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ABSTRACT

Climatic change of the late—Quaternary period has been record-
ed in the loess deposits of the central Great Plains, and the record
of such change is extractable using a number of approaches and
parameters. The stratigraphy of loess deposits which have been
investigated on Fort Riley exhibits the same sequence of loess
units and intercalated buried soils as is found elsewhere in the re-
gion, but adds detail unique to the reservation. Upland late—Qua-
ternary, composite stratigraphy preserved on the reservation con-
sists of the basal Sangamon soil of the Last Interglacial(c. 120~
110ka), Gilman Canyon Formation(c. >40—20ka), Peoria loess(c. 20
—10ka), Brady soil(c. 11—10ka), Bignell loess(c. 9—?ka), and mod-
ern surface soil.

Application of magnetic analyses has provided proxy data sets
that represent a time series of climatically regulated pedogenesis/
weathering and botanical composition. Magnetic data have yielded
an impression of the variation in climate from Sangamon time to
the late Holocene, through a reconstruction of the history of
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pedogenesis/weathering.

Sangamon soil formation dominated the reservation during the
Last Interglacial as indicated by magnetic parameters. During Gil-
man Canyon time, loess influx was usually sufficiently slow as to
permit pedogenesis, which appears to have been at a maximum
twice during that time. Warm season grasses were important dur-
ing soil formation, but diminished in importance during the peri-
ods of more rapid loess fall, which were cooler and perhaps wet-
ter. Peoria loess fall, a function of the deterioration of climate
during the Last Glacial Maximum, thinly blanketed the
reservation, with thickest accumulations occurring to the north-
west(Bala Cemetery site), proximal to the source region. Long—
term surface stability did not apparently occur within Peoria
time, but short—term stability may be indicated by the presence
of thin weathering zones(incipient soils) in the Peoria loess. Re-
gional landscape stability prevailed during the environmental
shift at the Pleistocene/Holocene transition, resulting in forma-
tion of the well expressed Brady soil.

One or more weak soils, developed in the Bignell loess as it ac-
cumulated. A notable feature of the Bignell loess is the appear-
ance of the Altithermal dry period:the loess experienced little
weathering and was dominated by warm season grasses until the
latter part of the Holocene.
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INTRODUCTION

The sensitivity of grassland com-
munity composition and its bound-
aries to short—term climatic varia-
tion during the historical period is
well documented for the central
Great Plains(Tomanek and Hulett,
1970 ; Kiichler, 1972). Despite the
many published studies, however,
little is known about the environ-
mental conditions prevailing in the
central Great Plains during the late
Pleistocene and Holocene. Because
the region has few bogs and natural
lakes, there is a paucity of good
sites for preservation of fossil pol-
len and botanical macrofossils.
Therefore, climatic reconstruction
in this region has traditionally re-
lied heavily on the synthesis of
other proxies such as vertebrate
fauna, snails, and occasional botani-
cal macrofossils. As a result, inter-
pretations of late—Pleistocene veg-
etation of the region, for example,
range from continuous taiga—like
forest(e.g., Wells and Stewart, 1987)
to grassland or steppe(e.g., Graham,
1987)

The quasi—continuously deposit-
ed loess of the central Great Plains
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represents some of the thickest and
most complete loess deposits in
North America and provides a
largely untapped potential for re-
constructing past climates. Ongoing
research by this investigator and
colleagues on magnetic records for
these deposits indicates a tremen-
dous potential for environmental
reconstruction.

Recent research using nonmag-
netic parameters has also been par-
ticularly rewarding. Two approach-
es that are now being employed in-
clude stable isotope ratio analysis
(SIRA), especially that of carbon,
and biogenic opal analysis, namely
that of phytoliths; these techniques
have been very effective in contrib-
uting unique environmental infor-
mation. The coincidental use of
these three proxies of past environ-
ments provides a more comprehen-
sive picture of past environments
than use of only one parameter.
Magnetic information, e.g.,, MS, in-
dicates times of weathering and soil
development in the stratigraphic
sequence ; SIRA of carbon provides
an overall impression of the type of
climate to which the plants have
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adapted;and opal phytolith mor-
phology permits identification of
specific groups of plants.

STUDY LOCALITIES

Three sites were selected for
magnetic study on. The upland
sampling site is located adjacent to
the Bala cemetery, a location nearly
40km northwest of the Kansas
River valley and about 10km east of
the Republican River valley. The
site consists of approximately 2.
75m of loess overlying the Permian
Winfield Limestone, a much thin-
ner loess mantle than at the former
site located adjacent to the river
valley.

The Pump House Canyon site
consists of a loess deposit situated
on a strath within the valley of
that same name. Sampling was con-
ducted in a 33m deep backhoe
trench. The Manhattan Airport
site, located approximately 1.5km
northwest of the airport, consists
of clay—rich late—Pleistocene and
Holocene alluvium. The site was
backhoe trenched to expose the
upper 3.8m of fill, which included
alluvial phases of the Sangamon
soil(?), Gilman Canyon Formation,
and Brady soil, which was overlain
by Holocene alluvium.

METHODOLOGY

MAGNETIC ANALYSES

The primary carriers of magnet-
ism usually comprise less than 5%
of the sediment mass. Magnetic
minerals are, however, common in
terrestrial materials and extremely
sensitive to environmental condi-
tions. Since it is extremely difficult
or near impossible to separate out
these minute magnetic minerals in
order to study them, the bulk mag-
netic characteristics of the sedi-
ments are usually characterized by
one of the bulk properties, MS. MS
is a measure of the extent to which
a sample becomes more strongly
magnetized when a small alterna-
ting magnetic field is applied, or
simply the ratio of the induced
magnetism to the strength of the
applied field.

Whereas MS provides informa-
tion on magnetic concentration, a
related parameter, frequency de-
pendence of MS(FD), provides in-
formation on the magnetic grain
size. FD is the percent difference
between MS measured at a low—
frequency applied field compared to
its measurement at an applied field
with a higher frequency. Unfortu-
nately, FD measured using only
fixed low and high frequencies, as
is the case with existing instrumen-
tation, will discriminate only a por-
tion of the total superparamagnetic
(very small magnetic material) pop-
ulation. With the instrumentation
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currently available, only the pres-
ence of grains between approxXi-
mately 18 and 20 nm in diameter
(very fine clay size) can be detect-
ed. Even so, FD values are typically
much higher in soils than in inter-
vening loess intervals, reflecting
abundant pedogenic material.

MS, along with FD, has a broad
application to Quaternary paleoenv-
ironmental studies. It may be used
as a correlation tool, i.e, to con-
struct and compare magnetostrat-
igraphies. Also, provenance of a
sediment sample or body may be
determined by comparing its mag-
netic signature with that of the
suspected source. Of primary im-
portance to the research at Fort
Riley is the application to detecting
weathering zones and pedogenesis,
i.e., buried weathering zones and
soils within the loessal and alluvial
record. Through the use of MS and
FD, periods of soil development can
be identified even when too subtle
to be observed in cores or exposure
profiles.

Methods. Samples were collected
in the field from freshly exposed or
cleaned profiles or from cores ex-
tracted and transported to the labo-
ratory in clear plastic liners. The
individual magnetic samples were
collected in numbered, demagne-
tized, 8 —cm® plastic cubic contain-
ers with lids. The sample interval
varied slightly, but averaged 40 per

meter. These cubes were pressed
by hand or driven with a rubber—
coated, dead—blow hammer into
the exposure or core to obtain the
required amount of sediment.

MS and FD measurements were
obtained using a Bartington mag-
netic measurement system consist-
ing of a Model MS2 susceptibility
meter and a dual—frequency sensor
(MS2B). The facility is located in
the laboratory within the Depart-
ment of Geography at the Universi-
ty of Kansas.

RESULTS

Bala Cemetery. MS exhibits little
variation in the upper 1 meter, but
contains exaggerated variations in
the lower 2m of the core(Fig. 1)
Conversely, FD data exhibit high
variance. When smoothed, the mag-
netic data, particularly FD, from
this site are more easily interpret-
ed.

The Gilman Canyon soil and a
thin zone of relatively unaltered
loess are apparent in both magnetic
parameters, as is their contact with
the underlying limestone bedrock.
The “C age of 19,070 yr BP located
at the top of the Gilman Canyon
Formation is a terminal age for the
formation regionally. Peoria loess
has the characteristically low val-
ues for both magnetic parameters,
indicating relatively low levels of
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weathering. The MS values indi-
cate, in the absence of "C age con-
trol, that the Brady soil and Bignell
loess do not exist at this site. Age
data also indicates that the Brady
soil is absent and that little or no
Bignell loess is present.

From a minimum value at about
0.9m, FD increases to a plateau that
is likely a buried soil(c. 0.75—0.5m)
welded to the surface soil. The lack
of surface soil definition in the MS

data may be due to somewhat poor
drainage at the site, but FD clearly
signifies the surface soil.

Pump House Canyon. Although the
site is believed to be a loess—man-
tled strath, backhoe trenching did
not reach bedrock. The Pump
House Canyon site contains an ex-
panded Holocene portion of the sec-
tion, thereby vyielding a high—
resolution record of Holocene depo-
sition and environmental change
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Figure 1. Magnetic susceptibility and frequency dependence data from the
trench profile at the Bala Cemetery site.
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(Fig. 2). The “C ages of 18,830 and
23,010 yr BP bracket the end of Gil-
man Canyon time, e.g., the soil ap-
pearing at the bottom of the back-
hoe trench. :

The first soil above the presumed
Gilman Canyon Formation is ex-
pressed well in both the MS and
FD. The offset in data from the
two parameters is common in other
magnetic records obtained from the
central Great Plains by this investi-

gator : the MS response likely rep-
resents the A and AB horizons and
the FD the B(Bt) and BC horizons.
The soil’ s position between the "C
ages, magnetic signature, and physi-
cal appearence suggest that it is the
Brady soil. At least one weakly de-
veloped soil occurs above the pre-
sumed Brady soil, based upon FD
data. The surface soil is obvious
from the values of both parame-
ters; the characteristic reduction of
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Figure 2. Magnetic susceptibility and frequency dependence data from the
trench profile at the Pump House Canyon site. Numbers indicate the

“C ages.
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both parameters in the upper 25cm
or so is due to the dilution effect of
organic matter in uppermost A ho-
rizon.

Manhattan Airport. The majority of
the fill is Pleistocene, but, on the
basis of a single Holocene '"C age,
the upper 1 to 1.5m is Holocene(Fig.
3). The Holocene fill may have orig-
inated from an unnamed tributary
entering from the west, rather than

from the Kansas River;contribu-
tions of Bignell loess may also be
present. Soils present presumably
represent the alluvial, or valley
phases of those expressed regional-
ly(e.g., Sangamon, Gilman Canyon,
Brady).

Physical attributes from about 2.
75m to the bottom of the trench in-
dicated the Sangamon soil ; the rela-
tively weak magnetic signal, partic-
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Figure 3. Magnetic susceptibility and frequency dependence data from the
trench profile at the Manhattan Airport site.

Numbers indicate the "C ages.
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ularly for MS, is probably due to
poor drainage conditions of the
alluvial plain during Sangamon
time. The Gilman Canyon soil does
not appear magnetically; the 19,990
yr BP age, a terminal Gilman Can-
yon age, should identify the top of
the soil. The pronounced central
bulge in both parameters is likely
the Brady soil, based on the 'C
ages. The steady upward decline in
MS above Im depth may be indica-
tive of poor drainage, but is also re-
lated to relatively rapid alluviation.
The three modes within FD for the
same interval are not clearly inter-
pretable, but may relate to episodic
alluviation during the Holocene.

PALEOENVIRONMENTAL
AND CLIMATIC
INTERPRETATIONS

The composite magnetic record
for the reservation is consistent
with the regional records Soil for-
mation during Gilman Canyon time
is well expressed in the magnetic
record at all sites except Manhat-
tan Airport, an alluvial, not eolian
sequence. On the basis of magnetic
signals from the Bala Cemetery and
Pump House Canyon sites, the Gil-
man Canyon soil is better devel-
oped than the surface soil. The Gil-
man Canyon soil is, as noted above,
best described as a composite
geosol in that pedogenesis was di-

minished somewhat during forma-
tion of the soil by an acceleration
in the rate of loess fall, albeit still
very low. As a result, the magnetic
signal(MS and FD) typically have a
bimodal character;this bimodality
is present at the Bala Cemetery
site, but not at the Pump House
Canyon site because the sampling
apparently stopped(trench bottom)
in the minimum between the two
pedogenic modes.

Peoria loess deposition occurred
at a relatively rapid rate as to pre-
clude any significant pedogenesis.
Low MS and FD values(c. 40 and 2,
resp.) at the Bala Cemetery site re-
flect the rapid rate of deposition
and lack of significant pedogenesis.
The increase in MS and FD that oc-
curs in the Peoria loess at about 1—
1.5m depth does, however, suggest
one or more brief periods of soil de-
velopment. The absolute timing of
the pedogenesis/surface stability is
unknown but is probably centered
around the Last Glacial Maximum
(c. 18ka);a moderately developed
glacial maximum soil has been iden-
tified elsewhere in the region(e.g.,
Park, 1997). Unfortunately the Pe-
oria loess is not preserved in an
unweathered state in any other of
the sites examined, thereby pre-
cluding a local corroboration of the
glacial maximum soil.

The Brady soil, while not ex-
pressed at the Bala Cemetery site,
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is well exhibited at the Pump
House Canyon, and Manhattan Air-
port sites. Of the two sites, soil de-
velopment in the alluvial environ-
ment of the Manhattan Airport
progressed relatively rapidly in this
presumably well —watered and high
—biomass location, i.e., both mag-
netic parameters are elevated.
From the magnetic signal, Brady
soil development at Pump House
Canyon appears intermediate in de-
velopment, ie., approximately
equivalent to the modern surface
soil, with a moderate to strong
response in both magnetic parame-
ters(Fig. 2).

Deposition of Bignell loess oc-
curred at a faster rate than that of
the Peoria loess and reflects more
the microclimatology of a particu-
lar region, principles well illustrat-
ed at Fort Riley. As the southerly
winds of the Holocene evolved,
loess was lofted from the Kansas
and Republican River flood plains
onto the adjacent uplands. Conse-
quently, the Pump House Canyon
site contains a Bignell loess compo-
nent ; Bala Cemetery site is too far
removed from riverine environ-
ments to the south, and Manhattan
Airport site has experience the ac-
cumulation of Holocene alluvium,
not loess. The Pump House Canyon
site has 2—3m of Bignell loess, with
the loess being slightly coarser at
the Pump House Canyon site due to

its lower elelvation, i.e., closer ver-
tical proximity to the alluvial bot-
toms.

Evidence of the Altithermal, or
middle Holocene dry episode ap-
pears at the Pump House Canyon.
The depressed MS and FD values
during the middle Holocene are in-
dicative of an increased rate of de-
position and decreased intensity
and/or time of weathering. Evi-
dence of pedogenesis still appears,
particularly at Pump House Can-
yon. One of these middle Holocene
soils has been dated to 5,810 yr B.P.
a time of major Holocene soil devel-
opment in both the alluvial and up-
land environments elsewhere in the
region(Johnson and Martin, 1987;
Johnson and Logan, 1990; Johnson
et al,, 1996a, b;). Although probable,
this interpretation is not absolute
in that neither site has the
resolution of "*C dating needed for a
reasonable level of confidence, e.g.,
the Brady soil identified at the
Pump House Canyon site is an in-
terpretation based on physical soil
attributes and the intensity of the
magnetic signal, but not on
absolute age data.

Although few in number and at
scattered stratigraphic levels, "“C
values determined for the purpose
of correcting "“C ages for isotopic
fractionation provide a limited in-
sight into the variation in climatic
conditions as reflected in the vege-
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tation. Late—Pleistocene "C ages
tend to have smaller isotopic values
(i.e, more C3 influence) than do
those derived from Holocene age
sediments, e.g., —15.6 for the mid-
dle Holocene but —16.5 or less for
the late Pleistocene at Manhattan
Airport.
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