













































































9ka when grasslands expanded (Webb et al. 1983). It is clear that megafaunal extinction and
dissolution of disharmonious faunas began about 12ka, and the mesic conditions under which the
regionally-expressed Brady soil developed persisted until about 8ka, when the modern climate first
appeared. Changes in vegetation and faunal assemblages at this time reflect a shift to warmer and
drier conditions with increased seasonality (COHMAP Members 1988) and stronger zonal air flow

at the surface (Kutzbach 1987). This was a time of major atmospheric circulation change within the

central Great Plains, as well as elsewhere.

Geomorphology and Stratigraphy

The beginning of the Holocene, about 10 ka (Hopkins 1975), is a time of dramatic
environmental change and attendant stratigraphic discontinuities. In general, this boundary is
considered only geochronometric without specific stratigraphic reference, although a stratotype in
Sweden has been proposed for the boundary (M6mer 1976); the Swedish unit has a reported age of
10,000+250 yr B.P. (Fairbridge 1983). According to Richmond and Fullerton (1986), a stratigraphic
boundary of regional extent of the Pleistocene-Holocene boundary age has not been identified in the
United States, and that major climatic or environmental changes at 10,000 yr B.P. are documented
only locally (Watson and Wright 1980). This contention seems faulty, at least on the regional scale
in that research of the last several years in the central Great Plains has identified the Brady soil
(Schultz and Stout 1948) as a major. pedostratigraphic marker (e.g., Johnson and Martin 1987,
Johnson and Logan 1990, Johnson and May 1992).

Brady soil

Classically, the Brady soil was associated with the upland loess deposits, but recent
investigations have identified a contemporaneous soil in upland eolian sands and in alluvial valley fill
(Johnson and May 1992). It therefore appears that the Brady soil development represents a time of
extensive, broad-scale landscape stability. The Brady soil represents the most important break in the

sedimentation recorded since development of the cumulic soil of the Gilman Canyon Formation, and
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east-central North America involves the recurrence of spruce, which is limited in its southern range
by summer rather than winter temperatures. The southerly position of the polar front across the North
Atlantic could have resulted in a southward displacement of the jet stream and associated storm
tracks, thus enhancing the cyclonic storms that could deliver cold northwesterly winds, not only to
the Maritime Provinces, but inland to the Ohio area as well (Wright 1989).

Another source of paleoenvironmental information comes from peat beds and logs,
radiocarbon dated from 10,500 to 8,400 yr B.P., buried in valley fills associated with the North Loup
River (Bradbury 1980). The peat is buried by alluvium which is in turn mantled by dune sand. The
stratigraphic association of these deposits and the presence of marsh plants like Equisetum (horsetail)
indicate that locally, fluvial processes and riparian environments, similar to those that exist today,
were followed by sand movement (Bradbury 1980). Most recently, Ponte et al. (1994) dated a peat
recovered in a core from the central Sand Hills and radiocarbon dated it to 12,260 yr B.P.; the peat
contained 70% Picea pollen, indicating that the spruce forests of the late Wisconsin existed farther

south into the Sand Hills than previously reported.

Stable Carbon Isotopes

Temporal changes in 6"*C data derived from carbon contained within soil and sediment
(Figures 10, 11, and 14) are sufficiently large to show major shifts in vegetation during the late
Wisconsin. The interval between 12,000 and 9000 yr B. P. can be interpreted as transitional between
the cooler and more xeric late Pleistocene to warmer and drier Holocene. Based on a slight decrease
in the 8"C values from the Brady soil at six sites in the region, climatic conditions shifted to more
xeric conditions (C; to C,) from the beginning to the end of the Brady time, a period of major
landscape stability and pedogenesis (Table 3).

The isotopic data agree with that of other climatic proxies for the region. The fossil pollen
record from Muscotah Marsh in northeastern Kansas indicates that spruce had essentially disappeared
from the region by about 10,500 yr B.P. As this decline occurred, deciduous tree species increased
until about 9,000 yr B.P. From a site in central Texas, Nordt et al. (1994) interpreted the time

between 11,000 and 8000 yr B.P. as transitional between late-Pleistocene conditions and warmer and
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The structure of deglaciation within this 8,000-year interval is uncertain. There is evidence
supporting: (1) a smooth deglaciation model with fastest ice wastage centered on 11 ka; (2) a two-
step deglaciation model with rapid ice wasting from 14 to 12 ka and 10 to 7 ka, and a mid-deglacial
pause with little or no ice disintegration from 12 to 10 ka; and (3) a Younger Dryas deglaciation
model with two rapid deglacial steps as in (2) above, interrupted by a mid-deglacial reversal with
significant ice growth from 11 to 10 ka.

The critical data supporting the smooth deglaciation model are maps of Laurentide ice area
based on radiocarbon-dated glacial deposits. Although there are subtle suggestions of more rapid
retreat at or near the time of the two steps mentioned above, these curves indicate a steady
progressive retreat of North American ice, with significant oscillations in retreat rate only at local
spatial scales. Some marine 6'®0 curves also show a smooth progressive decrease toward Holocene
values.

The step deglaciation model is also supported by some marine 6"*O records (Mix 1987). In
addition, the distinctive patterns of change in sea-surface temperature of the North Atlantic Ocean
and in Greenland ice-core 60 values also show abrupt step-like warmings at 10 ka and
approximately 13 ka; these warmings might be associated with step-like decreases in Laurentide ice
volume. Regionally integrated rates of pollen change in eastern and central North America also show
a rapid change centered on 13.7 and 12.3 ka. (Ruddiman 1987).

The Younger Dryas deglaciation model is suggested by sea-surface temperature cooling
between 11 and 10 ka in the North Atlantic Ocean. At least early and perhaps all of Brady

pedogenesis coincides with an abrupt and brief cool interval correlative with the classic Younger

Dryas cold interval of the North Atlantic region.

Younger Dryas

The Younger Dryas, as the last glacial cold spell, was an abrupt and well defined event
(Dansgaard et al. 1989, Broecker et al. 1988), which has been absolutely dated at about 11 ka to 10
ka. (Table 4). In this short period of time, the return to near-glacial conditions interrupted the

Pleistocene/ Holocene climatic transition, during which most of the Northern Hemisphere ice sheets
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Table 3. "C values and radiocarbon ages derived from the Brady soil A horizon (upper and lower

5cm).
Location Age range 8BC (%) Source
top bottom
Nebraska
Bignell Hill 9240-10,670  -17.40 -19.3 Johnson and May 1992
North Cove 10,360-10,550 -16.30 -18.9 Johnson 1989
Sargent Site 9920-10,620  -16.1 -20.1 Dort 1996
Elba Valley 9250-10,290 -15.4 -20.0 May 1991
Kansas
Speed roadcut  8850-10,050 -18.8 -17.5 Johnson 1993a
Barton County 9820-10,550 -18.6 -19.0 Feng 1991
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FIGURE 4. Native vegetation of the central Great Plains. (after Kiichler 1964)
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Nebraska

Classification
Time- Rock-stratigraphic Terrace
% . Surfaces
Stratigraphic Eolian Fluviatile Glacial Soils
Bignell Loess Bignell Silt 2a
Late and Formation sand-eravel Absent 2
Dunesand -gre 2b
§
&
1] . Silt
= Peoria Loess .
. Peoria S —— .
S Medial | gpg gt Todd Valley artington Brady 3
; Dunesand Sand Till
Gilman Canyon Gilman Canyon Formation Absent Unnamed
Early Formation g 3
. Silt
Sangamonian Loveland Loveland Absent P —
Loess gamon
Late Loess sand-gravel 4
————————————————————————————————————————— e — e —— — 4
Kansas
Time-stratigraphic . g
units B Rock-stratigraphic units
Northeastern area Southeastern area Central and Western area
Recent stage Eolian and fluvial deposits
Bignell Fluvial Bignell Fluvial Bignell Fluvial
Formation deposits Formation deposits Formation deposits
Wisconsinan Brady Soil
Stage Peoria Peoria Peoria
Formation Fluvial Formation Fluvial Formation Fluvial
G.CF deposits deposits deposits
Sangamonian Sta ge Sangamon Soil
. Loveland Fluvial Loveland Fluvial Loveland Formation _
Llinoian stage Formation deposits Formation deposits Crete Formati
Yarmouth Soil
Fluvial
Loess deposits Sappa Formation
Pre-Illinoian Cedar B, Till ppusial
| Fluvial depesits deposits
| Nickerson Till Grand Island Formation
Atchinson Formation |
Atfon Soil
Fluvial I
Loe 3
i deposits Fluvial Fullerton Formation
. Jowa point Till Sepoeite
David City Formation Holdredge Formation |

FIGURE 6. Late-Quaternary stratigraphic succession in Kansas (Bayne and O’Connor 1968) and
Nebraska. (Reed and Dreeszen 1965)

57
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FIGURE 15. Magnetic susceptibility and frequency dependence from the Manhattan Airport site on
Fort Riley, Kansas. Humate-derived radiocarbon ages are indicated on the right. (Johnson 1996b)

67












—
<))

14)
12 4
[+0] |
=TV |
ab 1o
= 8
S
o
g 61
||
4 T
o IRLRERRLARY [ | RRARRARRRRRRRRRANEAREANNGARADONRNAARARRRARRE
c © o o o o o <o ©o °o °O©
S R SRS R R EREERREAEBER AR Y

yrs B.P. (100-year grouping)

FIGURE 19. Frequency distribution of alluvial radiocarbon ages from the Holocene obtained in Nebraska and Kansas. (data from Johnson
et al. 1996)
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FIGURE 20. Composite stable carbon isotope values from the Sargent site, southwestern Nebraska
for the past 11,000 years. Values are by-product of correcting radiocarbon ages for effects of

fractionation. (Dort 1996)
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FIGURE 21. Magnetic frequency dependence from the DB site on Fort Leavenworth, northeastern
Kansas. (Johnson 1996a)
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