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Abstract

The DB site (14LV1071), a National Register of Historic Places (NRHP) eligible
property on the Fort Leavenworth military reservation, was excavated during the summer of
1996 in order to mitigate the adverse impact it would incur as a result of construction of a new
U.S. Disciplinary Barracks. The site is situated on an upland loess ridge that provides an
overlook of the Missouri River Valley and that of its tributary, Salt Creek. Phase III and IIIA
test excavations had been undertaken in 1995 to evaluate its NRHP eligibility and to gather
information for a Data Recovery Plan (DRP) respectively. These investigations suggested the
site contained stratified deposits of at least two, possibly three, prehistoric components-
Paleoindian, Late Archaic, and Late Prehistoric.

Phase IV investigation included: 1) plowing, to increase surface visibility; 2) intensive
surface grid collection, which demonstrated the summit of the ridge contained the greatest
density of cultural material; 3) machine removal of the plowzone from a target area on the
summit; 4) excavation of a block of units 163m?* (bringing the total excavated area of the site
for all projects to 204.4m?), which entailed piece-plotting of artifacts, systematic collection of
flotation samples, and water-screening of all other fill, and; 5) mechanical stripping of 3,500m?
of the site centered on the block excavation, piece-plotting of diagnostic material, and collection
of all visible artifacts. Ancillary fieldwork included excavation of seven backhoe trenches and
extraction of a 13m long core to obtain geoarchaeological and paleoenvironmental data.

Geoarchaeological research identified a buried soil as the Brady geosol, a terminal
Pleistocene indicator of surface stability ca. 9,000-11,000 BP, that developed in the uppermost
Peoria (Wisconsinan) loess. A suite of 17 radiocarbon dates on humates from one backhoe
trench indicates the Brady soil at this locality is younger, ca. 6000-2400 BP, probably the result
of its shallow burial and absorption of more recent organic material. Despite the radiocarbon
dates, phytolithic and magnetic signatures support its interpretation as the Brady soil. Erosion
of the Brady soil is indicated by the fact that its A horizon was only exposed in two of seven
Phase IV backhoe trenches. Elsewhere the Brady B horizon is welded to that of the modern
soil. The latter developed in Bignell (Holocene) loess that mantles the ridge to a depth of ca.
40-50cm. Pre-ceramic components occur in the Brady B horizon; ceramic-age occupations are
associated with the modern soil. Bioturbation of the soils has resulted in some stratigraphic
mixing. Pre-ceramic artifacts in the Brady soil have little stratigraphic integrity.

Analyses of recovered data indicate the site was occupied during the Paleoindian, Middle
Archaic, Late Archaic, Middle Woodland, and Late Prehistoric periods. Diagnostic artifacts of
the Paleoindian period include Folsom, Dalton, and Plainview projectile points. While Archaic
artifacts are mixed, the Paleoindian artifacts consistently occurred ca. 50-60+cm bs.




Middle Archaic artifacts include side-notched points comparable to Logan Creek, Godar,
Helton, and Matanzas points and scrapers reworked from Helton-like points. While some of the
points are like those of the Logan Creek complex, the artifacts are suggested to date to later,
unidentified late Middle Archaic occupations ca. 5500-5000 BP, contemporary with the Helton
phase of western Illinois and eastern Missouri. One bifacial knife of the Munkers Creek type
is compatible with this age range.

Late Archaic artifacts include a few lanceolate bifaces of the Nebo Hill phase and a more
extensive assemblage of expanding-stemmed and corner-notched dart points suggested to belong
to a terminal Late Archaic occupation. Several of the points were reworked into hafted scrapers.
Also affiliated with the pre-ceramic levels were several knives, drills, and other chipped stone
tools and a groundstone assemblage that included full-grooved axes, celts, manos, metate
fragments, hammerstones, expedient cobble tools, and scoria/clinker abraders. Two AMS dates
from a hearth feature, one of only two cultural features discovered, and two other dates from
the same level of a unit 12m distant show no statistically significant difference from a humate
date on a bulk soil sample from the same depth (50-55cm bs) in the A horizon of the Brady soil
in backhoe Trench 1. These dates attest a terminal Late Archaic occupation ca. 2800-2600 BP.

Middle Woodland artifacts are restricted to a few Edwardsville phase rim sherds. The
Late Prehistoric component, assigned to the Steed-Kisker phase, is identified from a modest but
distinctive assemblage of Platte Valley ware, both Plain and Incised, notched and unnotched
arrow points, end scrapers, sandstone arrowshaft abraders and an incised hematite celt. Most
of these materials were associated with a concentration of daub suggested to be the remains of
a shelter of wattle-and-daub construction. Two AMS dates on charred maize kernels support
a 14th century AD occupation. One sherd of Beckman Pinched Rim pottery points to interaction
with Nebraska phase populations in the region.

Spatial analysis of the Late Prehistoric occupation reveals some structural integrity.
Identifiable are the remains of at least one shelter and a nearby, extramural hearth/activity area
that included a concentration of charcoal, burned bone, charred maize, curcurbits, and nutshells,
in association with a vessel fragment and chipped stone tools.

Chipped stone tools are compared to regional archaeological cultures, particularly those
of the St. Louis locality, which has a long prehistoric tradition of parallel cultural development
and influence on that of the Kansas City locality. Lithic raw materials are examined to track
the mobility of site occupants through time and their relative dependence on local, near-local,
and exotic cherts. Analysis of groundstone tools included experimental use of a comparative
collection of till-derived cobbles and the groundstone artifacts from the block excavation.
Phytolith analysis of groundstone washes revealed evidence of the processing of wild grass seeds
with formal manos.

All assemblages/components are evaluated with respect to a set of hypotheses concerning

the following problem domains: taxonomy, geography, chronology, settlement patterns,
subsistence economy, cultural relations, and technology. The site is significant because it points

ii




to the potential for burial of prehistoric human settlements in the Lower Missouri River loess
hills and to a long tradition of such settlement. Cultures of diverse adaptations made at least
short-term, periodic use of the resources offered by settings such as DB, including proximity to
upland woodlands (nut mast, deer, etc.) and prairies, and lowland habitats of the adjacent
valleys. The application of different technologies by different cultures to the gathering of these
resources shows at least 10,000 years of change and continuity.
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Prehistoric Settlement of the Lower Missouri Uplands
The View From DB Ridge

Chapter 1
Introduction

Brad Logan

This report presents the detailed descriptive and interpretive results of a Phase IV
(Kansas) investigation of the DB site (14LV1071), a multicomponent prehistoric occupation on
an upland ridge in the northwestern corner of the Fort Leavenworth military reservation,
northeastern Kansas. The investigation was required because the site will be destroyed by
construction of a proposed U.S. Disciplinary Barracks, currently scheduled to begin in 1998.
Found during a survey in 1994 (Logan 1995a), National Register of Historic Places evaluation
of the site in July 1995 had demonstrated its eligibility for nomination (Logan 1995b). Testing
in October 1995 provided additional information for the preparation of a Data Recovery Plan
(Logan 1996a). The site had yielded stratified deposits suggested to be of the Paleoindian,
Archaic, possibly Middle Woodland, and Late Prehistoric periods. The significance of the site
lay not only in the stratified nature and relative integrity of the deposits but in their upland
context, which promised to provide new insights to prehistoric settlement patterns related to that
part of the Lower Missouri Valley landscape.

The Phase IV mitigation was carried out by the Museum of Anthropology, University
of Kansas (KUMA) through a subcontract from Burns and McDonnell Engineers, Kansas City,
Missouri, which had received the contract from Fort Leavenworth and the Kansas City District,
U.S. Army Corps of Engineers. The editor of this report was Principal Investigator, Bob Sholl
and Orvil (Dan) Shinn, Burns and McDonnell Engineers, were Project Manager and Cultural
Resources Specialist respectively. Most of the contributors to this report participated in the field
work phase of the project, and therefore provided valuable continuity through subsequent
laboratory, data analyses, and report preparation phases. Personnel at the Museum of
Anthropology included: Margaret Beck, Field Director and, during the postfield period, Lab
Director; Matthew Hill, Lab Director during the second half of the fieldwork phase (India Hesse
served in that capacity during the first half); Virginia (Ginny) Hatfield, Janice McLean, and Ann
Begeman, Archaeological Assistants during the excavation. William Johnson and Steven
Bozarth, Department of Geography, University of Kansas, conducted geoarchaeological and
paleoenvironmental investigations at the site. The following sections briefly describe the setting
and significance of the site, previous investigations, and the organization of the report.




The DB Site: Setting and Significance

The DB site (Area A) covers about 23,000m? on a northwest-southeast oriented loess-
mantled ridge whose summit is 285m (934.5ft) above mean sea level and 51.7m (170ft) above
the floodplain of the Missouri River Valley, 350m (1,148ft) to its north (Fig. 1.1)' The ridge
provides a broad view of the valley and that of Salt Creek, a tributary of the Missouri River
whose confluence is 1.2km northwest (Fig. 1.2). The ridge is isolated, grading gently
southward about 800m (730ft) before the terrain rises rather abruptly to an elevation of 326m
(1,070ft) on Hancock Hill, an elongate north-south ridge and ready source of lithic raw materials
for the site’s occupants (see chapters 10-11). Southeastward 150m from a lower ridge spur of
Area A, the site includes at least 4,180m? of a narrower and distinct ridge, called Area B. The
saddle between the two ridges, an area of about 2,000m?, is designated Area C. Survey and test
excavation in Areas B and C revealed shallow, mixed, and relatively impoverished deposits of
20th century trash and undiagnostic prehistoric material (Logan 1995b). Hereafter, discussion
of the DB site refers to Area A, the focus of Phase IV investigations. As the following chapter
makes clear, the site was favorably situated with regard to aspect, water sources, and a variety
of habitats with their associated plant and animal resources. The archaeological record is
testimony that these factors were appreciated over a long period of time by groups of diverse
prehistoric cultures.

Phase IV investigation of the DB site entailed excavation of a 163m? block on the summit
of the ridge and mechanical stripping of a 3,500m? area around it. Waterscreened fill, flotation
samples, and piece-plotted artifacts (the latter from both the block and stripped areas) revealed
evidence of Paleoindian (Folsom, Dalton, and Plainview), Middle Archaic (unknown affiliation),
Late Archaic (Nebo Hill phase and unknown terminal Archaic affiliations), Middle Woodland
(Edwardsville phase), and Late Prehistoric (Steed-Kisker phase) occupations. The presence of
Middle Archaic and terminal Late Archaic components had not been anticipated (see Previous
Investigations). A late Middle Archaic component (ca. 5500-5000 BP) is suggested by side-
notched dart points that compare to those of the Helton and Falling Springs phases of the St.
Louis locality, the source of cultural influence in the Kansas City locality throughout most of
the late Holocene. The terminal Archaic occupation is indicated by expanding-stemmed and
contracting-stemmed points, one hearth feature, and four AMS radiocarbon dates on charred
nutshells that suggest a temporal range of 2800-2600 BP. ’

The preceramic occupations occur within a buried soil identified as the Brady geosol that
formed during a time of late Pleistocene surface stability. They took place during or before a
time of surface erosion that removed most of the A horizon of the Brady soil from the ridge and,
in conjunction with cultural and natural disturbances, resulted in the mixture of artifacts within
a 20-30cm thick horizon. Attempts to discern structural integrity of activity areas within this
zone were not successful. While site formation processes preclude much interpretation of

*This is a revision of the estimate of 33,000m? presented in previous reports (Logan
1995b, 1996a). The revision is based on the intensive grid collection described in chapter 6.
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Figure 1.1. Map of the Fort Leavenworth military reservation and ‘environs showing the
location of the DB site and other sites discussed in the report. Contour intervals are 50ft.
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Figure 1.2. above) View southwest of the DB site (foreground); x- Hancock Hill, y-Salt Creek,
z-Zacharias site (141.V380; see chapter 5). below) View north of site showing proximity to
bluff slope hardwood forest and Missouri River. Photos taken July 19, 1996.




these components, their significance is not lessened. They point to the potential for burial of
contemporary components on similar upland settings along the Lower Missouri Valley that might
have more integrity.

Evidence of Middle Woodland (Hopewell) activity is limited to a few diagnostic sherds
that attest very brief occupation. More extensive remains of a Late Prehistoric (Steed-Kisker
phase) occupation include a daub concentration that represents a structure of wattle-and-daub
construction, a modest but insightful ceramic assemblage of Platte Valley ware and one sherd
that may reflect contact with Nebraska phase groups, and a lithic assemblage that includes arrow
points, end scrapers, and worked and incised hematite. The upper level of the block excavation
that included this component exhibited relatively good structural integrity. Spatial analysis of
data from that level reveals a shelter, reflected by a concentration of daub, and nearby activity
areas, including a hearth and burned bone scatter, and discarded artifacts (points, scrapers,
debitage). Two AMS radiocarbon dates on charred maize kernels support a 14th century time
of occupation, which supports previous, tentative suggestions that the Steed-Kisker phase
persisted beyond its generally accepted terminus of A.D. 1250. This component is only the
second upland Steed-Kisker settlement to have been excavated. It thus adds significant insight
to Late Prehistoric utilization of upland habitats in the region.

Previous Investigations

Phase II-Discovery: The DB site was discovered by a team of three persons on
November 14, 1994 during reconnaissance survey of a five km? area in and adjacent to the
Quarry Creek drainage (Logan 1995a). This survey, supported by a grant from the Department
of Defense, Legacy Resource Management Program, was undertaken by KUMA to explore the
archaeological potential of terrain around the Quarry Creek (14LV401) and McPherson
(14L.V356) sites (Fig. 1.1). Both sites contain significant evidence of occupation by people of
the Kansas City Hopewell culture (ca. A.D. 1-650), a variant of the Middle Woodland period
in the Lower Missouri valley (Johnson 1976, 1979). Quarry Creek had been the subject of an
intensive investigation in 1991 by the Kansas Archaeological Field School (KAFS), a program
of the University of Kansas and Kansas State University (Logan 1993).

Of a series of 50 shovel tests dug across the ridges and saddle in the site area, nine were
positive. These tests yielded debitage and burned earth but did not provide culturally or
temporally diagnostic evidence of the prehistoric components. Historic debris, concentrated in
the saddle area and on the smaller ridge, is attributable to 20th century dumping (Logan and
Hesse 1995). When the locations of the positive shovel tests were plotted with respect to the
footprint of the proposed Disciplinary Barracks (35% redesign; Fig. 1.3), it was apparent that
construction of that facility would adversely affect the site. Consequently, a Phase III
investigation was recommended in order to evaluate the site’s eligibility for placement on the
National Register of Historic Places (NRHP) (Logan 1995a).
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Phase III-NRHP Evaluation: The Phase III investigation was contracted to Burns and
McDonnell Engineers and, through a subcontract, to KUMA. It entailed six days of fieldwork
in July 1995 and resulted in the excavation of units totaling 6m?, five of which were in Area A,
and 35 shovel tests of which 24 were positive. The shovel tests indicated the horizontal extent
of the site, particularly on the larger ridge. The test units indicated prehistoric cultural deposits
consistently extend to a depth of at least 60cm. The bimodal distribution of the mass of chipped
stone and ceramic artifacts in four of the five units on the main ridge reflected at least two
stratigraphically distinct components. Culturally and/or temporally diagnostic artifacts, though
few in number, suggested these components were attributable to Late Archaic (Nebo Hill phase?)
and to Middle Woodland (Kansas City Hopewell) and/or Late Prehistoric (Steed-Kisker phase)
occupations.

No other stratified upland sites in northeastern Kansas had been excavated nor had any
with deposits of Archaic, Middle Woodland, and Late Prehistoric components in such a context
in the Lower Missouri Valley. Archaeological investigation of this site promised to shed light
on a dark corner of prehistoric culture history and process in general and on problems
concerning settlement-subsistence patterns, regional and interregional cultural interaction, and
technological change in particular. For these reasons, the Phase III report concluded with a
recommendation that the site be considered eligible for placement on the NRHP.

The following working hypotheses were presented as a guide to future investigation of
the DB site (Logan 1995b:55):

1)  The lower prehistoric component extends from ca. 40-60cm below surface;
2)  The lower prehistoric component is attributable to the Nebo Hill phase;
3)  The upper prehistoric component extends from the surface to a depth of ca. 40cm;

4) The upper prehistoric component is attributable to either or both the Kansas City
Hopewell variant and the Steed-Kisker phase.

Phase IIIA-Data Recovery Plan: Data collected during the Phase III investigation were
not sufficient to present a Data Recovery Plan (DRP). Thus, more intensive investigations were
undertaken for three weeks in October 1995 (Logan 1996a). These included: 1) remote sensing
survey (magnetometry and ground penetrating radar) in Area A; 2) manual excavation of small
blocks and trenches totaling 33.4m? on and around its summit, and; 3) backhoe excavation of
trenches to recover geomorphological data.

Remote sensing survey did not identify prehistoric cultural features due to: 1) operational
equipment error, 2) the relatively high frequency of historic metal debris throughout the
plowzone that distorted the magnetic field, and/or 3) the scarcity of features such as pits or
hearths that would register as anomalies. Manual test excavations totaling 33.4m? (see Fig. 6.1,
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chapter 6 for their locations) and analyses of the vertical distribution of selected cultural
materials (lithics, ceramics, and daub/burned earth) confirmed the presence of at least two
stratified occupations. The upper component(s), found from near-surface to a depth of 30-40cm,
yielded pottery indicative of a Late Prehistoric occupation and, more tenuously, of Middle
Woodland activity. The upper 20cm had been disturbed by plowing. Daub from this stratum
occurred on the crest of the ridge. This material and a feature, then tentatively identified as a
hearth but now interpreted as modern burning of a tree root system (see chapter 5), suggested
remains of a house structure might be preserved on the summit below the plowzone. The lower
component, 30/40cm-60cm bs, yielded chipped stone (bifaces) and groundstone tools compatible
with a Late Archaic affiliation. One projectile point, a small fluted lanceolate of possible
Paleoindian age, was recovered from a depth of 59-60cm.

Geomorphic investigation revealed Peoria (Late Pleistocene) loess at a depth of 1.3m.
This material is capped by a buried soil, suggested to be the Brady geosol that dates to the
Pleistocene-Holocene transition. Given recovery of at least one point of Paleoindian age, it was
suggested that Phase IV investigation include further exploration of the site’s potential for
containing evidence of late Pleistocene occupation. The buried soil is welded to the lower
portion of the surface soil, developed in Bignell (Holocene) loess. Both horizons contain
prehistoric components. Charcoal collected from the upper portion of the loess, the B horizon
of the Brady soil, and from both cultural strata provided a preliminary baseline
chronostratigraphy.

The DRP presented: 1) an overview of the relevant prehistoric cultures of the Lower
Missouri Valley and adjacent regions; 2) a discussion of research problem domains, including
taxonomy, chronology, geography, settlement patterns, subsistence economy, cultural relations,
and technology; 3) hypotheses derived from the discussion and a review of data required to test
them; and 4) a schedule of tasks and their implementation, milestones and other essentials for
Phase IV (mitigation) investigation of the site.

Report Organization

The physical setting of the DB site is described in the following chapter. The cultural
deposits span the late Pleistocene and Holocene epochs and may reflect adaptive responses to
changes in this environment. Thus, the record of regional, environmental change from the
terminal Ice Age through various shifts in Holocene climatic episodes is reviewed. Site specific
data that document some aspects of these dynamics are presented in chapters 3 and 4. In the
former, William C. Johnson describes and interprets the site’s sediment and soil stratigraphy,
making use of radiocarbon based chronology and magnetic, carbon isotope ratio, and soil/
sediment (e.g., particle size, organic matter, CaCo;,) analyses. In chapter 4, Steven R. Bozarth
presents the results of his analyses of opal phytoliths extracted from a stratigraphic profile and
selected groundstone wash samples. His contribution thus complements, from a biological
perspective, the environmental reconstruction presented by Johnson and the functional
interpretation of certain groundstone artifacts described in chapter 11. Chapter 5 is an outline




of the regional culture history that focuses primarily on those periods relevant to the DB site.
The strategies and methods employed during the field and laboratory phases of the Phase IV
investigation are described in chapter 6. In chapter 7, the excavation is described with respect
to site stratigraphy, the documented natural and cultural features and their implications for
interpretation of site activities, and the radiocarbon dates obtained from cultural remains are
presented.

Chapters 8 through 13 are devoted to analyses and interpretations of artifact assemblages.
The first of these focuses on the ceramic artifacts, which support attribution of the uppermost
prehistoric cultural deposits to the Steed-Kisker phase of the Late Prehistoric period. In chapter
9, Ginny Hatfield presents detailed morphological and typological analyses of the chipped stone
artifacts. This chapter is key to verification of Paleoindian and certain Archaic occupations
(Middle and Late), given the absence of radiocarbon dates for some of them. Analyses of the
sources and relative frequencies of raw materials, primarily chert, used in the manufacture of
chipped stone tools provide insight to technological preferences, the range and mobility of past
populations, and changes in procurement strategies through time. These aspects of the chipped
stone assemblage are examined by Janice McLean in chapter 10. Groundstone artifacts, so
abundant at the DB site, are described and interpreted in chapters 11 and 12. In the first of
these, Margaret Beck describes sources of glacial till in the site’s vicinity, presents the results
of her own experimental use of unmodified cobbles from one such source, and interprets the
attributes of use wear on some tools that are useful for determining their function. She also
discusses the apparent ad hoc use of many cobble manuports at DB and the transport of others
that do not exhibit any evidence of subsequent use. In chapter 12, Beck and Ann Begeman
describe groundstone artifacts made of sandstone, scoria/clinker, and ferrous oxide. The
biological assemblage is the subject of chapter 13. The sparse and poorly preserved faunal
remains are discussed in the first part. In the second part, Mary Adair interprets macrofloral
remains as evidence of Archaic and Late Prehistoric subsistence patterns.

Matt Hill analyzes the various assemblages with regard to their spatial context in chapter
14. His work is critical to understanding the vertical distribution of diagnostic artifacts within
strata that have experienced sedimentation, soil formation, erosion, and bioturbation. He also
demonstrates the problems and promise of inferring activity areas and structural remains from
the horizontal distribution of cultural debris that reflect a palimpsest of multiple occupations
representing a variety of prehistoric periods and cultures.

Chapter 15 is a synthesis of data from the DB site viewed from the perspective of the
following problem domains: taxonomy, chronology, geography, settlement patterns, subsistence
economy, cultural relations, and technology. Hypotheses presented in the Data Recovery Plan
are tested, where possible, and revised in the light of new information. Finally, chapter 16 is
a summary of the findings and of the significance of the DB site. The site points to the
archaeological potential of the Lower Missouri Valley uplands, particularly with respect to
buried sites. The research presented here exemplifies how exploration of such sites can enhance
our understanding of continuity and change in past human adaptations.




Chapter 2
Environmental Context

Brad Logan

Introduction

The environmental setting of the Fort Leavenworth area, on both regional and local
scales, was richly varied with respect to several resources essential to prehistoric cultures.
Sources of cherts, quartzites, and sandstone for chipped-stone and groundstone implements and
limestone for hearths were a short distance from the DB site. A mosaic of prairie and woodland
in both uplands and lowlands were habitats of diverse floral and faunal species. The physical
environment of the Fort Leavenworth reservation in general and of the DB site in particular is
described here with respect to physiography, geomorphology, climate, vegetation and fauna.
Given the fact that the cultural deposits at the DB site span late Pleistocene to late Holocene
time, particular emphasis is placed on climatic change and the corresponding dynamics of the
biological component of the DB environs. This same emphasis on environmental change is
evident in the following chapter, where the soil/sediment matrix of the cultural horizons, as well
as the general geoarchaeological context is described. Paleoenvironmental information derived
from phytolith analyses is presented in chapter 4. The structural geology of the region as it
concerns lithic resources at DB is the subject of separate chapters. Chert sources and types are
described in chapter 10; groundstone sources and types are covered in chapter 11.

Physiography

The Fort Leavenworth reservation is located in the glaciated region of northeastern
Kansas, part of the Dissected Till Plains physiographic province of the Central Lowlands that
includes adjacent portions of Nebraska, Iowa, and Missouri (Fenneman 1938; Schoewe 1949).
The bedrock topography of this region is like that of the cuesta terrain of the Osage Plains south
of the Kansas River. However, most of the bedrock topography in northeastern Kansas has been
modified by Pleistocene glaciation.

During the Kansan and, perhaps, the Nebraskan episodes of the classic glacial
chronology, portions of northeastern Kansas were covered with glacial ice. Drift deposited
during those times now conceals much of the underlying cuesta topography. The topography
of the glaciated region was also affected by subsequent glacial episodes. Wind-born silt (loess)
from the outwash plains of Illinoian and Wisconsinan ice sheets, which never extended as far
south as the earlier glacial masses, was deposited throughout the region. In extreme northeastern
Kansas the loess mantle is thick enough (as much as 59m but generally less than 8m) to produce
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a distinctive topographic region (Caspall 1970:46), but the loess accumulation thins into a veneer
over Kansan till southward to the Kansas River (Frye and Leonard 1952:208-210). Erosion of
loess-till deposits in northeastern Kansas has resulted in undulating, hilly terrain on the uplands.
In the study area, the land near divides is fairly smooth, with rounded hills and shallow swales
like the upland setting of the DB site. Near the main stream the land is broken and steeply
dissected. Deepening of valleys has exposed Pennsylvanian bedrock. Elevation on the
reservation ranges from 225m (740ft) at low water on the Missouri River to 330m (1,083ft) on
Government Hill (Brumwell 1941:3). The elevation of the upland ridges on which the DB site
is located ranges from 273m (896ft) to 284m (934.5ft) above mean sea level.

Geomorphology

The DB site is on a western bluff of the Missouri River, which courses south 30 degrees
east with a gradient of 15 cm per km (0.8 ft per mile) (Brumwell 1941:4). The river along the
northeastern Kansas border generally flows close to its western (right) bank. However, in the
reservation locality it meanders eastward in a conspicuous loop 1.0 to 1.3 km (1.25 to 1.5 mi)
wide. The floodplain within this loop has been modified by the construction of Sherman Air
Base on the floodplain and the rechanneling of Quarry Creek along the western bluffs.
However, prior to this modification, the terrain was low and poorly drained. A map of Fort
Leavenworth made about 1875 shows marshy terrain drained by distributaries of Quarry Creek
(Hunt and Lorence 1937:126). The eastward meander in the Salt Creek-Quarry Creek area and
the presence of Kickapoo Island just upstream from the confluence of the former with the
Missouri River are also recorded on survey plat maps done by the Rev. Isaac McCoy and his
son John C. McCoy in 1830 and 1854. The former was completed after survey of a reservation
for the Delaware, an eastern Indian group that immigrated to northeastern Kansas. The latter
survey was undertaken to officially register the boundaries of Fort Leavenworth (Hunt and
Lorence 1937:85-87).

In the Kansas City area, the river has been described as a fast-flowing stream with a
steep gradient, unstable bottom and highly sinuous course. Natural levees are poorly developed
and discontinuous; channels are subject to abrupt changes with rarely straight reaches (Reid
1980a:32). Reid (1980a) has suggested these attributes prevented development of riverine
biomass sufficient for reliable subsistence by some prehistoric cultures, specifically Kansas City
Hopewell. However, the maps mentioned above demonstrate the general stability of the river
meander in the DB site area from ca. 1830 to the post-World War II river stabilization projects.
If this recent history is a proper model for the prehistoric past, it suggests that the Missouri
River may have provided, during some periods, sufficient aquatic/floodplain resources for
prehistoric groups in the site’s vicinity. The resource potential of such a habitat is discussed in
later sections of this chapter.

Prior to dam and levee construction, the Missouri River bottoms were subject to severe

floods. Even had these not altered the course of the meander described above, such floods, poor
drainage and attendant mosquito infestation would have discouraged lowland settlement during
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certain times of the year. These factors may explain the location of some prehistoric sites, such
as the DB site, in an upland setting nearly 50m (160ft) above the Missouri River valley. That
such floods did not entirely preclude lowland occupation in the vicinity of the reservation is
demonstrated by numerous and extensive prehistoric occupations in nearby Salt Creek valley
(Witty and Marshall 1968). At the same time, the geomorphic context of some of these sites
attests the severity of floods over time. For example, 14LV316, a Kansas City Hopewell site
located near the confluence of the Missouri River and Salt Creek (W itty and Marshall 1968:41-
44), is buried by alluvium to a depth of three meters. This site is only 1100m northwest of DB
(Fig. 1.1).

The attraction of the DB ridge for human settlement is still apparent, though with one
exception, a handy source of fresh water. The Missouri River and Salt Creek, while within
sight, were still several hundred meters away, across hilly or steep terrain. It is likely that the
nearest source of potable water was one or more upland springs, though none currently flows
in the site’s vicinity. On August 3, the Phase IV excavation crew was visited by Mr. H. B.
Timberlake, Jr. then 86 years young, whose farm residence is opposite the reservation boundary
from the DB site. His property has been in his family for more than 130 years, so Mr.
Timberlake is an excellent informant for local history and geography. When asked about nearby
sources of water, he informed the author that prior to World War II and the fencing of the
reservation, his family was free to collect from a spring that flowed 400m southeast of the ridge
that is Area B of the site. This source no longer exists, though water in its draw has been
impounded in the largest of three cattle ponds near the site. It is possible that this spring served
the inhabitants of the DB site and may explain the presence of scattered lithic debris in shallow
deposits at Area B.

Climate

The current climate of northeastern Kansas is continental, characterized by large diurnal
and annual variations in temperature, and described as moist subhumid (Thornthwaite 1941).
Precipitation, which occurs most frequently from April to September in the form of intermittent
showers and convective thunderstorms, often exceeds evapotranspiration with the surplus either
running off or soaking into the soil and replenishing ground water (Dickey et al. 1977:61). The
clash of warm, moist air masses from the Gulf of Mexico and cold, dry, polar air sometimes
results in intense, flood-producing storms. Temperatures range from average lows of ca. 20°F.
and highs in the 40s during the winter to lows of ca. 60°F. and highs in the 90s during the
summer. Precipitation ranges from <4" throughout the winter to 12-15" during the spring, 12"
during the summer, and <6" during the autumn (Zavesky and Boatright 1977:76). Table 2.1
provides data on total precipitation at stations near the project area.
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Table 2.1° Total Annual Precipitation in Northeastern Kansas-1978.
Station AT EF LV oS TO VF MEAN

January 0.40 054 032 023 035 041 0.38
February 1.13 155 098 146 0.87 132 1.22

March 1.93 229 142 231 198 175 1.95
April 5.72 431 6.14 393 433 490 4.89
May 432 373 5.04 3.07 3.33 325 3.79
June 3.63 3.59 199 5.05 222 4.29 3.46
July 3.38 3.57 5.18 4.74 3.11 4.13 4.02
August 470 2.90 3.33 4.59 2.15 5.22 3.82

September 6.90 7.06 4.20 5.98 4.34 5.59 5.68
October 1.02 081 0.38 045 0.15 0.66 0.58
November 3.78 2.79 4.41 3.67 3.72 221 343
December 0.45 0.90 1.90 047 028 1.14 0.86

Annual 37.4 34.0 353 359 26.8 349 34.1

* Recorded at the following stations: AT= Atchison; EF= Effingham; LV= Leavenworth;
OS=Oskaloosa; TO= Tonganoxie; VF= Valley Falls. Modified from Corps of Engineers
1981:Table IX.

Variations from one station to another during the year given (1978) in Table 2.1 illustrate
how local convectional storms affect local moisture availability. Convectional storms did not
always dominate regional precipitation patterns during the Holocene. Geomorphic evidence of
climatic change, in the form of generally synchronized periods of erosion, sedimentation, and
landscape stability, has been documented in Iowa (Bettis et al. 1984), Illinois (Hajic 1990),
Missouri (Ahler 1973; Hoyer 1980; Thompson and Bettis 1980), southwestern and southcentral
Kansas (Mandel 1994; Artz 1983), and northern Oklahoma (Artz and Reid 1984). One
suggested contribution to these patterns is change in atmospheric circulation patterns. During
the early and mid Holocene these were dominated by increasingly warm and dry conditions
caused by increasing summer insolation and stronger surface zonal air flow. The consequent
restriction in northward flow of moist tropical air from the Gulf of Mexico brought about a
period of aridity that was first defined, from data in the American Southwest, as the Altithermal
(Antevs 1955). This climatic regime in the mid-continent, where it is referred to as the
Hypsithermal (Deevey and Flint 1957), prevailed ca. 8,000-5,000 BP. During the late
Holocene, the circulation pattern shifted to mixed zonal and meridional dominance. That these
shifts from frontal to convectional storm dominance affected landscape evolution in northeastern
Kansas is seen in geomorphic evidence from the Delaware River valley (Johnson 1990; Mandel
et al 1991) and the lower Kansas River Valley (Johnson and Martin 1987).

It is likely that the climatic changes sketched above affected human adaptations in the
Central Plains-Midwest. These broad patterns, and more specific episodes described below,
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undoubtedly affected the distribution of habitats in the region and, to some extent, the
adaptations of associated human populations. The Paleoindian occupation of the DB site occurred
during a time of cool, dry conditions called the Pre-Boreal and Boreal. Significant late
Pleistocene-Holocene climatic episodes (Baerris and Bryson 1965; Bryson et al. 1970) that
correlate with periods of occupation at the DB site include: the Pre-Boreal and Boreal (ca.
before 9650 to 8450 BP), which correlate with the Folsom and Dalton occupa-tions at DB; the
Atlantic (ca. 8450-4680 BP), or Hypsithermal, a major period of increased aridity that
corresponds to the Middle Archaic occupations; the Sub-Boreal (ca. 4680-2890 BP), a cool
period of forest expansion that corresponds to the early Late Archaic (Nebo Hill phase) period;
the Sub-Atlantic (ca. 2890 BP- 1600 BP), a moist period that corresponds to the terminal
Archaic occupation; the Neo-Atlantic (ca. 1600-700 BP), a drier period that correlates with the
major period of Kansas City Hopewell occupation at the Quarry Creek site and Late Prehistoric
occupation at the Zacharias site (see chapter 5 for discussion of these sites); and the Pacific (ca.
700-300 BP), a time of increased aridity that correlates with the Steed-Kisker phase occupation
at DB.

Vegetation

On a regional scale, Fort Leavenworth is within the northeastern oak-hickory forest
(Kuchler 1974). This community consists of a medium tall, multilayered, broadleaf deciduous
forest with the following dominant species: bitternut hickory (Carya coriformis); shagbark
hickory (Carya ovata); white oak (Quercus alba); red oak (Quercus borealis); and black oak
(Quercus veluting). Much of the wooded land on the reservation, such as that just north of the
DB site, retains a native, presettlement character. Some of the wooded terrain on the reservation
has been documented as remnant eastern upland forest (Dr. Craig Freeman, Biological Survey,
University of Kansas, personal communication). It consists of old and second growth
oak-hickory forest, particularly on moderate to steep east-northeast facing sides and upper slopes
along the Missouri River bluffs. Canopy dominants of this forest include sugar maple,
basswood, walnut, and red and black oak. Most of the wooded terrain south of the DB site is
logged upland forest consisting of red oak, black oak, white oak and walnut (Burns and
McDonnell 1992). Floodplain vegetation within the broad meander of the Missouri River north
of the DB site includes a remnant of the floodplain oak-hickory forest now largely lost to
Euroamerican clearing and areas of more typical floodplain softwoods (elm and cottonwood) and
floodplain savannah (sedge and willow) (Brumwell 1941).

The uplands of the reservation include both grassland and woodland communities
(Brumwell 1941). These communities form an ecotone, established in northeastern Kansas after
the Hypsithermal about 5,000 years ago (Gruger 1973). This modern ecotone is transitional
from the oak-hickory forest of eastern North America to the tallgrass prairie of the Interior
Plains and forms one of the most "conspicuous and important” examples of the ecotone concept
(King and Graham 1981:131). It extends some 1,920 kilometers from 30° to 45° N. Lat. and
ranges from east to west in the case of some species, such as bur oak, as much as 1,600
kilometers. Shelford (1963:306-307) estimates that within the region of at least 932,400km? that
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contains interspersed climax forest and climax prairie, approximately four million hectares are
covered by forest-edge vegetation. The pre-settlement ecotone in northeastern Kansas was a
mosaic of both prairie and woodland communities and, according to Kuchler (1974:588),

the species of one type are not mixed with those of the other, and each of the two
vegetation types involved retains its discrete character. The oak-hickory forest
does not gradually open up into a savanna but keeps its identity; the bluestem
prairie does likewise. Therefore, in easternmost Kansas, forests with islands of
prairie gradually change westward into a forest-prairic mosaic and finally into
prairie with forest islands.

Table 2.2 is a list of the dominant species of the two plant communities that compose the
ecotone in northeastern Kansas.

Evidence of the long history of the ecotone in the Fort Leavenworth area is found in the
distribution of soils therein. Soils record in their profiles the kind of vegetation under which
they developed. Within the project area are Marshall-Sharpsburg soils, which developed under
prairie vegetation, and Gosport-Sogn and Knox-Ladoga soils, which developed under either
forest or a mixture of forest and prairie vegetation (Zavesky and Boatright 1977; Logan
1985:78). The DB site is located in an area mapped as Ladoga silt loam, suggesting its
dominate cover during the recent past has been forest or mixed woodland-prairie.

Table 2.2. Dominant Plant Species of Northeastern Kansas Ecotone. ~

Common Name Scientific Name

Bluestem Prairie

Big Bluestem Andropogon gerardi
Little Bluestem Andropogon scoparius
Switchgrass Panicum virgatum
Indian grass Sorghastrum nutans

QOak-Hickory Forest

Bitternut Hickory Carya cordiformis

Shagbark Hickory Carya ovata

White Oak Quercus alba

Red Oak Quercus borealis var. maxima
Black Oak Quercus velutina
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A prairie-woodland ecotone is a tension zone sensitive to climatic fluctuations. The
relative distribution of the major components of a prairie-woodland ecotone is affected by
changes in the amount of precipitation of significant duration. Shelford (1963:317) describes
this dynamic process:

Dry and rainy periods of longer or shorter duration have alternated over thousands of
years. During long, wet periods, forests expand from groves and stream-skirting strips
to take possession of prairie areas... During long, dry periods the process has been
reversed. Grasses invade wooded areas and kill the shrubs and trees probably by
monopolizing the water supply through a superior system of deep roots. Most of this
competition between .... communities goes on in the shrubby edge that separates them.

As mentioned in the previous section, globally synchronous climatic shifts occurred
throughout the Holocene (Bryson et al. 1970). These may have correlated with cultural
adaptations in the Great Plains (Wendland and Bryson 1974; Lehmer 1970; Wedel 1970; Bozell
1995). Evidence of forest invasion onto prairie soils during the Neo-Boreal has been found in
Missouri (Logan 1979; Howell and Kucera 1956; Reeder et al. 1983) and Iowa (Dick-Peddie
1952; Loomis and McComb 1944). Given the evidence of past climatic fluctuations in the
Midwest ecotone region, we can assume that similar periods of forest recession have occurred
in the Fort Leavenworth area. Paleoclimatic fluctuations have been inferred from the pollen
spectra at Muscotah and Arrington marshes, in the Delaware River basin, 40km (25mi) west of
DB (Gruger 1973). These inferences are summarized below insofar as they pertain to the
cultural periods that are represented at the site.

During the late Pleistocene, the region was part of an ecotone of two major biomes, the
spruce forest of eastern North America and the montane conifer parkland that dominated the
west and southwest. The pollen data from Muscotah and Arrington marshes reveal the presence
of open vegetation, with some pine, spruce, and birch trees and local stands of alder and willow
from at least 23,000 to 15,000 BP. An ecotone of grassland and deciduous woodland was
established by at least 11,000 BP. It is not known how long it took for this ecotone to replace
the coniferous forest biome that dominated northeastern Kansas during the Woodfordian stage
of the Wisconsinan glaciation. An unconformity occurs between zones 2 (Woodfordian) and 3
(early Holocene) at Muscotah Marsh that precludes more accurate reconstruction of this
important process. It is unfortunate from an archaeological point of view as well, since it is
known that the region was inhabited by Clovis hunter-gatherers during that crucial transition
period. The fact that the process had been essentially completed by 11,000 years ago suggests
that the Folsom hunters represented at the DB site by at least two projectile point fragments (see
chapter 9) inhabited an ecotone composed of plant communities more like that of the Holocene.

An abrupt increase in Ambrosia and Franseria pollen marks the transition from zone 3
to 4 at Muscotah, reflecting expansion of the prairie community. This phenomenon occurred
throughout the Midwest during the mid-Holocene (McAndrews 1966; King 1980). In
northeastern Kansas, this prairie interval is dated ca. 9930300 BP. The time transgressive
nature of the change is indicated by dating of prairie expansion in Minnesota and South Dakota
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ca. 8000 BP. (McAndrews 1966) and in southeast Missouri ca. 8700 BP (King and Allen 1977).
Zone 4 pollen frequency curves demonstrate the dynamic nature of the prairie-woodland ecotone.
In zone 4a, grasses and deciduous trees are both represented, although the latter account for only
about 20% of the pollen. Zone 4b reflects a decided regression of woodland components of this
ecotone. Trees disappeared from the uplands and low values of some types of arboreal pollen
suggest that the Delaware River floodplain "dried out over extensive areas" (Gruger 1973:245).
This phenomenon would have occurred in the nearby Salt Creek Valley as well.

Zone 4c reflects a period of forest expansion and eventual approximation of the ecotone
that existed during deposition of zone 4a. The transition from the prairie interval to initial forest
encroachment represented in zone 4c is dated 51004250 BP., a time that serves to mark the end
of the Hypsithermal episode. Although the time transgressive nature of this episode is reflected
by dating of this process in Minnesota ca. 4000 BP. (McAndrews 1966), in southeast Missouri
it occurred at approximately the same time, ca. 5000 BP. (King and Allen 1977). The post-
Hypsithermal prairie-woodland ecotone was essentially that seen by late Holocene inhabitants
of the DB site. However, the subsequent climatic episodes described in the previous section
would have affected the distribution of woodland and grassland communities.

An analog of the ecotone as it may have appeared during much of the late Holocene in
the site area is provided by Brumwell’s (1941) map of the plant associations of Fort
Leavenworth (Fig. 2.1). The map also provides a model of the catchment of the DB site, or that
area within which its occupants carried out most of their resource procurement activities.
Indeed, site catchments are generally circumscribed over radii nearly twice that shown in
Brumwell’s map (cf. Roper 1979). Yet expansion of this figure is not required to increase the
diversity of vegetation communities within easy reach of the site’s prehistoric occupants. The
richness of the Fort Leavenworth ecotone during modern time is documented by Brumwell
(1941), who lists 53 species of reeds, grasses and sedges; 79 species of trees, shrubs and vines;
and 223 species of herbaceous plants. While some of these species are historical Old World
invaders, the list reflects the diversity of plants that would have been available throughout most
of the Holocene.

Fauna

The plant communities described above provided habitat for a wide array of animal
species. Brumwell’s (1941) inventory of the Fort Leavenworth fauna lists 12 species of
amphibians, 36 species of reptiles, and 37 species of mammals. It does not include such animals
as bison, elk, grizzly and black bear, mountain lion, gray wolf, and otter, species that were
noted in the region during early historic time but have been extirpated. A more accurate
reflection of the Holocene woodland-prairie-riverine environment of the Lower Missouri River
valley is provided by faunal remains from local prehistoric sites in that area. Animals identified
at the Renner, Young, Aker and Trowbridge sites, all Kansas City Hopewell occupations, are
presented in Table 2.3.
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4 Figure 2.1. Vegetational Associations of the DB Site Catchment. Site (14L.V1071) is at arrow
tip. Modified from Brumwell (1941).
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Table 2.3. Animals Identified in Faunal Assemblages from Kansas City Hopewell Sites.

Species Name Renner' Young? Trowbridge® Aker* J)uar'ri/ Creek®
Mammalia :
Bison bison Bison X X X
Cervus Wapiti x X x X
canadensis '
Odocoileus  White- X X ’ X X X

virginianus tailed deer

Procyon lotor Raccoon. X X X X : X
. Castor Beaver X ) S X X X
canadensis ’
Ursus Black X

americanus - bear

Canis sp. Wolf/dog/coyote

X X X 4
Vulpes fulva Red fox X X
Urqcyon .Gray fox X
cineroargenteus
Lynx rufus  Bobcat X X X X
Mustela vison Mink X.
Sciurus niger/ Fox/gray X X p 4

carolinensis squirrel

Sylvilagus  Cottontail X X X X
floridanus '
Mephitis Striped Cx X
mephitis skunk
Ondatra  Muskrat x
Zibethicus '
Marmota monax Woodchuck  x x

19




Table 2.3 (continued)

Species Name Renner' Young® Trowbr.idze3 Aker* OQuarry Creek’®

Geomys Plains X X
bursarius  pocket gopher

Scalopus Eastern b 4
aquaticus mole
Oryzomys Rice rat | X X
palustris
Neotoma  Woodrat X
floridana ‘
Perognatus Pocket ' X
hispidus mouse
Aves _
Meleagris  Turkey X X X X X
gallopavo :
Tympanuchus Grouse X X
cupido
Branta Canada 4
canadensis  goose
Buteo Red- X
Jamaicensis tailed hawk
Anas ‘Mallard X
platyrhynchos
Fulica American : X

americana coot

Grus Whooping _ X
americana  crane ‘

Lepisoteus Gar X X X X
osseus
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Table 2.3 (continued)

Species Name Renner! Young’ Trowbridge® Aker* Quarry Creek®

Ictalurus Channel X X X X
punctatus catfish

Pylodictus Flathead X X
olivaris
Aplodinotus Drum X
grunniens
Ictiobus sp. Buffalofish X X
Reptilia
Trionyx sp. Soft-shell X X
turtle
Graptemys sp. Map X X
turtle
Pseudemys sp. Slider X
turtle
T erfapene Box X
ornata turtle
Sternotherus Musk X
odoratus turtle
Crotalus sp. Rattlesnake X X '
Colubrid colubrid snake X
Thamnophis sp. Garter snake X
Amphibia
Ambystoma sp. Salamander X

1) Wedel 1943:27-28 2) Adair 1977:17  3) Johnson 1972:11-13
4) Brown n.d. 5) Logan and Banks 1993
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The number of some species increases along tallgrass-woodland edges. Moreover, the
population density of some animals also rises above that of adjacent communities (Odum
1971:157-159; Bee et al. 1981:9). This "edge effect” may have played an important role in the
settlement and subsistence activities of prehistoric peoples that depended to a significant extent
on such edge game as white-tailed deer. The deer population in Kansas is monitored and
controlled today by Kansas Wildlife and Parks. Most of the study area falls within a section of
the state that has a medium distribution and density of deer. Some areas of northeastern Knsas
are known to support a high density and distribution of deer, according to a recent study by the
Kansas State Cooperative Extension Service (cited in Corps of Engineers 1981:77). The
Missouri River Valley in the Fort Leavenworth area supported a larger population of this game
and other edge species during pre-settlement time. Based on the accounts of Lewis and Clark,
who reported seeing large numbers of deer on the prairie-forest edges along the river in the
summer of 1804, Shelford (1963:314) suggests their population at that time may have been as
high as 20 deer per km? of river-skirting forest. Climatic fluctuations, such as the Hypsithermal,
that resulted in the expansion of prairie at the expense of woodland may have reduced the
number of deer and also affected their population density and distribution.

In the Lower Missouri River valley, white-tailed deer were consistently favored over
prairie game such as elk and bison from at least the Late Archaic period (e.g., Adair 1977; Artz
1978; Johnson 1972; Wedel 1943:27, 72-73 and 1959:664). The late Holocene bias toward deer
may have reflected the relatively low population density of bison in the tallgrass community
along the Lower Missouri Valley during post-Hypsithermal time. For example, skeletal remains
of late Holocene bison are less frequently found in alluvial deposits of the Kansas River than
those of early Holocene age. The low density of modern bison in northeastern Kansas is also
reflected in the absence of any mention of bison in the region by early historic Euroamerican
explorers and settlers (Logan 1985). The contrast may be attributable to the prairie expansion
that occurred during the Hypsithermal and subsequent forest encroachment on prairie during the
Sub-Boreal (Rogers and Martin 1983).

Though faunal remains from DB are sparse (see chapter 13), it is likely that deer, the
dominant species at Quarry Creek (Logan and Banks 1993), was the favored game animal of late
Holocene occupants of the site. However, if DB was occuppied during the mid-Holocene
Hypsithermal episode, it is possible that bison populations were greater and that they were
exploited more frequently at that time. In this context, it warrants mention that elements of
bison were more abundant at the Logan Creek site, type site of the Logan Creek complex that
dates to the mid-Holocene climatic maximum (Kivett 1959). Since this complex may be
represented at DB (see chapter 9), research questions concerning a correlation between changes
in the physical environment vis-a-vis game species and Archaic adaptations are relevant (these
are discussed in chapter 15). '

Similarly, the evidence of late Pleistocene-early Holocene hunters at DB, identified as
those of the Folsom and Dalton complexes, raises the issue of faunal associations of the habitats
present near the site during Pre-Boreal and Boreal time. For example, if the transition to the
Holocene ecotone had occurred by the time of these occupations, what changes had occurred in
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the presence and distribution of Pleistocene megafauna? During the late Wisconsinan, the Lower
Missouri River Valley was part of an ecotone of montane conifers and open grasslands. This
is reflected in the fossil remains of Ice Age megafauna from the region, including those of the
Symbos-Cervalces faunal province, associated with Pleistocene spruce forests in eastern North
America (Martin and Neuner 1978), such as American mastodon (Mammut americanum),
woodland musk ox (Symbos cavifrons), woodland peccary (Mylohyus), and stag-moose
(Cervalces). West of the Missouri River, remains of animals of the Camelops-Navahoceras
faunal province, associated with montane conifer parkland, are more frequently found. These
include mammoth (Mammuthus) and camel (Camelops). When did these species become extinct
in the region and how did this affect the adaptations of local Paleoindian populations?
Conventional wisdom holds that Folsom groups were hunters of bison (Bison bison antiquus) and
that Dalton groups were the earliest hunters of the woodland-riverine fauna favored to varying
extent by all subsequent prehistoric cultures. Can that distinction characterize the Folsom and
Dalton activities at DB? While the artifacts of these cultures from the site are too few to shed
light on this problem, the fact that buried evidence of them occurs in upland settings in the
region indicates further research might do so.
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Chapter 3

Geoarchaeology

William C. Johnson

Physical Setting

The DB site (14LV1071), situated on the western bluffs of the Missouri River, has been
exposed to the indirect influences of the Pleistocene glacial periods and is located close to the glacial
boundary of northeastern Kansas (Aber 1988, 1991). In its role as a sluiceway (conduit of glacial
meltwater), the Missouri River transported large quantities of fine glacial sediments from the ice
fronts to the north. Persistent, high velocity winds transported these fine sediments from the Missouri
River valley bottoms up onto the bluff, resulting in thick deposits of eolian silt, or loess. Deposition
of loess has not been continuous; periods of surface stability occurred and are marked by soil
formation. Consequently, the late-Quaternary stratigraphy consists ofloess deposits with interspersed
soils. Wisconsin-age glacial activity to the north began to wane after the Last Glacial Maximum,
about 18,000 years ago, but significant loess deposition persisted until 11,000 to 10,000 years ago.
Small amounts of loess accumulated during the post-glacial period (Holocene), but accumulation
rates were sufficiently slow that the eolian silt was often incorporated into the soil through
pedogenesis.

Given the cultural attributes of the site (e.g., view, topographic prominence, proximity to food
and water, productive soils/sediments), it is apparent why prehistoric occupation occurred, and
climatic amelioration at the end of the Wisconsinan glacial period and beginning of the Holocene
would have made the site quite hospitable. The site is located on a hilltop, or knoll that is the divide
for drainage basins to the east, southeast, southwest, and northwest (Fig. 3.1). To the north and
northeast, the site is bound by high energy drainages associated with the valley wall bluff of the
Missouri River valley. Consequently, the site has been subjected to erosion and slope processes
associated with the headward extension of the drainages. Given a fairly stable baselevel for the
Missouri River for most of the Holocene and bedrock control, headward extension of the drainages
has been conservative. Topography of the site has therefore likely been approximately the same since
the early Holocene, that is, the knoll was established early and persisted. Nonetheless, erosion has
occurred on the top and flanks of the knoll periodically, as evidenced by truncation of a buried soil
(this chapter) and artifacts subjected to erosional slope processes (Chapter 14). Presence of tree and
grass cover for the latter part of the Holocene has stabilized the site, permitting continued
accumulation of a thin Holocene loess mantle and surface soil development. Critical to the site's
survival has been, of course, minimal historical disturbance until now, which was limited to
deforestation and shallow plowing.
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Figure 3.1. Area topographic map showing the DB site (X) and the adjacent Missouri River valley.
(source: Weston, Missouri United States Geological Survey 7.5' topographic map)
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Late-Quaternary Stratigraphy and Environmental History

On the basis of machine coring, backhoe trenching and hand augering, loess thickness at the
site was determined to be in excess of 10m. Although the thickness of loess is unknown in this thick
band paralleling the Missouri River valley, Frye and Leonard (1949) reported approximately 23m of
loess overlying till and outwash at Iowa Point in Doniphan County and 59m penetrated in a drill hole
within Brown County. Leonard and Frye (1954) record fossil mollusks with a forest affinity in the
loess and attribute this relatively narrow corridor of thick loess to the trapping effect of trees growing
along the river valley. '

Given regional stratigraphic information, the site likely contains loess deposits dating from
the pre-Illinoian glacial periods, with the bulk dating from the two most recent glacial periods, the
Hlinoian and Wisconsinan (Frye and Leonard 1952; Bayne and O'Connor 1968). The lithostratigraphic
and pedostratigraphic units of relevance to this study include the late-Wisconsinan Peoria loess,
Pleistocene-Holocene transition soil (regionally known as the Brady soil), Holocene-age loess
(regionally the Bignell loess), and the surface soil (Fig 3.2).

Due to the chronology and depositional environment of the loess landscapes in the region,
latest Peoria loess and the Brady soil formed in its upper meter or so have the potential to contain
Paleoindian (e.g., Clovis) materials. The addition of Bignell loess mantle has served to bury and
preserve possible subsequent cultural activity by Archaic, Woodland, and other peoples.

In order to fully appreciated the changes in climate and influences on the cultural environment,
a review of the regional stratigraphy and environments is presented. The discussion is organized into
three sections: Late Pleistocene (Wi isconsinan), Late Pleistocene-Holocene transition, and Holocene.

Late Pleistocene (Wisconsinan Stage)

Late Wisconsinan loess deposits mantle much of upland surface of the region covering the
central Great Plains from the North Dakota/South Dakota border to that of Kansas and Oklahoma
and provide a terrestrial record of late Quaternary climate. Thickest deposits lie adjacent to the
Missouri River and its major tributaries (Ruhe 1983).

Leverett (1899) first proposed the name Peoria for an interglacial period between the Iowan
and Wisconsinan glacial stages. When Alden and Leighton (1917) demonstrated the Peoria was
younger than the Iowan, usage shifted to that of a loess, rather than of a weathering interval. Within
the Midcontinent, several names have been used for post-Farmdalian loess. Ruhe (1983) preferred
the term "late Wisconsin loess" because of the uncertainties in the stratigraphic equivalency from one
region to another.

The Peoria loess is typically eolian, calcareous, massive, light yellowish-tan to buff silt that

overlies the Loveland loess or an approximate equivalent of the Gilman Canyon Formation. Based
on conventional and accelerator radiocarbon ages, deposition of the late-Wisconsinan Peoria loess
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Figure 3.2. Stratigraphic succession for the Quaternary System of Kansas. (source: Kansas Geological
Survey 1998)
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in Kansas and Nebraska began about 19.5-21 ka. In cold and arid conditions of the late Wisconsin,
a high depositional rate was probable; at the Bignell Hill type section in southwestern Nebraska, for
example, the sedimentation rate for the late-Wisconsinan Peoria loess averaged 5.7 mm/year (Johnson
1993). This rapid deposition rate seems to be comparable to marine records and rapid enough to
preserve high-resolution data for the late-Wisconsinan environmental changes. The rate of
accumulation for the Peoria loess was certainly variable, but apparent annual laminae are present at
many localities near the Platte River valley of Nebraska, including the Bignell Hill and the Eustis ash
pit sites (Johnson 1993). Loess accumulation rates decreased as the regionally-expressed Brady soil
began developing between 10.6 and 10.1 ka.

Thelack of any well developed, buried soils or other unconformities su ggests that Peoria loess
in the region represents a nearly continuous deposit and that the faunal zonation reflects a change in
the rate of deposition. Evidence that Peoria loess deposition was at least to some extent episodic has
emerged from western Iowa (Daniels et al. 1960; Ruhe et al. 197 1), central Kansas (Arbogast 1995)
and southwestern Illinois (McKay 1979), where deposits exhibit dark, organic-rich bands that are
thought to represent incipient soils formed during periods of slower deposition. One of the few
indications of soil development recognized is that of a Bt horizon in the Medicine Creek valley (May
and Holen 1993); interestingly, the soil has a probable Paleoindian association (May 1990, 1991).
Other indications of soil development in the Peoria loess come from the magnetic data obtained at
Fort Riley, Kansas (Johnson 1996). Differential abundance and preservation of fossil mollusks in the
loess have also been cited as evidence of episodic loess deposition (Frankel 1957).

Ruhe (1983) noted three major features of late-Wisconsinan (Peoria) loess: thinning
downwind from the source area, decreases in particle size systematically away from the source area,
and marked time transgressiveness at its base. The last feature is problematic and causes correlation
problems. Ruhe (1969) realized a decrease in the age of the soil under the loess from 24,500 yr BP
near the Missouri River to about 19,000 yr BP eastward across southwestern Towa. A decrease from
25,000 to 21,000 yr BP was noted for the base of the loess along a transect in Illinois (Kleiss and
Fehrenbacher 1973). The top of the loess also seems to be time transgressive, ranging from about
12,500 yr BP in Illinois (McKay 1979) to about 14,000 yr BP in central Iowa (Ruhe 1969). The loess
thickness decreases gradually with distance to the south and southeast of the Platte River valley.
Except for the loess of the Loess-Drift Hill area in southeast Nebraska, loess south of the Platte was
deposited rather evenly on a nearly level surface of old alluvial sands and gravels. In the Loess-Drift
Hill area of southeast Nebraska and in most of the area north of the Platte River, the loess mantles
a previously dissected aad hilly topography.

Despite the attention given to the Peoria loess in central Great Plains, the source of the silt
is not completely certain. From their review of available data, Welch and Hale (1987) concluded that
a single source was not likely for all loess deposits in Kansas and that the loess was derived from a
combination of three sources: glacial outwash river flood plains, present sand dune areas, and fluvial
and eolian erosion of the Ogallala Formation. The Platte River undoubtedly contributed massive
quantities of loess during glacial stages, as presumed (Swineford and Frye 1951). Loess is thickest
immediately south of the Platte River Valley, which suggests that the alluvium in the valley was the
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source of the loess, at least for those deposits adjacent to the valley (Kollmorgen 1963). Some local
thickening of loess occurs to the southeast of the Platte River wherever streams enter from the Sand
Hills to the northwest. With prevailing northwesterly winds, these locally thick deposits are probably
partially derived from alluvium brought into this valley by these streams. In addition, nonglacial rivers
in western Kansas and Nebraska probably contributed substantially more to the volume of loess in
the area. Local loess deposits in excess of 23m have been measured along the southeastern bluffs of
the Arikaree and Republican Rivers (Swineford and Frye 1951). Swineford and Frye (1951)
concluded that the Arkansas River carried too sandy a sediment load to act as a major loess source
and suggested that most of the loess deposited south of the Arkansas River in southwest Kansas was
derived from northern sources. Thick accumulations also prevail adjacent to the Missouri River
valley, as at the DB site

In Nebraska and Kansas, radiocarbon and thermoluminescence dating indicates that Peoria
loess in those areas correlates temporally with the Peoria loess of Iowa, Illinois, and Indiana (e.g.,
Johnson et al. 1993; May and Holen 1993; Martin 1993; Maat and Johnson 1996). However, much
of the loess in Kansas and Nebraska occurs upwind of or distant from late-Wisconsinan continental
glacial outwash sources. In addition, some of the thickest deposits of loess in Nebraska occur upwind
of the Platte River (Swinehart 1990). Flint (1971) pointed out that the volume of loess on the Great
Plains is surprisingly high if it was all generated from glacial outwash derived from the Rocky
mountains. At the present time, the source of loess in the Kansas and Nebraska portion central Great
Plains is unknown, and more than one source may be involved (Welch and Hale 1987).

Little is known about the environmental conditions in the central Great Plains during Peoria
loess deposition. Early studies, however, postulated that loess likely accumulated under dry
conditions (e.g., Schultz and Stout 1948). Evidence from modern depositional environments suggests,
however, that well-vegetated rather than barren surfaces favor loess deposition (Martin 1993).
Additionally, the rich land snail fauna of Peoria loess in the Great Plains implies deposition on a
vegetated surface (Leonard 1952; Austl. 1988; Wells and Stewart 1987).

Leonard (1952) subdivided the Peoria loess of Kansas into four zones on the basis of the
molluskan fauna assemblages present. The basal zone is equivalent to a leached interval above the
Gilman Canyon Formation and is void of molluskan material. The lower molluskan zone, or Iowan,
produced an assemblage containing 14 species, 2 of which are diagnostic of the zone. A transitional
zone, located between the upper and lower faunal zones contains elements of both assemblages and
does not imply any abrupt changes in the depositional environment, although the depositional rate
may have slowed somewhat. The upper molluskan zone, or Tazewellian, contains 26 species, 14 of
which do not occur in the lower zone. Because of the relative youth of the Peoria loess, little of the
upper zone has been removed from the upland.

Recent findings indicate that trees were present in the central Great Plains during Peoria loess
deposition, although the distribution and density of tree cover is unknown. Wells and Stewart (1987)
recovered Picea glauca (white spruce) cones, needles, and wood from Peoria loess at several sites
in south-central Nebraska; radiocarbon ages on the wood range from 14,700 to 13,000 yr BP
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(Johnson 1989). They also reported charcoal in Peoria loess at two locales in north-central Kansas.
At the Coyote Canyon site in south-central Nebraska, bands of charcoal near the base of the Peoria
loess afforded additional radiocarbon ages which range from 21,250 to 19,730 yr BP (Martin 1993).
At the nearby Sindt Point site, Johnson also reports an additional age of 21,440 yr BP for the Picea
(spruce) charcoal.

Anupland pollen record from southeastern Kansas suggests that a Populus (aspen) parkland
was present during the late Pleistocene (Fredlund and Jaumann 1987). Watts and Wright (1966)
conclude that Picea was the dominant vegetation cover in the Nebraskan Sand hills until 12,500 yr
BP, when it was gradually replaced by Pinus (pine) and herbaceous vegetation. Recent surveys of the
Midcontinent pollen record by Webb et al. (1983) and Baker and Waln (1985) postulate parkland
vegetation with treeless openings on the central Great Plains during the late Pleistocene.

Many of the age determinations on the Peoria loess were made from Picea remains, indicating
a cool, moist environment. For example, a radiocarbon age of 18,830 yr B. P. on Picea charcoal was
obtained from the Woodfordian/Peoria-age deposits near Bloomington, Franklin County, Nebraska
(May and Holen 1993). Although radiocarbon data documents the burial of vegetative material
throughout the Woodfordian, two temporal clusters of ages appear from the limited data: 18-17 ka
and 14-13 ka. The 18-17 ka time interval represents the Last Glacial Maximum, and the 14-13 ka
interval represents the time of major deglaciation (Ruddiman 1987). By interpreting ice-core data
from Greenland, Paterson and Hammer (1987) recorded a dramatic decrease in atmospheric dust
content from about 13 ka; this period of reduced atmospheric dust may relate to the time of relative
surface stability and tree establishment. May (1989) identified deposition of the Todd Valley
Formation in the South Loup River of central Nebraska at about 14 ka; the Todd Valley was
subsequently buried by loess. Furthermore, Martin (1990) identified entrenchment in the Republican
River of the south central Nebraska at about 13 ka, after which valleys were filled with late Peoria
loess.

Regarding climatic modeling of the late Pleistocene, Kutzbach (1987) summarized the
behavior of the North American jet streams during the late Wisconsin. In July, the split flow around
the North American ice sheet modeled at 18 ka persisted to 15 ka, with almost no changes having
occurred. By 12 ka, two important changes appeared: first, the northern branch of the jet moved
south, over and along the southern flank of the ice sheet, and merged with the southern branch over
the northeastern United States. The second change was the reduced intensity of the North Atlantic
extension of jets. The jet at 9 ka followed about the same track as at 12 ka, but with weakened
intensity. At 6 ka and thereafter, only a single jet core was simulated over Alaska and Canada, and
winds were weak compared to reconstructions of earlier periods. Specifically, the modern single jet
core of July follows generally the same track as the northern branch of the split jet in July during the
glacial maximum.

In January, like July, the split flow around the North American ice sheet and the intense North

America/North Atlantic jet cores at 18 ka persisted to 15 ka with almost no change. At 18 ka the
simulated temperatures over the continent were much lower than at present, especially over the
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“elevated and highly reflective ice sheets (COHMAP Members 1988). By 12 ka, the flow had adjusted

to single core of high velocity winds that followed the west-coast-ridge, east-coast-trough pattern
of today, and the jet maximum was almost as strong as at 18-15 ka.

The north central region, from the Rockies to the Appalachians and from immediately south
of the ice sheet to 40°N, had summer temperatures of 16°C at 18-15 ka, about 7°C below present.
Precipitation was less than present at 18-15 ka (colder, with storm track shifted south of the region)
and precipitation-minus-evaporation was slightly increased at 18-15 ka (evaporation decreased more
than precipitation).

Late Pleistocene-Holocene Transition

The last deglaciation was a period of intense and rapid climatic changes that affected the
global climate from about 20,000 to 5,000 yr BP. Paleoclimatologists have reconstructed global
variations, including chemical composition of the atmosphere (30% increase in CO, and CH, and
decrease in dust content, etc.), temperature of the atmosphere and surface of the ocean (mean global
change of about +4°C), and major reorganization of the ocean circulation and sea-level rise of about
120 meters, followed by slow rebound of the continents below the ice caps.

The transition between the Last Glacial Maximum and the present inter- or postglacial episode
has drawn much attention from investigators for many decades. At first, the last deglaciation was
believed to have been a simple, unidirectional shift, but more recent detailed studies revealed that it
was a two-step process (Duplessy et al. 1981; Broecker et al. 1989). During the last deglaciation,
intervals of rapid warming between about 13 ka and 11 ka and at about 10 ka were separated by a
distinct, brief, cool climate episode occurring between about 11 ka and 10 ka.

Between about 12ka and 9ka, the climate and vegetation of central North America underwent
dramatic changes (Wright 1970; Webb et al. 1983, 1993). Spruce trees had been replaced by widely
distributed deciduous trees in northeastern Kansas, and deciduous trees persisted until about 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.

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 (Mémer 1976); the Swedish unit has a reported age of
10,000+250 yr BP (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
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United States, and that major climatic or environmental changes at 10,000 yr BP are documented only
locally (Watson and Wright 1980). This contention seems faulty, however, on the regional and
subcontinental 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 sedimentation recorded since development of the cumulic soil of the Gilman Canyon
Formation (>20,000 yr BP), and also marks the position of a distinct faunal discordance (Frye and
Leonard 1955). At least the early and perhaps all of the Brady soil-forming interval coincides with
the Younger Dryas cold interval of the North Atlantic region.

The Brady soil was first named and described by Schultz and Stout (1948) at the Bignell Hill
type locality, a loess sequence exposed along a road cut in the south valley wall of the Platte River
of western Nebraska. The soil is developed within the Peoria loess and is overlain by the Bignell loess.
The name was subsequently adopted by researchers in Kansas (Frye and Fent 1947; Frye and Leonard
1949, 1951, Frye et al. 1949). The soil is regionally extensive only in the northwestern and west
central parts of Kansas, and even there it occurs discontinuously on the landscape. Frye and Leonard
(1951) and Caspall (1970, 1972) recognized Brady development in northeastern and other parts of
Kansas. Without the overlying Bignell loess, the Brady soil does not exist; the modern surface soil
has incorporated post-Bradyan loess fall into its profile. The Brady soil is typically dark gray to gray-
brown and better developed than the overlying surface soil within the Bignell loess. Strong textural
B horizon development and carbonate accumulation in the C horizon are typical, although it
occasionally displays evidence of having formed under poorer drainage conditions than have
associated surface soils (Frye and Leonard 1951). Feng (1991) noted that the Brady soil, as expressed
in Barton County, is strongly weathered both physically and chemically.

Until recently the age of the Brady soil had been uncertain, even at the type section: Dreeszen
(1970) reported two ages of 9160 and 9750 yr BP, both of which were believed to be too young
because of contamination, and Luttenegger (1985) reported an age of 8080 yr BP without any
stratigraphic context. Since these earlier studies, additional radiocarbon ages have been reported from
the Brady soil at the type locality and elsewhere (Table 3.1). For example, Johnson (1993) reported
two ages of 10,670 and 9240 yr BP on the lower and upper 5 cm, respectively, of the Brady A
horizon at the type section, and Souders and Kuzila (1990) dated a core at a site in the Republican
River valley and reported an age of 10,130 yr BP. Similar ages from the eolian phase have been
obtained in south-central Nebraska and north-central and central Kansas. Ages of the alluvial phase
of the Brady from Nebraska and Kansas correspond well with the ages of the eolian phase. According
to age data, soil develorment began at about 10.5 ka and ended 9-9.5 ka, suggesting a soil forming
interval of greater than 1000 years.
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Table 3.1. Brady soil radiocarbon ages'

Sample Age’ Source
Nebraska
Bignell Hill (type section)
n.a. 8,080+180 Lutenegger 1985
W-234 9,160+250 Dreeszen 1970
W-1676 9,7504-300 Dreeszen 1970
Tx-7425 9,240+110 Johnson 1993
- Tx-7358 10,670+130 Johnson 1993
North Cove
west
Tx-6319 10,550+-160 Johnson 1989
Tx-6112 10,220+140 Johnson 1989
Tx-6320 10,270+ 160 Johnson 1989
east
Tx-6321 11,530+150 Johnson 1989
PITT-824 11,0254+90 Martin and Johnson 1995
Prairie Dog Bay
DIC-3310 10,140+110, -120 Cornwell 1987
Tx-5909 10,360+130 Martin, 1990
PITT-825 9,020+95 Martin and Johnson 1995
Naponee ~
Beta-33939 10,130+140 Souders and Kuzila 1990
Kansas
Speed
Tx-6626 8,850+140 Johnson 1993
Tx-6627 10,050+160 Johnson 1993
Barton County
Tx-7045 9,820+110 Feng 1991
Tx-7046 10,550+150 Feng 1991

! ages obtained from the upland Brady soil, i.e., developed in loess
2 most ages have been corrected for the effects of isotopic fractionation



Arbogast (1995, 1996a) obtained several Brady era radiocarbon ages from soils buried within
the eolian sand of the Great Bend Sand Prairie. Following a period of instability after a short period
of stability during the Last Glacial Maximum, soil formation occurred at the Pleistocene/ Holocene
boundary, which correlates temporally with the loessal Brady soil. Two radiocarbon ages of 10,330
+ 100 and 10,360 + 100 yr BP were obtained at Wilson Ridge, a lunette in the Great Bend Sand
Prairie (Arbogast 1996b).

_ Significant deglaciation did not begin until 14 ka and ended by 6 ka. This conclusion is
validated by maps of ice area, by marine §'*0 records, and by terrestrial and marine records
(Ruddiman 1987; Crowley and North 1991). With increased summer insolation during the
termination, the mass imbalance of ice sheet would have increased. Ice sheet decay may also have
been affected by a number of processes. For example, CO,-induced air temperature changes were
apparently sufficiently large to cause disintegration of the extensive marine-based ice sheet on
Eurasia. Broecker et al. (1988) suggested that changes in the coupled ocean-atmosphere circulation
in the North Atlantic were responsible for the changes.

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 §'*0 curves also show a smooth progressive
decrease toward Holocene values.

The step deglaciation model is also supported by some marine 5'*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 8"0 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.

Holocene

Using a modified version of the Blytt-Sernander scheme of climatic episodes, Bryson and
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Wendland (1974) produced a model that subdivided the Holocene into the pre-boreal, Boreal,
Atlantic, sub-Boreal, sub-Atlantic, Scandic, neo-Atlantic, and Pacific episodes. For example, during
the Atlantic episode (8450-4680 yr BP), the wedge of modified Pacific air that characterizes the
grassland climate was expanded northeastward into central Minnesota and eastward towards the
Atlantic seaboard (Bryson et al. 1970). This model has become antiquated, but provided a launching
point from which to begin examining the climatic nature of the Holocene.

According to recent model! simulations, by around 9 ka summer insolation had increased but
was still secondary in influence to the shrinking Laurentide ice sheet (COHMAP members 1988). The
glacial anticyclone persisted in eastern North America, but was much smaller than at 12 ka. With the
Pacific subtropical high gaining strength adjacent to the west coast of North America, northwesterly
winds replaced westerly winds along the coast in the Northwest. The Midcontinent was still cooler
and more moist than at present in July. By the early Holocene (9 ka), the ice had wasted appreciably,
the jet stream was no longer split, orbital parameters were favoring mcreased temperatures, and zonal
flow was dominating (Kutzbach 1987).

For the Altithermal (c. 6 ka), model results produced mean summer temperatures 2° to 4°C
higher than present (COHMAP members 1988) and annual precipitation up to 25 % less than at
present in the region (Kutzbach 1987). Surface westerly winds in the midcontinent were stronger than
today, with warmer and drier conditions prevailing. Since 6 ka, simulation indicates that westerly flow
has weakened and summer temperatures have decreased.

Throughout the early and middle Holocene, loess was deposited on the uplands of Kansas and
Nebraska. This loess, the Bignell, seems to be best expressed adjacent to river valleys, making the DB
site an ideal setting for its deposition. Bignell loess, first described and named at a bluff exposure on
the south side of the Platte River valley in western Nebraska (same for the Brady soil), is typically
a gray or yellow-tan, massive silt, calcareous and seldom more than 1.5m thick (Schultz and Stout,
1948). Although it is often somewhat less compact and more friable than the underlying Peoria loess,
no certain identification of the Bignell loess can be made without the local presence of the Brady soil;
the Bignell appears to be at least partially weathered at some localities which indicates that it was
derived, in part, from a pre-weathered surface such as the Brady soil, perhaps eolian and alluvial
phases alike. Bignell loess does not form a continuous mantle on the Peoria deposits of the region;
instead, it occurs as discontinuous deposits that are most prevalent and thickest adjacent to modern-
day river valleys, often within depressions on the Peoria/Brady surface. Timing of Bignell loess
deposition is uncertain, but radiocarbon ages from several sites in the region indicate deposition
occurred at variable intensities throughout the Holocene up to within the last 1,000-2,000 years
(Johnson 1993; Johnson unpublished data).

Palynological documentation of vegetation and climatic change within the Holocene presents
some special challenges (Fredlund and Jaumann 1987). These problems are, at least in part, the result
of the taxonomic limitation of pollen analysis. Many major grassland pollen types encompass entire
families of plants (Fredlund 1991), and, consequently, large changes within grasslands can occur but
not be readily apparent within the pollen record (Wright et al. 1985). This taxonomic limitation
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explains the lack of clear palynological definition of the middle-Holocene climatic drying in the central
Great Plains. Because of the limited records and inability to differentiate grass pollen, little Holocene
vegetational change is apparent in the fossil pollen record (Baker and Waln 1987).

Abundant palynological evidence exists for middle-Holocene eastward migration of the
prairie/forest ecotone. Several palynological studies from areas peripheral to the central Great Plains
document middle-Holocene expansion of the prairie (e.g., Brush 1967; Watts and Bright 1968;
Durkee 1971; Van Zant 1979). Barnosky and others (1987) subsequently documented the eastward
ecotonal shift between about 8,000 and 6,000 years ago through a review of data from the northern
Great Plains. Using pollen/climate transfer functions, Bartlein et al.(1984) estimated that precipitation
in the Minnesota area was about 20% less during the middle Holocene than it is today, but that
temperature was only slightly higher.

In Nebraska, a paleoecological record comes from Sears' (1961) study of Hackberry Lake in
the north-central part of the Sand Hills. A radiocarbon age indicates that organic deposition began
at this site about 5,040 yr BP, and the sediments also record a fluctuating dominance of prairie
vegetation that persists to the present, but with no discernible record of the Altithermal. Since the
sand dunes that enclose the Hackberry Lake basin are well-preserved barchan and barchanoid-ridge
dunes that indicate prevailing wind directions to the southeast, this site appears to represent a post-
Altithermal stabilization of the dunes. On the southwestern margin of the Sand Hills at Swan Lake,
Wright and others (1985) analyzed a core with a basal radiocarbon age of about 8,000 yr BP.
Sedimentation in Swan Lake appeared to be continuous to the present, and pollen analysis indicated
a prairie vegetation with minor fluctuations of herbs and grasses throughout this time, but no
Altithermal signal.

Two sites in Kansas provide palynological information for the Holocene: Muscotah Marsh
(Griiger 1973) and Cheyenne Bottoms (Fredlund 1995). The Holocene portion of the record at
Muscotah Marsh in northeastern Kansas containsunconformities and lacks close-interval radiocarbon
ages, but clearly portrays middle Holocene prairie expansion and contraction. At Cheyenne Bottoms
in central Kansas, the Holocene is markedly different from the late-Pleistocene F armdalian grassland-
steppe assemblage: lower Artemisia percentages and lower relative frequencies of arboreal pollen
types characterize the Holocene. These differences suggest that the Holocene regional upland
vegetation in the Holocene lacked the sage component which was so important during the
Farmdalian. The Holocene vegetation also lacked diversity of tree and shrub taxa regionally present
during the Farmdalian. Of all tree and shrub pollen taxa identified, only Ulmus (elm) and Celtis
(hackberry) are more common during the Holocene. Fredlund (1995) also divided the Holocene into
four microzones based on changes in the local pollen signal. The latest Pleistocene-earliest Holocene
zone (>9,690 yr BP), through its abundance of diatoms and gastropods, suggests increasing moisture
at the site. The soil developed above this zone appears to correlate temporally with the Brady soil.
The high relative frequencies of Cheno-4m type pollen throughout the Holocene are associated with
the existence of mudflats periodically exposed as fluctuations of water levels occurred within the
basin. In the middle Holocene (ca. 8,500 to 3,700 yr BP), frequencies of Cheno-Am pollen types
decreased significantly, suggesting more stable, perhaps lower, water levels. The increase in Ambrosia
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(ragweed) pollen during the middle Holocene indicates less fluctuating and lower water levels. The
late Holocene (> 3,700 yr BP) was characterized by a return to fluctuating water levels and exposed
mudflats.

The timing of the Holocene dry/warm interval appears to vary geographically. In Minnesota
the maximum of Altithermal warmth and dryness occurred between about 8,000 and 4,000 yr BP,
peaking at 7,200 yr BP (Wright 1976). In the northwestern United States most sites register greatest
drought in the early Holocene, although at some sites it was delayed until the middle Holocene,
concurrent with the Midwest (Barnosky et al. 1987). In the Southern High Plains, widespread eolian
activity began in some areas by 9,000 yr BP and culminated 6,000-4,500 yr BP, probably because of
warmer, drier conditions that reduced vegetation cover (Holliday 1989).

Using stable oxygen and carbon isotopes from lacustrine and soil carbonates collected at Fort
Hood in north-central Texas, Humphrey and Ferring (1994) demonstrated that mesic conditions
continued until 7500 yr BP, except for a brief drying period between about 12,000 and 11,000 yr BP
The slow replacement of cool-season plants by warm-season plants at Fort Hood agrees with an
extended warming and drying climatic transition during the early Holocene.

By the middle Holocene, drying had reached a maximum according to most studies.
Northwestern Texas was experiencing conditions of maximum temperatures, minimum precipitation,
and eolian activity between 6000 and 4500 yr BP (Holliday 1985, 1989; Pierce 1987). Values of §°°C
derived from buried soils in this region revealed a shift from -23%. in the early Holocene to -15%. in
the middle Holocene (Haas et al. 1986), that is, a shift in dominance from cool-season C, grasses to
warm-season C, grasses. Based on enriched 8"°C values in soil carbonate from their Texas study,
Humphrey and Ferring (1994) identified a middle-Holocene xeric episode, although the §'%0 values
from these same carbonates did not indicate a significant temperature change.

Limited 3"C data from the Sargent site, an upland loess exposure in southwestern Nebraska,
suggest a gradual increase in dryness through the Holocene. Opal phytolith data display an overall
decrease in the cool-season C, grasses and attendant increase in warm-season C, short grasses
through the Holocene, and a decrease in the C, tall grasses between about 8,000 and 4,000 yr BP
(Bozarth 1992). Similarly, §°C data derived from the correction of radiocarbon ages obtained from
soils buried in alluvial fill of the central Great Plains (Johnson et al. 1996) also indicate a gradual
increase in C, plants from about 12,000 yr BP through the Holocene, but these data are relatively
noisy, however, due to the edaphic conditions encountered on bottomlands.

Methodology
A suite of field and laboratory methodologies was used to conduct the geoarchaeological
investigation at the DB Site. Stratigraphic studies and associated sampling were carried on a core

(13m) extracted near the archaeological excavations, a series of seven backhoe trenches excavated
within and off the site, and selected walls of the archaeological excavations (Fig 3.3). The trenches
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were located to represent the variation in excavation block stratigraphy and that of the hillslope areas
of the site, as defined. Also, several cores were extracted as part of a reconnaissance study of the
stratigraphy. Exposures were described and sampled in the field for laboratory analyses, whereas the

core was sampled in the laboratory.

In the laboratory, standard physical and chemical procedures were employed to characterize
the sediments and soils of one of the trenches excavated. These procedures included particle size
determination, pH, and organic matter content. Samples were collected for radiocarbon dating and
were prepared prior to submission to the laboratories. On the same trench, stable isotope ratio
analysis (**C/*2C, expressed as 6°C) was employed to characterize the vegetation and associated
climate of the site; these data also provide information on the vegetation record to compare with data
from the phytolith analyses (Chapter 4). Rock magnetic analyses, employing up to four parameters,
were carried out on the core and seven trench profiles in order to (1) identify stratigraphic units based
upon their regional sigratures, (2) identify and characterize soils, and (3) search for evidence of
habitation surfaces.

Sediment Analyses

Particle-size distribution of the samples was determined using the hydrometer method. After
removal of organic matter and carbonate, 50gm of sample was place in a dispersant solution, mixed
ultrasonically, and then placed in a hydrometer cylinder. Measurements were made at specified
intervals with a soil hydrometer to obtain the percentages of sand, silt, and clay.

The pH of sediment and soils was determined using an electronic meter fitted with a glass
electrode. A volume of about 40ml of clastic material was placed in a 50ml beaker, which was then
moistened with distilled water. Measurements were taken on the sediment-water slurry after a one-
hour equilibration period.

Organic matter was determined using the Walkley-Black method, a titration technique. After
the dried and pulverized sediment or soil sample was treated with a potassium dichromate and sulfuric
acid solution (oxidizer), it was titrated with ferrous sulfate using ferroin indicator. The volume of
ferrous sulfate solution required in the titration, a measure of the amount of dichromate present in
excess of that required to oxidize the organic matter, is used to calculate the percentage of organic
carbon. The percentage of organic matter was obtained by using a multiplier of 1.724 (soil OM
contains about 58% OC).

Samples for radiocarbon dating were submitted to the University of Texas-Austin
Radiocarbon Laboratory (Tx) and to the Radiocarbon Laboratory of the Illinois State Geological
Survey (ISGS). The samples were first prepared in the soils laboratory of the Department of
Geography. The procedure was that of Johnson and Valastro (1994), as described above. Those
samples submitted to the Illinois State Geological Survey laboratory were, however, not pretreated
with HCI; at the radiocarbon laboratory, the samples were boiled for one hour in a 1N HCl solution
in order to remove not only CaCO;, but also any dolomite present.
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Stable Carbon Isotopes

There are few quantitative techniques in use today for paleoecological reconstructions in
terrestrial depositional systems. One recently adopted approach to quantitative reconstructions is to
estimate the proportion of C; (cool-season) to C, (warm-season) plants once present at a site using
carbon isotopes from the bulk carbon content in sediments, primarily in buried soils. The natural
difference in the stable carbon isotopic composition of C; and C, plant species provides an
opportunity to assess the long-term stability of plant communities and climate of a given region
(Troughton et al. 1974; Stout et al. 1975). The basis of this approach is that during photosynthesis
C, plants discriminate less against *CO, than C, plants (Vogel 1980; O'Leary 1981). This difference
in carbon isotope fractionation during photosynthesis results in a characteristic carbon isotope ratio
in plant tissue that serves as a diagnostic indicator for the occurrence of C, and C, photosynthesis.
The §°°C values of C; plant species range from approximately -32 to -20%o, with a mean of -27%o,
whereas §'°C values of C, species range from -17 to -9%o, with a mean of -13%o. Thus, C; and C,
plant species have distinct, non-overlapping §"°C values and differ from each other by approximately
14%o (Nordt et al. 1994).

Site specific factors should be borne in mind when interpreting 5'*C data from soil humates.
For example, the 17,000 yr BP buried soil on the north flank and crest of the dune at Wilson Ridge
in the Great Bend Sand Prairie (17,180 + 240, Tx-7824: 16,520 % 200, Tx-7825) yielded a §°C value
of -11.9%e. During the Last Glacial Maximum, the dune temporarily stabilized and a soil formed. A
8'C ratio of -11.9 %o suggests that warm-season plants dominated, a finding contradictory with
regional late-Wisconsinan mesic climatic conditions. This may, however, been a site-specific,
or edaphic response. Following landscape stability, the soil was buried by sand, presumably during
another period of increased aridity and prevailing northwesterly winds (Arbogast 1995, 1996b).

Approach: The procedure utilized is identical to that used for the preparation of soil and
sediment samples for *‘C humate dating, which renders the results compatible with those obtained in
the course of age correction for the effects of isotopic fractionation (Johnson and Valastro 1994).
A total of thirty-eight 300 to 400gm samples collected from contiguous Scm intervals of the exposure
in Trench 1 were prepared for "°C analysis. Samples were first disaggregated in 4-liter beakers filled
with distilled water. They were then skimmed with a 60-mesh screen to remove floating organic
debris. Next, the samples were washed through a 230-mesh screen with distilled water into a second
beaker in order to remove the sand and coarse silt fractions; the fine fraction remaining is assumed
to contain the adhering organic carbon. The samples were then treated with concentrated HCl in
order to remove the inorganic carbon contained within the carbonate. This step is particularly
important because of the prevalence of limestone bedrock in the study area and the significant
amounts of calcium carbonate transported in with the loess. Following distilled water washes and
oven-drying (100°C) in 4-liter beakers, the samples were pulverized and packaged in sterile
polyethylene bags. They were then submitted to Geochron Laboratories for stable carbon isotope
ratio analysis.
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Rock Magnetic Analyses

The primary carriers of magnetism (iron oxides, iron sulphides and manganese oxides) usually
comprise less than 5% of the sediment mass. Magnetic minerals are, however, common in terrestrial
materials and extremely sensitive to environmental conditions. Since it is extremely difficult or near
impossible to separate out these minute magnetic minerals in order to study them, the bulk magnetic
characteristics of the sediments are usually characterized by one of the bulk properties, magnetic
susceptibility, which is measured using a non-destructive technique. Magnetic susceptibility (x or
MS) is a measure of the extent to which a sample becomes more strongly magnetized when a small
alternating magnetic field is applied, or simply the ratio of the induced magnetism to the strength of
the applied field.

Whereas susceptibilty provides information on magnetic concentration, a related parameter,
frequency dependence of magnetic susceptibility (FD), provides information on magnetic grain size.
FD is the percent difference between susceptibility measured at a low-frequency applied field
compared to its measurement at an applied field with a higher frequency. Unfortunately, FD measured
using only fixed low and high frequencies, as is the case with existing instrumentation, will
discriminate only a portion of the total superparamagnetic (very small magnetic material) population.
With the instrumentation available in our laboratory, only the presence of grains between
approximately 18 and 20 nm (nanometers) in diameter (very fine clay fraction) can be detected. Even
so, FD values are typically much higher in soils than in intervening loess intervals, reflecting abundant
pedogenic material. Accordingly, this parameter is particularly useful in defining soil Bt horizons.

Although susceptibility is largely a product of magnetic mineralogy and concentration, other
factors come into play. Some of these factors include size and shape of the magnetic grains, frequency
of the applied field, and sample size and shape. By controlling for the latter variables, controls on
susceptibility reduce to magnetic grain size and shape, in addition to magnetic mineralogy. Magnetic
grains fall largely into three groups, but not exclusively on the basis of size: multidomain, single
domain, and superparamagnetic (largest to smallest). Since grain shape has so little influence on the
susceptibility, variations in shape are easily accommodated in the algorithms employed. Magnetic
susceptibility is controlled mainly by the volume of ferrimagnetic minerals in the sediments being
analyzed. Magnetite is almost always the most important of the magnetic minerals.

The potential sources of the magnetic minerals in the sediments include the geologic materials
(in this study, late-Quaternary loess), organic matter, atmospheric deposition, and groundwater.
Unlithified Quaternary sediments carry with them the magnetic signature of the original bedrock
source(s). For example, unweathered sediments (i.e., containing primary ferrimagnetic minerals) will
usually consist of large multidomain grains and thereby produce very low FD values (e.g., <1%).
Organic matter has an impact through dilution of the magnetic mineral concentration and other yet
not fully understood processes, all of which reduce the susceptibility, but have little effect on FD.
Calcium carbonate accumulations have much the same effect on the former magnetic parameter.
Through dust (dry or wet) deposition or precipitation of dissolved material, the atmosphere provides
a source of magnetic material. Tephra deposition from a volcanic eruption is a common example
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found in the Quaternary record, and, more recently, airborne microscopic debris resulting from
industrial and urban activity. Groundwater may precipitate iron (e.g., groundwater laterites), and,
under proper pH conditions, iron minerals may precipitate in lakes to become incorporated into the
sedimentary record. :

Weathering and pedogenesis bring about dramatic changes in the magnetic character of
sediments, the processes that make application to this study possible. Chemical and biochemical
changes in unconsolidated sediments affect magnetic properties through the release, via weathering,
of magnetic grains from previously existing sediments, the release of iron in ionic form from iron-
bearing minerals, modification of the amount of diluting substances such as calcium carbonate and
some clays, and formation of magnetic through the activities of bacteria and algae, especially
magnetotactic bacteria. Further, physical weathering through its mechanical change in size, shape,
and associated sorting of magnetic grains may affect bulk magnetic characteristics under certain
circumstances. Fire has an appreciable effect on the magnetic susceptibility in that hematite is variably
altered to magnetite and maghemite during combustion; buried burned surfaces, for example, show
up dramatically in the susceptibility measurements, as does the related phenomenon, lightening
strikes, albeit rarely. Pedogenesis, which involves chemical and physical weathering, has a major
impact on the susceptibility and FD. All well-drained soils tend to exhibit a high susceptibility signal,
whereas poorly drained/gleyed soils usually have low susceptibility values due to dissolution of the
ferrimagnetic minerals under the reducing conditions. The array of susceptibility and FD patterns in
soils is varied, for example, some exhibit a general bulge in susceptibility over the entire soil and a
high in FD within the B horizon where the fine secondary clay minerals are concentrated.

Approach: Samples were collected in the field from freshly exposed profiles or from cores
extracted and transported to the laboratory in clear butyrate plastic liners. The individual magnetic
samples were collected in numbered, demagnetized, 4-cm? plastic cubic containers 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. In the laboratory, the cubes were cleaned on the outside, sorted, air dried,
weighed, and placed in wooden trays prior to measurement.

Susceptibility and FD measurements were obtained using a Bartington magnetic measurement
system consisting of 2 Model MS2 susceptibility meter and a 36mm-cavity, dual-frequency sensor
(MS2B). As each sample was measured, data were entered into a database program (Microsoft Excel
and Sigmaplot) for subsequent analysis and presentation. Specifics of the procedure are presented in
the literature provided with the instrumentation package (Bartington Instruments, 1995) and in Gale
and Hoare (1991). The facility is located in this investigator’s laboratory within the Department of
Geography at the University of Kansas. Samples from the deep core extracted on-site were also
~ subjected to saturation isothermal remanent magnetization (SIRM) and anhysteretic remanence
magnetization (ARM) analyses. SIRM is the remanence remaining after a strong direct field is applied
to a sample; this parameter, like susceptibility, in a measure of the magnetic concentration, or
abundance of magnetic rainerals in the loess/soil sequence. ARM is the magnetic remanence induced
in a sample when a small direct field is applied with simultaneous subjection to a steadily decreasing
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alternating field. ARMs are more sensitive to magnetic grain size than SIRM. Both types of analyses
were conducted in the low-temperature paleomagnetic laboratory in the Department of Geology.

Results and Discussioni

The following examines the site stratigraphy, erosion and pedoturbation, and the
chronostratigraphic-pedostratigraphic relationships.

Site Stratigraphy

A modern soil is relatively well developed at the site and is presently classified as the Ladoga
Series, an upland mollisol developed in the loess parent material. Ladoga soils are characterized as
having high available water-holding capacity, moderately slow permeability, a silt loam texture, and
a range of brown colors; and is well suited for woodland, pasture and cultivation of grains. Soil
pedons at the site correspond relatively well to the representative profile described in the Soil Survey
of Leavenworth and Wyandotte Counties (Zavesky and Boatright 1977, p. 24). A small portion of
the site, located on the steep flanks of the knoll to the northeast, is mapped as the Knox Series, a silt
loam soil developed on steep slopes of the dissected loess uplands along the Missouri River valley.

The many trenches, archaeological excavations, and cores extracted from the site during the
field sessions at DB revealed the relatively consistent nature of the stratigraphy throughout the site.
In terms of lithostratigraphy, the site is developed within and on loess. Specifically, the prehistoric
and historic cultural material is situated within the upper part of a buried soil and the overlying
Holocene-age Bignell loess. The total accumulation of loess during the Holocene is unknown, but
was probably somewhat greater than that present today, with some naturally and culturally
accelerated erosion occurring periodically. The entire Holocene loess body present has undergone
remarkable modification due to surface and buried soil development (e.g., pedoturbation, weathering)
and historic cultivation.

The Peoria loess, beneath the Bignell, is capped by a well developed buried soil, which is
taken to be the Pleistocene/Holocene transition soil, the Brady. Soil horizon development occurs in
the upper meter or more of the Peoria, the upper part of which is contaminated with prehistoric
cultural material. Weak C horizon development extends down to about a depth of 3m. The primary
complexity of the site stratigraphy, from the geoarchaeological perspective, lies in the apparent
disturbance of the Brady A horizon prior to burial by Bignell loess, welding of the surface soil to the
underlying Brady soil, and pedoturbation.

The pedo-, chrono-, bio- and magnetostratigraphic information obtained from the 13m-long
core and the profiles from seven trenches and two excavation squares are presented below, with
locations of the sample sites provided on Figure 3.4.

Core: Several cores were extracted from within and along the periphery of the excavation
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area for the purpose of siratigraphic correlation and definition of the site, but only the 13m-long core
underwent laboratory analysis. The objective of extracting a long core was to define the vertical
extent of middle Wisconsin, late Wisconsin, and Holocene loesses. Coring was stopped when the
middle Wisconsin Gilman Canyon Formation was penetrated, which was near the limit of the available
coring machine. The Gilman Canyon, as noted in the stratigraphic overview, consists of a loess with
a soil overprint, is readily recognized in the field, and typically rests unconformably on the Sangamon
soil of the Last Interglacial. The additional depth of the Illinoian and pre-Illinoian loesses at the site
is yet unknown, but beyond the scope of this study.

Rock magnetic analyses were conducted on the core in order to ascertain if the climatic signal
present is similar to those records extracted from loess sequences located farther west in Kansas and
Nebraska, away from the local effects of the Missouri River. Four parameters were selected in order
to examine the concentration of magnetic material and the size of those grains (Fig 3.5). Within the
formation, the concentration of magnetic minerals is least in the lower, relatively unaltered loess at
the bottom of the core. The soil (mollisol) of the Gilman Canyon clearly stands out, however, as
having both high concentrations of magnetic minerals and a large quantity of the fine grained
magnetic material. These two indications signify appreciable pedogenic weathering. Over 100 **C
ages from the central Great Plains (Johnson 1993, unpublished data) reveal that pedogenesis within
this loess occurred from about 36 to 20 ka. Furthermore, the two maxima, or “humps” visible in all
four parameters represent the two periods of strongest pedogenesis.

Above the Gilman Canyon, in the lower Peoria loess (c. 9.5-7.5m), the four parameters
indicate slight weathering, likely the waining Gilman Canyon soil formation diluted by increasing rates
of loess deposition, that is, a transition into the high rates of loess deposition associated with the late
Wisconsin climate and high rates of loess flux. All magnetic parameters are low in the Peoria loess,
testifying to the low rates of weathering during high rates of loess deposition within this 10,000 year
period. The minor fluctuations in the curves, especially susceptibility and SIRM, reflect incipient soil
development. Surface soil development (including the Brady soil to which it is welded) is visible in
the upper 75cm of the core, where values of all parameters are elevated to a level equal to or
exceeding those of the Gilman Canyon Formation.

The rock magnetic signatures of the long core from the DB site correlate very well with those
obtained from the loess sequences to the west. When compared with the 18m-long record of
susceptibility from the Eustis ash pit in southwestern Nebraska, for example, similar patterns emerge
(Fig 3.6). Various attributes illustrated include the relatively low values for the lower Gilman
Canyon, the bimodal elevation in the soil of the same unit, the diluted pedogenesis of the lower Peoria
loess, the low values of the Peoria, and, of course, the surface soil increase. This site comparison, and
others not depicted here, clearly indicate that the climatic history of the DB site was not unduely
effected by proximity to the Missouri River valley and was similar to that of the central Great Plains
as a whole.

Trench 1: The extraction of paleoenvironmental information was restricted to a single profile
exposed in Trench 1 in order to maximize the benefits and correlations among data sets, within the
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the funding and time constraint of the project. Trench 1, located on the northwest extreme of the site
(Fig. 3.4), provided the most complete and best expressed litho- and pedostratigraphy realized. The
buried soil is well expressed and apparently uneroded at this trench location (Fig. 3.7). Standard
physical and chemical analyses were conducted on the 2.4m profile in order to characterize the
individual units and provide base line data for the rock magnetic, opal phytolith (Chapter 4), isotopic
and other studies (Fig 3.8). Organic matter content is relatively low throughout, except in the Ap
horizon (plow zone in A horizon), especially the less disturbed lower portion. Values of pH are
relatively uniform except for the lower values at the top where partial leaching of carbonates has
occurr