortly before 10,500 yr
B.P.

Because eolian deposits are well-preserved on
uplands, much more is known about late Pleistocene
eolian activity. In the central Great Plains, eolian
sediments dating to the late Pleistocene (30,000 to
10,000 yr B.P.) have been divided into two loess units:
a lower unit, designated the Gilman Canyon Formation,
and an upper unit, designated the Peoria loess (Reed and
Dreeszen 1965). The Gilman Canyon‘Formation was
deposited and a paleosol developed in its upper portion
between 34,800 and 21,290 yr B.P. (Dreeszen 1970; May

and Souders 1988; May 1989a; D.W. May, Pers. Comm.
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1989). Recent radiocarbon ages on the Gilman Canyon
Formation include 24,270 + 750 yr B.P. on the uppermost
Ab and 33,590 + 2260 yr B.P. on the lowermost Ab (both
Cl3-corrected) in Phillips County, north central Kansas;
25,090 + 590 yr B.P. (Cl3~corrected) on the middle
portion of the uppermost Ab at the Eustis site in
southwestern Nebraska; 19,640 +230/-240 yr B.P. on the
upper Ab near Central City, Nebraska (Fredlund and
Jaumann 1987); and 20,550 + 590 yr B.P. (Cl3-corrected)
on the uppermost Ab at Pratt County, south central
Kansas (W.C. Johnson, Pers. Comm. 1990). At the type
section, which is located at Buzzard’s Roost in
southeastern Lincoln County, Nebraska, the Gilman Canyon
Formation was described as medium dark gray,
noncalcareous, slightly humic silt (Reed and Dreeszen
1965).,

Peoria loess is the major eolian deposit preserved
in the vicinity of Harlan Lake. It is a buff,
calcareous, massive, coarse silt-to-very fine sand that
attains maximum thickness adjacent to major river
valleys (Frye and Leonard 1951, 1952). Leonard (1951,
1952) divided the loess into basal, lower, and upper

molluscan faunal zones. Descriptions of the Peoria
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loess frequently noted that the basal zone is leached,
an indication of relatively slow deposition (Frye and
Leonard 1952), and that it has a coarser texture than do
the middle and upper zones (Lugn 1935). Sand horizons
found within it are postulated to have been deposited
during periods of relatively higher wind velocity
(Prescott 1952). The clay mineralogy of the Peoria
loess comprises montmorillonite, illite, quartz, and a
trace of kaolinite (Swineford and Frye 1951; Beavers
1957).

Based on radiocarbon ages from its base, the Peoria
loess is believed to have been deposited in the Great
Plains between 21,000 and 14,000-to-12,000 yr B.P.
(Thompson and Bettis 1980; Ruhe 1983). Recently, a

radiocarbon age of 19,640 yr B.P. on Picea charcoal was

obtained from the upper portion of the Gilman Canyon
Formation below the base of the Peoria loess near
Cehtral City, Nebraska, a locality that lies about 200
km to the northeast of the Harlan Lake area (Fredlund
and Jaumann 1987). Evidence that Peoria loess
deposition was episodic comes from western Iowa (Daniels
et al. 1960; Ruhe et al. 1971) and southwestern Illinois
(McKay 1986), where the deposit contains dark, organic-

rich bands that are thought to represent incipient soils
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formed during periods of slower deposition; differential
abundance and preservation of fossil mollusks in the
loess have also been cited as evidence of episodic loess
deposition (Frankel 1957). The Brady paleosol developed
in the upper portion of the Peoria loess between 12,700
and 8000 yr B.P. (Frye et al. 1968; Dreeszen 1970;
Lutenegger 1985; May 1989a); recently obtained
radiocarbon ages of 8850 yr B.P. on the uppermost Ab and
10,050 yr B.P. on the lowermést Ab (both Cl3-corrected)
of the Brady paleosol in Phillips County, north central
Kansas, fall within this range (W.C. Johnson, Pers.
Comm. 1990). The geographic extent of this episode of
pedogenesis is unknown.

Studies of the loess cover around the United States
have revealed that particle size and cover thickness
decrease rapidly with increasing distance from the loess
source area'(Swineford and Frye 1951; Waggoner and
Bingham 1961; Frazee et al. 1970). In the central Great
Plains, the Peoria loess attains a maximum thickness of
10 meters on the flanks of the Nebraskan Sand Hills
(Thorpe and Smith 1952; Ruhe 1983). To the south and
Southeast, the cover thins and particle size decreases

(Smith 1965; Lugn 1968). These findings led Smith
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(1965) and Lugn (1968) to conclude that loess in central
and south-central Nebraska was derived from the Sand
Hills., More recently, however, Ahlbrandt and others
(1983) reported Holocene radiocarbon ages on organic-
rich sand underlying large dunes in the headwaters of
the Loup River system adjacent to the Sand Hills. Based
on these ages, they concluded that the Sand Hills date

to the Holocene rather than to the Pleistocene, which

would preclude them as the source of the Peoria loess.
Corroboration for this conclusion comes from Muhs
(1985), who reported widespread dune activity in
northeastern Colorado during the late Holocene.

Elsewhere in the Sand Hills, Wright and others
(1985) cited late Pleistocene radiocarbon ages on basal
sediments in interdunal depressions as evidence that
dunes have been stable since the end of the Pleistocene.
Because large-scale, complex dunes such as those that
constitute the Sand Hills result from long-term
accumulations of sand (Lancaster 1988), it seems
Probable, as Bradbury (1980) postulated, that the Sand
Hills formed during the late Pleistocene, and then
underwent minor reworking during the Holocene.

While loess was being deposited in the central

Great Plains, eolian sediments were accumulating in the

23



northern Great Plains. In North Dakota, the Mallard
Island member of the Oahe Formation was deposited prior
to 13,000 yr B.P., followed by the Aggie Brown member
between 13,000 and 8500 yr B.P. (Clayton et al. 1976;
Jorstad et al. 1986). Along the Missouri River in South
Dakota, a meter-thick mantle of eolian silt was
deposited during the late Pleistocene or early Holocene
(Ahler et al. 1974).

In summary, loess deposition was widespread across
the central Great Plains during the late Pleistocene.
Although inadequately dated, the record of this
deposition is well documented, especially in Kansas and
Nebraska. There, deposition of the Gilman Canyon
Formation, which had begun by 35,000 yr B.P. (May
1989a), ended around 21,290 yr B.P. and soil development
was initiated (D.W. May, Pers. Comm. 1989). The
overlying Peoria loess was deposited from about 21,290
yr B.P. until sometime between 14,000 and 12,000 yr
B.P.; this loess appears to have been contemporaneous
with the eolian Mallard Island member identified in
North Dakota. As indicated by the presence of incipient
S80ils in loess, deposition was likely episodic. The

thick cover of Peoria loess in central and south-central
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Nebraska is believed to have been derived from the Sand
Hills, although a minority of researchers have recently
questioned the age of these hills. Following cessation
of loess deposition, the Brady paleosol developed in the
upper portion of the Peoria loess; radiocarbon ages on

this soil range from 12,700 to 8000 yr B.P.

Holocene Landform Evolution

Early Holocene (10,000 - 7500 yr B.P.)

As might be expected, the Holocene sedimentation
record, owing to its relative youthfulness and therefore
better preservation, is documented more completely than
that of the late Pleistocene. The fluvial record shows
evidence of both synchronous and non-synchronous
activity; the former is usually linked to major climate
change (Wendland 1982; Knox 1983), whereas the latter is
typically attributed to the complex response of
individual basins to changes in external or internal
Qariables'(Schumm 1973.

Most research has suggested that an interval of
widespread soil formation at the Pleistocene/Holocene
boundary ended after 10,500 yr B.P. with a long-term,
and relatively uninterrupted, episode of aggradation

(Knox 1983); there is evidence from some basins that
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this alluviation was punctuated by brief episodes of
incision (Hallberg et al. 1984)., 1In drainage basins of
Nebraska, Davis (1962), Brice (1964,1966), May and Holen
(1985), and May (1989) also noted aggradation after
10,500 yr B.P. Along the Pomme de Terre River in
Missouri and the Des Moines River in central Iowa,
aggradation occurred from 11,000 to 8000 yr B.P. (Ahler
1976; Brakenridge 1981; Haynes 1985; Bettis and Hoyer
1986). Buchanan Drainage, a tributary to the Skunk
River in central JTowa, underwent aggradation between
10,230 and 6300 yr B.P. (Van Nest and Bettis 1990).
Along the Kansas River in Kansas, floodplain alluviation
began shortly after 10,430 yr B.P. (Holien 1982; Johnson
and Martin 1987), but appears to have slowed by 8300 yr
B.P. (Johnsonland Martin 1987).

Although most studies noted river aggradation
during the early Holocene, research in Wyoming and South
Dakota has uncovered evidence of widespread entrenchment
during this period. At the Agate Basin site in eastern
Wyoming, Albanese (1982) reported cutting and filling
after 10,000 yr B.P. Along the Missouri River in South
Dakota, Reiten (1983) noted incision until about 8000 yr
B.P. Climatic conditions different than those that

affected the central Great Plains during this time may
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have caused these disparate adjustments.

At the same time as early Holocene fluvial activity
was taking place, the Bignell loess, which overlies the
Brady paleosol, is postulated to have been blown from
the floodplains of major rivers in the central Great
Plains and deposited on uplands (Condra et al. 1947;
Dreeszen 1970). This loess is described at the type
section in Lincoln County, Nebraska, as gray silt about
2.5 to 3.0 m thick (Schultz and Stout 1945; Schultz and
Martin 1970). It differs in color and molluscan faunal
assemblage from the underlying Peoria loess (Leonard
1952), and has been identified in counties of north-
central Kansas that are contiguous to Harlan County
(Frye and Leonard 1949; Frye and Leonard 1952; W.C.
Johnson, Pers. Comm. 1989). Research has suggested that
H deposition of the Bignell loess began shortly after 8000
yr B.P. (Lutenegger 1985; May 1989a). If so, it

B | probably cdrrelates with the early Holocene loess

reported along the Missouri River in South Dakota (Ahler
et al., 1974; Mchul 1985), and with the Aggie Brown
member of the Oahe Formation in North Dakota (Jorstad et
al. 1986). It may also correlate with early Holocene

eolian activity documented in the Sand Hills of Nebraska
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and sand fields of neighboring states (Agenbroad 1977;
Ahlbrandt et al. 1983; Muhs 1985), and with eoclian
sedimeéents deposited in northern Texas around 9000 yr

B.P. (Holliday 1987).

Middle Holocene (7500 - 4000 yr B.P.)

Although interrupted in some locations by a brief
episode of incision, the aggradation that dominated the
early Holocene continued during the middle Holocene. On
the Loup River in Nebraska, May and Holen (1985) and May
{1989) reported continued alluviation until sometime
between 4780 and 3030 yr B.P. Along Medicine Creek and
the Loup River of Nebraska, Brice (1964, 1966) noted
aggradation until about 5000 yr B.P. Radiocarbon ages
of 7800 and 7400 yr B.P. on paleosols developed in
terrace fill along the Republican River, Nebraska,
furnished additional evidence of middle Holocene
floodplain aggradation (Libby 1955).

Along the Big Blue River in Kansas, Schmits (1980)
identified two inset fills, the older radiocarbon dating
to at least 6300 yr B.P., and the younger at 5800 to
4800 yr B.P. 1In the Pawnee River watershed, western
Kansas, Mandel (1988) noted alluviation prior to 7000 yr

B.P., and an episode of soil formation around 7000 yr
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B.P. Rapid aggradation occurred between 7000 and 5000
yr B.P., followed by soil development around 5000 yr
B.P. Entrenchment after 5000 yr B.P. then formed the
scarp of the highest terrace. Aggradation was the
dominant process along the Kansas River after 7250 yr
B.P. (Bowman 1985). Except for a short period of
floodplain stability and soil formation that occurred in
some basins between 6500 and 6000 yr B.P. (Bettis and
Hoyer 1986), rivers in central and western Iowa were
aggrading until approximately 4000 yr B.P. (Hallberg et
al. 1984; Bettis and Hoyer 1986; Bettis and Littke
1987).

In the Pomme de Terre River valley, Missouri,
Haynes (1985) reconstructed a detailed middle Holocene
fluvial record comprising several cut and fill cycles
that dated between 11,000 and 1400 yr B.P. He reported
alluviatién between 8000 and 6300 yr B.P., followed by a
short period of soil formation from 6300 to 6000 yr B.P.
and‘renewed aggradation to 5000 yr B.P. Erosion then
occurred between 5000 and 4600 yr B.P., followed by
aliuviation until 2900 yr B.P. In the same valley,
Ahler (1976) noted erosion between 8000 and 7500 yr
B.P., surface stability between 7500 and 6300 yr B.P.,

and rapid alluviation after 6300 yr B.P. Also in the
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same valley, Brakenridge (1980, 1981) reported incision
from 8100 to 7500 yr B.P., followed by a period of
surface stability to 5000 yr B.P., and then rapid
aggradation after 5000 yr B.P.

Along the South Platte River in northeastern
Colorado, Holliday (1987) reported deposition of the
Kuner terrace fill prior to 3000 yr B.P. Along the
Missouri River in North Dakota, Reiten (1983) documented
aggradation from 8000 to 4500Ayr B.P. Also along the
Missouri River in North Dakota, Kornbrath (1975) noted a
radiocarbon age of 5995 yr B.P. on charcoal buried in
terrace fill,.

In summary, following a brief and local episode of
incision around 8000 yr B.P., aggradation dominated
fluvial activity in the central Great Plains until
apprbximatély 6000 to 5000 yr B.P. In most basins, a
shoht episode of erosion took place after 5000 yr B.P.,
followed by alluviation. At several locations in the
central Great Plains, aggradation during the middle
Holocene was interrupted by up to five intervals of
floodplain stability and soil formation.

Recent studies have suggested that multiphase

eolian activity took place in parts of the central Great
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Plains during the middle Holocene. In Nebraska, Bradbury
(1980) and Wright and others (1985) concluded that
tracts of the Sand Hills were reworked during the middle
Holocene, but rejected the conclusions of Ahlbrandt and
others (1983) that the hills formed during the Holocene,
Clayton and others (1976), Reiten (1983), and Jorstad
and others (1986) postulated that eolian silt (the Pick
City member of the Oahe Formation) was deposited between
8500 and 5000 yr B.P. on terraces and uplands in North
Dakota. Paleosols developed in middle and late Holocene
eolian silt along the Missouri River, North Dakota,
provided strong evidence that eolian deposition was
episodic (Jorstad et al. 1986). Near Great Bend and
Pratt, south central Kansas, two paleosols developed in
and buried by eolian silt have been radiocarbon dated at
ca. 6500 yr B.P, At the Great Bend sand prairie between
these two localities, a paleosol developed in loess and
overlain by dune sand has been radiocarbon dated at ca.
50Q0 yr B.P., (W.C. Johnson, Pers. Comm. 1989). The age
of 5000 yr B.P. fits closely with evidence of eolian
activity documented in northern Texas between 5500 and

4500 yr B.P, (Holliday 1989).
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Late Holocene (4000 yr B.P - Present)

The chronology of late Holocene fluvial éctivity
appears to be more complex than chronologies of earlier
fluvial activity. The cause of this greater complexity
is‘uncertain, however. It may result from the relative
youth, and therefore better preservation, of late
Holocene deposits, or possibly it can be attributed to a
greater frequency of climatic fluctuations during the
1aﬁe Holocene than during earlier periods. Certainly
the relative youth of deposits affords a finer dating
regolution, thereby adding detail and complexity to
chronologies. That resolution notwithstanding, many
laﬁe Holocene fluvial chronologies feature several
episodes of aggradation alternating with floodplain
stébility and soil formation. This record stands in
marked contrast to that of the early Holocene, which is
characterized by evidence of aggradation interrupted by
dnly one or two soil-forming intervals.

The late Holocene sedimentation record of the
Kansas River basin contains abundant evidence of change
inffluvial activity. In the Walhut Creek valley, Artz
(1983) noted aggradation between 4500 and 2000 yr B.P.,
entrenchment at 2000 yr B.P., and finally aggradation

and soil formation. Along Stranger Creek in
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northeastern Kansas, Logan (1985) documented alluviation
between 4300 and 1300 yr B.P. Schmits (1980) mapped two
alluvial fills, one dating to about 2400, the other to
pre-1000 yr B.P., along the Big Blue River in
northeastern Kansas. Research on the Kansas River has
prodﬁced radiocarbon ages of 4290, 2600, 2395, 1600, and
1200 ‘yr B.P. on paleosols buried in Holliday terrace
fill (Bender et al. 1980; Holien 1982; Johnson 1985),
and alluvium underlying the Kansas River floodplain has
vielded a radiocarbon age of 785 yr B.P. (W. Dort, Jr.,
Pers; Comm. 1984). These ages demonstrate that fill of
the Holliday terrace had begun to accumulate by at least
4300 yr B.P. 1Incision to form the terrace scarp then
occu%red sometime between 1200 and 785 yr B.P. The
presence of paleosols is also evidence that late
Holocene aggradation in the Kansas River basin was
episédic (Johnson and Martin 1987).

- In the Pawnee River basin of western Kansas, Mandel
(1988) reported aggradation between 5000 and 2600 yr
B.P., followed by an episode of soil formation between
2600 and 2000 yr B.P. Incision followed by aggradation
tOOR rPlace between 2000 and 1300 yr B.P., and then soil

formation occurred until approximately 1000 yr B.P.;
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alﬁernating incision and aggradation have dominated

fluvial activity during the last 1000 years.

Holliday (1987) reported incision after 3000 yr B.P.

followed by alluviation during the last 1000 years.

Along Medicine Creek in Nebraska, Brice (1966) noted

agéradation of the Mousel terrace fill between 4000

1040 yr B.P., incision after 1000 yr B.P., and then

degosition of the fill that underlies the lowermost

teérace. In the South Loup River valley, Nebraska,

and Holen (1985) and May (1989) documented incision

pr#or to 3030 yr B.P., followed by aggradation, and

fi%ally another episode of incision sometime before

yer.P. Aggradation then took place until around 30
B.E., at which time incision occurred. Along the

Calamus River, a small tributary in the Loup River

In northern Colorado along the South Platte River,

and

May

2080

0 yr

|
drainage, Falk and Pepperl (1980) reported an episode of

soil formation between 1330 and 1200 yr B.P., an

interval that matches closely the 1660 to 930 yr B.P.

Period of soil development noted by May (1989).

In North and South Dakota, work has been
Coﬂcentrated on the Missouri River and its tributari

InESouth Dakota, Coogan and Irving (1959) found late

es.

Préhistorical artifacts in fill of the lowermost terrace
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along the Missouri River. Along Bear Creek in
southwestern South Dakota, Harksen (1974) reported
}adiocarbon ages of 2350 and 780 yr B.P. on two inset
fills. In North Dakota on the Knife River, Reiten
({1983) documented an episode of incision concurrent with
h period of soil formation between 4500 and 2500 yr B.P.
Aggradation then occurred from 2500 to 500 yr B.P.
During the last 500 years, the river has been
plternately cutting and filling its channel. Also in
North Dakota, Hamilton (1967, 1967a) reported the
deposition of five units of fill along Jones Creek, a
tributary to the Missouri River, since approximately 250
&r B.P.

Along the Pomme de Terre River in Missouri, Haynes
(1985) documented four episodes of late Holocene cutting
@nd filling, each spanning 300 to 600 years; periods of
cutting, which were brief in contrast to intervals of
filling,’occurred about 2900, 1800, 1000, and 430 yr
P.P. Deposition has dominated the basin for the last
550 vyears (Haynes 1985). At Delaware Canyon, Oklahoma,
Ferring (1986), Hall (1987), and Hall and Ferring (1987)
reported rapid aggradation between 2700 and 1900 yr B.P.

‘and 700 and 600 yr B.P.; this alluviation was
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intefrupted by entrenchment around 1000 yr B.P. and
durfng the last 100 years. Ferring (1986), Hall (1987),
and Hall and Ferring (1987) also identified episodes of
soil formation between 1900 and 1000 yr B.P. (Caddo
paléosol) and 600 and 385 yr B.P. (Delaware Canyon
paléosol). In Iowa, the Buchanan Drainage experienced
allﬁviation between 3000 and 2000 yr B.P. (Van Nest and
Betfis 1990). It has been noted that valley fill
immédiately adjacent to many streams in western and
ceﬂtral IJowa has accumulated during the past 2000 years
(Ruhe 1969; Bettis and Thompson 1981). This late
Holocene fill has buried middle and early Holocene
fl#vial deposits (Van Nest and Bettis 1990).

‘ In summary, the fluvial activity of the late
Holocene, which consisted of several episodes each of
aliuviation, entrenchment, and soil formation, stands in
marked contrast to the relatively uninterrupted
raggradatiOn that characterized the early Holocene.
Aithough synchrony is not evident among all events, it
is present among some of them, most notably those of the
eérly part of the late Holocene. With the exception of
a' few basins where incision was recorded, aggradation
appears to have been the dominant fluvial activity from

about 4500 to 3000 yr B.P. in several basins, and from
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4500 to 2000 yr B.P. in others. Most studies noted a
sﬁort episode of entrenchment following this
aggradation, and then renewed deposition, although the
timing of these two events varied across the central
Gfeat Plains., It is impossible to identify much
sjnchrony among fluvial activity of the last 2500 years.
This lack of synchrony indicates that factors in
addition to regional climate change (e.g., water table
lével fluctuations, internal variables) must be
cbnsidered when attempting to explain some of the late
Hblocene fluvial activity documented in the central
Great Plains. It should also serve to caution those
workers who seek to derive regional climatic conditions
from the alluvial record of one basin. Episodes of soil
formation, which occurred at different places around
2600 to 2400, 2100 to 1600, and 1200 yr B.P., correspond
ﬁo periods when alluviation slowed and surface stability
Qook plaée. Several short-term erosional and
depositional events occurred in some basins between
épproximately 1000 yr B.P. and the present.

Episodic eolian sedimentation that occurred during
the middle Holocene apparently continued into the late

Holocene. 1In North Dakota, Jorstad and others (1986)
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reported eoclian deposition, interrupted by short periods

of soil formation, during the last 5000 years; these
depdsits constitute the Riverdale member of the Oahe
Formation. Reiten (1983) documented eolian
sedimentation along the Knife River in North Dakota
between 2500 and 500 yr B.P. Eolian silt caps
containing cultural artifacts that date between 900 and
600‘yr B.P. were mapped by Coogan and Irving (1959) on
thejmiddle terrace of the Missouri River in South
Dakota; elsewhere in South Dakota, McFaul (1985)
identified similar eolian deposits mantling terraces on
the Missouri River.

There is also strong evidence of late Holocene dune
activity at several locations in the central Great
Plains. Muhs (1985) postulated sand dune movement
between 3000 and 1500 yr B.P in northeastern Colorado,
activity that appears to have been contemporaneous with
the' late Holocene dune formation that Ahlbrandt and
Fryberger (1980) and Ahlbrandt and others (1983) noted in
Nebfaska. In Lincoln County, Nebraska, cedar stumps,
Whi;h radiocarbon dated to 400 yr B.P., were uncovered
in eolian sand (Weakley 1962). A similar find is noted
by Martin (1985), who found recently excavated cedar

Stumps that dated to "modern" in a small gully in the
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Medicine Lodge River basin, south-central Kansas.

In summary, it appears that eolian activity was an

important component of late Holocene upland landform

evolution in those areas of the central Great Plains

that have sandy surface materials. Sand dunes appear to

have been active in northeastern Colorado and Nebraska

between 3000 and 1500 yr B.P. Findings from North

Dakota suggest that eolian sedimentation, interrupted

periodically by soil formation, occurred after 5000 yr

B.A. In south-central Nebraska, eolian sand deposition

took place around 400 yr B.P. Based on the limited

record of upland activity in the central Great Plains,

it

appears that late Holocene eolian sedimentation on

uplands was contemporaneous with fluvial aggradation in

valleys.

Colluvial Deposits

In addition to fluvial and eolian deposits, several

studies have noted the existence of colluvium on river

valley sides in the central Great Plains. Colluvial

deposits are believed to be transported by hillslope

wash from upland deposits to the valley floor (Leopold

et

al. 1966), 1In Iowa, valley side deposits comprising

redeposited loess were radiocarbon dated at 8000 to 3000
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yr B.E. (Thompson and Bettis 1980; Bettis et al. 1984;
Bettis and Hoyer 1986; Bettis and Littke 1987). Moving
away from the valley wall across the floodplain towards
the aétive channel, these deposits graded into fluvial
deposits (Bettis and Littke 1987). Accumulation of
valley side deposits was apparently episodic, as
indicéted by the presence within them of multiple
weakly-to-moderately developed paleosols (Bettis et al.
1984; Bettis and Hoyer 1986). The episode of hillslope
instability during which valley side deposits
accuﬁulated is believed to have been caused by a period
of eqhanced westerly flow that affected the central
Great Plains between 9000 to 6000 yr B.P. (Bettis and
Hoyer 1986); such flow is postulated to have extended
the rainshadow of the Rocky Mountains eastward,
SPregding dry conditions to the interior of North
America (Wendland 1978). In valleys during this period,
the boorly—dated fluvial record indicates generally
continuous aggradation (Knox 1983). After 3000 yr B.P.,
an increase in the vegetation cover resulting from a
return to more mesic conditions likely restored
hillslope stability. An episode of incision noted about

3000 yr B.P. in several drainage basins of the central
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Great Plains truncated the valley side deposits, forming
a terrace that trends smoothly from valley margins to

uplands.

Summary
Although research of the last twenty years has
measurably increased knowledge of late Quaternary

sedimentation and erosional activity in the central

Great:Plains, sizable gaps remain in the chronology of
landfdrm evolution for this period. For example, owing
to a paucity of radiocarbon ages, little is known, about
the late Pleistocene and early Holocene fluvial record
(Knox‘1983). Evidence uncovered to date suggests river
entreﬁchment at the end of the Pleistocene, followed by
alluviation, and finally an episode of soil development
at thé Pleistocene/Holocene boundary. On uplands,
deposition of the eolian Gilman Canyon Formation ended,
and an episode of soil development was initiated, about
21,060 yr B.P. Beginning shortly after 21,000 yr B.P.,
the Peoria loess was deposited, burying the Gilman
Canydn Formation. Deposition continued until 14,000-to-
12,000 yr B.P., at which time the Brady Paleosol
developed in the Peoria loess; radiocarbon ages on this

Paleosol range from 12,700 tc 8000 yr B.P. The Peoria
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loess in the central Great Plains is generally assumed

to have been blown out of the Nebraska Sand Hills,
althqugh a recent study has postulated that the hills
formed in the Holocene, not in the Pleistocene
(Ahlbrandt and others 1983). While acknowledging that
some‘minor reworking of dunes likely occurred during the
Holocene, most researchers continue to support the
theory that the Sand Hills formed during the Pleistocene
(e.2., Bradbury 1980; Wright et al. 1985).

Fluvial activity during the early Holocene was
domihated by aggradation, although in some basins a
shor& episode of incision preceeded deposition. On
uplands, deposition of the Bignell loess, and its eolian
coudterparts in the Dakotas and northern Texas, is
thodght to have begun about 8000 yr B.P. There is also
eVidence from northwestern and central Nebraska of sand
duné formation during the early Holocene. Around 8000
yr B.P., an episode of floodplain stability occurred in
several drainage basins; other basins, however,
experienced incision at this time. Following this,
allgviation, alternating with short periods of surface
stability, took place; valley side deposits accumulated
in some localities between 8000 and 3000 yr B.P.

Agg“radation slowed, or ceased, between 6000 and 5000 yr
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B.P., and incision occurred. Eolian sedimentation

during the middle Holocene has been recorded at
scattered locations around the central Great Plains.
In contrast to the record of the middle and early
Holocéne, which contains evidence of relatively
uninterrupted aggradation, the late Holocene fluvial

record is characterized by several erosional and

depositional events, most of which are non-synchronous.
The absence of synchrony suggests that factors in
addition to regional climate change must be considered
when;attempting to explain late Holocene fluvial
actiVity. The eolian record contains evidence of late
Holocene dune formation in northeastern Colorado and
northwestern Nebraska, and eolian sedimentation in North
Dakota; the activity in Colorado and Nebraska appears to

have been contemporaneous with fluvial aggradation.
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CHAPTER 3: LATE QUATERNARY PALEOENVIRONMENTAL RECORD OF
? THE CENTRAL GREAT PLAINS

Metﬂods of Paleoenvironmental Reconstruction

Current knowledge of late Quaternary climatic
con&itions in the central Great Plains is based on a
limited, but rapidly expanding, paleoenvironmental
rec%rd. This record consists of evidence from surrogate
indicators such as micro- and macrobotanical fossils,
lanésnails, opal phytoliths, and vertebrate and
inv%rtebrate remains. Because single indicators
gen%rally fail to produce a clear signal of
paléoenvironmental change, researchers frequently use
mor% than one surrogate indicator in reconstructions.
Although more time-consuming and expensive, such a
procedure usually affords a broader paleoecological
spe¢trum from which to gauge environmental and climatic
change.
Notwithstanding its limitations, palynology remains

the technique used most widely in the reconstruction of

lat? Quaternary environmental conditions (e.g., Davis

193%; Delcourt and Delcourt 1980; Jacobson and Bradshaw
198}; Bryant and Holloway 1985; Fall 1987). Typically,
bogé and lakes serve as ideal preservational sites for

Pollen; unfortunately, both are rare in the subhumid
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central Great Plains. 1In eolian and fluvial deposits,
the materials that mantle much of the central Great
Plains, pollen preservation is generally poor. Further,
bécause pollen does not deteriorate uniformly (Sangster
and Dale 1964; Cushing 1967; Havinga 1967), certain taxa
may be misrepresented in the record. Well-preserved
pollen is present in and has been recovered from fluvial
deposits. It is unclear, however, whether pollen
assemblages extracted from such deposits are
rgpresentative of the regional vegetation cover (Fall
1§87; Hall 1989). Consequently, most of our knowledge
about paleocenvironmental conditions in the central Great
Plains derives from work completed in contiguous states
(é.g., Missouri, Iowa, and Minnesota). 1In these states,
which are located on the humid, eastern periphery of the
region, sites conducive to pollen preservation are more
common.

In lieu of poorly preserved pollen and other floral
remains, researchers in the central Great Plains have
turned to other surrogate indicators in their
Péconstruction of paleoenvironmental conditions. Some
have advocated the use of inorganic biogenetic plant

Particles (phytoliths) to document vegetation change
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(Twiss et al. 1969; Rovner 1971; Brown 1984).
Phytﬁliths, which are composed of silica that
precipitated around plant cells (Rovner 1971),
accumulate in eolian and fluvial deposits, and are
highly resistant to dissolution. They have proven
useful in detecting the presence of grasses (Rovner
19715 Kurmann 1985), and in differentiating between C4
(warm and dry region) and C3 (cool and moist region)
grasges (Twiss 1987). Because their hard shell renders
them resistant to the aeration present in loess
deposits, terrestrial landsnails have also proven to be
a us;ful surrogate indicator of late Quaternary
environmental conditions in the central Great Plains.
Approximately thirty species, most of which are extinct
toda& in the central Great Plains, have been identified
in the Peoria loess of the region (Leonard 1952; Wells
and Stewart 1987), often in great abundance (Leonard
19525.

'The central Great Plains has also produced among
the largest quantities of fossil faunal remains (Schultz
and Martin 1970). As noted by many researchers (e.g.,
Hibbard 1970; Hoffman and Jones 1970; Graham 1987;
Mart%n and Hoffman 1987), the character of a faunal

Province is determined by regional climatic conditions.
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In 'locating actual boundaries between late Quaternary

faunal provinces, however, one must consider additional
variables such as topography, soils, frequency of
precipitation, the occurrence of fire, and the impact of
huian activity (Martin and Klein 1984; Martin and
Hoffman 1987). Moreover, faunal sequences do not always
reflect short-term fluctuations in climate (see Graham

1987). In spite of these limitations, researchers, by
comgaring fossil faunal remains to modern analogues,
have reconstructed paleocenvironmental conditions in
several parts of the central Great Plains (e.g., Hibbard
1979; Hoffman and Jones 1970; Lundelius et al. 1983;
Graham 1987; Stewart 1989),

Finally, several scholars have used the
characteristics of paleosols to make some inferences
about paleoenvironmental conditions (e.g., Simonson
1954; Ruhe 1969, 1974; Morrison 1978; and Mahaney 1981).
The degree §f soil development has been linked to the
warmth of the climate (Morrison 1978); the amounts of
kaolinite and halloysite contained in a paleosol have
beep related to leaching intensity (Mahaney 1981); the
color of a paleosol has been associated with a

Particular vegetation community (Simonson 1954; Ruhe
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1969, 1974); and the weathering ratios of heavy-to-light
miﬁerals have been used as an indicator of weathering
intensities (Ruhe 1969). There are some problems,
ho?ever, associated with the derivation of paleoclimatic
cohditions from paleosols, including secondary
enrichment of buried paleosols (e.g., Ruhe 1956;
Mausbach et al. 1982); the postburial alteration of
cﬂemical properties (e.g., Stevenson 1969; Valentine
aﬂd Dalrymple 1976; Schaetzl and Sorenson 1987); and the
difficulty in controlling for the impact of non-climatic
féctors (i.e., parent material, time, topographic
pésition) on pedogenesis and the resultant soil profile
(é.g., Scholtes et al. 1951).
Late Quaternary Paleocenvironmental and Climatic
Conditions

| Much of our knowledge about late Quaternary
Péleoenvironmental conditions in the central Great
'Piains derives from work completed in the last two
décades. We can now reconstruct generalized late
Eleistocene vegetation patterns for the region, but our
knowledge of Holocene patterns is limited. Even less is
known about the nature of the climatic fluctuations that
dictated these patterns. My objective in the following

review is to provide a summary of palecenvironmental and
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climatic conditions in the central Great Plains during
the last 30,000 years. The text is arranged
cﬂronologically using the temporal categories proposed

in Chapter 2.

Late Pleistocene (30,000 - 10,000 yr B.P.)

As detailed in Chapter 2, the Gilman Canyon
Formation accumulated and then the Peoria loess was
deposited over much of the central Great Plains between
about 35,000 and 14,000-t0-12,000 yr B.P. Although
ea%ly studies often postulated that late Pleistocene
loess sheets accumulated during drought conditions
(e;g., Schultz and Stout 1948), evidence from modern
depositional environments suggests that loess can
accumulate only on well-vegetated surfaces (Yaalon and
Da# 1974). Moreover, the landsnail fauna contained in
the Peoria loess of the central Great Plains implies
debosition,on a well-vegetated surface (Shimek 1930;
Leénard 1952; Wells and Stewart 1987a).

The floral record also suggests that mesic
conditions existed in the central Great Plains during
l°§83 deposition. 1In loess deposits at two locations in

Kansas, Wells and Stewart (1987, 1987a) found needle

legves of Pinus flexilis (limber pine) and Picea
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(spruce) charcoal dated at 14,450 yr B.P. At the North
Cové paleoindian site in south-central Nebraska, Wells
and, Stewart (1987) recovered cones, needles, and wood of

Picea glauca (white spruce) from spring deposits; ages

on éhe wood ranged from 14,700 to 13,100 yr B.P.
(Jobnson 1989). A preliminary grass phytolith analysis
of loess exposed at the Eustis Pit, Frontier County,
sou£hwestern Nebraska, inaicated that Peoria loess was
deposited during periods of more effective moisture,
wheFeas soil formation occurred during periods of less
eff;ctive moisture (Fredlund et al. 1985). Floral data
from Sander’s well, an upland site in southeastern
Kanﬁas, and from the North Cove site on Harlan Lake,
south central Nebraska, implied that a Populus (aspen)
par&land existed on uplands between 24,000 and 12,800 yr
B'PV (Fredlund and Jaumann 1987; Fredlund 1989). Ruhe
(1983), on the basis of conifer wood found in loess
deAOSits in Iowa, concluded that trees were present
during deposition of the Peoria loess. Finally, in a
survey of the pollen record, Webb and others (1983) and

i
Baker and Waln (1985) postulated that treeless openings,

Perhaps a Pinus parkland, existed on the central Great

Plains during the late Pleistocene.
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'Faunal remains also suggest that steppe or parkland
vege#ation existed on the central Great Plains during
the time of loess deposition. In northeastern Colorado,
the éelby and Dutton fauna, which were extracted from
Peorﬁa loess that dates to approximately 16,000 yr B.P.,
are characteristic of an open grassland environment

with few, if any, trees; in the same fauna, the

appearance of Mammuthus columbi (Columbian mammouth) in

lacustrian deposits that date to between 16,000 and
12,@00 yr B.P. implies an increase in effective
moisture, and perhaps additional tree cover (Graham
1987). Loess deposits in southwestern Iowa that date
bet%een 24,000 and 14,000 yr B.P. have yielded small
mammal fauna typical of grassland areas (Rhodes 1984).
Prairie and steppe fauna such as Cynomys (both white-
and;black-tailed prairie dog) have been recovered from
Peoria loess deposits across the central Great Plains
(Ho%fman and Jones 1970). A late Pleistocene grassland
fauna comprising Mammuthus sp. (mammouth), Equus
(horse), and Bison antiquus (bison) was excavated from
dePCjJsits along the Republican River, Nebraska (Corner
1977). In Peoria loess at the North Cove palecindian
Sit%, Nebraska, Stewart (1989) identified Thomomys

&élpglgg§ (northern pocket gopher), Spermophilus
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kimbéllensis (kimballs ground squirrel), and Bootherium

bombifrons (woodland muskox), fauna that typically
reside in an environment that is cooler and more mesic
than! that which is extant at present in Nebraska.

| The most detailed account of late Pleistocene
environmental conditions in the central Great Plains
comes from palynological studies undertaken along the
eastern and northern periphery of the region. Picea was
the dominant component of the vegetation cover in the
Sand Hills of South Dakota until 12,500 yr B.P., at

which time Pinus and herbaceous pollen increased (Watts

and Wright 1966). At Muscotah and Arlington Marshes in
northeastern Kansas, Gruger (1973) documented a Picea
forest from 23,000 to 15,000 yr B.P., followed at 11,500

yr B.P. by a slow decline in Picea and a rise in mixed

prairie and deciduous tree species such as 0Ostrya
(ironwood), Carylus (hazlenut), and Quercus (oak). To

thelsouth inlsoutheastern Kansas, the Picea forest was

transitional to a mosaic of prairie and Quercus/Caryva

(hiqkory) forest that existed until about 22,000 yr B.P.
Aroqnd 22,000 yr B.P., this mosaic evolved to a mixed
Elggé/deciduous forest in river valleys and a Populus

Pargland on uplands. The Picea population declined in
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the central Great Plains between 12,000 and 10,500 yr

B.P.,:and by 10,500 yr B.P. Picea had disappeared from

the region. After 10,500 yr B.P., deciduous species

such as Salix (willow), Ulmus (elm), Fraxinus (ash), and
Quercus dominated the vegetation cover of the central
Great;Plains (Fredlund and Jaumann 1987).

Paleoenvironmental studies in Iowa, although

portraying vegetation under more mesic climatic

conditions than those that likely existed in the central
Great:Plains, have produced a similar picture of late
Quateknary vegetation and climatic change. Much of
north@rn Iowa apparently supported a Picea-dominated
forest during the late Pleistocene (Brush 1967; Durkee
1971». At Lake West Okoboji in northwestern Iowa, a
E;ggg and Larix (Tamarack) dominated forest existed from
14,060 to 11,800 yr B.P. After 11,800 yr B.P., there
was é sharp decrease in Picea and Larix, and an equally

abrupt rise in Quercus and Ulmus (Van Zant 1979). 1In

soutﬁwestern Iowa, Picea was present in high
conc?ntrations until approximately 11,800 yr B.P. (Baker
et al. 1980).

fFinally, several researchers have used soil

Chanacteristics in attempting to derive late Pleistocene

Palecenvironmental conditions. Based on the nature and
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sequence of horizons in buried soils in the upper

Mississippi River valley, Simonson (1954) concluded that
the Yarmouth soil (pre-Illinoian in age) developed under
a ﬁorest vegetation in a climatic regime similar to that
of;the present. This conclusion was based on a
coﬁparison of the horizon thickness, clay mineral types,
ané clay content of the buried soil with those same
chéracteristics of the surface soil. The podzolic
nafure of the Sangamon paleosol has been attributed to

ité formation under a forest vegetation cover {(Thorpe et

al. 1951). Humus forms present in paleosols developed

injwestern European loess deposits were used to conclude
tHat moist conditions existed in the late Pleistocene
(ﬁalyrymple 1958). Ruhe (1969) suggested that the red-
vellow color of the Sangamon and late Sangamon paleosols
méy have resulted from development under conditions
_W§rmer and wetter than those of the present.

In sﬁmmary, evidence indicates that the Peoria
lbess accumulated on a well;vegetated surface rather
t“han on a barren one. Many landsnail species preserved
ib the Peoria loess are extant today in litter-covered
forested areas of the Rocky Mountains. Faunal remains

Qharacteristic of grasslands have been recovered from
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loess in Iowa, Nebraska, and elsewhere in the central
GreatiPlains. A preliminary grass phytolith analysis of
Pleisﬁocene loess at the Eustis Pit, southwestern
Nebra%ka, indicates that Peoria loess accumulated under
cool and mesic conditions. Macro- and microfloral
evideﬁce suggests that a parkland vegetation community
may héve existed on uplands of the central Great Plains
duriné loess deposition, 24,000 to 12,000 yr B.P.
Limited data from southeastern Kansas indicates that a
morejcontinuous Picea/deciduous cover was present during
thisitime in some river valleys. East of the central
Great Plains, a more continuous Picea-dominated forest
apparently existed from about 24,000 to 12,000 yr B.P.
In r%sponse to warming climatic conditions after 12,000
yr B;P., there was a éharp decline in Picea and a
concbmmitant rise in deciduous species across the
central Great Plains.

;In addition to being cooler, there is evidence that
the @ate Pleistocene was characterized by reduced
seasonal temperature extremes. The disappearance of the
late Pleistocene landsnail fauna from the central Great
plai?;ns around 12,500 yr B.P. is generally ascribed to
the“‘onset of a climate characterized by high

temperatures and more xeric conditions; that is,
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|
climapic conditions similar to those present in the

region today (Leonard 1952; Wells and Stewart 1987).
Other:aspects of the faunal record have led several
inveshigators to conclude that late Pleistocene
biological communitites were more complex and diverse
than %hose of the Holocene (Taylor 1965; Martin and
Neune& 1978; Martin and Hoffman 1987; Martin and Martin
1987*. A more equable climate featuring cool summers
and warm winters is postulated to have fostered this
compiexity and diversity (Martin and Neuner 1978; Martin
and Hoffman 1987; Martin and Martin 1987). The
tran#ition to a less equable climate (i.e., increased
seas%nality) at the close of the Pleistocene destroyed
these complex biological communities, and brought about
the %xtinction of many mega-fauna (Martin and Neuman
1978 Martin and Hoffman 1987).

:Recent climatic models based on atmospheric
variables and orbital parameters have largely agreed

|
with, conclusions drawn from the paleocenvironmental
reCO“I‘d- For the central Great Plains, Kutzbach and
Wright (1985) postulated drier conditions coupled with

Slig‘htly cooler January and significantly cooler July

temperatures (i.e., narrowed seasonal temperature range)
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during the late Pleistocene than exist in the region
today. In another climatic reconstruction, Kutzbach and
Quetter {1986) argued that reduced seasonal temperature
éxtremes and cold, dry conditions dominated the climatic
pattern of the interior of North America during the late
Pleistocene. Their model concluded that the seasonal
temperature range began to widen around 12,000 yr B.P.
because of an increase in annual radiation extremes.
Although omitting a discussion of temperature
Aeasonality, a third model of atmospheric activity, the
COHMAP (Cooperative Holocene Mapping Project) model,
reported warming of the climate in North America around
}2,000 yr B.P. as summertime solar radiation began to

increase (COHMAP Members 1988).

Early Holocene (10,000 - 7500 yr B.P.)

‘ The paleoenvironmental record, albeit limited,
§uggests that the transition from the Pleistocene to the
Holocenelwas a period of major climatic and vegetational
?hange across the central Great Plains. At Muscotah
%arsh in northeastern Kansas, Gruger (1973) recognized a
sharp decline in Picea after 12,000 yr B.P., and a

concurrent rise in Quercus, Ulmus, Fraxinus, and Salix.

FY 10,500 yr B.P., Picea had been replaced by deciduous
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specﬂes. The deciduous forest persisted until

grasslands expanded about 9000 yr B.P. At the Rosebud
site‘in the Sand Hills of South Dakota, Watts and Wright
{1966) noted an increase in Pinus and herbaceous pollen
duriAg the early Holocene. The pollen record from Swan
Lake |lin the Nebraska Sand Hills showed marsh vegetation
duriqg the early Holocene, an indication of relatively
xeri? conditions (Wright et al. 1985). At the Siebold
Slough in North Dakota, Cvancara and others (1971)
repo%ted a decline in Picea pollen and a concomitant
increase in grass pollen about 9700 yr B.P. And in
centFal Oklahoma, prairie indicators such as Poaceae and
Asteraceae increased in abundance around 11,000 yr B.P.
(Wiléon 1966).

'The vertebrate and invertebrate records of the

early Holocene also contain evidence of major climatic

chan%e. Fauna such as Blarina brevicauda (short-tailed
Shfew), which had been present in the region as recently
as tke Sangamon interglacial, reappeared in the central
Great Plains between 13,000 and 10,500 yr B.P., an
indiFation of climatic warming (Hoffman and Jones 1970).
There was also a change to the modern landsnail

|
assemblage between the end of Peoria loess deposition

(about 13,000 yr B.P.) and the start of Bignell loess
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deposition (about 8000 yr B.P.), a change attributed to
the o#set of a less equable climate at the end of the
Pleisiocene (Leonard 1952).

A more extensive paleocenvironmental record of the
Pleistocene/Holocene transition is available along the
eastefn periphery of the central Great Plains.

Deciduous forest comprising predominantly Quercus and

Ulmus:covered the area around Lake West Okoboji,
northwestern Iowa, from 11,800 to 9000 yr B.P. Probably
in résponse to post-glacial warming and increased
aridity, this forest was gradually replaced around 9000
yr B;P. by prairie grasses and shrubs, most notably
Gramineae, Artemesia, and Ambrosia (Van Zant 1979). In
north—central Iowa, increasingly xeric conditions after
8000;yr B.P. likely caused the decline in Quercus and
leg§ and the increase in Ambrosia (Brush 1967; Durkee
19715. In Iowa, micromammal fossils testify to
inc#eased aridity during the early Holocene and
est%blishment of the prairie by 8400 yr B.P. (Semken

198@; Rhodes and Semken 1986).

' In summary, there is conclusive evidence of

vegetational change during the early Holocene on the

eastern periphery of the central Great Plains. Although
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thefpaleoenvironmental record for this period in the
cen&ral Great Plains is much more limited, the available
daté do suggest some change in vegetational communities,
spécifically a shift to a grassland vegetational
coﬁmunitY~ On the eastern periphery of the central
Gr%at Plains, floral and faunal records show that
pr%irie moved eastward across the central Great Plains
befween 9000 and 8000 yr B.P., eventually extending into
Iowa by 8000 yr B.P. (Leonard 1952; Gruger 1973; Van
Zant 1979; Semken 1980; Wright et al. 1985; Rhodes and
Se@ken 1986). These changes in vegetational and faunal
as%emblages are thought to reflect a shift to warmer
temperatures and increased aridity (Webb et al. 1983), a
ch@nge that likely resulted from increased summer
iﬁsolation (COHMAP Members 1988). As documented in the
pﬁevious chapter, this climatic and vegetational shift

is marked in the early Holocene sedimentation record by
widespread fluvial aggradation. The coupling of fluvial
dﬁ’»‘position to the onset of xeric conditions has been

Postulated elsewhere (e.g., Huntington 1914; Love 1979;

Brakenridge 1981, 1984; Knox 1983).

lddle Holocene (7500 - 4000 yr B.P.)

4,

The most widely reported event of the middle
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Holo@ene is the Altithermal, a period when climatic
conditions were apparently drier than those of the

present. First noted by Antevs (1955), the Altithermal
is bélieved to have resulted from the dominance of zonal
atmo%pheric flow, a pattern that increased the frequency
of dfy Pacific air over the central Great Plains
(Wenéland 1978). According to some studies, this period
of d#y climatic conditions affected much of the central
Great Plains from approximately 7000 to 5000 yr B.P.,
and %ay have been severe enough to reduce human
populations in the region (Hurt 1966; Frison 1975;

i
Benedict 1979; Wedel 1986). Conversely, others have
argu%d that the cultural hiatus in the archaeological
record is not the result of a depopulation of the
cenﬂral Great Plains, but rather the product of
ins@fficient research in the region (see Reeves 1973).

: According to the paleoenvironmental record, the
tali grass pfairie (apparently in response to the
droéght) migrated eastward during the period to areas
that at present support mixed deciduous-prairie

i ‘

vegetation., At Lake West Okoboji in northwestern Iowa,

V&D{Zant (1979) reported a rapid decline in

Quercus/Ulmus after 9000 yr B.P., concomitant with a

ri 3 . C . .
1se in, and eventual dominance of, prairie species such
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as Gramineae, Artemesia, and Ambrosia. Prairie

vegetation covered the area between 7700 and 3200 yr
B.P. ' Van Zant (1979) also identified an influx of

coarée sediment to Lake West Okoboji between 7730 and
6200:yr B.P., activity that he interpreted as evidence
of a;dry, or nearly-dry, lake. Micromammal remains from
the ¢herokee Sewer site in northwestern Iowa also
indicate increased aridity between 8400 and 6300 yr B.P.
(Semken 1980), followed by more mesic conditions after
5000’ yr B.P. (Rhodes and Semken 1986). In the pollen
reco?d at the Siebold Slough, North Dakota, Cvancara and
othe?s (1971) reported dry conditions between 8500 and
4500 yr B.P. Fossil diatom assemblages and pollen

|
ﬁ profiles from southeastern Minnesota showed dry
con#itions between 8000 and 4000 yr B.P., and maximum
eastward extension of the prairie about 7200 yr B.P.

(Wright 1976; Brugam 1980; Brugam et al. 1988). 1In

northeastern Kansas, Gruger (1973) noted the dominance
of prairie species Ambrosia and Artemesia between 9900
and, 5000 yr B.P.; about 5000 yr B.P., the present mixed

deciduous/prairie mosaic began to develop.

In contrast to the middle Holocene

paL‘eoenvironmental record of areas peripheral to the
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central Great Plains, a record that reveals an expansion
of prgirie vegetation, the middle Holocene record from
the céntral Great Plains lacks evidence of major
clim%tic and vegetational change. Either the record is
too #imited to reveal the climatic and vegetational
changes, or the changes did not affect the surrogate
indiéators of vegetational change that have been studied
to ddate. At Swan Lake in the Nebraska Sand Hills,
Wrigﬁt and others (1985) noted relatively low water
leveis from 8900 to 3700 yr B.P., but could not discern
any %ignificant fluctuations in pollen frequencies. At
Hack#erry Lake in the Nebraska Sand Hills, Sears (1961)
citea an increase in arboreal pollen around 5000 yr B.P.

as evidence of more mesic conditions during the middle
|

Holocene.
|
| Evidence of arid conditions is, however, preserved

in the eolian sedimentation record of the middle
Holo#ene. Parts of the Nebraska Sand Hills and adjacent
area% experienced eolian activity during the period
(Agﬁnbroad 1977; Ahlbrandt and Fryberger 1980; Bradbury
198@: Ahlbrandt et al. 1983; Muhs 1985; Wright et al.
1985)- Findings from northern Texas indicated eolian

sedimentation between 5500 and 4500 yr B.P. (Holliday

|
1989)- In central Kansas, paleosols developed in and
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buried by eolian silt have been radiocarbon dated at

about 6500 yr B.P., and at the Great Bend sand prairie,

a paleosol developed in eolian silt and buried by dune

sand has been radiocarbon dated at approximately 5000 yr

B.P. (W.C. Johnson, Pers. Comm. 1989). This middle

Holocene eolian activity likely resulted from increased

aridity and an attendant reduction in the vegetation

cover.

The fluvial record of the middle Holocene reveals

aggradation in the central Great Plains between 8000 and

6000~-to-5000 yr B.P. (Johnson and Logan, In press).

Thils episode of aggradation may have resulted from

drought conditions that reduced the vegetation cover and

increased sediment delivery to rivers (Knox 1983). As

documented in studies of the prairie during the 1930s,

arid conditions can rapidly and dramatically diminish

grassland cover (Albertson and Weaver 1942; Weaver and

Albertson 1943; Weaver and Bruner 1948; Tomanek and

Hulett 1970), leaving the surface exposed to raindrop

impact and the effects of overland flow; with the return

of

re

17

Hul

Plentiful moisture, the grassland cover is rapidly

stablished (Weaver and Albertson 1943; Tomanek and
ett 1970).
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{ Atmospheric models have also generated drought

conditions during the middle Holocene. The AGCM
|

(Atmospheric General Circulation Model) developed by
|
Kutzbach and Guetter {1986) and the COHMAP model (COHMAP

Members 1988) postulated maximum summer warmth in the
|

northern hemisphere around 6000 yr B.P.; a strengthening
|
of yesterly flow across North America is thought to have

caused these warm and dry conditions (COHMAP Members
| ,

1988). Moisture availability was further reduced by the

|
inqreased evaporation that accompanied such warmth.

' In summary, paleocenvironmental records from across

the central Great Plains show a dominance of prairie
|
vegetation and xeric conditions during the middle

Holocene. The prairie apparently expanded eastward,
|

reaching its limit in eastern Minnesota and western
Wi?consin around 7200 yr B.P. The dry climatic

conditions may have been of sufficient severity to
|

reduce human populations in the region. Maximum aridity
|
occurred between 6000 and 5000 yr B.P., followed by a

return to more mesic conditions after 5000 yr B.P. The
|

dry conditions, by reducing the vegetation cover, likely

|
aC“celerated eolian activity in the region.
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|
Late Holocene (4000 yr B.P. - Present)
|
As noted in several studies, frequent changes in

flood;magnitude and frequency are preserved in the late
Holoc%ne sedimentation record (e.g., Knox et al. 1981;
Hayne% 1985; May 1986). Dominance of meridional
atmos?heric circulation, which results in high intensity
front?l precipitation, apparently gave rise to this

fluvial regime (Knox et al. 1981; Brakenridge 1981). 1In

the Loup River system, Nebraska, May (1986) cited thick

|
late Holocene alluvial fills and frequent episodes of

\
incision as evidence of highly variable flood

|
magnitudes; Knox and others (1981) and Knox (1985)
repo#ted similar findings from drainage basins in
southwestern Wisconsin. Such short-term change in
|

fluvial regime does not appear to have perisited long
!

enough to affect regional faunal and floral patterns, as
|

it is imperceptible in the paleocecological record of the
|

Péri¢d (Fredlund and Jaumann 1987).

JThe change noted most frequently in the late
Holo%ene paleoenvironmental record of the central Great
Plaibs is the replacement of prairie vegetation by the
mixep deciduous forest and prairie. At Muscotah Marsh
in northeastern Kansas, this shift, which is indicated

by an increase in Quercus and Carya, occurred about 5000
|
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yr B}P. (Gruger 1973); at Lake West Okoboji in

northwestern Iowa, it took place about 3200 yr B.P. (Van

Zant;1979). The remainder of the Holocene record to the
timefof anthropogenic vegetational changes reveals only
minok fluctuations in the vegetation cover (see Gruger
197@; Van Zant 1979), none of which can be construed as

a signal of regional climatic shifts.

‘ In areas contiguous to the central Great Plains,

|
however, there is evidence of significant climatic

flu¢tuations during the late Holocene. Hall (1982), in
an %nalysis of pollen and landsnails from rockshelters
in hortheastern Oklahoma, proposed that moist conditions
exi%ted between 2000 and 1000 yr B.P., followed by
incfeasing aridity after 1000 yr B.P. At Carnegie
Canyon in west-central Oklahoma, Hall and Lintz (1984)
and Hall (1987) documented a high water table between
3240 and 1000 yr B.P. About 900 yr B.P. the water table

|
declined, resulting in trenching of the canyon fill.

Although generally indiscernible in the

Palececological record, evidence of short-term climatic

f1?Ctuations does appear in the cultural record of the
|

Ceptral Great Plains. For example, the record of the

Upber Republican culture in south-central Nebraska
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|
|
conAains evidence of mesic conditions between 1250 and

850 |lyr B.P., followed by increasingly xeric conditions

nd 700 yr B.P. (Wedel 1986). The xeric conditions
rently forced the Upper Republican culture to
|

aro
app
mig

1986), where they remained until 450 yr B.P. when

amelioration of the climate permitted a return to the

central Great Plains (Wedel 1986). Records from the

Mil

ate southward (Bryson and Wendland 1967; Wedel
Creek culture in northwestern Iowa also show

drought) about 800 yr B.P. (Bryson and Baerreis 1968;

Bry

evidence of environmental stress (apparently an acute
on et al. 1970). At Ash Hollow in western Nebraska,

conditions at 730 yr B.P. and between 700 and 650 yr

B.P ({Weakly 1962).

In summary, the late Holocene began with an

increase in moisture availability between 5000 and 4000

yr B,P., signaling an end to the dry climatic conditions

the |dendrochronological record contains evidence of dry
of

he middie Holocene. Although floral and faunal

climatic fluctuations in the central Great Plains after

4000 yr B.P., evidence of change is preserved in late

Hol

Cene sedimentation and archaeological records.

Numerous cut and fill episodes indicate variable flood

records afford no conclusive evidence of regional
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magnitudes, and archaeological evidence suggests that

more xeric conditions, probably caused by an increase in
zonal atmospheric flow, affected most of the central
Great Plains from 800 to 700 yr B.P. Mesic conditions

returned to the region about 450 yr B.P.

Summary and Conclusions

Déring the last 30,000 years, climatic conditions
on thefcentral Great Plains have changed from cool and
mesic auring the late Pleistocene to relatively warm and
dry du%ing the Holocene. The limited paleocecological
recordiof the central Great Plains suggests that Peoria
loess accumulated on a vegetated surface, possibly in a
parklénd vegetational community. Analysis of phytoliths
extraéted from loess deposits at the Eustis site in
south#estern Nebraska indicates that loess was deposited
underfcool conditions with more effective moisture. In

riversvalleys, a more continuous Picea/deciduous forest
|

cover probably existed. On the eastern periphery of the

region, where more data are available, it is generally

accepted that a continuous Picea forest was present

during the late Pleistocene. 1In response to increasing
|

|
tempﬁratures after 12,000 yr B.P., Picea moved rapidly

|
"OPthward and deciduous species became established in
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the clentral Great Plains; Picea disappeared from the

regioh by 10,500 yr B.P. In addition to rapid warming,

less gquable climatic conditions appear to have

|
deve%oped in the region between 12,000 and 10,500 yr

B.P. These conditions may have destroyed the complex
bioclogical communities that existed during the
Pleistocene, resulting in either the extinction of mega-

fauné or migration of those having a boreal affinity.

|
The limited record from the central Great Plains
|

sugg#sts that a mixed deciduous forest/prairie covered
at 1§ast the eastern portion of the region from 10,500
to between 9000 and 8000 yr B.P. In response to warmer
and arier conditions, the prairie moved eastward across

the éentral Great Plains after 9000 yr B.P.; by 8000 yr

B.P.% it covered the central Great Plains, and by 7200

yr BFP' it extended to eastern Minnesota and western
WiSCpnsin. Mesic conditions returned around 5000 yr
B-é-h resulting in establishment of the deciduous forest
at iks pPresent position on the eastern periphery of the

cent&al Great Plains. The remainder of the Holocene
‘ .

Pale?ecological record displays only minor fluctuations
|

in Qhe vegetation cover, none of which provide a clear

8ignal of climatic fluctuations.
|
1
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Evidence of late Holocene climatic change does

appear, however, in the archaeoclogical and sedimentation
|

recérds. The archaeological record implies that dry
i

conditions existed in the central Great Plains between

\
800 and 700 yr B.P., followed by a return of more mesic

1
conditions around 450 yr B.P. Numerous cut and fill

1
episodes and thick alluvial fills in the sedimentation

!
record attest to a fluvial regime dominated by highly

variable flood magnitudes; such a regime contrasts

1
markedly with the regimes of the middle and early

\
Holocene, which appear to have been characterized by

| .
long-term aggradation, punctuated by relatively brief

episodes of incision.

Finally, while it is generally accepted that
dra%atic and frequent climatic change has occurred in

the central Great Plains over the last 30,000 years,
the}e is less agreement as to whether such change
occhrred in an episodic or a gradual fashion. Based on
the!temporal distribution of several thousand
ra&iocarbon determinations, Wendland and Bryson (1974)
aréued that climatic change occurred in an abrupt, step-
wise fashion that could be linked to perturbations in

atﬂospheric circulation. In contrast, following an

analysis of the palynological record from various

\
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|
locations in Minnesota, Wright (1976) rejected the step-

\
wise‘theory of climate change, concluding instead that

change occurred gradually.
|
!
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CHAPTE@ 4: STUDY SITE AND METHODOLOGY
\

!
Study Site
|
The Republican River basin has its headwaters in
|
the dissected plains of eastern Colorado. Elevations in

|
the portion of the Republican River basin under study
| ,
here range from 1798 m above mean sea level (amsl) at
i
the headwaters of the Arikaree River northwest of Limon,

Colorado, to 593 m amsl at Harlan lLake. At its mouth on

the western shore of Harlan Lake, the river drains
|

18,500 kﬁlof eastern Colorado and southwestern Nebraska

(see Figure 1:1).

In the vicinity of Harlan Lake, the Republican
|

River has incised through Quaternary and Tertiary
deposits to expose the underlying Niobrara formation and
|

Pierre shale of Cretaceous age. The Niobrara formation

is a:lead gray-to-yellowish cream chalk, and the Pierre
Shalé a carbonaceous, clayey yellowish-gray to black
Shalé that is interbedded with gypsum (Bradley and
Johnéon 1957). The Pierre shale serves as an important
aqui?lude in the central Great Plains. The Ogallala
fOl‘mi‘ition of Tertiary age, which cénsists of

unconsolidated, cross-bedded sand and gravel, overlies

the Fretaceous bedrock, and is exposed on upland flanks
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in the study area.
I

Pre-Quaternary fluvial dissection cut drainage ways

in the ?ierre shale and Niobrara formation (Lugn 1935).

These d#ainage ways were subsequently filled with early

Pleisto%ene fluvial deposits that comprise the Holdrege,
Grand I%land, Sappa, and Crete formations (Bradley and
Johnson;1957). Of these, the most widespreéd in the
study area is the Crete formation, a Pleistocene deposit
of flu{ial origin that is composed of cross-bedded,
clean éands and gravels., Erosion just prior to or
concurﬁent with late Pleistocene loess deposition

removed much of the Crete formation from the south shore

of the Republican River valley, although extensive

exposu%es remain on the north side of the river
(Zakrzéwska 1963). This asymmetrical pattern of erosion
is bel&eved to have resulted from Quaternary faulting of
the Og%llala and overlying early Pleistocene formations
(Zakrz@wska 1963).

#oth the Loveland and Peoria loess have been
recognized in the study area, although exposures of the
1atteé are far more prevalent. Following deposition of
the L%veland loess, widespread landform dissection

|
Occurred. The Peoria loess was subsegquently deposited,

obscu?ing most of the small valleys formed by the
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earlier erosion (Lugn 1935).
|
‘With the exception of reworked loess that appears

as c6lluvium on valley sides and Holocene fluvial

\
depo§its that are found in valleys, the Peoria loess

constitutes most of the surface material in the study
|

area| (see Plate 1:1). Generally, upland soils are
deve#oped in Peoria loess, and lowland soils in silty
and loamy alluvium. Upland soils, which are silty in
text#re with a small component (ca. 10%) of fine sand,
are tclassified as Typic Argiustolls or Typic
Haplpstolls. Lowland soils close to the river are

classified as Typic Ustipsamments and Typic
1
Ustyfluvents, whereas those developed on distal

flo&dplains and terraces are clasified as Cumulic
|

Haplustolls (Mitchell et al. 1974).
i The Harlan County area receives an average of 566
mm of precipitation each year, although the annual total

4 . o .
Var%es significantly (Meyers 1974). Frontal activity in

the [spring and convectional activity in the early summer

acc?unt for the bulk of the precipitation (Figure 4:1).

The Ivegetation cover of the study area consists of a
|
Mixed prairie-short grass cover (Figure 4:2). Short

gra%s types are generally restricted to steep slopes and
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Figure 4:1 Representative climograph for study area.
Data are for Alma, Nebraska, for the period 1937 to
1966.‘ Note the summer maximum of precipitation and the
vinter minimum. The average annual precipitation total

gurimg.the period 1937 to 1966 was 566 mm. Data are
rom pltchell et al. (1974, 62).
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Figure 4:2 Portion of Kuchler's (1964) map of potential
natural vegetation of the United States. Harlan Lake
indicated with an arrow. Study site lies within
vegetation community #69, the bluestem-grama prairie
(Andrggogon-Bouteloua). Map scale is 1:13,168,000. Top
of th? map is north. Vegatational communities depicted
are: .

#67: wheatgrasss-bluestem-needlegrass (Agropyron-

\ . Bouteloua-Buchloe)

#69: bluestem-grama prairie (Andropogon-Bouteloua)

*70: sandsage-bluestem prairie (Artemesia-

Andropogon)

#75: Nebraskan Sandhills prairie (Andropogon-

‘ Calamovilfa)

#98: northern floodplain forest (Populus-Salix-

| Ulmus)
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|
dry Fplands, whereas mid- and tall grasses are found on

gentier slopes and in valleys (Weaver and Bruner 1948).

The Hominant short grasses are Bouteloua gracilis (blue

gramf), Buchloe dactyloides (buffalo grass), Bromus

commutatus (hairy chess), and Andropogon scoparius

(litkle bluestem). Common mid- and tall grasses include

Anderogon gerardii (big bluestem), Bouteloua

curtipendula (side-oats grama), Angropyron smithii

(western wheat grass), and Panicum virgatum

(swﬂtchgrass) ({Weaver and Bruner 1948; Weaver 1954).

The extensive grasslands of the central Great
Plains occupy a region of North America that receives
litﬂle winter precipitation. It is a region that is
sub{ected frequently to drought, especially when spring
and summer rains fail. In contrast to the eastern half
of the United States, where the midlatitude forest is
the‘dominant vegetation type, areas supporting grassland
have few days of precipitation, little cloud cover, and
1ow!relativé humidities. Drought conditions occur when
mer%dional atmospheric flow from the south is replaced
by ional flow from the west. The extent and severity of
drO&Sht depends on the strength of such flow (Borchert
195?; Bryson and Wendland 1967; Bryson and Baerreis

1968; Kalnicky 1974: Wendland 1978).
|
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Tbe drought of the 1930s may serve as a modern
analogﬁe to the dry conditions that affected the Great
Plainsffrom approximately 7000 to 5000 yr B.P. Research
conduc&ed during and following this drought revealed
signif&cant changes in grassland cover as a consequence
of th% dry conditions. For example, at Hays, Kansas,
the gﬁassland cover was reduced from 85% in 1932 to 20%
in 1940. After 1940, with the return of more abundant
preciéitation, the cover increased, although the speed
of reéovery varied by species and according to
topog?aphic position (Weaver and Bruner 1945; Tomanek
and HLlett 1970). For example, hillslopes in parts of
the cgntral Great Plains that had been rendered barren
by thé drought of the 1930s supported only 50% of their
Pre—Qrought grass cover by the late 19840s (Weaver and
Brunér 1948); in contrast, the pre-drought vegetation
COVe# in many areas of Nebraska was entirely restored by
the iate 1940$ (Weaver and Bruner 1945). After an
anal?sis of the historical period (i.e., post-European

Settlement), Kuchler (1972) concluded that prairie

I
b°u"ﬂaries in the central Great Plains are responsive to
|

variations in the reliability of precipitation.

' In detailed studies of the prairie in western Iowa,
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easteﬁn Nebraska, and north-central Kansas, Weaver and
|

Alberﬁson (1943) noted that Andropogon scoparius

|
suffered the most serious losses from the drought of the

19305L In contrast, Andropogon gerardii, probably

because of its deeper root system, successfully
weath?red the dry conditions. With the loss of much of
the Andropogon scoparius cover, species such as

|

Bouteﬁoua curtipendula and Agropyron smithii invaded the
|

central Great Plains (Weaver and Albertson 1943); many

contﬂnue to prosper there today.

'Prior to the arrival of white settlers in 1871, the

|
Republican River valley supported numerous Native
|

American cultures who valued the region for its
|

plentiful game and good water supply. Perhaps the most
nota#le of these was the Upper Republican complex, a
cult#re that inhabited the region between 900 and 600 yr
B.P. (Wedel 1986). These original inhabitants yielded
eVEnﬁually to the European settlers who founded Harlan
C°U4ty in June 1871 and later selected Alma as the

I
county seat. That same year, Republican City was

est#blished, followed by Orleans the year after (Figure
4:3),

In 1879 the railroad arrived in Harlan County,
|
pre?lpltating an economic boom and an increase in

Population (Andreas 1882). Harlan County, because of
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Figure 4:3

darlan Lake,
a3ap is north.
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Prairie Dog Bay
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its lan to agriculture, has suffered through several
boom énd bust cycles. It has also been affected by the
20th Jentury consolidation of agricultural activity, and
the rqsultant decline in the number of family farms.
This decline is reflected in the population trends of
the cJunty: after reaching a peak of 9578 in 1910, the
populqtion has declined steadily to the present figure
of 4292 (Mitchell et al. 1974; Bureau of the Census
1980,%9—16).

Harlan Dam was planned by the United States Army
Corps of Engineers in the late 1930s, primarily in
response to a deadly flood in June 1935 that struck
along!the Republican River from the Colorado/Nebraska
bordef to the Nebraska/Kansas border. Eyewitness
accouﬁts of this flood reported that a wall of water 3
to lﬁ‘feet high and 1 to 2 miles wide descended on
Orlea?s at 3:00 A.M. on June 1. The floodwaters then
contihued downstream, striking Alma at 5:00 A.M. and
RePUbiican City just after daybreak. In all, 112 people
PerisPed across southern Nebraska, one~-fourth of them in
the Okford-Orleans—Alma reach of the river (Hurlbert

| .
1980; Pfeifer 1985; Harlan County Journal 1985).

Spurer by the devastation, construction of the Harlan

Project began in the late 1940s. The gates that hold
|
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Harllan Lake were closed in 1952, Ostensibly built to

affﬂrd flood control to the valley, the lake serves

increasingly as a recreational facility and a reliable
\

supply of irrigation water to farmers downriver in

Nebﬂaska and Kansas.

|
Methodology
\

. Reconstruction of the late Quaternary sedimentation
his?ory of the study area required extensive sampling of
and drilling in upland, valley side, and lowland
deposits. Because of the ocutstanding exposures present
on Aarlan Lake, sampling focused on the lake shoreline
and]a reach of the Republican River from Republican City
to ?xfcrd, Nebraska (see Figure 4:3). With the aid of
7.5‘minute, 1:24,000 United States Geological Survey
tOPAgraphic maps, I first undertook a walking survey of
the?river to identify accessible river and wave-cut
exposures that appeared to feature eolian and fluvial
deposits. Because of their potential for radiocarbon
dating, those exposures that contained paleosols were
ass£gned a higher priority for description and sampling.
On Fhe basis of this survey, the following wave-cut

exP?Sures on Harlan Lake were selected for detailed

desFPiPtion and sampling: Alma Vista, North Cove, Bone
!

i 83



Cove, énd Prairie Dog Bay. Unfortunately, only one non-
vegetaﬁed cutbank exposure, the Schoenenburg site, was
found %n the reach of the river under study here (see
Figure54:3). In order to augment investigation of the

stratiéraphic relationships between upland and lowland

deposiks, I used a trailer-mounted drill rig to collect

cores ?long two transects plotted across lowland
alluvial and upland loess deposits (Plate 4:1). Cores

were ﬁackaged and transported to the laboratory for

description, measurement, sampling, and analysis.

As a compromise between a time-consuming, random
|
sampling scheme and a potentially biased systematic
|
schemé, I sampled randomly within each depositional unit

of exbosures and cores. At the same time, I was careful
that %t least one sample, and usually two, were obtained
from %ach unit. Where stratigraphy was more complex
(e.g.b fluvial deposits), additional samples were
Collﬁcted. To prevent contamination from above,
expoéures were cut back at least 0.20 m prior to
Samp#ing, Depth to units was determined from exposure
bank¢0p5- Moist Munsell colors of all samples were also
|
detex"'mined in the field under natural light. For a

|
d”tafled description of cores and exposures and the
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pl?Fe 4:1 Trailer-mounted drill rig (Giddings)
>llect cores from valley and valley side fills.
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samples collected from them, see Appendix A.
At several locations, 2 kg bulk samples of

paleosols were collected for radiocarbon dating of

humgtes. To guard against contamination, faces were cut
back at least 0.50 m prior to sampling (Plate 4:2).
Theh, the sediment overhanging the top of the Ab was
removed to form a shelf from which samples were
coliected (Plate 4:3). Although I attempted to sample
within 0.05 m of the top of each Ab, bioturbation of
some paleosols made it necessary to sample at a lower
level of the soil. Rootlets were handpicked from bulk
paléosol samples in the laboratory, and then the samples
were submitted to the University of Texas Radiocarbon
Labbratory for radiocarbon dating of soil humates (base-
soluble fraction). Where noted, ages were corrected for
the stable carbon isotope (Cl13) ratio (see Stuiver and
Polach 1977; Taylor 1987).

Because paleosols represent episodes of soil
formation, an age from the upper portion of an
u"SFPiPped raleosol provides a maximum date for the
burial of that soil. Conversely, an age from the lower
POPFion of a soil Ab horizon furnishes a minimum date
for the beginning of soil formation (Haas et al. 1986).

By Fffording stratigraphy a chronometric framework,
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Plate 4:2
sample.

Paleosol prepared for bulk radiocarbon
Exposures were cut back at least 0.50 m prior
to sampling to guard against contamination by humates

from above. Photo is the Bone Cove site.
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Plate 4:3

Close-up of paleosol

for bulk radiocarbon sample.
shelf

cm.

in Plate 4:2 prepared
Sample was collected from
in which trowel is sticking. Pen length is 13.5
Photo is the Bone Cove site.
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radiocarbon ages facilitated the construction of a
chanology of sedimentation and.erosional activity. A
list of all radiocarbon ages obtained in this study and
a dgscussion of the process of radiocarbon dating of
soils are contained in Appendix B.

| In the laboratory, several basic soil analyses were
run to determine the physical and chemical
chaLacteristics of deposits. I used the pipette method
to determine the particle size distribution of samples
(Day 1965; Gee and Bauder 1985). This method has been
shown to produce results that are consistent with those
obtgined using the Coulter counter/multisizer
(Pennington and Lewis 1979). Particle size data were
conLerted to the logarithmic phi scale using a program
developed by M.C. Prante of the Department of Geography,
Uni¢ersity of Kansas. This program constructs a
cumulative frequency curve for the particle
disfribution, and then reads the desired phi value from
it. Using this technique, the fifth, fiftieth, and
eigﬁty-fourth percentile phi values were determined.
The fifth percentile value represents the coarse tail of
t'}“3§-°3allllbl<-:‘, the fiftieth percentile value the median

value of the sample, and the eighty-fourth percentile

Val%e the fine tail of the sample (see Knox 1985). The
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mean phi value and degree of sorting were also

calculated using equations devised by Folk and Ward
(1957). For a detailed summary of calculations and
statistical tests, see Appendix C.

lThe calculated phi values were plotted against
depth to ascertain trends down a profile. Comparison of
these trends, in turn, facilitated differentiation of
eolien} fluvial, and reworked deposits, and, for fluvial
deposits, permitted assessment of the relative strengths
of f&uvial sedimentation events. Calcium carbonate
contents were measured using the Chittick method of
digqstion with hydrochloric acid (Dreimanis 1962).
Organic carbon content was determined by the dichromate

!
method (Allison 1965; Nelson and Sommers 1982). The
org;nic carbon content of paleosols developed in late
Holdcene deposits was assumed to be proportional to the
durgtion of surface stability and soil development (see
Bifkeland 1984; Holliday 1988). That is, the organic
Caréon content was used as an indicator of the relative
duration of floodplain stability. This assumption is
valid only when the paleosols being compared have
aPpl‘;‘oximately the same ages; if their ages differ
Substantially, then the loss of organic matter through
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postburial alteration will likely bias results (see

Stevqnson 1969; Gerasimov 1971; Hallberg et al. 1978).

Finally, I used clay mineralogy, as determined by x-ray
diffﬁaction, to help differentiate among deposits. The
clay;fraction (< 2 microns) was slurry-mounted on
ceramic tiles and x-rayed between 20 and 370 2€ using Cu
K-aléha radiation with Ni-filtration. To assist in the
recognition of clays, both air-dried and oven—dried{(SOOo
C for 1 hour) samples were run. I identified
diff%action peaks by comparison to x-ray diffraction
traces provided in Carroll (1970).

' The range of laboratory analyses discussed above
perm#tted determination of the physical character of the
various sediments in the study area. The resultant data
werejthen used to differentiate among fluvial, eolian,
and reworked deposits, and, for fluvial deposits, to
gauge the relative strengths of fluvial sedimentation
eVééts. Radiocarbon ages on paleosols afforded
chronometric control for the chronology, and, in the
case of late Holocene fluvial deposits, provided an
ind£cator of the relative duration of floodplain
Stability, Radiocarbon determinations also facilitated
cOPLLelations with chronologies of landform evolution

th&# have been produced elsewhere in the Great Plains.
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CHAPTER:5: RESULTS AND DISCUSSION

As a result of descriptions completed and sampling
undertaﬁen at the six study localities, I have
identiﬁied loess, colluvial, and alluvial deposits; at
least éne type of deposit is present at each site, and
two siﬁes feature all three deposits (see Figure 4:3 for
site l%cations). A more precise location of study sites
is proQided by annotated topographic maps included in
the de%cription of each site. As noted earlier,
detailéd descriptions of exposures and cores are
contained in Appendix A. The following abbreviations

are used in descriptions of the sample locations:

BC Bone Cove

PDB = Prairie Dog Bay
‘ NC North Cove
‘ AV Alma Vista

Late éleistocene Study Sites
Bone Cove

Bone Cove is located on the south shore of Harlan
Lake,:approximately nine km southeast of Alma, Nebraska
(Figure 5:1). Sampling was completed on the east-facing
eXpos“ure of the cove (Plates 5:1 and 5:2). At the base

of the exposure, 1.5 m of cross-bedded, coarse and

®edium fluvial sands are overlain by yellowish-brown
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Figuie 5:1 Section of topographic map showing lgcation
°of Bone Cove sample site (arrow). Site located in: SW
1/4, NE 1/4, Sec. 20, TIN, R17W, Alma, NE/KS 7.5 minute

Quadrangle. Top of the map is north, contour interval is
10 feet,
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Plate 5:1 Bone Cove exposure. Exposure comprises a
basal unit of the temporal equivalent of the Gilman

Canyon Formation and overlying Peoria loess. Paleosol,
which divides the two units, was radiocarbon dated at
26,260 + 680 yr B.P. (Tx-5910). Note diffuse upper

boundary of paleosol, an indication that it is a cumulic
soil.

94



Plate 5:2 Sample section on Bone Cove exposure.

From bottom to top, exposure comprises the temporal
equivalent of the Gilman Canyon Formation, a paleosol
radiocarbon dated at 26,260 + 680 yr B.P. (Tx-5910), and
Peoria loess. Radiocarbcocn sample indicated with arrow.
Note the diffuse upper boundary of paleosol, an
‘ndication that it is a cumulic soil.



(10YR;6/4), massive fine sand (Figures 5:2 and 5:3). A
paleoéol featuring dark gray (10YR 3/1) Ab and Bw
horidons is developed in this fine sand; the diffuse
uppef boundary of the Ab horizon indicates that

pedogenesis was able to keep pace for a short time with
depo%ition of the overlying loess (see Plate 5:2),
theréby forming a cumulic soil (see Riecken and Poetsch
1960#. Soil humates from the upper 0.17 m (5.20 -~ 5.27
m) of the paleosol were radiocarbon dated (uncorrected
for ¢13 ratio) at 26,260 + 680 yr B.P. (Tx-5910), an age
that:correlates with dates of 35,000 to 21,290 yr B.P.
on the upper portion of the Gilman Canyon Formation as
repo&ted elsewhere in Nebraska (Dreeszen 1970; May and
Souders 1988; May 1989a; D.W. May, Pers. Comm. 1989).

; The paleosol is overlain by up to 5 m of slightly
calcareous, massive buff (10YR 5/3 to 10YR 4/4) silt
thaé was deposited sometime after 26,260 yr B.P. (see
Figures 5:2 énd 5:3). Aside from a layer of slightly
coa%ser silt between 4 and 5 m that may correspond to
deposition by higher wind velocities, the texture is
h°m§8eneous to the top of the exposure (see Figure 5:3).
Landsnails are scattered throughout the deposit; a high

co!'lfcentration between 2 and 3 m may denote deposition

Uﬂder conditions of increased moisture. The exposure is
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BONE COVE SECTION

604 -
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602 =
Peoria
Loess
= 600 =
£
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i
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Fine O Clay Mineralogy Sample
596 = Sand
® Radlocarbon Sample
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594 —
Harlan Coarse
Lake Sand B Z i Soil
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Figure 5:2 Diagrammatic section of the Bone Cove

exyosure. Depth is measured from the banktop. Banktop
h?lght is 603 m above mean sea level. Locations of clay
minej

ral and radiocarbon samples are indicated. Note the
unconformity between basal sands and the overlying fine
sands. Fine sand unit is thought to be the temporal

equivalent of the Gilman Canyon Formation.
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Piggre 5:3 Particle size trends for the Bone Cove
gample section. Depth is measured from the banktop.
am‘ktop height is 603 m above mean sea level.
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calcareous throughout, with highest values present in
the upper portion of the paleosol (Figure 5:4). An x-
ray diffraction sample collected between 3.30 and 3.35 m
see Figure 5:2) revealed montmorillonite, illite,
quartz, and kaolinite clays (Figure 5:5), a mineral
assemblage that is typical of the Peoria loess

Swineford and Frye 1951; Beavers 1957). In age

deposition post-26,260 yr B.P.), appearance, texture,

nd clay mineralogy, this unit is identical to the

eoria loess that mantles much of the central Great

lains.
In the classical loess stratigraphy of the Great

lains, as reported by C.B. Schultz and associates of

he University of Nebraska-Lincoln, the Brady paleosol
is developed in the top of the Peoria loess. At the

one Cove site, however, the Brady is absent, at least
as a buried soil; indeed, there is no evidence in the
Peoria loess that deposition ceased, or even slowed
(e.g., organic enrichment), and there does not appear to
be any unconformity in the deposit. It is possible that
the Brady paleosol was eroded from the Bone Cove
exposure sometime during the Holocene, although one

Would expect to see evidence of such an event preserved

in the stratigraphy. It is also possible that the
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Pigure 5:4 Calcium carbonate trend for the Bone Cove
3ample section. Note the accumulation of calcium
carbonate in the paleosol. Depth is measured from the
banktTpo Banktop height is 603 m above mean sea level,
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P}gure 5:5 X-ray diffraction traces for clays (<2
?tcrqns) from sample collected at Bone Cove section,
fo:rla loess (de?th of 3.30 - 3.35 m). See Figure 5:2
aom zémple location. Material sampled was deposited
dri:dlme %fter 26,000 yr B.P. X-gay traces are for air-
a%se b§25 9) and.oven—dried (600~ C) samples. Mineral
b m‘ age is typical of the Peoria loess, as reported

Y Swineford and Frye (1951)
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surface soil at the Bone Cove exposure is the
stratigraphic and temporal equivalent of the Brady
paieosol. A radiocarbon age on humates from the base of
thé surface so0il would answer this question.

In summary, the Bone Cove site features what
appears to be part of the Gilman Canyon Formation
overlain by up to 5 m of massive Peoria loess. The
cumulic paleosol at the base of the loess, which marks
the start of Peoria loess deposition, was radiocarbon
da%ed at 26,260 yr B.P. Although the Brady soil does
nof appear as a buried soil at the site, the surface
soil may be the stratigraphic and temporal equivalent of

it
|

Prairie Dog Bay
The Prairie Dog Bay site, which is located at the

PrFirie Dog Bay inlet on the south shore of Harlan Lake,
coﬁprises four exposures: PDBl1, PDB4, PDB3, and PDB5
(Figures 5:6 and 5:7, Plate 5:3). The extensive

(3‘km2 ), nearly level Prairie Dog Bay surface extends
from the shore of Harlan Lake to the uplands (Plate
5:4). The PDBl exposure is composed of buff (10YR 5/3),

Calcareous, massive coarse silt that displays little

Va;iation in texture from the base of the exposure to

102



Figure 5:6 Section of topographic map showing location
of P?airie Dog Bay sample sites. Numbers correspond to
Bhe individual sample sites: 1 = PDB1, 3 = PDB3, 4 =
DB4, 5 = PDB5. Sites located as follows: PDB1

= SE 1/4, SE 1/4, Sec. 23, TIN, R18W; PDB4 - SW 1/4, SE
1/4, Sec. 23, TIN, R18W; PDB3 - SW 1/4, SE 1/4, Sec.

23, TIN, R18W; and PDB5 - SE 1/4, SW 1/4, Sec. 23, TIN,
R18W, Alma, NE/KS 7.5 minute quadrangle. Top of map is
"P”th; contour interval is 10 feet. The pre-dam channel
of Prairie Dog Creek is visible in the middle of Sec.

23, The extensive and flat Prairie Dog Bay surface
,tretches about 2 km to the south of the sample locality.
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Figure 5:7 Idealized profile of the Prairie Dog Bay
site and sample localities. View is from Prairie Dog
Bay facing south, with east on the left and west on the
right of the profile. Surface height is given in meters
above mean sea level (amsl). Note locations of snail,
radiocarbon, and clay mineral samples. See Figure 5:15
for proposed late Quaternary evolution of the site.
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5:3 Prairie Dog Bay site. Arrows mark, from left

ol in
130

ght, PDB1, PDB4 and PDB3 sample localities. Note
PDB1 and PDB3 feature paleosols, but PDB4 does not.
(=]

PDB1 foreground) was radiocarbon dated at
yr B.P. (Tx~-5909). Deposits are Peoria

5,000 to 11,500 years old) and reworked
(early Holocene in asge).



Plate 5:4
surface 1
PDB4 expo
from the

Prairie Dog Bay surface. Photo

taken from
ooking

towards Harlan Lake and the edge of the

sure. Surface extends approximately 2 km back
lake.



the banktop; this implies that deposition was
uninterrupted (Figure 5:8). Humates extracted from the
upper 0.20 m (2.10 - 2.28 m) of the paleosol that is
prominent in the middle of the exposure produced a
radiocarbon age (uncorrected for Cl13 ratio) of 10,360 +
130 yr B.P. (Tx-5909). A small (ca. 1 kg) bhlk sample
of sediment from the base of the exposure yielded

numerous landsnails, including Vallonia gracilicosta,

Pupilla blandi, Pupilla muscorum, and Gastrocopta

armifera; these species were present in upland settings
of the central Great Plains between 13,000 and 10,500 yr
B.P. (J.D. Stewart, Pers. Comm. 1986). With the

exception of Gastrocopta, which is still present in

topographically sheltered settings of the central Great
P%ains, all of these landsnails are extant today in
li}ter-covered forest areas of the Rocky Mountains and
aang the United States/Canadian border, that is, in
;l}mates having more effective moisture and a lower

anpual temperature than the climate that exists today in

thf central Great Plains (Leonard 1952; Wells and

Stewart 1987a). The x-ray diffraction traces on a
|

Sample collected just below the paleosol (see Figure
\

537) reveal the dominance of montmorillonite, illite,

qu?rtz, and kaolinite (Figure 5:9). Based on the
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Figure 5:8 Particle size, organic matter, and calcium
carbonate trends for PDBl sample site. Depth is measured

fro¢ banktop. Banktop height is 598 m above mean sea
level,
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F%Bure 5:9 X-ray diffraction traces for clays (<2
microns) from sample collected at PDBl1 section, Peoria
loess (depth of 3.85 - 4.15 m). See Figure 5:7 for
3amPl§ location. Material sampled was deposited
Sometime between 13,000 and 11,500 yr B.P. X-ray
dl?fraction traces are for air-dried (25° C) and oven-
dried (600° C) samples. Mineral assemblage is typical

?fQEE? Peoria loess, as reported by Swineford and Frye
1 .
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radiocarbon age on the paleosol, the silty texture and
clay mineralogy of the basal 3 m of the deposit, and the
presence of late Pleistocene terrestrial landsnail
fauna, it appears that the sediment below the paleosol

is in situ Peoria loess.

The paleosol just above the middle of the exposure
features a dark brown (10YR 3/2) Ab horizon and a
prominent Btb horizon. Calcium carbonate has been
leached from the Ab horizon (see Figure 5:8). The
paleosol can be traced along the length of the PDB1
exposure, and hand-auger and drill cores established
that a paleosol at roughly the same depth as the
radiocarbon dated paleosol extends at least 1 km to the
south of the exposure. The 2 m of massive, buff (10YR
5/3) coarse silt that overlies the paleosol is identical
in texture and color to the Peoria loess in which the
paleosol is developed (see Figure 5:7). This implies
that the massive coarse silt was derived from the Peoria
loess. The lack of structure in this upper silt unit
suggests that it is an eolian deposit, possibly reworked
from Peoria loess deposits during the early Holocene. A
0.40 m-thick surface soil with Ab and Bw horizons is
formed in this upper material.

The PDB4 exposure lies to west of the PDBl exposure
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{see Figures 5:6 and 5:7). Although both consist of

buff (10YR 5/3), coarse silt (Figure 5:10, see Figure
5:8), and have similar clay mineral assemblages (Figure
5:11, see Figure 5:9), PDB4 lacks the paleoscl that is
so conspicuous in the PDB1 face (see Plate 5:3).
Moreover, hand-augering to depths of 4.0 m in the
surface to the south of the PDB4 exposure failed to
reveal a paleosol; this is approximately twice the depth
to the paleosol in the PDB1 exposure. Further, a bulk
sémple (ca. 1 kg) of material from the base of the PDB4
exposure yielded a landsnail assemblage consisting of

Discus shimeki, Discus cronkitei, Vallonia gracilicosta,

and Pupilla blandi. These species, all of which are

extinct today in Kansas, are presently found in litter-
covered forest areas of the Rocky Mountains and along
the United States/Canadian border (Leonard 1952; Wells
and Stewart 1987a). They thrive under climatic
conditions of more effective moisture and a lower annual
temperature than are found today on the central Great

Plains. The presence of D. Shimeki, which was not noted

at the PDBl1 site, is particularly noteworthy in that it
restricts deposition of the sediment to the period

between 20,000 and 13,000 yr B.P. (J.D. Stewart Pers.
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Figure 5:10 Particle size and calcium carbonate trends
for PDB4 sample. Depth is measured from the banktop.
Banktop height is 598 m above mean sea level.
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Figure 5:11 X-ray diffraction traces for clays (<2
Bicrons) from sample collected at PDB4 section, Peoria
loess (depth of 4.09 - 4.16 m). See Figure 5:7 for
sample location. Material sampled was deposited
Sometime between 25,000 and 13,000 yr B.P. X-ray traces
are for air-dried (25° C) and oven-dried (600° C)
Bamples., Mineral assemblage is typical of the Peoria
Cess, as reported by Swineford and Frye (1951).
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Comm. 1986), that is, before the fill at PDB1l was
apparently deposited.

Similar to the PDBl exposure, the PDB3 exposure
features a paleosol (Ab/Bwb profile) developed in and
buried by buff, massive coarse silt (Plate 5:5). Unlike
the paleosol at PDB1, which is dark brown (10YR 5/3) and
has crumb structure, the paleosol at PDB3 is dark gray
(10YR2/2) and has blocky structure. It is also more
clay-rich and calcareous than the paleosol at PDB1l (see
Figure 5:8, Figure 5:12). Auger holes in the PDB3
surface disclosed that a paleosocl is present at
approximately the same depth as the one in the exposure
for a distance of about 1 km back from the face. As
revealed by the eighty-fourth phi percentile trend,
samples collected from the PDB3 face have consistently
higher clay contents (see Figure 5:12) than did samples
taken from PDB1 and PDB4 (see Figures 5:8 and 5:10). X-
ray diffraction traces for samples from PDB3 display the
typical kaoiinite-quartz—illite mineral assemblage of
the Peoria loess (Figure 5:13), with slightly more
kaolinite than was present in PDB1 and PDB4 (see Figures
5:9 and 5:11). Curiously, the PDB3 sample lacks
Cristobalite, a mineral that is present in PDBI1.

Although by no means conclusive, these data indicate
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Figure 5:12 Particle size and calcium carbonate trends
for the PDB3 sample section. Depth is measured from the
banktop. Banktop height is 598 m above mean sea level.
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F@gure 5:13 . X-ray diffraction traces for clays (<2
microns) from sample collected at PDB3 exposure (depth
of 3.90 - 3.96 m) below the paleosol. See Figure 5:7
for sample location. Material sampled is thought to be
the Peoria loess deposited between 13,000 and 11,500 yr
B.P. X-ray traces are for air-dried (25° C) and oven-
drl¢d (600° C) samples. Mineral assemblage is typical
of the Peoria loess, as reported by Swineford and Frye

(1951),
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that the fill of PDB3 may be different than that of
PDBl1. It is equally possible that the PDB3 and PDB1
fills are the same age, but that the PDB3 fill has been
more highly weathered. This would account for the
higher clay and kaolinite contents of PDB3 relative to
PDB1.

The PDB5 exposure, which lies to the west of the
PDB3 exposure (see Figures 5:6 and 5:7), comprises buff-
to-light brown (10YR 5/2-to-10YR 4/4) coarse silt. The
fill lacks a paleosol, giving it the appearance of PDB4,
and, similar to PDB4, it is highly calcareous in the
uprer 2 m (Figure 5:14, see Figure 5:10). Its texture
is similar to that of the other three exposures.

The evidence from the four exposures at the Prairie
Dog Bay site implies a complex sedimentation history
between approximately 20,000 and 10,000 yr B.P. To
summarize my observations at the site: 1) A radiocarbon
date of 10,360 yr B.P. on the paleosol in the PDBI1
exposure indicates that deposits at that site date to
the late Pleistocene; 2) Although the banktop heights of
the four exposures are different (PDB4 is the highest,
PDB5 the lowest), the relief between the highest surface
and the lowest one is only 1.5 m (see Figure 5:7); 3)

PDB1 and PDB3 contain a paleosol that differs in color,
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structure, and texture, whereas PDB4 and PDB5 do not
contain a paleosol; 4) Landsnails found near the base of
the PDBl1 exposure date to the period 13,000 to 10,500 yr
B.P., whereas landsnails found at the base of PDB4 date
to the period 20,000 to 13,000 yr B.P.; 5) Sedimentary
structures are absent from all fills at the site,
suggesting that material is wind-deposited; and 6)

Together, the fills constitute the extensive (3 kmﬁ'

),
nearly level Prairie Dog Bay surface.

The radiocarbon age from the middle of the PDB1
exposure and the landsnail assemblages from the lower
half of it confirm that the exposure consists of in situ
Peoria loess that was likely deposited prior to 10,360
yr B.P. This terminal age for deposition of the Peoria
loess is close to the accepted range (14,000 to 12,000
yr B.P.) for the end of Peoria loess deposition in the
Great Plains (Thompson and Bettis 1980; Ruhe 1983).
"Landsnails from the contiguous PDB4 exposure place
deposition of that fill to between 20,000 and 13,000 yr
B.P., in other words, immediately prior to deposition of
the PDB1 fill. Based on this evidence, I postulate that
PDB4 is a remnant of an extensive loess surface that was
deposited between 20,000 and 13,000 yr B.P., and then

entrenched before 13,000 yr B.P. Following this
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incision, the loess in the lower half of PDB1 was
deposited.

The relationship of the PDB3 and PDB5 exposures to
this sequence of events is less clear, however. The
small (up to 1.5 m) differences among banktop heights of
the four sites cannot be construed as proof that four
distinct fills exist; the differences in elevation may
have resulted from post-depositional erosion, and indeed
they become more difficult to detect as one moves from
the exposures across the Prairie Dog Bay surface to the
upland. The absence of a paleosol and the similarities
in texture (see Figures 5:10 and 5:14) and color suggest
that PDB4 and PDB5 comprise fill of the same age. Based
on the landsnail fauna from the base of PDB4, that fill
(Peoria loess) was deposited between 20,000 and 13,000
yr B.P., and therefore predates the PDBl1 fill which was
deposited between 13,000 and 10,500 yr B.P. Fitting the
PDB3 fill into the sequence is more problematic. The
Presence of a paleosol in PDB3 demonstrates that the
fill is not contemporaneous with the PDB4 and PDBS5
fills. On the other hand, the PDB3 fill does not match
the PDB1 fill. The PDB3 fill is more clay-rich than the

PDB1 fill, and the paleosol in PDB3 is more clay-rich
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and more gray in color than the paleosol in PDB1 (see

Figures 5:8 and 5:12). These differences suggest that
either the fills are different, or that PDB3 is more
weathered than is PDBl. Assigning the two fills to
different depositional events further complicates the
chronology of events by introducing a third period of
aggradation. Moreover, it is not clear that the
aforementioned differences between PDB1 and PDB3 fill
are significant. These differences notwithstanding, I
propose that PDB3 correlates with PDB1.

On the basis of the stratigraphic relationship
among the four exposures, I have constructed the
following chronology of events (Figure 5:15). First,
deposition of Peoria loess before 13,000 yr B.P. formed
a broad loess surface. Second, prior to 13,000 yr B.P.,
this loess surface was entrenched and partially removed,
leaving PDB4 and PDB5 as remnants; a similar episode of
entrenchment along the middle Platte River, Nebraska,
sometime after 14,000 yr B.P. was noted by May (1989a).
Third, Peoria loess accumulated until about 13,000 yr
B-P-, filling the recently-entrenched valleys and
forming the loess units at PDB1 and PDB3; some loess
Probably accumulated on PDB4 and PDB5, as well. Fourth,

the paleosols at PDBl1 and PDB3 then formed during a

122
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Figure 5:15 Chronology of events at Prairie Dog Bay
site, pre-13,000 yr B.P. to early Holocene. View is
from Prairie Dog Bay looking south, with east on the
left and west on the right of the profile. Height and
width of exposures are not to scale. Chronology is as
follows: 1) Pre-13,000 yr B.P: Deposition of Peoria
loess to form broad loess surface; 2) Pre-13,000 yr
B.P.: Entrenchment of loess surface and removal of
loess; 3) 13,000 yr B.P.: Renewed deposition of Peoria
loess in recently-cut valleys; 4) 11,500 to ‘10,360 yr
B.P.: Soil development on the recently-deposited Peoria
loess; and 5) Post-13,000 yr B.P.: Eolian deposition of

Coarse silt to form the extensive Prairie Dog Bay
surface.

123



period of surface stability and soil formation that

lasted until 10,360 yr B.P.; it was during this same
interval of stability that the Brady paleosol developed
across at least part of the central Great Plains.
Finally, surface stability ended after 10,360 yr B.P.
with eolian deposition of coarse silt, probably reworked
locally from deposits of Peoria loess. A local source
for this coarse silt would explain why it is nearly
identical in texture and color to the Peoria loess in
which the radiocarbon dated paleosol is developed. The
absence from the coarse silt of any fluvial structures
indicates that it is an eolian rather than a fluvial

deposit.

North Cove

The North Cove site, located on the north shore of
Harlan Lake about 6 km southwest of Republican City, has
Yielded a wealth of paleocenvironmental and stratigraphic

" information about late Pleistocene and early Holocene
conditions in the study area (Plate 5:6, Figure 5:16).
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