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Chapter 1
Geoarchaeology along the Cross Timbers

David J. Cranford and Don G. Wyckoff

“A procession of Buffaloes, moving along up the profile of one of those distant hills, formed a characteristic ob-
Jject in the savage scene. To the lefi, the eye stretched beyond this rugged wilderness of hills, and ravines, and ragged
forests, to a prairie about ten miles off... Unluckily, our route did not lie in that direction; we still had to traverse many a
weary mile of the Cross Timbers.” Washington Irving, 1832 (as quoted by Foreman 1947:25).

Introduction

Numerous early explorers and travelers fashioned po-
etic passages describing the hardships they faced while ne-
gotiating the rugged patches of scrub oak forests between
the eastern woodlands and the Great Plains. The Cross
Timbers, as they became known (Foreman 1947), served
as a natural obstacle for people making their way to the
West. The lasting impression that many expressed about
this stretch of wilderness was its hostile and uninhabitable
nature. This sentiment persisted until roads and highways
of the 19th and 20th centuries eventually conquered the un-
yielding woods.

We now know that people in the past indeed inhabited
the vast stretches of post and blackjack oak. Archaeo-
logical studies have shown that there is a long history of
human occupation within and around the Cross Timbers
(Brooks 1987; Brooks et al. 1985; Drass 1997; Kawecki
and Wyckoff 1984; Wyckoff and Shockey 1994; Wyckoff
and Taylor 1971). These densely forested, upland settings
supported a wide variety of wild game, plants, springs,
and some knappable stone that attracted Native American
groups. This monograph serves to increase our knowledge
of Cross Timbers prehistory through geoarchaeological in-
vestigations at several locations along the Cross Timbers in
Oklahoma. Geoarchaeology, the application of concepts
and methods of the geosciences to archaeological research
(Waters 1992:3), provides important insights into site for-
mation, visibility, and context as well as environmental and
climatic data.

Defining the Cross Timbers

Spreading from southeastern Kansas through central
Oklahoma and deep down into Texas occurs a biotic region
known as the Osage Savannah (Blair and Hubbell 1938).
Actually it is an ecotone, a biotic transition zone, between
the eastern woodlands found in the uplands of the Ozark
Plateau and Ouachita Mountains to the varied grasslands of
the Southern Plains. Before historic farming the Osage Sa-
vannah was characterized by tall grass prairies surrounded
by scrubby oak dominant woodlands (Figure 1.1). Where
grasslands or woodlands occur is mainly controlled by dif-
ferences in soil texture and chemistry (those derived from
shale bedrock and those from sandstone), slope, aspect,

and the consequent precipitation/evaporation effects of
these interrelated physiographic factors (Blair and Hub-
bell 1938). The region historically known as the Cross
Timbers is a segment of the Osage Savannah. With two
north-south lobes (Figure 1.2), the historic Cross Timbers
consisted of dense scrub oak, primarily blackjack (Quercus
marilandica) and post oak (Q. stellata), stands that thrived
on sandy uplands along the southwestern margin of the
Osage Savannah. Because of the dense, interlaced growth
of blackjack and post oak along this margin, the Cross Tim-
bers were the bane of horse-riding Plains tribes and 19th
century Anglo-American adventurers, soldiers, and traders
(Gregg 1844:178-205; Irving in McDermott 1944; Latrobe
in Spaulding 1968; Marcy in Hollon 1955; Marcy and Mc-
Millan in G. Foreman 1937).

The exact geographic extent of the Cross Timbers has
not been undertaken by modern ecologists, largely because
historic settlement, farming, and oil field development be-
tween the 1880s and the 1950s disturbed, destroyed, or
greatly modified substantial parts of the woodlands margin.
Historian Carolyn Thomas Foreman (1947) has compiled a
classic perspective of the Cross Timbers as viewed by 19th
century military officers and civilians. She provides one of
the best reconstructions (Figure 1.2) of the Cross Timbers
distribution.

Generally speaking, the Cross Timbers originally com-
prised some 5,000,000 acres and extended over four hun-
dred miles though eastern and central Texas as well as
central Oklahoma (Foreman 1947:6). Beginning in cen-
tral Texas, two large lobes that make up the majority of
the Cross Timbers merge near the border of Oklahoma and
Texas. Dense forests continue north into central Oklahoma.
The last vestiges of the Cross Timbers terminate just south
of the Cimarron River. Wyckoff (1984) previously pro-
vided a detailed discussion of the environmental conditions
and climate that helped generate and maintain the Cross
Timbers. However, it should be emphasized that this dis-
tinct region most likely formed sometime in the past 3000
years. Based on the pollen records from Ferndale Bog,
Atoka County, Oklahoma, at the west edge of the Quachita
Mountains, it is clear that grasslands prevailed over those
rugged uplands and the rolling landscape of what is now












Chapter 1: Geoarchaeology along the Cross Timbers 5

The geoarchaeological research undertaken at archaeo-
logical site 34GR4 is presented in Chapter 7. This work
entailed both field profiles of backhoe trenches and pollen
recovery from soil horizons exposed in these trenches. The
location is part of the alluvial terrace system found along
the west side of the North Fork of Red River. This ter-
race has been extensively eroded for more than 40 years by
wave action on Lake Altus. This erosion has exposed many
prehistoric artifacts and habitation features once buried in
the terrace deposits. So the findings presented herein pro-
vide our first insight into the ages of the sediments and soils
containing nearly 10,000 years of human occupation.

The final chapter summarizes all of the field reports pre-
sented herein and incorporates the findings with those from
earlier geoarchaeological and pedological studies scattered
along and near the Cross Timbers. From these findings
we are able to discern at least nine intervals since the last
ice age when climatic conditions were favorable enough
to support considerable vegetation and to stabilize parts of
central and southwestern Oklahoma. Some of these inter-
vals correlate with notable archaeological finds made in
this region.

Notes about this Study
Readers should be reminded that the following case
studies are the products of a graduate course in geoarchae-
ology. The contributors are not trained soil scientists or ge-

ologists and should not be expected to be such. Most are in

fact archaeologists. The projects for which this monograph
is focused were intended to exercise practical field record-
ing techniques of soils and apply the data to anthropologi-
cal questions about Cross Timbers prehistory.

Another note is worth mentioning. It came to the atten-
tion of the editors that the soil taxonomy used in this study
may not be comparable to the system employed by many ge-
ologists. This discrepancy is potentially confusing to those
who are more familiar with the latter. The main difference
is in the way the pedostratigraphic layers are numbered.
Many geologists recognize numbers found to the left of the
horizon designation as an indication of a change in parent
material. This distinction is not used in the following case
studies. Rather, since identifying changes in parent mate-
rial sometimes requires more precise procedures than field
observations allow, all soil descriptions were numbered on
the left hand side for simplicity.

It should also be noted that the radiocarbon assays cited
herein are as they were reported from their respective ra-
diocarbon laboratories. It is a conscience decision on our
part to present the data unmodified, without the use of the
various calibrations and corrections now available. These
corrections are important tools in the interpretation of ra-
diocarbon data, but in the interest of researchers who may
choose to use our data in the future when today’s calibra-
tions are no longer accurate, we have decided to report the

original measured radiocarbon ages.
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Chapter 2: Mustang Creek in Canadian County

three miles west of the creek’s confluence with the North
Canadian River. Analysis was performed on the northern
terrace of a north to eastward bend of the creek. At this
point, Mustang Creek is presently confined within a deeply
incised (2-3 m) channel.

Previous Research

Previous archaeology in the study area was undertaken
in 1986 by the Oklahoma Archaeological Survey under
the direction of Charles “Pat” Neel. At that time, Neel
was conducting a pedestrian cultural resource survey of
the Mustang Creek watershed funded through a sub-grant
agreement with the State Historic Preservation Office,
Oklahoma Historical Society, using matching funds from
the Department of the Interior, National Park Service’s His-
toric Preservation fund. During Neel’s survey, two stacked
paleosols were discovered in profiles along the northern
terrace of Mustang Creek (Figure 2.3). The deeper of the
two dark soils yielded a radiocarbon date of 5520 B.P. +
250 uncalibrated years (Beta-16986), suggesting that a
mild, moist climate existed on the Southern Plains during
the Middle Holocene (ca. 5,000-4,000 B.P.), part of the pe-
riod referred to archaeologically as the Archaic. In fact,
climatic studies conducted across much of the southern
and central Plains indicate that the stable conditions of the
Middle Holocene followed more xeric Early Holocene (ca.
10,000-7,500 B.P.) conditions known as the Altithermal.
These xeric conditions are thought to have resulted in an
eroded landscape that supported few plants and animals
(Dillehay 1974; Flynn 1982) and, in all likeliness, few hu-
mans (Antevs 1955). Yet there are indications that some
people were able to adapt to the hot, dry Early Holocene
period and continued to survive on the Southern Plains un-
til the climatic amelioration of the Middle Holocene and
into the Late Holocene (ca. 4,000-2,000 B.P.).

It is likely that zonal climate changes of the Early Ho-
locene reduced vegetative cover, which in turn reduced
soil anchorage and porosity, predisposing the landscape to
heavy erosion, particularly in upland settings. Sediments
and the cultural material they possessed were then flushed
from the smaller, higher gradient streams to be deposited
downstream within alluvial fans and along the broader val-
ley floors in the lower portions of watersheds during the
Early Holocene and immediately following the Middle
Holocene. Net sediment transport during the Altithermal
resulted in the destruction of intact cultural features and
any evidence of prehistoric human occupation along lower
order stream settings. Additionally, Mid-Holocene (7,500-
4,000 B.P.) sedimentation reduced the visibility of cultural
materials in higher order drainages due to downstream de-
position of alluvial sediments.

Cultural material has yet to be noted in association with
the buried soils along Mustang Creek. However, a review
of site records for the Mustang Creek basin indicates that
the watershed was occupied from the Late Archaic (3,500-

2000 B.P.) into the Historic period. Nineteen sites are lo-
cated within the drainage basin. By site character, 13 sites
were historic farmsteads (2 being multi-component sites
possessing both historic and prehistoric material), | site is
a historic bridge, and the final 4 are prehistoric sites that are
unassigned as to cultural tradition. Few of the prehistoric
sites yielded artifacts with any temporally diagnostic char-
acteristics. However, 34CN13 included a cache of 38 flake
knives, 30 of which were manufactured from Boone chert
which has its bedrock sources in northeastern Oklahoma.

Another of the unassigned prehistoric sites (34CN43) in-
cluded two dart points, the first described as a “Castroville”
point knapped from locally obtainable Ogallala quartzite.
The second point was a “Gary” style point made from Neva
chert, a knappable stone found in north-central Oklahoma
(Everett 1977). The Gary point style is broadly distributed
across the eastern United States and is particularly common
in Oklahoma. Gary points suggest a Late Archaic (3,500-
2000 B.P.) temporal affiliation for the site, though this
style is known to appear into the Historic, as late as A.D.
1600 (Bell 1958:28-29). Likewise, the Castroville point
style is diagnostic of Late Archaic traditions (4,000-1,000
B.P.). Although noted in Oklahoma, the slightly expand-
ing stemmed, corner-notched Castroville points are more
commonly found throughout central Texas, appearing less
frequently north of the Edwards Plateau. They have also
been associated with bison kills in the Texas Panhandle
(Bell 1960; Turner and Hester 1985).

Geomorphology and Environment

The study locality is located on the Southern Plains in an
area known as the Central Red Beds or Red Rolling Plains,
a geographic region underlain by the southwestward dip-
ping Flowerpot Shale (Fenneman 1931, 1938; Miser 1954;
Mogg et al. 1960; Morris et al. 1976). The Flowerpot
Shale is a 150-200 feet thick Middle Permian age (290-248
MYA) sedimentary rock of the El Reno Group that includes
the Chickasha Formation, an erosion-resistant conglomer-
ate of siltstone, sandstone, and shale, as well as the Duncan
Sandstone which is composed of two layers of cross-bed-
ded sandstone sandwiching within it a layer of shale (Arm-
strong 1958).

Mustang Creek is a North Canadian River tributary and
is part of a river system that began forming during the Ter-
tiary period (66-2.2 MYA). Mustang Creek is presently
down-cutting into the underlying Permian bedrock (Fay
1959). The creek is a product of a large, dendritic sys-
tem. This system drains 19,300 acres (30.16 square miles
or 23,081 hectares) into a narrowly confined main trunk
that maintains an annual discharge flowing eastward into
the North Canadian River (United States Geological Sur-
vey 1966, 1986). By straight line measurement, Mustang
Creek is 6.5 miles long from headwater to river confluence,
crossing flat terrain that drops an average of 170 feet (52
meters) to produce a flow gradient of 0.5%. The flat prima-
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ry stream terrace of Mustang Creek is composed of Qua-
ternary alluvium deposited as inter-fingering lentils of silt,
sand, clay, and gravels, all of which overlies the Flowerpot
Shale. The terrace alluvium contains a significant aquifer
and the volume of discharge, though flowing on a nomi-
nal gradient, has presently managed to incise the modern
floodplain an average of three meters (Mogg et al. 1960).
This down-cutting erosion of the Quaternary alluvium may
be caused by a dropping water table as subsoil water re-
serves are increasingly tapped for use by the associated
metropolitan area. As water is receding from immediately
below surface, surface soils become less consolidated and
more prone to downstream erosion.

Floodplain alluvium of Mustang Creek supports mollisol
and entisol associations of the Port-Dale-Yahola-Gaddy-
Gracemore-McClain-Reinach series (Carter 1996; Mogg et
al. 1960). In the study area, the frequently flooded zone di-
rectly adjacent to the Mustang Creek channel is composed
of sediments that have pedogenically transformed into
a melanized Port silt loam soil under the cover of native
grass pastures. The soil away from the terrace edge, where
coring was undertaken, is Reinach very fine sandy loam.
Like Port soil, Reinach soil is a nearly-level, dark soil that
formed under grass pastures. Unlike Port soil, however,
Reinach soils are not prone to flooding (Fisher and Swaf-
ford 1976).

The study area experiences a moist, subhumid climate
(humidity levels ranging between 40% and 90%) with av-
erage summer temperatures of 80° F (26.7° C), average
winter lows of 38° F (3.3° C), and prevailing southwest-
erly winds, all combining to produce an average growing
season of 209 days. Temperature varies between extremes
of 115° F (46.1° C) in the summer to -15° F (-26.1° C) in
the winter. Average soil temperature beneath sod (10 cm
or 4” thick) equals 59° F (15° C). When soils are bare,
temperatures average 62° F (16.7°C). Yearly precipitation
for southeastern Canadian County averages 39 inches with
much of the rainfall delivered during the early spring in the
form of severe thunderstorms. Every winter produces at
least one inch of snowfall; however, one out of every five
years produces as much as 10 inches of frozen precipita-
tion (Morris et al. 1976; Oklahoma Climatalogical Survey
2002).

The effective moisture and loamy soils support a mosa-
ic of low density riparian corridors along with mixed grass
settings on the surrounding uplands (Morris et al. 1976).
The mixed grass setting combines both the warm-season
grasses of the western plains with the warm- and cool-sea-
son grasses of the eastern prairies. These bunch and sod-
forming grasses, along with numerous forbs, produce root
masses that can, at times, extend more than five feet into
supporting soils (Bruner 1931; United States Geological
Survey 2000).

Living within this mix of grassland and forest are numer-
ous invertebrates, amphibians, reptiles, birds, rodents and
mammals of all sizes. Important fauna accessible to early
human occupants of the region were the large fur bearers
such as the beaver (Castor canadensis), muskrat (Onda-
tra zibethicus) raccoon (Procyon lotor), black and grizzly
bears (Ursus americanus and U. arctos), coyote (Canis la-
trans), fox (Urocyon sp.), bobcat (Lynx rufus), and badger
(Taxadea taxus), as well as artiodactyls like white-tailed
deer (Odocoileus virginianus), mule deer (Odocoileus
hemionus), antelope (Antelopcapra americana), and most
importantly both prehistorically and historically, bison (Bi-
son bison; Jones et al. 1985; Risser 1974).

Methodology

The methodology used by Pat Neel and Don Wyckoffin
1986 differs from the methods used to obtain information
at Mustang Creek during the fall of 2005. The investiga-
tion in 1986 used an exposed cutbank of a gulley to Mus-
tang Creek to view three profiles. Each of these profiles
were recorded using standard techniques and the classifica-
tion system similar to those found in the Field Book for
Describing and Sampling Soils Version 2.0 (Schoeneberger
et al. 2002). Once the profiles were cleaned and fresh soil
faces were observable, the profile was picked so that the
natural structure of the soils would be apparent.

In contrast, the 2005 investigation of Mustang Creek
used a Bull probe attached to a pickup truck rather than
the natural cut-bank that was used in 1986 (Figures 2.4
and 2.5). Coring was necessary due to the modern con-
struction trash that had been dumped into the previously
studied draw. The rubbish caused a safety hazard for the
crew and was too bulky and heavy to move, so core sam-
ples were taken in lieu of profile views. Both core samples
penetrated to the modern water table. After the cores were
retrieved, several different variables were used to ascertain
the composition of the soils: color, texture, structure, con-
sistence, bioturbation, boundary, thickness, and efferves-
cence. These variables were identified based on standard
field judging techniques defined by the Munsell Soils Color
Chart and the Field Book for Describing and Sampling
Soils Version 2.0 (Schoeneberger et al. 2002).

Radiometric Dating. The 1986 investigations docu-
mented two buried soils which were sampled in order to
get radiometric dates. Three samples were taken: one from
Profile 2 and two from Profile 3. Each of the samples was
taken from the top ten centimeters of the buried horizons.
Further investigation at Mustang Creek performed in 2005
also revealed two buried soils. These, too, were sampled
by taking the top 10 centimeters of the soil except for Core
2, Horizon V, where both the top and bottom 10 cm were
sampled. All of the samples were placed in 2 mil plas-
tic bags and sent to Beta Analytic Incorporated. The 1986
samples were subjected to standard radiocarbon techniques,
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Table 2.1. Mustang Creek Profile #2 recorded in 1986 by Pat Neel and Don Wyckoff.

Horizon
Designations

Depth and Horizon Descriptions

A-1

0 to 56.0cm, SYR3/3 (dark reddish brown) silt; moderate medium to fine granular
structure; very friable; slightly sticky, slightly plastic; many very fine and fine roots;
gradual wavy boundary; 56¢cm thick.

By- 11

56.0 to 136.0cm, 2.5YR3/6 (dark red) silt; moderate medium prismatic structure; very

friable; slightly sticky, slightly plastic; common fine roots; gradual smooth
boundary; 80cm thick.

2By - III

136.0 to 191.0cm, 2.5YR4/6 (red) silt; weak medium prismatic structure; very friable;
slightly sticky, non-plastic; many fine roots; abrupt smooth boundary; 55cm thick.

191.0cm to 194.0cm, 3cm thick.

194.0 to 200.0cm, 7.5YR4/4 (brown) silt; weak thin platy structure; very friable; non-
sticky, non-plastic; few very fine roots; abrupt smooth boundary; 6 cm thick.

200.0 to 265.0cm, 7.5YR4/6 (strong brown) loamy fine sand; massive structure; very
friable; non-sticky, non-plastic; few very fine roots; abrupt smooth boundary; 65 cm
thick.

Ay -VII*

265.0 to 350.0cm, 7.5YR3/2 (dark brown) silt; weak fine granular structure; very
friable; slightly sticky, slightly plastic; gradual wavy boundary; 85cm thick.
*A sample of this horizon was radiocarbon dated at 5520 + 230 B.P. (Beta-16986)

2A,- VI

350.0 to 426.0cm, 7.5YR3/4 (dark brown) silt; weak fine granular structure; very
friable; slightly sticky, slightly plastic; 76cm thick.
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Figure 2.9. Drawing of Mustang Creek Profile #3 as re-
corded by Pat Neel and Don Wyckoff in 1986.

mitted for radiocarbon dating. The date from this sample
is 5520 + 230 B.P. (Beta-16986). The sample contained
0.1% organic carbon in the soil.

Profile 3. Profile 3 is comprised of 16 observed hori-
zons (Figures 2.7 and 2.8). The horizons are shown in Fig-
ure 2.9 and is summarized in Table 2.2. The first horizon
(Horizon I) is an Ap horizon. The Ap suggests that in the
past, the area was plowed. Underlying the Ap horizon is
Horizon II. This horizon is an Al and represents a mollic
epipedon. The epipedon is immediately followed by a C
horizon (Horizon III). Horizon IV is a melanized argillic
Bt horizon. The top 10 cm (74.0 cm to 84.0 cm) were taken
for radiocarbon dating. The date of this horizon is 570 + 80
B.P. (Beta-16987) and the sample contained 0.4% organic
carbon. Underlying the melanized horizon, eleven C hori-
zons (Horizon V through Horizon XV) were identified.

The last horizon recognized in Profile 3 is a melanized
Ab horizon (Horizon XVI). Furthermore, this horizon is
approximately 1 m above the surface of Mustang Creek.

Because this is a buried A horizon, the top 10 cm (240.0 cm
to 250.0 cm) were collected for radiometric dating. The
submitted sample dates to 5400 + 120 B.P. (Beta- 16988)
and contained 0.2% organic carbon.

Findings from 2005 Coring at Mustang Creek
Figures 2.10 through 2.13 show the 2005 field work that
resulted in the dated cores discussed below.

Core 1. Core 1 consists of eight observed horizons (Fig-
ure 2.14) and the findings are summarized in Table 3. Hori-
zon | is a melanized A horizon, which is a mollic epipedon.
This mollic epipedon overlies an argillic B horizon (Ho-
rizon II). Following the Bt horizon is a C horizon (Ho-
rizon III). Underlying Horizon III is a buried A horizon.
This melanized Ab horizon represents a period of stability.
Hence, a 10 cm soil sample (91.0 cm to 101.0 cm) was col-
lected for dating purposes. The result from the AMS dating
is 5680 + 50 B.P. (Beta-210182) with a 13C/12C ratio of
-19.8 o/oo. The Ab overlies four argillic B horizons (Hori-
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Table 2.2. Mustang Creek Profile #3 Description as recorded by Pat Neel and Don
Wyckoff in 1986.

Horizon
Designation

Depth and Horizon Description

0.0 to 18.0cm, 5YR3/4 (dark reddish brown) loamy fine sand; weak fine granular

Ap-1 structure; very friable; slightly sticky, non-plastic; many fine and medium roots;
clear wavy boundary; 18cm thick.
18.0 to 44.0cm, 5YR2.5/2 (dark reddish brown) loamy fine sand; weak medium granular
A-11 structure; very friable; slightly sticky, non-plastic; many fine and medium roots;
clear wavy boundary; 26cm thick.
44.0 to 74.0cm, 5YR4/4 (reddish brown) loamy fine sand; massive structure; very
C-1I friable; non-sticky, non-plastic; few very fine and medium roots; clear wavy
boundary; 30cm thick.
74.0 to 105.0cm, 5YR2.5/2 (dark reddish brown) silt; weak fine columnar structure;
By — IV* very friable; slightly sticky, non-plastic; common very fine roots; clear smooth
boundary; 31cm thick.
*A sample of this horizon was radiocarbon dated at 570 + 80 B.P. (Beta-16987).
105.0 to 125.0cm, 2.5YR4/6 (red) loamy fine sand; massive structure; very friable;
2C-V slightly sticky, non-plastic; abrupt smooth boundary; 20cm thick.
125.0 to 131.0cm, 2.5 YR4/6 (red) coarse sand; massive structure; very friable; non-
2C,- VI sticky, non-plastic; abrupt wavy boundary; 6cm thick.
131.0 to 140.0cm, 2.5 YR4/8 (red) fine sand; massive structure; very friable; non-sticky,
2C;- VI non-plastic; abrupt wavy boundary; 9cm thick.
140.0 to 144.0cm, 2.5 YR4/6 (red) coarse sand; massive structure; very friable; non-
2C,;- VIII sticky, non-plastic; few very fine roots; abrupt wavy boundary; 4cm thick.
144.0 to 182.0cm, 2.5 YR4/6 (red) very fine sand; massive structure; very friable; non-
2Cs- IX sticky, non-plastic; abrupt wavy boundary; 38cm thick.
182.0 to 188.0cm, 2.5 YR3/6 (dark red) coarse sand; massive structure; very friable;
2C- X slightly sticky, non-plastic; abrupt wavy boundary; 6¢cm thick.
188.0 to 217.0cm, 2.5 YR3/6 (dark red) fine sand; massive structure; very friable; non-
2C,- X1 sticky, non-plastic; abrupt wavy boundary; 29cm thick.
217.0 to 221.0cm, 2.5 YR3/6 (dark red) coarse sand; massive structure; very friable;
2C,- X1 non-sticky, non-plastic; abrupt smooth boundary; 4cm thick.
221.0 to 226.0cm, 2.5 YR4/6 (red) very fine sand; massive structure; very friable; non-
2C,- XIII sticky, non-plastic; abrupt wavy boundary; 5cm thick.
226.0 to 230.0cm, 2.5 YR3/2 (dusky red) coarse sand; massive structure; very friable;
2C; - XIV non-sticky, non-plastic; abrupt smooth boundary; 4cm thick.
230.0 to 240.0cm, 2.5 YR4/6 (red) fine sand with silty clay loam; massive structure;
2Cy- XV very friable; non-sticky, non-plastic; abrupt smooth boundary; 10cm thick.
240.0 to 268.0+cm, 7.5YR3/2 (dark brown) silty clay loam; weak fine granular structure;
2A,- XVI* very friable; slightly sticky, slightly plastic; very few very fine roots.

* A sample of this horizon was radiocarbon dated at 5400 + 120 B.P. (Beta-16988).
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Table 2.3. Description of Mustang Creek Core #1 recorded October 8, 2005.

Horizon Depth and Horizon Description
Designation
0.0 to 66.0cm, 7.5YR3/3 (dark brown) loamy sand; very friable; non-sticky, non-
A-1 plastic; non-effervescent; gradual boundary; 66¢m thick.
66.0 to 96.5cm, 5YR4/4 (reddish brown) loamy sand; friable; slightly sticky, slightly
B,-1I plastic; non-effervescent; abrupt boundary; 30.5cm thick.
96.5 to 185.5cm, 7.5YRS5/6 (strong brown) sand; very friable; non-sticky, non-plastic;
C-11 non-effervescent; abrupt boundary; 89cm thick.
185.5 to 212.5cm, 5YR3/3 (dark reddish brown) sandy clay loam; friable; slightly
Ay TV* sticky, slightly plastic; non-effervescent; abrupt boundary; 89cm thick.
*A sample from this horizon was AMS dated at 5680 + 50 B.P. (Beta-210182).
212.5 t0 233.5cm, 5YRA4/4 (reddish brown) sandy clay loam; friable; slightly sticky,
2BV plastic; non-effervescent; abrupt boundary; 21cm thick.
233.5 t0 257.5cm, 5YRA4/6 (yellowish red) sandy clay loam; friable; slightly sticky,
2Bk~ VI plastic; very slightly effervescent; clear boundary; 24cm thick.
257.5 t0 300.5cm, 2.5YR3/6 (dark red) sandy clay loam; friable; slightly sticky, plastic;
2Bw3 -VI* slightly effervescent; abrupt boundary; 43cm thick.
300.5 to 341.5cm, 5YR4/6 (yellowish red) loamy sand; very friable; slightly sticky,
2Bcps - VIII slightly plastic; non-effervescent; 41cm thick.

Table 2.4. Description of Mustang Creek Core #2 recorded October 8, 2005.

Horizon Depth and Horizon Description
Designation
0.0 to 70.0cm, 5YR3/3 (dark reddish brown) sandy loam; loose; non-sticky, non-plastic;
A-1 non-effervescent; clear boundary; 70cm thick.
70.0 to 168.0cm, 2.5YR4/8 (red) loamy sand; very friable; slightly stick, slightly plastic;
B - 11 non-effervescent; clear boundary; 98cm thick.
168.0 to 180.0cm, 5YR4/6 (yellowish red) sandy clay loam; very friable; sticky, plastic;
2By - 11 slightly effervescent; abrupt boundary; 12cm thick.
180.0 to 280.0cm, 5YR4/4 (reddish brown) loamy sand; loose; non-sticky, non-plastic;
C-1v non-effervescent; gradual boundary; 100cm thick.
280.0 to 400.0cm, 7.5YR3/2 (dark brown) silty clay; very friable; slightly stick, slightly
Ap-V* plastic; non-effervescent; clear boundary; 120cm thick.
*The upper 10 cm of this horizon was AMS dated at 6200 + 50 B.P. (Beta-215951),
whereas the lower 10 cm yielded an AMS date of 7380 + 40 B.P. (Beta-210183).
400.0 to 440.0cm, 5YR4/4 (reddish brown) sandy clay; very friable; sticky, very plastic;
3B VI non-effervescent; clear boundary; 40cm thick.
440.0 to 456.0+cm, 5YR4/3 (reddish brown) sandy clay loam; very friable; non-sticky,
2A, -VII* slightly plastic; non-effervescent.

zons V through VIII). Horizon VI also contains carbonate,
hematite, and manganese nodules. Horizon VII contains
carbonate nodules, and Horizon VIII includes hematite and
manganese nodules.

Core 2. The location of core 2 is within 30 ft of Profiles
1 and 2 studied in 1986 (Figure 2.11). Core 2 contains
seven observed horizons (Figure 2.14) and the results are
summarized in Table 2.4. Horizon I is an A horizon which
is a mollic epipedon. The mollic epipedon is followed by

two argillic B horizons (Horizons Il and III). Horizon II
contains hematite nodules, and Horizon III contained car-
bonate inclusions. These argillic horizons overlie a C hori-
zon (Horizon 1V). Following the C horizon is a melanized
Ab soil horizon (Horizon V). The top 10 cm (280.0 cm
to 290.0 cm) and the bottom 10 c¢cm (390.0 cm to 400.0
cm) were collected for AMS dating. These samples date to
6200 + 50 B.P. (Beta-215951) with a 13C/12C ratio of -18.3
o/oo and 7380 + 40 B.P. (Beta-210183) with a 13C/12C
ratio of -19.8 o/oo respectively. Underlying the buried A
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Figure 2.14. Idealized stratigraphy and depth correlations of soil horizons identified in 2005 Cores #1
and #2 adjacent Mustang Creek in Canadian County, Oklahoma.

is another argillic B horizon (Horizon VI) which contains Discussion

manganese inclusions. Following Horizon VI is a second The purpose of this study is to reaffirm and better docu-
buried A soil. The top 10 cm (440.0 cm to 450.0 cm) of ment the pedogenic processes of Mustang Creek, how
this horizon was also collected for radiometric dating. The these relate to reconstructing the past in Oklahoma, and
AMS result dates this buried A horizon to 8030 + 50 B.P. how these might correspond to the archaeological record.
(Beta-215952) with a 13C/12C ration of -19.5 o/oo0. The results from this study impact our knowledge of past
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bioclimatic change and archaeological processes both at
the regional and macro-regional levels. Understanding re-
gional change illuminates macro-regional differences (or
similarities) providing broader knowledge of prehistoric
variation and processes.

Regional. The profiles and core samples taken from
Mustang Creek provide small windows into the past. These
glimpses suggest that Mustang Creek has undergone many
different types of geologic processes. First, Mustang Creek
soils are mollisols characteristic of soil formation within a
prairie or steppe grassland environment. Furthermore, the
Mustang Creek epipedon shows heavy melanization, sug-
gesting that the landscape underwent an extensive period
of environmental stability.

Second, the different C horizons separating buried mela-
nized horizons suggest that the Mustang Creek environment
was constantly in flux between mesic conditions where
sediments were altered by pedogenesis and xeric condi-
tions when sediments were deposited along the drainage
basin. Between the two buried A horizons that have been
dated in Profile 3, there are major depositional episodes
probably due to flooding. These flooding episodes took
place between 570 + 80 B.P. and 5400 + 120 B.P. These
periods of environmental instability are represented by soil
horizons that overlay each other and are very similar. For
example, most of the properties of Horizons VIII and IX
in Profile 3 are similar except for their texture. Because
coarse sand is overlying very fine sand, this can be inter-
preted as one flooding event with later settling of the sedi-
ments, the smaller grain sizes working downwards to create
these two distinct horizons. This pattern of grain settling
is also evident between Horizons VI and VII, Horizons X
and XI, Horizons XII and XIII, and Horizons XIV and XV.
Therefore all of these horizons are a product of alluviation
and may attest to five different flooding episodes.

Due to the 1986 and 2005 investigations at Mustang
Creek, at least three different buried A horizons have been
identified. Each of these suggests a period of environmen-
tal stability wherein sediments remained intact while un-
dergoing pedogenic change. The earliest period of stability
represented in the study locality is Core 2’s Horizon VII
that has an AMS date of 8030 + 50 B.P. (Beta-215952).
The next period of stability is evident in Profile 2’s Horizon
VIII (synonymous with Profile 3’s Horizon XVI, and Core
1’s Horizon IV). The horizons probably are the same soil
though they possess different but similar dates of 5520 =
230 B.P. (Beta-16986), 5400 = 120 B.P. (Beta-16988), and
5680 = 50 B.P. (Beta-210182) respectively. Furthermore,
the two dates yielded from Core 2 Horizon V indicates that
this soil horizon took over 1,000 years to form. The young-
est buried A horizon is Profile 3’s Horizon IV. This horizon
is dated to 570 + 80 B.P. (Beta-16987). The archaeological
implications of these dates will be discussed in the next
section.

As previously mentioned, the study area is associated
with the Reinach series of soils (Carter 1996; Mogg et al.
1960). Field judging of Mustang Creek soils, however,
does not corroborate the presence of Reinach soils. First,
scholars have suggested that the Reinach series is not prone
to flooding (Fisher and Swafford 1976). The amount of al-
luvial sediments found during the study suggests that flood-
ing has been common at this location of Mustang Creek.
Furthermore, except for the C horizons, the soils found at
Mustang Creek do not have attributes that correspond to
the Reinach series.

Macro-Regional. In order for a study to be pertinent
beyond the scope of its own microcosm, it is necessary to
view the larger picture and how the study can advance our
knowledge on a broader scale. This section takes the re-
sults from Mustang Creek and extends them into this larger
arena. As previously mentioned, the middle Holocene is
characterized by the xeric Altithermal. The Altithermal
limited plant growth which in turn reduced subsistence for
larger fauna (Antevs 1955). Hence, humans depending
upon larger fauna for their own subsistence may have been
forced from the region during the Altithermal. For years
archaeologists have used this theory to support the lack of
archaeological material relative to the middle Holocene.
The one exception is the Calf Creek complex.

The Calf Creek complex has been interpreted to have
existed ca. 5000 to 6500 B.P., during the peak of the Alti-
thermal (Duncan 1995). Presently, there is little evidence
of this cultural tradition occupying Canadian County, al-
though archaeologists have found such materials (Figure
2.15) in nearby Oklahoma and Cleveland counties (Brooks
1983). The general consensus has been that the Altither-
mal caused such dramatic climate changes that the present
study region would have been uninhabitable for humans.

The 1986 and 2005 investigations at Mustang Creek
suggest otherwise. Because buried A horizons provide evi-
dence of melanization which requires long periods of sta-
bility in order to form, the presence of these horizons indi-
cate that there were some intervals of ameliorated stability
in the region. For instance, the previously mentioned Core
2 Horizon V indicates that there was a period of stability
for over a thousand years. The radiocarbon and AMS dates
of Profile 2, Horizon VII (5520 + 230, Beta-16986), Profile
3, Horizon XVI (5400 = 120, Beta-16988), and Core 1, Ho-
rizon [V (5680 £ 50, Beta-210182) correlate with both the
Altithermal and the Calf Creek culture. Hence, the region
around Mustang Creek would have been a prime location
for Calf Creek peoples to exploit resources during what is
commonly referred to as the xeric Altithermal. Further-
more, the climatic stresses of the Altithermal are usually
considered to have peaked between 8,000 and 6,000 B.P.
At Mustang Creek, the lowest of the paleosols as seen in
Core 2, Horizon VII dates to 8030 + 50 B.P. (Beta-210185)
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providing additional evidence for stability when the envi-
ronment is considered to have been inhospitable for human
habitation. Unfortunately, no cultural material has been de-
tected with the lowest and oldest Mustang Creek paleosol,
and so this notion that Mustang Creek was inhabitable dur-
ing the early Holocene is based solely upon the pedogenic
record.

These results beg the question, why have archaeologists
not found any archaeological evidence that corresponds to
these time periods if Mustang Creek was a pocket of sta-
bility during the Altithermal? The answer lies within the
methods. The shallowest depth for the buried A horizons
is almost 2 meters from the ground surface. Conventional
archaeological methods (i.e. shovel testing) are unable to
reach these depths. In a time when cultural resource man-
agement projects provide much of the archaeological data,
the research is driven by the client and not the archaeolo-
gist. Hence, businesses are not willing to pay for the extra
cost to reach such depths. In order to fully understand the
archaeological record during the Altithermal, it is neces-
sary for archaeologists to either convince their clients to
spend more money or to introduce new survey methods and
techniques that allow full exposure of Early and Middle
Archaic materials hidden by the bioclimatic changes of the
Altithermal.

Conclusion

The study of Mustang Creek has shed some light on the
alluvial deposition and the pedogenic processes transform-
ing the region. Mustang Creek provides evidence that its
dynamic past includes episodic flooding interspersed with
periods of stability. It is these periods of environmental
stability that may open a new chapter in central Oklaho-
ma’s prehistory. With the discovery of several buried A
horizons dating to the Early and Middle Holocene, it is pos-
sible to revise accepted concepts pertaining to the Altither-
mal and to better determine where previously undiscovered
Archaic sites, such as those of the Calf Creek complex, will
be found in the future. The one concem is that conven-
tional archaeological techniques will not uncover remnants
of Archaic cultures due to their depth. Thus, the results
from this study at Mustang Creek may not only add to the
archaeological discussion, but also dictate the need for new
techniques for locating pockets of stability that may have
evidence of early prehistoric cultures.
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Table 3.1. Soil Profile A (Black) Description.

Depth (cm) Horizon | Moist Color | Structure Consistence Texture Effervescence Boundary
(Wet/Moist/Dry)
0-15 Ap 10YR4/3 sg sopo/vir/sh LS NE cs
15-88 C 10YRS5/4 sg sopo/vft/so S NE as
88-118 3Ab 10YR3/1 2vfsbk ssp/fr/h SCL NE as
118-260+ 2Bknb 10YR3/1 2fpr ssps/ft/h SCL SL
‘Table 3.2. Soil Profile A (White) Description.
Depth (cm) Horizen Moist Color | Structure Consistence Texture Effervescence Boundary
Wet/Moist/Dry)
0-15 Ap 10YR4/3 sg sopo/vfi/sh LS NE cs
15-93 C 10YR4/3 sg sopo/vft/so S NE as
93-124 4Ab 10YR3/2 2vfsbk ssps/fr/h SCL NE aw
124-260+ Sediments 10YRS/3 sg sopo/vfr/so S AN

Table 3.3. Soil Profile B Description.

Depth (cm) Horizon Moist Color | Structure Consistence Texture Effervescence Boundary
(Wet/Moist/Dry)
0-11 Ap 10YR4/3 sg sopo/vfr/sh LS NE cs
11-27 Bt 10YR4/6 1vfsbk sspo/fr/h LS NE cs
27-49 C 10YRS5/4 sg sopo/vfr/so S NE cs
49-65 C3Ab 10YR3/1 sg/1fsbk sopo/vfi/sh LS NE cs
10YRS5/4
65-94 3Ab 10YR3/1 2vfsbk ssp/fr/h SCL NE cs
94-138 2Bknb 10YR3/1 2fpr ssps/fr/h SCL SL cs
138-200+ 2Bknb2 10YR3/1 2fpr ssps/fr/h SCL SL

Table 3.4. Soil Profile C Description.

Depth (cm) Horizon | Moist Celor | Structure | Consistence (Wet/ | Texture | Effervescence | Boundary
Moist/Dry)

0-17 Ap 10YR4/3 sg sopo/vfr/sh LS NE cs
17-23 Bt 7.5YR4/6 1vfsbk sspo/fr/h LS NE cs
23-51 C 7.5YRS/4 sg sopo/vft/so S NE as
51-58 2Ab 10YR4/4 2vfsbk ssps/fr/h LS NE as
58-88 2Cb 10YR6/4 sg sopo/vft/sh LS NE as
88-133 3Ab 10YR3/1 2vfsbk ssp/fr/h SCL NE cs
133-180 2Bknb 10YR3/1 2fpr ssps/fr/h SCL SL cs
180-287 2Bknb2 10YR3/1 2fpr ssps/fr/h SCL SL cs
287-314 2Btb 10YR4/1 2fsbk ssp/vir/sh SCL VS cs
314-389+ 3Cb 10YR6/1 sg sopo/vfr/so S/LS NE cs

Key to Profile Descriptions:

Structure Texture
Grade: 1-weak; 2-moderate SCL Sandy clay loam
Size: vf-very fine; f-fine; LS Loamy sand
Type: g-single grain; sbk-sut lar blocky; pr-prismatic S Sand
Consistence Effervescence:
Stickiness:  so-non sticky; ss-slightly sticky NE-noneflervescent; VS-very slightly effervescent; SL-slightly effervescent
Plasticity: po-non plastic; ps-slightly plastic; p-plastic Boundary
Resistance Distinctress:  a-abrupt; c-clear
Moist: vir-very friable; fr-friable Topography: s-smooth; w-wavy

Dry: so0-soft; sh-slightly hard; h-hard
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tending 3.89 m below the surface (Figure 3.9; Table 3.4).
The surface soil consists of an 8 cm thick A horizon fol-
lowed by a slightly argillic Bt horizon. These overlie a
C horizon consisting of sand mixed with 10% gravels of
pebble size and smaller. The presence of sand and gravels
indicates this horizon is the result of floodplain deposition
and aggradation.

Two buried soils were identified within Profile C. The
first occurs 51 cm below the surface. Horizon 2Ab is a
weakly developed, lightly melanized A horizon lying di-
rectly over horizon 2Cb, laminated deposits of sand and
loam. A bulk soil sample from the 2Ab horizon yielded a
radiocarbon date of 118 + 53 B.P. (Arizona - AA68186) and
a stable carbon ratio of 19.9 %o0. The lamination combined
with the presence of sands within the 2Cb horizon again
indicates this horizon represents alluvial deposition.

The second buried soil begins 88 cm below the surface.
Horizon 3Ab is a thick (45 cm), deeply melanized horizon.
Below lies 181 cm of B horizons. Two calcic and cambic
horizons were identified based on the presence of calcium
carbonate filaments (3Bknb) and nodules (3Bknb2), and
these overlie the argillic horizon 3Btb. Comprising over
two meters of sediments, the thickness of this second soil
suggests it results from cumulic soil development.

Two bulk soil samples were recovered for radiocarbon
dating from the second buried soil. One sample was re-
moved from horizon 3Ab at a depth of 98 cm below the sur-
face and yielded a date of 1230 + 40 yr B.P. (Beta - 210184)
with a stable carbon isotope ratio of -17.9 o/00. The second
date came from horizon 3Bknb2 at a depth of 277 cm and
yielded a date of 3130 = 40 yr B.P. (Beta - 210185) with a
stable carbon isotope ratio of -18.6 o/00. Together, these
dates provide a bracket for the period of time in which this
second buried soil developed.

The stable carbon isotope ratios from Pumpkin Creek
indicate a mixed C3 and C4 vegetation was present (Nordt
et al. 1994). They compare to ratios from the Trinity River
during mesic periods (Humphrey and Ferring 1994), sug-
gesting the climate along Pumpkin Creek may have been
relatively moist during this period of cumulic soil devel-
opment. Moreover, the three stable carbon isotope ratios
obtained from Profile C document a steadily increasing
percentage of C3 vegetation along Pumpkin Creek during
the last 3000 years.

The final stratigraphic unit identified (3Cb) consists of
laminated layers of sand and loam. Gleying indicates these
sediments were saturated with water for extended periods
of time. Although they resemble spring deposits described
by Haynes (1995), determining their precise origin will re-
quire further investigation.

Profile B. Profile B (10.9 m south of C) was cleaned

to a depth of 200 cm (Figure 3.10; Table 3.3). As in pro-
file C, the surface soil consists of three horizons (Ap, Bt,
and C) extending approximately 50 cm below the surface.
Directly below 50 cm, however, Profile B differs signifi-
cantly. Horizons 2Ab and 2Cb are absent. Instead, horizon
C3Ab constitutes a 22 ¢cm thick mixture of the C horizon
and the 3Ab horizon beneath. The exact cause of this mix-
ing remains unknown; however, it may be the result of a
localized event such as a tree fall. Extending the profile
north and south as well as trenching into the bank might
help resolve this question. The final two horizons identi-
fied in Profile B are the 44 cm thick 2Bknb and the 62+ ¢cm
thick 2Bknb2 horizons.

Profile A. Profile A (Figure 3.11), the cut and fill se-
quence located 14.9 m south of B, was divided into two
separate profile descriptions labeled Black (non-cut-and-
fill sediments; Tables 3.1 and 3.5) and White (cut-and-fill
sediments; Tables 3.2 and 3.6). Both halves were cleaned
to a depth of 260 cm. No differences exist in the top por-
tions of the Black and White profiles. In contrast to profiles
B and C, no Bt horizon was identified within the surface
soil of Profile A. The A horizon transitions directly to C.
In this location, the soil is also deeper than further north,
extending to a depth of 88-93 cm.

Differences between the Black and White profiles be-
gin at approximately 90 cm below the surface (Tables 3.5
and 3.6), the depth at which the cut-and-fill sequence is
first encountered. In the Black portion (Table 3.5), the 3Ab
horizon is again present, however it is less thick (only 30
cm) than in profile C. Beneath lies the calcic and cambic
2Bknb horizon.

As noted, the White profile (Table 3.6) at this depth
consists of the cut-and-fill sediments. Horizon 4Ab con-
sists of approximately 30 cm of cumulic soil development.
This horizon is analogous to the 3Ab horizon documented
in the other profiles. However, when compared to horizon
3Ab, the lighter color and absence of an associated B ho-
rizon indicates this soil began developing towards the end
of the 1900 year period of cumulic horizonization revealed
by Profiles B and C.

A bulk soil sample from the top of the 4Ab horizon
(Figure 3.11 and Table 3.6) yielded a radiocarbon date of
333 + 38 B.P. (Arizona — AA68187) with a stable carbon
isotope ratio of 18.5 %o0. While evidence of bioturbation
was rare in Profiles B, C, and the Black portion of Profile
A, the White portion of Profile A exhibited heavy biotur-
bation. Numerous krotovinas were visible. More recent
carbon was transported downward in the profile, and we
therefore consider the 333 B.P. date to be skewed in favor
of a more recent age.

Horizon 4Ab (Table 3.6) rests directly on the laminated
sand and gravel deposits of the stream cut. The cut is a
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paleochannel of Pumpkin Creek. The channel was aban-
doned some time after 3000 years ago. Subsequent verti-
cal accretion produced horizon 4Ab. Determining the ex-
act direction of stream flow when this channel was active
would require additional investigation into the creek bank
deposits.

Summary: Pumpkin Creek Floodplain History

Investigations along Pumpkin Creek revealed a 3100
year geomorphic history. For a period of approximately
1900 years (3100-1200 B.P.), overbank flooding along
Pumpkin Creek was frequent and nonviolent, deposit-
ing primarily clay and little sand. Pedogenesis kept pace
with sediment deposition resulting in the formation of a
thick, deeply melanized cumulic soil. Stable carbon iso-
tope ratios suggest the climate was relatively mesic during
this time. After 1200 B.P., the depositional environment
changed to higher velocity flood events which deposited
sands and gravels and covered the cumulic soil. A brief
period of landscape stability allowed a weakly developed
soil to form; however, this soil was quickly buried. Abrupt
changes at the top of the profile undoubtedly result from
erosion after historic farming was begun in the watershed.

Discussion

Late Holocene cumulic soils analogous to the one defined
in this paper have been identified over the Southern Plains
(Madole et al. 1991). Although these soils bear striking
similarities, significant differences exist. The chronologi-
cal period over which cumulic horizonization occurred dif-
fers locally. In addition, some debate remains over what
climatic conditions facilitated soil development.

The Asa soil along the Brazos River in east-central Tex-
as developed from 1250 to 500 yr B.P. (Waters and Nordt
1995). Along the Trinity River in North-Central Texas, the
West Fork paleosol formed 2000 to 1000 yr B.P., and the
Caddo soil developed in southwestern Oklahoma during
this same time (Ferring 1990b; Hall 1988). In northeastern
Oklahoma, the Copan paleosol formed from 2000 to 1300
yr B.P. (Reid and Artz 1984). As this paper has shown,
soil formation along Pumpkin Creek occurred from 3100
to 1200 B.P. Although this period overlaps periods of soil
formation in these other Southern Plains locations, hori-
zonization began significantly earlier and continued for
nearly 2000 years.

Asa and Caddo soil formation has been attributed to
a shift to more mesic conditions (Hall and Lintz 1984;
Hall 1988; Waters and Nordt 1995:317). Reid and Artz
(1984:174) postulate that the Copan soil formed in north-
eastern Oklahoma during a period of less variable precipi-
tation and fewer large floods. Finally, Humphrey and Fer-
ring (1994) argue that the West Fork paleosol formed along
the Trinity River during a period of decreased moisture (but
see Brown 1998). The stable carbon isotope ratios from
Pumpkin Creek indicate soil formation occurred during a

relatively mesic period which supported abundant C3 veg-
etation. However, the percentage of C3 plants continued to
increase after cumulic soil development ceased.

This brief summary of Late Holocene pedological re-
search in the Southern Plains illustrates two key aspects
of floodplain geomorphology. First, the chronology of cu-
mulic soil development is highly variable for each locality
and each fluvial system. Second, a wide variety of climatic
factors, including increased moisture, increased aridity,
or changes in the frequency and severity of precipitation
events, influence stream volume and sediment load which
directly affects floodplain horizonization.

Conclusions

Based on the chronology of previously established ty-
pological sequences, two projectile point styles recovered
from the Pumpkin Creek archaeological site place people
at the location from 3000 to 1000 B.P. Given their pres-
ence, several questions remain to be answered. What was
the environment like when people were exploiting local
tool-stone resources? What plant and animal resources
may have drawn them to the area? Further, how have sub-
sistence and settlement patterns changed through time as
the local climate changed?

To begin answering these questions, geomorphological
investigations were undertaken along a portion of Pumpkin
Creek. Excavations at one spot revealed a 3100 year fluvial
history and the presence of two buried soils. Radiocarbon
dates on soil samples recovered from the lowest soil brack-
eted a period of cumulic soil development and floodplain
stability between 3100 and 1200 B.P., the same time people
were utilizing nearby lithic resources.

This research further highlights the necessity of studying
each fluvial system independently. Critically, the climat-
ic changes documented in other portions of the Southern
Plains appear to have occurred nearly 1000 years earlier
along Pumpkin Creek. Stable carbon isotope ratios suggest
this 1900 year period may have been relatively mesic; how-
ever, more research is needed to determine what specific
environmental factors contributed to soil development.

The geomorphological data presented in this paper mere-
ly represent one piece of the puzzle. Combining this data
with other climatological indicators will facilitate recon-
struction of the past environment of south-central Okla-
homa. Once we have a clearer picture of the Late Holo-
cene climate, we can begin to discuss how people visiting
the Pumpkin Creek Site exploited available resources and
adapted to environmental changes in the region.
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for biotic growth and soil formation in this area is that the
average annual rates of precipitation and evapotranspira-
tion are approximately the same (Wyckoff 1984:3).

According to Hall (1988:206-9), a relatively moist cli-
mate persisted in the Osage Plains from about 2000 to 1000
years ago. He based this interpretation on an analysis of
vertebrate faunal materials, mollusks, pollen, alluvial geo-
morphology, and soils from rockshelters and alluvial sites
across Oklahoma. About 1000 years ago, conditions ap-
parently became much drier, resulting in a climate similar
to that of today.

Pond Creek is in the Osage Savanna biotic district, the
western edge of which constitutes the Cross Timbers (Blair
and Hubbell 1938:433). The extent of the district is closely
related to the climate, for as Wyckoff (1984:3) has noted,
its location correlates with the area of Oklahoma that has
approximately equal rates of precipitation and evapotrans-
piration, or slightly more precipitation. The region contains
both scrub forests and grasslands. According to Blair and
Hubbell (1938:434), primary plants include blackjack oak
(Quercus marilandica), post oak (Quercus stellata), and
black hickory (Carya buckleyi), along with various grasses
including broadleaf uniola (Uniola latifolia), Virginia wild
rye (Elymus virginicus), and Japanese chess (Bromus ja-
ponicus). Streams contain aquatic mosses, and streambeds
have red birch (Betula nigra), black willow (Salix nigra),
and buttonbush (Cephalanthus occidentalis). Mammals
are represented by both eastern deciduous forest and west-
ern grassland species. For a more extensive discussion of
the environment, prehistory, and history of the Cross Tim-
bers see Wyckoff (1984).

Previous Investigations at Pond Creek

Archaeologists have been aware of the Pond Creek loca-
tion and its buried soils since at least 1993, and it continues
to be a fruitful area for study. At that time, an archaeo-
logical survey of the Lexington Wildlife Management Area
was undertaken in cooperation with the Oklahoma Wildlife
Conservation Department, the Oklahoma Archeological
Survey and the Okiahoma Anthropological Society. As a
result of the survey, 20 new sites were found, 2 isolated
artifacts were documented, and a thick, organic-rich soil
buried under more than a meter of sediment was identified,
referred to as the Pond Creek Paleosol (Morgan 1994).

David Morgan’s (1994:39) report on the survey includ-
ed a profile description that indicated the presence of three
buried soils, the bottom one of which was roughly a meter
thick. Morgan was curious about the geographic extent of
the paleosol and followed this dark horizon upstream ap-
proximately 500 meters from the profile location until it
terminated at an outcropping of the Permian bedrock. The
over-thickened soil continued down stream for another 2
km. The report also mentions that many of the surrounding
tributaries also contained the Pond Creek Paleosol for up-

wards of 400 meters above their confluences with the main
channel (Morgan 1994).

Morgan collected several soil samples from his Pond
Creek profile. From these samples he submitted three for
radiocarbon dating; one from the second buried soil (2Ab)
and two from the dark thickened horizon (4Ab). Other
samples were sent to Jim Theler at the University of Wis-
consin- La Crosse for gastropod analysis and the results
were reported in Morgan’s study (Morgan 1994:46). The
dates from the top and bottom of the Pond Creek Paleosol
yielded age determinations of 870+ 70 B.P. and 1330+ 70
B.P., respectively (Table 1). Based on the horizon’s age,
size and relative stratigraphic position, Morgan recognized
a similarity between it and other paleosols mentioned in the
literature such as the Copan, Caddo, and Piedmont. Theler
reported that 95% of the snail species represented in the
Pond Creek Paleosol were terrestrial and therefore indicat-
ed that little to no pond or marsh action contributed to the
formation of the soil (Morgan 1994:46).

There was little discussion in Morgan’s report about the
significance of the date from the second buried soil; 120+
70 B.P. This age was no doubt problematic and not easily
explained since there is yet another buried soil above it,
and only 120 years or so to account for its formation and
the subsequent sedimentation. New dates, discussed later,
have clarified the chronology of sedimentation at Pond
Creek. If indeed the second buried soil dates to 120 years
ago, we can begin to understand the time required to form
a recognizable surface horizon.

Since Morgan’s study, Pond Creek has been visited sev-
eral times by geoarchaeology classes from the University
of Oklahoma. The last time Pond Creek was profiled prior
to the current study was in 2004, and three field recordings
took place at that time. Copies of the 2004 descriptions
were retained by Wyckoff and were used as references for
this study but are not included here.

Current Study

On October 22, 2005, the Pond Creek locality was re-
visited in order to relocate and record new descriptions of
the paleosol. Four new profiles were placed along forty-
three meters of the east bank, north of the confluence of
Helsel Creek with Pond Creek. All profiles were excavated
in the same vicinity as previous profiles but due to a lack
of provenience, earlier work could not be accurately identi-
fied or integrated, though the 1993 profile most likely was
closest to profile C. The eastern bank was selected because
it provided a vertical profile that was more accessible for
study. The profiles were given a designation of ‘A’ through
‘D’ from north to south. Profile A was approximately ten
meters north of B; B was thirteen meters from C and profile
D was twenty meters south of C.

Two persons were assigned to clean and record each pro-
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Figure 4.5. Pond Creek profile sketches correlated from north (left) to south (right) as recorded in 2005. Four buried

Jformer surfaces (A horizons) are manifest in these profiles.

tions, including pH, and percent total and organic carbon.
Lab methods could answer many of the lingering questions
from this study and should be conducted at some point in
the future. To help with these answers, particle size analy-
sis was conducted on close interval samples collect from
one column (Profile A). The results of this analysis are
presented below.

Bulk soil samples were taken from the top ten centime-
ters of each buried soil in Profile A. From those samples,
three were submitted to the National Science Foundation
(NSF) Arizona AMS Facility at The University of Arizona
for radiocarbon analysis. Despite the likelihood of being
very recent, we decided to date the first buried soil. In do-
ing so, we hoped to test Morgan’s seemingly early date of
120 + 70 B.P. from the second buried soil (2Ab). The con-
cern was whether 120 years would be long enough to allow
the development of two distinct surface horizons and their
subsequent burial. Though each of the two soils in ques-
tion were weakly developed and lacked a clearly defined B
horizon, their presence in the profile indicates two periods
of landscape stability long enough to incorporate organic
material into an identifiable zone.

Unfortunately, it appears that the sample collected from
the first buried soil became contaminated and yielded a
surprising radiocarbon age of 621 £ 38 B.P. Further test-
ing may shed more light on this question, but for now it
seems reasonable that the increased sedimentation due to
historic plowing and agricultural activities contributed to
the creation and burial of the first two soils observed at
Pond Creek.

A sample from the newly identified 3Ab, as well as the

Pond Creek Paleosol (4Ab), was submitted in an attempt
to clarify the chronology of that sequence. As mentioned
above, until the 2005 investigations, the third buried soil
had gone unrecognized. This is likely due to the striking
nature of the immediately underlying Pond Creek Paleo-
sol, making the more subdued third buried soil difficult to
discern. Generally, the results of the radiocarbon assays
seem to agree with the dates described by Morgan (1994).
The third buried soil yielded a date of 783 + 47 B.P. while
the top of the Pond Creek Paleosol resulted in a date of 910
+38B.P.

In addition to the samples taken for radiocarbon dating,
a close-interval column was collected from Profile A for
the purposes of particle-size analysis. A continuous col-
umn was carefully removed 10cm at a time begining at the
base of the profile to avoid contamination from overlying
sediments. Each sample was subjected to a simplified par-
ticle-size analysis (Figure 4.7) by hydrometer method after
Gee and Bauder (1979).

In general, the particle-size analysis seems to agree with
our observations made in the field. Two major spikes at
47.5cm and 77.5cm in the percentage of silt and clay at the
top of the profile correspond to the first two buried soils
(1Ab and 2Ab). The relatively similar amounts of silt and
clay between 227.5cm and 367.5cm indicate a period of
stability and increased pedogenisis and fits nicely with our
observation of the Pond Creek Paleosol (4A). The third
buried soil, described earlier, is not as easily decernable
with these data. A slight rise in the percentage of clay
is evident between 187.5cm and 212.5cm despite the dra-
matic increase in the percent sand. What seems to be clear
from the particle-size analysis is that the alluvial regime
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Table 4.1. Soil Horizon Descriptions from Pond Creek Profile A as Recorded October 22, 2005,
by David Cranford and Elsbeth Dowd.

0to 38 cm, 2.5YRS5/8 (red) sandy loam, 2.5YR4/6 (red) when moist; massive structure;
C loose, slightly hard; not sticky, not plastic; very fine to fine roots common throughout;
non-effervescent; gradual smooth boundary; between 5 and 15 ¢m thick.

38 to 59 cm, 2.5YR3/1 (dark reddish gray) silt loam, 2.5YR2.5/1 (reddish black) when
1A, moist; weak fine granular structure; friable, slightly hard; moderately sticky, very
plastic; very fine to fine roots common throughout; non-effervescent; abrupt smooth
boundary; between 0.5 and 2 ¢m thick.

59 to 82.5 cm, 2.5YR4/6 (red) silty clay, 2.5YR4/4 (reddish brown) when moist; massive
C structure; very friable, hard; very sticky, moderately plastic; very fine to fine roots
common throughout; non-effervescent; gradual smooth boundary; between 5 and 15
cm thick.

82.5 10 99 cm, 2.5YR3/3 (dark reddish brown) silt loam, 2.5YR2.5/2 (very dusky red)
2A, when moist; weak fine granular structure; friable, slightly hard; moderately sticky,
very plastic; few very fine to fine roots throughout; non-effervescent; gradual smooth
boundary; between 5 and 15 c¢m thick.

99 to 118 cm, 2.5YR3/4 (dark reddish brown) sandy clay loam, 2.5YR2.5/3 (dark reddish

2Bpu! brown) when moist; weak fine granular structure; firm, very hard; moderately sticky,
moderately plastic; few very fine roots throughout; non-effervescent; gradual smooth
boundary; between 5 and 15 cm thick.

118 to 138 cm, 2.5YR4/6 (red) sandy clay loam, 2.5YR3/6 (dark red) when moist; weak

2Bpa2 fine granular structure; firm, very hard; moderately sticky, moderately plastic; few

very fine roots throughout; non-effervescent; gradual smooth boundary; between 5 and

15 cm thick.

138 to 179 cm, 5YR4/6 (yellowish red) sandy loam, 2.5YR4/8 (red) when moist; massive
2C structure; loose when moist, loose when dry; not sticky, not plastic; few very fine roots
throughout; non-effervescent; gradual smooth boundary; between 5 and 15 cm thick.

179 to 214 cm, 7.5YR4/4 (brown) sandy loam, 7.5YR2.5/2 (very dark brown) when moist;
3A, weak fine granular structure; very friable, hard; slightly sticky, moderately plastic;
non-effervescent; clear smooth boundary; between 2 and 5 cm thick; boundary
demarcated by strong, violently effervescent carbonate layer.

214 to 264 cm, 10YR3/1 (very dark gray) clay loam, 10YR2/2 (very dark brown) when
4Ap] moist; moderate coarse prismatic structure; very friable, hard; very sticky, very plastic;
strongly effervescent; clear smooth boundary; between 2 and 5 cm thick.

264 to 360 cm, 10YR4/1 (dark gray) clay loam, 10YR2/2 (very dark brown) when moist;
4Apn2 moderate coarse prismatic structure; very friable, hard; very sticky, very plastic;
strongly effervescent; many carbonate inclusions; diffuse smooth boundary; between
15 and 20 cm thick.

360 to 410+ cm, SYR6/6 (reddish yellow) sandy loam with many SYR5/6 (yellowish red)
4C very coarse mottles; SYR4/6 (yellowish red) with 5YR4/4 (reddish brown) mottles
when moist; massive structure; very friable, slightly hard; moderately sticky, slightly
plastic; non-effervescent; numerous crotovena.
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sippi River drainage. This species is normally found in
low energy sand/silt substrates in moderate to slow waters
(personal communication). The gleyed sediments in which
these specimens were collected, yielded a radiocabon assay
of 3080 + 40 BP (Beta-218658). This date corresponds
well with the oldest date from the Pumpkin Creek profile
some 90 miles south (Bollans and Jennings, this volume).

Paleoenvironmental Reconstruction. Pond Creek pro-
vides us with an alluvial record covering roughly the last
3000 years. Regardless of the presence or absence of cul-
tural material, the soils associated with the Pond Creek
drainage reveal clues about the environment and climate
experienced by people living on this landscape in the past.
Soils indicate periods of landscape stability where plants
and animals were active on the landscape, thereby incor-
porating organic material into the ground as they decayed.
Increased biotic activity usually results from an increase in
effective moisture while plant growth stabilizes underlying
sediments reducing erosion and in turn sedimentation.

Based on the interpretation of the soil profile at Pond
Creek, at least four periods of relative landscape stability
are represented. Due to the soil’s thickness and dark col-
or, the Pond Creek Paleosol indicates a time of prolonged
stability and considerable moisture. This is an important
consideration when interpreting potential prehistoric settle-
ment and subsistence strategies.

Like Morgan, we feel that the Pond Creek Paleosol is
similar temporally and stratigraphicaily to other paleosols
in the region, such as the Copan Paleosol from north-cen-
tral Oklahoma and the Caddo Paleosol from the southwest-
ern part of the state (Hall 1988; Artz 1985; Ferring 1990,
1992). Hofman and Drass (1990) describe a thick soil hori-
zon they call the Piedmont Paleosol in northwestern Okla-
homa County. Waters (1992:58,60) mentions the Asa pa-
leosol along the Brazos River in Texas that formed around
1300 to 500 B.P.. The West Fork Paleosol is another soil
in Texas dating to around this time (Ferring 1992:12-13).
All told, the evidence suggests that there was a significant
period of increased effective moisture leading to soil for-
mation throughout the Cross Timbers and Southern Plains
between 2000-1000 B.P.

Archaeological Implications

According to Morgan (1994:37), known archaeological
sites near Pond Creek include unidentified prehistoric quar-
ry or workshop sites and a number of historic farmsteads. A
file search at the Oklahoma Archeological Survey revealed
a total of 107 sites in the 14.7 square miles of the Lexing-
ton Wildlife Management area, within the upper drainage
basins of Pond Creek, Helsel Creek, and Little Buckhead
Creek. These include 35 historic sites, 58 unidentified pre-
historic lithic scatters, and 12 sites with mixed historic and
unidentified prehistoric components. One late prehistoric
site (no more specific date was identified), and a site with

historic and archaic components, based on an early archaic
point were found approximately 60 cm beneath the surface.
During the survey reported by Morgan, the prehistoric sites
were located by pedestrian survey and shovel testing. They
could not be dated or assigned to a cultural phase since no
diagnostic artifacts were found among the recovered mate-
rial.

Based on the environmental reconstruction at Pond
Creek, we should expect significant use of this locality by
prehistoric peoples. The Pond Creek Paleosol indicates
a relatively moist climate that would have supported a
healthy biomass. Radiocarbon dates for the Pond Creek
Paleosol correlate to the Plains Woodland and early Plains
Village periods in this region (Morgan 1984:46); however,
the terraces created by Pond Creek and other local streams
would have buried any sites on the original floodplains
from these periods. As pointed out by Mandel and Bet-
tis (2001:182-3), buried soils, especially those represent-
ing long periods of stability, should have a relatively high
probability of human occupation. Because of the potential
for buried deposits, we should expect to find archaeologi-
cal material in drainages that cut through the Pond Creek
Paleosol and other deeply buried soils.

Although the lack of diagnostic artifacts from archaeo-
logical periods corresponding to the Pond Creek Paleosol
may indicate an absence of habitation from these periods,
it may also demonstrate the drawbacks of current testing
methods. Traditional pedestrian survey and shovel testing
will not locate cultural horizons within deeply buried paleo-
sols. Mandel and Bettis (2001:183-4) have recommended
a survey strategy that would use techniques specifically de-
signed to address this issue. First one must determine if
there are buried soils present in the survey locality, in order
to assess buried site potential. The presence or absence of
buried soils and their extent can be determined by walk-
ing along stream cut banks and by using a hydraulic coring
rig. If present, buried soils should be examined and dated
by radiocarbon analysis to establish the potential temporal
range for cultural deposits, and then subsurface exploration
strategies can be developed. Unfortunately, the use of cor-
ing equipment and radiocarbon dating may be cost prohibi-
tive for many archaeologists. At the very least, however,
surveyors should attempt to pay closer attention to stream
cut banks, and recognize buried site potential implicated by
paleosols. The identification of paleosols along the Cross
Timbers through new survey techniques has the potential to
reveal buried deposits and to expand our understanding of
archaeology in this region.

Conclusions
The purpose of this study is multifaceted. The 2005 in-
vestigations at Pond Creek were intended to help elucidate
the local and regional paleoenvironments of the past two
thousand years. Understanding what Pond Creek was like
in the past will help us understand the people who may
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have lived there. The pedogenic processes that formed the
thick paleosols found over such a wide area are still un-
der debate. This study does not provide a resolution to the
problem, but we hope to bring attention to the matter so
scholars working with similar deposits will not automati-
cally assume a cumulic or other situation. We also echo
the caution that many geoscientists have expressed, that at
least in the vicinity of Pond Creek, sites older than a couple
hundred years are potentially buried under meters of sedi-
ment, thus out of reach and out of sight of archaeologists
using traditional survey techniques. Without recognizing
this bias, interpretations of the archaeological record will
be flawed.

Three new dates from Pond Creek will bring the total
number of radiocarbon dates for the site to six (Table 2).
We imagine that this makes Pond Creek one of the best
dated soil sequences in the area. This distinction, we hope,
will encourage further study of the site and its soils. There
are still significant questions to be answered.

To better understand the geographic range of the Pond
Creek Paleosol, and therefore its role in the local environ-
ment, it is necessary to document its lateral extent across the
drainage. Coring in transects perpendicular to the stream
would indicate how widespread the soil is and contribute to
the overall knowledge of alluvial regimes at Pond Creek.
As mentioned before, lab methods would yield significant
insight into the depositional history and pedomorphic pro-
cesses related to the formation of the paleosols.
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Two of the locations, Pumpkin Creek and Carter Farm,
have associated archaeological deposits but all three dem-
onstrate examples of landscapes that have high potential
for prehistoric human use.

Pumpkin Creek Site (34LV49). The Pumpkin Creek
site profiles discussed in this chapter will refer to an ex-
posure at the archaeological site (34LV49) mentioned ear-
lier in Bollans and Jennings (Chapter 3). In the summer of
1968, two local collectors identified a small, heavily eroded
site in Love County, Oklahoma on a north-facing hillside
just south of Pumpkin Creek. (Wyckoff and Taylor 1971).
The Pumpkin Creek site (34Lv49), as it became known,
yielded a variety of bifacially worked stone tools that in-
cluded many Early Archaic lanceolate and notched projec-
tile points forms as well as scrapers, drills, and flakes.

As mentioned previously, the Pumpkin Creek site is
atop the Antlers Formation, the youngest deposit from the
Comanchean Sea present during the Cretaceous Period,
and specifically the Trinity Group, made up of accumulated
beach sand (Hart and Davis 1981; Bullard 1925). The soils
associated with the Pumpkin Creek site are derived from
these beach sands and are part of the Stephenville-Wind-
thorst complex; a series known for its light-colored and
heavily eroded sandy clay soils (Maxwell and Reasoner
1966:25). These types of soils are found predominantly in
gently rolling uplands with 1-5% slope.

The Pumpkin Creek profile described in Table 5.1 was
recorded in an erosional gully adjacent to the archaeologi-
cal site (Figures 5.3 and 5.4). Several other profiles were
documented at intervals around the lip of the gully and aside
from slight variation in horizon thickness, probably corre-
lating with their different locations on the hillside, all soil
characteristics were very similar. The horizon sequence
was relatively simple; A-B-BC-C. Due to the nature of the
soil, the A horizon was predictably thin; only 6 cm thick
(Figure 5.4). The B horizon was strongly developed and
became increasingly hard as it approached the compacted
beach sand (C horizon). The iron concretions identified in
the B horizon (see Table 5.1) speaks to the ancient age of
the soil. Thus it is highly unlikely that cultural materials
would be found at this level. In this case, all archaeologi-
cal material deposited on the surface since humans were in
North America would then be confined to only six centi-
meters of soil, creating the possibility for significant mix-
ing and post-depositional movement. Sites in such soils
would be massively impacted by even shallow plowing. It
is not surprising, given the noticeable erosion, that all the
cultural material from the Pumpkin Creek site was surface
collected (Wyckoff and Taylor 1971).

Menzie Farm. The Menzie farm, which is named for the
landowners Don and Jane Menzie, is located in southeast-
ern Cleveland County, Oklahoma, not far from the Pond

Creek study area (Chapter 4). The geology of the Menzie
Farm area is Permian-age sandstone, similar to much of the
Cross Timbers region. The soils that formed in these sedi-
ments likely weathered in situ from the underlying redbed
sandstone.

The soil associations at the Menzie Farm are primar-
ily from the Stephenville-Darsil-Newalla complex, but
also include soils defined as gullied Harrah fine sandy
loam (Bourlier et al. 1987:19). These profiles are gener-
ally well-drained, occur on 3 to 8% slopes, and are deep to
moderately deep, though the surface horizon is usually 4-6
inches or less. The Stephenville soil accounts for about
55% of the landscape and is found mostly on ridge tops
and some slopes. The Harrah fine sandy loam is especially
suseptible to erosion and as much as 10% of the landscape
is made up of gullies that range from 2-20 feet in depth
(Bourlier et al. 1987:24).

Large gullies at the Menzie Farm have created promi-
nent exposures on the landscape, revealing a relatively
simple, but well-developed upland soil (Figure 5.4). Here,
like Pumpkin Creek, the soil horizons are straightforward
and uncomplicated consisting of only an ochric A horizon
and a heavily argillic subsurface (B) horizon (Table 5.2).
Distinct clay films were observed on the coarse, angular-
blocky peds beginning around 28.0 cm below the surface
suggesting the incredible time needed to form the horizon.
Though the exact amount of time required to produce an ar-
gillic horizon such as the one at Menzie Farm is unknown,
it is believed by geologists, pedologists and archaeologists
that these zones are of Pleistocene age and therefore most
likely lack subsurface archaeological deposits (Frederick et
al. 2002:192). While no archaeological remains were doc-
umented at the Menzie Farm, if present, cultural material
no doubt would be confined to the sandy surface horizon
where slope erosion and biogenic disturbance would be
rampant, thus greatly reducing a site’s contextual integrity.
This locality is important since it represents a soil profile
likely to be found in uplands across much of the Cross Tim-
bers region.

Carter Farm. The Carter Farm refers to property owned
by Dr. Brian Carter of Oklahoma State University (OSU).
Carter is a soil scientist at OSU and periodically takes his
own students, and others, to the farm to practice field re-
cording techniques. The farm, which is located in Payne
County, Oklahoma, contains several diverse types of soils
within a relatively small area, making it well suited to edu-
cational purposes.

The soil regimes found on the Carter Farm differ from
the two previous localities. The first profile is near an old
historic cabin and contains a dark, humic midden believed
to be used as a garden at one time (Table 5.3). In fact,
as one of the profiles was being cleaned and recorded, a
white-ware sherd was identified at the base of the shallow
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Chapter 6
The Powell Farm Hillside Paleosol

James W, Clanahan and Jason Eads

Introduction

In 1949, a recently built farm pond on the Powell farm in
western Canadian County (Figure 6.1) was discovered not
to be functioning as intended. Upon investigating the situ-
ation, the landowner saw that fossil bones were eroding out
near the west end of the dam axis. In August of 1949, Dr. J.
Willis Stovall, geologist-paleontologist at the University of
Oklahoma, visited the site. Accompanied by students Jim
Connell and Larry Baker, Dr. Stovall undertook recovery
of the bones and succeeded in plaster-jacketing bones of
mammoth, horse, and camel. These were returned to the
University of Oklahoma’s Museum of Natural History and
soon forgotten. Dr. Stovall unfortunately died in 1953 and
the fossils were set aside without ever being cleaned and
studied. The find is located just northwest of the historic
extent of the Cross Timbers (Figure 6.2).
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Figure 6.1. Location of Canadian County within present
Oklahoma.

During recovery of the bones at Powell farm, a small
flint biface (Figure 6.3) was reportedly unearthed and giv-
en to a young boy, Frank Waller, who periodically brought
fresh, cool water to the excavators. Again reportedly, Dr.
Stovall gave the artifact to the boy, noting “You’ll never
find anything older than that!”

Around 1998, stories of the fossils and the artifact were
brought to the attention of archaeologists and paleontolo-
gists at the Sam Noble Oklahoma Museum of Natural His-
tory (SNOMNH), the descendant institution of the Univer-
sity’s old Museum of Natural History. As a consequence,
preliminary investigations were undertaken at the location,
now called Powell Farm, in an effort to identify where the
fossils and artifact were found; to determine if all occurred
together and, if so, to assess the age of the deposit that orig-
inally contained them. In January of 1999, a series of 32
cores were taken using a Bull probe by Don Wyckoff and
Nick Czaplewski of SNOMNH. As a result, they deter-
mined that a gleyed lacustrine deposit was buried in a hill-

to the historic Cross Timbers. Adapted from A.H. Hanson's
map for C.T. Foreman (1947).

side on both sides of the modern pond where the bones were
originally found. This modern pond blocks a draw which
drains about 40 acres to the north. A sample of the buried
gleyed deposit was submitted for radiocarbon dating, and it
yielded a result of around 21,000 years ago. Water screen-
ing of the gleyed sediment yielded small bones of muskrat,
fish, and an amphibian, implicating that the sediment most
probably had been a constant water source (Czaplewski,
personal communication). No traces of a human presence
were found in any of the cores taken in 1999.

Interest in the Powell Farm exposure, as it came to be
called, waned until 2004. Then, Nick Czaplewski inad-
vertantly discovered the plaster jacketed bones recovered
by Stovall and his students in 1949. These bones were
among a number of miscellaneous fossils of uncertain pro-
venience. That they could be identified as coming from
the Canadian County fossil find was made possible because
they were marked “ER-49”, code for El Reno (the near-
by town) and 1949. Upon cleaning the bones, they were






Chapter 6: The Powell Farm Hillside Paleosol 55

Canadian valley alluvium is the primary water supply with
a depth of 27 feet (Mogg et al. 1960). Powell Farm is lo-
cated approximately six miles southwest of Calumet, Okla-
homa, and is part of the Central Redbed Plains (Morris et
al. 1976). The man-made pond at Powell Farm takes ad-
vantage of the natural terrain created by the Powder Face
Creek drainage, which drains into the South Canadian
River. The Canadian River, with the North Canadian, is
the longest tributary of the Arkansas River. The southern
boundary of Canadian County is formed by the Canadian
River to which Powder Face Creek flows.

The soil series designated by the soil survey of Canadian
County for the site located on Powell Farm is not represen-
tative of what was recorded in the profiles for this project.
According to the soil survey, the soil series that should be
found along Powder Face Creek and the site location is
the Quinlan-Rock outcrop complex. The description for
the Quinlan-Rock outcrop complex refers to moderately
steep-to steep soils over sandstone (Permian) outcrops,
with Quinlan soils on the crests and side slopes (Fisher and
Swaford 1976).

Another soil series identified just outside the creek bot-
tom is the Norge series. The Norge series is made up of gen-
tly sloping soils on the uplands, forming with cover made
up predominantly of grasses and in material weathered
from loamy sediments. Fisher and Swaford (1976) pro-
vide a description of a representative profile that includes
a dark-brown surface layer of silt loam approximately 10
inches in thickness with the upper 5 inches of the subsoil
being dark brown silty clay loam. The layer directly below
the dark-brown surface layer contains reddish-brown silty
clay loam and underneath that is a layer that is yellowish-
red silty clay loam (Fisher and Swaford 1976). Two of the
soil types identified in the immediate proximity to the creek
bottom are from the Norge Series. They are both identi-
fied as Norge silt loam but differ on the degree of slope:
Norge silt loam (NrB) has a 1 to 3 percent slope whereas
the Norge silt loam (NrC) has a 3 to 5 percent slope (Fish-
er and Swaford 1976). The profiles described here show
that the Norge soil series is more representative of what is
found at the Powell Farm site. There, the standard Norge
soil series is interupted by the presence of the buried soil
that rests directly above the gleyed pond deposit. A state
soil map recently developed by Carter (1996) has Powell
Farm located in an area designated as predominated by
Pond Creek, Norge, Minco, Lovedale, Bethany mollisols.

Methodology and Analysis

Understanding what soils can reveal about site forma-
tion processes, landscape development, and past environ-
ments is essential to creating a more complete picture of
the past. The development of a soil requires long periods
of time and a relatively stable land surface, creating a zone
in which human activities are more likely to be preserved
(Mandel and Bettis 2001). A buried soil is identified in the

four profiles from Powell Farm, suggesting a period of sta-
bility between depositional events. Soil horizons generally
follow the land surface, and are characterized by several
attributes, including color, texture, consistency, soil struc-
ture, nodules or concretions, voids, reaction to hydrochloric
acid (effervescence), and boundary characteristics (Mandel
and Bettis 2001). Soil samples were taken from two of the
profiles at Powell Farm for radiocarbon testing. Archae-
ologists can identify areas that are more likely to contain
archaeological materials when they have knowledge of the
temporal and spatial patterns of buried soils (Mandel and
Bettis 2001).

The Wisconsin-age pond deposit at Powell Farm is lo-
cated east and west of a historic pond. The cores taken in
May and June of 2005 documented the extent of the an-
cient pond deposit and determined that the eastern margin
extends east and northeast from the modern pond(Figure
6.3). The pond deposit is approximately 1 to 3 meters be-
low the surface on a hill slope. The ice-age pond deposit is
exposed by a cut bank extending 20 meters slightly parallel
north and south to the historic pond. Three profiles were
excavated into the cut bank, exposing the stratigraphy and
making it possible identify the ancient pond deposit and
the overlying buried soil. The profiles are labeled North
(N), Middle (M), and South (S; Figure 6.5). This southern
profile was some 3 meters in length and the north end was
considered profile 3 whereas the south end was considered
profile 4. This long South profile was recorded in order
to see how the pond deposit sloped due to erosion. Picks
and shovels were used to expose the profiles, followed by
knives and other implements to remove peds so that the
structure of the soil could be determined. Soil colors were
determined using Munsell soil color charts. Texture, struc-
ture, consistency, and pH were field judged using the Field
Book for Describing and Sampling Soils version 2.0 pub-
lished by the National Soil Survey Center. A 10% mixture
of HCL was used to test the chemical response of the soils
and presence of carbonates. In addition, a scaled drawing
was made of each profile.

Results

Profile 1 had a total depth of 180 cm with an A hori-
zon that is a weakly formed mollic epipedon, resting on a
C horizon (Figure 6.4). The A horizon is a fine, granular,
red loamy sand. No B horizon is present due to the sus-
pected young age of the A horizon (Table 6.1). The focus
of the research presented here is the buried A horizon that
is directly below the C horizon. The buried A horizon is a
coarse, sub-angular blocky, sandy clay that is described as
dark grayish brown in color. The pond deposit is located
directly below the buried A horizon and is described as a
very course, angular blocky clay that is light brownish gray
in color. Krotovinas appear throughout the A and C hori-
zons.

The ice-age pond deposit has been radiocarbon dated
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Table 6.4. Horizon Descriptions for South Half of Profile 3 (South Profile in Figure
6.5) at Powell Farm. Description by Abbie Bollans and Tom Jennings,

October 8, 2005.

A 0.0 to 18.0cm, 7.5YR3/4 (dark brown; moist) sandy loam; weak, fine
granular structure; soft, very friable; non-sticky, non-plastic; no roots;
non-effervescent; clear, smooth boundary.

BC

18.0 to 98.0cm, 7.5YR3/4 (dark brown; moist) loamy sand; weak, fine
granular structure; soft, very friable; non-sticky, non-plastic; no roots;
non-effervescent; abrupt, wavy boundary.

24,

98.0 to 113.0cm, 5YR4/6 (yellowish red; moist) loamy sand; weak, fine
granular structure; soft, very friable; non-sticky, non-plastic; no roots;
non-effervescent; abrupt, wavy boundary.

2CBy

113.0 to 143.0cm, 2.5YR6/2 (light brownish gray; moist) sandy loam;
weak, very fine sub-angular blocky structure; slightly hard, friable;
slightly sticky, slightly plastic; very effervescent; abrupt, wavy
boundary; mottled with 15% 2.5Y5/4(yellow); gleyed.

2CBy;

143.0 to 170.0+cm, 2.5YR6/2 (light brownish gray; moist) sandy loam;
weak, very fine sub-angular blocky structure; slightly hard, friable;
slightly sticky, slightly plastic; very effervescent; very abrupt, wavy
boundary; mottled with 40% 2.5Y5/4(yellow); gleyed.

were discovered throughout the pond deposit, and, again,
the acid test proved that the pond deposit was very effer-
vescent.

Profile 3 had a total depth of 176 cm (Figure 6.6). The
A horizon in this profile measures 20 cm a difference of 10
cm from Profile | to Profile 3, suggesting that erosion has
eliminated some of the deposit (Table 6.3). The A horizon
is very fine, granular sandy loam that is reddish brown in
color. In Profile 3, the pond deposit starts at 76 cm below
the surface, suggesting the possibility of more than one epi-
sode of deposition. The first deposition would be from 76
cm to 95 cm, and is described as very fine, sub-angular
blocky, gray, sandy loam. The second possible is from 95
cm to 159 cm and is also a very fine, sub-angular blocky,
sandy loam, but is described as dark grayish brown. A
reduction-oxidation horizon from 159 ¢m to 166 cm was
recorded and described as a sandy loam that was olive in
color. Unfortunately, structure and consistency were not
recorded for this horizon. The third possible deposition is
from 166 cm to 176 cm, and it is a very fine sub-angular
blocky, sandy loam that is described as dark greenish gray.

Profile 4 had a total depth of 143 cm with an A horizon
that measured only 18 cm in thickness, a difference of 12
cm from Profile 1, again indicative of erosion (Figure 6.6).
The A horizon is a fine, red, granular loamy sand, resting
above a C horizon (Table 6.4). The C horizon is fine, red,
granular loamy sand with the buried A underneath. The

buried A is a fine, yellowish red, granular loamy sand. The
pond deposit in this profile may have two possible depo-
sitional episodes. The first deposition measures from 113
cm to 143 cm, and it is very fine, light brownish gray, sub-
angular blocky sandy loam. The second possible deposi-
tion is from 143 cm to 155 cm and is very fine sub-angular
blocky light brownish gray, sandy loam. The degree of
mottling in this profile is an indication of weathering due to
fluctuating ground water levels.

Interpretations and Discussion

After looking at the profiles it is possible to determine
that erosion is occurring, which is indicated by the decreas-
ing thickness of the buried A horizon. The C horizon was
relatively consistent through each profile with only minor
variances due to field judging. The buried soil that occurs
between the C horizon and the pond deposit was essential
to formulating a chronological sequence. Samples were
taken from profiles N and M of the buried A horizon for
radiocarbon dating and sent to the Institute of Geological
and Nuclear Sciences Limited in New Zealand. The re-
sults provided a date of 4,337 + 35 years BP (NZA-23712).
The presence of the buried A horizon with an average of
12cm thickness indicates that a period of relatively stable
environmental conditions did exist. The date provided by
the buried A horizon and that from the pond deposit make
possible a chronology for future archaeological research.
This site is important because it shows some of the envi-
ronmental conditions on the Southern Plains during the
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Wisconsinan glaciation. The bone bed in the pond deposit
provides a glimpse into the type of fauna that prospered in
this environment. Unfortunately, floral remains have not
been preserved in this setting due to the water fluctuating
through the pond deposit. It remains unclear whether or
not the chipped stone biface found west of the historic pond
was associated with the bone bed, though, in all likelihood,
it probably originated from teh 4000 year-old soils and not
the ice-age pond deposit. However, the dates provided
here will make it possible to place any future discoveries in
a chronological framework.

Powell Farm is significant because it is the furthest east
a Wisconsinan full-glacial pond deposit has been found in
Oklahoma. Numerous Wisconsinan pond deposits are lo-
cated in northwestern Oklahoma, containing various faunal
remains and some lithic artifacts. The one artifact (Figure
6.3) from Powell Farm is an elliptical biface that reportedly
was from the bone bed, but if and how it came to be among
the megafaunal remains again is unknown.

The buried soil, pond deposit, and gastropods found at
Powell Farm offer an glimpse of past environmental condi-
tions in a chronological framework. The information from
Powell Farm combined with that from other locations such
as the studies presented earlier in this monograph can pro-
vide researchers with a picture of the ancient conditions
on a regional scale. These indicators of prehistoric cli-
matic conditions offer a more complete picture for future
research.
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two long backhoe trenches parallel and perpendicular to
the long axis of the Rattlesnake Slough site. However, the
water table limited the depth of the two trenches, and it was
deemed more prudent to excavate short trenches at various
intervals on both sides of Rattlesnake Slough. The trenches
were cut into intersecting L-shapes to provide cross-sec-
tions. The three cores were pulled with a truck mounted
bull probe. Based on the results of trenching, six 1m? units
were excavated to ascertain whether a late Paleoindian
component was encompassed by the buried soil exposed
in Trench 6. Although a late Prehistoric and middle-early
Archaic occupation were identified (Hurst et al. 2006) no
artifacts dating to the late Paleoindian period were found.

Descriptions of sediments were made following stan-
dard pedologic nomenclature (Birkeland 1999; Soil Survey
Staff 1999). Samples were removed for radiocarbon dat-
ing (Table 7.1), particle size analysis, and pollen analysis
(Hurst et al. 2006). All trenches, cores, and test units were
mapped in reference to an iron bar datum set by the Bureau
of Reclamation.

Fifteen pollen samples were collected from Rattlesnake
Slough (Table 7.2). Nine of the samples represent a col-
umn collected from Test Unit 2, near Trench 6, in 10 cm
block samples. Early-middle Holocene soil dates from
Trench 6 (Table 7.1) anchor the bottom and top of the area
sampled in Test Unit 2. A modern surface sample also was
examined. The remaining five samples were collected in
five cm increments from soil Core #3. Core #3 was pulled
near Core #1 to obtain pollen samples from the same early
Holocene soil documented and dated in Core #1 (Figure
7.2). Pollen extraction and analysis methods followed the
standard techniques set forth at the Paleoresearch Institute
laboratory, Golden, Colorado (Hurst et al. 2006).

Results
Geoarchaeological Investigation
A total of five buried soils were documented ranging in

age from roughly 13,200 to 3000 "C yr B.P. (Table 7.1).
Soil descriptions of each profile and core are provided in
Table 7.3. At the Beachhaven locality, a buried soil with
the horizonation of A/Bkb-Bkb was recorded 175 cm below
the modern surface (Figure 4). The upper surface of this
soil was dated to 13,200 + 90 “*C yr B.P. (BETA-182387).
The date establishes a minimum late Pleistocene estimate
for the development of this terrace location.

Along the present lake shoreline, early Holocene-age
soils were encountered in Trenches 1,5, 6, and Core #1.
Organic sediments from the top of A horizons in Trenches 1
and 5 were dated to 7480 + 50 "C yr B.P. (BETA-182388)
and 9070 £ 50 “C yr B.P. (BETA-182390), respectively
(Table 7.1). In Trench 6 (Figure 7.4), the upper and lower
portion of an A horizon returned radiocarbon ages of 6080
+ 110 “C yr B.P. (BETA-182391) and 8200 + 110 "C yr
B.P. (BETA-182392) indicating final burial of this soil was
during the middle Holocene. A core probed the lower Btk
horizon discovered at the bottom of the test units southwest
of Trench 6 (Hurst et al. 2006). Core #2 was pushed down
to a total depth of 255 cm and the Btk horizon began at a
depth of 140 cm and extended to 225 cm below surface. In
Core #1, at a depth of 170-245 cm, another early Holocene
soil was discovered. The radiocarbon age of the lower por-
tion of the Akb horizon was 9730 + 60 “C yr B.P. (BETA-
182393).

A late Holocene soil was documented in Trenches 2 and
4. At Trench 2, a late Holocene soil was recorded above
an early Holocene soil. The upper portion of this buried
soil returned a radiocarbon age of 2970+100 B.P. '“C yr
(BETA-182389). In Trench 4, located northeast of Trench
2, the potential lower half of the soil dated from Trench 2
was found. The result of 4080 + 100 B.P. *C yr (BETA-
182394) suggests the soil from Trenches 2 and 4 formed
within a 1000 year span during the late Holocene.

To discern the timing of terrace development and lateral

Table 7.1. Results of Radiocarbon Assays on Organic Sediment from 34GR4.

Site Depth (cm) Lab Number Conventional 8"°C
below surface “C yr B.P.

Beachhaven
34GRS
Profile 180-190 BETA-182387* 13,200+ 90 -19.5
Rattlesnake
Slough 34GR4
Trench 1 120-130 BETA-182388* 7480+50 -20
Trench 2 58-68 BETA-182389 2970+100 -16.9
Trench 5 104-114 BETA-182390* 907050 -18.7
Trench 6 98-108 BETA-182391 6080+110 -19.1
Trench 6 150-160 BETA-182392 8200+110 -20
Core 1 235-245 BETA-182393* 9730+60 -18.9
Trench 4 106-116 BETA-182394 4080+100 -16.7

* AMS Technique
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Table 7.3. Field Descriptions of Studied Profiles at Rattlesnake Slough (34GR4), Greer County, Oklahoma.

Location Depth (cmbs)  Horizon Color Texture® Structure®  Boundary® Special Features
large CaCos; nodules, layer
Beachhaven 0-36 ABk 7.5YR4/4 SCL sbk £,5 of CaCos; nodules at bottom
of horizon
rootlets common, large
36-180 BK 7.5YR4/6 LFS sbk g s CaCos root casts
Mn nodues, Fe staining/
180-240 2ABkb  7.5YRS/4 L sbk g, s 13200490 C yr B.P.
240-310 2Bkb 7.5YRS5/8 L sbk g, s CaCo; nodules and root casts
310-341 3BC 10YR5/6 SCL sbk 2,5 CaCoj; nodules and root casts
341-366 3C 7.5YRS/6 L sbk - Large CaCoj; nodules
Trench 1 0-20 C C modern blow Sand
20-96 2Bkb1 7.5YR4/6  SiL sbk g s CaCo3 soft bodies
96-120 2Bkb2 7.5YR4/3 SiL sbk g5 CaCo3 soft bodies
. CaCo3 soft bodies/ 7480+50
120-148 2Ab 7.5YR4/2  SiL sbk g s 5Cyr B.P.
Trench 2 0-17 C Modern
17-58 A/Bbl 7.5YR4/6  SiL sbk gs -
58-76 A/Bb2  7.5YR4/3  SiL sbk gs 2970+100 C yr B.P.
76-118 Btkb 7.5YRS/3 L sbk g5 Clay Accumulation
118-150 Bkb 7.5YRS/3 SiL sbk - CaCo3 soft bodies
Trench 3 0-10 C a, s modern blow sand
missing A horizon is evident
10-120 Btkb  7.5YR4/4  SiL sbk as in rodent burrows. Color of
missing A horizon is
7.5YR3/2.
120-140 2Ab  7.5YR4/3  SiL sbk - CaCo3 soft bodies, charcoal

fragments

3 SCL= sandy clay loam, LFS= loamy fine sand, L= loam, SCL= sandy clay loam, SiL=silt loam, CL= clay loam

b sbk= subangular blocky
¢ a= abrupt, g= gradual, s= smooth, w= wavy

migration of the North Fork, profiles from the trenches and
cores were plotted in a west-to-east cross-sectional view
(Figure 7.5). The lateral cross-section suggests the dated
buried soils occur in segmented portions of terrace depos-
its that developed as the North Fork migrated to the east.
A conceptual model of terrace development based on the
cross-section is presented in Figure 7.6. The highest point
on the landscape is the remnant late Pleistocene terrace (T-
3) at the Beachhaven locality. After deposition of the T-3
terrace, the North Fork migrated to the east and pedogen-
esis is evident within alluvial sediments that formed the T-2
terrace throughout the early-to-middle Holocene. The late
Holocene period is contained within the T-1 terrace indicat-
ed by a soil that developed from 4000 to 3000 "*C yr B.P.

The formation of paleosols during the late Pleistocene,
early-middle Holocene, and late Holocene indicates a re-
duction in sediment deposition associated with the timing
of the North Fork’s lateral migration. The buried soils
indicate an environment conducive for supporting plant
growth. Soils were not found in sediments dating between
6000 and 4000 "C yr B.P. during the height of the Altith-
ermal period. This is possibly due to valley aggradation
and reduced vegetation cover, which is the hallmark of this
period (Holliday 1989).

Pollen Analysis
Poilen samples removed from Test Unit #2 and Core
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Figure 7.5. West to east cross section view of correlation of soil horizons manifest in the various geoarchaeological study
units at Rattlesnake Slough (34GR4), Greer County, Oklahoma.
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Figure 7.6. Conceptual model to terrace sequence and horizon development at Rattlesnake Slough (34GR4), Greer

County, Oklahoma.

#3 have been combined into a single diagram (Figure 7.7).
Samples from Test Unit#2 and Core # 3 are anchored by
radiocarbon dates that span from the late Pleistocene to the
middle Holocene, and are associated with the T-2 terrace.
The pollen record from the core, which represents an earlier
time period, exhibits evidence of vegetation considerably
different from that recorded in the test unit. The 2Cg hori-
zon at the base of the core is dominated by Populus pollen,
indicating that these deposits, representing wet conditions,
were located at the margin of a riparian vegetation zone, or

perhaps within the riparian area, where cottonwood trees
grew (Figure 7.6). This riparian area would have been as-
sociated with the North Fork of the Red River. In addition
to Populus pollen, the lower two samples exhibited small
quantities of Juniperus, Pinus, Ulmus, Apiaceae, Artemis-
ia, Cirsium, Low-spine Asteraceae, High-spine Asteraceae,
Cheno-am, Sarcobatus, Eriogonum, Fabaceae, and/or Poa-
ceae pollen, indicating the presence of juniper, pine, elm,
umbel family, sagebrush, thistle, and ragweed-type plants,
that also include marshelder and cocklebur, various mem-
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Figure 7.7. Pollen diagram from sediment samples collected from Core #3 and Test Unit #2 at site 34GR4, Greer County, Oklahoma.
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bers of the sunflower family such as rabbitbrush, sunflow-
er, and others. Cheno-ams, greasewood, wild buckwheat,
legumes, and grasses in the local and/or regional vegetation
communities. Pine and juniper pollen travel long distances
on the wind and their presence might be the result of long
distance wind transport of pollen, rather than local growth
of pine and juniper. A few trilete smooth spores were re-
corded in these samples, indicating the presence of ferns in
the local vegetation community. Quantities of microscopic
charcoal observed in these sediments are lower than in the
overlying samples.

The 2BC horizon from Core #3 exhibits more similari-
ties to the dated soil overlying this level than to the under-
lying 2Cg layer. A radiocarbon age of 9730 + 60 “C yr B.P.
is reported for the bottom of the dated soil represented by
Sample 4. Samples 3, 4, and 5 all exhibit slightly to moder-
ately elevated quantities of Pinus, Cheno-am, and Poaceae
pollen, when compared with other samples from this site.
Still, the quantities of Pinus pollen in these samples re-
mains relatively small. Quantities of Artemisia, Low-spine
Asteraceae, and High-spine Asteraceae pollen increase in
these samples, with the single exception of the quantity of
Low-spine Asteraceae pollen recorded in Sample 4. Cot-
tonwoods have disappeared from the record and sagebrush,
marshelder (or cocklebur or perhaps ragweed), various
members of the sunflower family probably including rab-
bitbrush, Cheno-ams, and grasses became more abundant.
This vegetation community is more similar to that expected
on a terrace above the river, rather than in the active flood-
plain. This change in the pollen record suggests a change
in the river channel (location or depth) and a resulting shift
in the vegetation community in response to less ground
moisture at this location. Other pollen types present in one
or more of Samples 3, 4, and 5 include Juglans, Junipe-
rus, Quercus, Apiaceae, Sarcobatus, Fabaceae, Trifolium
praetense-type, Polemoniaceae, and Shepherdia, indicating
local growth of walnut trees, juniper, oak, a member of the
umbel family, greasewood, legumes, clover, a member of
the phlox family, and buffaloberry shrubs or trees. Sample
4, associated with a radiocarbon age of 9730 + 60 “C yr
B.P, yielded the largest quantity of charcoal, suggesting
the possibility that it is associated with human occupation
of the area.

The sequence from Test Unit 2 begins with Sample 1
collected from the 2Btk horizon, beneath the dated buried
soil. The rest of the samples were collected from the 2Ab
horizon that yielded bottom and top radiocarbon ages of
8200 + 110 and 6080 + 110 "“C yr B.P. The entire pollen
record from Test Unit 2 provides a different signature than
that seen in the 2ABk horizon at the top of Core #3, al-
though there are some similarities. The increases in Arre-
misia, Low-spine Asteraceae, High-spine Asteraceae, and
Cheno-am pollen are sustained or continued in the lower
samples from Test Unit 2. In fact, High-spine Asteraceae
pollen is the dominant pollen in most of the samples exam-

ined from Test Unit 2. The exceptions are Sample 8, where
High-spine Asteraceae and Malvaceae pollen co-dominate
and Sample 9 where Malvaceae pollen is dominant. High-
spine Asteraceae includes rabbitbrush, which probably was
abundant in this area, as well as a wide variety of other
shrubby plants and herbaceous plants such as sunflower
and aster. Cirsium pollen becomes a regular part of the
record, indicating the presence of thistle in the local veg-
etation community. Quantities of Low-spine Asteraceae
pollen fluctuate, probably in response to the degree of sedi-
ment disturbance. Cheno-am pollen frequencies decline
rapidly in this soil. Malvaceae pollen is present in substan-
tial quantities, which is surprising considering that insects
transport this pollen. Malvaceae pollen includes the genera
Malva (mallow) and Callirhoe (wine cup), which have a
similar morphology to one another. Sphaeralcea pollen is
present in small quantities in some, but not all, of the Test
Unit 2 samples. Onagraceae pollen is present in many of
the Test Unit 2 samples. Members of this family are com-
monly found in disturbed soils. Fireweed, which grows in
response to local fires, is part of this family. Poaceae pollen
is present in smaller quantities than in samples from Core
#3, which is not surprising, since the signature for this soil
indicates that it accumulated under drier conditions than
did the soil in the upper portion of Core #3.

Pollen present occasionally and in small quantities in
samples from Test Unit 2 includes Juniperus, Pinus, Quer-
cus, Tilia, Apiaceae, Boerhaavia-type, Brassicaceae, Sar-
cobatus, Cyperaceae, Ephedra torreyana-type, Eriogonum,
Euphorbia, Fabaceae, Ipomoea, Kallstroemia, Lamiaceae,
Opuntia, Plantago, and Rosaceae, representing juniper,
pine, oak, basswood, a member of the umbel family, spider-
ling, a member of the mustard family, greasewood, sedges,
ephedra, wild buckwheat, spurge, a member of the legume
family, morning glory, caltrop a member of the mint fam-
ily, prickly pear cactus, plantain, and a member of the rose
family. Other than noting the presence of these taxa, there
is no particular pattern to their occurrence. It is interesting
to recover Tilia pollen from this part of Oklahoma, since
it does not grow in the area today. Presence of this pollen
underscores the differences in climate and vegetation be-
tween more than 8000 '“C yr ago and today.

Small quantities of trilete smooth spores were noted in
four of the samples from Test Unit 2 and probably repre-
sent wind transport of these spores from ferns growing in
the shade of trees in the riparian vegetation community
along the North Fork of the Red River. Recovery of single
Zygnema-type and Concentricyste forms in Sample 3 rep-
resents the presence of freshwater algae. Recovery of a
single Pistillipollenites in the modern surface sample sug-
gests deterioration of Eocene age bedrock in the area.

In summary, the pollen record examined from Rattle-
snake Slough documents significant vegetation change be-
tween the gleyed deposits in the core, predating 9700 '“C yr
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B.P. and the vegetation community established by 8200 "C
yr B.P. Prior to 9700 '“C yr B.P., the North Fork of the Red
River ran close to the area represented in Core #3, leaving
gleyed deposits and a record of the presence of cottonwood
trees. The vegetation community changed as the channel
and floodplain of the North Fork of the Red River migrated
to the east forming the T-2 terrace (Figure 7.5) and becom-
ing drier prior to 9700 C yr B.P.

The vegetation community established during the early
Holocene included sagebrush, various members of the sun-
flower family, including marshelder or cocklebur or rag-
weed, rabbitbrush, sunflower, and probably various others.
Cheno-ams were more abundant than they are today and
might have included saltbush and/or goosefoot and perhaps
other plants of this group. Grasses were more abundant
than they are today. By 8200 '“C yr B.P the area represent-
ed in Test Unit 2 exhibited a vegetation community typical
of a relatively dry terrace overlooking the river, indicat-
ing that the water table was lowered relative to the sedi-
ments that were accumulating in this area. Members of the
matlow family were more abundant in the local vegetation
community than they are today and Cheno-ams declined in
abundance. Members of the chicory tribe of the sunflower
family were moderately abundant, while grasses decline in
frequency during the early Holocene to proportions similar
to today. Examination of this pollen record indicates that
by 8200 '*C yr B.P. a vegetation community was established
that differed from the modern community primarily in sup-
porting more members of the chicory tribe of the sunflower
family and more members of the mallow and evening prim-
rose families. The consistency in the pollen record for the
interval of soil accumulation between 8200 and 6100 '“C yr
B.P. is not surprising, since this interval represents the be-
ginning of the middle Holocene, which is hotter and drier
on the Southern Plains (Holliday 1989).

Discussion and Conclusions

This study identified several paleosols within alluvial
sediments of the North Fork of the Red River dating to the
late Pleistocene, early-middle Holocene, and late Holo-
cene periods. The early Holocene sediments might be the
source for the late Paleoindian artifacts discovered by the
LeVicks. Future Paleoindian investigations at Lake Altus
should focus on excavating within these buried soils to find
features and artifacts to better delineate chronology and
hunter-gatherer behavior during the early Holocene.

Finding depositional settings on the Southern Plains
with pollen has proven difficult. However, a few important
studies offer some insights into environmental change dur-
ing the early Holocene transition. One of the earlier pollen
studies in the region was at the Domebo Clovis mammoth
kill site (Wilson 1966). The pollen record from deposits
dating between 11,400-10,000 '“C yr B.P. suggested the
area was a lightly forested riparian environment surrounded

by grasslands with grasses and composites predominating.

Pollen has also been recovered from a profile located
along Bull Creek in the panhandle of Oklahoma (Bement
and Carter 2004; Bement et al. 2007). There grass pollen
was dominant from the late Pleistocene up untit 8500 1*C yr
B.P. After this date, sagebrush, sunflower, and cheno-ams
become more prevalent, marking a change to more xeric
conditions of the Altithermal period.

Farther away in central and south-central Texas, pollen
from Hershop and Boriack bogs offers information about
climate during the early Holocene period. At Hershop Bog
the polien record indicates a decline in tree pollen 10,500
HC yr B.P and an increase in grass pollen (Larsen et al.
1972; Bousman 1998). At 8600 '“C yr B.P., grass is the
most frequent pollen type at Hershop bog. A change in
pollen at the late Pleistocene/early Holocene boundary at
Hershop bog suggests a warming trend and expansion of
the grasslands into a previously wooded area.

A similar pattern of grassland expansion was found at
Boriack bog (Holloway and Bryant 1984). Spruce pol-
len is prevalent at 15,000 "“C yr B.P., and there is a shift
to a higher frequency of grass pollen and Asteraceae at
9000 '“C yr B.P. implying an open parkland environment.
Woodlands become reestablished sometime between 9000
and 8000 "“C yr B.P, and a grassland community comes
back to dominate the pollen record after 8000 '“C yr B.P
during the middle Holocene.

Along the margins of the eastern Plains in southeastern
Oklahoma, sediments from Ferndale Bog provided impor-
tant insights to vegetation change during the early Holo-
cene (Albert 1981; Bryant and Holloway 1985). Before
12,000 "“C yr B.P,, the vegetation was an open woodland
dominated by pine and oak trees with some grasses and
composites (Bryant and Holloway 1985). From 12,000 to
10,000 '*C yr B.P, there is a shift to a higher frequency of
grass pollen. A grassland community continues to be prev-
alent, but with an increase in forbs that is characteristic of
tall grasses today between 10,000 to 9000 *C yr B.P. Oak
also increases during this time frame.

On the Southern Plains other paleoclimatic proxies in-
cluding geomorphic studies, stable carbon isotopes, and
vertebrate research (Johnson 1987; Ferring 1990, 2001;
Holliday 1997, 2000b; Balinsky 1998; Nordt et al. 2002;
LaBelle et al. 2003; Lewis 2003; Bement et al. 2007), con-
firm the most abrupt and dramatic climatic shift occurred
11,000 "*C yr B.P. at the beginning of the Younger Dryas
period (Anderson 1997; Haynes 2008). After 11,000 "*C
yr B.P. there are climatic fluctuations, but not to the same
degree that occurred 11,000 '*C yr B.P. (Hurst 2007). The
next major climatic change happens 8000 '“C yr B.P. with
the beginning of the middle Holocene and Altithermal pe-
riod. The height of xeric conditions transpired 6000 and
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4500 '*C yr B.P. (Holliday 1989; Bement et al. 2007).

The results from Rattlesnake Slough generally sup-
port the regional paleoclimate proxy data. At Rattlesnake
Slough, pollen from gleyed deposits below the 9700 “C yr
B.P. dated soil, indicative of a wet riparian vegetation zone,
may correlate with the late Pleistocene before the onset of
the Younger Dryas and subsequent drying trend. Unfor-
tunately, the age of the gleyed deposits is unknown but its
stratigraphic position suggests that it correlates with the
late Pleistocene period. During the early Holocene after
9700 "C yr B.P. pollen from Rattlesnake Slough suggests
there is a general drying trend until 6000 '*C yr B.P. Nota-
bly absent at Rattlesnake Slough are sediments containing
buried soils dating between 6000 to 40600 '“C yr B.P. This
is probably caused by xeric conditions during the height
of the Altithermal when valleys may have been aggrading
and/or reduced vegetation cover limited pedogenesis. Soil
formation is evident once again in sediments during the late
Holocene at Rattlesnake Slough between 4000 and 3000
“CyrB.P.
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described the Cross Timbers and noted
Most of the timber appears to be kept small
by the continual inroads of the ‘burning
prairies’; for, being killed almost annually,
it is constantly replaced by scions of
undergrowth; so that it becomes more
and more dense every reproduction. In
some places, however, the oaks are of
considerable size, and able to withstand
the conflagrations.

Rice and Penfound (1959:597) argue that heavy graz-
ing and historic efforts to control grassfires have favored
the expansion of Cross Timbers woodlands since historic
settlement. But their extent and composition are also de-
termined by climatic conditions.

The Effects of Historic Climatic Fluctuations

Since statehood, Oklahoma’s Osage Savannah and its
western edge, the Cross Timbers, have experienced two
brief, but severe, dry periods. From 1933 through 1939
and from 1954 through 1956 are identified (Doerr 1962,
1963; Rice and Penfound 1959) as periods of significant
drought in Oklahoma with 1936 and 1954 being the years
with the least amount of moisture recorded at most weath-
er stations across the state. Although important botanical
studies were published in the 1930s (e.g., Bruner 1931;
Blair and Hubbell 1938; Little 1938, 1939), the actual field
work for most of these was undertaken before the droughts
and thus don’t address the effects on vegetation.

During the 1950s, however, botanists Elroy Rice and
William Penfound undertook a significant study of Oklaho-
ma’s upland forests. By monitoring 208 woodland stands
across the state, they discerned that oak savannah settings
like those of the Cross Timbers grew where annual precipi-
tation averaged between 25 and 32 inches, whereas an oak-
hickory savannah more common to the northern and east-
ern parts of the Osage Savannah was associated with 32 to
40 inches of precipitation a year (Rice and Penfound 1959).
But between 1954 and 1957, growing season precipitation
was reduced from 30 to 50%, and upland stands of wood-
lands lost variable numbers of trees (ibid.). For the region
of the Osage Savannah this loss was around 11% (Rice and
Penfound 1959:Table VII), but for the Cross Timbers mani-
fest just west of Love County (Figure 8.3) the loss was over
12% (Rice and Penfound 1959:Fig. 17). One surprise was
the significant loss of blackjacks throughout the Cross Tim-
bers and Osage Savannah. For example, where the Cross
Timbers extend west of Love County, Oklahoma, over 81%
of the blackjack trees died in contrast to only 8.5% of the
post oaks (Rice and Penfound 1959:604). These research-
ers believe this disproportionate loss was due to blackjacks’
ready adaptation to spread into less edaphically favorable
niches during growing seasons with normal rainfall, but be-
cause these niches went seasonally dry quicker during the
drought years blackjacks paid the price.

The significance of tree loss during the relatively short
(4 years) drought of the 1950s should not be minimized. If
upland forests can die back 4 to 40% as they did during this
period (Rice and Penfound 1959:Fig. 17), how much did
they suffer and change during more lengthy, more intensive
droughts being recognized in prehistory?

Prehistoric Climatic Fluctuations and Change:
Effects on the Cross Timbers and Osage Savanna

Documented by extensive tree ring findings (Benson et
al. 2007; Cook et al. 2007; Herweijer et al. 2007; Stahle et
al. 2007), decade and multi-decade long droughts occurred
in the eleventh, twelfth, and thirteenth centuries from the
Southwest into the Midwest. Undoubtedly, these played
key roles in the radical demographic shifts and cultural
changes manifest in these regions. Being 5 to 10 times
longer than the 1950s dry spell, and assuming the same air
flow patterns prevailed (Borchert 1950), these prehistoric
“megadroughts™ must have had profound effects on the ex-
tent and character of the Osage Savannah biotic region and
especially its western edge, the Cross Timbers.

In recent years, the antiquity and climatic effects of the
Cross Timbers have come to be appreciated. Tree ring
studies conducted at numerous locations have revealed that
many stands of scrub oak along the Cross Timbers include
trees, usually post oak, that are 250 to as much as 350 years
old (Stahle 1997; Stahle and Hehr 1984; Stockton and
Meko 1983). Notably, blackjack oaks older than 100 years
are rare (Stahl and Hehr 1984:563), again attesting to this
species’ proclivity to spread into marginal niches that are
among the first to be adversely affected when precipitation
declines.

Although the studied post oaks don’t record the pre-
historic long droughts that affected ancient Puebloans and
Cahokia’s Mississippian communities, repeated tree ring
records attest to harsh droughts between 1759 and 1761, in
the early 1820s, and right before and during the Civil War
(Stockton and Meko 1983:Table 4). These were as intense
and as long as those experienced during the Dust Bowl and
more so than what occurred in the 1950s (Stockton and
Meko 1983). Again, as with the prehistoric megadroughts,
we don’t know the actual effects on the Cross Timbers or
the Osage Savannah, but these droughty fluctuations must
have killed off many trees (both post oak and blackjack)
and opened niches to invasion by pioneering weeds, forbs,
and grasses on scales larger than reported by Rice and Pen-
found (1959).

What happened earlier in prehistory is also unclear. Re-
grettably, no dated pollen records of any great length are
available for the Cross Timbers or the Osage Savannah
(but see Hall 1980 and 1982 for short records of potentially
wind-winnowed pollen from rock shelters in the northern
Osage Savannah), so we have no record directly relevant to
documenting or understanding when the biotic region, and
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especially the Cross Timbers, formed or changed since the
Wisconsinan ice age. Nearby, but located on the ecologi-
cally sensitive west edge of the Ouachita Mountains, Fern-
dale Bog (Atoka County, Oklahoma) has been cored twice
and yielded pollen records extending back some 5500 and
11,800 radiocarbon years respectively (Albert 1981; Bry-
ant and Holloway 1985). With the longest core dating to
nearly 12,000 years ago, Ferndale Bog pollen spectra from
around 10,000 to nearly 5000 years ago are mainly grasses
and forbs (Bryant and Holloway 1985:Fig. 6; Holloway
1994), implicating that this now-forested western segment
of the OQuachita Mountains was oak-hickory savannah with
deciduous woodlands restricted to mesic niches and along
streams.

Given these findings, we contend that the Osage Savan-
nah and the Cross Timbers had far different configurations,
if they existed at all, in the early Holocene than they did
150 years ago. Moreover, the Ferndale Bog pollen record
shows the oak-hickory-pine woodlands of the mid-1800s
developed some 2500 to 3000 years ago (Bryant and Hol-
loway 1985:Fig. 6; Holloway 1994). On that basis it makes
sense that the Osage Savannah and its Cross Timbers seg-
ment began attaining their historic distributions then, too.
In summary, we suspect these biotic settings are very re-
cent in origin.

The Significance of Buried Soils
along the Cross Timbers

The soil profiles reported in the preceding chapters
were studied and formally described in order to acquaint
graduate students in archaeology with basic techniques for
systematically describing soils, especially those in which
archaeological sites might occur. However, because of
their diversity, the locations reported herein also helped
the students appreciate how and why so much variation
in soils occurs over short distances but yet in settings that
share many geologic, geomorphic, and ecological charac-
teristics. That knowledge and appreciation deserves to be
shared with everyone interested in Oklahoma’s past. Thus
this monograph.

From the preceding paragraphs it should be obvious
just how dynamic the Cross Timbers, the western margin
of the Osage Savannah biotic region, are and have been.
This woodlands margin could expand, contract, and change
character as a result of wildfires and fluctuation environ-
mental conditions. These latter are best evidenced by dis-
tinct sequences of narrow tree rings that attest to specific
calendar years of inadequate moisture, especially before
and during the growing season. But, as noted, tree ring
studies only get us back about four centuries, and they
only provide clues to short-term changes in the environ-
ment. These are important, and they most probably played
a notable, though underappreciated, role in the shifting
settiements of Southern Plains Wichita groups before and
during their earliest contacts with the Spanish and French

(Vehik 2002). Likewise, the dendrochronological records
for widespread megadroughts earlier in prehistory (11th,
12th, and 13th centuries) probably bear witness to moisture _
declines long suspected (Wyckoff 1980) responsible for
demographic shifts and cultural changes among the people
(Wichita and Kichai?) responsible for the mound build-
ing Harlan and Spiro cultural phases (Bell 1984b; Brown
1984) in eastern Oklahoma. But how do we get at earlier
prehistoric changes and their effects on groups frequenting
or residing throughout what is now central Oklahoma?

Whereas narrow tree rings attest to annual and longer
interval droughts, buried soils bear witness to periods of
landscape stability and sufficient moisture and plant growth
to add carbon to the surface soil horizon. For the student
contributors to this monograph, and hopefully for you the
reader, an important discovery is that small or tributary
valley settings in central and south-central Oklahoma often
contain stratified, multiple, buried soils. These are traces
to former floodplain or terrace surfaces. Typically dark
(melanized) in color, these former surface soils result from
carbon input through periods of climatic stabilty when
grasses, forbs, and other plants could grow in abundance
and some roots would annually die and decompose. Be-
cause of this carbon enrichment, these traces of once stable
surfaces can be radiocarbon dated. The results can then
be used to ascertain if there existed a regional sequence of
intervals when this woodlands-prairie border experienced
climatic conditions involving surplus effective moisture,
many seasons of good plant growth, and, consequently, in-
hibited erosion. With their ground surfaces stabilized, the
minor or tributary valleys we studied could be expected to
develop luxurious niches where nut and berry producing
plants grew and where game animals might be frequent. In
essence, buried soil horizons with attributes commonly as-
sociated with surface soil horizons are clues to past settings
and the climates that created them. They represent for-
mer surfaces of the ground on which plants grew, animals
walked, and, potentially, humans seeking those plants and
animals camped or foraged. Given the continued spotty re-
cord of human prehistory in settings away from major river
valleys in central and south-central Oklahoma (Brooks
and Drass 1984; Kawecki and Wyckoff 1984), finding and
studying these buried soils is our best chance to learn what
people were doing in settings away from the major valleys
over the past 10,000 years or more.

The Early Recognition of Buried Soils

For Oklahoma the recognition and climatic implications
of buried soils (or paleosols as they are now often called)
have a long and somewhat illustrous history. As early
as 1932, during early years of the Dust Bowl, Oklahoma
A.&M. (now Oklahoma State University) researchers Hor-
ace Harper and Charles Hollopeter briefly summarized ob-
servations of buried soils and the water or wind processes
behind their burial along the Salt Fork of the Arkansas
River in Grant County. This earliest report of buried soils
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Washita, and Red River’s North Fork in locations more
dispersed than those reported by Harper (Sears and Couch
1935:Fig. 1). At eight of their locations they observed
stratified sequences involving four humus-rich soils; five of
these spots occur close to the Cross Timbers (Figure 8.4).
While noting their intent to study these profiles and buried
soils in order to correlate them and to assess clues for dif-
ferent climates, little record exists that they followed up on
this line of research. Sears left the University of Oklahoma
in 1938 to assume a position at Oberlin College in Ohio, but
he left behind a legacy that included his acclaimed assess-
ment (Sears 1935a) of modern farming’s role in the genesis
of the Dust Bowl, one of the first attempts to use prehistoric
pollen to place an archaeological site (Spiro Mounds no
less!) in its temporal and ecological context (Sears 1937),
and several studies of Midwest pollen records documenting
ecological (and inferentially climatic) changes after the last
glaciation (Sears 1930, 1931, 1932a, 1932b, 1935b, 1935¢;
Sears and Couch 1935).

During his tenure with the University of Oklahoma
Department of Botany, Paul Sears did influence several
graduate students in their thinking about ecological char-
acter and changes over time in Oklahoma drainage basins.
In particular, in 1935, two M.A. students finished diverse
studies in the South Canadian River basin near Norman.
Harold Hefley (1935, 1937) compiled a notable synthesis
of the Canadian River’s floodplain-terrace sequence and
the plant-insect distributions associated with these different
alluvial landforms. Especially significant for our mono-
graph’s theme, however, is R.F. Hedges’ (1935) study of
gastropods (snails) recovered from buried soil sequences
exposed in ravines draining uplands and terraces along the
Canadian near Norman. Our cursory review of the litera-
ture leads us to believe Hedges” work was the first study
of fossil snails from buried soils on the Southern Plains.
Of the four locations studied by Hedges (Figure 8.4), two
manifested two stratified paleosols and the other two had
three such soils. These yielded 22 different taxa of snails,
and 21 of these were terrestrial (land) forms. Lacking his-
toric distribution studies of the land species, and having no
other Southern Plains fossil snail collections with which
to compare, Hedges (1935:49-50) could only observe that
land snails were more than ten times abundant in the buried
dark soils as in the intervening red (alluvial or aeolian) ho-
rizons. Despite his inability to make correlations between
his snail assemblages and the former settings they inhab-
ited, Hedges’ (1935) findings clearly showed that buried
melanized soils (and the fossils contained therein) were
viable sources for documenting prehistoric stabilized set-
tings and the ecological and climatic conditions that cre-
ated them.

Recent Studies of Paleosols along the
Cross Timbers
After World War II, archaeological research in the
Oklahoma Cross Timbers was mainly focused on prehis-

toric camps and villages along the Canadian, Washita, and
Red rivers where they enter this ecotone (Bell 1958, 1961;
Bell and Baerreis 1951; Duffield 1953; Ray 1960; Schmitt
1950; Schmitt and Tolden 1953; Sharrock 1959a, 1959b,
1961; Wyckoff 1964). Only with the later construction of
Bureau of Reclamation and Corps of Engineers reservoirs
near Edmond, Norman, and Sulphur did we begin to gain
some perspective on human prehistory in tributary valleys
to major streams in central and southern Oklahoma (Barr
1965, 1966; Hartley 1976; Lawton 1958; Williams 1955).
While artifacts were found attesting to occupations earlier
than Plains Villager times, the emerging impression was
that little human prehistory was manifest or preserved in
these more upland settings where the Cross Timbers pre-
vail (Hartley 1976:96-99).

That impression began to be dispelled with the publica-
tion of Contributions to Cross Timbers Prehistory (edited
by Kawecki and Wyckoff 1984) and Hunters of the Forest
Edge (Reid and Artz 1984) by the Oklahoma Archeologi-
cal Survey. The latter monograph documented prehistoric
archaeological sites,several in radiocarbon dated soils bur-
ied under alluvium, in the Little Caney basin of northern
Oklahoma’s Osage Savannah. In contrast, Contributions
to Cross Timbers Prehistory contained descriptions of six
diverse archaeological sites scattered from Oklahoma and
Pottawatomie counties in the north to Marshall County in
the south. Although none were radiocarbon dated at the
time, these sites yielded artifacts attributable to middle and
late Holocene hunter-gatherers and to later Holocene semi-
sedentary groups who made cordmarked pottery and used
corner-notched arrowpoints. In essence, these sites attest
to occupations dating roughly from 6000 to perhaps 1000
years ago. Most importantly, several bore witness to hav-
ing been buried by fluvial, eolian, or colluvial processes
(Wyckoff 1984). Consequently, such sites indicate that
significant segments of prehistory in Oklahoma’s Cross
Timbers are deeply buried and thus not visible to the usual
pedestrian surveys conducted by archaeologists working in
the region.

Not considered in the 1984 Cross Timbers prehistory
compilation were substantive studies of dated, buried soils
with artifacts reported west of that ecotone as it was defined
by Foreman (1947). Specifically, findings at the Domebo
site, Cedar Creek, and Delaware Canyon (Table 8.1) are
pertinent to piecing together prehistoric ecological and cli-
matic conditions and human activities along a fluctuating,
when present, Cross Timbers boundary (Figure 8.5). The
information from these locations can now be supplement-
ed with more recently recovered data from several other
sites and localities along this border (Table 8.1). As Figure
8.5 shows, all of these places are adjacent or withing post
oak-blackjack dominated woodlands that stretch northwest
from this ecotone. The linear stands occur on sandy soils,
some developed in dune fields that formed north or north-
east of paralleling, braided river beds. Buried soils have
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been found under some of these dune fields, and the few
that have been radiocarbon dated attest to the soils forming
during different intervals from early to late Holocene times
(Brady 1989; Wyckoff and Carter 1992:68). Dark and rela-
tively thick, these buried soils look like those formed under
grasslands, so they provide maximum ages for the spread
of today’s scrub oak woodlands. Notably, these northwest-
ern extensions were not recognized and incorporated into
Foreman’s (1947) depiction of the historic Cross Timbers.

Prehistoric Landscape Stability along
the Cross Timbers

Four newly studied locations with dated, buried soils are
reported in this volume. In combination with 10 similarly
studied locations in Table 8.1, these places and their dated
profiles can be used to assess whether local or regional
periods of landscape stablility occurred prehistorically
along the known historic expression of the Cross Timbers
in Oklahoma. Periods of landscape stability are of spe-
cial interest to archaeologists because they represent times
when climatic conditions favored plant growth, which, in
turn, might have attracted game and the human societies
dependent on both of those food sources. Whether such
climatic conditions encouraged the presence and/or expan-
sion of the Cross Timbers is also of interest. Prehistoric
tree stumps and plant pollen are two potential lines of
more direct evidence with which to study the prehistoric
extent of the Cross Timbers. Although a few locations
have yielded such evidence (Table 8.1), our best clues to
past settings are the former surface soils (discussed herein)
that are now buried in valleys. Gray and Bakhtar (1973)
have thoroughly described and discussed the character of
various soil profiles manifest along the Cross Timbers in
south-central Oklahoma. We can compare these descrip-
tions with the paleosol profiles reported in this volume and
elsewhere (Table 8.1) to ascertain whether or not blackjack
and post oak woodlands were present prehistorically.

Before presenting our compilations and correlations
of dated, buried soils, readers need to be aware of some
issues affecting radiocarbon dates on soils. Nearly 100
radiocarbon dates (including both routine and accelerator
mass spectometer [AMS]) are available for the study area.
While a few of these results were obtained from charcoal
recovered from archaeological or other contexts in buried
soils, most of these dates were derived from carbon-rich
organic matter in these paleosols.

Radiocarbon dates on soils are actually derived by dat-
ing carbon in decomposed and often chemically alterred
organic matter or humus. While soil is principally com-
posed of sand, silt, and clay, these inorganic particles can
affect organic matter. The mineralogy of those particles is
conducive to diverse chemical processes that “fix” or re-
tain carbon compounds within vertical zones (horizons) of
a soil profile. Soil horizons at or near the ground surface

incorporate organic matter from grass, forb, and tree root-
lets that grow and die there. When a surface soil horizon
is stable for a long time, it continues to accumulate organic
matter over decades and even centuries. Consequently,
soil samples submitted for radiocarbon or AMS dating
may contain carbon from organic matter that accumulated
over many years. The younger carbon incorporated in such
situations affects the dating process, making the soil ap-
pear more recent than its original date of formation. This
is important if we are interested in the initial date of soil
formation, which would indicate the beginning of a period
of landscape stability. Basically, we must keep in mind
that submitted soil samples tend to yield dates younger than
when the soil began to form.

Also, depending on the carbon chemistry and length of
time of carbon input (the length of active soil formation in-
volving incorporation of organic matter), radiocarbon dates
on paleosols merit careful scrutiny. Much research has
been undertaken by several radiocarbon labs to try to re-
solve the complicated issues of carbon chemistry, time, and
reliable date acquisition from buried soils. Readers desir-
ing to learn more about this research and these findings are
referred to D@rr and Miinnich 1980; Holliday 2004:178-
184; Schaetzl and Anderson 2005:600-612; Scharpenseel
and Becker-Heidmann 1992; Tamm and Ostlund 1960;
and Wang, Amundson, and Trumbore 1996. Because the
paleosols we are studying are usually buried by thick lay-
ers of wind- or water-borne sediments, they usually are not
adversely affected by historic plant growth. When these
buried soils were on the surface, however, they experi-
enced influxes of organic matter until they were buried.
The most recently added organic matter, which may have
been incorporated many years after the initial formation of
the horizon, skews the radiocarbon dates towards results
younger than those of initial soil formation (pedogenesis)
and landscape stablization.

Finally, in compiling radiocarbon dates for buried soils
in or near the Cross Timbers, we present the results as re-
ported by the respective radiocarbon laboratories. That
is, we cite the dates as radiocarbon years before present
(rcybp), without applying any of the corrective approaches
that make the results calendrically relevant. These correc-
tive procedures are based on atmospheric carbon dioxide
fluctuations during and after the last glaciation. The tech-
niques for correcting radiocarbon dates have been evolving
for over two decades, and improvements in determining
calendrical results are being published on an increasingly
regular basis. In this monograph, rather than using a spe-
cific correction formula that will be out of date within a
year or two of publication, we simply present the dates as
reported by the labs. Individuals wanting to determine the
calendrically relevant results may do so at their leisure us-
ing whichever formula that pleases them. Where available,
we will present the 8'3C ratios because these imply the type
of vegetative cover that existed on the now buried soils






84 Chapter 8: Summary Perspectives of Cross Timbers Soils and Prehistory

around 11,000 rcybp (Stafford 1984; Stafford et al. 1987,
1991). But this age doesn’t precisely date the dark hori-
zon, of interest here, in which the bones and artifacts were
found. The results from age assessments of soil and wood
(Table 8.2) may be more relevant for our study of paleosols
and climatic conditions, and they imply that this organi-
cally rich horizon developed between nearly 12,000 and
9100 years ago (when figuring in the + factors).

Since the 1950s, Oklahoma Anthropological Society
members have been finding Paleoindian projectiles in can-
yons and deeply incised creeks in west-central Oklahoma
(Bell 1954, 1957; Gettys 1984; Hofman 1988). Frequently
mentioned for these settings was a “blue clay” in which
bison and sometimes mammoth bones occurred and from
which Clovis, Folsom, and Plainview projectiles were
thought to have washed. The dark upper part of the Dome-
bo Formation’s lower member was thought to exemplify
this “blue clay”. While compiling information on Folsom
artifact finds in Oklahoma, Jack Hofman (1988, 1993) un-
dertook to visit, inspect, and date exposures where dark
sediments seemed to be yielding such Paleoindian projec-
tiles. He also examined the possibility that the Domebo
Formation might be more widespread than just the deeply
incised stream and type site in south-central Caddo Coun-
ty. By correlating six radiocarbon dates on tree stumps
and soils from two other drainages within 60km of the
Domebo site, Hofman (1988:87) concluded that the Dome-
bo Formation’s lower member dated from 12,000 to 9000
years ago and had formed in several Caddo and adjacent
county settings.

Without question, late Pleistocene and early Holocene
climatic conditions over western Oklahoma were different
than those of today. But given the sandy loam texture of
valley fills developed from the Permian shale and sandstone
bedrock prevalent there, we believe it unlikely that a soil
forming in such materials could persist for three millen-
nia, particularly in the canyon-like settings where Hofman
documents the lower member of the Domebo Formation.
Given the local relief and sandy character of these settings
today, thunderstorms dropping 10 to 15 cm of rain cause
tremendous cutting and filling in very localized drainages.
Given the inability to discern good in situ deposits contain-
ing late Pleistocene fauna and artifacts, we suspect the dark
upper part of the Domebo Formation’s lower member was
periodically incised and more recent organic matter depos-
ited, thus the unusual date on soil from the site (Table 8.2).
Even a quick glance at the upper boundary of this lower
member reveals it is irregular, diffuse, and capped by strati-
fied sediments (Figure 8.6). These clues appear to us as ev-
idence that the post-mammoth/Clovis taphonomic history
at the Domebo site is far more complicated than interpreted
in 1966 and that mixing of early Holocene sediments (and
thus a date of 9400 rcybp) could easily have happened.

To further assess whether or not widespread occurrences

of roughly contemporaneous late Pleistocene to early Ho-
locene soils occur along or near today’s Cross Timbers,
we have compiled 16 radiocarbon dates from locations in
central and west-central Oklahoma (including those used
by Hofman 1988) in Table 8.3. Most of these locations
are shown in Figure 8.5. Using the plus/minus factors for
each of these dates we have plotted them in Figure 8.7.
Some chronological overlap is manifest for the four earliest
dates (from Howard Gully and the Campbell locality), and
this overlap does correspond to most of the dates available
for the Domebo site and formation (Table 8.2). For this
reason, we concur that around 11,000 rcybp an organically
enriched soil had formed in settings from southwestern to
north-central Oklahoma, and this corresponds to the upper
part of the lower member of the Domebo Formation. No-
tably, little evidence for the existence of the Cross Timbers
occurs with the Domebo Formation. A dated stump in the
lower member was elm, and the prevailing tree pollen re-
covered from the dark soil around the mammoth consisted
mainly of grass and forbs (Wilson 1966:Fig. 35). Although
somewhat diverse, the tree pollen spectra attest to spe-
cies noted for pollenation through wind and none of these
spectra exceed 10%. Given this low quantity, these arbo-
real species were most likely not living along the drain-
age when Clovis hunters dismembered the mammoth. Oak
pollen is very minimally represented. Oak produces large
quantities of wind-bome pollen grains, so its 6% presence
in the mammoth-bearing deposit is a figure more probably
resulting from long distance transport and not from oak
woodlands nearby.

Table 8.3. Late Pleistocene-Early Holocene Radiocarbon Dates from
Central and Southwestern Oklahoma.

RCYBP | Sample aumber, description, and context
9070 + | Beta-182390; AMS date on sediment from the 2AB horizon as manifest
50 between 104-170 cm below the surface in Trench § at site 34GR4, Greer
County. “C/MC ratio, -18.7 o/oo.
9220 + | Beta-22427; Cedar Creek, Washita County; stump (species not
120 identified) in dark sediment exposed in incised creek bed.
9335 + | UGa-1732; Cedar Creek, Washita County; dark sediment exposed deep in
125 creek bank.
9490 + | Beta-24211; Cedar Canyon, Caddo County: stump (specics unidentificd)
80 croding out of dark sediment in freshly washed creck bed.
9580 + | Beta-20948; Cedar Canyon, Caddo County; sample from a second stump
100 (specics unidentified) eroding from dark sediment in freshly washed creck
bed

References

Hurst 2007:44-69:

Hurst et al,, this
volume

Hofman 1988.

Nials 1977.

Hofman 1988.

Hofman 1988.

9645 + | UGa-1728; Cedar Creck, Washita County; dark sediment exposed deep in | Nials 1977,

110 creek bank,

9690 + | Beta-25297; Deer Creck drainage, Oklahoma County; soil from Horizon

90 302t 13.21-13.5 m below the surface in the Briscoe core.

9730 + | Beta-182393: soil sample from 170-245 cm below surface in Horizon
60 3ABK of Core #1 at 34GR4, Greer County. "’C/'°C ratio, --18.9 o/00.

Hofman and
Drass 1990.

Hurst 2007:44-69;
Hurst et al., this
volume,

Hofman 1988.

9780 + | Beta-22428; Cedar Canyon, Caddo County; sample from 3" stump

9% exposed in dark silty sediment of freshly exposed creck bed.

9980 + | Beta-25296; Deer Creek drainage, Oklahoma County; soil from Horizon
110 26 at 10.72-11.66 m below the surface in the Briscoe core.
GX-31270; Howard Guily site (34GR121), Greer County; soil santple
from Horizon 2Akb3 at 95cm below the surface and below a bison bone
bed containing San Patrice-like projectile. “'C/"°C ratio, -23.3 o/oo.
10,614 | NZA-21569; Howard Gully site (34GR121), Greer County; charcoal

+ 40 | sample from Horizon 2Akg3b8 in Profile 2 of 2004 field work; belicved to
be orpanic enriched lens discussed and dated by Hofman (1991).
NZA-1461; Howard Gully site (34GR121), Greer County; charcoal
sample from lowest organically enriched lens in deep trench dug in 1987
i floor of small drainage of thick sand deposits south of North Fork of
Red River.
Beta-20359; Howard Gully site (34GR121), Greer County: sample of Hofman etal.
organic enriched sediments from lowest of such horizons exposed in decp 1991.
trench dug in 1987 in floor of small drainage among thick sand deposits
south of North Fork of Red River.
GX-31271; Howard Guily site (34GR121), Greer County; organic
enriched soil from top of Horizon 2Akgh2 expressed at 134 to 155 cm
below the surface of floor of small drainage off thick sand deposits south
of North Fork of Red River. Believed the same deposit dated by samples
Bcta-20359, NZA-1461, and NZA-21569. "'C/"°C ratio, -23.3 000
GX-14707; Campbell locality, Major County; dark brown paleosol Brady 1989:Tablc
between 2,74 and 3.15 m in 4.72 m deep core taken between sand duncs. 15.

Hofman znd Drass

10,030 Hurst 2007:70-127.

+280

Hurst 2007:70-127.

10,810 Hofman ctal. 1991,

10

11,060
+220

11,200

Hurst 2007:70-
340 127

11,338
+ 425
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Figure 8.7. Plots of the radiocarbon dates listed in Table 8.3 us-
ing the one-sigma factor for each date. The plots are arranged-
with oldest to the left and more recent to the right.

With little overlap of dates between roughly 10,800 and
10,000 rcybp, we fail to see much evidence that a regional
stability led to widespread pedogenesis during that period.
However, nine radiocarbon dates show some overlap and
continuity starting around 10,000 years ago and persisting
to around 9400 years ago (Figure 8.7). These dates come
from north-central, central, and southwestern Oklahoma
(Table 8.3), and we interpret them as indicating an impor-
tant period of soil development and widespread landscape
stability. This period corresponds with the widespread use
of San Patrice, Plainview, Packard, and Dalton projectile
points that are now being found from eastern to west-cen-
tral Oklahoma (Hurst 2007; Jennings 2008).

The six locations with dated, buried soils listed in Table
8.3 are mainly deeply incised stream sides and bottoms;
only two, the Campbell locality and site 34GR4, represent
larger terrace or upland settings. The dated soils tend to be
dark from accumulations of soil organic matter, and several
are thick enough to probably attest to mollic epipedons. In-
formation on soil chemistry is insufficient to confirm the
grasslands’ origins of such surface horizons, but they most
probably originate with such vegetation. For only three of
the dates are the isotope 6'°C ratios available: 2 from How-
ard Gully and 1 from site 34GR4. The 8"C ratios for these
two nearby locations range from -18.7 to -23.3%, and such
results tend to support the conclusion that grasses and forbs
growing under conditions cooler than today were present
between 11,000 and 9000 rcybp (Holliday 2004:225).

Early to Middle Holocene Paleosols in or near
the Cross Timbers

In paragraphs above we took issue with Jack Hofman’s
(1988) interpretation that the Domebo Formation devel-
oped and persisted for over 3000 years. Instead, by using
more radiocarbon dates than Hofman had available 20 years
ago, we have demonstrated that there were two different
soils represented, not one. Besides some dates supporting
the development of a soil around 11,000 rcybp, or Clovis
times, a cluster of other available radiocarbon dates (Figure

8.7) supports the interpretation of a soil forming in central
and southwestern Oklahoma around 9500 years ago.

This time falls within the very early part of the Holocene,
the last 10,000 years of earth’s geologic history (Farrand
1990:20-21). For North America the early Holocene is of-
ten perceived as dating from 10,000 to around 7000 years
ago, or the period when continental glaciers were rapidly
retreating to their source localities in the Canadian Rockies
and places near Hudson Bay. This process has long been
thought to result from steadily warming global tempera-
tures and the gradual development of the zonal climatic
patterns manifest today across North America (Borchert
1950; Guthrie 1984; Kutzbach and Guetter 1986). Such
thinking originated with the findings and interpretations
of Ernst Antevs, a Swedish born geologist who special-
ized in lake, stream, and wind borne sediments. Invited in
the early 1920s to bring his expertise to the United States,
Antevs began field work in New England and Canada but
increasingly spent more and more time in the Great Ba-
sin, the Southwest, and the Southern High Plains through
the rest of his career (Haynes 1990; Smiley 1974). Draw-
ing on his and others’ geological, paleontological, and
palynological findings, Antevs (1955) published his clas-
sic “Geologic-Climatic Dating in the West” in American
Antiquity. There, Antevs summarized his evidence of ice
age (late Pleistocene) and post-ice age climatic events and
their resulting geologic deposits in western North America.
Although warming temperatures and accompanying drying
pervade Antevs’ view of the early Holocene, he did recog-
nize (ibid.) that this trend was interrupted by several harsh
intervals of erosion.

The scattered, diverse, and often limited evidence avail-
able to Antevs for deducing Holocene climatic changes is
far more abundant and complicated than he could have sus-
pected. This is especially true for the early Holocene seg-
ment of 9000 to 6000 years ago. Since 1990, deep cores
in Greenland’s interior ice field have yielded long, accu-
rately dated, detailed records of oxygen and carbon isotope
changes during and after the last glaciation (Alley 2002;
von Grafenstein et al. 1998). For the early Holocene, the
isotope changes attest to dramatic, rapid shifts between
warm-dry and cool-moist climatic fluctuations, and the ac-
curate dates for these shifts can be correlated with episodic
sediment and ocean current, especially the Guilf Stream,
changes in the north Atlantic. The emerging picture is one
that entails multiple, massive pulses of glacial meltwater
bursting through dams of ice and glacial debris in Canada
and draining into the Atlantic and Gulf of Mexico by way
of the Mississippi River, the Great Lakes and St. Lawrence
seaway, and several outlets into Hudson’s Bay (Barber et
al. 1999; Clarke et al. 2003; Eyles 2006; Jakobsson 2008;
Leverington et al. 2002; Seidov and Maslin 1999). The
full scale and exact timing of these freshwater flood events
is only now beginning to be fully appreciated, but they
clearly played key roles in early Holocene climatic fluc-
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Central and Southwestern Oklahoma.

RCYBP

Sample number, description, and context

6080 +
110

References

Beta-182391; site 3dGR4, Lake Altus, Greer County; soil
sample from very upper part of 2Ab horizon (with some

Hurst 2007: Tables
4.0 and 4.9; Hurst

50

upper 10 cm of silty clay Ab-V horizon exposed at 280 to
400 cm below the surface in Core #2. 8 °C=-18.3 o/oo.

6385 +
285

enrich ) exp 98 and ct al., this volume
160 cm below the surface in Trench 6. 8 '*C=-19.1 o/oo.
6200+ | Beta-215951; M g Creck floodplain, Canadian County; | Beale and McKay,

this volume.

GX-14709; Ames locality, Major County; clayey A
horizon found in core at 244 cm below the surface;
dune deposits attaining 152 cm in thickness occur here.

7380 +
10

Brady 1989:110-113
and Table XV.

Beta-210183; M g Creck floodplain, Canadian County;
tower 10 cm of silty clay Ab-V horizon exposed a1 280 to
400 cm below the surface in Core #2. §'’C=-19.8 o/00.

7480 %
50

Beale and McKay.,
this volume.

Beta-182388; site 34GR4, Lake Alius, Greer County; soil
sample taken from thin 2Ab soil horizon exposed 120 to
148 cm betow the surface in Trench 1. §"C=-20 o/00.

7645 +
280

Hurst 2007:Tables
4.0 and 4.4; Hurst
ct al., this volume

GX-14708; Brinson locality, Major County; darkened clay
loam horizon found a1 213 ¢m below the surface in a small
interdune depression.

Brady 1989:113-114
and Table XV.

8030+
80

Beta-215952; Mustang Creek floodplain, Canadian County;
soil sample from uppermost 10 cm of buried sandy clay

Bealcand McKay,
this volume.

loam 2Ab-VII horizon found at 440 to >456 cm below the
surface in Core #2. §"°C=-19.5 o/o0.
8200+ | Beta-182392; site 34GR4, Lake Altus, Greer County; soil
110 sample from lowest part of silt loam 2Ab horizon (with
some calcium carb enrict ) exposed b 98
and 160 cm below the surface in Trench 6. 5"°C= -20 o/00.

Hurst 2007:Tables
4.0and 4.9; Hurst
et al., this volume.

8400 + | Beta-22430; Cedar Canyon, Caddo County; tree stump Hofman 1988.
360 posed in dark sedi adjacent current stream bed.

tuations, including several intensive droughts as well as
some intervals of climatic amelioration when plant growth
and landscape stability returned to the Southwest and the
Southern Plains (Alley et al. 1997; Anderson et al. 2002;
Davis 1984).

For the Southern Plains, the early Holocene was more
than just 3000 years of gradual warming and drying. Such
a trend is suggested by the Ferndale Bog pollen record with
its increasing grass and forb spectra above late Pleistocene
spectra attesting to oak-pine savannah (Bryant and Hol-
loway 1985:Fig. 6). Intervals of alternating drought and
moist conditions are not evident in the late Pleistocene
to middle Holocene record at this location which is near
today’s Osage Savannah. But based on our findings, at
least three intervals of stability and soil formation occurred
between 10,000 and 6000 years ago along today’s west-
ern border of the Osage Savannah. One is our already dis-
cussed interval around 9500 rcybp as evidenced by dated
buried soils in central and southwestern Oklahoma. Hints
of two other early Holocene intervals of effective moisture
appear evident. We emphasize appear because our com-
pilation found only nine radiocarbon dates on paleosols for
the period of 9000 to 6000 radiocarbon years ago (Table
8.4). Notably, no radiocarbon dates are available that are
entirely restricted (using their one-sigma factors) for the in-
terval of 9000 to 8500 years ago or for the interval of 7000
to 6500 years ago. However, these two apparent breaks in
the record become blurred when these nine dates and their
one-sigma factors are plotted (Figure 8.8).

A glance at Figure 8.8 leads to the conclusion that the
nine dates could attest to two intervals of soil development
between 9000 to 6000 radiocarbon years before present
(rcybp). One of these seems to start around 8300 rcybp
and continues to around 7500 rcybp, whereas a later cluster
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Figure 8.8. One-sigma plots of radiocarbon dates listed in
Table 8.4. The plots are arranged from oldest (left) to the
youngest (right).

(of only 3 dates) falls around 6200 rcybp. Figure 8.8, how-
ever, does not convey the whole picture because the dates
were arranged chronologically, not contextually. The two
apparent clusters are actually bound together by two sets of
dates derived from sampling the top and bottom 10 cm of
two different paleosols. One of these (at Mustang Creek)
is just west of the historic Cross Timbers (Figure 8.9). The
other is shallowly buried in a terrace along the North Fork
of the Red River in Greer County (Figure 8.9), well west of
our study area but of interest because the location contains
evidence of multiple prehistoric occupations through the
Holocene (Hurst 2007; Moe 2009).

Early Holocene surface stability of the North Fork ter-
race is evidenced by samples Beta-182391, Beta-182392,
and Beta-210183 (Table 8.4). The first two samples yield-
ed results indicating the now buried, organically enriched
surface soil began forming around 8200 rcybp and contin-
ued accumulating soil organic matter to around 6000 rcybp.
That this terrace surface was relatively stable for over 2000
years is further affirmed by sample Beta-210183 (7480 +
50 rcybp) which comes from the same horizon but from an
exposure (Trench 1) some 100 m away from where its top
and bottom were dated (Trench 6).

In contrast, the soil-sediment sequence at Mustang
Creek (Figure 2.14) includes a 4.4 m deep paleosol (Hori-
zon VII of Beale and McKay, this volume) that had already
formed (prior to 8000 rcybp) before the North Fork terrace
paleosol, but the Mustang Creek locality then underwent
erosion, leaving nearly 4.0 m of sandy silty sediment be-
fore the next paleosol formed. This next buried soil (Hori-
zon V of Beale and McKay, this volume) began stabilizing
and accumulating soil organic matter around 7380 rcybp
and attained 62 cm in thickness by 6200 rcybp when it, too,
was covered with alluvium (Table 8.4; Figure 2.14).
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1989).  The Major County dunes are part of the exten-
sive dune field that parallels the north side of the Cimar-
ron River from where it exits a deep canyon in northeast-
emn New Mexico to its juncture with the Arkansas River
some 560 km downstream. Similar dune fields occur on
the north side of the North Canadian and South Canadian
rivers which roughly parallel but lie south of the Cimar-
ron. In Dewey County, just north of the Oakwood com-
munity, a low dune cross-sectioned by State Highway 33
was profiled and found to overlie several gleyed soils, one
of which yielded a radiocarbon date of 6960 + 150 rcybp
(Beta-37701; Wyckoff and Carter 1992). Thus eolian dunes
formed after that. Today, this dune covered ridge between
the South and North Canadian rivers supports one of the
northwest trending fingers of historic Cross Timbers scrub
oak woodlands (Figure 8.9).

Active dune formation during the early Holocene has
been variously reported for the Southern Plains. Muhs and
Holliday (2001) discuss various sheet sands and dune fields
on the Southern High Plains and their eastern border. While
different dune forms and drift trends are noted, they (ibid.)
report that Southern High Plains eolian sands are mainly
local in origin and rarely have preserved evidence that they
were active during early to middle Holocene times. In a
subsequent study of Southern High Plains eolian sand de-
posits, Holliday (2001) presents over 50 radiocarbon dates
associated with such deposits and notes that few (<30%)
attest to dune activity between 8000 and 3000 years ago.
However, notable deposits of wind blown silt dating to
intervals within these 5000 years do choke the shallow
swales and draws that drain southeastly off the Southern
High Plains (Holliday 1995, 2001).

Lengthy intervals of drought with its lessened vegeta-
tion cover and episodes of blowing silt and sand obviously
would have affected Southern Plains foragers during early
and middle Holocene times. Especially stressful would
have been the sparse or sporadic presence of bison, a prin-
cipal prey for Southern Plains hunters since late Clovis
times (Bement and Carter 2006). One can’t help but won-
der if the generations of early Holocene people noticed the
fewer, patchier herds of bison? Certainly they must have
noticed morphological changes in the animals themselves.
The overall trend of diminishing size from late Pleistocene
Bison antiquus to late Holocene Bison bison has long been
recognized (Hay 1914; Hill et al. 2008; McDonald 1981;
Wyckoff and Dalquest 1997). While the reason for size
reduction is usually explained as environmental (the warm-
ing, drying trend through the Holocene and its concomm-
itant effects on plant species density and forage quality for
large herbivores), archaeologists have raised the question
whether human predation of bison might also have played
a role in the observed size reduction of bison. Very re-
cently, Hill and colleagues (2008) compiled measurements
and attributes of Great Plains bison humori and calcanie
dating from around 37,000 to 250 years ago. Their find-

ings reveal punctuated size changes that correlate best with
adverse climatic conditions through the Holocene and not
with indications that human hunting played a role with
bison diminution through the Holocene (ibid.). The most
significant size reductions are evidenced for bison dating to
early Holocene intervals around 10,000 and 7000 years ago
(Hill et al. 2008:Figs. 4-7).

Archaeologist David Meltzer has long maintained an in-
terest in the character of early and middle Holocene climate
and especially its effects on Southern Plains hunter-gather-
ers. Among his research contributions are the finding and
dating of 86 pits dug at Mustang Springs near the southern
end of the Southern High Plains in west Texas (Meltzer
1991, 1999; Meltzer and Collins 1987). Meltzer provides
insightful clues bearing on the human origin of these pits
and their purpose to get at water as the land was drying and
the water table lowering. By measuring their depths and
radiocarbon dating the lowest sediment from the shallow-
est to the deepest, these pits were dug between 6800 and
6600 years ago as the water table dropped some 3.0 meters
(Meltzer 1991:255). Similar but fewer pits or wells have
been reported at Rattlesnake Draw and Blackwater Draw,
eastern New Mexico (Green 1962; Meltzer and Collins
1987; Smith et al. 1966). The well at Blackwater Draw is
believed to be several millennia later while those at Rattle-
snake Draw are about the same age as the ones at Mustang
Springs (Meltzer and Collins 1987).

Lessened eolian activity and more landscape stability
occurred around 6000 years ago. Soil horizon develop-
ment around 6200 rcybp is evident at the same widespread
locations where pedogenesis was noted occurring around
8200 rcybp (Table 8.4; Figure 8.9). The 8'*C fractionation
results available for this near mid-Holocene soil develop-
ment are within the range of the 8200 rcybp paleosols and
are interpreted to attest to a vegetation cover of both warm
and cool season grasses and forbs. Although the findings
seem widespread (Figure 8.9), it is likely that intervals of
erosion locally interrupted soil development.

North of our study area, extensive sand and loess depos-
its accumulated south of the Arkansas River from eastern
Colorado to south central Kansas (Arbogast 1995; Arbo-
gast and Muhs 2000; Feng 1991; Frye and Leonard 1952;
Madole 1995; Simonett 1960). The studies of these eolian
deposits reveal they were active many times during and af-
ter the last glaciation, and middle Holocene dune formation
is certain. Olson et al. (1997) report well formed dunes
underlain by a paleosol that developed between 6700 and
6000 years ago. This age makes this paleosol contem-
poraneous with the ones we’ve identified for central and
northwestern Oklahoma. For this reason, we believe that
regional, not just local, landscape stability occurred some
6200 radiocarbon years ago along the eastern margin of the
High Plains from the South Canadian River to the Arkansas
River and maybe beyond that.
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Archaeological evidence for hunter-gatherer occupa-
tions during this ameliorated period is sparse for the region
where the Cross Timbers would eventually develop. Just
west of this region, however, the Gore Pit site in Comanche
County (Figure 8.9) merits notation. Situated along East
Cache Creek and just south of the east end of the Wichita
Mountains, the Gore Pit site (34CM111) appears to repre-
sent a favored setting frequented around 6000 years ago
(Hammatt 1976). Exposed in a huge pit dug for fill for a
raised highway, numerous shell middens, several burned
rock features (roasting ovens) and a semiflexed burial were
found 5 to 6 m below the present floodplain of East Cache
Creek (ibid.). Directed by archaeologists with the Museum
of the Great Plains, many Oklahoma Anthropological So-
ciety members carefully uncovered the burial and at least
two of the rock-filled roasting ovens. A radiocarbon date
for the burial was 7100 + 350 years before present (GX-
2009), whereas dates on the burned rock features were
6030 + 300 b.p. (SM-775) and 6145 + 130 b.p. (GX-1558;
Bastian 1964; Hammatt 1976:267-268). No diagnostic ar-
tifacts were found with the burial or the roasting ovens, but
a variety of flake tools, including Clear Fork gouges, and
a scatter of dart points (mainly heavily reworked, ellipti-
cal, side-notched or corner-removed forms) found across
the former surface bear witness to a reliance on Ogallala
quartzite (Hammatt 1976). The hafted bifaces and sparse
faunal remains attest to some hunting, but scraper or pulp-
ing planes as well as grinding basins and hand stones are
interpreted as evidence for intensive plant gathering and
processing (ibid.).

At Gore Pit, the camp traces seem like they were as-
sociated with a paleosol. Soils scientist Joe Nickols (1976)
made a brief study of the site and noted the lowest hori-
zon was dark with some calcium carbonate accumulation.
Snails recovered from this artifact-bearing horizon attest to
both perennial water and at least scattered riparian wood-
lands (Cheatum 1976). Above this horizon alluvial sedi-
ments prevailed.

The “Altithermal Long Drought” and
Landscape Stability in Central Oklahoma

Familiar with dramatic post-glacial pollen changes
in northern Europe and having discovered evidence for
marked lake lowering and permanent ice loss in Great Ba-
sin settings, Antevs (1955:328-329) proposed an Altither-
mal Long Drought that began some 7000 years ago and
persisted to around 4000 years ago in western America.
Subsequent findings have indicated local perturbations and
differences in the Great Basin climatic record (Mehringer
1986), but warm and dry conditions did prevail over some
regions, including parts of the Great Basin, the Southwest,
and the Southern Plains. On the Southern High Plains, evi-
dence of persistent wind erosion, few clues to the presence
of bison herds, and several examples of hunting-gathering
groups digging wells to lowering water tables are docu-
mented for the period of 7500 to 4500 years ago (Dillehay

1974; Flynn 1982; Green 1962; Holliday 1989, 1995, 2001;
Meltzer 1991, 1999; Meltzer and Collins 1987; Smith et al.
1966).

By 6000 years ago, many regions of North America were
experiencing the brunt of Antevs’ “Long Drought”. Cli-
matological geographers Cary Mock and Andrea Brunelle-
Daines (1999) believe the locations of low and high
pressure systems and the airflow of August 1955 closely
approximate weather conditions around 6000 years ago.
To discern the nature of those conditions they utilized such
proxy evidence as dated lowered lake levels, plant macro-
fossils, and fossil pollen records (ibid.). But for August of
1955 they had access to high resolution climatic records
for locations of high and low pressure zones and the air-
flow patterns associated with them (ibid.). The conditions
in 1955 included above average monsoonal precipitation in
the Southwest and marked drying and warming in the Great
Basin, the Plains, the Midwest, and the Northeast. The
conditions that contributed to this weather pattern included
a dominant thermal low over the Southwest, a strong sub-
tropical high off the Pacific coast, and low pressure with
strong westerlies over Canada (Mock and Brunelle-Daines
1999:543). The overall effects of the August 1955 condi-
tions mirror those evidenced by proxy finds for 6000 years
ago. Yet to be resolved, however, is what factors contrib-
uted to the persistence of these conditions through the Alti-
thermal millennia as perceived by Antevs (1955).

So what are the ramifications of the “Altithermal Long
Drought” for central Oklahoma? As noted in the previ-
ous section, plenty of evidence exists for erosion and ac-
tive dune formation interspersed with brief intervals of
soil development and stable landscapes. We have already
documented a series of radiocarbon dates on buried soils
attesting to good plant growth and stable landforms around
6200 rcybp. Moreover, we also have 16 dates for buried
soils that formed between 6000 and 3000 years ago (Ta-
ble 8.5). Their one-sigma plots are shown in Figure 8.10.
These dates come from nine locations that are widespread
along the historic border of the prairie and the Cross Tim-
bers (Figure 8.11). A glance at Figure 8.10 reveals three
likely intervals of soil development: 5500, 4500, and 3000
radiocarbon years before present.

Three samples (Beta-210182, Beta-16986, and Beta-
16988 in Figure 8.10) overlap around around 5500 rcybp.
Although few, these results are exciting. All come from
Mustang Creek, a very small (23,000 hectares) watershed
draining to the North Canadian River just west of present-
day Oklahoma City (#4 in Figure 8.11). The samples came
from two different exposures of stratified paleosols that
were several kilometers apart along Mustang Creek (see
Beale and McKay, this volume). Consequently, we believe
that the Mustang Creek basin experienced landscape stabil-
ity and soil development that began around 5500 rcybp and
that persisted for several centuries.
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which we have already cited.

From their documentation of soil profiles in the Little
Caney drainage of north-central Oklahoma, Reid and Artz
(1984:160-172) report substantial alluvial deposition be-
tween roughly 3800 to 2200 rcybp. Subsequently, between
2000 and 1300 rcybp, melanization and thickening of a
now-buried suface soils occurred (ibid.). Notably, this dark,
thick former surface soil (the Copan Paleosol) varied in de-
velopment depending on its location in the drainage, with
stabilization and soil development beginning somewhat
earlier along the watershed’s middle reaches (Reid and Artz
1984:17-172). This Copan Paleosol is frequently described
as a cumulic soil, or one which attains thickness primar-
ily through addition of darkened soil particles washed from
upstream. Recent work by an Oklahoma State University
team reveals the Copan and similar Caddo County paleo-
sols actually result from several diverse processes and that
considering the Copan paleosol as primarily an example
of cumulic pedogenesis is equivocal (Carter et al. 2009).
Still, the overall alluvial record in north central Oklahoma
seems congruent with Hall’s (1982) interpretation of pollen
and snail findings. He believes these attest to the locali-
ties experiencing more effective moisture between 2000
and 1000 rcybp, with drier conditions occurring thereafter
(ibid.). The lush woodlands common to the bottomlands
today are believed (ibid.) to have evolved as the regional
water table dropped, thus making it possible for tree roots
to thrive and not be supersaturated with moisture.

For Carnegie Canyon in Caddo County of southwest-
ern Oklahoma (Figure 8.16), Steve Hall and Chris Lintz
(1983, 1984) correlate a series of dated tree stumps and
the character of the soils in which they grew with intervals
of fluctuating water tables (and thus indirectly climate) be-
tween 3200 years ago and the present. Found as deep as
29 m below the surface, 42 of 63 stumps of juniper, cot-
tonwood, mulberry, and walnut were associated with three
melanized, and sometimes calcic, buried soils(Carter et
al. 2009; Lintz and Hall 1983). Radiocarbon dates on 16
different stumps (Table 8.7) chronologically position the
stratigraphic succession of sediments and respective paleo-
sols and help demonstrate that the locality was drier than
today between 3200 and 2600 rcybp (ibid.). After that,
however, moist conditions prevailed until around a mille-
nium ago, whereafter the setting came under less effective
precipitation conditions like those that exist today (Hall
and Lintz 1984).

Though not as deeply stratified as at Carnegie Canyon,
a similar sequence of sedimentation, pedogenesis, and cut-
ting and filling is also well documented for Delaware Can-
yon some 30 km east of Carnegie Canyon (Figure 8.16) but
still in Caddo County (Ferring 1982; Hall 1982; Pheasant
1982). Radiocarbon dates on buried soils or archaeological
contexts within them (Table 8.7) closely compare with the
Carnegie Canyon findings. In essence, between 1950 and

1000 radiocarbon years before present a well developed,
melanized soil (the Caddo County paleosol) formed but
was subsequently truncated by cutting and filling (ibid.).
This, in turn, was followed by at least a meter of alluvia-
tion and eventual (around 800 rcybp) development of the
Delaware Creek paleosol (Ferring 1982). Some alluviation
occurred after that but it, too, underwent soil development
near historic settlement of the region in the 1880s.

These different finds attest to climatic and landscape
changes over the past 3000 years. We contend that the
Southern Plains biotic districts historically known for
Oklahoma attained their compositions and extents during
these three millennia. A major basis for our contention is
the continuous pollen records from Ferndale Bog. Situated
on the climatically and ecologically sensitive west edge of
the Ouachita Mountains, or just 160 km (100 miles) east
of the Cross Timbers, pollen spectra from Ferndale Bog
bear witness to the sporadic establishment of the histori-
cally recorded pine-oak-hickory forest since 3000 years
ago (Figure 3.5; Albert 1981; Bryant and Holloway 1985:
Fig. 6). Although comparable pollen records are lacking
for central and south-central Oklahoma, the historic Osage
Savannah and its western margin, the Cross Timbers, most
likely developed during this time.

Forty-six radiocarbon dates relate to soil development
and landscape changes within or near out study area since
3000 years ago (Table 8.7). These dates come from the
locations shown in Figure 8.16. Among these locations are
the above mentioned dated soils and tree stumps at Carn-
egie Canyon and the buried soils, erosion evidence, and in-
corporated archaeological materials at Delaware Canyon,
both in Caddo County. The one-sigma plots for all 46 dates
are shown in Figure 8.17. These results comprise over half
of the dates available for buried soils along or near the his-
toric Cross Timbers. Their quantity undoubtedly is linked
to the frequent creek bank and gully exposures of late Ho-
locene deposits in south-central and southwestern Okla-
homa. Also, these exposures often contain archaeological
materials, thus offering opportunities to gather information
on specific cultural assemblages, their chronologies, and
the ecologic-climatic conditions associated with them.

The dates and their one-sigma plots display an almost
continuous overlap for the past 3000 years (Table 8.7 and
Figure 8.17). However, several plateaus occur as a result
of multiple radiocarbon dates clustering at particular inter-
vals.

One such cluster includes ten samples that fall within
the interval of 3000 to 2500 years ago (Figure 8.17). One
of these samples is from a buried soil at archaeological site
34GR4 out on the western edge of the Wichita Mountains
(Figure 8.16). Another is from a deeply buried soil in the
Deer Creek watershed of Oklahoma County in central
Oklahoma. But the majority come from the series of dated
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tree stumps associated with buried soils recorded in Carn-
egie Canyon some 96 km (60 miles) east-northeast of site
34GR4. The Carnegie Canyon stumps primarily occur 7.5
to 8.8 m below the surface and are mainly juniper (Juni-
perus cf. virginiana) along with single examples of black
walnut (Juglans nigra) and cottonwood (Populus sp.). As

Table 8.7. (continued)

ic Sample # 2nd Description
Date
B.P.
1744 +

References

SMU-636, archacological site 34CD258D, Caddo County; charcoal from
151 | 100to 110 cm below site datum in horizon LA 15AIC2.
1820 ¢ | Beta-6574, archacological site 34CN46, Canadizn County; Profile 7,
70 charcoal found with buned rock some 6.3 m below the surface in Level
XX.

Pheasant 1982: 91.

Taylor 1984:42-50.

2005 + | UGA-2649, archaeological sitc 34CD257, Caddo County; charcoal Pheasant 1982:90.
105 | recovered from 190 to 200 cm below site datum in Horizon [VCab.
2240 + | Beta-72380, archacological site 34GV108, Washita River bank, Garvin Drass 1997.

120 | County: sediment sample of melanized buried soil 170 to 215 cm below
the surface.
Beta-2784, Camegie Canyon, Caddo County; outer rings of cottonwood

2320+ Lintz and Hall 1983:

70| stump (#29) found 8.9 m below the surface. "C/°C ratio, -26.35 o/00. Appendix C.
2490 + | WSU-2870, archacological site 34CN46, Canadian County; Profile 16, | Taylor 1984:83,

60 charcoal from a hearth exposed 6.0 m below the surface.
2600 + | Beta-2776, Camnegie Canyon, Caddo County; outer rings of black walnut | Lintz and Hall 1983:

60 | stump (#5) found 5.5 m below the surface. VC/”C ratio, -24.02 o/oo. Appendix C.

2680 + | Beta-2783, Camnegic Canyon, Caddo Counly; outer rings of juniper stump | Lintz and Hall 1983:
60 | (428) found 7.6 m below the surface. "’C/"°C ratio, -26.03 o/00. Appendix C.
2680 + | Beta-26010, Bluff Creck Deer Creek drai Oklsh Brakenridge 1990:
80 County; bulk sediment sample from buried soil observed 4.5 m below the | Table 19; Carter
surface. 1990:Table 16d;
Hofman and Drass
1990.
2730 ¢ | Beta-2782, Carncgie Canyon, Caddo County; outer rings of juniper stump | Lintz and Hall 1983:
60 | (#22) found 8.8 m below the surface. C/™*C ratio, -23.26 o/oo. Appendix C.
2810 ¢ | Beta-2775, Camegie Canyon, Caddo County; wood from juniper stump Lintz and Hall 1983:
50 (#4) found 8.3 m below the surface. '*C/*’C ratio, -21.04 o/00. Appendix C.

+ | Beta-2779, Camegic Canyon, Caddo Counl?'; wood from juniper stump Lintz and Hall 1983:
50 | (#14) found 10.6 m below the surface. *C/*°C ratio, -21.56 o/co. Appendix C.
Lintz and Hall 1983:

+ [ Beta-2789, Camegic Canyon, Caddo County; wood from cottonwood
50 | stump (#16) found 8.9 m below the surface. "*C/"’C ratio, -27.87 o/0o. Appendix C.

2970 + | Beta-182389, archacological site 34GR4, Greer County; melanized Hurst 2007:Table
100 | sediment from Horizon A/B2 manifest 58 to 76 cm below the surface. 4.1; Hurst et al.,
C/™C ratio, -16.9 o/00. this volume.
2990 + | Beta-2777, Camegie Canyon, Caddo County; wood from juniper stump Lintz and Hall 1983:
50 (#429) found 8.0 m below the surface. Cr**C ratio, -23.38 o/00. Appendix C.

interpreted by Hall and Lintz (1984), the prevalence of ju-
niper trees is evidence the water table was low when this
now deeply buried soil was the surface; junipers don’t grow
well when their roots are water saturated.

Given the three widely separated localities with buried
soils yielding dates of 2900 to 2600 rcybp, we believe these
findings are evidence of regional climatic amelioration
leading to substantial landscape stability and soil develop-
ment. The *C/"2C ratios available for dates to this interval
range from -16.9 to -27.87 (Table 8.7). The lowest ratio oc-
curs with the buried soil at archaeological site 34GR4, the
westernmost location yielding dates in this interval. This
lowest '*C/'2C ratio (-16.9 o/c0) approachs levels common
to today’s warm, dry grasslands on the Southern Plains.
But the other ratios are low enough to implicate more cool
grassy environs. Most of these samples do come from
Carnegie Canyon, a deeply incised setting that does tend to
stay cooler than adjacent uplands.

Only three samples date to the interval of 2500 to 2000
rcybp (Figure 8.17), and only two of these (one from Carn-
egie Canyon and one from the Washita River in Garvin
County) essentially overlap. On the basis of these three
samples it is difficult to perceive much widespread soil de-
velopment or stable landforms during these five centuries.

After 2000 rcybp, however, six samples implicate that
floodplains in upland drainages were stabilizing and sup-
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Figure 8.17. One-sigma plots of radiocarbon dates listed in Table 8.7. The plots are arranged from oldest (left) to the

youngest (right).
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porting sufficient forb and grass growth to initiate carbon
recycling and melanization of topsoils at four rather widely
scattered locations. This appears to have started around
1800 rcybp, and this is roughly the inception of the Caddo
County paleosol. The locations include Delaware Canyon,
a small canyon (with archaeological site 34CN46) off the
Canadian River in Canadian County, the Deer Creek water-
shed in Oklahoma County, and Cow Creek in Payne Coun-
ty (Figure 8.16). This interval of soil development may
have lasted to around 1500 rcybp when it was interrupt-
ed by drought and/or erosion. The pertinent radiocarbon
samples are SMU-636, Beta-6574, Beta-7111, Beta 26009,
Beta-33924, and SMU-733 in Table 8.7. Regrettably, none
of these samples were reported with their '>C/'2C ratios, so
we have no way to assess the character of the vegetation
associated with these former surface soils.

Twelve radiocarbon dates fall within and two others
straddle the late part of the period from 1500 to 1000 rcybp
(Table 8.7 and Figure 8.17). Among these are the sam-
ples that supported the original identification of the Caddo
County paleosol (Ferring 1982); these samples include
charcoal from archaeological features at sites 34CD257A
and 34CD258B, which were incorporated within the Cad-
do County paleosol. Diagnostic artifacts from these bur-
ied features and soil horizons included corner-notched ar-
rowpoints and contracting stem large projectiles or knives,
all considered (Ferring 1982) as Plains Woodland cultural
objects. Notably, however, somewhat contemporaneous
paleosols are now known in dune fields in Major County,
the Deer Creek watershed in Oklahoma County, the Cow
Creek watershed in Payne county, the Bear Creek drainage
in Pawnee County, and the Pond Creek drainage in Cleve-
land County (Figure 8.16). The dates from these locations
tend to refine the age of the Caddo County paleosol. Basi-
cally, a case can be made that the Caddo County paleosol
did not develop for as long as originally interpreted (Pheas-
ant 1982) and that the paleosol formed between 1800 and
1500 rcybp should not be designated as the Caddo County
paleosol. Because these contemporaneous, melanized,
buried soils span the western and southwestern extents
of the Cross Timbers we believe they attest to a notable
period of effective moisture that enhanced grass and forb
growth (thus the carbon recycling and melanization). We
recommend this broad regional occurrence be referred to
as the Caddo County paleosol. As Hall (1982) has already
noted, these organically enriched soils are not what would
be expected under the scrub oak cover of the historic Cross
Timbers. With their thick, darkend A horizons, these soils
most likely result from seasonal (late summer or fall?) pre-
cipitation that enhanced expansion of grasslands while in-
hibiting (due to raised water tables) growth and expansion
of scrub oak or other bottomland woodlands. The single
available '*C/'*C ratio (-17.9 o/oo from Pumpkin Creek) is
midway between levels common to cool or warm grassland
conditions.

The most recent 13 radiocarbon dates in Figure 8.17
cluster between 800 and 400 radiocarbon years before pres-
ent. Rarely are more than five samples in such clusters,
but they do come from multiple localities along the his-
toric Cross Timbers: the Pumpkin Creek drainage in Love
County, the Pond Creek drainage in Cleveland County, the
Deer Creek drainage in Oklahoma County, and archaeolog-
ical sites 34CD257 and 34CD258A in Delaware Canyon of
Caddo County (Table 8.7 and Figure 8.16). The respec-
tive buried soils are often thin and only slightly melanized.
Only five of the dates on these soils were analyzed for 0'*C
ratios (Table 8.7), and these results range from -19.9 to -
16.7 o/oo. Such figures implicate a mixture of cool and
warm season vegetation. Consequently, we would think
that they bear witness to brief intervals of ameliorated
climate during nearly a millennium when upland erosion
and valley alluviation was prevalent. Dates from Delaware
Canyon and Pond Creek are on soil organic matter from the
tops and bottoms of buried horizons. These attest to soil
development between 800 and 500 rcybp. But overall, our
findings seem to support Stephen Hall’s (1982, Hall and
Lintz 1984) conclusion that the prevailing climate of the
past 1000 years has been less moist than that of the period
from 2000 to 1000 radiocarbon years before present.

The two most recent radiocarbon dates in Table 8.7 are
on thin, slightly darkened horizons most likely buried by
sediments from erosion associated with historic farming
along the Cross Timbers. As previously noted, much of the
Cross Timbers landscape is underlain by sandy soils. Even
if by teams of horses or mules, clearing and tillage of Cross
Timbers sandy settings made them susceptible to erosion
by both wind and water.

Conclusions

Focusing on Oklahoma, this volume presents the findings
from studying buried soils manifest at five locations along
or near the historic Cross Timbers. This tangle of scrub
oak woodlands comprises the western edge of the Osage
Savannah biotic district in Oklahoma, but these woodlands
extend south as two prongs adjacent the Blackland Prai-
rie and more westerly Cretaceous geologic formations in
Texas. Except for the Washita River valley, archaeologi-
cal evidence for a human presence in the Oklahoma Cross
Timber had been disappointingly minimal. A 1984 com-
pilation (Kawecki and Wyckoff 1984) of Oklahoma Cross
Timbers archaeological finds revealed that diverse kinds of
open camps were present, but they were buried by fluvial,
colluvial, or eolian deposits. Lacking funds to date most of
these archaeological sites, their ages only could be inferred
by comparing diagnostic artifacts with material culture as-
semblages for which some chronology was known. With-
out any radiometric determinations, the 1984 compilation
could not assess the timing of the intervals of wind and
water erosion that contributed the deposits in or between
which the archaeological sites were buried.
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This new volume was stimulated primarily by the work
of graduate students in a course on geoarchaeology. Dur-
ing the fall of 2005, these students learned standardized
methods for recording soil characteristics, and they applied
those methods at four deep exposures of multiple buried
soils along today’s Cross Timbers. Most importantly the
students had access to funds to radiocarbon date most of
the buried soils they studied. The basic operating assump-
tions underlying these studies were: 1, organically dark-
ened (melanized) buried soils represented former surfaces
of the ground; 2, as such, they comprised settings on which
diverse vegetation thrived; and, 3, such settings undoubt-
edly were amenable to wildlife that favored such ecologi-
cal niches and the predators, including humans, that hunted
those creatures or utilized plant products in those niches.
In essence, the newly studied profiles had the potential of
revealing when and how long historic Cross Timbers land-
scapes were sufficiently stable that plants, animals, and Na-
tive Americans dependent on them were present.

This summary chapter was written because the students’
findings would be most meaningful if combined with simi-
lar evidence from the sporadic archaeological or pedologi-
cal studies near the Cross Timbers. This ecological region
does run roughly north and south through central Oklaho-
ma, but dense scrub oak woodlands also extend northwest
along sandy terraces and uplands paralleling the Washita,
South Canadian, North Canadian, and Cimarron rivers.
Thus, dated buried soils, some containing archaeological
sites, along these drainages were included in this synthe-
sis chapter. As a result, we compiled information on more
than 90 radiocarbon dates derived from paleosols recorded
in or near the Cross Timbers of Oklahoma.

The 90 radiocarbon dates range from more than 11,000
radiocarbon years before present (rcybp) to the near pres-
ent (Tables 8.2-8.7). By plotting their one-sigma factors
we ascertained clusters of radiocarbon dates attesting to 9
intervals of soil development and landscape stability since
late Pleistocene times. These nine intervals (and their rec-
ognized paleosols) are:

800 to 400 rcybp (Delaware Creek paleosol)
1400 to 1100 rcybp (Caddo County paleosol)
1800 to 1500 rcybp

2900 to 2600 rcybp

5500 to 4900 rcybp (Mustang Creek paleosol)
6200 rcybp

8300 to 7500 rcybp

10,000 to 9400 rcybp

11,500 to 10,900 rcybp (Domebo paleosol)

We offer this sequence as an outline meriting further
documentation and confirmation or correction. In par-
ticular, more dates are needed and more studies should be
undertaken to assess the processes behind the accumula-
tion of thickened, melanized paleosols that are becoming
recognized more often in valleys of upland settings in

central and south-central Oklahoma. As Carter and col-
leagues (2009) have demonstrated, such thickened former
A-horizons could and did develop under different process-
es, not solely the cumulic processes usually attributed to
them. The potential that these buried soils can yield at least
phytoliths is an exciting research development (Carter et
al. 2009) because such proxy plant material can then be
used to characterize the nature of the vegetation communi-
ties that grew on these former surfaces. While most of the
profiles studied herein were dominated by sandy soil par-
ticle fractions, and thus are conducive to water percolation
and leaching, we believe that some buried soils will have
sufficient silt to clay particle accumulations that they will
preserve pollen, snails, and perhaps other proxy evidence
of the climates responsible for these soils. We believe it
important to keep looking and to keep trying to recover
such evidence.

We recognized that almost every synthesis such as this
chapter goes out of date soon after it is published. We hope
this volume and this chapter will stimulate such research.
Clearly, much has been learned since the 1930s when Sears
and his contemporaries first recognized the presence and
significance of buried soils in Oklahoma. As archaeolo-
gists, we know these soils can help us tell much better sto-
ries about the people who frequented and resided here in
the past. Given the demands our present society places on
food and water from these lands, we need to know more
about what happened in the past.
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