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Preface to the Burnham Site Odyssey

This all started simply enough. A phone call came to
me in May of 1986 when I was with the Oklahoma Archeo-
logical Survey. A rancher-farmer acquaintance in north-
western Oklahoma reported that some large bones were un-
covered while building a small pond on his dad’s land.
Knowing of my interest in ice age animals as clues to study-
ing Oklahoma’s past environments, he thought maybe I'd
want to come see if these bones were worth investigating.
So, aweek or two later, I stopped by Keith Burnham’s prop-
erty in western Woods County. Accompanying me were
Dr. Wakefield Dort and Dr. Larry Martin from the Univer-
sity of Kansas. They had joined me to help with some final
geological and paleontological evaluations at the Hajny
mammoth site down in Dewey County. Upon our arrival at
the Burnham property, snail-rich gray deposits were visible
at three spots around the small pond. Fragments of horse
and mammoth bones were evident at two seemingly sepa-
rate, gray exposures on the pond’s west side. On the east
side, the bulldozer graded, steep slope showed one gray
deposit. It was distinguished by many snails and a few
bone fragments. However, mid-way up the slope, Larry
Martin recognized that the bulldozer had scraped across
the overturned skull of a big-horned bison. Noting that its
virtually severed right horn core was quite thick, Larry sug-
gested that the skull might be Bison latifrons, and, if so, it
would be worthy of recovery because so few had been found
on the Southern Plains in discrete contexts with other
vertebrate remains. Accordingly, Larry recommended that
someone return to the site; uncover, preserve, and retrieve
the bison skull; and waterscreen about a ton of dirt around
the skull to see if they couldn’t also find bones of small
animals sensitive to the local settings and climate at the time
that the deposit accumulated.

So, the Burnham site research began as an innocent job
of salvaging an ancient bison skull and preliminarily assess-
ing the site’s potential for studying the environment of the
ice ages. This work was undertaken during four days in late
October and early November of 1986 by three avocational
and two professional archeologists. Colleague Peggy Flynn
Rubenstein and 1 had no way of knowing that these four
days were the prelude to an odyssey, one that would persist

for more than a decade, entail four intensive sessions of
field work, involve diverse kinds of researchers and dozens
of avocational archaeologists who contributed hundreds of
hours of tedious labor, and take all of us down faint trails to
understanding the past. Some paths led us to new discover-
ies, others to contradictory conclusions, and a few to heated
disagreements. Along the way we gained steadfast friends,
interesting critics, respect for both, and better perceptions
of the late Pleistocene Southern Plains. Hopefully, this mono-
graph conveys both the experiences and the knowledge
gained.

The monograph’s title implicates that the Burnham site
involves a mystery. It does. Among our findings at this
site are clues that people inhabited North America much
earlier than most archaeologists currently believe. In this
regard, the Burnham findings are controversial. They are
also ironic. This is because the site is some 300 miles down
the Cimarron River from the Folsom site, the New Mexico
location where, in 1927, paleontologists first conclusively
proved that humans inhabited North America during the
last ice age. Could it be, that after 70 years of searching
across the continent, evidence for a much earlier human
presence is also in the Cimarron watershed?

Because the Burnham research spanned a decade and
involved different specialists at separate phases of work,
this monograph has been a challenge to organize. Believ-
ing it the most logical sequence, the monograph is arranged
so that a history of the field work and its rationale is fol-
lowed by reports on the findings of the contributing re-
searchers. The final chapters synthesize these findings in
order to summarize the site’s contributions to understand-
ing the late Pleistocene environment in this part of the South-
ern Plains, the processes that created the site’s differenct
geologic contexts, their ages, and the site’s evidence for the
early peopling of North America.

Don G. Wyckoff

Associate Curator of Archaeology

Sam Noble Oklahoma Museum of Natural History
University of Oklahoma
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Chapter 1
The Burnham Site Location, Setting
and Pleistocene Relevance

Don G. Wyckoff

The Burnham site is in western Woods County of north-
western Oklahoma (Fig. 1.1). In May of 1986 the site was
first observed when a steep ravine bank was graded down to
build the dam of a small pond. Gray dirt containing many
snail shells and some bones was visible on both sides of this
ravine. Inspection in June and August of 1986 (Plates 1a and
1b) reinforced the belief that the Burnham exposure was a
paleontological site. Consequently, no official record was
made of the location until October 27, 1986. A record was
made then because paleontological salvage excavations us-
ing archaeological techniques were about to begin. An ar-
chaeological site form was completed and filed with the Okla-
homa Archaeological Survey. Responsible for codifying and
maintaining records on Oklahoma’s archaeological re-
sources, this state agency assigned the Burnham site the state
number of 34Wo73. This signifies that the location is in
Oklahoma (34 is the Smithsonian Institution’s code for Okla-
homa) and that the location was the 73" site recorded in
Woods County.

Obtaining an archaeological site number for a paleonto-
logical site was somewhat unusual. Because the spot seemed
to be a paleontological site, and because Oklahoma doesn’t

We planned to remove defined levels from a grid of metric
squares in order to document bone positions during the short
field work planned for the Burnham site. Thus, we believed
it appropriate to give the location official status.

The Burnham site was recommended for both paleonto-
logical salvage and test excavations. During his June 1986
visit to the site, paleontologist Larry Martin observed a par-
tially damaged large horn bison skull that he thought mer-
ited recovery. He also urged that at least a ton of fill from
around the skull be waterscreened in order to assess the pres-
ence and kinds of bones of environmentally sensitive small
animals.

Stabilizing and recovering the bison skull occurred in
late October and early November of 1986. Assisted by three
avocational archaeologists, Peggy and I carefully exposed,
plastered, and retrieved the large skull. Also, nearly a cubic
meter of gray sediment around the skull was washed through
2 mm mesh hardware cloth. This latter work recovered oc-
casional bones of small vertebrates, hundreds of snail shells,
a few pebbles, and thousands of small carbonate nodules.
Sorting of this debris began in November of 1986 and con-

tinued into the early summer of

1987. During this sorting, two tiny
flakes of flint were found. Both ap-

peared to result from resharpening
chipped stone tools. These finds
started changing our perception of
the Burnham site. The flakes came
from the gray sediment around the
bison skull. Larry Martin had iden-
tified the skull as a form earlier than
Bison antiquus, the species known
to have been hunted by North
America’s late Pleistocene human
inhabitants. Was there a chance that
Burnham was one of the long
sought locations bearing witness to
people occupying North America

Figure 1.1. Location of the Burnham site along the eroded eastern edge of the

High Plains. Adapted from Morris et al. 1986:Fig. 5.

have a centralized system for formally registering such sites,
the location could have gone unrecorded. However, Peggy
Rubenstein and I had just excavated and studied taphonomic
processes at another paleontological site (Wyckoff et al.
1992), and we were interested in continuing such research.

before the generally accepted
11,000 to 12,000 years ago?

The Burnham Site’s Location
The Burnham site covers about 2.5 acres in the SE1/4 of

the SW1/4 of the NE1/4 of Section 30, Township 28 North,
Range 18 West. This property belongs to Keith and Nellie
Burnham.



2 Burnham Site Location, Setting, and Pleistocene Relevance

The Burnham site is but one of many late Pleistocene pa-
leontological and archaeological sites reported for the High
Plains’ eastern border in southwestern Kansas, northwest-
ern Oklahoma, and the adjacent Texas panhandle (Dalquest
and Schultz 1992; Hibbard 1970; Hibbard et al. 1965;
Zakrzewski 1975). In this area the plains border is very
eroded. The observant traveler sees steep bedrock escarp-
ments, deeply incised canyons, occasional collapse basins,
mesas, and long interfluvial ridges that retain the stratigra-
phy and relatively flat surface of the High Plains (Gustavson
etal. 1991; Madole et al. 1991; Osterkamp et al. 1987). In
fact, the mesas and ridges are eroded outliers of the High
Plains. Among the notable ridges are the Red Hills, a series
of rounded, high uplands which, like the High Plains, have
red Permian bedrock escarpments overlain with Cenozoic
outwash (the Ogallala Formation) from the Rocky Moun-
tains (Fenneman 1931:28-30). Along the Kansas-Oklahoma
boundary, a portion of the Red Hills form a prominent east-
west, dolomite capped ridge (Fig. 1.2) that lies between the
Cimarron River and the Salt Fork of the Arkansas River.
The Burnham site lies just below this ridge’s southern es-
carpment (Figs. 1.3 and 1.4) at an elevation of 1740 feet
above sea level (a.s.l.).

This is deceptive country. Flying over it you perceive the
landscape as rolling with a few ridges or narrow, deeply in-
cised valleys here and there. In fact, however, this country
is rugged with significant local relief. Four miles north of
the Burnham site, the east-west ridge (which is a High Plains
outlier) has a maximum elevation of 2136 feet a.s.1. Six miles
south of the site, the Cimarron River flows east at an eleva-
tion of 1540 feet a.s.l. In essence, within a distance of ten
miles the local relief exceeds nearly 600 feet! Some apprecia-

Figure 1.2. View northeast of the Red Hills as manifest by the ridge north of the
Burnham site. Photo taken in May of 1991,

tion of this relief and the Burnham site’s position on it can be
gained from the computer generated orthographic projec-
tions provided in Figures 1.5 and 1.6.

Covered with as much as 100 ft. of Ogallala Formation
sand and gravel, the ridge north of the Burnham site is sharply
defined (Fig. 1.3) by scarp-forming outcrops of Permian dolo-
mite and sandstone. The integral beds for this escarpment
are the chert-bearing Day Creek dolomite, the non-chert Moc-
casin Creek dolomite, and the thick sandstone of the Rush
Springs Formation (Fay 1965:P1. I). The Burnham site lies
between East and West Moccasin creeks, which join three
miles south of the site before flowing on to the Cimarron.
Both East and West Moccasin creeks have their headwaters
on the ridge and drain off it through twisted, deep canyons.
South of the ridge and its escarpment the terrain slopes south
and is underlain by a very erodible, fine-grained, red sand-
stone of the Permian-age Marlow Formation. Numerous draws
and steep walled gullies have eroded into this sloping terrain
(Fig. 1.4). The Burnham site is near the head of one such
gully while also being close to the southern margin of the
land underlain by the Marlow Formation. South of the site,
Permian shale and gypsum beds are overlain by a series of
Quaternary terrace deposits attributed (Fay 1965:P1. 1) to the
Cimarron River.

Initially, we wondered if the Burnham site might be part of
an ancient course of the Cimarron River. A mile west of the
site, geologist R. O. Fay (1965:PL. I) plotted a small, north-
projecting lobe of Cimarron terrace deposits. To assess this
possibility, Peggy and 1 spent several days in November of
1987 inspecting gully walls, creek banks, and plowed fields
around the site to see if we could identify Cimarron alluvial

deposits. We found none and
concluded that the site repre-
sented some other kind of Qua-
ternary geologic context.

A north-south geomorphic
cross section (Fig. 1.7) through
the site to the Cimarron River re-
veals that the site is farther north,
and lower, than any mapped (Fay
1965:P1. 1) alluvium believed left
by the ancient Cimarron. In fact,
the site is far enough north that
it lies almost between two prom-
ontories of the receding bluff-line
of the ridge to the north. While
the northeast oriented ortho-
graphic projection (Fig. 1.5)
shows that the site is on a ter-
race-like setting, the northwest
oriented orthographic projec-
tion (Fig. 1.6) and the geomor-
phic cross section (Fig. 1.7)
show that the site is nestled near
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Figure 1.3. View east-northeast of Burnham site’s East Exposure (far side of pond) and the upland ridge
and escarpment in the background. Photo taken in July of 1987 by Don Wyckoff.

Figure 1.4. View southwest from ridge crest in Figure 1.3. Eroded terrain slopes west-southwest toward
the Burnham site (right center of picture). Photo taken in June of 1992 by Don G.. Wyckoff.
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the base of the long slope eroded from the soft Marlow For-
mation sandstone. Thus, the site’s location is not believed
to be on a strath terrace of the Cimarron River.

The bluff north of the site and the long slope on which
the site rests result from geomorphic processes well docu-
mented elsewhere along the eroding edge of the Southern
High Plains (Gustavson and Simpkins 1989; Simpkins and
Gustavson 1987; Ostercamp et al. 1987). Like other major
streams cut into the Southern High Plains, the Cimarron River
probably formed in a regional fracture zone where subsur-
face dissolution of Permian salt induced subsidence
(Gustavson and Finley 1985). Subsurface ground water flow
and salt dissolution are noted to occur currently in Woods
County (Fay 1965). In fact, extensive salt deposits are on the
Cimarron River today: the Big Salt Plain (4100 acres), which is
7 miles southwest of the Burnham site and the Little Salt Plain
(2000 acres), which is 13 miles west (Fay 1965:93 and P1. I).
Believed correlated with past climatic changes, downcutting,
lateral erosion, and aeolian deposition are Quaternary geo-
morphic processes creating terrain like that bordering the
Cimarron River (Osterkamp et al. 1987). Lateral erosion of the
Cimarron valley, like that recorded along Texas panhandle
drainages (Gustavson and Simpkins 1989), is primarily by
ground water flow below the caprock. Spring sapping under-
cuts the caprock, resulting in rockfalls and some rotational
slumping. Traces of these processes are evident in the upper
reaches of East and West Moccasin creeks north of the
Burnham site.

In this locality, the south sloping uplands are drained by
a dendritic series of draws, arroyos, and two deeply incised
streams that merge to form West Moccasin Creek (Fig. 1.4).
Although often steep sided, these streams have discontinu-
ous small remnants of alluvial terraces. These sometimes
contain lenses of gravel that include redeposited Ogallala
Formation clasts as well as cobbles and boulders of Day
Creek dolomite and the other formations exposed in the Red
Hills escarpment to the north. Some terraces are perched 6
to 10m above the present stream bed. A few of these settings
contain gray to black pond deposits that yield late Pleis-
tocene invertebrate and vertebrate fauna. Along these up-
land drainages the red Marlow Formation sandstone and the
underlying Dog Creek shale are frequently exposed (Fay
1965). Overlying these Permian red beds are 2 to 3m of soils
formed from bedrock disintegration, colluvium, and wind
blown material (Fitzpatrick et al. 1950).

At the Burnham site, however, over 5Sm of unconsolidated
red soil was visible. Consequently, the site seemed unusual.
When first visited in June of 1986 the site showed many
effects from construction of the small pond. This pond’s
dam axis ran east and west and was about 4m high. Its fill
came from using a bulldozer to scrape down the ravine's
sides adjacent the dam. Originally, the ravine’s east side was
bare, perpendicular, and an estimated 6m high. In contrast,
the ravine’s west side was a 6% slope vegetated with yucca

and bunch grass. Construction work only slightly altered
this west side. But in removing the topsoil and some
underlying colluvium, the bulldozer exposed two separate
lenses of gray sediment that contained fossil bones and gas-
tropods. Designated the Northwest (NW) and Southwest
(SW) exposures (Fig. 1.8), these gray lenses appeared to have
their bases at comparabl: elevations (Plate 1b)

Most of the dam fill came from the ravine’s east side. Here,
south sloping terrain was lowered more than 2m, and the
once vertical bank was graded to a 4% slope (Fig. 1.3 and
Plate 1a). This uncovered what first appeared to be the cross
section of a prehistoric gully filled with gray loamy sand and
capped with a nearly continuous layer of carbonate (Plate
1a). The base of this aggraded gully seemed to be the same
elevation as those of the Northwest and Southwest expo-
sures (Fig. 1.8). Like them, this East Exposure contained
many gastropod shells and some bones, including the over-
turned skull of the large horned bison.

In summary, prior to any scientific excavations and formal
surveying, the Burnham site appeared to consist of three
separate exposures of gray sediments containing similar kinds
of gastropods and mammal bones of different ice age spe-
cies. Because of their similar elevations, sediments, and fos-
sils, the three exposures were assumed to be remnants of one
alluviated creek or lacustrine setting.

Present and Past Environments
Stopping erosion was one reason for building the small
pond where the Burnham site was exposed. Erosion is very
evident in the uplands around the site (Fig. 1.4). The
contributing factors behind this erosion are the pronounced
local relief, the nature of the bedrock, the soils formed from
bedrock, historic land use, and climatic conditions.

Composed mainly of very fine sandy loam surface soils on
6 to 12% slopes (Fitzpatrick et al. 1950: Northwest soil map),
the landscape around the Burnham site is very erodible. In
fact, during our research at the site Mr. Burnham took the
surrounding field out of cultivation and enrolled it in the
federal Conservation Reserve Program. This enabled plant-
ing a variety of forbs and grasses that have greatly stabilized
the fine textured, south sloping ground.

Prior to historic farming, western Woods County was part
of the Shortgrass Plains biotic district (Blair and Hubbell
1938:Fig. 1). Historically, this area averages about 26 inches
of annual precipitation. Approximately 37% of that falls dur-
ing the growing season (Johnson and Duchon 1995:Figs. 3.1
and 4.27). The growing season is from around April 29 to
November 4, or 187 days (Johnson and Duchon 1995:Figs.
4.24 and 4.42). While lengthy, this season is marked by high
temperatures, especially in July and August, when evapora-
tion greatly exceeds seasonal precipitation (Johnson and
Duchon 1995: Figs. 4.25,6.17,6.18,6.19, and 6.20).
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Figure 1.5. Orthographic projection looking northeast at the Burnham site within the Cimarron River valley of Woods
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Figure 1.6. Orthographic projection looking northwest at the Burnham site within the Cimarron River valley of Woods

County, Oklahoma. Illustration courtesy of Pete Thurmond.
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Figure 1.7. North-south topographic cross section through the Burnham site, Woods County, Oklahoma. Prepared by

Brian J. Carter.

Given that the historical climate is usually dry during the
growing season, it is little wonder that the prevailing pre-
farming vegetation was short grasses. Most common in the
uplands were buffalo grass (Buchloe dactyloides), blue grama
(Bouteloua gracilis), hairy grama (B. hirsuta), and yucca
(Yucca glauca; Blair and Hubbell 1938:441). Small annuals
noted (ibid.) to occur in this association include fescue
(Festuca octoflora), and stick-tights (Lappula occidentale).
Willows (Salix sp.) and cottonwoods (Populus deltoides)
flourish in moist, sandy locations along streams (ibid.), and
hackberry (Celtis sp.) grows spottily along ravines and draws
draining the uplands. Over the past 50 years, red cedar
(Juniperus virginianus) has increasingly invaded upland
draws and pastures as a result of historic fire suppression.

Before historic settlement, this country was noted for herds
of bison (Bison bison), flocks of turkey (Meleagris gallopavo)
and quail (Colinus virginianus), prairie dogs (Cynomys
ludovicianus), coyotes (Canis latrans), bobcats (Lynx rufus),
and mountain lions (Felis concolor; Chrisman 1998; Records
1997). Native people who historically frequented this coun-
try were the Osages from the east and the Kiowas, Comanches,
and Southern Cheyennes from the Central and Southern
Plains. Especially favored spots for camping and bison hunt-
ing were the Great Salt Plains, on the Salt Fork River some 50
miles east of the Burnham site, and the Big Salt Plain (Fig.
1.6). This latter location is on the Cimarron River just 7 miles
southwest of the Burnham site (Fay 1965:Plate I).

Climatic fluctuations have noticeably affected vegetation
in Woods County twice in the past century. In the 1930s,
western Woods County was on the eastern edge of the
droughts that created the Dust Bow! on the Southern Plains
of the Oklahoma and Texas panhandles (Worster 1979). In
1933, the official total annual precipitation recorded for Alva
(30 miles east of Burnham) was only 15.47 inches (39.3 cm;

Fitzpatrick et al. 1950:Table 1). In the 1950s, this area was
impacted again by below average precipitation. In 1954, near
the beginning of a six-year drought, Freedom received 10.34
inches (26.3 cm) of annual precipitation (U.S. Department of
Commerce, Annual Climatological Summary, 1954). This 1950s
drought had disastrous effects on crops and pastures in the
Burnham locality. Elsewhere in Oklahoma, the 1950s drought
caused dramatic, measureable losses of upland forests (Rice
and Penfound 1959).

Site Relevance to Pleistocene Studies

The Burnham site initially interested us because it con-
tained a bison skull that looked like a form that existed early
in the last (Wisconsinan) ice age. Uncovered by mechanical
grading, this skull was ir: situ in snail-rich, gray sediments.
The skull manifested broadly sweeping, large horn cores that
paleontologist Larry Martin thought could represent Bison
latifrons. Seven examples of this species are reported within
150 miles of the Burnham site (Wyckoff and Dalquest 1997),
but only two of these come from deposits that yielded other
vertebrate or invertebrate fauna. Because horse and mam-
moth bones and diverse snail shells readily were visible at
the Burnham exposures, the locations seemed to offer an
opportunity to study fauna and the environment of a
Wisconsinan setting in this part of the Plains.

Actually, much information on ancient settings and biota
exists for this part of the Great Plains. Just northwest of the
Burnham site lies Meade County, Kansas. Here, the late
Claude W. Hibbard started paleontological studies over 60
years ago (Zakrzewski 1975). Beginning in 1936 and con-
tinuing through 39 subsequent summer field sessions,
Hibbard and his students surveyed, tested, and intensively
dug at dozens of vertebrate and invertebrate paleotological
sites in Meade County. These locations are mostly in the
Crooked Creek watershed. Draining south off the High Plains,
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Figure 1.8. Contour map of the Burnham site prior to the October 1986 fieldwork.

Crooked Creek joins the Cimarron River some 40 miles west
of the Burnham site (Fig. 1.9).

The many fossil-bearing sites studied by Hibbard and his
students occur in different, and sometimes stratified (occa-
sionally with volcanic ash beds), geologic contexts through-
out the Crooked Creek drainage. The fossil-bearing loca-
tions in Meade County have yielded an exceptional North
American record of a long succession of vertebrate and in-
vertebrate fauna (Frye and Hibbard 194 1b; Hibbard 1937, 1950;
Hibbard and Riggs 1949). The majority were interpreted as
Pleistocene.

As they worked with the Meade County sequence of fos-
sil mammals and gastropods, Hibbard and his students be-
lieved they could correlate different faunal assemblages with
the Pleistocene glacial-interglacial cycles as these were un-
derstood in the 1950s and 1960s (Hibbard 1958, 1960, 1970:
Hibbard et al. 1965). Since Hibbard’s (1970) last such cor-
relation, much has been learned about the duration and
cyclicity of the Pleistocene glacial-interglacial periods and
the ages of the Meade County faunal assemblages (Miller
1975; Morrison 1991; Richmond and Fullerton 1986; Smiley
et al. 1991). With the application of radiocarbon and other
dating techniques to materials from Meade County sites, it
is evident these fossil assemblages comprise a discontinu-
ous record that goes back more than two million years (Miller
1975; Miller and McCoy 1991; Zakrzewski 1975).

As noted above, volcanic ash deposits are recorded in
this area. Once thought to represent a single ash fall (Frye
and Leonard 1965), fission-track dating has provided evi-

dence that these deposits are of different ages (Boellstorff
1976; Carter et al. 1990; Naeser et al. 1973). In fact, their ages
range from roughly 0.5 to nearly 2.0 million years. Resulting
from chronologically different caldera eruptions in the Rocky
Mountains and the Sierra Nevadas, these ash beds are prov-
ing to be important Pleistocene markers for studying past
landscapes, erosion rates, soil development, and fossil as-
semblages older than can be assessed by radiocarbon dating
(Carter 1985, 1991; Carter et al. 1990; Boellstorff 1976;
Boellstorff and Steineck 1975; Naeser et al. 1973; Ward 1990,
19914, 1991b).

Meade County fossil sites with late Pleistocene dates are
shown in Figure 1.9. Also illustrated are selected late Pleis-
tocene paleontological and archaeological sites reported for
northwestern Oklahoma, northeastern New Mexico, and the
Texas panhandle. The archaeological sites include many of
the first studied camps and game kills yielding evidence that
people inhabited North America during the last stages of the
Wisconsinan ice age. These sites are now affiliated with the
Clovis and Folsom material cultures recognized on the South-
em Plains (Hofman 1989; Gunnerson 1987; Holliday 1997).

The geologic settings, contents, and ages of the late Pleis-
tocene paleontological and archaeological sites near
Burnham are very similar to those reported (Caran and
Baumgardner 1990; Gustavson et al. 1991) for the southern
part of the Texas panhandle. There, the exposures consti-
tute a thick, complex sequence of aeolian, fluvial, lacustrine,
and alluvial-fan deposits considered a “sediment apron” (the
Lingos Formation) that lies directly east of the Southern High
Plains escarpment (Caran and Baumgardner 1990).
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. Folsom site (Haynes et al. 1992; Wormington 1957)
2. Waugh (Folsom) site (Hofman 1991, 1995; Hill and
Hofman 1997)
3. Cooper (Folsom) site (Bement 1999)
4. Lipscomb (Folsom) site (Hofman1995; Hofman and
Todd 1990; Hofman et al. 1989, 1991; Todd et al.
1990, 1992; Schuliz 1943)
5. Miami (Clovis) site (Holliday et al., 1994; Sellards
1938)
. Domebo (Clovis) site (Leonhardy 1966)
. Bartow mammoth (Kerr 1964; Pitts 1969)
. Hajny mammoth (Wyckoff et al. 1992)
. Bar M fauna site (Miller 1975; Myers 1965; Shaak and
Franz 1978; Taylor and Hibbard 1955)
10. Doby Springs faunal site (Stephens 1960}
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11. Berends fauna site (Miller 1966)

12. Tesesquite Canyon fauna site (Dalquest and Stangl
1989)

13. Crooked Creek locality, Bird fauna site (Miller 1975;
Stettenheim 1957)

14. Crooked Creek locality, Robert fauna site (Miller 1975;
Schuliz 1969)

15. Crooked Creek locality, Spring Valley fauna site (Davis
1975)

16. Crooked Creek locality, Boyd fauna site (Miller 1975)

17. Crooked Creek locality Classen fauna site (Miller 1975)

18. Howard Ranch fauna site (Dalquest 1965)

19. Little Sunday Canyon fauna site (Johnson and
Savage 1955)

20. Carrol Creek fauna site (Kasper 1989)

Figure 1.9. Selected archaeological and paleontological sites near the Burnham site (34W073), Woods County, Okla-

homa. Adapted from Raiz 1957.

No pretense is made that the initial field work at the
Bumham site was undertaken to clarify geologic relation-
ships between the Lingos Formation in northwest Texas and
similar deposits in southwestern Kansas and adjacent parts
of Oklahoma. The Burnham site did represent an opportu-
nity to conduct taphonomic studies on ancient bone-bearing
deposits. Moreover, the Burnham site was in Oklahoma,
the one Southern Plains state where Pleistocene paleonto-
logical sites seldom have been studied in detail. Thus it was
that we undertook paleontological salvage and test excava-

tions there in late October of 1986. Little did we know what
we were getting into.
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Chapter 2
History of the Burnham Site Research

Don G. Wyckoff and Peggy Rubenstein

Investigation of the Burnham site began in 1986.
The unexpected discovery of archaeological materials from
a geologic context predating the last glacial maximum led
to intensive field work in 1988, 1989, 1991, and 1992. In
addition, between 1986 and 1992, innumerable brief ex-
cursions were taken to check on the site’s condition, in-
spect particular details of its geology, and investigate fossil
finds there and at nearby locations. The intensive field
sessions were undertaken to resolve questions about the pres-
ence of human artifacts, their contexts, and their age.

A Burnham site research team was established in 1989
for the field work that was partially funded by the National
Geographic Society. Unfortunately, not all members of this
team were able to be there throughout the 1989 field work
or to participate in all subsequent field sessions. As princi-
pal investigator, Don Wyckoff was on hand for all field
work. Soils scientist Brian Carter and archeologist Kent
Buehler were present for nearly two-thirds of all field in-
vestigations. All other team members were there for less
than a fourth. As a result, some of these individuals’ con-
tributions to this monograph are based on their observa-
tions and findings during particular segments of the field
research. For that reason, a history of the Burnham site
research is merited. Such a history serves to acquaint the
reader with the sequence of field work, the diverse ques-
tions or goals being addressed during each field session,
and who was involved with the work.

Thanks to colleagues like Brian Carter, Jim Theler, Larry
Todd, and Jack Hofman, the overriding emphasis of the
Burnham site research has been learning how and when the
artifacts got to where we found them. Now is the time to
lay these findings before interested scholars and let them
decide the significance.

Initial Discovery

It was late May of 1986 when Vic Burnham called Don
WyckofT and reported that brother Gene Burnham had un-
covered some large bones while building a small erosion-
control dam in a ravine on their dad’s property. Wyckoff
had met the Burnhams in 1984 while visiting western Woods
County to look at archaeological sites with avocationalists
Harold Kamas and Gwen Webber. Vic had a broken Folsom
point he had found near his house, and he knew that
Wyckoff was interested in studying artifacts and fossils that
dated to the end of the last ice age. Between 1984 and 1986,
Vic had called the Oklahoma Archaeological Survey sev-
eral times about fossil finds. He and Gene operated earth-

moving equipment to build ponds and terraces on eroding
fields in western Woods County. Having already reported
a mammoth tusk and part of a ground sloth skeleton, both
of which were recovered by Oklahoma Archaeological Sur-
vey staff members, Vic was a person that the Survey staff
had come to trust and respect.

The May 1986 call came at a fortuitous time. We had
just completed recovery of mammoth and other fossil bones
at the Hajny site (WyckofT et al. 1992) some 70 miles south-
east of western Woods County, and we were troubled by
some geological findings there. Because Larry Martin, pa-
leontologist at the University of Kansas, had agreed to ana-
lyze the non-mammoth bones from Hajny, Wyckoff called
him and made arrangements for he and geologist Wakefield
Dort to drive down and inspect the Hajny site in early June.
We agreed to meet in Blackwell, a town in northern Okla-
homa along Interstate 35. By going west from Blackwell,
we could swing by the Burnham find, make a brief inspec-
tion, and then travel down and spend the rest of the day at
the Hajny site.

Larry Martin, Wakefield Dort, and Don Wyckoff vis-
ited the site on June 9, 1986. Vic led us east through his
dad’s pasture to a ravine draining a field planted to sor-
ghum. Near the ravine’s mouth, an earthen dam had been
built by grading down the ravine’s banks and pushing dirt
up from its floor. On the bulldozer-scraped slopes east and
west of the dam were exposed discontinuous layers of gray
sediment that contained many snail shells and some bone
fragments. Mammoth and fossil horse were identifiable
from pieces found on the west bank. On the east side the
bulldozer had crushed horse or bison long bones and had
scraped through part of an overturned bison skull. The vis-
ible horn core was very thick, and Larry Martin’s first im-
pression was that it could be Bison latifions, the big-horned
bison believed associated with early to middle Wisconsinan
glacial times on the Southern Plains (Wyckoff and Dalquest
1997). Based on these finds, the site was considered to be
potentially important for its vertebrate and invertebrate fau-
nal record. On Larry Martin’s recommendations, plans were
made to return in the fall. At that time we would recover
the skull of a rare form of bison and waterscreen about a
ton of the surrounding gray sediment in order to obtain bones
of small animals that would help us assess the site’s poten-
tial for researching late Pleistocene environments.

October 14, 1986, Reconnaissance
On this date, Peggy Rubenstein and Don Wyckoff trav-
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eled to the Burnham site. Our visit was to accomplish two
goals: plan the upcoming recovery of the bison skull and
the field processing of sediment to retrieve bones of small
vertebrates; and also assess the damage to the site. The
area had received several hard rains over the summer, and
we wanted to make sure the skull was intact.

We spent over two hours at the site looking at the fossil-
bearing deposits and gathering bone fragments. Summer
rains had washed off much of'the loose, graded dirt; eroded
rivulets into the slopes; and exposed the stratigraphy better
than what was visible in early June. It now appeared that
two separate bone-bearing, gray deposits were on the west
side of the dam. The northernmost had the clear profile of
a channel filled with alluvium, whereas the southernmost
deposit seemed to be a lateral remnant of gleyed sediment
that contained fewer gastropods and bones than that to the
north (Fig. 2.1). East of the dam, nearly 2.0m of gray sedi-
ments seemed confined to a U-shaped channel and appeared
capped by a thin (5 to 10cm) layer of nearly continuous
carbonate, above which was red soil containing large, well
solidified, carbobonate nodules (Plate 1a).

Although deep rivulets were on both its sides, the bison
skull was not damaged by erosion. We planned to recover
it by positioning it within a block of 1x1 meter squares which
we would lay out relative to a site datum (with an assigned
elevation of 100 m) on a little knoll some 15m southeast of
the skull. Because the slopes were dry and hard, much of
the rain had drained off to form a small pond behind the

dam. Observing how hard the ground was, we decided to
follow Larry Martin’s suggestion that we waterscreen the
gray sediment removed from the four squares around the
skull. Using a water paump, we planned to wash the exca-
vated fill from the base of the bison skull through 2mm mesh
hardware cloth.

Skull Recovery and Sediment Sampling
We returned to the site to recover the bison skull and to
sample the deposit for other bones on October 29, 1986.
Assisting us were three volunteers from the Oklahoma An-
thropological Society: Claude Long of Oklahoma City, Scott
Francis of Perry, and Harold Brown of Ponca City.

A site datum was established on the knoll (with 5/8 inch
rebar), and a north-south baseline for a metric grid was laid
out along a magnetic north line north of the datum. An
alidade and plane table were used to do this. From this
baseline, we measured west and set up four |xIm squares
around the bison skull. This fossil was mainly in square
S2-W22 (22 m west of the north-south baseline and 2 m
south of our designated east-west baseline), but we also
decided to excavate squares S1-W22, SI-W23, and S2-W23
in order to fully expose the skull and get it on a pedestal so
that we could jacket it in plaster. This would stabilize the
skull and enable removing it intact. Also, the removal of
gray sediment from these adjacent squares would provide
the amount of fill that Larry Martin suggested be
waterscreened.

Figure 2.1. View northwest of the Southwest (left) and Northwest (right) exposures of gleyed sediments on the west side of
the Burnham pond. Photo taken October 14, 1986, by Don Wyckoff.
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Starting in square S1-W22 (Fig. 2.2), we dug in 10 cm
levels that were measured from the northeast corner (stake
0-W22) where the sloping ground was at elevation 97.26m
relative to datum (which had an assigned elevation of 100.0m).
By starting nearly a meter north of the skull, we were able
to dig carefully south toward and around the skull.

Our work revealed several notable characteristics of the

deposit. First, the bulldozer had disturbed less than Sem of

the uppermost gray sediment (Fig. 2.3). Second, a discon-
tinuous layer (3 to 6 cm thick) of hard carbonate extended
across squares S1-W22 and S2-W22. This carbonate layer
was above the north-sloping left side of the bison skull (Fig.
2.4). The skull was in an overturned position, and its right
side was higher than the left. This right side was scraped by
the bulldozer blade, removing the right side of the maxilla
and nearly severing the right horn core (Fig. 2.5; Plate 1b).
Third, as each 10 cm level was removed from the four squares,
the floor of the excavation was carefully troweled. These
cleaned floors revealed colorful swirls of gray, gray-green,
yellow, and red sediments unbroken by any krotovinas or
other disturbances traceable to the recently graded surface
(Fig. 2.6). Lastly, as we reached a depth of 70 cm (ele. 96.56)
below the graded surface at stakes 0-W22, S1-W22, and S2-
W22, the bison skull was nearly completely exposed, and its
remaining cranium and left maxilla were in gray sediment
while its left horn core extended down through the gray
sediment into an underlying red loamy sand.

Because of the angle at which the skull was lying, the
left horn core required digging the northern squares deeper
than the southern ones. While excavating these northern
squares we encountered a bison left scapula and a large flint
cobble (Fig. 2.7). Both were in the red sediment north of,
and lower than, the bison skull. Both were plotted: the cobble
was photographed in situ; and both were placed in bags

Figure 2.2. View northeast of excavation starting in square S1-
W22 of East Exposure. Waterscreen setup at pond margin (lower
left). Photo taken October 29, 1956, by Don Wyckoff.

labeled with all pertinent provenience information.

We then finished removing sediment from around the
skull. The skull was pedestaled so that it could be wrapped
with strips of gunnysack and jacketed in plaster. While
doing this final cleaning, we ascertained that the right horn
core was essentially cut through by the bulldozer blade and
that its unsheared portion was poorly preserved (Fig. 2.8).
We also discovered that the bison’s left mandible was lying
directly under the skull. The proximal end was to the west,
and this was carefully exposed so that the skull could be
plastered and removed.

All fill from the 10cm levels dug from each square was
washed through 2mm mesh hardware cloth on a portable
nested screen loaned to us by Charles Wallis, archeologist
with the Oklahoma Conservation Commission. All material
recovered from the screen was kept and bagged according
to square and level.

By the morning of November 1, we had the skull ready for
jacketing and removal. However, this work could not be
completed at that time. A cold front blew in that morning, the
air temperature fell below freezing, and snow began to fall.
Because the plaster would not set in the cold temperatures,
the skull was carefully wrapped and covered with tarps.

We returned the next week and with the help of Lois Albert,
Vic Burnham, Harold Kamas, and Gwen Webber, we jacketed
the skull in plaster (Fig. 2.9). After it was dry, we cut itaway
from the pedestal and loaded it for the trip to the Oklahoma
Archeological Survey laboratory in Norman. Also, we ex-
posed and removed the left mandible that had been under
the skull.

1987 Laboratory Work and Artifact Discovery
Notes about the field work and findings were published
in the 1987 issue of Current Research in the Pleistocene
and in the Newsletter of the Oklahoma Archeological Sur-
vey (Wyckoffand Flynn 1987; Wyckoffetal. 1987). In
both cases, the site’s potential for studying late Pleis-
tocene environments was emphasized. To get some idea
of the site’s age. fragments of bison bone and samples of
dark sediment from around the bison skull were submit-
ted to the Washington State University Radiocarbon Lab.

During the following months, student lab helpers
sorted through the waterscreened residue to separate
potentially identifiable bone fragments from the thou-
sands of snail shells, carbonate fragments, and occasional
pebbles. Some seven months after the field work, the
first of two flint flakes was found. Discovered during the
sorting of waterscreened debris, this flake was complete
with a flake-faceted platform (that slightly overhangs on
the ventral face), a discernible bulb of force, and a dorsal
face that shows scars of previously removed flakes.
Within a month of this find, a broken, second flake was



Figure 2.3. View northeast of north wall profile at square
S1-W22 at 30 cm below the surface. Dark horizon on top is
the depth of disturbance due to grading and erosion. Photo
taken October 29,1986, by Don Wyckoff.

Figure 2.5. View southeast of bison skull being uncovered.
Photo taken October 30, 1986, by Don Wyckoff.

found. Itappeared to be of exotic stone, a root beer colored
variety of Edwards chert from central Texas.

Both flakes looked to be of human origin. Both came from
the gray sediment around the bison skull and from levels
below those churned by the grading. The discovery of these
flakes prompted reinspection of the Day Creek chert cobble
found just below the bison skull. Upon cleaning, this cobble
displayed two flake scars that were not abraded or had pa-
tina like others on the specimen. These scars looked like
those made when a flintknapper tests a cobble.

By August of 1987, the staff at the Washington State
University radiocarbon laboratory reported they were un-
able to obtain dates from the bone and sediment samples.
Believing it imperative that some age estimate be established
for the deposit, we submitted a sample of snail shells from 50
to 70 cm below the surface in square S1-W22 to a commercial
laboratory. In October of 1987, Beta Analytic informed us
that the sample dated 31,150 +/- 700 years ago (Beta-

Figure 2.4. View east of carbonate layer over bison skull
in squares SI-W23 and S2-W22. Photo taken October 29,
1986, by Don Wyckoff.

Figure 2.6. Water swirled sediments exposed in square S1-
W22 directly north of the bison skull. Marker is in 5 cm
increments and points rorth. Photo taken October 30,
1986, by Don Wyckoff.

23045;Wyckoffand Flynn 1988). Even allowing for the often
noted (Taylor 1987:52) unreliability of fresh water snails for
accurate radiocarbon dates, that age seemed reasonable.
By October, paleontologist Larry Martin had studied the
bison skull and concluded that it represented a form transi-
tional between Bison latifrons and Bison antiguus. Given
the geologic ages of these two forms (McDonald 1981), the
Burnham site radiocarbon date seemed consistent for an
intermediate form like the Burnham skull.

In late October of 1987, we attended the annual meeting
of the Texas Archeological Society. Held in Waco, a major
symposium of this meeting focused on the interaction of
humans and elephants in prehistory. Although we weren’t
participants in that symposium, Peggy gave the first public
presentation of work and findings at the Burnham site at the
meeting. Peggy’s talk generated interest from several sym-
posium participants, including Rob Bonnichsen who looked
at the artifacts, discussed their geologic occurence, and en-
couraged us to continue studying the site.
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Photo taken November I, 1986, by
Don Wyekolff.

Figure 2.8. View northeast of bi-
son skull lving in gray sediments.
The mandible underlying it has
not yet been exposed.  Photo
taken November 1, 1986, by Don
Wyckoff:

& plaster jacketed bison skull
in East Exposure of the
Burnham site. Photo taken
~ November 8, 1986, by Don

Wyckoff.
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The November 1987 Reconnaissance

Some questions posed at Waco caused Peggy
Rubenstein and Don Wyckoff to return to the Burnham site
on November 17 and 18, 1987. We did this to get a better
understanding of the geology around the site. In particular,
we wanted to learn just how unique were the gleyed, fossil-
bearing sediments. Accordingly, we spent these two days
walking ravines and studying profiles within a quarter mile
radius of the site.

Our primary interest was to see if other gleyed deposits
were present. If'so, were they potentially related to the same
geologic processes that created the Burnham site? Also, we
were concerned to learn if archaeological materials were
nearby and upslope. Could the artifacts found in the
waterscreen debris have been redeposited from a Holocene
archaeological site that had eroded in the past?

During our reconnaissance we saw many diverse expo-
sures, most showing accumulations of carbonate enriched
soil over Permian sandstone. We also observed redepos-
ited Ogallala Formation gravels at scattered locations. No
where did we find gleyed deposits with fossil bones or shells.
We also didn’t find any archeological sites. In essence, we
came away with the impression that the gleyed deposits of
the Burnham site were locally unique and that there was
little likelihood that the artifacts from the deposits had been
redeposited from a nearby Holocene or Pleistocene archaeo-
logical site.

1988 Proposal Submission

Based on our understanding of the Burnham site’s age
and the presence of human artifacts, we submitted a pro-
posal to the National Geographic Society in January, 1988.
This proposal sought funds to continue manual excavations
near the bison skull in order to see if more artifacts could be
found. Also, we proposed a series of backhoe trenches be
dug at selected locations north and east of the bison skull.
These were planned to expose the site’s geologic contexts
and hopefully help us learn more about the processes creat-
ing these contexts and their ages. Allowing for an eight
month review period, we anticipated hearing about our pro-
posal in August.

1988 Field Trips
Although pressed by several other projects, a couple of
field trips were made to the Burnham site between January
and August of 1988. These trips were prompted by several
heavy rains and by Vic and Gene Burnham discovering addi-
tional fossil-bearing deposits in the vicinity.

On April 20, Don Wyckoff, Peggy Flynn, and Richard
Drass (archaeologist with the Oklahoma Archeological Sur-
vey) visited the site after Vic Burnham called to report that
some bones were washing out of the grey exposures west of
the modern pond. There, we recovered several parts of horse
leg bones and also several pieces of charcoal in situ in the

gleyed deposits. On this trip we saw enough evidence to
cause us to conclude that the two gleyed deposits west of
the modern pond were not connected. Accordingly, we de-
cided to refer to these deposits as the Southwest and North-
west Exposures so that we could appropriately provenience
any fossils or artifacts found.

A second field trip occurred on July 29, 1988. Again, a
rainstorm had swept the locality and washed graded dirt
while cutting deep rivulets on the slopes east and west of
the modern pond. On this trip, Francie Gettys (archaeolo-
gist with the Oklahoma Archeological Survey) joined Don
Wyckoff to begin formal mapping of carbonate layers, iden-
tifiable fossil elements, and chert clasts evident at the three
exposures. Our mapping focused mainly on the gleyed de-
posits east of the modern pond. We began referring to these
sediments as the East Exposure. Twelve bone fragments
were plotted at varying depths amidst the East Exposure
deposits. A couple of these bones were encased in a thick
caliche layer now visible capping nearly all of the gray sedi-
ments. Several dolomite and chert clasts were also plotted.
A few of the latter were crushed by the grading machines;
none showed signs of having been knapped prehistorically.

Another notable excursion to the site was made on Au-
gust 14, 1988. Recentrain had cut significant gullies into the
Southwest and Northwest Exposures. While destroying
parts of these deposits, these gullies helped clarify the ex-
tent and depth of the gleyed deposits. They also provided
more insight to the contents of these deposits. The South-
west Exposure was now readily visible as a meter thick layer
and roughly 10m long (north-south) bed of greenish gray
sandy loam sediments with few snails, occasional bones,
and rare gravel clasts (Fig. 2.1). When identifiable, the bones
typically were from prehistoric horse. In contrast, the North-
west Exposure had a U-shaped cross section filled with gray
sandy loam that contained thousands of snail shells, occa-
sional waterworn cobbles and boulders of Day Creek dolo-
mite, and fragments of bones and teeth attributable to horse,
mammoth, and turtle.

Another rain washed the site around August 22, 1988.
Vic Burmham called Don WyckofT to tell him that bones
were washing out of the East Exposure. An August 24, 1988,
trip to the site revealed that several parts of apparent ungu-
late leg bones were eroding out of an indurated layer of
carbonate that seemed to cap the East Exposure (Fig. 2.10).
Although fairly intact while in the carbonate layer, these
bones broke up longitudinally while weathering out of the
carbonate.

September 1988: Further Testing
By July of 1988, the National Geographic Society had
notified us that they were not funding our proposal for in-
tensive field work at the Burnham site. Their decision hinged
on, “There just seems....to be little evidence of human pres-
ence there to go ahead on the basis you plan” (E.W. Snider
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letter of June 14, 1988). Unknown to the Society’s Commit-
tee for Research and Exploration, eight more flint flakes had
been found while Peggy and her student help sorted the
remaining waterscreen residue. Two sections of flakes ap-

peared to be of the translucent brown (root beer) variety of

Edwards chert from central Texas. One other was the distal
end of'a secondary decortication flake of Ogallala quartzite.

Convinced that the East Exposure contained human arti-
facts, an appeal was made to 38 experienced and trusted
members of the Oklahoma Anthropological Society to help
conduct further excavations in September of 1988. The goals
of the planned work were to see if more artifacts and bison
bones could be found and to learn more about the stratigra-
phy of the deposit where they were found. Also, we hoped
to recover material more suitable than snail shells for
radiocarbon dating. Twenty-seven people volunteered and
helped for different intervals between September 14 and 30,
1988. All funds for this work came from a few modest dona-
tions and from the very limited field budget of the Oklahoma
Archeological Survey.

This 1988 excavation was all manual and concentrated
on digging and waterscreening (2mm mesh) more sediments
outof'the initially excavated four squares (S1-W22, S1-W23,
S2-W22,and S2-W23) as well as one more square (S3-W21)
to the south and six to the north (Fig. 2.11). Approximately
six cubic meters of sediment were dug and waterscreened.
More bones of the large-horned bison were uncovered. Ribs
were west of where the skull had been exposed, and parts of
ribs and thoracic vertebrae were southeast. Especially excit-
ing were two fragments of chipped stone tools, one a com-
bination cutting-scraping implement and the other a portion
ofa bifacially flaked edge (Wyckoff 1988). Both were in the
same stratum as the bison skull, and both were about 2.0 m
north of the skull (Fig. 2.11). In addition to these artifacts,
sorting the 1988 waterscreen residue recovered six more
flakes. These were less than a centimeter in maximum di-
mension, and all looked like debris from resharpening
chipped stone tools.

Because of the number of volunteers, it was possible to
excavate in one of the other exposures. As it appeared to
have more bone fragments, the Northwest Exposure was
chosen. Besides recovery of faunal material, a test excava-
tion of the Northwest Exposures enabled studying the
taphonomic processes operating on bones there. Finally,
human artifacts might also be recovered. Six IxI1m squares
were staked out to form a north-south trench along the
Northwest Exposure’s easternmost edge. A 5/8 inch rebar
was mapped adjacent this trench and marked with a known
elevation (relative to site datum) so that levels could be
measured (with string and line levels) as they were removed
from the squares. All excavation was done with trowels, and
all fill removed from each 10em level of each square was kept
separate and waterscreened through 2mm mesh hardware
cloth. Although not all squares were dug to the same eleva-
tion, 0-83 and 0-S4 were taken to elevation 96.54 where their
floors clearly were in red, unconsolidated, loamy fine sand.
This same material showed at 96.64 in square 0-S5, and the
rest of the profile displayed gray sediment in a northwest-
southeast trending wide, shallow, gully. A large, tabular
boulder of Day Creek dolomite rested on the gully floor. It
displayed water polish and scattered around it were broken
bones with edges rounded and polished from sediment car-
ried by water (Fig. 2.12). No artifacts were recovered from
this trench in the Northwest Exposure.

All'in all, the 1988 excavations revealed several notable
details about the Burnham site. By now we had seen enough
to believe that the three exposures were similar, but not alike.
While not actually dug, the Southwest Exposure was evi-
dent because gullies now exposed east-west profiles through
it. These showed nearly a meter thick stratum of greenish
gray fine sandy loam which contained few gastropods,
sparse animal bones, and rare charcoal flecks. The occa-
sional bones found were of fossil horse, were not articu-
lated, and occurred at different elevations in the sediment.
This deposit was visible for nearly 10m and lay horizontally
and not in a U-shaped basin. Hardly a dozen meters north,
the Northwest Exposure stood in marked contrast. Consist-
ing of greenish gray loamy fine sand, the Northwest
Exposure’s sediment clearly was confined to a U-
shaped channel and contained thousands of gas-
tropods and numerous fragments of bone and teeth.
The latter were identifiable as horse, camel, and
mammoth. Turtle was very evidentamong the bone
fragments. Discovered at the base of the deposit, a
large clast of dolomite and nearby bone fragments
were abraded and polished, all bearing witness to
fast flowing water of considerable volume. How-
ever, given its many complete aquatic snail shells,
this U-shaped gully must have been cut by turbulant

Figure 2.10. View east of indurated calcium car-
bonate layer (above scale) containing some bones
that capped the East Exposure of the Burnham
site. Photo taken August 24,1988, by Don Wyckof].
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runoff and then aggraded under a different stream regimen.

The 1988 work on the East Exposure was limited, but the
findings furthered our view that those deposits were more
diverse and complexly arranged than any manifest elsewhere
on the site. By digging one meter south of the bison skull,
we intersected the south edge of a prehistoric channel.
Clearly, the bison skull and all recovered artifacts were within
this channel. Moreover, the bison skull and all recovered
artifacts were in one stratum of this channel. This stratum, a
gray silt loam containing many gastropod shells, thins some-
what to the north and displays an unusually irregular
(bioturbated?) boundary with the underlying red loamy fine
sand (Fig. 2.13; Plates 2b and 3a). At the bison skull a dis-
continuous layer of hard carbonate nodules capped the gray
silt loam (and the skull), but north of the skull these nodules
were at essentially the same elevation but in a reddish brown
loam, a stratum minimally expressed over the skull but much
more evident two and three meters north. At least a meter
above this reddish brown loam occurred a nearly continu-
ous layer of indurated carbonate. This second carbonate
layer seemed to cap the prehistoric gully. Because our exca-
vations didn’t extend far enough east, we didn’t know what
other strata lay between this uppermost carbonate layer and
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Figure 2.11. Bison bones and chipped stone items found in
the 1988 excavations at the Burnham site s East Exposure.

the reddish brown loam exposed on top of our excavations.

The 1986 and 1988 findings at the Burnham site were
preliminarily reported (Flynn et al. 1988) at the 1988 Plains
Anthropological Conference held between November 2 and
5 in Wichita, Kansas. Ater giving this presentation, Wyckoff
was interviewed about the site and its contents by Karen
Turnmire. This information was published (Tratebas 1989)
in an article on the Burnham site in the Mammoth Trumpet, a
quarterly newsletter of the Center for the Study of Early
Man at the University of Maine.

Research Proposal Resubmission

From October 1988 through June 1989, students super-
vised by Kent Buehler, Lab Manager of the Oklahoma Ar-
cheological Survey, cleaned and sorted the waterscreen resi-
due from the September 1988 excavations. Funds for this
processing were provided by the University of Oklahoma
Research Council. By June, we had 10 small resharpening
flakes in addition to the 2 broken toolsand 1 flaked cobble.
Dr. Michael A. Mares, Director of the Oklahoma Museum of
Natural History, gave us funds for more radiocarbon dates
on the East Exposure deposits. Through the interest of Vance
Haynes, Jr., Austin Long, and Doug J. Donahue, the Univer-

Figure 2.12. Water polished boulder and bone fragments
Jfound in the 1988 testing of the Northwest Exposure. Marker
points north and is in 5 cm incremenis. Photo taken Sep-
tember 28, 1988, by Don Wyckoff.



sity of Arizona Accelerator Facility was used to obtain dates
of 35,890 +/- 850 (AA-3837) on unsorted snail shells from
near the bison skull, 40,900 +/- 1600 years ago (AA-3840) on
charcoal from sediment above (elevation 97.06) the skull,
and 26,820 +/- 350 years ago (AA-3838) on charcoal from the
red sediment below (elevation 96.26) the bison skull
(Wyckoff 1989a).

With these early dates and a larger inventory of artifacts,
a proposal for field research funds was submitted to the
National Geographic Society in March of 1989. This pro-
posal requested funds to expand manual excavations of
East Exposure squares near the bison skull, to do deep
coring around the East Exposure deposits, and to do limited
backhoe trenching near and into the East Exposure depos-
its. The coring and trenching were planned to help study
and assess the geologic contexts, the processes forming
these deposits, and their ages. Most importantly, the re-
quested funds would help cover the expenses of an interdis-
ciplinary team: Dr. Wakefield Dort, Jr. (geology), Dr. G. Rob-
ert Brackenridge (alluvial geology), Dr. Brian J. Carter (ped-
ology), Dr. Larry D. Martin (vertebrate paleontology), Dr.
Larry C. Todd (vertebrate taphonomy), and Dr. James L. Theler
(invertebrate paleontology). Don Wyckoff was serving as
principal investigator, and Kent Buehler was enlisted as
assisting archaeologist. We sought $18,739 from the Na-
tional Geographic Society to cover costs basic to the field
work. We also sought private donations of $7000 to help
cover field expenses (Wyckoff 1989a).

First World Summit Conference:
Peopling of the Americas
In April 0f 1989, Dr. Rob Bonnichsen of the Center for the
Study of the First Americans (University of Maine-Orono)
invited Don Wyckoff to be a presenter at the World Summit
Conference on the Peopling of the Americas. Scheduled for
May 24 to 28, this conference was billed as a meeting to:
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“\ Figure 2.13. View north of
, bioturbated boundary between
artifact-bearing gray sediments
and underlying red sediments in
north wall profile of square 0-
W23, East Exposure. Marker is
in 5 cm increments and points
north. Photo taken September
28, 1988, by Don Wyckoff.

1. puttogether the American prehistory puzzle from
Siberia to Tierra del Fuego;

2. share the stewardship of America’s oldest inheritance;

3. and work for the public trust of America’s earliest
prehistory.

Wyckoff was asked to present a paper on the Burnham site

findings and on any other Southern Plains evidence for a

Pleistocene human presence.

Emphasizing the significant role of interdisciplinary stud-
ies in learning about the first Americans, Wyckoff’s paper
examined the Clovis-Folsom-Plainview cultural continuum
documented on the Southern Plains. It then briefly looked
at evidence for pre-Clovis occupations reported for such
sites as Lewisville, Cooperton, Levi Shelter, and Bonfire Shel-
ter before summarizing the Burnham site work and findings.
Given on May 26, the paper received little comment from
conference attendees. Instead, interest and attention was
focused on presentations concerning findings at Monte
Verde, Chile, and Piedra Furada, Brazil.

Although all papers given at this conference were to be
published soon, the volume containing regional, or site spe-
cific summaries, did not get published until 1999. The initial
manuscript (Wyckoft 1999) on the Burnham site is part of
that volume.

Nearby Paleontological Sites

In early June of 1989, the Burnham neighborhood was
washed by intense thunderstorms. Nearly 3.0 inches of rain
fell in a short time on the upland ridge north of the site, and
the resulting runoff was heavy enough that it threatened to
wash out several dams the Burnham family had built on
West Moccasin Creek. To strengthen a dam 2.0 miles north
of the Burnham site, a hillside at the dam’s west end was
graded for fill. This work exposed a 10m profile of nicely
stratified calcic soil (3.0m thick) over a sequence of fluvial
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sand and gravel, clay loam alluvium, and coarse gravel.

At the urging of Vic Burnham, Don WyckofY visited this
exposure (called the Olson Exposure) on June 15, 1989. As-
sisted by John Flick, Wyckoff recovered bone fragments
and snails from the reddish brown clay loam that comprised
the second lowest stratum in the profile. A narrow gully in
this stratum had partially uncovered the mandible of a juve-
nile bison. While uncovering this, a large fleck of charcoal
was found nearby and collected. (This charcoal was later
submitted for accelerator dating, and the result was > 48,000
years ago [AA-5617]).

Believing that the Olson Exposure comprised evidence of
the late Pleistocene in this watershed, Wyckoff and Kent
Buehler returned to the location on June 29, 1989, to make a
detailed contour map of the hillside and the boundaries be-
tween strata. A few more bone fragments, including part of
a camel phalanx, were found during this mapping.

Then, in August of 1989, Vic Burnham called to report a
gully was cutting into deposits containing bones in a field a
quarter mile south of the Burnham site. Owned by Albert
Bouzidan, this field was visited that month. This trip
revealed a gully which had eroded perhaps 10m into the
northeast edge of a 3.0m thick deposit of gleyed silt loam.
Small carbonate nodules, occasional snails, and even fewer
bones were evident in the deposit as revealed by the gully.
A survey of the field itself revealed the black sediments of
this deposit extended over a roughly circular area of some 5
acres. A sample of snails collected here was examined by Jim
Theler (University of Wisconsin-LaCrosse) who noted that
cold-adapted species were present that were not in any of
the Burnham site samples.

Burnham Site Excavations in 1989

In July of 1989, the National Geographic Society notified
us that they were funding (Grant #4414-89) two-thirds of
the request for intensive, interdisciplinary research at the
Burnham site. Accordingly, the October schedule for work
was confirmed with Keith Burnham, the landowner, and
arrangements were made with him for camping around a
nearby lake by those helping with the field work. The
interdisciplinary team members were contacted, and their
on-site schedules were confirmed. Also, volunteers from
the Oklahoma Anthropological Society were invited to help
with the manual excavations (Wyckoff 1989b). The use of a
backhoe and access to auxillary water for waterscreening (in
case the modern pond went dry) were also arranged.

On September 1 and 2, Brian Carter and assistant Phil
Ward met Don Wyckoff and Kent Buehler at the site and
began deep coring east and north of the East Exposure (Fig.
2.14) witha truck-mounted Giddings coring rig. Going from
4to 6.5 m below the surface, seven cores showed thin
gleyed lenses underlain by alluvium in which paleosols
were not evident. None of the gleyed lenses were deeper

than the gleyed deposits visible on the graded slope

The main field work began September 28 and continued
until October 24. Twenty-five days were spent digging and
recording the findings. During this period, nearly 80 volun-
teers manually dug 27.5 cubic meters of fill from 1x1 m squares
in the East Exposure (Fig. 2.15). In addition to the 7 cores
taken nearby (Fig. 2.14), 45m of 3 to 4m deep trenches were
dug with a backhoe into and adjacent the East Exposure
(Fig. 2.14). A few squares were started in the Northwest
Exposure, but none were dug to the bottom of that deposit.

In 1989, control over the manual excavations was en-
hanced by the rental of a laser beacon (Fig. 2.16) and three
receptors mounted on rods scaled in centimeters. By set-
ting the revolving laser beacon at a known elevation (rela-
tive to the elevation at site datum), and by placing the bea-
con where it had a clear sight-path to squares being dug by
hand, the workers could easily check and record the depths
of excavations. This eliminated the need for strings and line
levels and added much consistency and accuracy to record-
ing the depths at which objects were found, the boundaries
between strata, and the depths of levels removed within a
stratum.

Documentation of the1989 findings was facilitated greatly
by the work of the interdisciplinary team members. Brian
Carter directed the coring on September | and 2 and worked
on profile descriptions and soil sampling from September 30
through October 4, October 14 and 15, and October 20 and
21. Bob Brakenridge intensively studied profiles from Octo-
ber 12 through October 21. Wakefield Dort studied profiles
on October 3 and 4 and again on October 20 and 21. Larry
Martin assisted Dr. Dort with profiles and made notes on
paleontological finds on October 20 and 21. Larry Todd re-
corded taphonomic details of paleontological finds on
October 16 and 17. Last but not least, Jim Theler collected
soil-sediment columns (for snails) from the East Exposure,
visited theOlson and Bouzidan exposures, and collected
samples of living land snails from niches in the Burnham
pasture north of the site from October 6 through 8.

The coring and backhoe trenching revealed that the East
Exposure contained a complex record of late Pleistocene
alluviation, soil formation, erosion, and pond development.
Initially, red loamy sandy alluvium accumulated over gravel
in a 6 to 7m deep depression, possibly a dissolution collapse
basin but more likely a stream-cut channel (Fig. 2.17). Below
elevation 97.6 this alluvium showed no signs of having un-
dergone soil-forming processes. At this elevation, however,
the eroded remnant of a calcic, slightly argillic soil horizon
was manifest east and north of the artifact-bearing stratum
(Fig. 2.17). Containing some very weathered bone fragments
and many pieces of charcoal, this paleosol appeared to be
the earliest one formed at the site. During the initial backhoe
trenching, a large piece of charcoal was recovered from this
paleosol (Fig. 2.17). Identified as pawpaw(A4simina triloba),
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Figure 2.14. Locations of Burnham site areas excavated by hand, coring rig, and backhoe during the 1989 fieldwork

partially funded by the National Geographic Society.

this charcoal has yielded radiocarbon dates of “greater than
38,000 (Beta-33950) and 34,750 +/- 1040 years ago
(SMU2422).

Above this paleosol accumulated 3.0m of carbonate en-
riched soil. Composed mainly of red silt or silt loam, this
fine textured calcic soil is believed to be of aeolian origin. It
has undergone enough pedogenesis to contain both soft
and hard carbonate nodules, some of fist-size dimensions.
While this calcic soil accumulated it was cut by at least two
erosion episodes. Both created channels or depressions
with northeast-southwest orientations. The lowest eroded
depression has its base at elevation 95.7 and can be traced
as high as 98.5. Nearly 15m wide, this depression contains
seven nested, pond deposits (Fig. 2.17), including the snail-
rich gleyed unit that yielded the bison bones and artifacts.
This particular unit was discerned to be the second lowest
(at elevation 96.2) in the sequence of stratified fluvial de-
posits in this depression. Three of these ponded deposits
persisted long enough to support relatively rich paludal
habitats and to be visited by prehistoric horse, bison, camel,
mammoth, and diverse small vertebrates typical of marshes,
meadows, and grasslands.

Situated at elevation 99.0, the second, and uppermost,
depression contains a thin, gleyed, sandy deposit that lacks
gastropods and bones. This uppermost cut-and-fill is mani-
fest only over the northwest part of the East Exposure (Fig.
2.17). Charcoal from slightly below this uppermost gleyed
deposit yielded an accelerator date of 11,580 +/- 320 years
ago (NZA-1090), so this erosion and unstratified infilling
represents an interval of erosion and brief ponding that
occurred near the time of Clovis people’s presence on the
Southem Plains (Johnson 1991).

At elevation 98.0, some 10m east of where the bison skull
and artifacts were found, occurs a gleyed fine sandy loam
sediment with undisturbed remnants of a fossil bone bed.
Profiles of this deposit display red vertical krotovinas that
are interpreted as burrows (probably crawfish). Despite these
clues to biogenic disturbance, this gray deposit contained a
remarkably uniform horizontal bed of bones, mainly those of
horse but a few of large-horned bison (Fig. 2.18). No human
artifacts were found here, and the few recovered charcoal
fragments disintegrated during chemical pretreatment for ra-
diocarbon dating. As a result, this deposit’s age was not
determined. Because this deposit is within the channel
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Figure 2.15. The 1989 manual and mechanical excavations in the East Exposure of the Burnham site.

eroded through the 34,000 year-old paleosol, the deposit
must be younger.

The 1989 field work involved trowelling and waterscreening
several cubic meters of the artifact-bearing gleyed sediment
north, south, and east of the original find. Only two more
bison bones and three flakes were recovered. Carefully
cleaned floors in squares two to three meters east and north-
east of the bison skull displayed occasional red krotovinas,
so some parts of the artifact-bearing deposit were
biogenically disturbed. Several charcoal fragments from this
stratum were submitted for radiocarbon dating, but they,
too, disintegrated during chemical pretreatment. Conse-
quently, the 1989 findings didn’t immediately generate

more dates for this stratum.

While the 1989 work produced meager new information
on the artifact-bearing stratum, expanded and deeper exca-
vations into the underlying stratum helped clarify some de-
tails about both. Specifically, the artifact-bearing unit is
inset or nested into the reddish brown loam that comprises
the lowest of the East Exposure’s four ponded deposits (Fig.
2.17; Plate 2b). The base of this lowest alluvium was at
elevation 97.5. It does contain some broken and complete
bones, including elements from camel, alligator, horse, and
bison. Also, numerous gastropod shells are present, and
many of these are broken. A charcoal fragment near this
lowest alluvium’s base was accelerator dated at 36,300 +/-
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Figure 2.16. Laser beacon (right) and receptor in use for
accurately measuring elevations during the 1989 excations
at the Burnham site. Photo taken September 30, 1989, by
Don Wyckoff.

1700 years ago (NZA1416). This resultis nearly 10,000 years
older than the date obtained on charcoal from the top of this
stratum. No artifacts were recovered from this lowest allu-
vium.

With the conclusion of the 1989 work, some three acres
adjacent to the site were fenced to keep livestock out, and
the East Exposure excavations were covered with a wood
frame and construction plastic.

The Burnham Site Research Review Session
It took 18 months to sort, analyze, identify, and date the
findings from the 1989 field work supported by the National
Geographic Society. When the findings were nearly com-

piled, the interdisciplinary team convened to review and dis-
cuss their findings and interpretations. This meeting was
held on June 20 and 21, 1990, at the Oklahoma Archeological
Survey offices in Norman, Oklahoma. Attending were Brian
Carter, Wakefield Dort, Larry Martin, Jim Theler, Larry Todd,
Don Wyckoff, and Kent Buehler. Also present was Dr. Jack
Hofman, an interested colleague who was working for the
Survey at that time.

The meeting was most fruitful. While the diverse find-
ings were complementary in helping understand the site’s
prehistoric environment, the ages of the various deposits
were not clear. Also, much discussion centered on the site’s
geologic record and whether that attested to a large or small
ponded setting. Jim Theler’s analysis of fossil gastropods
helped characterize the nature of the prehistoric pond, and
he provided some insight that it was spring-fed. Larry Todd
reported that his preliminary analysis indicated that there
were taphonomic differences between the “Horse Bone Bed”
and the area where the bison bones and artifacts were re-
covered. This latter area displayed much more evidence for
having been disturbed by some kind of process.

Overall, the 1989 excavations exposed and documented
clues that the Burnham site was a location where a compli-
cated record of soil accumulation, horizon development, ero-
sion, and alluviation occurred between roughly 40,000 and
11,000 years ago. As plant remains, gastropods, and verte-
brate fauna were identified and correlated with particular
strata or horizons, constructs were developed of the habi-
tats and their constituents that briefly thrived there (Wyckoff
1990; Wyckoft etal. 1991). Notably, the overwhelming ma-
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Figure 2.18. View north of the “Horse Bone Bed” in squares
N4-W14 and N4-W15 during 1989 excavations in the East Ex-
posure. Photo taken October 11, 1989, by Don Wyckoff.

jority of the radiocarbon dates attest to these habitats pre-
dating the Wisconsinan glacial maximum. It was increas-
ingly clear that the human artifacts (which now numbered
over 50) were redeposited (Buehler 1992; Wyckoffetal. 1991),
but all available evidence pointed to them becoming incor-
porated into a ponded sediment that was deposited long
before 11,500 years ago. The unpatinated, unabraded char-
acter of most flakes was interpreted as a clue that they had
eroded from near where they were found.

All participants agreed that the Burnham site contained
important paleontological and environmental information
about times before the Wisconsinan glacial maximum of 18,000
to 19,000 years ago. In addition to these biologic and cli-
matic contributions, we recognized that the Burnham site
had a significant anthropological component. We did have
human artifacts, and these appeared restricted to one stra-
tum that was stratigraphically below a soil horizon radiocar-
bon dated to Clovis times. This stratum was understood to
be fluvial in origin, and Kent Buehler presented evidence
that the artifacts were secondarily deposited there. At this
point, the big questions were: when were the artifacts rede-
posited, and from where did they originate? To answer these
questions, all participants in the meeting recognized that
more field work was needed on the site’s geology, pedol-
ogy, and chronology.

The 1990 NSF Proposal

A proposal for such field work was thought about and
worked on before the research review meeting. Accord-
ingly, a proposal entitled “Late Pleistocene Settings and Pre-
Clovis Human Adaptations™ was completed and submitted
to the National Science Foundation by July 3, 1990. We
requested $106,754 to help cover costs for expanding the
manual and mechanical excavations. Specifically, we wanted
to manually dig more squares east and north of the original
bison-artifacts find. By doing so, we would be able to better

assess the distribution of artifacts and perhaps refine our
ideas about from wheare they had washed into the ancient
pond. Also, we planned manual excavations in the North-
west and Southwest exposures in order to obtain addi-
tional comparative data on the presence of bones and
artifacts. The requested funds included some to do more
deep coring and backhoe trenching and the concomitant
study and recording of findings in these excavations.
Given that many of the recovered flakes were of local
chert, the deep coring and backhoe trenching would help
assess the presence of flint-bearing gravel deposits and
the role of natural processes in creating flakes. Equally
important, we hoped that such coring and trenching would
reveal traces of an eroded paleosol from which the arti-
facts had washed into the ancient pond. Finally, essen-
tially $15,000 of the requested funds were allocated for
laboratory study of newly exposed paleosols, sediments,
pollen, phytoliths, and radiocarbon dating. Knowing that
the site’s chronology needed much improvement, the re-
search team recommended that a second proposal for even
more radiocarbon dating be prepared and submitted to the
National Geographic Society.

The Burnham Symposium at the 1990
Plains Conference

On the basis of the research review meeting’s presenta-
tions and converging understanding of the site, participants
agreed to prepare formal summaries of our findings for a
Burnham site symposium at the upcoming 1990 Plains An-
thropological Conference. Besides serving as a venue to
present our research and findings to professional colleagues,
this symposium would be a stimulus to complete detailed
summaries of our interdisciplinary research. These were
needed for the final report to fulfill Grant #4414-89 for the
National Geographic Society, and they would provide a ba-
sis for a synthesis that we proposed submitting to Ameri-
can Antiguity, the premier journal for North American arche-
ologists.

Held from October 31 to November 3, 1990, in Oklahoma
City, the 48th Annual Plains Anthropological Conference
was well attended. Many came to the symposium “Interdis-
ciplinary Research at Northwestern Oklahoma’s Burnham
Site: Glimpses Beyond Clovis?”. All team members but Bob
Brakenridge were able to attend and participate. Overall,
the symposium was well received, and good questions were
raised about the number, character, and distribution of arti-
facts and about the inadequately dated strata overlying the
artifacts.

Symposium participants did provide brief summaries and
supportive tables and illustrations of findings. These were
incorporated into the report “Late Pleistocene Settings and
People at Northwestern Oklahoma’s Burnham Site” which
was submitted to the National Geographic Society on No-
vember 8, 1990. Data from this report was extrapolated
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and used in a short summary of the 1989 work and findings
for Current Research in the Pleistocene. This summary
was published in 1990 (Wyckoff et al. 1990).

Progress on the Burnham research began to falter after
the 1990 Plains Anthropological Conference. The proposed
chapters were slow and sporadic in coming, and in early
December the National Science Foundation notified us that
they were unable to fund our proposal. The NSF Review
Panel noted that the outside reviewers were generally posi-
tive and supportive of the proposal, but the Panel members
believed that the project was not adequately presented or
designed tightly enough. They did, however, encourage
submittal of a revised proposal. After discussions with Drs.
Carter, Dort, Martin, and Theler, Don Wyckoff decided to
forego an article for American Antiquity and to focus in-
stead on finding funds for more field work. Rather than pub-
lish on incomplete or poorly understood findings from in-
sufficient field work, additional field research seemed appro-
priate. Then, all work and findings could be synthesized.

After the 1989 field work, we tried to protect the hand-dug
squares in the East Exposure with a wood frame-plastic sheet-
ing cover. While this was generally successtul, the remain-
der of the site suffered throughout 1990 and 1991. Thunder-
storms continued washing rivulets and gullies into the South-
west and Northwest exposures, and this erosion uncovered
bones and teeth that merited plotting and recovery. Field
trips to collect and plot such finds were taken on March 21,
August 3, November 20, and November 29 of 1990. Most
damaging was standing water in the hand-dug and backhoe
trenches (Fig. 2.19). Standing water dissolved the base of
vertical walls, and the weight of those undercut masses
caused them to slough into the water and melt into an amor-
phous mass. Viewing this process over a year was instruc-
tive about natural processes that prehistorically could have
created some of the observed taphonomic differences, but
this sloughing and dissolution was most destructive of strati-
fied areas where we hoped to conduct additional controlled
excavations.

1991 TERQUA Presentation

At the urging of Wakefield Dort, Don Wyckoftf prepared a
brief summation of the Burnham site research for the 1991
TERQUA Symposium in Lawrence, Kansas. Founded at the
University of Nebraska and associated with the Nebraska
Academy of Sciences, the Institute for Tertiary-Quaternary
Studies has been important for hosting and publishing sym-
posia involving geologists, pedologists. paleontologists,
climatologists, and archaeologists studying Tertiary and
Quaternary sites and localities on the Central Plains. The
1991 TERQUA Symposia were held on the University of
Kansas campus on February 28 and March 1, 1991.
Wyckoff’s presentation was titled “Interdisciplinary Re-
search of the Peopling of the Americas: A Northwestern
Oklahoma Case”, and it stressed the interdisciplinary ap-

Figure 2.19. View northwest of East Exposure area where
“Horse Bone Bed" and adjacent backhoe trenches were
eroded by standing water. Photo taken May 10, 1990, by
Ken Bloom.

proach and results of the 1989 field work and the need to
focus on finding the primary context from which the human
artifacts eroded.

1991 Field Trips and Field Work

The Burnham site research team urged resubmission to
NSF of a proposal more focused on the site’s geology and
chronology. Because the NSF deadline for 1991 was al-
ready passed, the carliest we might get such funds was late
spring of 1992. Given the continued erosion of the site,
field work in 1991 was imperative. Thus, WyckofT pre-
pared a proposal to host the 9-day archaeological field school
of the Oklahoma Anthropological Society in the spring of
1991. This proposal went to the Society’s Dig Committee,
and they approved itata March 2, 1991, meeting. Also, they
established the field school to run from May 25 to June 2.

Because no funds were available to cover expenses of the
interdisciplinary research team, the work proposed for 1991
was designed to sample deposits already recorded and to
refrain from excavations in deposits not previously avail-
able to the interdisciplinary researchers.

As plans for this field session were being finalized, Brian
Carter and assistant Phil Ward were working out details to
host a South Central Friends of the Pleistocene field trip in
northwestern Oklahoma and southwestern Kansas. Besides
several Pleistocene ash deposits which Brian and Phil were
dating by the fission-track method, the itinerary was to in-
clude interesting paleontological and archaeological sites.
The Burnham site was included, and a detailed summary of
the research and findings was written (Wyckoffetal. 1991)
for a guidebook prepared for the trip’s registrants. Held on
May 17, 18, and 19, this FOP trip was attended by over 80
scholars from Kansas, lowa, Arkansas, Colorado, Texas, and
Oklahoma. During their visit to the Burnham site, many of
them voiced their interest in and appreciation of the interdis-
ciplinary research undertaken there.
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Figure 2.20. Locationsof the manual and mechanical excavations of the 1991 field work at the Burnham site.

In preparation for the pending FOP trip and the soon-to-
follow archaeological field school, the Burnham site’s East
Exposure excavations had to be uncovered and cleaned.
Assisted by Oklahoma Anthropological Society member Ken
Bloom, Don Wyckoff dismantled the wood-visqueen cover,
cleaned profiles, and skimmed out packrat nests and sedi-
ment washed onto the lower squares. In spite of the protec-
tive cover, rain blew under the its north end. This damaged
some profiles, and several east-west balks between squares
were cut away by water-washed tunnels or had collapsed.
Five to 15 cm of red to reddish gray sediment washed onto
the lower, southern squares dug in 1989. This material came
mainly from the higher, graded slope north of the 1989 exca-
vations. This eroded higher part of the East Exposure was
above the soil that dated to Clovis times.

Despite some wicked storms, nearly 100 members of the
Oklahoma Anthropological Society came and helped with
the 1991 excavations (Wyckoff 1991). These workers under-
took several important goals. To assure that flint flakes were
truly unique to the East Exposure, the Northwest Exposure
was thoroughly cross-sectioned (Fig. 2.20) and the first con-
trolled excavations were conducted on the Southwest Expo-
sure (Figs. 2.21). Because several of the East Exposure

squares started in 1989 were not dug through the artifact-
bearing stratum, these squares were excavated to see if more
bison bones, artifacts, and/or datable charcoal could be re-
covered. To begin investigating potential sources of the
redeposited human artifacts, three 1x1 meter squares (N21-
W14, N21-W15, and N31-W16) were dug atop an undis-
turbed remnant of the original landscape east of the modern
pond (Fig. 2.20). Also, six squares (0-N4,N4-E1,N4-W1, 0-
NS5, NS-El, and N5-W1) were established and dug in the
34,000 year-old paleosol near the east end of the primary
(North 3) backhoe trench dug in 1989 (Figs. 2.20 and 2.22).
These squares were directly north of the charred pawpaw
wood and bone fragments found in 1989. Excavations in
this paleosol were facilitated by the availability of a back-
hoe. It was used to peel off nearly 2.0m of red, carbonate
enriched soil over the paleosol. Almost three cubic meters
of fill from this paleosol was removed with trowel and
waterscreened through 2mm mesh. While many charcoal
and some bone fragments were uncovered in this paleosol,
nothing was found to indicate that people had once trod
this former surface.

With the availability of the backhoe, and because col-
league Brian Carter was at hand, it was decided to dig one
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(light colored sediments) prior to the 1991 excavations.
Photo taken May 27, 1991, by Don Wyckoff
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Figure 2.22. View northwest of manual excavations in the
34,000 to 38,000 year-old paleosol at the Burnham site’s
East Exposure. Photo taken May 27, 1991, by Don Wyckoff.

trench south from the area where the paleosol was being
manually dug (Fig. 2.23). This trench was very informative.
Its profile (Fig. 2.24) not only included the top of the under-
lying alluvium (which had not undergone pedogenesis and
which contained calcite crystals), but it revealed the 34,000
year-old paleosol extending south to where it merged with
lenses of gravel. Thus, we had discovered that the paleosol
had formed in a canyon-like, stream-cut setting in which all
of the unconsolidated material had accumulated.

Atop the remnant of the undisturbed land some 30m north-
northeast of the bison skull find (Fig. 2.20), a Ix3m trench
was dug in 10cm levels to 80 or 90cm below the ground
surface. No archaeological materials were found in this rem-
nant of the original terrain and soil. This finding wasn’t un-
expected. South and west of this remnant the graded sur-
face had been exposed and eroded for five years. It had
been surface hunted routinely, but it never had yielded any
artifacts. Still, because it was the only area upslope from the
bison skull to retain the site’s original pedon, it was an obvi-
ous place to look for late Pleistocene or Holocene artifacts.

Figure 2.21. Looking south at the Southwest Exposure

ot .‘ L;;_F_ [ 38 -
Figure 2.23. View south of 1991 backhoe trench in the
East Exposure. Bedrock wall visible by ladder. Photo

taken May 28, 1991, by Don Wyckoff.
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Approximately two cubic meters more of the artifact-bear-
ing stratum were dug and waterscreened from the selected
squares in the East Exposure (Fig. 2.20). Datable pieces of
charcoal but no artifacts or bison bones were found.

Some 2.5 cubic meters of gray sediment were dug and
waterscreened from five squares in the Northwest Expo-
sure (Fig. 2.20). No human artifacts were recovered here, but
numerous datable pieces of charcoal and some broken bones
were uncovered. These latter included examples from mam-
moth (Fig. 2.25) and ancient box turtle. As was noticed dur-
ing the 1988 excavations, the bones tended to be concen-
trated near the bottom of the deposit and they lay at diverse
angles and orientations. These characteristics are believed
to attest to the bones being deposited during very rapid
flow or runoff. Weathered surfaces on some bear witness to
their having been exposed to the sun and air before being
washed and buried in the gray sediment.

Less than half a cubic meter was dug and waterscreened
from the Southwest Exposure, and no artifacts were found.
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Figure 2.24. South-north profile of backhoe trench dug in East Exposure in 1991. The 34,000 to 38,000 year-old calcic-
argillic paleosol merges with north-dipping gravel that was drapped over a vertical wall of Marlow Formation sand-
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Figure 2.25. View west of split mammoth bone in square
S6-W1 of the Northwest Exposure. Photo taken May 29,
1991, by Don Wyckoff-

Some charcoal fragments were recovered, mainly from a gully
wall just north of the two squares worked there. Several
more horse bones were found. While complete, these bones
were disarticulated and lying at east-dipping angles.

1991 Proposals

Afterthe 1991 excavations, we became even more convinced
that human artifacts were uniquely distributed at the Burnham
site (Wyckoft 1991). Subsequent laboratory processing of
all the waterscreen residue failed to recover any artifacts
from the Southwest or Northwest exposures. Moreover, no
artifacts were found in the residue from testing the East
Exposure’s undisturbed modern soil solum or the 34,000 year-
old paleosol. In essence, our 1991 excavations reaffirmed
that artifacts seemed restricted to the second lowest of four
stratified pond deposits.

With the 1991 findings in mind, proposals for funding of
additional geoarcheological and chronological research were
completed in the fall and early winter of 1991. With col-
leagues Brakenridge, Carter, Dort, Martin, and Theler,
Wyckoff submitted the proposal “Late Pleistocene Settings

and Pre-Clovis Human Adaptations” to the National Sci-
ence Foundation on July 1, 1991. We asked for $89,016.00 to
cover extensive coring, backhoe trenching, bulldozer trench-
ing, and radiocarbon dating of buried soils and sediments
north of'the East Exposure excavations. Our attention turned
to the north and northeast because we believed our previ-
ous work had demonstrated that artifact-bearing paleosols
were not east, southeast, or south of where the artifacts
were found. Because the terrain to the north was higher
than the site, we suspected that the artifacts eroded from
there.

On December 15, 1991, the proposal “Late Pleistocene
Chronology and Human Occupation at Northwestern
Oklahoma’s Burnham Site™ was submitted to the National
Geographic Society. This proposal requested $4000.00 for
nine accelerator dates. These were to come from charcoal
samples collected during the proposed 1992 excavations.

By January 17, 1992, the National Geographic Society
had notified us that they were unable to process and fund
our proposal within the time frame that we wanted. Qur
disappointment with this news was uplifted late February
when the National Science Foundation notified us that they
would partially fund our proposal. Specifically, they offered
to fund some $21,000.00 provided we would focus strictly
on coring and trenching that would enhance understanding
of the site’s geologic contexts. We agreed to do this and
submitted a revised proposal and budget for field work
planned to start June 1, 1992,

Receipt of this grant made us eligible to apply for an NSF
grant of $4000.00 for support of an undergraduate student
to participate in the research. Knowing that such a student
would profit greatly from working with the interdisciplinary
team, we applied for and received this additional support.
This year-long position was advertised through the Univer-
sity of Oklahoma Department of Anthropology, and ten stu-
dent applicants were interviewed. Because of her good
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grades and interest in archaeology, freshman Jane Cornelius
was selected for the undergraduate research support. Her
role during the field work was to collect and record all char-
coal samples exposed during the excavations. In the subse-
quent laboratory work, she was to be responsible for orga-
nizing the charcoal samples and working with Dr. Wyckoff
to select and submit samples for radiocarbon dating.

The 1992 Field Work

Upon notification of the NSF support, Wyckoff contacted
all members of the interdisciplinary team and sought their
schedules for visiting and participating in the field work.
Drs. Carter and Theler responded quickly and set dates for
their participation. For various reasons, the rest of the team
could not make commitments. Some, like Larry Todd and
Bob Brakenridge, already were pledged to other projects
and simply couldn’t be both places at once. The others
indicated they would try to visit during the field work.
Wyckoffalso sent invitations to select members of the Okla-
homa Anthropological Society to assist in the work. These
individuals were people who had helped previously, had
demonstrated notable ability to excavate and record in the
ways stressed for the site, and had volunteered to assist if
ever the opportunity came to return to the site.

Despite heavy rain, the 1992 investigations started on
June 1. Except for two weekends (June 6-7 and 13-14), we
were in the field continuously through June 28. During this
period, Brian Carter and assistants Phil Ward and Leslie
Anderson were coring and recording profiles on the site for
10 days. Jim Theler was present the last two days to collect
columns of soil and sediment (for snail extraction) from pro-
files selected to augment our current knowledge of the site’s
prehistoric niches and environmental history. Of special
concern was the collection of a sediment column from the
Northwest Exposure (Fig. 2.26). We wanted this in order to
compare that deposit’s gastropod assemblage with those
from the sequence of sediments in the East Exposure. Also,
we planned to submit examples of aquatic and terrestrial
snails for accelerator dating, and we wanted to compare re-
sults from the Northwest and East exposures.

Most of the 1992 field work focused on studying the
geology and soil sequences in the south sloping area north
of the East Exposure (Figs. 2.27 and 2.28). The goal was to
find either a paleosol that was the source of the redeposited
artifacts or evidence for a prehistoric drainage feature that
might be traced to a humanly inhabited, former surface. To
accomplish this goal, deep coring, backhoe trenching, and
bulldozer trenching were undertaken north of the East Expo-
sure (Figs. 2.27 and 2.28). Modest manual excavations were
also completed as test squares were established in select
backhoe and bulldozer trenches to test soil horizons and
sediment strata that might contain artifacts. All fill from
these test squares was waterscreened through 2mm mesh
hardware cloth.

A small but dependable crew of volunteers were on hand
for most of the field work. A few of these individuals dug
the 1x1 test squares established in the backhoe and bull-
dozer trenches north of the East Exposure. Some assisted
with mapping and profiling. Most volunteers worked at
controlled excavations in the Northwest Exposure. Here,
seven 1x1m squares (Fig. 2.26) were dug in 10cm levels in
order to increase the sample of vertebrate remains from this
gleyed sediment, to reassess the stratigraphy of this gleyed
sediment, and to see if any human artifacts could be recov-
ered. Nearly 2.0 cubic meters of sediment was dug and
waterscreened from the Northwest Exposure. The result-
ing profiles showed the single unit of deposition seen in
previous excavations. Bone and charcoal fragments were
frequently uncovered during this work. All charcoal frag-
ments were frequently uncovered during this work. All char-
coal fragments observed while trowelling were piece-plot-
ted (relative to the SE corner of the square in which they
were found), and their depths were measured with a laser
beacon. Bones were uncovered in situ and piece-plotted as
well as having their orientations and dip measured with a
Brunton compass.

Testing by Coring

From June 2 to June 8, the principal work consisted of
recovering 18 deep cores. The first core (#92-1) was taken
with a Giddings soil corer 20 m west of the Southwest Expo-
sure to see if that gleyed deposit extended under the present
south-sloping ridge. Core #92-1 was 5.69 m long and
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Figure 2.26. Northwest Exposure squares and plan views
of some paleontological finds made during the 1992 field
work.
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thus reached to elevation 94.43 (relative to datum elevation
100). This core’s profile revealed a buried paleosol (at eleva-
tion 99.67) but no traces of ancient ponded sediments
(Table 6.2). On this basis, the Southwest Exposure appears
to be a small, lateral remnant of one ponding episode.

The remaining 17 cores were taken with the Giddings rig
or with a manual auger (7.6cm diameter) north and northeast
of'the East Exposure (Fig. 2.27). Cores #92-2 through #92-5
were some 20 m north of the East Exposure’s original excava-
tions. These were done with a hand auger (because the slope
and previous excavations inhibited use of the truck-mounted
Giddings rig) in order to intersect possible northern exten-
sions of the artifact-bearing and uppermost pond deposits.
Actually, Cores #92-2 and #92-3 weren’t completed because
indurated deposits were 1.5m below the surfaces. Conse-
quently, Core #92-4 was 50 cm from Core #92-3, and the 5.65
m long profile recorded for Core #92-4 is described (Table
6.2). Core #92-5 (Table 6.2) was also hand-augered. It was
situated between Core #92-4 and the East Exposure in order
to document the character and extent of gleyed deposits
closer to their exposures from the 1989 excavations.

Cores #92-6 through #92-19 were taken along a general
east-west alignment 60 to 80m northeast of the East Expo-
sure (Fig. 2.27). Varying from 2.82 to 8.74m in depth, these
cores were collected to learn if paleosols existed upslope
from the East Exposure. The profile descriptions (Table 6.2)
for these seven cores do attest to the presence of paleosols.
These cores also were placed in order to study a suspicious
find made during the limited coring of 1991. At that time a
core designated #91-A had penetrated a thin layer of snail-
rich, gleyed sediment in this area. Given its thickness,
distance, and direction from the East Exposure, this gleyed
sediment looked like an alluvial lens in a restricted context,
most likely sediment in a prehistoric gully.

The 1992 coring seemed to confirm this. Snail-bearing, fine
textured, gray sediments were recorded in Cores #92-7, #92-
8, and #92-9 (Appendix B). The locations of these cores are
near the longitudinal axis of the south-sloping ridge north of
the East Exposure (Fig. 2.27). The gleyed sediments were
found only in these cores and bear witness to a narrow, thin
alluvial deposit that slopes with the terrain. These charac-
teristics are interpreted to indicate the presence of at least
one alluvium-filled drainage that led toward the ponded de-
posits where the artifacts were found.

Cores #92-14 through #92-18 are east, northeast, and
north of the East Exposure (Fig. 2.27 ). Varying from 4.45 to
8.10m in length, these cores were taken to assess the extent
and character of paleosols as well as to garner more informa-
tion about the physical setting and soil-forming processes
in these areas. The horizon characteristics and sequences
manifest in Cores #92-14 through #92-18 are described in
Table 6.2.

Backhoe Trenching

Because Cores #92-7, #92-8, and #93-9 were revealing
traces of a likely prehistoric gully, Carter and Wyckoff de-
cided that an east-west backhoe trench should be dug be-
tween these cores and the East Exposure. With such a trench
perhaps the prehistoric drainage could be interesected near
its juncture with the East Exposure’s ponded sediments. By
finding this location we could determine with which of the
ponded strata the gully’s mouth correlated. Also, we could
then manually excavate the gully fill at this location to see if
human artifacts were present.

Accordingly, a backhoe was brought to the site on June
8, and an east-west trench was dug. This trench’s alignment
was 10m north of the long backhoe trench (designated North
3) dug in 1989 (Fig. 2.28). The 1992 trench was positioned
between the three cores and the East Exposure where the
thickness of the overburden nearly equaled the depth that
the backhoe’s arm and bucket could excavated. The com-
pleted trench was in two segments, was nearly 13m in length,
and was 1.5 to 2.0m in width. The two segments resulted
from digging the trench across the W15.5 backhoe trench
dug in 1989. The 7.0m long west segment (designated Back-
hoe Trench 92-B) was 1.5 to 3.0m deep, and it exposed a
beautiful cross section of the uppermost pond deposit (Figs.
2.29 and 2.30). The 5.5m long east segment (Backhoe Trench
92-A) was 3.0 to 5.0m deep. Its south wall revealed (Fig.
2.31) a profile of the east end of the uppermost pond deposit
as well as the northern extension of the pond deposit (at
elevation 98.0) with the partial skeletons of ancient horse
and bison uncovered in 1989. Initially believed to be the
oldest pond deposit, it clearly isn’t. Atelevation 97.0 occurs
a gleyed loamy fine sand containing gastropods and occa-
sional bone fragments (Fig. 2.31). These fossils and gray
sediments were confined to a narrow strip that looked like an
aggraded gully that was oriented slightly northeast. Nearly
3.0m of these lower sediments were uncovered at the back-
hoe trench’s east end (Fig. 2.32), and these were manually
excavated in 10cm levels with all fill being waterscreened
through 2 mm mesh.

Bulldozer Trenching

Once the coring was finished a preliminary study of the
findings disclosed that remnants of two paleosols were evi-
dent 50 to 60 m north of the East Exposure while one ex-
tended as far as 200 m north. These paleosols manifested a
finer texture, less developed structure, and darker chroma
than horizons above them. Notably, none appeared organi-
cally enriched, and this characteristic was considered a clue
that these paleosols might be eroded. The irregular depths
of their upper boundaries were considered to result from
erosion. Because of their eroded looking, fine textured char-
acter, these buried soils became the most likely source for
the Burnham artifacts. However, we remained alert to the
possibility that the artifacts could have washed from almost
anywhere in the soil profiles.
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Figure 2.29. Looking north at profile in 1992 Backhoe Trench B. The gray stratum is the uppermost

pond deposit in the East Exposure. Photo taken June 10, 1992, by Bill Thompson.
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Figure 2.30. North wall profile of 1992 Backhoe Trench B. A profile description of this exposure is in

Table 6.2.

Given the depths and extent of the paleosols, we needed
a way to expose these buried horizons and search them for
signs of human habitation. More explicitly, we needed a
means to carefully peel off the horizons above the paleosols
while also uncovering large areas of the paleosols” surfaces.
Once uncovered, these could be manually dug and
waterscreened to see if artifacts were present. A regular
backhoe was deemed unsatisfactory; its arm wouldn’t reach
deep enough, and its narrow bucket couldn’t efficiently dig
deep enough. A trackhoe (the larger version of a backhoe)

could easily dig deep enough, but its wide bucket might tear
the soil into very large clods and thus make it difficult to see
artifacts or quickly identify a humanly inhabited surface.
Because of its problem with pushing dirt aside once it reaches
any depth, a road grader clearly wasn’t suitable. Having
successfully used bulldozers many times to strip off over-
burden to expose prehistoric house floors, hearths, trash
pits, caches, burials, and activity areas (Wyckoft 1964, 1967,
1968), Wyckoft decided to use a bulldozer that could oper-
atea 12 ft. blade. Similarand larger machines were used 30
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Figure. 2.31. South wall profile of 1992 Backhoe Trench A. A description of the soil horizons and sediment strata in this

profile is in Table 6.2,

years ago while searching for signs of pre-Clovis people’s
presence at Tule Springs, Nevada (Wormington and Ellis
1967). Machines of'this size can peel off a 4m wide swath for
a long distance, so they were deemed the most efficient
means of uncovering a sizeable area to a considerable depth.

Having chosen a bulldozer to cut wide, deep trenches to
the buried soils, we also decided to start well north of where
the two buried soils were last recorded. We aligned the
initial trench (Bulldozer Trench A; Figs. 2.28,2.33, and 2.34)
east-west to obtain a cross section of the ridge sloping to-
ward the East Exposure. By starting at least 100m north of
this exposure we could practice stripping with the machine
well away from where artifacts were known to occur and also
away from where there were two suspicious paleosols, one
of which apparently was drained by a gully or shallow ditch
that was heading towards the East Exposure.

The trenching involved having the bulldozer operator
peel off 5 to 10cm of soil with each pass. This proved to be
a slow process given the eventual lengths and depths of
these trenches. However, making shallow cuts ensured that
potential habitation features were not destroyed while also
helping keep the trench clean (because the dozer wasn’t
pushing so much dirt that it spilled over the blade and back
onto the trench floor). Because each trench had to be re-
filled eventually, the dirt was pushed eastward onto a gentle
slope where it could be easily regathered. As the bulldozer
made each pass, Wyckoff (and often one other person)
walked behind with a trowel and shovel to uncover any
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Figure 2.32. View cast q,f'biafurbd gu!lyliil uncovered
in 1992 Backhoe Trench A. Photo taken June 19, 1992, by
Don Wyckoff.

bones, stones, or suspicious areas that were freshly exposed.
As each trench was deepened, one or two 50cm wide col-
umns were cleaned with pick and shovel along the south
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Figure 2.33. View southwest of

Figure 2.34. Looking south at a cleaned profile at west
end of Bulldozer Trench A where calcic soils overlie layers
of silt and loamy sand alluvium. Scale is in 5cm incre-
ments. Photo taken June 24, 1992, by Don Wyckoff.

wall in order to monitor the soil profiles. The south wall was
chosen because it was always shaded and thus slowed the
profiles from drying out as fast as they did on the exposed
north wall.

Between June 11 and 23, the bulldozer cut four long,
deep trenches north of the East Exposure (Fig. 2.28). These
were designated Bulldozer Trenches A, B, C, and D in the
sequence that they were dug. Generally, the trenches were
taken to depths well past the buried soils discerned in nearby
cores. Once to the desired depth, a base line was estab-

Bulldozer Trench A showing
cleared columns and calcic ho-
rizons. Photo taken June 235,
1992, by Don Wyckoff.

lished at a measured elevation (relative to datum) along the
south wall, and then that wall was profiled. This involved
using picks to clean 50-60cm wide columns every 2.0m along
the south wall. In areas where interesting horizons or com-
plex changes occurred, wider columns were cleaned. Once
the base line was set and the columns cleaned, the south
wall in each trench was examined by soil scientist Brian Carter.
He made notes on the stratigraphy and completed detailed
profile descriptions at selected locations. Finally, horizons
and boundaries were recorded for all the columns cleaned
along that wall.

Situated 140m north of the East Exposure, Bulldozer
Trench A was 52m long, 4m wide. and 3.5m deep (Figs. 2.28
and 2.33). One buried soil was found 1.1m below the surface
in the eastern half of this trench, and this soil extended to
the trench’s floor (Fig. 2.34). Unfortunately, no bones, worked
or unworked flakes, fire-cracked rocks, or datable charcoal
were recovered from Trench A,

Positioned only 50m north of the East Exposure, Bull-
dozer Trench B was the longest (64m), deepest (7m) trench
dug at the site (Figs. 2.28,2.35,2.36, and 2.37). Two buried
soils were discerned in it. The uppermost was approximately
60cm below the surface in the western half of the trench and
over double that depth in the eastern half. Other than car-
bonate nodules, nothing was found associated with this
paleosol. The second buried soil was discerned nearly 3.0m
below the surface (Fig. 2.36), and it contained traces of a
narrow gully, occasional bone fragments, and a burned area
that initially looked like a hearth. The gully was near the
trench’s east end and 3.9m below the surface. Less than a
meter wide, its gleyed fill contained gastropods but no bones
orartifacts. Just a few meters west of this gleyed gully fill, a
slightly deeper burned area was carefully excavated and re-
vealed to be a prehistoric rodent burrow (Figs. 2.35 and 2.37).
This yielded hundreds of charred hackberry (Celtis sp.) seeds
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and a few bones and teeth of Neoroma floridana, the east-
ern woodrat. Burned seeds from this feature were radiocar-
bon dated at nearly 38,000 years ago (Cornelius 1993), so
this lowest buried soil seems contemporaneous with the
paleosol found directly east of the East Exposure.

Hoping to expose more bones and clues to ancient plants
and animals, Bulldozer Trench C was aligned south of and
parallel to Trench B (Fig. 2.28). Using the Trench B profile as
a guide, we planned to grade Trench C down to within 5 cm
of each of the two recognized buried soils and then manu-
ally excavated several 1x1m squares to test for human arti-
facts. Ifnone were found, the trench would be slowly graded
with the bulldozer to see if bones or charcoal could be found.
At 2.5m below the surface, two 1x1m squares were dug in the
uppermost paleosol (Fig. 2.38). Finding nothing, the bull-
dozer was allowed to grade to 3m below the surface where
three test squares were dug into the lowest buried soil. While
these squares yielded a couple of small dolomite nodules,
nothing indicative of people was found. Like in Trench B,
several bone fragments were recovered during further grad-
ing through this lowest buried soil. Eventually, Trench C
was 47m long, 4m wide. and some 3.25m deep.

Although funds for bulldozing were about expended, a
short trench was dug between Trenches A and B. Called
Trench D (Fig. 2.28), this excavation was undertaken to see
if the former gully buried in Trench B could be found farther
north. When finished, Trench D was 34m long, 4m wide, and
4.1m in maximum depth. No trace of the prehistoric gully
was found nor were bones, stones, or charcoal observed.

Thanks to the efforts of Brian Carter, Phil Ward, Kent
Buehler. and Leslie Anderson, all of the bulldozer trenches
were profiled and recorded in a few days. Then, the trenches
were refilled. Meanwhile, the volunteers were completing
the manual excavtion of the north-south series of squares in
the Northwest Exposure,

The 1992 field investigations ended with Jim Theler col-
lecting soil/sediment columns for snail extraction from the
Northwest Exposure and from Backhoe Trench 92B. With
that done, all East Exposure excavations were refilled to pre-
serve and stabilize unexcavated deposits there. After dis-
cussions with Keith and Vie Burnham, we decided to leave
the Northwest and Southwest Exposures uncovered. The
Burnhams wanted to leave some fossil-bearing deposits vis-
ible for visitors, and we all hoped that future rains might
uncover more vertebrate fossils in these gleyed sediments
that had never yielded artifacts.

The Bouziden Exposure

During the first weekend of the 1992 field work, John
Flick, Jana Cornelius, Michella Miller, and Don Wyckoff
visited a setting a quarter mile south of the Burnham site.
Owned by Albert Bouziden, this location consisted of'a large,
plowed field where very dark soil was visible on a terrace-

Figure 2.35. View west of Bulldozer Trench B. Individuals
are at location of burned hackberry seeds in ancient ro-
dent burrow. Photo taken June 18, 1992, by Don Wyckoff.

Figure 2.36. Cleared column in south wall of Bulldozer
Trench B showing calcic paleosols. Photo taken June 17,
1992, by Don Wyckoff.
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Frgz;'i'e 2.37. Mapping the prehistoric rodent burrow in
the paleosol 5.0 m below the surface at Bulldozer Trench B.
Photo taken June 19, 1992, by Don Wyckoff.

Figure 2.38. View west at :.r quares bmg excavated
into upper paleosol of Bulldozer Trench C. Photo taken
June 23, 1992, by Don Wyckoff.

like setting of some five acres. Chipped stone artifacts, in-
cluding late Archaic corner-notched dart points, reportedly
were found here, but our attention was drawn to the dark-
ened soil which contrasted with the reddish brown soil com-
mon to the neighborhood. Vie Burnham had noticed this
anomaly and thought it might be geologically related to the
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Burnham site deposit. During our visit we found a deep
gully that was eroding into the very northeast corner of the
elliptical area containing the dark soil. The gully profile
revealed nearly 3.0m of gray to black sediment that con-
tained a few bone fragments and many snail shells.

At the end of the Burnham site field work, Jim Theler was
taken to the “Bouziden Exposure”, and he recognized that
the snails included cold adapted species not represented in
any of the Burnham site sediments. On this basis, the
Bouziden Exposure was considered to relate to full glacial
times and thus merited documentation and dating. Accord-
ingly, Jim collected a column through the sediment for snail
extraction, and Brian Carter and Phil Ward did a detailed
profile description at the same place. Subsequently, donated
funds were used to obtain accelerator dates on shells of two
snail species. A few (0.5g) of the aquatic species Stagnicola
caperatus, which were collected 30 to 50cm below the sur-
face, yielded a date of 18,105+/-160 years BP (AA-11685). In
contrast, 0.7g of the terrestrial species Pupilla muscorum
from the same depth in the column were dated at 20,520+/-
175 years B.P. (AA-11686). Clearly, the Bouziden Exposure
does relate to Wisconsinan full glacial times, a period not
documented for any of the ponded sediments at the Burnham
site.

Interpreting and Reporting the Burnham Site to the NSF

From July 1992 to November of 1993, the materials docu-
mented and recovered during the 1992 investigations were
sorted, organized, cleaned, and/or submitted for pertinent
analysis. Brian Carter, the only soils/geology team member
to actually participate in the 1992 field work, processed soil
samples and worked up final profile descriptions for the
cores, backhoe trenches, and bulldozer trenches. Jim Theler
processed the sediment samples and compiled information
on the aquatic and terrestrial snails from the Northwest Ex-
posure and Backhoe Trench B. Under Wyckoff’s supervi-
sion, Jana Cornelius and several other students sorted the
waterscreen residue from all the manual excavations. This

resulted in numerous bags of bone fragments that were taken
to Larry Martin and his student assistant, T.J. Meehan, at

the University of Kansas Museum of Natural History for
identification and speciation. Charcoal and plant remains
were sorted and bagged according to provenience, and
Cornelius and WyckofT consulted on ranking charcoal
samples for eventual radiocarbon dating. Lastly, the
waterscreen debris was carefully sorted to see if any human
artifacts had been missed by the volunteer screeners. Un-
fortunately, no artifacts were found.

By July 1994, the research team had completed analyses
of the respective materials and had submitted their findings
for inclusion in the final report to the National Science Foun-
dation. Because the grant was specifically for resolving
questions about the site’s depositional sequence and chro-
nology, a major concern was getting more radiocarbon dates
for the site. Consequently, in the fall following the field work
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Jana Cornelius and Don Wyckoff reviewed the dozens of
charcoal samples collected during the 1992 excavations.
After inventorying the samples, we discussed dating priori-
ties with Brian Carter and Jim Theler and concluded that
dates were most needed on the lowest ponded sediment
found in Backhoe Trench 92-A (Fig. 2.31), the deepest
paleosol found in Bulldozer Trench B (Fig. 2.37), and the as
yet undated Northwest Exposure. Accordingly, charcoal
samples from those contexts were selected and submitted
for AMS dating at the University of Arizona and the New
Zealand Institute of Geological and Nuclear Sciences.

By March of 1994, five accelerator dates were received
from the samples sent to Arizona and New Zealand. By this
time Wyckoff was organizing and formatting the data gar-
nered from analyzing the materials recovered during the NSF-
supported field work. Because none of the 1992 excavations
were in the artifact-bearing stratum of the East Exposure,
and because there was enough uncommitted NSF money to
pay for one more accelerator date, he decided to submit one
more sample for radiocarbon dating. Remembering that
some charcoal fragments were recovered during the 1988
excavations on the East Exposure, Wyckoff selected one
(from S1-W22) which he thought would be relevant to dat-
ing the stratum from which the artifacts were recovered. The
result came in July: 10,210+/-270 years B.P. (NZA4381). This
surprisingly late date affected the entire tenor and conclu-
sions of the final report to the National Science Foundation.

Having witnessed nearly 40 years of publicity and disap-
pointment with “pre-Clovis” claims for places like Lewisville,
Tule Springs, Calico Mountain, and Old Crow, Wyckoff har-
bored skepticism that the Burnham artifacts were really as
old asthey appeared. Yes, there were times when this skep-
ticism was overridden with the enthusiasm of the moment,
most notably after the 1988 recovery of two broken tools
from the right stratum and well below any sign of modern
erosion or bioturbation (Wyckoff 1988; Tratebas 1989). Yet,
even after the 1988 finds of broken tools, Wyckoff (Wyckoff
1990:3; Wyckoffetal. 1991:118) emphasized that the Burnham
site must be studied with an interdisciplinary approach that
focused on determining when, how, and from where the arti-
facts got to where they were found. Having espoused this
philosophy for six years, it’s confounding how he chose to
abandon it when writing the final report to the National
Science Foundation in 1994,

In reviewing the situation now, several factors were oper-
ating. The Burnham artifacts include a few flakes that ap-
pear to be of central Texas cherts. Knowing that these cherts
are well represented by Clovis and Folsom artifacts found in
western Oklahoma (Hofman 1991, 1993; Hofinan and Wyckoff
1991), Wyckoff clung to the possibility that the Burnham
examples might be clues to a Clovis or Folsom site nearby. A
Folsom point was reported for a spot a half mile west of the
site, and a Clovis-like lanceolate point was known to have
been found less than a quarter mile south-southeast of the

site (Neel and Burnham 1986). Then, during the 1992 work, a
couple of small flakes were found on the eroded, graded
slope 65m north of the East Exposure, and these were taken
as the first hints that archeological materials might occur
north and above the stratum that had yielded the Burnham
artifacts. Because the uppermost pond deposit was known
to roughly approximate Clovis times, Wyckoff began con-
sidering the possibility that the Burnham artifacts were re-
deposited from some very temporary, terminal Pleistocene
presence of humans directly north of the East Exposure.
The Burnham artifacts did manifest a distribution that impli-
cated redeposition (Buehler 1992), and they all came froma
stratum that appears nestled within the oldest ponded sedi-
ment (Plate 2b). So, when an approximately Folsom-age ra-
diocarbon date was received on charcoal thought to come
from the artifact bearing stratum, Wyckoff jumped to the
conclusion that the “nested” profile was evidence of a ter-
minal Pleistocene cut-and-fill and that the artifacts were re-
deposited by erosion around 10,000 years ago. He made
this interpretation without consulting any of his colleagues,
and he wrote this interpretation as the conclusion in the
final report (Wyckoff et al. 1994) to the National Science
Foundation.

It should come as no surprise that several Burnham re-
search colleagues were shocked and dismayed when they
read the final report. Brian Carter, the principal pedologist-
geologist on the site during most of the field work, invited
Wyckoff to Stillwater about two months after receiving the
NSF report and, using Wyckoffs slides and all profiles, spent
some two hours demonstrating and explaining how
Wyckoff’s interpretation was both ill-conceived and errone-
ous. Athorough review of the provenience for the charcoal
sample resulted in Wyckoff concluding that he had submit-
ted a sample from recently redeposited sediments, a reddish
brown loamy sand that had washed off the upper graded
slope between the 1986 and 1988 excavations. Moreover,
Carter used slides and profiles to show that the artifact
bearing stratum extends north and well under the deposits
dated to terminal Pleistocene times. At the conclusion of
this session, Wyckoff could come to no conclusion except
that his interpretation in the NSF final report was wrong.
Subsequently, at the 1997 Society for American Archeology
meetings in Nashville and at the 1998 symposium “Early
Humans in the Americas” (sponsored by the Maryland His-
torical Trust and the Archeological Society of Maryland) he
reported on the Burnham site as yielding evidence for people
being in North America more than twice as long ago as Clovis.

Further Dating the Burnham Site

Reporting such antiquity is contentious, especially since
the Burnham artifacts appear redeposited and are still not
well dated. Some help with the latter problem came unex-
pectedly in 1994 from the University of California at Berke-
ley. In the spring of that year, Don Wyckoff received an
inquiry from Dr. Yang Wang, a post-doc running the Eco-
system Science Division laboratory for the Department of
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Environmental Science, Policy, and Management. Specifi-
cally, Dr. Wang and Ph.D. student Hope Jahren were solicit-
ing the submission of fossil hackberry seeds for study of
their potential for yielding substantive data on past envi-
ronments and chronology. Because hackberry seeds were
represented in several of the Burnham site’s strata and soil
horizons, it was easy to provide them with samples.

Six samples of hackberry seeds were submitted to Wang
and Jahren in May of 1994. By May of 1995, they had
completed accelerator dating the endocarp of single hack-
berry seeds from six different contexts at the Burnham site.
While one of the samples yielded a modern date, and does
attest to recent redeposition (probably during the 1989 to
1991 period when the East Exposure was covered with plas-
tic and packrats nested under the cover), the other five
samples yielded dates ranging from 22,600 to 40,200 years
ago (Wangetal. 1997).

Summary

Seventeen years after research began at the Burnham site
this monograph on the work and findings will go to press.
Ideally, it should have been ready in 1996, but insufficient
time and other commitments prevented that. Then, in July of
1996, after being affiliated with the Oklahoma Archeological
Survey for 28 years, Don Wyckoff changed jobs and be-
came Associate Curator of Archeology for the Oklahoma
Museum of Natural History. Despite this institution’s in-
volvement with developing exhibits and moving into a new
190,000 sq. ft. building, Director Michael Mares graciously
allowed Wyckoff to have some research time to get the
Burnham site work and findings compiled and published.
Besides this published means of making the Burnham find-
ings available for scrutiny and thought, the Museum devel-
oped a major exhibit on Burnham for its grand opening in the
Spring of 2000. Meanwhile, Wyckoff, Carter, Theler, and
other colleagues are examining a series of Pleistocene de-
posits in western Oklahoma to assess what they might tell
us about environments dating back to nearly 50,000 years
ago. We also hope that through these studies we can refine
just when people came onto these ancient landscapes.
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Chapter 3
Introduction to the Geological Studies

Don G. Wyckoff

After the 1986 construction of the small pond, diverse
soils and sediments were readily evident at the Burnham
site. More insight to the site’s stratigraphic complexity was
gained during the October 1986 recovery of the large horned
bison skull. Its left horn core extended from gray into un-
derlying red sediments, both showing hints of being moved
by water. Even more evidence came to light during the
manual excavations in 1988. This work created profiles at
both the East and Northwest exposures. These profiles
manifested different stratigraphic sequences, and the East
Exposure displayed very divergent strata and unusual
boundaries between them.

Given the varied sediments and soils evident at Burnham,
one priority in developing an interdisciplinary research team
was to enlist appropriately trained geologists and soils sci-
entists. Because the bones, gastropods, and artifacts were
coming from gleyed, mottled deposits, a geologist familiar
with waterlaid sediments was deemed very important. At
the recommendation of several colleagues, Dr. G. Robert
Brakenridge (Department of Geography, Dartmouth College)
was contacted, and he graciously consented to help. Hav-
ing participated in similar collaborative efforts in Missouri
and Tennessee (Brakenridge, 1981, 1983, 1984), Bob was to
be responsible for identifying, characterizing, and interpret-
ing fluvial sediments at Burnham. Dr. Brian J. Carter (De-
partment of Plant and Soils Sciences, Oklahoma State Uni-
versity) was sought to study and document the red calcic
soils of varying depths that overlie and surround the fossil
and artifact bearing deposits. Brian previously had worked
in Woods County and was interested in soil-landscape as-
sociations (Carter, 1991; Carter et al., 1990). Dr. Wakefield
Dort (Department of Geology, University of Kansas) was
asked to be principal coordinator and overseer of geologi-
cal investigations at the Burnham site. Dr. Dort was present
during the first visit to Burnham, and he brought to bear
considerable experience studying diverse deposits of Pleis-
tocene age (Dort, 1968, 1975, 1985, 1987a, 1987b). In particu-
lar, Dr. Dort was to plan the overall geological research, pose
key questions, and stimulate studies and discussions de-
signed to learn as much as possible about the Burnham
site’s varied deposits, their formation processes, and their
ages.

The above scholars collaborated well during the 1989
fieldwork sponsored by the National Geographic Society.
For several reasons, this collaboration lagged thereafter.
Health problems plagued Dr. Dort, and Dr. Brakenridge’s

time was constrained as he got involved with NASA-funded
studies of the geological processes affecting Martian land-
scapes. As aresult, Dr. Carter became the primary researcher
of the Burnham site’s setting, soils, and sediments. He was
on-site for much of the 1989 fieldwork, and he was the only
one of the geology-pedology team present during the 1991
and 1992 excavations.

Given the above historical background, the following
contributions do reflect the respective scholars’ observations
and interpretations at the particular times they were at the
site. All of their contributions have helped shape subse-
quent research and sharpen perceptions of the Burnham site’s
stratigraphy and the processes that affected it.
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Introduction

In May, 1986, landowner Keith Burnham was having an
arroyo sideslope buildozed to obtain fill for a small dam he
was building across a fingertip tributary of West Moccasin
Creek, Woods County, Oklahoma (Fig. 4.1). Recognizing
bone fragments on the cut surface, he ceased operation and
notified Don Wyckoff at the Oklahoma Archeological Sur-
vey, who in turn invited us to visit the site in early June. At
that time, Larry Martin identified the skull of a long-horned
bison as the source of the fragments. Because in situ finds
of this animal are rare, the locality clearly had paleontologi-
cal importance.

Excavation to recover the skull was undertaken by the
Oklahoma Archeological Survey during five days in Octo-
ber of 1986. Found to be nearly intact, the skull was first
believed to be Bison latifrons, but now is thought to be more
similar to Bison alleni or Bison chaneyi. A left mandible,
right scapula, several partial ribs, and vertebrae, all pre-
sumably from the same animal,were found in close proxim-
ity to the skull. When the upside-down skull was uncov-
ered, a large angular cobble of chert was revealed below it.
Because all of the enclosing sediment was sand, silt, or clay,
the presence of this large rock attracted immediate atten-
tion. Laboratory examination of the coarsest sediment frac-
tion, isolated by waterscreening, led to the recovery of sev-

eral small chert flakes of unquestionable human origin,
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produced during reshaping of chipped stone tools; in
other words, artifacts. The locality thus became a bona
fide archaeological site and has been given the designa-
tion 34WQ73, the Burnham site.

Occurrences of Bison alleni (or chaneyi) have been
poorly documented; dating is tenuous. Nevertheless, it
is believed that this form existed from approximately
40,000 years before present to perhaps 20,000 B.P., long
before the generally accepted earliest arrival of humans
in the New World. Radiocarbon dates of 40,000 +/- 1500
(AA-3849 on charcoal), 35,890 +/- 850 (AA-3837
on gastropod shells), and 31,150 +/- 700 (Beta-23045 on
gastropod shells), all from the general area where the skull
was found, intensified the belief that this could be a very
old site indeed. It might, therefore, provide evidence of
a pre-Clovis human presence.

Any site purporting to contain evidence of pre-Clovis
humans must withstand intense scrutiny and outright dis-
belief. The burden of proof will be heavily on those who
propose the great age. This certainly is true for the
Burnham site. The first controlled excavation clearly
demonstrated the close spatial association of bones of an
extinct animal, flakes of apparently worked chert, and
organic material that yielded old radiocarbon dates. How-
ever, these same excavations exposed sedimentary units
that obviously had been deformed after deposition. This
observation highlighted the clear possibility that there had
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been vertical mixing of objects of notably different

Figure 4.1. Topography of the Burnham site area; contour in-
terval is 20 feet. Remnants of the High Plains surface, under-
lain by Ogallala gravel, lie at about 2000 feet a.s.1. in the north-
ern (top) and eastern (right) parts of the map.

ages, that is, the worked flakes might have been intro-
duced from a higher, considerably younger horizon. As-
sessment of this possibility and attempts at validation of
greater ages must be based on careful geological studies.
If it can be shown that one or more sedimentary units are
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continuous and unbroken where they cap the horizons bear-

ing the bones and artifacts, then no younger objects could
have penetrated downward. The deeper units would have
been sealed and protected by the caps. If, however, the pres-
ence of a seal cannot be demonstrated unequivocally, then
interpretation of the site will remain open to question.

Geologic Setting

The eastern margin of the High Plains has been shifting
westward as a consequence of erosion and headward length-
ening by streams flowing toward the east across the Central
Lowland. The zone of intense dissection is known as the
Plains Border (Fenneman 1931; Frye and Swineford 1949)
or the Dissected High Plains (Schoewe 1949). Relatively
great relief occurs in an area that spans the central part of
the Oklahoma-Kansas border (Fig. 4.2). This area gener-
ally is called the Red Hills, in reference to the strong colora-
tion of the Permian bedrock or, sometimes the Cimarron
Breaks, because this is where sharply incised minor tribu-
taries of the Cimarron River have produced especially intri-
cate dissection (Adams 1903; Moore 1930; Schoewe 1949).
The Burnham Site is situated within the area of the Breaks,
about 10km (6 miles) north of the Cimarron River and only
1.5km (1 mile) from southerly remnants of the High Plains
surface (Fig. 4.1).

The Burnham Site is located at an elevation of approxi-
mately 530m (1750 ft) on a minor tributary of West Mocassin
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Creek, which in turn flows southward to join the main stem
of Mocassin Creek (Fig. 4.1) and thence to the Cimarron
River at about 470m (1540ft). The lower reaches of West
Mocassin Creek have a gradient approaching 7 m/km (35 ft/
mile). This and other creeks nearby head on the main scarp
below remnants of the flat High Plains surface, here at 610m
(2000 ft). About 60m (200ft) below the High Plains surface
there are long, narrow remnants of another surface. In some
places the local interfluves are almost horizontal; near the
Burnham Site their slope nears 20 m/km (100 ft/mile). When
the site was first visited, it was thought that these interfluve
surfaces represented a dissected pediment. However, exca-
vations at the site have shown that these surfaces are under-
lain by several meters of loose sediment, not bedrock, and
so appear to be the result more of deposition than erosion.
They are, therefore, not pediments in the strict sense. More
accurate delineation and interpretation of this lower surface
must await additional exploration in the field.

Bedrock beneath all but the highest parts of the area is of
Middle Permian age (Fig. 4.3). Red-brown sandstone and
shale of the Marlow Formation crop out in the close vicin-
ity of the Burnham Site (Fay 1965). This unit, approxi-
mately 36m (117ft) thick, overlies the Dog Creek Shale, a
red-brown silty shale 14-19m (48-62ft) thick with the 1.2m
(4ft) Haskew Gypsum Bed near its base. Beneath the Dog
Creek, but exposed in the lower portions of all major
creek valleys, is the Blaine Formation. It is composed of
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Figure 4.2. Landforms of western Oklahoma and southwestern Kansas. The Burnham site’s loca-
tion is indicated by a star. Adapted from Raisz 1957.
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Figure 4.3. Regional stratigraphic section at the Burnham site, Woods County, Oklahoma. Drawn by Brian Carter.

three white gypsum beds, in descending order the Shimer
(3.4-5.8m or 11-19ft thick), the Nescatunga (3.0-3.4m or
10-11ft thick), and the Medicine Lodge (6.7-9.4m or 22-
31ft thick). Between these strata are thin dolomite and shale
beds. Lower in the section is a thickness of more than 90m
(300ft) of the gypsiferous Flowerpot Shale.

The prominent scarp north of the Burnham Site is eroded
on the uppermost part of the Marlow Formation and sand-
stones, shales, dolomites, and gypsum beds of the Rush
Springs and Cloud Chief Formations. Much of the High
Plains surfaces are underlain by up to 30m (100ft) of irregu-
larly cemented gravel, sand, silt, and voicanic ash of the
Pliocene Ogallala Formation.

Hand-Dug Excavations

The purpose of the brief period of excavation in the fall of
1986 was to remove the bison skull and to find out what else
might be present. This was accomplished, and several other
bison bones were recovered as well as bones of small mam-
mals, gastropod shells, and the tantalizing fragments of
worked chert. These discoveries led to 14 days of excava-
tion in 1988 and an additional 23 days in 1989 (Fig. 4.4). A
total of 40 one-meter squares was opened, some to depths
exceeding two meters.

The sediments exposed in the sides of the 1988 squares
were clearly divisible into red masses and gray masses, but
the pattern formed by those two colors was not at all dis-
tinct. In general, gray appeared to overlie red, but there
were also zones of thin alternations, or even ostensibly
discrete blobs, at least as seen on planar surfaces, of one
color surrounded by the other. Most spectacular were flame
structures of red sediment protruding upward into gray (Plate
2a).

Most of the sediment was fine-grained clay, silt, and fine
sand, but locally there were small blebs that might have been
highly weathered granules and tiny pebbles (Plate 2a). In

some places, color boundaries seemed to cross possible
depositional contacts; the relationship between color and
stratification could not be determined more accurately dur-
ing the brief time we were there to make observations. In
1989, exposed surfaces were expanded by further controlled
excavation, but our attention was effectively diverted to back-
hoe trenches. We therefore gathered no additional informa-
tion about the sediment exposed in the manually dug squares.

Backhoe Trenching

Exposure created by controlled excavation in 1986 and
1988 showed evidence of considerable soft-sediment defor-
mation and movement. In contrast, the close juxtaposition
of several elements of the bison skeleton seemed to indicate
an absence of appreciable movement, at least on a scale that
would affect large bones. Therefore, it was clearly neces-
sary to seek some means of demonstrating that the worked
chert flakes were indeed within the same depositional unit
as the bison skull and could not have been introduced into
that location by a mixing process or by intrusion from above.
An acceptible alternative would, of course, be to discover
similar relationships of bones and artifacts elsewhere at the
site.

Because the bison skull had been found by exposure dur-
ing bulldozing of an arroyo sideslope, and some of the
worked chert flakes were only a few centimeters beneath
the artificially created surface, there was no possibility of
directly demonstrating that mixing or intrusion had not hap-
pened. The best chance of indirect evidence seemed to lie
with a band of caliche masses exposed a little higher on the
slope. If it could be shown, through further excavation, that
these were the surface manifestation of an unbroken layer
of caliche that extended both along the slope and into the
subsurface for distances of at least several meters, and that
the bison-bearing sediments were continuous beneath that
caliche, then it could be argued that this carbonate layer had
constituted a tight seal above the critical unit in which bones
and artifacts were present. There might have been mixing
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Figure 4.4. Map of the 1986, 1988, 1989, and 1991 excavations at the Burnham site. Compiled by Don Wyckoff.

within that unit, as indicated by the deformed contacts be-
tween red and gray sediments, but there could not have been
intrusion of material from younger horizons above.

To test this possibility, additional excavation into the slope
would be necessary. Such excavation could also search for
any kind of definitive evidence that had not yet been con-
sidered. The fastest method would be to have a backhoe dig
adeep trench. Such a trench would rapidly provide the nec-
essary view of geological units and relationships beneath
the surface, although carrying some risk of damage to bur-
ied archaeological and paleontological materials.

The backhoe trench, known as Trench N3 (Fig. 4.4), was
dug on October 2 and 3, 1989. Although its exact location
was selected purely on a hunch, its long axis was oriented
almost precisely at right angles to the north of the controlled
excavation grid, an orientation that was also about at right
angles to the elongated crest of the interfluve lying east of
the site. Digging began one meter east of the controlled
squares and extended 23m farther eastward into the slope
(Fig. 4.4). Depth was restricted by the maximum reach of
the backhoe boom, and varied from 250 to 300cm. Conse-
quently, as the land surface rose gently eastward, so did the
floor of the trench. This meant that deeper units, uncovered
in the controlled squares and at the western end of the trench,

remained buried and unseen in the middle of the trench and
at its eastern end. After this main west-to-east trench had
been dug as far as seemed practical, two subsidiary trenches
were opened for shorter distances northward to provide ad-
ditional three-dimensional information.

As backhoe excavation proceeded, it became clear that
complex stratigraphic units were being exposed and that
detailed mapping would be necessary before their relation-
ships could be understood. To this end, a horizontal datum
line was installed using a cord attached to nails at 50cm
intervals along the north face of the main backhoe trench.
Positions of sedimentary boundaries, individual caliche nod-
ules, bones, etc., were measured laterally and vertically from
the points on the datum line. Spatial relationships thus re-
corded (Figs. 4.4 and 4.5) are described most clearly by com-
mencing at the eastern end, farthest from the place where
the bison skull was found. Unfortunately, a very rapid pace
of backhoe excavation necessitated hurried efforts to trowel
down and smooth the north face of the trench before the
newly exposed surface dried in the sunshine and became
unworkable. By the time detailed mapping had been com-
pleted, the face was so hard that small scale controlled sam-
pling of specific sedimentary units was impossible. Descrip-
tions of sediments are, therefore, only qualitative and gen-
eralized.
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Stratigraphy of the East-West Trench

From the 23-meter mark at the eastern end of the trench
westward to about 13.5m (Fig. 4.6), the north face exposed
massive reddish sandy sediment all the way down to the
floor of the excavation at a depth of 305cm. No variation
was discerned in this matrix. There were present, however,
numerous masses of caliche. These ranged in size from
specks less than 3cm across to blobs somewhat greater than
20cm in longest dimension. A generalized “average” ap-
proximated Scm. Some of the larger accumulations appeared
to be aggregates of several conjoined smaller nodules.
Shapes were highly irregular, with sharp points and voids
common. Most of the largest masses were roughly tabular
and lay horizontally.

Distribution of the caliche masses appeared at first to be
random, but mapping of the individual nodules proved oth-
erwise (Fig. 4.6). Where the trench floor was deepest, no
caliche was present in the lowest 80cm. The uppermost 70
cm also were barren. In the middle of the section, caliche
was concentrated in discrete zones. The most prominent of
these had a thickness of about 20cm and sloped westward
approximately parallel to the undisturbed part of the over-
lying land surface (Fig. 4.6). Deeper zones gave the im-
pression of being roughly horizontal, except for one that
disappeared into the end of the trench 160cm above the floor.
It seemed to slope gently down toward the east, but this
may be a subjective interpretation of sparse data. In some
places, nodules were also scattered between the poorly de-
fined zonal concentrations.

The most unusual find in this area lay between 18 and 19
meters. Two pieces of wood charcoal were exposed in the
trench wall. One was about 40cm long and 20cm high in

the plane of the face, the other 15cm long and 10cm high.
The long axis of each piece sloped about 35 degrees toward
the west, as did the line connecting the two. On the upper
surface of each piece of charcoal lay an irregularly worked
fragment of bone, each being about 5cm long. Two samples
of this charcoal yielded radiocarbon ages of 34,750 +/- 1040
(SMU-2422) and greater than 38,000 (Beta-33950) years
before present. The weod was first identified as birch (Berula
sp.) by Julio Betancourt, but is now believed by Peter Van
de Water to be pawpaw (Asimina triloba). The bone frag-
ments are unidentifiable, but are thick and large enough to
come from an animal the size of a small deer.

The uppermost zone of caliche nodules was traceable, with
localized variations in size, number, and spacing of these,
westward in the trench face all the way to the 8.4-meter mark
(Fig. 4.7). The deeper zones disappeared between 13.3 and
11.5 meters. The matrix of reddish sandy sediment also con-
tinued westward, but with faint suggestions of stratification
appearing. Most tantalizing were two horizons in which the
pervasive red was darkened by the addition of disseminated
dark gray or black material. Each of these horizons, which
had a distinctly higher clay content, was about 2cm thick
(Plate 2b). Both upper and lower contacts of each showed
numerous small-scale irregularities. Beneath each dark ho-
rizon was a parallel band, perhaps twice as thick, in which
the sediment was of a markedly lighter color than that of the
face in general. An immediately considered working hy-
pothesis was that each dark layer contained charcoal from a
grassfire, the underlying lighter zone being the product of
bleaching by the heat. Chemical and mineralogical analysis
of these sediments should easily prove or disprove this idea.

The eastern limit of the lower of the two dark horizons
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Figure 4.7. Detail of stratigraphy and possible faults in the middle portion of the North 3 backhoe trench dug in 1989. See
Figure 4.4 for location. Intervals are in meters. Prepared by Wakefield Dort, Jr.

was at about 11.9m (Fig. 4.7). Only 20cm farther east, a
possible continuation of that horizon lay 40cm lower, slop-
ing gently eastward and interrupted once for a short dis-
tance. Another possible segment farther east and 35cm
higher, also sloped eastward (Fig. 4.7). If these are indeed
all segments of a single, once-continuous  horizon, then
faulting and tilting have occurred, the faults being invisible
in the massive sandy sediment. Worthy of note is an
apparently similar step in the zone of caliche nodules, al-
though the offset is somewhat greater and the spatial rela-
tionship between the dark horizon and the caliche zone is
not directly parallel. Almost certainly, some sort of defor-
mation has occurred in this interval. The western limit of
the lower dark horizon is at the 8-meter mark, where the
upper zone of caliche nodules also ends. The upper dark
horizon is clearly traceable westward to 10.6 meters and
possibly continues to 9.0 meters (Fig. 4.7).

The uppermost zone of caliche nodules ends at 8.4 meters,
the upper dark horizon nearby, and the lower dark horizon
at 8.0 meters (Fig. 4.7). Beneath those horizons is a flat-
lying unit, 10 to 20cm thick, that is composed of laminated
gray sediment (Plate 2b). Its eastern end lies at 11.6 meters,
close to the western end of the lowest caliche zone and the
place where the lower dark horizon appears to be faulted
(Fig. 4.7). Itis not at all clear whether there is an erosional
unconformity here, or a fault, or merely sedimentary facies
changes.

To the west, the gray laminated sediments terminate
abruptly at 7.1 meters (Fig. 4.8). Aline connecting the west-
em ends of the uppermost caliche zone, the lower dark hori-
zon and the laminated gray unit slopes westward at an angle

of about 25 degrees and, when extended, meets the inclined
base of one of the most prominent sedimentary features in
the entire trench. Extending from the 7.0 meter mark to
about 3.0 meters is a gently curved mass of gray sediment
shaped something like part of a crescent moon, concave
upward as seen in the two-dimensional face of the trench
(Fig. 4.8). Prominent in this dull matrix are bands of red
sediment, some straight, some curved, but all essentially ver-
tical (Plate 3a). These are believed to be sections through
tubular burrows that were excavated downward into the gray
sediment, then were filled with red sediment that subse-
quently was deposited on top.

Some the burrows extend through the total thickness of
the gray zone, but many extend downward only 10-15cm
from the base of the red unit (Plate 3a). It is believed that
these short ones constitute only the lowest portions of bur-
rows that actually were much longer. Since no continuation
of any of these features is visible in the basal part of the
overlying red unit, it is further believed that the burrows
were excavated from a surface on the gray sediment that
was situated many centimeters above the present top of that
unit and that the missing portions were removed by erosion
before the red sediment was deposited. The contact between
the gray and the overlying red is, therefore, an erosional
unconformity and time break.

When the trench was opened, at least 8 bones were visible
along the basal contact of the massive gray unit with the
underlying red sediment between 3.8 meters and 2.6 meters
from the western end (Fig. 4.5). Subsequent excavation,
first by backhoe, and then by archaeological techniques, re-
sulted in the uncovering of nearly 60 bones. More than half
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Figure 4.8. Detail of stratigraphic units and possible unconformities in the western part of the North 3 backhoe trench dug
in 1989. See Figure 4.4 for location. Scale in meters. Prepared by Wakefield Dort, Jr.

of these belonged to two small horses. The remainder in-
cluded bones of bison and mammoth, various small mam-
mals, reptiles, amphibians, birds, and fish.

Sedimentary features and stratigraphic relationships are
much more complicated in the westernmost 4m of the trench,
the part the backhoe excavated first (Fig. 4.8). The rapidity
of the backhoe operation made it impossible to smooth the
face by trowel, map complex forms, and keep up with the
advancing cut. Therefore, only the largest, clearest linea-
tions were recorded. At the 1-meter mark, the generalized
sequence consists of 60cm of massive gray sediment at the
bottom, overlain by 30cm of laminated gray sediment, which
is succeeded by 190cm of red material. Such a description,
however, omits the many intricate details of alternating red
and gray beds, laminations, lenses, and blobs. At least four
levels of burrows are present, each marking excavation be-
low a former land surface, and all filled with red sediment
(Figs. 4.5 and 4.8).

The floor of the trench at its western end is almost exactly
the same elevation as the location, about 4.5m farther west,
of the bison skull. The complex of red and gray sediments
revealed by the controlled archeological excavations appears
to be, at least in the broad sense, correlative with the sedi-
ments seen in the lower levels of the western part of the
trench.

Stratigraphy of the North-South Trenches
To provide subsurface information in the third dimension,
the backhoe dug two shorter trenches northward from the
edge of the long east-west cut. These intersected the long
trench at 1.4 to 2.4 m and at 10.2 to 11.3 m. The eastern
side-trench, known as Trench West 6.0 (Fig. 4.4), was roughly
6.5m long with a sloping end. It exposed more of the mas-

sive red sediment seen in the eastern half of the long trench
(Fig. 4.9). Caliche nodules were concentrated in two hori-
zontal zones that extended the full length of the side-trench.
Of the possibly burned dark horizons seen in the long trench,
the upper one could be traced 1.4m northward, the lower
one 3.7 m (Fig. 4.9).

The western side-trench, known as Trench West 15.5 (Fig.
4.4), was 12.8m long and revealed a highly complex distri-
bution of gray and red sediments in its southern portion (Fig.
4.10). The sedimentary structures are closely similar to those
seen at the western end of the long trench and in the con-
trolled excavations. Orientation of beds, lenses, and con-
tacts visible in the side-trench wall is generally horizontal
across the first 3 meters. Farther northward up the trench
contacts rise gently toward the north at angles slightly less
steep than that of the trench floor, which in turn roughly
paralleled the land surface. All but the lowest gray and red
units disappear by the 5-meter mark, leaving only massive
red sediment similar to that exposed in the eastern half of
the long trench and in most of the eastern side-trench. Two
zones of caliche nodules are visible in the last 80cm of the
face (Fig. 4.10).

Interpretation and Discussion

Paleontological and archeological materials at the
Burnham site are contained in a series of unconsolidated
sedimentary units. These rest on and are in some manner
inset into the Permian bedrock. Artificial exposures of the
loose sediments reveal local facies changes, cut-and-fill con-
figurations, and deformational structures. Decipherment of
the implied, as well as the directly demonstrable, sequence
and chronology of geological changes will provide the best
possible basis for assessment of the antiquity and archeo-
logical importance of the site.
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The bison bones and artifacts were recovered from layers
of fine-grained gray and red sediments. These appear to be
set into older, nearly massive dark red material. Reconstruc-
tion of the geologic history of the sedimentary section must,
therefore, begin with the latter.

The Massive Sediment

It is believed that the oldest sediment exposed by excava-
tion, at least on the eastern side of the arroyo, lies in the
bottom of Trench N3, the long east-west backhoe trench.
Because the floor of this trench rises toward the east, the
stratigraphically lowest part would be located near the west-
ern end (Fig. 4.5). However, the oldest sediment actually
present in the area is at some unknown location and depth,
and is unseen.

In September, 1989, four exploratory holes were drilled
along a north-south line that passed approximately through
the 18-meter mark of the backhoe trench (Fig. 4.4). None
of these holes reached bedrock, although all were reported
to have bottomed in what was at the time considered to be
“basal gravel” (September 15, 1989, letter from Wyckoff).
This designation is open to question, however, because one
of the holes was extended 129cm below a gravelly zone,
which would surely have been called a “basal gravel” if drill-
ing had stopped there, yet it still did not encounter bedrock.
Therefore, its total depth of 658cm (21 feet 7 inches) is only
a minimun thickness of the cover of loose sediment at that
spot; the true thickness remains unknown.

The elevation of the bottom of this hole is only about 50

cm above the floor of the nearby arroyo that cuts through
the site. No bedrock is visible between the floor of that
arroyo and the excavations and backhoe trench on the east-
ern slope. The implication is that unconsolidated sediment
extends to greater depths here. Bedrock is, however, ex-
posed nearly halfway up the slope on the western side of the
valley. Furthermore, bedrock crops out at the ground sur-
face close to the crest of the ridge about 30m south of the
backhoe trench on the eastern side. This means that there is
a buried bedrock scarp just south of the trench. It must be at
least 5 m high (with allowance for the inclination of the land
surface there), and may be, at least in part,vertical. (A new
backhoe trench excavated in late May, 1991, exposed the
upper part of this bedrock face, as shown in Fig. 4.11. Itis
vertical.) Because this scarp has been seen atonly one point,
its orientation and configuration remain unknown, as does
the total relief on the bedrock surface and, therefore, the
maximum thickness of sediments overlying the bedrock.

A thickness of approximately 350cm of this sediment was
exposed by the long backhoe trench designated N3. Super-
ficial examination by us as excavation proceeded indicated
that it is mainly a fine sand with varying percentages of silt
and clay. Subsequent analyses by Carter (this volume) de-
termined that the silt content generally equals the sand or
exceeds it by up to double. Clay comprises from 17% to
25% of each sample. We could discern no stratification;
Carter identified two faintly developed paleosols in the lower
part of the section near the eastern end.

Although this sandy silt appears, in itself, to be massive

BURNHAM SITE (34 WO 73)
West 6.0 Backhoe Trench

North

Figure 4.9. Stratigraphic section of West 6 backhoe trench dug in 1989. See Figure 4.4 for location. Scale is in meters.

Prepared by Wakefield Dort, Jr.
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Figure 4.10. Stratigraphic details of West 15.5 backhoe trench dug in 1989. See Figure 4.4 for location. Scale is in meters.

Prepared by Wakefield Dort, Jr.

and unstratified, a pseudostratification is created by caliche
nodules. As already mentioned in the section on stratigra-
phy, precise mapping of individual carbonate masses re-
vealed a non-random distribution. The pattern is not per-
fectly clear, but there do seem to be at least three zones of
nodule concentration that are sub-horizontal to roughly
parallel to the overlying ground surface (Fig. 4.6). Near the
eastern end of the trench there is a possible zone that ap-
pears to slope down toward the east (Fig. 4.6).

Pedogenic development of masses of calcium carbonate
can be influenced by several factors. However, in the ab-
sence of bed of distinctly different grain size distributions,
hence with contrasting permeabilities and groundwater
movement, it is believed that these zones of caliche nodules
are related to water table positions or depths of penetration
of roots. Roots release carbon dioxide into the soil air, in-
creased carbon dioxide pressure causes solution of calcium
carbonate, bicarbonate ions mij grate downward to a horizon
in which biological activity is less, and calcium carbonate is
reprecipitated. Alternatively, in areas of low rainfall, such
as western Oklahoma, evaporation raises soil water by cap-
illary action, carbon dioxide is lost and calcium carbonate is
precipitated. In either situation, the resulting caliche zone
will be close to the soil surface (Blatt 1982). Under the
influence of either of these mechanisms, or both together,
the three zones of concentrated nodules at the Burnham site
could represent three episodes of particularly favorable cli-
matic parameters separated by times of change in soil water
and depth to the water table. It may, however, be more likely
that these zones are surrogates for three positions of a ground
surface that was being episodically aggraded. They appear
to constitute a State II accumulation of authigenic carbon-
ate (Birkeland 1984 Gile et al. 1966). It is possible, how-

ever, that the situation is more complicated, including, per-
haps, partial silicification of the nodules (suggested by Vance
Holliday in a telephone conversation, October, 1991).

Near the middle of the long backhoe trench, between 13.3
and 11.5m, the lower zcnes of caliche nodules terminate
abruptly against markedly different sediments (Figs.4.5and
4.7). To the east is the massively sandy silt; to the west are
stratified sands, silts, and clays. We believe that this sharp
change holds important clues to the origin and history of the
unconsolidated sediments at this site.

In massive, nearly homogeneous sediment like the sandy
silt it might be expected that conditions favoring formation
of nodular concentrations of calcium carbonate would change
gradually in a lateral direction and that the number and size
of nodules would taper off through an appreciable distance-
-at least several tens of centimeters, perhaps more. This is
not what happens here. Some of the largest nodules in the
entire trench face are located less than one meter from the
abrupt termination.

Of primary importance are answers to the questions: do
the zones of caliche nodules end specifically because the
host sediment ended? Or was it because some condition in
the host sediment, such as soil water, ended at the time pre-
cipitation of carbonate was taking place? Or did both the
massive host sediment and the enclosed nodules formerly
extend farther to the west, and that portion has since been
displaced or removed? Nevertheless, the three-dimensional
extent of zones of nodule concentration, seen in the trench
walls as lines, may well provide indication of the slope of
the overlying land surface at one or, perhaps, several peri-
ods in the past.
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Figure 4.11. North-south profile of the 1991 backhoe trench at the Burnham East Exposure. See Figure 4.4 for location.
Note apparent draping of gravel down the bedrock face. Prepared by Don Wyckoff.

The potential significance of this lateral change of sedi-
ment was not recognized at the time the trench was being
excavated. Because of time constraints, no samples were
taken, no detailed descriptions written. The trench has since
collapsed so that the exposure no longer exists, although it
could be re-excavated. Only the field map is now available
for interpretation.

Another aspect pertinent to interpretation of the spatial
distribution of the nodules is the origin of the host sediment
and of the abutting sediment to the west. The latter is lo-
cally well stratified. As will be discussed in subsequent para-
graphs, it clearly accumulated in ponds and perhaps, small,
slowly moving streams. In contrast, the nodule-bearing sedi-
ment is devoid of visible stratification. Either it was not
deposited by or in water, or original stratification has been
completely destroyed by turbation, perhaps chemiturbation.
Until samples have been subjected to close scrutiny in the
laboratory, we cannot be certain, but the working hypoth-
esis is that this sandy silt is of eolian emplacement. Where
exposed at the site, it shows little variability. On nearby
slopes, however, are scatterings of rounded pebble gravel,
undoubtedly of fluvial origin, and perhaps reworked from
the Ogallala Formation that underlies the High Plains to the
north. Also present are pebbles and cobbles, generally
subangular, of creamy white dolomite. These probably are
clasts of the Day Creek Dolomite, which supports steep
slopes on the High Plains escarpment. How these fragments
were transported across the gently sloping surface on top of
the sandy silt is an intriguing question. One suspects some
form of periglacial, i.e. frost-climate, mass movement.

If, indeed, the caliche nodules are contained in an eolian
sediment, then it is reasonable to propose that this unit was
deposited as a blanket continuous across at least the nearby
countryside. It is possible that the upper surface was occa-
sionally and locally indented by swales or closed hollows.

It does not seem possible, however, that on an actively ag-
grading surface these could have had side slopes with angles
approaching 40 degrees, which is the angle of a line drawn
along the western margin of the lower nodule zones (Fig.
4.7). It is therefore likely that this margin is the result of
later erosion, being the eastern edge of a small valley. An
alternative, to be discussed later, is that this margin is the
plane of a small fault or, more likely, a slump. Indeed, a
single faint line of apparent stratification seems to show both
offsetting and drag curvature such as could be produced dur-
ing step-slumping of unconsolidated sediment. This could,
of course, happen along the side of a stream valley. A simi-
lar situation is present at the termination of the upper nodule
zone.

The uppermost zone of caliche nodules extends farther
westward, all the way to the 8.4-meter mark (Fig. 4.7). This
means that it extends almost 5 m beyond the termination of
the lower zones. It therefore overlies, and must be younger
than, the stratified sediment. Furthermore, the base of the
upper zone, where it rests on stratified sand and silt, must be
a disconformity. This surface cannot be traced eastward
through the massive sandy silt. Nevertheless, the westward
prolongation of the upper nodule zone, and, especially its
host sediment, clearly demonstrates that aggradation of mas-
sive sediment continued after the section of stratified sedi-
ments had been deposited. It does not necessarily follow,
though, that the process of accumulation was always exactly
the same. Sediments of similar appearance can originate in
differing ways. Only close laboratory study of these materi-
als can elucidate further detail.

The Stratified Sediment
Stratified sand, silts, and clays are exposed in the western
half of the long backhoe trench (N3) and in all of the hand-
dug archeological squares. Because all of the cultural mate-
rial and all of the bones were extracted from these strata,
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determination of their extent, sequence, chronology, and
environments of deposition is a prerequisite for any archeo-
logical evaluation of the site.

For convenience of discussion, the stratified sediments
visible in the wall of the North 3 backhoe trench can be
divided into three parts. Strata in contact with the western
termination of the lower portions of the massive sandy silt
and the lower zones of caliche nodules can be traced, with
some modifications, to the western end of the trench (Fig.
4.5). Inset into this sequence is a depression filling that is
cut by numerous burrow fillings. That, in turn, is overlain
by a third group of beds.

The lower, hence older, group of strata shows consider-
able diversity. Near the top of this part of the section there
are thin dark horizons that may have been created by grass
fires (Plate 2b). Extending roughly from 12.4 to 8.1 meters,
these directly underlie the westward extension of the upper-
most zone of caliche nodules (Fig. 4.7). They are somewhat
discontinuous and have local relief of about 20 cm. Both
upper and lower contacts are diffuse in detail. General thick-
ness of each layer is a little less than 10cm. The host sedi-
ment of these layers, and for as much as 60cm below them,
is a dark pink to red, faintly stratified sand/silt mixture, with
at least one 10cm unit in which dark red clay is dominant.

Deeper in the section there is a unit that is clearly trace-
able from 11.5 to 7.0 meters (Fig. 4.5). Up to 20cm thick
over all, it is composed of numerous thin layers and laminae
that are horizontal in general, but locally disturbed, and also
cut by filled burrows. Colors of individual beds range from
light pink to very dark red; some are a contrasting light gray
(Plate 2b; Plate 3b). Compositions range from silt to a ma-
terial that in the field appeared to be essentially pure clay.
Below this heterogeneous unit only massive red sandy silt is
present above the floor of the trench.

It is nearly axiomatic that a thinly laminated, fine-grained
sediment must have accumulated in an aqueous environment
subjected to extremely low energy levels. Clays generally
indicate standing water. This particular unit mentioned above
probably resulted from episodic deposition in a small, shal-
low pond, or perhaps on the floor of a depression that only
occasionally was wetted. Wind-generated currents were in-
sufficient to keep clay particles in suspension. Further in-
terpretive details are at present unavailable. No samples
were obtained, therefore, no laboratory analyses can be
made.

This lower group of strata is cut into by the concave up-
ward base of a younger deposit that is visually outstanding
because it consists of nearly featureless, massive to faintly
laminated, light gray sediment set sharply into the prevail-
ing reds. The concave shape of the bottom of this unit looks
like the transverse profile of a small valley with gently slop-

ing sides (Fig. 4.8). Indeed, this is almost certainly an ero-
sional form because it appears to cut off strata of the lower
group of sediments. It is difficult, however, to explain how
the bottom of a small valley could become filled with a mas-
sive deposit of fine-grained material entirely different from
that in the unconsolidated banks, which apparently did not
slough or slump. One might suggest that it happened in a
single event or pulse; had there been recurrent pulses, clear
stratification should have been preserved.

Rendering this exposure even more spectacular are nu-
merous burrow fills that interrupt the gray matrix. Some of
these fillings are gray, either slightly darker or, in most in-
stances, slightly lighter than the background. Most outstand-
ing are the burrows filled with red sediment that form bril-
liant bands, 4-8cm wide, vertically through the gray mass
(Fig. 4.8; Plate 3b). The exact shapes of these bands are
determined by the position of the plane of the exposure rela-
tive to the burrow tubes. All are longitudinal sections, of
course, but not all cuts are strictly parallel to the long axes
of the burrows, or coincide with their maximum diameters.
Branching or bulbous lower ends may represent “living quar-
ters.”

Detailed mapping recorded 19 of these features protrud-
ing downward from the upper contact of the massive gray
unit. Some extend completely through the presumed chan-
nel fill, enter the underlying red sediment, and become in-
distinguishable. The majority, however, project downward
only 10 to 15cm. It is not known whether all of these bur-
rows were dug by small rodents such as ground squirrels, or
whether some might have been produced by crawfish. Nev-
ertheless, in either instance a total depth of only 10-15 cm
appears to be much too shallow. It is therefore believed that
the present top of the gray unit is actually an erosional sur-
face. Most of the burrows were dug from a higher ground
level, then truncated by an episode of degradation. It must
be noted, however, that a few of the burrows can be traced
upward at least a few centimeters into the overlying red sedi-
ment. Therefore, not all of these were excavated at the same
time from the same ground surface.

The burrows are separated by intervals ranging from less
than Scm to a bit more than 20cm. This spacing indicates
intense use of a limited arca by fossorial organisms. Even
though the actual time span represented remains unknown,
it could not have been very long, and a considerable popula-
tion density may therefore be proposed.

One additional outstanding aspect of this channel-fill de-
posit is its bone content. By great good fortune, the north-
ern face of the North 3 backhoe trench cut through several
small bones lying on the bottom of the gray fill between 3.8
and 2.6m (Fig. 4.5). Because no bones were seen in the
backdirt from the trench, it was hoped that additional speci-
mens might be present in the unexcavated sediment to the
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north. Exploration proceeded here in 1989 with spectacular
results (Fig. 4.12). A concentration of more than 50 bones
was uncovered, permitting identification of mammoth, bi-
son, several species of small mammals, reptiles, amphib-
ians. birds, fish, and, of perhaps greatest interest, two small
horses (Wyckoff et al. 1991).

In a preceding paragraph it was suggested that the appar-
ently homogeneous nature of this gray channel fill indicates
a single pulse of deposition. In opposition to this idea, the
bones contained in this fill display a range of degree of pres-
ervation (Wyckoff et al. 1991). This aspect suggests that
there were multiple events of bone placement on an aggrad-
ing valley floor. An alternative would be that bones show-
ing various degrees of weathering were lying on the land
surface nearby and that all were washed into the valley dur-
ing a single event. This proposal would seem to be strength-
ened by the fact that most of the animals were represented
by very few skeletal elements, such as might have remained
on the ground after scavengers had been busy. Only the
horses were relatively complete. A careful sedimentologi-
cal analysis should provide details of the origin and signifi-
cance of this deposit.

Up to this point, the discussion has been concerned with
the massive sandy unit and its enclosed caliche nodules in
the eastern part of the trench and stratified sediments to the
west. Mentioned so far were the deep strata near the center

and an inset gray channel fill containing a number of red
burrows. To the west of the channel fill the stratigraphy
and, in a sense, the structure of the sediments are extremely
complex. The longitudinal profile of the trench wall (Fig.
4.5) provides only the barest hint of the intricacies present.
Sediments range in color from cream to pink to red to very
dark red. Strata range from thin clay-rich laminations to
massive sandy units. Multiple generations of burrows ex-
tend downward from several internal surfaces, both erosional
and, possibly, depositional in origin. Some strata lie in their
original attitudes, others have been highly deformed.

It is obvious that this area, even though perhaps very lo-
calized, has been extraordinarily dynamic and changeable.
Almost countless episodes of deposition and erosion, some
of momentary stability, have been linked in a kaleidoscopic
environmental sequence. Many, perhaps most, of the inter-
vals have been short. Some laminae may record single
storms. Full reconstruction of the history is probably im-
possible. However, detailed mapping and careful analysis
of individual sedimentary units would yield a great deal of
information and therefore, should be accomplished after
the collapsed trench has been re-excavated.

The sedimentary record exposed in the hand-dug archeo-
logical squares west of the end of the long trench is not as
intricately complex as the relationships visible near the west-
ern end of the trench itself. This may in part be the conse-

Figure 4.12. View east of the “Horse Bone Bed” exposed on the northern side of the North 3 backhoe trench dug in
1989. Photo taken October 16, 1989, by Don Wyckoff.
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quence of removal of upper strata, first by erosion of the
valley, then by the bulldozer when the bison skull was dis-
covered. But even the sediments still visible in excavation
balks display fewer complications than are seen near the
end of the trench.

Chronology and Proposed History
For the purpose of reconstructing the history of the
Burnham archeological site, compilation can be restricted
to the unconsolidated sediments. What transpired before
deposition of these sediments can be ignored.

What appears to be the oldest land form in the vicinity of
the site is the gently sloping, now dissected surface extend-
ing southward from the base of the High Plains escarpment.
This was initially thought to be an old pediment, but both
natural and artificial exposures show that it cuts across un-
consolidated sediments. So, apparently, this land form is
not a pediment in the strict sense, and is not very old at all.
The dissection channels obviously must be even younger.

The oldest sediments seen at the site are those of the mas-
sive sandy silt and its associated gravel zones. It is known
from outcrops, trenching, and drillhole information that these
sediments rest on an uneven bedrock surface, determination
of the origin of which is important for reconstruction of the
history of the site as a whole. In the 1991 south backhoe
trench the bedrock surface was seen to be locally vertical.
However, landscapes in general do not include vertical seg-
ments. One could, however, result during scarp retreat on a
particularly resistant rock unit, by undercutting on the out-
side of a stream meander, or by abrupt downward move-
ment of a block by faulting or subsidence.

Permian formations in western Oklahoma and adjacent
areas include a number of beds of gypsum ranging up to at
least 10m (30ft) in thickness. Solution by circulating ground
water has resulted in subsidence or collapse at many loca-
tions. Depending on the thickness of the dissolving unit, the
area affected by solution, and its depth, a closed depression
may form in the ground surface, a type of sink hole. Some
of these features in Oklahoma and Kansas have been impor-
tant sources of Pleistocene faunal remains (e.g., Fenneman
1931; Frye 1942; Hibbard 1949; Schultz 1969; Smith 1940;
Stephens 1960).

Cuts along U.S. Highway 64, only 4km (2.5 miles) south
of the Burnham site, clearly show thick gypsum beds with
abrupt lateral terminations beyond which there is only
unconsoldiated sandy sediment. These exposures appear to
be cross sections of the margins of collapse structures formed
as a result of solution removal of deeper layers of gypsum.
It is proposed that the stepped bedrock surface at the
Burnham site formed in the same way.

Collapse of this sort would surely cause deformation of

bedding in unconsolidated surficial deposits, especially near
the margins of subsiding blocks. As already noted, how-
ever, the deepest exposed sediments of the Burnham site are
massive and so lack planes of stratification that would re-
veal any deformation. Therefore, it cannot be determined
from the general sediments whether they were part of a block
that subsided or, conversely, whether they were deposited
later in a surface depression created by a previous subsid-
ence. Zones of caliche present in all of the backhoe trenches
are high in the section, well separated from bedrock con-
tacts, and indicate only that there has not been major tilting
since they formed. If these are indeed related to soil water,
then there probably is no relationship between them and the
origin of the underlying bedrock surface.

The south backhoe trench, excavated in June of 1991,
exposed a gently-sloping bedrock surface which changed
laterally to nearly vertical and plunged beneath the floor (Fig.
4.11). Resting on the upper part of the bedrock was a grav-
elly unit 30-50cm thick. It appeared to be composed of an-
gular clasts of the local bedrock averaging perhaps 2 cm
across. In the deeper area, where the face of the bedrock
was almost vertical, there seemed to be two or three grav-
elly zones sloping less steeply away from the rock face. Be-
tween these zones and above them was the massive sandy
silt.

The trench exposure is not sufficiently extensive to dis-
play clearly the spatial relationships of the sediment facies.
If there were a bedrock-rimmed surface depression that
gradually filled with sediment, one would expect that the
coarse, marginal gravel facies would show interton guing into
the finer sand and silt of the basin center. All strata would
be nearly horizontal. On the other hand, if a gravel layer
had been deposited more or less across the aggrading basin
floor and then further subsidence occurred, gravel could be
draped along the steep bedrock face. The resulting relation-
ships would be such as is exposed in the south backhoe
trench, although the presence of three apparently separate
gravel layers remains unexplained. An even more drastic
possibility would be complete filling of a depression with
gravel, followed by erosional removal of all but the mar-
ginal zone, then refilling with sandy silt. This seems to be
an unlikely scenario.

Much additional subsurface information will be needed
before this problem can be solved, yet understanding the
origin and environment of deposition of the massive sandy
silt and its gravel zones is basic to interpretation of the site.
It must be remembered that exposures in the east-west trench
(N3) demonstrated that although the artifact and bone-bear-
ing stratified sediments are set down into the massive mate-
rial, they also are in part over-ridden by an apparent expan-
sion of that material. It would therefore appear that pro-
cesses resulting in accumulation of the massive sediment
continued to operate after some of the stratified units had
been deposited.
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Regardless of the many unanswered questions about the
accumulation of the older massive sandy silt, we believe
that this occurred within the framework of the subsiding,
probably episodically subsiding, floor of a closed depres-
sion formed by subsurface solution of gypsum and conse-
quent collapse of overlying strata. That this phenomenon
also affected many parts of the surrounding area is indicated
by stream-cut and road-cut exposures of the sandy silt set
against vertical faces of gypsum beds.

Itis clear that the developing depression at the Burnham
site came to be occupied by a body of standing water. The
size and shape of this pond or lake remain unknown, though
almost surely it was both small and shallow (Theler, this
volume). Exposures of its sediment accumulations are not
extensive. The water probably came mainly from springs,
although overland surface flow clearly contributed at times.
However, the pond rarely overflowed to form a stream link-
ing it with a creek or river; fish bones are very scarce in the
sediment fill.

Well-defined sedimentary strata are set into the collapse
basin and therefore abut against the massive sandy silt. Most
of these layers have sharply distinct upper and lower con-
tacts. Some are sandy or silty and as much as ten or more
centimeters thick. Others are only a few millimeters thick
and are composed largely of clay. All were deposited in a
definitely low-energy environment that was affected by con-
spicuous pulses of sediment introduction. It is not at all
clear what factors governed accumulation of millimeter-scale
laminations of alternating red and gray clay-rich sediments.
No samples were obtained from individual sedimentary units.
Therefore, no detailed data are available to serve as a basis
for palecenvironmental interpretation.

This quiet depositional situation was interrupted from time
totime. Either declining water level exposed marginal zones
or further subsidence lowered local base level. Probably
both events happened. In any event, there was dissection of
older sediments by small channels, which were themselves
later filled when effective water levels rose again. Within
the limits of the excavations, there also appear to be exten-
sive, essentially planar unconformities. These seem to record
episodes of stripping of sediment from locally widespread
surfaces, as opposed to concentrated linear gullying. Sedi-
ment thus removed was, of course, carried to a topographi-
cally lower point, unless the degradation was accomplished
solely by wind. The locus of redeposition of this sediment
remains unknown.

Much of the stratified sequence shows abundant evidence
of soft-sediment deformation. In a thin sedimentary sec-
tion, this is probably the result not so much of loading by
subsequent deposits as it is a consequence of rapid lowering
of water level and consequent removal of support. In other
words, saturated sediments flowed irregularly toward deeper
parts of the basin. Obviously, if there is flowage and defor-

mation of sedimentary strata, there can also be mixing of
objects contained within these strata, thereby directly en-
dangering contextural relationships. We believe that al-
though individual units suffered deformation and internal
mixing, the stratigraphic integrity of groups or bundles of
strata has been maintained. This would mean that sequences
are correct and spatial associations remain valid. There-
fore, the apparent occurrence of cultural materials with the
skull of an extinct bison seems to be real. However, only
collection of additional data will place this conclusion be-
yond reasonable debate.

At some point the pond became dry, whether through loss
of water supply or by breaching of the retaining barrier is
not known. The remnant of the depression was then filled,
at least in part with the upper massive sandy silt. After an
interval of unknown, though short, duration, Moccasin Creek
and its developing tributaries began dissection of those sedi-
ments and the present topography was created. Most of the
radiocarbon dates obtained from samples of bones, snails,
and charcoal are older than 26,000 B.P, clustering in the
mid-30s (Wyckoff et al. 1991). It therefore appears that the
present wave of dissection began sometime after 35,000
years ago and is probably a Late Wisconsinan phenomenon
that has continued into the Holocene.

Throughout this report it has been emphasized that obser-
vations and data pertaining to the geology of the Burnham
site are very far from complete. Investigations into the geo-
logic processes that formed and modified the sedimentary
sequence, and thus influenced the context of both faunal and
cultural remains, have really only just begun. Nevertheless,
there are sound reasons for believing that the cultural mate-
rial isindeed considerably older than conventional limits of
the Clovis interval and further, detailed studies are most
definitely warranted.
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Plates of the Burnham Site Findings

Plate la. View east of the East Exposure of the Burnham site. A nearly continuous carbonate cemented layer occurs near
the individuals elbow. Below that is a red alluvuium that is underlain by the gray sediments containing the Bison chaneyi

skull (left center) and artifacts. Photo taken in October of 1986 by Don Wyckoff.

Plate 1b. View west-northwest of gray sediments designated the Southwest Exposure (where figure is kneeling) and North-
west Exposure (center of picture) of the Burnham site. Photo taken in October of 1986 by Don Wyckoff




Plates of the Burnham Site Findings

Plate 2a. View east of Bison chaneyi skull in situ in square S2-W22 of the Burnham East Exposure. Skull is tilted and laying
in gray sediment. Artifacts were recovered from sediment around skull. Photo taken November I, 1986, by Don Wyckoff.

o T e . - “ —
Plate 2b. View north of stratigraphy in north walls of squares 0-W25 (left), 0-W24, and 0-W23 of the East Exposure.
Artifact yielding gray sediment is nested in the reddish lowest ponded sediment manifest in the East Exposure. Photo taken
November 7, 1989, by Don Wyckoff-




Plates of the Burnham Site F indings

Plate 3a. Deformed sediments exposed on north face of manually

dug square 0-W22 of East Exposure. Note scattered small
pebbles in both red and gray units. Scale markings are 5 cm incre

ments. Photo taken by Wakefield Dort, September 28, 1988,

Plate 3b. Middle part of North 3 backhoe trench dug

thin dark horizon in middle and deformed laminations at bottom. Rod scale is in Jeet. Photo by Wakefield Dort.

in 1989 in East Exposure. Note light colored caliche nodules near top,




Plates of the Burnham Site Findings

Plate 4a. Filled burrows in channel fill in western part of North 3 backhoe trench (dug in East Exposure in | 989).
See Figure 4.8 for location. Photo by Wakefield Dort.

Plate 4b. Deformed laminated clays and silts near botto
in inches. Photo by Wakefield Dort.

m of North 3 backhoe trench at its western end. Scale units are
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Chapter 5
Burnham Site Pedology: A 1991 Perspective

Brian J. Carter

Introduction

Soil investigation at the Burnham site was started to deter-
mine the pedologic and diagenetic processes and the mode
of soil parent material deposition for sediments that may
contain evidence of late Pleistocene human occupation and
that did contain stone tool fragments and small-scale debitage
(Buehler 1990; Flynn 1988; Wyckoff 1989, 1990; Wyckoff
and others 1990). The site also yields an array of late Pleis-
tocene vertebrates and snails (Martin 1990; Theler 1990:;
Todd 1990).

Overview of Bedrock and Surficial Geology
and Geomorphology

Sediments of three major geologic eras were exposed
within or near the study area (Fig. 5.1). The study area is
contained within the West Moccasin Creek drainage basin
located in west-central Woods County, Oklahoma. These
geologic eras include the Paleozoic, Mesozoic, and Ceno-
zoic. A detailed review of the geology of Woods County,
Oklahoma, can be found in Fay (1965). An abbreviated
geologic overview is included here to emphasize bedrock
control of landforms in the study area (Figs. 5.1 and 5.2).
The upper Paleozoic Era is represented by the Permian Sys-

Pleistocene

w Terrace

Deposits
N Tertiary Capped
K\\\\ Uplands
d Formations
% Big Salt Plain

m Cimarron River &0
Active Flood Plain

kilometers
0 1 2 a 4
4 . H

tem. The upper Mesozoic Era is represented by the Creta-
ceous Kiowa Shale. The upper Cenozoic Era is represented
by the late Tertiary and Quaternay Systems. Most Permian
rocks are lithified but range from nearly consolidated sand-
stone (locally termed "pack-sand") to lithified shale, sand-
stone, gypsum, limestone, and chert. The landscape adja-
cent to the study area contains prominent escarpments. These
escarpments are produced by layers of gypsum, limestone,
cherty limestone, and sandstone which resist erosion rela-
tive to the underlying incompetent shale and pack-sand.
Much of the escarpment wall below the resistant nick-point
is not covered by soil. The escarpments also have a con-
cave-upward slope curvature which gives the general land-
scape surrounding the site a distinctly arid aspect. The study
area lines within a continental, temperate, and subhumid cli-
matic regime (Fitzpatrick et al. 1950).

The bedrock immediately below the study site is the Per-
mian Marlow Formation (Fig. 5.3). The Marlow Forma-
tion at the study site is predominantly a weakly consoli-
dated fine-grained sandstone. The pack-sand nature of the
Marlow Formation within the study area makes it extremely
difficult to distinguish from subsoil. The Marlow Sandstone
at the study site can be separated from soil
by a distinctive rock color pattern. Often,
small (several cm in diameter) circular gray-
ish-green mottles within an orange rock ma-
trix are found within the Marlow Sandstone,
but they are not observed within the sub-
soil.

The Cretaceous Kiowa Shale is found in
west-central Woods County but not within
the upper West Moccasin Creek drainage
basin which is the location of the study site.
The Permian rocks are directly overlain
within the study area by the Tertiary Ogallala
Formation. The Kiowa Shale does separate
the Permian rocks from the overlying
Ogallala Formation immediately to the
northwest of the study area. The Ogallala
Formation is exposed within the headwa-
ters of West Moccasin Creek. It caps the
divide north of the study area between the
Cimarron River and the Salt Fork of the Ar-
kansas (Fig. 5. 3). The Ogallala Formation
ranges from unconsolidated gravel through

Figure 5.1 The Burnham site’s location
relative to nearby geologic exposures.
Adapted from Fay 1963.
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work Quaternary alluvium into hillslope and dune
landforms. The predominant constructional geo-
morphic surfaces with the study area are Ho-
locene floodplain, dune, and hillslope landforms.
Constructional Pleistocene and Holocene terrace
surfaces are present but are not widespread
(Carter et al. 1990).

The study site is located adjacent to an un-
named tributary ephemeral stream to West Moc-
casin Creek (Fig. 5.4). West Moccasin Creek is
a south-flowing tributary to the Cimarron River.
Recent geologic and soil surveys are not avail-
able for the study area (Fitzpatrick et al. 1950).
The USDA Soil Conservation Service is currently
mapping soils at a 1:20,000 scale within Woods
County but have not covered the study area.
Much of the initial information for geologic and
soil materials in the general study site is obtained
from road-cut and natural gully-wall exposures.

Gypsum layers are found within Permian
rocks 30 to 50m below the study site. The three
layers of gypsum each range in thickness from 3
to 8m. They are separated from each other by
0.5m dolomite beds and 5 to 8m thick shale beds.
Caves and sinks are not found within the study

oo
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stratified layers of sand and silt. The Ogallala Formation
contains layers cemented by calcite and referred to as cali-
che, calcrete, or petrocalcic soil horizons.

The Permian, Cretaceous, and Tertiary rocks are exposed
in the study area (Figs. 5.1 and 5.3) in ascending order in
both time and space (younger rocks are higher in elevation
than older rocks). Rocks of the Quaternary Period within
the study area do not follow this ascending order. Pleis-
tocene and Holocene deposits are related to modern stream
systems within the study area. After deposition of the
Ogallala Formation, the Cimarron River incised through
Tertiary, Cretaceous, and well into Permian rocks. Eolian,
colluvial, and alluvial deposits of the Quaternary Period are
draped on top of Tertiary, Cretaceous, and Permian rocks.
The Pleistocene Epoch is represented by stream terraces bor-
dering the Cimarron River, mainly on the north side. Stream
terraces are also found along second-order streams which
flow to the Cimarron River. These secondary streams de-
veloped as the Cimarron River incised into older rocks. West
Moccasin Creek is a prominent tributary stream to the
Cimarron River (Fig. 5.4). Eolian sand and colluvium re-

area. Caves and karst topography associated with

the dissolution of gypsum are found within a 10
to 100km radial distance from the study site where gypsum
occurs closer to the ground surface. The dissolution of gyp-
sum can be an important landscape forming process in the
study area. However, because of the thick unit of shale be-
tween the gypsum beds and the study site, gypsum dissolu-
tion (forming karst topography) may not be an important
geomorphic process immediately affecting the deposits at
the study site.

Gully-Wall Exposures and Site Specific
Soil-Geomorphology

The study site is located on a gully-wall exposure of un-
consolidated sediment, soil, and Permian redbeds (Figs. 5.5,
5.6, 5.7, and 5.8). The sediments at the study site are
distinctive because they are gray (Table 5.1; see soil profile
descriptions for Munsell color notation). The small gully
tributary of West Moccasin Creek which contains the study
site has prairie vegetation across the constructional flood-
surface of the gully bottom (Fig. 5.5). The gully does not
contain a channel. The gully walls are approximately 90%
covered by vegetation (Fig. 5.5). Where plant cover exists
itis sparse. The gully walls, therefore, supply sediments to
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Figure 5.3. North-south topographic cross section through the Burnham site, Woods County, Oklahoma.
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Figure 5.4. West-east topographic cross section through the Burnham site.

Figure 5.5. Aerial view southeast of the Burnham site. Site is on both sides of pond in top right. Photo taken
August 4, 1992, by Don Wyckoff.
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Figure 5.6. View east of Burnham East Exposure during the 1989 excavations. Gray pond sediments are interbedded with

w3 s
/

red sediments (below) and soils (above). Photo taken October 22, 1989.

Figure 5.7. View east of calcic soil profile some 200 meters
north of the Burnham site. Photo taken November 17, 1987.

a cummulic soil on the floor of the gully. This soil has prob-
ably been forming for the past several hundred to possibly
several thousand years. The hillslopes above the gully walls
have been cultivated and are highly eroded (Fig. 5.6). Ero-
sion of agricultural fields has also provided sediments to the
floodplain surface. Sediments shed from the gully walls and
surrounding fields are incorporated into the soil on the flood-
plain. Annual grass species maintain a vegetative cover and
incorporate the sediment into the soil on this gully bottom.
Some sediment reaches the floodplain soil surface by gully-
wall mass wasting. Hillslope sediment runoff enters the
gully through smaller, shorter lateral gullies (Fig. 5.5). Sev-
eral trees (cottonwoods [ Populus spp.] and hackberry [Celtis
sp.]) that can tolerate trunk burial by sediment also exist on
the gully floor adjacent to the study site (Fig. 5.5). The veg-
etation which originally covered the site was probably a na-

Figure 5.8.. Thin soil over Marlow sandstone exosed in
gully some 200 m north of the Burnham site. Photo taken
November 17, 1987, by Don Wyckoff.

tive mid-grass prairie dominated by little bluestem
(Andropogon scoparius).

Several types of sediments are exposed along the gully
wall near the study site and yield valuable information on
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the origin of the deposits within the site. Exposed at the
bottom of the gully wall is the Permian Marlow Formation
(Fig. 5.8). It is a fine-grained sandstone that contains dis-
tinctive 5 to 10mm diameter circular gray mottles within a
reddish orange rock matrix. The sandstone is especially
prominent down (south) the gully toward its intersection with
West Moccasin Creek. Immediately above the Marlow For-
mation is a gravel layer 10 to 30cm thick. This gravel is
composed of angular, subangular, and rounded rocks, and
these clasts lie on a very smooth boundary formed with the
underlying beckrock. This smooth beckrock contact was
produced by moving water that transported the gravel. The
rock lithologies consist of chert, limestone, and quartzite
and originate from the Ogallala and Permian formations.
These exist north of the study site within the West Moccasin
Creek drainage basin. Gravels are especially well exposed
within the gully wall south and west of the study site toward
the intersection with West Moccasin Creek.

Above the gravels are fine-grained unconsolidated sedi-
ments. These contain both the gleyed and the mottled soil
layers and the bones, snails, and human-produced chert flakes
which constitute the study site. The bedrock and unconsoli-
dated sediment contact is generally level but does reach an
abrupt topographic high immediately south and adjacent the
study site. This buried contact separates the gully contain-
ing the study site from a smaller tributary gully toward the
east. Gravels are draped on this steeply inclined bedrock-

alluvial contact, indicating relatively rapid stream flow pre-
ceding deposition of the fine textured soils manifest at the
dig site. Sediment cores taken at the study site also revealed
the bedrock and gravel contact observed within the gully-
wall exposures. Another bedrock topographic high is found
east of the study area and west of West Moccasin Creek
(Figs. 5.2, 5.4, and 5.6). This bedrock high parallels West
Moccasin Creek and underlies the small divide separating
West Moccasin Creek from the study site. Gravels are also
found near this bedrock high but exposures are lacking to
observe materials which directly overlie the bedrock.

Soil Morphology and Sediment Stratigraphy from
Undisturbed Cores

Initial investigation of soil morphology was made by eight
widely spaced, undisturbed cores north of the study site (Figs.
5.9 and 5.10). These cores were placed on both sides of the
gully through the study area, and they went to depths of | to
2m. At that time, Jim Ford, soil scientist working in Woods
County on an active soil mapping program for the USDA
Soil Conservation Service, considered the soils within the
hillslope study area to represent four soil series. These se-
ries include Madge, Aspermont, Woodward, and Carey. Be-
cause of recent erosion, these soils are considered as eroded
phases of the representative series. Soil texture (field grad-
ing) is predominantly a silt loam. Soils contained either an
ochric or mollic surface epipedon and an argillic or cambic
subsurface horizon. Calcium carbonate soil formation was
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noted in all subsoils (Fig. 5.7). Classification of these soils
are Woodward, Coarse-silty, mixed, thermic Typic
Ustochrept; Aspermont, Fine-silty, mixed, thermic Typic
Ustochrept; Carey, Fine-silty, mixed, thermic Typic
Argiustoll; and Madge, Fine-loamy, mixed, thermic Udic
Argiusoll. Few gravels were encountered during coring or
found at the surface. Hard calcium carbonate nodules lim-
ited coring depth. These carbonate nodules were 2 to 5cm
in diameter and were found within the subsoil. Jim Ford
(personal communication, 1989) considered the soil parent
material to be terrace alluvium.

Soil coring began at the study site several meters north
and east of the hand-excavated meter squares (Figs. 5.9) in
order to determine the extent of the gray sediment layer which
yielded bones, snails, and flint flakes. The original ground
surface in this area was not distinguishable because of re-
cent erosion of the bulldozer graded surface (Fig. 5.6). Sur-
face soil materials also were not present directly above the
sediments containing the snails, bones, and flakes. Con-
struction of a dam blocking the gully immediately south and
west of the study site had removed the natural surface soil
and gully-wall materials (Figs. 5.5 and 5.6). Soil-formed
calcium carbonate nodules and soft concretions were the only
reference point to determine the approximate level of the
original ground surface. At least one meter of sediment and
soil was removed by a bulldozer from the study site during
dam construction. This grading, and the subsequent ero-
sion, did expose the bones which led to discovery of the
study site.

Burnham Site Pedology: A 1991 Perspective

Ten soil cores within close proximity of the hand-exca-
vated meter squares and eventual backhoe trenches reached
a depth ranging from 2.25 to 6.90 m below the current ground
surface (Fig. 5.10). The shallowest soil and bedrock core-
exposed contact occurred near the bedrock outcrop along
the access road to the study site. Soil cores revealed layers
of sand, loam, and silt loam (Table 5.1). Few thin (1 to
4cm) gravel layers were also present. Coring was stopped
by a coarse gravel layer which was estimated to be the gravel
layer immediately overlying bedrock originally observed in
gully-wall exposures. This bedrock contact was verified by
hand augering through undisturbed core openings and later
within backhoe trenches. Soil coring did not reveal buried
A horizons, but buried gleyed and mottled soil horizons con-
taining weak to moderate soil structure were noted. Bound-
aries between soil and sediment layers were abrupt, espe-
cially between gleyed and ungleyed horizons. Soil-formed
calcium carbonate concretions were most often found at shal-
low core depths.

Soil Morphology and Sediment Stratigraphy within
Backhoe Trenches, Hand-Excavated Squares,
and Hand-Augered Borings

Ten soil-sediment detailed profile descriptions were made
equally spaced along the range of backhoe trench exposures
(Table 5.1). Notes and sketches of soil and sediment char-
acter were also taken between these detailed profile descrip-
tion areas (Figs. 5.11, 5.12, and 5.13). The overall sedi-
ment character was described as soil B and C horizons. Bur-
ied (b) horizons, mottling, gleying, clay translocation (t),
calcite (k), and gypsum (y) formation, snails, bones, char-
coal, and gravels further helped define the B and C hori-

zons. The A horizons, which are dark and
0 North Mg N | enriched with organic materials, were not evi-
dent within the buried soils. Laboratory analy-
N16-W12 sis of organic carbon with two soil profiles
.'%%‘;3 NI4-W7 from the study site supported the lack of A
NI12-W17 100.63 horizons (Table 5.2). The organic carbon dis-
99.43 N9-W10 622 tribution with depth did not indicate horizons
553 9 99.76 with higher levels of organic carbon that would
9-wis 2 T‘g\gg 0-N7 normally be expzcted of subsoil horizons. Or-
99.32 526 100.50 ganic carbon, which is a good indicator of or-
553(R) 658 ganic matter, ranged from 0.09 to 0.16% by
.N3-WI7 .N3-W8 e N3-E3 weight of the total soil.
93'7? 9;'7'? 100.06 .617??0(.1.:)3 Nine out of the ten soil profiles were
0 East unique. The soil profile (N5-W6) from within
0-W22 0-ws the east trench and the middle soil profile (N3-
96.00 9?;; W7) from within the south trench were very
669(R) ;)95550 similar. They were also closely spaced and
Key 480 started at a similar ground surface reference
0-S11  Coordinates 0 5

98.50 Elevation at surface 0-S11 bl | Figure 5.10. Location and depth of cores in
225 Core depth (cm) below surface 98.70 meters | relation to base lines of the East Grid of the
(R) Rock contact at base of core 225 Burnham site. Bold face, italicized entrys are
0 South cores linked to profiles along 1989 backhoe

trenches.
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Figure 5.11. East-west profile along North 3 backhoe trench and manually dug squares, East Grid, Burnham site.

point. The nine soil profiles are further divided into three
groups based on general soil and sediment character. The
North 25, North 3, West 15.5, and West 6 backhoe trenches’
(Figs. 5.9,5.11, 5.12, and 5.14), west trench north (W15.5-
N15) soil profiles are included in the upper group (111) based
on a low percentage of soil mottles and a high percentage of
calcite formation.

The remaining soil profiles (W15.5-N9; N5-W6; N3-
W7; and N3-W17) represent the second group. This middle
group is characterized by soil mottling, bone and snail frag-
ments, and a low percentage of calcite formation. The hori-
zon differentiation within this second group was produced
by aggradation. Buried soil horizons, a result of this aggra-
dation, are common. Horizons produced by a change in the
mode of deposition (other than alluvium) were not observed.
Lithologic discontinuities are therefore not noted in the pro-
file descriptions. Abrupt soil horizon boundaries were
present within the deepest part of the west trench middle
(W15.5-N9) and the south trench west (N3-W17) soil pro-
files. The abrupt boundary is caused by aggradation of sedi-
ments within soil profiles of group two.

The lowest group (1) is limited to one soil profile in the
north-south backhoe trench dug in 1991. This profile mani-
fests the contact between the coarse alluvial gravels and the
underlying Permian bedrock.

Within the upper soil horizons of Group IlI, calcite for-
mation was the most visual soil forming process. Labora-
tory analysis for carbonate content showed a range of 1.0 to
9.0% calcium carbonate equivalence (Table 5.2) for the soil
horizons representative of Group I11 located with the south
trench east (N3-E2) profile. Calcite formation also occurred
within soil of Group II. Laboratory analysis for carbonate
content showed a range of 2.9 to 7.8 calcium carbonate
equivalence for soil horizons representative of Group I1 lo-
cated within the south trench west (N3-W17) profile. But
caleite formation within soils of Group Il was not appar-
ently closely associated with the current ground surface or
past ground surfaces represented by buried horizons. Cal-
cite within soils of Group Il were formed by the drying of
water-laden sediments containing dissolved calcium carbon-
ate. Precipitation of calcite surrounding bones is common.
The bone fragments, snails, and other debris contained within
the sediments were nuclei for crystal growth of calcite. Well
drained soils (soils lacking mottles; i.e., Group III) contain
calcite soil formation that was associated with the current
ground surface or past ground surfaces (buried soils). The
calcite soil formation within soils of Group 11 was caused
by illuviation. Water entering the soil profile at the ground
surface eluviated calcium carbonate from the surface soil
horizons. Calcite originating from surface soil horizons was
deposited as illuvial calcite in Bk horizons. Calcic soil ho-
rizons are major features within arid, semi-arid, and
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Figure 5.12. West wall profile of the West 15.5 backhoe trench dug in 1989 at the Burnham siie. See Figure 5.9 for location.

subhumid climates where the entire profile is often dry.

Soil texture (particle size analysis or field grading) did
not show extreme variation (Tables 5.1 and 5.2) except for
the horizons containing gravel within the north-south back-
hoe trench dug in 1991. This trench's soil profile repre-
sented Group IlI. The south trench east (N3-E2) and south
trench west (N3-W17) soil profiles were chosen for labortory
particle size analysis. These represent Groups III and II.
respectively. Sand, silt, and clay content for both soil pro-
files ranged from 21.3 - 76.8, 16.5 - 58.2, and 6.1 - 28.6,
respectively. Soil textures included loams, silt loams, sandy
loams, clay loams, and loamy sands. Clay translocation was
identified by clay coatings on ped surfaces. The suffix "t"
was added to B horizons which showed signs of clay trans-
location. Laboratory particle size analysis did not support
the classification of argillic horizon development. Clay trans-
location which could significantly alter sediments was not

considered a diagnostic soil forming process within these
soils. Changes in particle size analysis are related to mode
of deposition of the soil parent materials. Finer textured soil
horizons were deposited by slower moving water compared
to coarser textured soil horizons. The site’s first deposits
(Group I: lower in the profiles) were laid down by relatively
fast moving water compared to upper (deposited later) soil
horizons. Loamy sand horizons (containing up to 76.8%
sand with layers of fine gravel) characterize lower soil hori-
zons within soil cores, hand-auger borings, and trenches.
Above these lower horizons, finer textured sediments (clay
and silt loams) containing up to 58.2% silt and 28.6% clay
were found between moderately textured loams and sandy
loams. The most prevalent texture throughout the profiles
was a loam containing approximately 40% sand, 40% silt,
and 20% clay.



Table 5.1. Particle-Size Percent, CaCOj; Equivalence, and Percent Organic Carbon for North 3 Backhoe and West 15.5 Backhoe Trenches Profiles for
the Burnham Site.

Sand fractions — mm Total-mm
Soil V. coarse coarse med. Fine v. fine sand silt clay Ca(

Horizon Depth Textural  2.00-1.00 1.00-0.05 0.05-0.25 0.25-0.10 0.10-0.05 0.05-0.002 <0.002 equ

Cm Class %
North 3 Backhoe Trench at East Soil Profile (Line Level at 222 cm; Fig. 5.11)
Akp 0-28 L 7.0 0.9 0.4 2.7 29.9 40.8 39.3 19.0 6
Bkl 28-60 L 0.5 0.2 0.2 34 359 40.1 414 17.8 3
Bk2 60-102 L 2.3 0.3 0.2 1.9 29.0 33.7 45.7 20.2 1
Bk3 102-127 SiL-L 1.4 0.4 0.2 1.1 21.8 24.9 51.2 23.4 5
Btklb 127-184 L 0.1 0.1 0.1 3.0 35.5 38.9 43.2 17.2 3
Btk2b 184-209 SiL 0.2 0.1 0.1 2.0 26.4 28.8 52.5 18.3 7
Btkb2 209-231 SiL 5.9 0.7 0.3 0.6 13.9 21.3 579 204 9
BCb2 231-290 SiL 0.1 0.1 0.1 1.5 21.7 23.5 58.2 17.4 4

517-570 SL 0.0 0.3 0.6 14.1 44.1 59.1 32.8 7.5 3

579-630 SL 0.0 0.4 3.2 19.3 41.0 63.8 27.2 8.2 5

650-673 LS 17.2 1.2 3.6 25.5 28.5 76.1 16.7 6.7 9
West 15.5 Backhoe Trench Soil Profile (Line Level at 79 cm; Fig. 5.12)
AP 0-23 L 0.2 0.2 0.4 5.7 36.1 42.6 40.2 17.0 3
AB 23-38 L 0.3 0.4 0.8 7.1 37.2 459 36.9 16.8 3
Btl 38-71 L 0.5 0.4 0.5 7.1 37.0 45.6 35.1 19.1 3
Bt2 71-97 L 0.7 03 0.6 7.7 35.2 44.5 36.5 18.8 3
Bt3 97-132 L 0.6 04 0.6 9.2 36.1 46.9 345 18.4 2
Btlb 132-179 L 1.1 0.7 0.8 7.4 358 45.8 36.4 17.6 4
Bt2b 179-209 CL 0.1 0.3 2.3 0.9 19.9 23.5 47.5 28.6 5
Bglb2 209-223 SiL 0.0 0.0 0.1 1.3 249 26.2 51.3 22.1 5
Bg2b2 223-244 L 0.8 0.9 1.2 7.1 333 433 38.3 18.1 5
BCb2 244-285 L 2.6 1.9 1.8 7.0 35.9 49.1 36.5 14.0 7

372-404 SiL 0.0 0.0 0.1 2.0 26.7 28.8 56.1 14.6

420-434 L 0.6 0.9 0.8 4.2 36.1 42.6 45.8 11.4

451-461 L 21.3 2.9 1.4 5.1 19.2 49.9 36.8 12.7
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Figure 5.13. East-west and north-south profiles of selected squares in the manually dug East Grid of the Burnham site.

Salt efflorescence and gypsum formation were observed
within the lower soil horizons of the North 3 backhoe trench
middle (N3-W7) profile (Figs. 5.14 and 5.15). Halite is the
major mineral within the salt efflorescence. Soluble salt
and gypsum formation are common soil-formed features in
soils of Woods County (Carter and Inskeep 1988). Halite
and gypsum beds are described within Permian Formations
in the study area. Soil and ground water dissolves these
beds and redistributes halite and gypsum as secondary di-

agenetic and soil precipitates. Presence of salt efflorescence
and gypsum indicates that soils and sediments from within
the study site are not highly leached. Presence of these pre-
cipitates indicates that the soil and deposits are not weath-
ered because initial products of weathering (salts and gyp-
sum) have not been removed from the deposits. The time
and exact origin of these salts and gypsum within the hillslope
are unknown. It is possible for salt and gypsum to come
from mineral sources several meters vertically or kilome-
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i

Figure 5.14. View east along North 3 backhoe trench. Salt efflores-
cence visible (in area below dashed white line) along base of profile
bevond the visqueen tarp and gastropod sampling colunmn.Photo taken
October 20, 1989, by Brian Carter.

Photo taken October 20, 1989, by Brian Carter:
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Figure 5.16. North-south profile of the 1991 backhoe trench dug in the East Exposure at the Burnham site.

ters laterally removed from the study area.

The lateral extent of soil horizons produced an
interfingering of soil profiles between Groups Il and I1. The
interfingering of sediments was caused by transgressive-re-
gressive sequences which placed "upland" soil horizons from
Group Il above mottled "pond” sediments of Group II.
Gleyed soil horizons were laterally discontinuous, produc-
ing lentil-shaped deposits. Unique soil boundaries were also
observed within soils of Group II. Animal burrows inter-
rupted soil horizons, producing dicontinuities. Irregular soils
boundaries with unusual and undefined zones of mixing were
also common to soils of Group II. These zones of mixing
included swirl and flame structures not observed previously
by research investigators involved in this study (Figs. 5.14,
5.15, and 5.16).

Figure 5.17. Flame structure in boundary between lowest
pond deposit and the artifact-bearing gray sediment. North
wall of 0-W22 square of the East Exposure grid. Photo by
Don Wyckoff.

Hypotheses and Conclusions Concerning
Soil and Landscape Development
and Sediment Origin
Two important questicns must be answered before the
archeological, paleontological, and geological signficance
of the Burnham site can be fully realized. These questions
are:
1. what are the environment(s) of deposition
and diagenetic processes that formed the
study site; and
2. where do ground surfaces exist (buried or
not buried) where human and animal
occupation occurred which were the source
for detrital flakes and bones currently
deposited at the study site?
The sites of human and animal occupation are needed to

Figure 5.18. Looking east at water-swirled and bioturbated
red and gray sediments exposed at elevation 97.05 in East
Exposure grid square NI-W21. Photo by Byron Sudbury.



Figure 5.19. East wall profile of East Exposure square N1I-
W21 with floor at elevation 96.65. Profile shows effects of
water-swirled sediments and krotovinas. Photo taken Octo-
ber 17, 1989, by Don Wyckoff.

firmly establish the condition of life in the area during the
late Pleistocene. Question #1 must be answered before Ques-
tion #2 can be adequately addressed. Some hypotheses can
be developed and conclusions drawn from the current data
developed at the study site. The current level of geologic
information collected for the study area does not provide a
clear understanding of the environment of sedimentation or
site location of human or animal occupation.

Several facts serve to limit the possible environments of
deposition for the study site and suggest likely scenarios.
The presence of sorted and stratified horizons of sand, silt,
and clay and of gravel on a smooth bedrock contact found
beneath the study site and within the surrounding gully-wall
exposures suggests that the sediment at the site is alluvium.
The lack of observation of sediments surrounding the site
restricts the identification of the alluvial system. Alluvium
can originate from a hillslope fan, stream, ephemeral gully,
or karst environment. Mottled soil horizons indicate the
site at the time of deposition contained standing water which
saturated the soil profile. The thin and short extent of the
gleyed lentils which contain soil mottling indicates the ar-
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eas of standing water were small (less than Tha.; Carter and
Brackenridge 1990). Lack of buried A horizons and litho-
logic discontinuities suggest that deposition was continuous
across time periods that did not allow the development of
permanent vegetative cover producing soil humus. The pres-
ence of buried B and C horizons indicate that deposition
may have stopped for months or several years, thus allow-
ing drying and cracking that produced soil structure and the
formation of calcium carbonate. The 6m. sediment depth at
the site indicated by soil coring and augering suggests the
deposits may extend several km. into the surrounding
hillslopes. The alluvium which is the study site was prob-
ably deposited by an ancient West Moccasin Creek or its
tributary.

The formation of gully erosion which naturally exposed
the site suggests that there was a lowering of base level fol-
lowing the deposition of sediments that now comprise the
study site. Natural erosion continues to the present and has
removed the constructional surface form that corresponded
to the study site deposits. The erosional hillslpe surface
now defining the site masks the direct interpretation of the
mode of deposition. The environment of deposition is often
determined from the analysis of constructional surface form.
The presence of calcic horizons of Group III does suggest
that relative hillslope erosion has not been rapid. Calcic
horizon formation often takes tens of thousands of years to
form. Because radiocarbon dating suggests the late Pleis-
tocene as the time of sediment deposition within the study
site, and considering the length of time needed for calcic
formation, not more than several meters of soil could be
removed from the study site. A higher rate of erosion, and
therefore and larger loss of soil, would limit the formation
of calcic horizons. From the presence of the calcic horizon
at the site, it is likely that the original constructional surface
that would have accompanied the sediments at the study site
was several meters above the current ground surface before
removal of sediments by the bulldozer constructing the dam
for the modern pond.

Upon aggradation of alluvium at the site, back or slack-
water deposits containing standing water and saturated soil
conditions probably extended through time but changed
laterally as the channel or main concentration of water mi-
grated. Plant and animal communities migrated along with
the aggradation of these small ponds, which were similar to
current floodplain depositional systems. Ponded deposits
may also have been induced by partial collapse of sediments
into solution cavities produced by the groundwater dissolu-
tion of gypsum underlying alluvium. Complete karst topog-
raphy capturing the entire stream flow does not seem likely.
Identification of aquatic snails requiring a perennial pond
setting with marshy margins (J. Theler, personal communi-
cation) suggests more than a slack water floodplain pond
for the deposits at the site. Also, fish species identified by
Dr. Larry Martin and colleagues suggest a significant lacus-
trine environment. The identification of snails within wet
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and moist conditions will further define possible conditions
of deposition at the study site.

The environment of formation and deposition of soils at
Burnham are ascertained by site field description. The ma-
jor themes of soil parent material deposition and soil forma-
tion are:

1. alluvium;

2. anaerobic soil condition (excess or

saturated soil conditions);
3. erodible surface soil conditions (buried
truncated soils);
4. bioturbation; and
5. adrying of the climate as manifest by
calcic soil horizons.
Each theme is supported by a major feature(s). These fea-
tures are field evidence that support hypotheses of site de-
velopment. As more evidence is unearthed, hypotheses can
be refined or redefined. New field evidence will be discov-
ered largely by increasing the size of the study site.
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Table 5.2. Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.
Structure* _Texture* Consistence* Boundary*Reaction* Special features*

Horizon Depth (cm)

Color*

Profile in North 25 Backhoe Trench (Fig. 5.12)

Ap 0-28
AB 28-54
Bkl  54-120

Btk2 120-189

Btk3 189-214

Btk4 214-244

BC 244-280+

North Profile of West 15.5 Backhoe Trench(Fig. 5.12)

SYR3/4

5YR4/4

SYR4/4

5YR4/4

5YR4/6

SYRS5/4

5YR4/4

1,f,pl

2,m,pr

2,c.pr/
3,c,sbk

3,c,pr/
3,c,sbk

3,c.pr

2,c.pr

2,m,pr

(100.38 m surface elevation relative to datum)

Ap 0-24
AB 24-54
Bkl  54-102

Btk2 102-142

CB 142-159

2.5YR-
5YR4/4
5YR4/6

SYR4/4

5YR4/6

2.5YR-
5YR4/6

1,£,pl
2,m,sbk

2,m,pr/
3,¢,sbk

2,¢,pr/

2.,c,sbk
1,m,pr/
1,c,sbk

VFSL

L

SiCL

SiCL

SiC

SiC

SCL

SCL

CL

SCL

SiCL

SCL

fr

fr

fr

fr

fi

fi

fr

fr

fr

fr

fr

c,w

C,S

c,S

c,b

85

W
a,s

C,S

8.8

8.8

ste

ve

ve

ve

ve

ste

ste

ste

ste

ste

ste

Common fine irregular carbonate soft accumulations, commc
medium rounded carbonate nodules.

Many fine irregular carbonate soft accumulations in pores, fe
rounded carbonate nodules, common medium worm castings.
quartzite gravels.

Many fine irregular carbonate soft accumulations in

pores, common medium irregular carbonate nodules, many
prominent clay coatings on peds.

Common fine faint 5YR6/2 mottles, many medium

coarse irregular carbonate soft accumulations + nodules in pc
prominent clay coatings on peds.

Many fine medium distinct SYR6/1 mottles, few coarse irreg
carbonate nodules, many rounded detrital carbonate gravels ¢
many fine N2/0 manganese coatings in pores, few prominent
coatings on peds.

Common medium distinct 10YR6/2 mottles, many fine rounc
carbonate nodules, few prominent clay coatings on peds, | bi
bone.

Common medium faint SYRS5/2 mottles, common fine mangs
coatings in pores, few coarse snails.

Many fine angular carbonate nodules, few fine + medium
roots, many fine carbonate soft accumulations in pores.

Few fine carbonate soft accumulations in pores, few fine root
medium faint S5YRS5/6 mottles.

Many fine medium irregular carbonate nodules, few fine
roots, common distinct clay coatings on peds, few medium di
7.5YR6/2 mottles.

Many fine + medium irregular carbonate soft

accumulations in pores, few fine roots, many faint clay
Common fine + medium irregular carbonate soft
accumulations in pores, few fine roots, many faint clay coatir
pores.
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Table 5.2 (cont.) Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.

Horizon Depth (cm) Color

Structure Texture Consistence Boundary Reaction Special features

North Profile of West 15.5 Backhoe Trench (cont.)

Bwlb

Bw2b

Clb

C2b

Middle Profile of West 15.5 Backhoe Trench (Fig. 5.12)
(99.32 m surface elevation relative to datum)

Ap

Btk

Bg

Bkb

Bwb2
Cb2
Bwb3

C1b3

159-174

174-242

242-256

256-273+

0-29

29-57

57-67

67-98

98-127

127-144

144-187

187-203

5YR4/4

S5YR4/4

5YR4/6

5YR4/6

5YR4/6

5YR4/4

10YR5/2

5YR4/6

5YR4/4

5YR4/6

2.5YR4/4

7.5Y7/4

M

2,c,pr

M

M

1.f,pl

2,c,pr/
2,c,sbk
2,m,pr

2,m,pr

2,c,pr/
[o JEPUNS Wy N
2,C,50K

M
2,m,pr

M

FSL

L

LFS

LFS

SCL

SCL

SL

FSL

FSL

FSL

FSL

fr

fi

vir

vir

fr

fr

fr

fr

fr

fr

fr

fr

c,s

a,s

c,S

8,5

c.S

&8

c,S

C,S

a,s

a,s

ste

ste

ste

ste

ste

ste

ste

ste

ste

Many fine rounded carbonate nodules, common fine N2/
or manganese fragments, few fine + medium roots, many
prominent 10YR6/2 mottles.

Common fine subangular carbonate nodules, common fir
carbonate soft accumulations in pores, common fine sub
charcoal or manganese fragments, many common promir
10YRS5/2 mottles.

Few fine rounded carbonate nodules, many distinct strati
layers 1 cm thick, many fine faint SYRS5/2 mottles.

Few fine rounded carbonate nodules, many coarse promi
10YR6/2 mottles.

Many fine + medium irregular carbonate soft accumulati
common medium + coarse irregular carbonate nodules, fi
roots, + many fine faint 5YR6/2 mottles.

Many fine charcoal or manganese N2/0 fragments, many
fine + medium carbonate soft accumulations in pores, fex
Common fine charcoal or manganese N2/0 fragments, fe:
irregular carbonate soft accumulations, few fine roots, m:
distinct 7.5YR4/6 mottles.

Common medium irregular carbonate nodules, common |
prominent 2.5Y6/2 mottles, few fine + medium snails, m
krotovinas 2.5Y6/2

Common fine charcoal or manganese fragments, commoi
fine snaiis, common medium distinct i0YRS5/2 motties.
Few fine rounded carbonate nodules, many coarse krotos
10YRS/1, many coarse prominent 10YRS/1 mottles.
Many fine + few coarse snails, many coarse krotovinas 7
common fine distinct SYRS5/3 mottles.

Many fine snails, few medium krotovinas, stratified layer
(SL) + 5YR4/4 (CL).
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Table 5.2 (cont.) Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.
Structure  Texture Consistence Boundary Reaction Special features

Horizon Depth (cm) Color

Middle Profile of West 15.5 Backhoe Trench (cont.

C2b3 203-234 5YRS/4 M LFS vir
Cgb3 234-252 5Y6/1 M LFS fr a,w
Clb4 252-260 5YR4/4+ M SL fr a,s
7.5YR6/4
C2b4 260-330 25YR4/4 M VFSL vir
330-357 SYRS5/6 LVFS
357-390 5YR5/6 LFS
390-418 5YR5/6 LFS
418-439 2.5YRS/6 GLS
439-477 2.5YR4/6 LFS
477-500 2.5YR4/6 LVFS
500-519 2.5YR3/4 LFS
519-553 2.5YR4/6 GLS
R 553-573+ 2.5YRS/8 LFS

East Profile of North 3 Backhoe Trench (Fig. 5.11)

(100.33 m surface elevation relative to datum)

Ap 0-28 2.5YR4/4  1.fpl SiCL fr c,wW

Bkl 28-60 2.5YR4/4  2.c,sbk SCL fr c,s

Bk2 60-102 5YR4/6 2,m,pr L fr g,
2,m,sbk

ste

ste
€

ste

ste

ste

ste

ste
ste

ste

ve

ste

ste

Many fine snails, common coarse irregular krotovinas,
+ coarse prominent 2.5YRS5/6 + 10YR6/2 mottles.
Many fine + coarse snails, many fine faint 5Y5/6 mottl
Stratified + convoluted 1 cm layers of 5YR4/4 +
7.5YR6/4 sands.

Common fine stratified sands, common fine irregular c:
accumulations in pores, many coarse irregular carbonat
nodules.

Few fine subangular carbonate gravels.

Many fine subangular carbonate gravels.

Many fine + medium subangular dolomite gravels.
Few fine rounded quartzite gravels, few medium suban,
sandstone gravels, many fine subangular carbonate gra*
Few medium rounded “clay balls”, common fine carboi
Common coarse subrounded Permian sandstone gravel:
rounded carbonate gravels.

Many fine rounded carbonate gravels, many coarse sub
calcite gravels, common medium subangular + roundec
hematitic gravels.

Permian sandstone

Many coarse irregular carbonate nodules, many fine irr
carbonate soft accumulations in pores, few fine roots, fi
coatings on peds.

Many fine cylindrical carbonate concretions, few fine r
distinct clay coatings on peds.

Many medium and coarse irregular carbonate nodules,

common fine carbonate soft accumulations in pores, m:
irregular N2/0 charcoal or manganese soft accumulatio
few fine roots.
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Table 5.2 (cont.). Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.

Horizon Depth (cm) _Color

Structure

Texture Consistence Boundary Reaction

Special features

East Profile of North 3 Backhoe Trench (cont.)

Bk3

Btk1b

Btk2b

Btkb2
BCb2

102-127

127-184

184-209

209-231
231-290

290-305
305-331
331-355
355-487
487-517

517-570
570-579

579-630

630-650
650-673

673+

2.5YR-
S5YR4/4

5YRS5/8

SYRS/6

SYRS5/6
2.5YR4/6

SYR4/4
5YR4/3
2.5YR3/6
SYRS5/6
5YR3/4

2.5YR3/6
2.5YR3/6

2.5YR3/6

2.5YR3/6
2.5YR3/6

2.5YRS5/8

2,m,sbk

2,c.pr
3,c,sbk

2,c,pr
2,c,sbk

3,m,pr
3,c.sbk

M

SCL

VFSL

VFSL

SiCL
SiCL

VFSL

VFSL
GLS

SL
GLS

FSL

LFS
GLS

LFS

fr

fr

fr

fr
fr

fr

8.8

8.5

g8

gs

ste

ste

ste

ste
ste

ste
ste

ste

ste

ste
ste
ste

Many coarse irregular carbonate nodules, common fine
carbonate soft accumulations in pores, many prominent clay «
on peds, few fine roots.

Many coarse irregular carbonate nodules, many coarse
irregular carbonate soft accumulations in pores, many fine irt
N2/0 charcoal or manganese soft accumulations in pores, cor
distinct clay coating on peds.

Common coarse irregular carbonate nodules, many fine
irregular charcoal fragments, common distinct clay coatings ¢
common fine roots, many fine distinct 5YR6/2 mottles in roo
| large wood-charcoal fragment which was dated.

Few medium irregular carbonate soft accumulations, few fair
coatings on peds, few fine roots, few fine pores filled w/ SYF
sand.

Many fine charcoal fragments, few fine snails.

Many coarse irregular carbonates nodules.

Many fine subrounded carbonate gravels.

Few medium subangular carbonate gravels, many fine round¢
quartzite gravels.

Many fine subrounded quartzite gravels, many fine subround
carbonate graveis, few fine subangular Permian sandstone gr:

Common medium subangular Permian sandstone gravels.
Common coarse subangular calcite gravels, few medium irre;
carbonate gravels, many fine rounded and subrounded quartz
gravels.

Permian sandstone

z8
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Table 5.2 (cont.). Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.
Structure Texture Consistence Boundary Reaction

Horizon Depth (cm) Color

Special features

Middle Profile of North 3 Backhoe Trench (Fig. 5.11)
(99.59 m surface elevation relative to datum)

Ap
Bkl
Btk2

Bklb

Btk2b

Btk3b

ABb2

Bkyb2

0-40
40-63
63-92

92-148
148-156

156-174
174-198

198-260

260-277
277-294
294-306

306-318
318-327

5YRS5/8
5YR4/4
5YRA4/6

5YRA4/6

2.5YR3/6

SYR4/4

2.5YR4/4

5YRS/8

5YR4/4
2.5YR3/6
SYR4/4

SYR4/4
SYRS5/6

1,f,pl

2,c,sbk
2,m,pr
2,c,sbk

1,c,pr/
2,c,sbk

3,c,sbk

2,m,pr

2,¢c,sbk

2,m,pr

SCL

L
SCL

SiC

SCL

VFSL

SiCL

FSL
VFSL
SiL

FSL
LFS

fr
fr
fr

fr

fi

fr

fr

fr

8,8

gs
gs

gs

ste
ste

ste

ste

ste

ste

ste

ste

ste

ste

ste

Common coarse irregular carbonate nodules, few fine roots, 1
distinct 7.5YR6/2 mottles in pores.

Common irregular carbonate soft accumulations, few fine roc
Common coarse irregular carbonate nodules, many

medium irregular carbonate soft accumulations, few fine root
common faint clay coatings on peds.

Common fine irregular cylindrical charcoal fragments,

few fine roots, common faint clay coatings on peds, common
medium irregular carbonate soft accumulations, few medium
5YRG6/2 mottles.

Many fine irregular carbonate soft accumulations + nodules,

coarse prominent clay coatings on peds.

Many fine snails, many fine irregular carbonate concretions,
fine and medium distinct 7.5YR6/2 mottles, common faint cl.
coatings on peds.

Few medium irregular carbonate soft accumulations, many fi
medium prominent 2.5Y5/2 mottles, few fine + medium gyps
crystal masses in pores + on peds.

Many fine + medium irregular carbonate soft accumulations i
many fine N2/0 charcoal or manganese soft accumulations in
common medium faint 7.5YRS5/4 mottles, few fine + medium
gypsum crystal masses in pores + on peds, few coarse irregul
carbonate nodules in pores.

Few fine gypsum crystal masses in pores, common fine irregt
carbonate soft accumulations.

Few fine rounded quartzite gravels, common fine angular car
gravels.

Common fine angular carbonate gravels.

Few fine angular carbonate gravels.

Few fine subrounded carbonate gravels.
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Table 5.2 (cont.). Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.

Horizon Depth (cm) Structure _Texture Consistence Boundary Reaction

Color

Special features

Middle Profile of North 3 Backhoe Trench (cont.)

Profile in West 6 Backhoe Trench (Fig. 5.9)
(100.2 m surface elevation relative to datum)

Ap

Bkl

Btk2

Bkl1b

Btk2b

Bwb2

327-335
335-359

359-389
389-408
408-430

430-456
456-489
489-507
507-571

571-580+

0-80

80-120

120-160

160-200

200-225

225-235

SYRS/8
SYR4/4

5YR4/6
5YR4/4
5YR4/4
5YR4/6
5YR4/4

5YR4/4
5YR4/4

SYRS/6

SYRS/8

S5YR4/4

5YR4/6

5YR4/6

2.5YR4/6

2.5YR4/4

1.f,pl
2,c,sbk
2,m,pr/
2,c,sbk
l,c,pr/
2,c,sbk
2,c,sbk

2,c,sbk

LVFS
GLS

FSL
VFSL
LFS
VFSL
LFS

FSL
GLS

LFS

SCL

SCL

SCL

VFSL

fr

fr

fr

fr

fr

fr

g8
8.8
2.8

8.S

8,8

ste
ste
ste
ste
ste
ste

ste
ste

ste

ste

ste

ste

ste

ste

Few coarse subrounded calcite gravels, common fine quartzit
gravels, many fine rounded carbonate gravels.
Common fine rounded carbonate gravels.

Common medium subangular dolomite gravels, common fine
subrounded carbonate gravels.

Common fine subrounded carbonate gravels.

Common fine subrounded carbonate gravels.

Few fine subrounded carbonate gravels.

Common medium subrounded calcite gravels, few medium
subrounded Permian sandstone gravels, many fine rounded a:
subrounded quartzite gravels, common coarse subangular cal
gravels.

Common coarse irregular carbonate nodules, few (ine roots, !
distinct 7.5YR6/2 mottles in pores.

Common irregular carbonate soft accumulations, few fine roc
Common coarse irregular carbonate nodules, many

medium irregular carbonate soft accumulations, few fine root
common faint clay coatings on peds.

Commion fine irregular cylindrical charcoal fragments,

few fine roots, common faint clay coatings on peds, common
medium irregular carbonate soft accumulations, few medium
S5YR6/2 mottles.

Many fine irregular carbonate soft accumulations + nodules,
coarse prominent clay coatings on peds.

Few medium irregular carbonate soft accumulations, many fi
medium prominent 2.5Y5/2 mottles, few fine + medium gyps
crystal masses in pores + on peds.
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Table 5.2 (cont.). Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.

Horizon Depth (cm) Color

Structure

Texture Consistence Boundary Reaction Special features

Profile in West 6 Backhoe Trench (cont,.)

Bkyb2

235-270+

SYRS5/8

2,m,pr

SiCL

West Profile of North 3 Backhoe Trench (Fig. 5.11)

(98.9 m surface elevation relative to datum)

Ap
AB
Btl

B2
Bt3

Btib

Bt2b

Bglb2
Bg2b2

0-23

23-38

38-71

71-97

97-132

132-179

179-209

209-223
223-244

SYRS/3

SYR4/4

5YR4/4

SYR4/4

5YR4/4

2.5YR4/4

2.5YR4/6

10YR6/2
5Y6/1

2,c.pl
2,c,sbk
2,m,sbk

2,m,pr

2,c,sbk

2,¢c,sbk
2,m,pr/
2,¢c,sbk

M
M

VFSL

FSL

SiCL

SCL

SCL

VFSL

SiC

VFSL
LFS

fr

fr

fr

fr

fr

fr

fr

fr

vir
vir

c,S

c,W

C,S

a,w

a,w
a,w

ste

ste

ste

ste

ste

ste

ste

ste

ste
ste

Many fine + medium irregular carbonate soft accumulations i
many fine N2/0 charcoal or manganese soft accumulations in
common medium faint 7.5YR5/4 mottles, few fine + medium
gypsum crystal masses in pores + on peds, few coarse irregul
carbonate nodules in pores.

Many fine irregular carbonate nodules, common fine faint 5Y
mottles.

Many fine subrounded carbonate gravels, many fine N 2/0 ch
or manganese fragments.

Few fine irregular carbonate soft accumulations, few fine roo
common fine faint 5YR5/3 + distinct 7.5YR7/2 mottles.

Few fine irregular carbonate soft accumulations in pores, few
medium irregular carbonate nodules, few faint clay coatings «
few fine roots, common fine + medium distinct I0YR6/2 + 5.
mottles.

Many fine irregular carbonate soft accumulations in pores, cc
fine subrounded carbonate nodules, few coarse bones, many
medium prominent 10YRS5/3 + 5/1 mottles.

Common medium irregular carbonate soft accumulations in
few coarse snails, many fine + medium prominent.

Common fine irregular carbonate soft accumulations in
pores, common fine subrounded carbonate nodules, fcw faint
coatings on peds, many coarse prominent 2.5Y6/2 + 7.5YRS,
mottles.

Few fine stratified and convoluted 10YR4/2 SCL layers.
Few coarse rounded krotovinas filled W/ 7.5YRS5/4 sand, cor
coarse distinct 5Y5/4 mottles.
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Table 5.2 (cont.). Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.

Horizon Depth (cm) Color

Structure

Texture Consistence Boundary Reaction

Special features

West Profile of North 3 Backhee Trench (cont.)

BCb2  244-285

285-298

298-310
310-323
323-336
336-364
364-387
387-412

412-425

425-458
458-464

464-470

470-476+

10YRS/3

5YR4/2

7.5YR4/2
S5YRS/6
S5YR4/4
SYR4/6
SYRS/6
5YRS/6

5YR4/4

5YR4/6
S5YRS/8

SYRS5/6

5YR4/6

M

Auger Hole in 0-W22 Square (Fig. 5.10)

0-31
31-48
48-57

57-70
70-102
102-123

123-142
142-151

10YR4/1
10YR4/3
2.5Y52

10YR4/3
2.5YR4/6
2.5YR4/6

2.5YR4/6
2.5YR3/6

FSL

VFSL

VFSL
LFS
LVFS
VESL
SCL
SL

SCL

SiC
GSL

GLS

GFSL

SiL

LVFS
LS
LFS

fr

ste

ste
ste
ste
ste
ste
ste
ste
ste

ste
ste

ste

ste

ste

ste

ste

ste

ste
ste

Many fine subrounded Permian sandstone gravels, many fine
medium subrounded to rounded carbonate gravels, few coars
many fine faint 7.5YR5/4 mottles.

Many fine rounded + angular Permian sandstone gravels, few
faint S5YRS5/6 mottles.

Common fine faint 7.5YR6/2 + 10YRS/8 mottles.

Many fine N 2/0 angular charcoal or manganese fragments.

Many coarse irregular carbonate nodules.

Common fine angular carbonate nodules, common fine snail

fragments, common coarse SYR6/1 mottles.

Many coarse angular calcite gravels, many fine carbonate sof
accumulations in pores, many fine root pores.

Many fine angular carbonate gravels.

Many fine angular carbonate detrital nodules, many fine subr
dolomite and calcite gravels.

Many fine and coarse subrounded calcite and dolomite grave
fine angular detrital carbonate nodules.

Many fine and coarse subrounded dolomite and calcite grave
fine angular detrital carbonate nodules, common fine roundec
quartzite gravels.

Many medium prominent 2.5YR4/6 mottles.

Many fine distinct 7.5YRS5/8 mottles.

Many finc promincnt 2.5YR4/6 + 10YRS/8 mottlcs, many fir
irregular N 2/0 charcoal or manganese fragments + in pores.

Many fine distinct 7.5YRS5/4 mottles, common fine irregular
carbonate soft accumulations in pores.

Few fine irregular carbonate soft accumulations, common fin
irregular subangular N 2/0 charcoal fragments + in pores.

Common fine subrounded detrital carbonate gravels.
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Table 5.2 (cont.). Soil Profiles and Auger Descriptions for 1989 Excavations at the Burnham Site.

Horizon Depth (cm) Color

Structure

Texture Consistence Boundary Reaction Special features

Auger Hole in 0-West 22 Square (cont.)

R

151-196

196-224+

2.5YR3/6

2.5YR5/8

Soil Core at N8-W7 (Fig. 5.10)

(99.76 m surface elevation relative to datum)
2,m,sbk

BCkl
BCk2

Cl
C2
Bwb
Byb
BClb
BC2b
Clb

C2b
C3b

0-73
73-128

128-174

174-196

196-210

210-242

242-293

293-317

317-455

455-480
480-526+

5YR4/6
5YR4/6

SYR4/6
2.5-
5YR3/6
2.5YR3/4
5YRA4/6

SYR4/6

S5YR4/6

5YRS5/6

2.5YRS/8

2.5YR5/8
5/6

1,c,sbk

M
M
2,c,sbk
2,c,sbk

2,¢c,sbk

=X

GLS

LFS

VFSL
L

VFSL

FSL

VFSL

LFS

GLS
LS

fr
fr

fr

fr

fr

fr

fr

fr

vir

vir
vir

ste

ste
ste

ste

ste

ste

ste

ste

ste

ste

ste
ste

Many fine + coarse subangular calcite gravels, many fine rou
2/0 hematitic gravels.
Permian sandstone

Few coarse irregular carbonate nodules.

Few coarse irregular carbonate nodules, few coarse diffuse c:
soft accumulations, few fine faint SYRS5/2 mottles especially
pores.

Few medium faint 10YR6/3 mottles.

Few medium snails.

Few faint clay coatings on peds, few medium snails.

Few fine irregular carbonate soft accumulations in pores, con
fine gypsum crystal clusters, common coarse prominent 10Y]
mottles.

Few fine irregular carbonate soft accumulations in pores, con
fine charcoal fragments, common fine broken snail shells, co
coarse faint 7.5YRS5/6 mottles.

Few fine irregular carbonate soft accumulations in pores.
Few fine irregular carbonate soft accumulations in pores, few
stratified layers of clay.

Common fine calcite, quartzite, and Permian sandstone grave
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Table 5.2 (cont.). Soil Profiles and Auger Descriptions for 1989 Excavations at the Burnham Site.
Texture Consistence Boundary Reaction Special features

Horizon Depth (cm) Color

Structure

Soil Core at N9-W10 (Fig. 5.10)

(99.76 m surface elevation relative to datum)

BCk
Cl

C2
c3

C4
C5

BCgb

Cib
C2b

Soil Core at N9-W10

0-14

14-90

90-144
144-185

185-233
233-261

261-285

285-447
447-456

2.5YR3/6
SYR4/6

S5YR4/6
5YR4/6

7.5YR4/4
7.5YR4/6

S5YR4/4

5YRS5/6
5YRS/6

(cont.)

C3b
C4b

C5b

Soil Core at N14-W7 (Fig. 5.10)

456-472
472-499

499-510+

(100.63 m surface elevation relative to datum)
2,m,sbk

0-23

23-63

5YRS/6
5YRS5/6

SYRS/6

5-2.5YR
3/4
2.5-5YR
4/6

1,c,sbk

M

£ 2 22 KX

<X

2,m,sbk

VFSL

FSL

LFS
FSL

LFS
L

VFSL

LVFS
GLS

LVFS
GLS

VFLS

SiC

CL

fr

fr

fr
fr

fr
fr

fr

vir
vir

vir
vir

vir

fr

fr

ste

ste
ste

ste
ste

ste

ste

ste

Common medium to coarse irregular carbonate nodules,
roots.

Few fine irregular carbonate soft accumulations, few fine irt
2/0 manganese soft accumulations, few fine faint 5Y6/1, mot
Few fine irregular carbonate soft accumulations, few fine roo
Few fine irregular carbonate soft accumulations, common
distinct 5YR6/2 mottles, few fine roots.

Many medium prominent 7.5YR6/2 mottles, few fine roots.
Few medium snails, few fine rounded quartzite and detrital ¢
nodules.

Few medium snails, stratified layers of SiC 5YR4/6,
prominent 2.5Y5/2 mottles.

Few fine N 2/0 manganese soft accumulations in pores.
Many fine rounded quartzite gravels, many fine angula
gravels, few fine angular Permian sandstone gravels.

Common fine irregular carbonate soft accumulations in pores
Common medium angular calcite gravels, many fine
quartzite gravels.

Common fine irregular carbonate soft accumulations in
pores.

Few fine irregular carbonate soft accumulations in pores,
few distinct clay coatings on peds, common fine irregular ma
soft accumulations in pores.
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Table 5.2 (cont.). Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.

Horizon Depth (cm) Color Structure  Texture Consistence Boundary Reaction _Special features
Scil Core at N14-W7 (cont.)
63-130 5YR4/6 I.msbk L fr ste Many fine irregular carbonate soft accumulation in pores, fev
distinct clay coatings on peds.

130-157 S5YR4/4 2,msbk  VFSL fr ste Common fine irregular carbonate soft accumulations in pores
common medium irregular carbonate soft accumulations, few
irregular manganese or charcoal N 2/0 soft accumulations in

157-206 5YR4/4 2,msbk  SCL fr ste Many fine prominent 10YR6/1 mottles, few coarse irregular
carbonate nodules, common fine irregular N 2/0 manganese «
charcoal soft accumulations.

206-265 5YR4/4 2msbk L fr ste Common fine prominent 10YR6/1 mottles, few fine irregular
carbonate soft accumulations in pores, few fine irregular N 2,
manganese or charcoal soft accumulations in pores.

265-305 S5YR4/4 I,msbk  SCL fr ste Many medium distinct 10YR6/3 mottles, many fine irregular
carbonate soft accumulations, common distinct clay coatings

305-337 5YR4/6 2,c,sbk SCL fr ste Many common prominent 2.5Y5/2 mottles, few fine carbonal
accumulations in pores, common fine snail shells, common fi
irregular N 2/0 manganese or charcoal soft accumulations in
common distinct clay coatings on peds.

337-379 5Y7/1 M LFS vfr ste Many fine irregular carbonate soft accumulations in pores, cc
fine distinct 5Y6/8 mottles.

379-436 25YR3/6 M CL fr ste Many fine irregular carbonate soft accumulations, many fine
manganese or charcoal soft accumulations in joints, few fine
sand filling joints.

436-575 5YR4/4 sg LFS vir ste

575-622+ S5YR4/4 sg S 1 ste Few stratified clay layers.

Soil Core at 0-S11 (Fig. 5.10)
(98.7 m surface elevation relative to datum)

0-80 SiL ste Carbonate nodules.

80-160 SCL ste

160-180 SCL sle

180-220 FSL ste

220-225+ GFSL e Gravels.
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Table 5.2 (cont.). Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.

Horizon Depth (cm)

Color _Structure Texture Consistence Boundary Reaction Special features

Soil Core at 0-S5 (Fig.
(99.5 m surface elevation relative to datum)

0-24
24-130
130-180
180-260
260-480+

5.10)

Soil Core at 0-N2 (Fig. 5.10)
(100.06 m surface elevation relative to datum)

0-60
60-120
245-340
340-400
400-478
478-481+

Soil Core at_0-N7 (Fig. 5.10)

(100.50 m surface elevation relative to datum)

Ap 0-35
35-40
Bkl  40-73
73-75
Bk2  75-160
160-195
Bk3 195-240
240-345
345-385
385-435
435-450
450-460

5YR3/4
5YR4/4
5YR4/4
5YR4/4
5YR4/4
SYR4/4
SYR4/4
5YR4/4
5YR4/6
SYR4/6
5YR4/6
5YR4/6

SiCL
SL
SiL
S

S

SiCL
SL
SL
LFS
LS
GLS

SiCL
SCL
SCL
SL
LFS

FSL
LFS

sle
sle

Many carbonates.
Common carbonate soft accumulations, few carbonate nodul
Stratified w/ LS.

Many carbonates.
Coarse irregular carbonate nodules.

Permian sandstone gravels.

Carbonates.
Carbonates.

Carbonates.

Carbonates and sandstone fragments.
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Table 5.2 (cont.). Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.

Horizon Depth (cm) Color  Structure

Texture Consistence Boundary Reaction Special features

Soil Core at 0-N7 (cont.)

460-465
465-469
469-489
489-504
504-524
524-529
529-624
624-648
648-658+

SYR4/6
S5YR4/6
SYR4/6
5YR4/6
5YR4/6
5YR4/6
5YR4/6
5YR4/6
5YR4/6

Soil Core at 0-West 8 (Fig. 5.10)

(98.98 m surface elevation relative to datum)

Bkl 0-115

Bk2 115-140

Bk3 140-220
220-340
340-360
360-370
370-475
475-485
485-523+

5YR4/6
7.5YRS5/6
5YR3/4
5YR4/6
5YRS/6
5YRS/6
5YRS/6
5YRS/6
S5YRS/6

Soil Core at N16-W12 (Fig. 5.10)

(100.73 m surface elevation relative to datum)

0-65

65-80
80-140
140-240
240-350
350-360
360-420

5YR3/4

5YR4/4
SYR4/4
5YR4/4
7.5YRA4/2
7.5YR4/6
7.5YR4/6

LFS
C
FSL
LS
FSL
GLS
LFS
LS
GLS

VFSL
SiCL

SiC

LFS
GLS
LFS
GLS
LFS

SiL

SiCL
SiCL
SiL

FSL
LFS

Carbonate nodules.

7.5YR4/4 LS layers, few snails.

Few carbonate soft accumulations.

Few fine carbonate soft accumulations in pores, stratified LS
Stratified layers of LS.

Stratified layers of LS.

Stratified layers of LS.

Many fine carbonate soft accumulations in pores, few coarse
carbonate nodules.

Few fine carbonate soft accumulations in pores.

Many fine carbonate soft accumulations in pores.

Common fine + medium round carbonate soft accumulations.

Few fine faint 5YR4/6 mottles.
Many coarse prominent 2.5YR6/2 mottles.
Few medium faint 10YR5/4 mottles.
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Table 5.2 (cont.). Soil Profile and Auger Descriptions for 1989 Excavations at the Burnham Site.

Horizon Depth (cm) Color  Structure Texture Consistence Boundary Reaction Special features
Soil Core at N16-W12 (cont.)
360-420 7.5YR4/6 LFS Few medium faint 10YRS5/4 mottles.
420-480 5YR4/6 FSL
480-530 CL
530-560 LFS Few fine + medium carbonate soft accumulations.
560-620 L
620-690+ GLS Few fine + medium carbonate soft accumulations, few suban;
dolomite stones, few rounded quartzite, dolomite, and Permi:
sandstone gravels, coarse sand is composed of Permian sand
quartzite, ironstone, chert, and dolomite.
Soil Core at N12-W17 (Fig. 5.10)
(99.43 m surface elevation relative to datum)
0-115 5YR4/4 FSL Medium N 2/0 manganese soft accumulations, few fine faint
10YR5/4 mottles.
Bg 115-130 L Common medium distinct mottles.
130-140 S5YR4/3 LFS Stratified layers of clay.
140-145 C
145-180 SYR4/6 LFS Few fine faint 10YR6/4 mottles especially in pores.
180-190 5YR4/4 SCL 2.5Y6/2 mottles.
190-240 5YR4/6 LFS 10YR5/4 mottles.
240-295 5YR4/6 SCL Common medium distinct 10YRS/3 mottles.
295-315 SCL Gleying along prismatic ped surfaces, common root pores, ct
and snails.
315-395 5YR4/6 L
395-530 5YR4/6 FSL Few carbonate soft accumulations in pores.
530-553+ SYR4/6 GLS

*All color readings are moist. Structure abbreviations: 1, weak; 2, moderate; 3, strong; f, fine; m, medium; s, strong; Pl, platy; Pr, prismatic; SBK, suban;

blocky; SG, single grain; M, massive. Texture abbreviations: v, very; f, fine; S, sand; C, clay; Si, silt; L, loam; G, gravelly. Consistence abbreviatio
h, hard; vfr, very friable; fr, friable; fi, firm; 1, loose. Boundary abbreviations: g, gradual; cl, clear; a, abrupt; w, wavy; s, smooth; d, diffuse. Reactic
(effervescence) abbreviations: ve, violently; ste, strongly; sle, slightly. Special feature abbreviations: Fw, few; Cn, common; Mn, many; f, fine; m, n

c, coarse; ft, faint; dt, distinct; pt, prominent; frag, fragments.
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Chapter 6
The Environment of Deposition, Authigenic Features, and the Age
of the Burnham Site: A Post-1991 Perspective

Brian J. Carter

Introduction

In 1992, with funding from the National Science Foun-
dation, it was possible to undertake extensive coring and
trenching at the Burnham site to better assess the geological
context of the fossil and artifact bearing Pleistocene depos-
its, Information and insight gained from that field work
greatly augments previous understanding of the site, and
this chapter focuses on these new findings and how they
relate to the geological processes that formed the site’s di-
verse strata.

The Burnham site contains layers of pond and stream
sediments with distinct detrital and authigenic characteris-
tics overlying soft sandstone. Understanding the deposi-
tional and post-depositional features is important for enun-
ciation of the Burnham site history. Two distinct detrital
particle-size distributions include: 1) the predominantly
sandy and loamy textures which are the basal Permian
Marlow Formation (predominantly a weakly consolidated
fine-grained sandstone) and the unconsolidated Pleistocene
Burnham upper alluvium and 2) the gravelly sand, loamy
coarse sand, and sandy loam textures which are the Pleis-
tocene Burnham lower alluvium. The study site consists of
the Upper Burnham alluvium (Groups IT and I1I, dried pond
and overbank stream deposits, respectively) overlying the
Lower Burnham alluvium (Group 1, rapid stream flow re-
gime deposits), which in turn overlies the Permian Marlow
Formation (Group 0; Fig. 6.1). The Burnham alluvium is
Late Pleistocene in age, and this assignment is supported
by several radiocarbon dates (Table 6.1). The range in ra-
diocarbon dates is discussed in the last section after discus-

sion of the Burnham sediment stratigraphy. Finally, all core
and profile descriptions from the 1992 work are provided in
Table 6.2 at the end of this chapter.

Because Burnham is a Quaternary study site, the depo-
sitional and diagenetic nature of the Permian Marlow For-
mation is not pertinent and will not be discussed. The Up-
per and Lower Burnham sediments contain several distin-
euishing authigenic (including pedogenic) features. The four
prominent authigenic features include: 1) gleying and
redoximorphic soil features (Fig. 6.2), 2) calcium carbonate
formation in soil (Fig. 6.3), 3) water-saturated sediments,
and 4) soft sediment deformation and animal burrowing. For-
mation of soil structure, gypsum, and clay translocation are
also localized authigenic soil features in the Burnham allu-
vium.

Faulting and soft sediment deformation caused by re-
gional or local subsidence were not observed. However,
bioturbation of some sediment layers (especially Group 1)
is extensive and distinct. In some layers animal trampling
and burrowing extended across gray and red sediment layer
boundaries and mixed or obscured boundaries. Floral and
faunal remains found in Group II deposits are discussed in
detail within other chapters. These remains include bones,
shells, seeds, charcoal fragments, calcified Chara sp., and
will be spatially set within geologic units discussed below.
Investigations before 1991generally identified (Chapter 3,
this volume) three separate geologic groups (I. I and III)
within the Burnham site. Field studies between 1991and
the present further discovered the spatial distribution and

Figure 6.1. Panoramic view east of the gleyed pond sediments (Group Il deposits) underlain by red alluvium and Permian
bedrock (not visible but on the right) at the Burnham site’s East Exposure. Photo taken October 4, 1989, by Brian Carter.
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Figure 6.2. View north-northwest of central part of the North 3 backhoe trench (dug in 1989) with pedogenic
carbonate (Bk at 6 fi. mark) overlying redoximorphic Fe-Mn oxide accumulations(black) and depletions
(gray at 5 ft.) and top of pond IIB (redoximorphic depletions-gray soil matrix ar 3.5 ft.). Pins are spaced at 0.5
m intervals. Photo taken by Brian Carter in October 1989.

the detrital and authigenic nature of these sediment groups.

Depositional Settings and Sediment Stratigraphy

Based primarily on 1992 field investigations, the
Burnham site consists of four sediment layers: Group 0 —
Permian Marlow formation (basal sandstone unit; unit O is
continuous across study site); Group I — Lower Burnham
alluvium (identified by stratified gravels and sands; unit I is
continuous across study site); Group II (units I1 B-G) — Up-
per Burnham alluvium (identified by 1) gley and
redoximorphic soil features also referred to as pond depos-
its and 2) calcite nodules and bone encrusted with calcite
within past water-saturation sediments laterally associated
with past ponding; unit Il is discontinuous across study site);
and Group IIT — Upper Burnham alluvium (identified by
pedgenic carbonate soil zones [Bk]; unit III is continuous
across study site). A generalized vertical relationship of these
layers for the Burnham site is represented in Figure 6.4,
whereas an actual view of the soil profile in the North 3
backhoe trench (dug in 1989) is provided in Figure 6.5.

Figure 6.3. View northeast of prominent pedogenic car-
bonate nodules of the Btkb horizon in the North 3 backhoe
trench. The exposure depth is about 2.0 m. Photo by Brian
Carter.
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Group0 - -

Figure 6.4. Generalized depiction of sediment groups,
horizon characteristics, and sequence at the Burnham site.

Soil borings and diverse excavations (Fig. 6.6) focused
on determining the lateral extent of Groups 0 through I1I in
the main study area initially described in Chapter 5 (Table
5.1). This main study area is referred to as the East Expo-
sure (Fig. 6.1). Groups 0, I, and IIT are laterally extensive
across the main study site. However, Group Il (pond depos-
its) is concentrated in an area (which was extensively dug
by hand in meter squares: Chapter 2), and is found occa-
sionally across the remaining subsurface Burnham site ar-
cas (especially in the adjacent subordinate study area re-
ferred to as the NW exposure). Laterally, Group IT is at the
same relative elevation (or slightly lower) and adjacent to
Group IIT layers (Groups Il and I1I are found as interstratified
units; Fig. 6.7). Group I is continuous across the Burnham
site (below Groups II and I1I) and ends abruptly on the un-
derlying bedrock (Group 0; Fig. 6.8).

The contact between Group 0 and Group I sediments is
at about 94 meters (relative to the site datum established as
100.00 m; Fig. 6.9). Group I ranged in thickness from 1-3m
with a mean thickness of 1.8m. Group I deposits grade up-
ward into Group II and III deposits. The lowest relative
elevation of the contact between Group [ and Group I1 sedi-
ments occurs where Group II deposits (stacked dried pond
sediments) are most numerous (Fig. 6.10). This “sag™ in the

Figure 6.5. View northeast of eastern half of North 3 back-
hoe trench showing pond HC (horse bone bed) thinning
rapidly tpward the ladder. This pond deposit contains many
redoximorphic depletions(gray areas) and red bioturbated
intrusions. Pins spaced at 0.5 m intervals. Photo by Brian
Carter.

upper Group I contact with Groups II and I1I units indicates
an area where spring-fed ponds formed in the Burnham al-
luvium. This “sag™ and associated ponded depressions
formed by stream channel scour and was likely augmented
by beaver dam building activity (Dalquest et al. 1990).

Initial synopsis of detrital site history and depositional
environment indicates that Group | sediments were depos-
ited by a stream with a rapid flow regime which scoured the
soft Marlow sandstone. The plane bed forms consist of al-
ternating layers of gravel and sands with occasional cobbles
and stones marking the contact of Group I with the underly-
ing Marlow sandstone (Group 0). Stream flow slowed
quickly and permanently after deposition of Group I, pro-
ducing the overlying pond deposits of Group II. The
Burnham site lies 0.5 km northeast of the confluence of West
Moccasin Creek and an unnamed tributary creek. Both
creeks are spring fed. Asite development scenario suggests
the Burnham site was once at or near the confluence of these
creeks (represented by the Lower Burnham alluvium; Group
I units), and as the local drainage pattern shifted (probably
due to aggradation) West Moccasin Creck migrated to the
west, leaving the Burnham site as a small pond and spring-
fed by a small aggrading (unnamed) tributary creek (repre-
sented by Upper Burnham alluvium: Group II units). Both
West Moccasin Creek and its unnamed tributary entrenched
to their current position subsequent to ponding and aggra-
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Figure 6.6. Map of all 1992 cores, backhoe trenches, and bulldozer trenches relative to previous manual and mechanically

dug areas.

dation. During or shortly after stream migration the Burnham
site developed at least five cycles of spring-fed ponding,
followed by overbank deposition (represented by
interstratified Group II and Group HI units). Overbank depo-
sition dominated the last sequence of Upper Burnham allu-
vium (Group III units). Eventually deposition ended com-
pletely and the site became part of the present hillslope up-
lands now eroded by sheet, rill, and gully erosion as regional
baselevel lowered (i.e., the Cimarron River incised highly
erodable Permian rock 10.5km to the south of the site). West
Moccasin Creek is a local tributary of the Cimarron River.

The Cimarron River flows through highly erodable Permian
rock and now occurs at a 470m elevation above sea level at
the confluence with West Moccasin Creek.

Authigenic Features in Buried Pond Deposits
How quickly did these site conditions change? Are there
major gaps in site history? How old is the site? These im-
portant questions can be answered by observing sediment
layer contacts, authigenic features in sediments and soils (i.e.,
chemical and physical weathering, chemical precipitates,
redoximorphic features, and soil formation), and radiocar-
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Figure 6.9. North to south cross section along West 15.5 and West 22 alignments of the Burnham site’s East Grid. This
cross section shows the stratified pond deposits (Group I1), the overbank deposits (Group IIl), and the contact between the
rapid stream flow deposits (Group 1) and Permian bedrock (0).

bon dates. One hiatus occurs at the site between the Per-
mian Marlow formation (Group 0) and the Burnham sedi-
ments (Group I). Afterinitial rapid stream flow regime depo-
sition stopped (gravels and sands of Group I), spring-fed
ponds and overbank sedimentation immediately developed
in the Burnham site area. Adjacent to ponded areas existed
overbank sediments in floodplains, which contained better
drained soils than those on pond peripheries. Gleying (gray
colors, anaerobic decomposition of pond-bottom organic
debris) occurred in areas of consistent ponding, and
redoximorphic soil conditions (red and gray zones) occurred
in pond peripheral wetlands. Periodically these ponds, wet-
lands, and well-drained soils were flooded and buried by
suspended-load silts, very fine sands, and clay. This sus-
pended-load aggradation continued for several cycles with
alternating periods of ponding followed by periods of rela-
tive landscape stability and soil formation. Eventually
spring-fed ponds and creek overbank deposits ceased, ponds
dried, and the Burnham site became part of the upland
hillslope erosional environment. This decrease and final
cessation of deposition probably occurred as the unnamed
tributary of West Moccasin Creek incised to or near its cur-
rent valley position 0.5km (and 18m lower) to the south-
east. Based on at least 5 cycles of ponding and multiple
buried soils, the Burnham sediments probably took several

thousands of years to accumulate.

Group I deposits (Lower Burnham alluvium) contain
few remains of flora and fauna and are not of immediate
archeologic, paleontologic, or biologic interest except as a
reference point in the depositional site history. The Burnham
site during rapid stream flow regime (Group I deposits) was
not conducive to the presence and preservation of flora and
faunal remains. However, as the Burnham site developed
spring-fed ponds with adjacent overbank riparian environ-
ments, the site captured &nd preserved the remains of the
animals and plants living within and near the site. Archeo-
logical and biological materials are predominantly found in
or near spring-fed ponds (mainly Group II with some in
Group III). In fact, an initial bison skull was found within
the lowest pond deposit, exposed by modern equipment
during modern farm-pond construction (Chapters2 and 8).
Much frustration deciphering the site history occurs because
at least part of the pond ceposit is eroded by present-day
“modern” human induced hillslope erosion. Also, the west-
facing modern-gully ground surface is juxtaposed upon the
several pond deposits (of the NE exposure and main site
area) containing archeologic and biologic materials, expos-
ing them to surface conditions including root penetration,
erosion, and weathering. The modern gully also separates
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Figure 6.11. Looking west-northwest at the Southwest (left center) and Northwest exposures of Pleistocene ponds on the
west side of the modern gully through the Burnham site. Photograph taken June 17, 1992, by Bill Thompson.
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the NE (main site area) from the NW and SW exposures
(minor study areas; Fig. 6.11).

At least five cycles of ponding followed by overbank
sedimentation occur at the Burnham site and represent Group
IT deposits. Several detailed investigations occur in these
Group IT deposits (Chapter 16, *bison bone bed” and “horse
bone bed”;Chapter 11, gastropods; Chapter 17, archeology).
A charred paw paw log segment (Chapter 13) was found
within Group III overbank deposits just east of area that con-
tained deposits of the 5 dried ponds.

Pond deposits are identified and mapped by gray soil
colors (Figs. 6.12 and 6.13). This gray color (gley) was
produced by anaerobic microbial decomposition of organic-
rich debris existing in pond bottoms during water satura-
tion. Ponds were present for at least several years, long
enough to accumulate organic debris from plant and animal
remains, producing eutrophic pond conditions. Gray pond
deposits range in thickness from 10 to 75¢m. The first and
lowest pond (1IB; Figs. 6.1, 6.10 and 6.13) has the largest
lateral extent (approximately 600m*). Subsequent ponds
are smaller, such as IIE (the smallest; Figs. 6.9, 6.10, and
6.12), with an aerial extent of only 40 m*. Pond deposits are
elongated in a NE to SW direction which is similar to the
current orientation of the adjacent unnamed tributary creek
(to the southeast) and its valley.

The deposits of these buried ponds contain irregular
and swirled boundaries. These swirled and mixed zones
were caused by both large mammal traffic and burrowing of
animals such as crayfish. Burrowing and mixing may also
be caused by turtles, insects, and other aquatic animals liv-
ing in or near this water resource (Chapters 8 and 11). Bur-
rowing and mixing produced by gophers and other terres-
trial burrowing animals also occur in overbank (red) sedi-
ments juxtaposed with pond deposits (Fig. 6.5). Burrows in

Figure 6.12. View north of 1992-B backhoe trench with distinct
gray pond (IIF) deposit (center of photo above string line). Pho-

tograph taken June 10, 1992, by Don Wyckoff.

surface soils produced by modern gophers are numerous at
the Burnham site today.

As ponds diminished in size, Group III overbank silts,
very fine sands, and some clayey deposits encroached later-
ally by aggradation toward and above these pond deposits
(Figs. 6.7 and 6.12). Calcic soils formed on floodplains and
toeslope (Fig. 6.14) landscape positions adjacent to the
ponds, and help distinguish the Group III unit. The last ves-
tige of any pond deposit (IIG) is observed in Bulldozer
Trench B at a relative elevation of about 99.5m (Fig. 6.15).
Also, observed in Bulldozer Trench C, are sands and grav-
els (Group I) marking the recurrence of high water flow re-
gime of a small stream channel within Group III deposits.

Authigenic Features: Buried and Surface Soils

Buried and surface soils within Burnham sediments are
identified by 1) calcite soil formation (Bk), 2) gleying (gray
Bg reduced pond-bottom sediments), 3) redoximorphic fea-
tures including red, orange and black accumulations and
yellow and gray depletions (in dried ponds and wetland ar-
eas), 4) soil structure (Bw, Bt, Bk), 5) clay tanslocation (Bt),
and 6) gypsum formation (By).

Sediments within the Burnham alluvium and Marlow
sandstone are calcareous. The uplands contain the Permian
Rush Springs and Cloud Chief Formations and the Teritary
Ogallala Formation (Fay, 1965). These uplands are source
areas of the Burnham alluvium which generally contain sand-
stone, shale, calcite, dolomite, gypsum, and quartzite soil
and rock fragments. Spring-fed stream and pond waters are
calcareous. Ground water calcium carbonate precipitates
are found in sediments laterally equivalent to pond deposits
and represent a vadose zone formation of calcium carbon-
ate nodules in overbank deposits (Figs. 6.3, 6.7, and 6.12).
Calcite precipitation occurs in pond peripheries and effec-
tively mark the boundary between water-saturated and un-
saturated levels in poorly and somewhat poorly drained
soils. Biogenic carbonate is also found in the remains of
Chara sp. (Theler, this volume), an aquatic algae living in
the ponds. Bones are found in buried ponds incased in
calcium carbonate, creating nodules and concretions indi-
cating precipitation of calcite onto bone surfaces in ponds,
seasonally wet (vadose) zones, and poorly and somewhat
poorly drained soils. Pedogenic calcic development is a
distinct authigenic feature in well drained soils formed in
overbank deposits of Group III. Several periods of soil
formation (Bk horizons) in soils adjacent to ponds were
followed by burial as the ponds and adjacent areas were
covered by overbank deposits. A particularly well-formed
(as identified by a thick laterally continuous calcic Bk soil

horizon) soil is found lateral and adjacent to the first and
lowest dried pond (Figs. 6.3 and 6.10). This pond and
surrounding land area was relatively extensive and stable
as indicated by the large pond and thick calcic soil for-
mation (Figs. 6.3 and 6.8)
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Figure 6.13. View north of gray pond deposit lIB (right) overlying overbank deposit I1I (left) in squares 0-
W24 and 0-W25 of the East Grid, Burnham site. Photo taken in October of 1989 by Brian Carter.

The Bk soil horizons are easily identified by white cal-
cite accumulations, soft bodies, and nodules and are most
often used to identify buried soils. The presence of Bk ho-
rizons (in buried soils) as soft calcite accumulations in pores
and root channels indicate roughly the same climatic (semi-
arid, 16°C mean annual soil temperature) conditions pre-
vailed during the past formation of buried soils as exist at
the site today. Bk horizons also form currently in a range of
arid to subhumid conditions in soil temperature regimes from
at least 6°C to 22°C mean annual temperatures. Large cal-
cite nodules are found associated with redoximorphic soil
depletions and accumulations, and pond deposits. These
large calcite nodules are calcite precipitated from past wa-
ter-saturated soil conditions and indicate soil formation in
poorly drained and somewhat poorly drained soils (wetlands)
on pond peripheries and in wet meadows. Bk horizons iden-
tified by large calcite nodules were prevalent in Group 1
deposits while Bk horizons identified by soft calcite accu-
mulations in pores and root channels are common in Group
III deposits. Buried soils in Group III deposits contained
Stage I and II carbonate development (Birkland, 1999).

Of particular interest throughout all buried soils is the
lack of a distinct mollic A horizon, which is present above
surface soils containing calcic horizons in western Oklahoma.
Buried A horizons are common and distinguish Holocene —
aged soils and sediments of alluvial deposits in Oklahoma
(Carter 1990). Dark mollic A horizons are often Holocene
sediment marker beds, which indicate periods of aggrada-

tion and burial of soils. These A horizons were slowly and
continuously oxidized after burial during thousands of years
of aerobic decomposition thereby removing humus (and its
dark colors). This oxidation of organic matter and removal
of the dark A horizon colors indicate that the site is pre-
Holocene and tens of thousands of years old.

Redoximorphic soil features (previously referred to as
soil mottles in soil science literature; Buol et al., 1997) in-
clude redoximorphic accumulations (usually more red or
orange than surrounding soil matrix) and depletions (grayer
than surrounding soil matrix). Redoximorphic soil features
were common and characteristic of Group II sediments be-
cause shortly after Group II deposition, these ponds, wet-
lands, and wet meadows were sites of anaerobic decompo-
sition of organic matter. As anaerobic decomposition inten-
sified in and near water-saturated soils, gray colors (deple-
tions) increased in size. Buried soils and sediments with
predominantly gray color (gleying indicated by Bg or Cg
soil horizon designation) are identified as pond-bottom sedi-
ments. Snail identification supported the degree of ponding
and wetness by observing aquatic snail remains in domi-
nantly gray (gley) sediments, both aquatic and terrestrial
snails in areas of some gray and red redoximorphic colors,
and terrestrial snails (some xeric types) in soils and sedi-
ments with no evidence of redoximorphic features (entirely
red) (Theler, this volume). Redoximorphic features also in-
cluded black Mn-Fe oxide accumulations, which indicate
incipient anaerobic conditions not extreme enough to pro-
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Figure 6.14. View southwest of west part of Bulldozer Trench A showing calcic horizons, most prominent is about 1.6 m
below the surface. Photo taken June 23, 1992, by Don Wyckoff.
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A Post-1991 Perspective of Burnham Deposition Environments, Authigenic Features, and Age 103

duce gray soil zones (Buol et al., 1997). Black soil Mn-Fe
oxide accumulations do indicate seasonal water-saturated
areas and are common in Group II sediments as soft accu-
mulations in soil pores, sediment bedding planes, and on
ped faces.

Gypsum formed in buried soil and sediments of Groups
I and II especially in the southeast Burnham site area. Gyp-
sum pockets and sand-sized crystals were observed in soils
and sediments in only 5 of the 46 soil profile descriptions
and only in the southeast area of the Burnham site.
Authigenic gypsum crystals indicate that sediments are rich
in detrital gypsum from upland Permian bedrock sources.
Allogenic gypsum is dissolved by percolating soil and ground
water and form authigenically in soil pores and sediment
voids as this water dries (especially along wetting fronts).
As water containing Ca” and SO4 "~ is translocated through
soils and sediments, CaSO4 2H20 (gypsum) is precipitated
as sand-sized crystal bundles in pores and voids.

Soil structure (formation of soil peds) indicates that
sediment layers, especially in Group Il and II, were exposed
to periodic wetting and drying cycles from aerial exposure
to the atmosphere. Soil structure identified buried soils,
which occur in both well drained soils and poorly drained
soils of wetlands. Moderate and weak grade soil peds formed
in overbank and sediments after they were deposited. Me-
dium and coarse sized subangular blocky shaped peds are
prominent in these loamy soils. Formation of soil structure
and identification of buried soils in sediment layers support
cyclic drying, periodic ponding, and reoccurring sedimen-
tation in Group II and III deposits.

Buried soils contained small amounts of clay transloca-
tion. Few and common discontinuous clay coatings were
observed in Bt horizons of some buried soils. Buried soils
lacked soil argillic horizons (soil horizons containing 3 to
8% more translocated clay than the above surface horizon
and at least 15cm thick (Soil Survey Staff, 1999)). Lack of
argillic horizons and many continuous clay coatings on peds
indicate that buried soils where not exposed to periods of
soil formation for more than several hundreds of years.
Argillic horizons are found in modern surface soils near the
Burnham site but indicate landscape stability and soil for-
mation periods of several thousands of years (Hall et al.,
1982).

Radiocarbon Dates
Twenty radiocarbon ages are available for the entire
Burnham site (Table 6.1). Seventeen samples used for ra-
diocarbon determinations came from Group II and two
samples came from Group III sediments. The range in ra-
diocarbon ages was 10,210 + 270 yrs. b. p. (NZA-4381) to
46,200 £ 1600 yrs. b. p. (NZA-2833) (Table 6.1).

Three radiocarbon dates came from within the subordi-
nate site area (deposits similar to Group II), across a mod-

ern gully (NW exposure). Because extensive soil borings
were not made in the NW Exposure area these deposits (No.
6, 12, 19) can’t be directly linked to the NE Exposure and
main site area. However, the fauna discovered, the types of
soils and sediments, and relative elevation of the NW Expo-
sure are very similar to those in the NE exposure and sug-
gest a continuation of the main site area toward the south-
west. The mean age determination for a small pond deposit
within the NW Exposure is 36,720 + 27,212 (t=0.05 for 2
degrees of freedom).

Two radiocarbon ages (No. 1; 30 + 60 yrs. b. p., RA-
C0416: NolS5; >38,000 yrs. b. p., Beta- 33950) were not
used to calculate the mean. The nearly modern age of sample
RA-CO416 which came from a buried rodent burrow is ques-
tionable because ages of 37,790 + 680 yrs. b. p. (NZA-3009)
and 40,130 + 1280 yrs. b. p. (RA-CO353) were also ob-
tained for this buried rodent burrow. The sample RA-CO416
was contaminated with modern carbon or confused with
another unknown sample. Sample Beta-33950 was not used
because it represented a “greater than” (>38,000) and not a
specific age. This sample (Beta-33950) came from a charred
paw paw log which received another usable radiocarbon age
determination of 37,790 + 680 yrs. b. p. (NZA-2824).

Radiocarbon ages were determined from various organic
debris including small (10mm) detrital charcoal fragments,
snail shells, hackberry seeds (Celtis sp.), and a charred paw
paw (Asimina triloba) log. The fifteen (Table 6.1; Sample
No.2,3,4,5,7,9,10, 11, 13, 17, 18, 20) radiocarbon dates
used to calculate the mean age for the site (32,519 + 22,460;
t=0.05 for 14 degrees of freedom) were obtained from sedi-
ments in close proximity to artifact- and bison- bearing lay-
ers within and near the contact between Group Ili and Group
II sediments. The lack of radiocarbon age uniformity within
layers and systematic decrease in radiocarbon age with de-
creasing depth of sediment burial indicates that radiocarbon
analysis was not sensitive enough to discern relatively short
depositional periods (1060-1000 yrs.) for sediments at the
site compared to the relative age of the site (range 10,210 +
270 yrs. b. p. NZA-4381 to 46,200 + 1600 yrs. b. p. NZA-
2833). Evidence from fossil vertebrate and invertebrate fau-
nas, and sediment stratigraphy indicates the site aggraded,
producing continuous layers uninterrupted by an erosional
hiatus. Deposition probably occurred over tens to hundreds
of years during the Late Pleistocene. The most likely inter-
pretation of the 18 radiocarbon dates (3 from NW expo-
sure) assumes a varying amount of carbon contamination
throughout the samples (mainly due to bioturbation) and that
the mean of these dates presents the best estimate for the
mean age of the animal and plant remains, and human arti-
facts. Based on 18 radiocarbon determinations the mean
age of the site deposition is 33,223 + 20,850 yrs. b. p. (t=0.05
for 17 degrees of freedom). Paleobioturbation and modern
bioturbation has mixed small parts of all sediment layers at
the site. Bioturbation and the presence of detrital charcoal
are a likely process and condition, which explains bimodal



Table 6.1. Radiocarbon Ages for the Burnham Site..
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Sample yrs. B.P. LAB. Sediment’ Relative Depth below
No. Provenance 14 C age No. Group elevation (m)  surface (m)
1 (16) Hackberry (Celltis sp.) Seed from rodent burrow 30+£60 RA - CO289 I11(_) (BD TRENCH) 98.95 4.0
(Bulldozer Trench B) (accelerator date)
2 Small ( mm) charcoal fragment from handdug 10,210 £270 NZA - 4381 1IB2 96.35 1.5

squares S1-W22; sample recovered 45 cm west of
bison scapula

3 Small ( mm) charcoal fragment from handdug 11,580 = 320 NZA - 1090 IIF1 98.20 0.7
square N5-W19 (accelerator date). Stratum
underlies the uppermost gray ponded sediment

4 Hackberry (Celtis sp.) Seed from handdug square 22,670 £330 RA -C0352 11B2 96.30 1.5
S1-W23; sample comes from gleyed alluvial
deposit that yielded human arifacts (accelerator date)

5 Small (mm) charcoal fragment from handdug 26,820 + 350 AA - 3838 IIB1 96.26 20
square S1-W22 (accelerator date) from top of
brown sandy loam stratum containing some bones
of Bison chaneyi

6 Small (mm) charcoal fragment from handdug 30,160 =390 NZA - 3009 11?7 (NW EXPOSURE) 97.89 X
square S5-W22 of northwest exposure
7(10) Whole and broken gastropod shells (76g) from 31,150 £ 700 Beta - 23045  1I((0)B2 96.66 1.2

gray fine sediment from handdug square S1-W22;
Sample comes from sediment around overturned
skull of Bison chaneyi; arifacts were also found here
8 (15) Charred paw paw (Asimina triloba) log (cm) 34,750 £ 1040 SMLI -2422
from North 3 backhoe trench. Bone fragments
present, also
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Table 6.1 (cont.).. Radiocarbon Ages for the Burnham Site.

Sample
No.

yrs. B.P.
Provenance 14 C age

LAB.
No.

Sediment’
Group

Relative
elevation (m)

Depth below
surface (m)

9

10 (7)

11

12 (19)

13

14 (1, 16)

15 (8)

Hackberry (Celtis sp.) seed from handdug 35,680 =710
square N2-W20, Sample comes from gleyed

alluvial deposit that yielded human arifacts

(accelerator date)

Whole and broken gastropod shells (76g) from 35,890 + 850
gray fine sediment from handdug square S1-W22;

Sample comes from sediment around overturned

skull of Bison chaneyi; arifacts were also found here

(Accelerator date)

Small (mm) charcoal fragments from handdug 36,300 = 1700
square 0-W25. Acceleration date from brown

sandy loam near bottom of stratum

Aquatic snails (Physella virgata) from northwest 37,215 +940
exposure. Handdug square S5-W?2

Hackberry (Celtis sp.) Seed from handdug 37,590 + 820
square S3-W24 (NW'4 of square). Sample

comes from gleyed alluvial deposit under the

one which yielded human arifacts. Dating is

critical for establishing maximum age for

deposition of arifacts as well as dating early

cut and fill sequence evident here (accelerator date)

Small ( mm) charcoal fragment from rodent 37,790 = 680
burrow (Bulldozer Trench B) (same sediment as

sample no. 1 and 16)

Charred paw paw (Asimina triloba) log (cm) >38,000
from North 3 backhoe trench. Bone fragments

present, also

RA - CO354

AA - 3837

NZA - 1416

AA - 11687

RA - CO291

NZA - 2824

Beta - 33950

1IB2

1(0O)B2

IIBI

[I(X) (NW EXPOSURE)

1IB2

II(_)(BD TRENCH)

[I(°)B1

96.80

96.66

96.20

97.8

96.10

98.95

98.00

1.3

0.8

0.5

4.0

24
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Table 6.1 (cont.).. Radiocarbon Ages for the Burnham Site.

901

Sample yrs. B.P. LAB. Sediment’ Relative Depth below
No. Provenance 14 C age No. Group elevation (m)  surface (m)
16(1) Hackberry (Celtis sp.) seed from rodent 40,130 + 1280 RA -C0353 HI(_)(BD TRENCH) 98.95 4.0
burrow (Bulldozer Trench B) (accelerator date)
17 Hackberry (Celtis sp.) Seed from handdug 40,190 + 870 RA -CO419 1IB2 ?

Square S1-W22. Sample comes from critical
gleyed alluvial deposit that yielded human artifacts
18 Small (mm) charcoal fragment from 40,900 = 1600 AA - 3840 11B2 97.02 04
handdug square 0-W22, Accelerator date
From stratum above one containing arifacts
and Bison chaneyi bones

19 (12) Terrestrial snails (Hawaiia minuscula) from 42,785 + 1800 AA - 11688 II(X) (NW EXPOSURE) 97.80 X
northwest exposure. Handdug square S5-W2
20 Small ( mm) charcoal fragment from 46,200 + 1600 NZA - 2823 IIB1 96.72 3.8

handdug square 3 in Backhoe Trench A

" indicates age determination from same sample (_) (°) (O) and (x)
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A Post-1991 Perspective of Burnham Deposition Environments, Authigenic Features, and Age 107

distribution of radiocarbon ages (Fig. 6.16), and the wide
range and variance of radiocarbon age with depth of burial.
Based on present radiocarbon data and age distribution, it
is unlikely that further radiocarbon determinations on de-
trital and bioturbated materials within the Burnham sedi-
ments will be able to specifically date a particular unit ex-
cept to indicate the occurrence of ponds, animal and plant
remains, and human artifacts at the site approximately
33,000 years ago.
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Table 6.2 Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-
Horizon (cm) Moist ture ture tence dary tion Special Features

South profile 1991 backhoe trench; surface elevation relative to datum 98.92 m (Fig. 6.8)

Bk 0-20 5YRS5/8 2,m,SBK L fi c,S ve My, ¢, CaCO; nodules.

Bklb 20-44 5YRS/6 2,m,SBK SiL fi c,S ve Cn, ¢, CaCO; nodule; Cn, m, CaCOj soft bod
pores; Cn, m, gypsum crystals.

Bk2b 44-69 2.5YR4/6 1,¢,SBK L fr c,s ve Fw, ¢, CaCO; nodules; Cn, m, CaCO; soft bo

pores; Cn, m, black (N2/0) layers 5-15 cm lo
m, gypsum crystals.

BCb 69-100 2.5YR4/6 1,c,SBK VESL fr c,S ste Fw, m, gypsum crystals.
Clb 100-124 SYRS/8 M LVFS fr aw  ste 5% gravels.
C2b 124-159 2.5YR4/6 SG GS 1 a,i ve Fw cobbles and stones; My, ¢, Mn oxide laye

gravels (black) coating pebbles; most gravels
to subangular sandstone, shale, chert, and lim
(local Permian); Fw rounded quartzite gravel

cobbles).
2Rb 159-189+ 5YRS M LVFS vfi - - My, f + m, white spheres (redoximorphic
to 6/8 features); discontinuous CaCO; cementation .

boundary of C2b and 2Rb (bedrock).
Middle soil profile 1991 backhoe trench; surface elevation relative to datum 99.49 m (Fig. 6.8))

Bkl 0-15 2.5YR3/6 2,m,SBK SiCL fi c,S ve My, ¢, CaCOs nodules.
Bky2 15-54 2.5YR4/6 2,c,PR/ L fr c,s ve My, m, gypsum crystal bundles on ped

SBK surfaces; Fw, f, CaCO; soft bodies in pores.
Bkb 54-117 2.5YR4/8 l,c.,Pr L fr c,8 ve My, m + ¢ CaCO; nodules; Fw, m, gypsum ci
Bk1b2 117-154 2.5YR4/6 2,m,SBK SiCL fi 2.5 ve Cn, m, CaCO; nodules.
Bk2b2 154-177 SYR4/6 1,c,SBK L fr g, ste Fw, m, gypsum crystals; Fw, m, CaCO; nodu
BCb2 177-206 2.5YR4/6 1,¢,SBK VESL fr a,s ste Fw, m, gypsum crystals; stratified alluvium.
Cl1b2 206-225 2.5YR4/6 M VFSL fr a,s ste Fw, m, gypsum crystals; stratified alluvium.
C2b2 225-281 5YRS/8 M VFSL fr a,s ste Fw, m, gypsum crystals; stratified alluvium.
C3b2 281-289 5YRS/8 M LVFS vir a, sle Fw, m, gypsum crystals; stratified alluvium.
C4ab2 289-319 2.5YR4/6 M SiL fr a,s ste Fw, m, gypsum crystals; stratified alluvium.
C5b2 319-380+ 5-2.5YR4/8 M LVFS vir - sle Fw, m, gypsum crystals; stratified alluvium.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

tion

Special Features

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary

North soil profile 1991 backhoe trench; surface elevation relative to datum 99.92 m(Fig. 6.8)

Bkl 0-24 5-2.5YR4/4 2,c,PR/ SiL fi (X3 ve
2,m,SBK

Bk2 24-68 5YRA4/6 1,c,PR/ L fr c,s ve
1,m,SBK

Bkb 68-97 2.5YR3/4 3,m,SBK SiCL fi (X3 ve

Bkyb 97-142 5-2.5YR4/6 1,c,PR/ L fr g.s ve
1,m,SBK

Bkb2 142-185 5-2.5YR4/4 l,c,PR/ L fi a,s ve
1,m,SBK

Bk1b3 185-208 2.5YR4/4 2,m,SBK SiCL fi c,s ve

Bk2b3 208-220 5-2.5YR4/4 1,c,SBK L fr g,s sle

BCb3 220-278 2.5YR4/4 1,c,SBK FSL fr a,s sle

Cb3 278-300+ 5-2.5YRS5/8 M LFS vir - sle

Soil Core 92-1; surface elevation relative to datum 101.88(Fig. 6.6)

Ap 0-28 SYR3/4 1,m,SBK VFSL Vfr c ste

Ab 28-74 2.5YR4/6 2.£,SBK SiL Vir g ve

Bk 74-109 2.5YR4/8 1,m,SBK VFSL Vfr g ve

BCk 109-168 5YRS5/8 1,c,SBK LVFS fr g ve

C 168-221 5YRS/8 M S fr a ve

Alb 221-246 5YR4/6 1¢,SBK L fr c ve

A2b 246-262 5YR4/6 2,c,SBK L fr c ve

Btkb 262-302 5YR3/4 2,m,SBK SiCL fr g ve

My, f + m, CaCO; soft bodies in pores and
matrix.

Chn, f, CaCO; soft bodies in pores and
matrix.

My, f, CaCO; soft bodies in pores and matrix
gypsum crystals.

Cn, ¢, CaCO; nodules; Fw, m, gypsum
crystals; thin Mn oxide (black, N 2/0) layer.
Cn, ¢, CaCO; nodules; Fw, m, gypsum
crystals.

Cn, m, CaCO; nodules; Fw, m, CaCOj; soft b
pores; Fw, m, gypsum crystals.

Fw, f, CaCO; nodules; Fw, gypsum crystals.

My, f + m, roots.

My, f, roots.

Chn, f, roots; Cn, m, CaCO; soft bodies.

Fw, f, roots; Cn, ¢, CaCOs soft bodies; Fw, c.
nodules.

Stratified sands.

Fw, f, CaCO; nodules.

F, f, roots; C, f, CaCQ; in root tracings.

My, m, CaCOs, soft bodies + nodules.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-
Horizon (cm) Moist ture ture tence dary tion Special Features
Soil Core 92-1 (cont.)
Bkb 302-399 SYR4/6 1,m,PR SiL fr g ve Cn, f + m, CaCO; soft bodies + nodules.
Bkb 399-447 2.5YR3/6 1,c,SBK Sil fr c ste Fw, m, CaCO; soft bodies + nodules.
CBb 447-478 2.5YR4/8 1,¢,SBK VFSL fr g ste
Clb 478-584 2.5YR4/8 M VFSL vir g ste Fw, f, snail shells.
C2b 584-627 2.5YR4/8 M SiL vir g ste
C3b 627-815 2.5YR4/8 M LVFS vir ste
Soil Core (augered) 92-4, elevation 100.22 (Fig. 6.6)
91-142 2.5YR3/4 SiCL ve My, f + m, CaCO; frag.
142-163 2.5YR4/4 CL ve Cn, f, CaCO; frag.
163-206 2.5YR4/4 L ve Cn, f, CaCO; frag.
206-229 2.5YR4/4 SiC ve My, f, m, + C, CaCO; frag.
229-282 2.5YR3/4 SiCL ve Chn, f, CaCO; frag.
282-330 2.5YR4/4 VFSL e (in spots) Fw, f, CaCO; frag.
330-424 2.5YR3/4 FSL ste Chn, f, CaCO; frag.
424-472 2.5YR4/4 L ste Chn, f, CaCO; frag.
472-521 2.5YR4/4 FSL ste Fw, f, CaCO; frag.
521-569 10R4/4 GSL ve My, f, CaCOs; fragments; gravels are «

quartz, + sandstone

Soil Core (augered) 92-5, elevation 99.26 (Fig. 6.6)

107-130 2.5YR4/4 SCL ve My, f, CaCO; frags.

130-165 2.5YR4/4 FSL ste Fw, f, CaCO; frags.

165-206 2.5YR4/4 FSL ste Cn, f, CaCOs; frags.

206-279 2.5YR4/4 L ve My, f, CaCO; frags.

279-335 2.5YR4/4 L ve Fw, f, CaCO; frags; Cn, m, CaCO; nodules €
335-389 2.5YR4/4 FSL ste Cn, f, CaCO, frags.

389-439 2.5YR4/4 LFS e Fw, f, CaCO; frags.

439-467 10R4/4 GLS . ve My, f, detrital CaCO; nodules; Gravels are

subangular chert + quartz.

o1l
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

Soil Core 92-6, elevation 101.55 (Fig. 6.6)

A 0-33 5YR3/4 1,m,SBK VFSL fr a ste Fw, f, roots; Cn, f, CaCOj soft bodies.

Btk 33-91 5YR3/4 1,c,PR CL vir c ve Fw, f, roots My, f, CaCO; soft bodies; Fw, c,
concretions at base.

BC 91-107 5YR3/4 1,c,PR SiL fr c ste Fw, f, roots; Fw, f, CaCO; soft bodies.

Bitk1lb 107-175 5YR4/4 2,c,PR SiCL h a ve No roots; Fw, f, MnO, soft bodies; Cn, f, Ca(
nodules My, f, CaCOs; soft bodies; Cn m, Ca(
bodies.

Bt2b 175-211 5YR4/4 1,m,SBK SiCL h g ste Fw, f, CaCO; soft bodies; Fw, f, MnO, soft b

Bt3b 211-236 2.5YR3/4 2,m,SBK SiC h g ste Chn, f, CaCO; soft bodies.

Cb 236-297 2.5YR4/4 M VEFSL fr a ste Fw, f, MnO; soft bodies fly stratified;

(in spots) Fw, f, CaCO; soft bodies.

Btk2b 297-348 2.5YR4/4 L fr c ve Cn, f, MnO, soft bodies; My, f CaCO; soft b¢
Cn, m, CaCOj; nodules.

Btk22b  348-389 2.5YR4/4 1,c,PR SiCL fr c ste Chn, f, CaCO; soft bodies; Fw, f, MnO, soft b

Btk32b  389-447 2.5YR4/4 2,c,PR C fi a e Fw, f, (less than 1 cm diam.) shell fragments;
(less than 1 cm diam.) charcoal frag.; Fw, f, (
soft bodies; Fw, f, MnO, soft bodies.

C2b 447-836 2.5YR4/4 2,¢c,PR LFS vfr e Gravel zone at 787 cm stratified LFS, FS, SL
layers; Quartz + chert gravels.

Soil Core 92-7, elevation 102.92 (Figure 27)

Ap 0-20 2.5YR3/6 1,m,SBK SiL fr cl ve Fw, f + m, roots.

Bkl 20-46 2.5YR4/8 1,m,SBK SiL vir a ve Fw, f + m, roots; Fw, ¢, CaCQO; soft bodies.

Bk2 46-96 2.5YRA4/8 1,¢,SBK VFSL vir a ve Fw, f, roots; My, ¢, CaCOj soft bodies + nod'

Ab 96-137 2.5YR3/4-6 1,m,SBK SiL fr Fw, f + m roots; Fw, m, CaCO; soft bodies.

Bkb 137-234 2.5YR4/6 1,m,PR SiL fi a ve Fw, vf, roots; My, m, CaCOj; soft bodies + nc

BCb 234-328 2.5YR4/6 1,c,SBK FSL fr g ste
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

Soil Core 92.7 (cont.).

BC2b 328-353 2.5YR3/6 I,c,PR VFSL fr a - Fw, vf, roots; Fw, m, dt, redox + Mn, coating
10YRS5/2.

BCg3b  353-391 7.5YR4/6 1,c,PR VFSL fr a e (in spots) Fw, f, dt, redox, SYR4/6.

BC4b 391-411 5YR4/6 1,c,PR VFSL fr a - Cn, m, dt, redox, 10YRS5/2.

BCg5b  411-427 10YRS5/3 1,m,SBK SiCL fi a e

BC6b 427-488 7.5YRS5/8 1,m,SBK SCL fi a e My, cn, dt, redox Fw, f, snails SYR3/4.

CBb 488-589 2.5YRA4/8 1,m,SBK CL vir g ste Fw, f, CaCOs; soft bodies.

Cib 589-673 2.5YR4/8 M LVFS vir g e (in spots)

C2b 673-871 2.5YR3/5 M GSCL vfr a ste Stratified sand, silt, clay, + gravels up to 2 cn

R 871-874 SYRS/8 - LFS fr -

Soil Core 92-8, elevation 101.44 (Fig. 6.6)

Ap 0-20 2.5YR4/6-8 1,f.SBK SiL vfr a ve Chn, f + vf, roots.

Btk 20-112 2.5YR4/6 2,m,SBK SCL fr g ve Fw, f + vf, roots; Cn, m, CaCO; soft bodies +
nodules.

Bk 112-193 2.5YR4/6 1,m,SBK L fi a ve Chn, ¢, CaCO; soft bodies + nodules.

Ab 193-206 5YR5/6 1,m,SBK CL fr a ve Chn, f, CaCOj soft bodies + nodules.

Bkb 206-277 5YR4/6 1,m,SBK SCL fi g ve My, f + m, CaCOj soft bodies + nodules.

CBl1b 277-323 5YRS5/8 M LVFS fr cl - Cn, m, ft, 5YR3/4 redox; Fw, f, snails.

CB2b 323-378 5YRS/8 1,m,SBK VFSL fr cl ste Cn, m, dt, 10YR5/3 redox; Fw, f, snails; gley
cm thick.

Clb 378-472 5YRS/8 M VFSL fr cl ste

C2b 472-508 2.5YR4/6 M SiL fr cl ste

C3b 508-602 2.5YR4/8 M LVFS vir g ve

C4b 602-683 2.5YR3/6 M GS 1 ve Gravels up to 3 cm.

cll
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

Soil Core 92-9, elevation 103.10 (Fig. 6.6)

A 0-23 SYR3/4 1,m,SBK L fr c ste Fw, f, roots; Fw, f, CaCOj; nodules @ base.

AB 23-56 2.5YR3/6 1,m,SBK SCL fr c ve Fw, f, roots; My, f, CaCO; soft bodies.

Btk 56-74 SYRS5/4 2,m,SBK SiCL fr a ve Fw, f, roots; My, f, CaCO; soft bodies; Cn, f
CaCO; concretions.

Btkb 74-135 S5YR3/4 2,c,PR SiC fi a ste Fw, f, roots; My, f, CaCOs; soft bodies; Cn, f
CaCO; concretions; Cn, thin clay skins on pe

BC1b 135-160 5YR3/4 2,c,PR VEFSL fi c ste Fw, f, roots; Fw, f, CaCOs nodules.

BC2b 160-196 5YR4/3 1,c,PR SCL fi a ve Fw, f, roots; My, f, CaCOj soft bodies; Fw, f,
nodules.

BC3b 196-224 5YR4/3 1,c,PR SCL fi g ve Fw, f, CaCO; soft bodies; Fw, f, Mn O, soft t

BC4b 224-274 5YR4/3 2,m,SBK VFSL fr g ve Fw, f, CaCO; soft bodies; Cn, m, CaCO; nod
m, reduced 2.5YRS5/2 spots (<1 to 2 cm dia.).

BC5b 274-330 5YR4/3 1,c,PR FSL fi C ste Fw, f, CaCO; soft bodies.

BC6b 330-371 5YR4/4 1,c,PR SCL fi C ve My, f, CaCO; soft bodies.

BC7b 371-399 5YR4/4 1,c,PR FSL fi c ve Chn, f, CaCO; soft bodies; My, f, dt, I0YR6/2

BC8b 399-434 2.5YR4/4 1,c,PR SCL fi g ste Chn, f, CaCO; soft bodies; Cn, f, dt, 10YR6/2
Fw, intact snails (spherical).

Clb 434-472 2.5YR3/4 M SCL fi g e Cn, f, CaCO; soft bodies; My, f, pt, 5YR5/2 rn

C2b 472-488 2.5YR4/6 M SCL exfi a e Chn, f, CaCO; soft bodies; Fw, c, krotovinas f
w/7.5YR5/6 sand.

Clib2 488-671 2.5YR4/4 M VFSL fr a e Fw, f, CaCO; soft bodies; stratified in <1 cm

LFS (in spots)  lenses.
C2b2 671-721 2.5YR3/4 M SC fi a ste Cn, f, CaCO; soft bodies.
C3b2 721-739 2.5YR4/8 M GLFS fr ste My, subrounded chert gravels, Cn, f, CaCO,

bodies.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

Soil Core 92-10, elevation 101.92 (Fig. 6.6

A 0-13 SYR4/4 1,m,SBK SiL vir a ve Fw, f + m, roots; Fw, fn CaCO; soft bodies.

Btk 13-36 2.5YR4/4 2,m,SBK SiCL fr g e Fw, £, roots; Cn, m, CaCQ; soft bodies.

Btk2 36-61 2.5YR4/3 2,m,SBK SiCL fr a ve Fw, f, roots; Cn, ¢, CaCO; soft bodies.

Btk1b 61-140 2.5YR3/4 2,c,PR CL fr g ve Fw, f, roots; Cn, f, CaCOj soft bodies.

Btk2b 140-196 2.5YR3/4 2,c,PR SCL fi g ste My, f, CaCO; soft bodies; Fw, f, roots.

Btk3b 196-249 2.5YR3/6 3,c,PR SCL exfi c ve Cn, m, CaCO; concretions Fw, f, roots; Cn,
soft bodies.

BCl1b 249-320 2.5YR3/6 1,c,PR SCL fi a ste Cn, F, MnO, soft bodies Cn, f, CaCO; soft bc
My, m, CaCO; soft bodies + nodules at base.

BC2b 320-378 2.5YR3/6 2,m,SBK SCL fr ste Cn, m, CaCOs soft bodies; Cn, F, MnO, soft

Soil Core 92-11, elevation 101.95 (Fig. 6.6)

A 0-15 SYR4/4 1,m,SBK L vir c ve Fw, f, roots; f, CaCO, soft bodies.

AB 15-33 SYR3/4 2,m,SBK SCL vir a ve Fw, f, roots; Fw, f, CacO; soft bodies.

Btk 33-66 2.5YR4/6 2,m,SBK VFSL vir a ve Fw, f, roots; Cn, m, CaCOj soft bodies.

Btlb 66-112 2.5YR3/4 2,¢c,PR SCL fi c ste Fw, £, roots; Cn, f, CaCO; soft bodies; Fw, f,
soft bodies.

Bt2b 112-140 2.5YR4/3 1,c,PR SCL fi c ve Fw, f, roots; Cn, f, CaCO; soft bodies; Fw, f,
soft bodies.

Bklb 140-206 S5YR4/4 1,c,PR VFSL h c ve Fw, f, roots; Cn, f, CaCO; soft bodies; Chn, f,
nodules; Fw, f, MnO, soft bodies.

Btkb 206-249 2.5YR4/4 2,c,PR CL exh c ve Fw, f, roots; Ca, f, CaCO; sofi bodies; Cn, m
nodules.

Bk22b 249-282 2.5YR4/6 2,¢c,PR VFSL h ve Chn, f, CaCO; soft bodies, Cn, m, CaCOj; nodi

Bk32b 249-282 2.5YR4/6 2,c,PR VFSL h ve Chn, f, CaCO; soft bodies; Cn, ¢, CaCOs conc

BC8b 399-434 2.5YR4/4 1,c,PR SCL fi g ste Chn, f, CaCO; soft bodies; Cn, f, dt, 10YR6/2
Fw, intact snails (spherical).

Clb 434-472 2.5YR3/4 M SCL fi g e Chn, f, CaCO; soft bodies; My, f, pt, SYR5/2 1
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Horizon Depth  Color Struc- Tex-  Consis- Boun- Reac-
(cm) Moist ture ture tence dary tion Special Features

Soil Core 92.12, elevation 101.92 (Fig. 6.6)

A 0-18 2.5-5YR3/4 I,mSBK  VFSL fr c ve Fw.f, roots; My,f, CaCO; soft bodies

Bwl 18-51 2.5-5YR3/4 1,m,SBK L vir a ve Fw.f, roots; Cn, f, CaCOj soft bodies

Bw2 51-91 2.5YR3/4 l,c, PR VFSL vir a ve Fw, f, roots; Fw. f. CaCO; soft bodies

C 91-119 2.5YR3/4 M S 1 a ve Fw, f, roots; My, f, CaCO; soft bodies

Bkb 119-142 5YR3/4 2,c,PR SiL fi g ve My.f + m, CaCO; soft bodies; Fw, f, MnO; soft bodies

Btkb 142-198 5YR3/4 2,c,PR CL fi g ve Fw, f, roots; Cn, f + m, CaCO; soft bodies; Cn, m, CaCQO;
nodules @ base; Fw, f, MnQO; soft bodies.

BCkb 198-249 S5YR3/4 1,c,PR VFSL fi a ve Fw, f, roots; Cn, f + m, CaCO; soft bodies; Fw, f, MnO,
soft bodies

BCb 249-269 5YR4/4 1,c,PR SL fr a c Fw, f, CaCQO; soft bodies; Fw, f, MnO, soft bodies.

Btk2b 269-307 2.5YR4/4 3,¢,PR SC fi c v Fw, f, roots; My, f + m, CaCQO; soft bodies; Cn, m, CaCO;
nodules ; Fw, f, MnO; soft bodies.

BC2b 307-351 2.5YR3/6 1,c,PR SCL fr a e Chn, f, CaCO; soft bodies; Fw, f, MnO, soft bodies.

Btk3b 351-394 2.5YR3/6 2,c,PR SCL fi c ve My, Cn, m, CaCOs; soft bodies; Cn, ¢, CaCO; nodules @
top; Fw, f, MnO, soft bodies.

BCl13b 394-424 2.5YR3/6 l,c,PR VFSL fi g ve Chn, f + m, CaCO; soft bodies; Cn, f, MnO; soft bodies.

BC23b 424-460 2.5YR3/6 l,c,PR SiCL ir g e N,O accumulation @445cm; Fw, f, CaCO; nodules; Cn, f +
m, CaCQO; soft bodies; Cn, f, MnO, soft bodies.

BC33b 460-599 2.5YR3/6 1,c,PR SiCL fr a e Chn, f + m, CaCOs; soft bodies; Fw, f, charcoal fragments.

Cl3b 599-688 2.5YR4/6 M FSL vir a e Stratified layers of FSL + LFS; My, f, CaCO; soft bodies.

LFS
C23b 688-726 2.5YR4/6 M LS ] ve Fw, subrounded chert gravels; My, vf, detrital CaCO4

nodules.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

Soil Core 92-13, elevation 100.38 (Fig. 6.6)

A 0-15 SYR3/4 1,m,SBK SiL vir a ve Fw, f, roots, Cn, f, CaCO; soft bodies.

Btkl 15-76 2.5YR4/3 2,m,SBK L fr a ve Fw, f, roots; Cn, f + m, CaCQO, soft bodies + nodules.

Btk2 76-119 2.5YR3/6 2,c,PR SCL fr c ve Fw, f, roots; My, f + m, CaCQO; soft bodies + nodules.

Btk3 119-211 2.5YR4/3 2,c,PR SCL h g ve Fw, f, roots; Cn, f + m, CaCO; soft bodies + nodules.

BCl1 211-244 2.5YR4/3 I,c,PR VFSL h g ste Cn, f + m, CaCO; soft bodies.

BC2 244-312 2.5YR4/4 l,c,PR VFSL fi a ste Chn, f, CaCO; soft bodies; Cn, m, CaCO; nodules at
base.

Btkb 312-384 2.5YR4/6 l1,c,PR SCL fr c ste Cn, f + m, CaCO; soft bodies.

Clb 384-526 2.5YR3/4 M FSL vit a ste Stratified FSL + LFS layers Fw, f, CaCO;

2.5YR4/4 LFS soft bodies.

C2b 526-538 2.5YR4/3 M LS 1 ve My, f, detrital CaCOj; nodules.

Soil Core 92-14, surface elevation relative to datum 99.74(Fig. 6.6)

A 0-15 5YR3/4 1,m,SBK VFSL fr a ve Fw, f, roots; Fw, f, CaCO; soft bodies; Fw, m,
subrounded detritai CaCQOj; nodules @ base.

AB 15-41 2.5YR4/4 1,m,SBK FSL vir a ve Fw, f, roots; Fw, f, CaCQO; soft bodies.

Btkl 41-86 2.5YR3/4 2,c,PR SiCL fi c ve Fw, f, roots; Cn, f + m, CaCO; soft bodies and
nodules.

Btk2 86-132 2.5YR4/3 2,c,PR SCL fi g ve Fw, f, roots; Cn, f + m, CaCO; soft bodies; Fw, f,
CaCOQ,, soft nodules.

Bk3 132-211 2.5YR4/3 2,c,PR L vh a ve Fw, f, roots; Cn, f + m, CaCO; soft bodies and
nodules; Fw, ¢, krotovinas fiiled w/SYR6/3 FS.

Bwlb 211.241 2.5YR4/6 i,c,PR SCL h g ve Fw, f, roots; Fw, f, CaCOj; soft bodies; Cn, ¢, CaCO;
soft bodies @ top; N 2/0 stains (Mn oxide) on ped
faces @ top (10 cm thick).

Bw2b 241-318 2.5YR4/4 1,c,PR FSL fr g ste Fw, f, roots; Fw, f, CaCO; soft bodies; My, f, CaCO;

soft bodies in root traces @ base.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

Soil Core 92-14 (cont.)

BCl1b 318-371 2.5YR4/4 M VFSL fr a ste (in spots) Fw, f, detrital CaCO; nodules.

BC2b 371-409 2.5YR4/4 1,c,PR SiCL fi a ste Fw, f, CaCO; soft bodies; Cn, c, krotovinas filled
w/2.5YR4/6 FS.

Clb 409-564 2.5YR4/6 M LVFS fr a e (in LFS) Stratified zones of LFS + VFSL,; stratifications vary
from < lcm to 10 cm thick.

C2b 564-584 2.5YR4/3 M LS 1 ve My, f, detrital subrounded CaCQOj; nodules.

Soil Core 92-15, elevation 102.75 (Fig. 6.6)

A 0-13 S5YR4/4 I,m,SBK L fr a ve Fw, f, roots; Cn, f + m, CaCO; soft bodies.

Btk 13-69 2.5YR4/4 2,m,SBK SiCL vfr c ve Fw, f, roots; Cn, m, CaCOQ; soft bodies nodules.

BC 69-109 2.5YR4/4 1,m,SBK CL fr a ve Fw, f, roots; Fw, f + m, CaCO; soft bodies.

BCk 109-213 2.5YR4/3 l,c,PR VFSL h a ve Fw, f, roots; Cn, f + m, CaCO; soft bodies.

Bklb 213-272 2.5YR3/4 2,c,PR VFSL fr g e (in spots) Cn, f, CaCO; soft bodies.

Bk2b 272-345 2.5YR3/4 1,c,PR VESL fr a ve My, f, CaCO; nodules + soft bodies at base; Fw, f,
roots; Cn, f, CaCO; soft bodies.

Bt3b 345-404 2.5YR3/4 1,c,PR CL fi a ve My, m + ¢, CaCOs; soft bodies, Cn, m, CaCO;
nodules at top.

BCkib  404-437 2.5YR4/6 1,c,PR L fr c ste Cn, m, CaCQO; nodules at base Fw, f + m,

(in spots)  CaCO; soft bodies; Fw, f, MnO; soft bodies.

BC2b 437-478 2.5YR4/4 1,c,PR VFSL fr c ste N 2/0 (possibly charcoal).

Btk3b 478-508 2.5YR4/4 1,c,PR SiCL fi c ve (possibly charcoal) Cn, ¢, CaCOj; soft bodies +
nodules; My, f, MnO, soft bodies.

BCk4b  508-556 2.5YR3/6 1,c,PR VFSL fr a ve Cn, f, MnO; soft bodies (possibly charcoal) My, f +
m, CaCQj soft bodies; Fw, f, CaCOj; nodules.

BCkS5b  556-602 2.5YR4/4 1,c,PR L h a ve My, f, CaCO; soft bodies; Fw, f, MnO, soft bodies.

BCk6b  602-663 2.5YR4/6 I,c,PR L fr g ste Chn, f, CaCO; soft bodies.

Cib 663-780 2.5YR4/6 M VFSL fr g ste Chn, f, CaCO; soft bodies.

C2b 780-810 2.5YR4/6 M LFS fr ste Fw, f + m, CaCO; soft bodies.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

Soil Core 92-16, elevation 109.50 (Fig. 6.6)

Ad 0-15 5YR3/3 1,f,PL VESL fr a - Chn, f, roots.

Btl 15-43 5YR3/2 3,m,PR SiC fi a - Chn, f, roots; My thick dt clay skins on ped faces.

B2 43-64 SYR3/3 2,m,PR SiC fr a - Fw, f, roots; Cn, thin dt clay skins on ped faces.

Bk3 64-114 5YR3/3 2,c,PR SiCL fi a ste Fw, f, roots; Cn, f, CaCO; soft bodies; Fw, thin clay
skins ped faces.

Bk4 114-135 2.5YR4/6 1,c,PR L exh g ste Fw, f, roots; My, f, CaCO; soft bodies.

BCkS 135-193 2.5YR4/6 I,c,PR L exh a e Fw, f, roots; Cn, f + m, CaCO; soft bodies.

Bklb 193-239 5YR5/6 2,m,SKB L exh g ve My, f + m, CaCO; nodules; Fw, f, MnO, soft bodies.

Bk2b 239-274 2.5YR4/6 I,c,PR L fr g ve Cn, f + m, CaCO; soft bodies; Fw, f, MnO; soft
bodies.

Clb 274-432 2.5YR4/4 1,c,PR VFSL fr a ve Fw, f + m, CaCOj soft bodies; Fw, f, MnO, soft
bodies.

2b 432-445 2.5YR4/6 M GrSL fr ve Graves are subrounded to subangular chert

fragments.

Soil Core 92-17, elevation 102.37 (Fig. 6.6)

A 0-20 5YR3/3 1,m,SBK VFSL fr a ve Chn, f, roots; Fw, f, detrital CaCOj; nodules.

Btk 20-66 2.5YR3/4 2,m,SBK CL vfr a ve Fw, f, roots; My, f + m, CaCO; soft bodies; Fw, thin,
clay skins on ped faces.

Btk2 66-107 2.5YR4/6 l,c,PR SCL fr g ve Fw, f, roots; Cn, f, CaCO; soft bodies.

C 107-135 2.5YR4/6 l1,c,PR FSL vir a ste Fw, f, roots; Fw, f, CaCOj; soft bodies.

Btklb 135-198 2.5YR3/4 2,m,SBK SiC fi a ve Fw, f, roots; My, f + m. CaCO- soft hodies; Cn, c,
krotovinas filled w/2.5YR4/6 VFS and Chn, thick clay
films on ped faces.

Bt2b 198-257 2.5YR4/4 2,c,PR SiCL h c e (in spots) Fw, f, CaCO; soft bodics.

Bt3b 257-292 2.5YR4/4 2,c,PR SiCL fr g e (in spots) Fw, f, CaCO; soft bodies; Cn, m, krotovinas filled

w/2.5YR4/6 VFS.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

Soil Core 92-17 (cont.)

BCb 292-335 2.5YR4/6 1,c,PR VESL fr a ste Fw, m, CaCO; soft bodies.

Btb2 335-371 2.5YR4/4 2,m,SBK SiC fi a ve Fw, f, detrital CaCO; nodules; Fw, f, CaCO; soft
bodies. Cn, c, krotovinas filled w/2.5YR4/4 VFS.

BCh2 371-424 2.5YR3/6 2,m,SBK SiL fr a ste Fw, m, krotovinas.

BCkb2  424-478 2.5YR4/3 1,c,PR VFSL fi a ve Cn, f + m, CaCO; soft bodies.

Cl1b2 478-660 2.5YR4/4 M VFSL fr a ste Stratified layers of VFSL + LFS; Fw, f,

2.5YR4/3 LFS CaCQj soft bodies.

C2b2 660-683 10R4/4 M GrS 1 ve Fw, m, detrital CaCO; nodules, subangular +
subrounded chert w/some quartz + sandstone My, vf,
detrital CaCO; nodules.

Soil Core 92-18, elevation 97.42 (Fig. 6.6)

A 0-10 2.5YR3/4 1,m,SBK SiL fr a ve Chn, f, roots; Fw, f, detrital CaCO; nodules.

Btk 10-46 2.5YR3/4 2,m,SBK SiCL fr c ve Fw, thin discontinuous clay skins; Fw, f, roots; Cn, f
+ m, CaCQO; nodules + soft bodies.

Btk2 46-76 2.5YR3/4 I,c,PR L vir a ve Fw, thin, discontinuous clay skins; Fw, f, roots; Cn, f,
CaCO; soft bodies.

BCk 76-130 2.5YR3/6 1,c,PR L h a ve Fw, f, roots; Cn, f + m, CaCOs; soft bodies.

Btkb 130-188 2.5YR4/4 2.f, PR CL exh a ve 2.5YR3/6 FS; Cn, f + m, CaCO; soft bodies; Cn, c,
krotovinas filled w/Fw, f, roots; Cn, thick continuous
clay skins on pedfaces.

BCb 188-251 2.5YR4/4 1,c,PR SiL fr c ve Fw, f + m, CaCO; soft bodies.

Clb 251-312 2.5YR3/6 M FSL fr g ve

C2b 312-457 2.5YR3/4 M FSL exh a ve Stratified FSL + LFS layers.

2.5YR4/4 LFS
C3b 457-470 10R4/4 M GLS | ve Subangular chert fragments; My, vf, detrital CaCO;

nodules; Gravels subrounded.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Special Features

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion
1992 Backhoe Trench A, Described Profile on South Wall, surface elevation 96.05(Fig. 6.7)
Bk 0-59 2.5YR4/6 2,m,SBK VFSL vir a ve
BCl1 59-132 2.5YR3/6 1,c,SBK FSL vir cl ve
BC2 132-162 5YR4/4 2,c,PR SCL fr g e
2CB1 162-201 5YR4/6 2,c,PR FSL vir g ste
2CB2 201-220 5YR4/6 2,c,PR SCL vir a ste
2CB3 220-224 2.5Y5/2 2,c,PR SCL vir a ste
2CB4 224-236 5YR4/4 2,c,PR FSL fr g ste
2CBS 236-261 2.5YR4/6 2,c,PR FSL fr a ste
2CB6 261-274 10YRS5/3 2,¢,PR FSL vir a ste
2CB7 274-285 5YR4/4 2,c,PR L fr g ste
2CB8 285-365 5YR4/4 2,¢,PR CL fr a ste

My, ¢, CaCO; soft bodies + nodules; Fw, f, roots;
Fw, f, CaSO, cluster casts; Fw, c, tubular vertical
krotovinas.

Fw, ¢, CaCOj; nodules; Cn, f, Mn stains; Cn, m,
CaSO, cluster casts; Fw, f, roots; Fw, c, tubular
vertical krotovinas.

Cn, f, ft, I0YRS8/3 redox, Fw, f, snails; Fw, f, roots;
Fw, c, tubular vertical krotovinas.

My, m, ft, 2.5YR6/2 redox; Fw, ¢, 2 cm SCL,
5YR3/3 lenses; Fw, f, roots; Fw, f, snails; Fw, c,
tubular vertical krotovinas.

Fw, m, CaCOj; nodules; Cn, m, dt, 2.5Y6/2 redox;
Fw, f, roots; Fw, f, snails, Fw, c, tubular vertical
krotovinas.

Fw, f, ft, 7.5YRS/2, redox; Fw, f, roots; Fw, f, snails;
Fw, m, CaCO; nodules; Fw, c, tubular vertical
krotovinas.

Cn, m, dt, 10YR6/2 redox; Cn, f + m, snails; Fw, f,
roots; Fw, ¢, tubular vertical krotovinas; Fw, m,
CaCO; nodules.

Cn, m, dt, 10YR6/2 redox; Fw, f, roots; Fw, c,
tubular vertical krotovinas; Cn, f + m, snails;
charcoal.

Cn, f + m, snails; Fw, f, 2.5Y6/8 Fe stains;

Fw, f, roots; Fw, c, tubular vertical krotovinas.
Stratified layers of S5YR3/4 clays 2 cm lenses;
stratified layers of 10YR6/2 sands 2.cm lenses; Fw, f,
snails; Fw, f, roots, Fw, c, tubular vertical krotovinas;
Fw, m, CaSO, clusters.

Stratified layers of 5YR6/8 sands 2 cm lenses;
stratified layers of 10YR6/2 sands 2 cm lenses; Fw, f,
snails; Fw, f, roots, Fw, c, tubular vertical krotovinas;
Fw, m, CaSO; clusters — boulder at base.
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Table 6.2 (cont.). Seil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

1992 Bachhoe Trench A Described Profile (cont.)

3C1 365-445 2.5YR4/8 (auger LVFS ste

3C2 445-483 2.5YR4/6 starts) LFS ste

3C3 483-502 2.5YR4/8 LS ve

3C4 502-518 2.5YR3/6 VGLS ve Subangular + subrounded chert + CaCOs gravels up
to 6 cm.

3C5 518-549 2.5YRS/8 LFS ve Cn, subangular + subrounded chert + CaCOQ; gravels
up to 3 cm.

3C6 549-551+ 2.5YRS5/8 GLVFS ve Cn, subangular + subrounded chert + CaCO; gravels
up to 3 cm.

1992 Backhoe Trench B, East Column; surface elevation relative to datum 99.02 m (Fig. 6.7)

BC 0-38 2.5YR3/4 1,c,SBK SCL fr cl,w ve Cn, f, dt, 10YRS/2 redox; Cn, m, vertical tubular
krotovinas; Fw, f, roots; Cn, f, Mn stains; Fw, f + m
CaCQj threads + concretions.

CBl1 38-52 7.5YR4/4 1,¢,SBK CL fr w,s ve Cn, f, ft, 10YR6/1 redox; Fw, f, roots; Fw, f + m,
CaCQj threads + concretions; Fw, f, snails; Cn, m,
vertical tubular krotovinas.

CB2 52-83 10YRS/3 1,¢,SBK CL fr a,w ste My, f, snails; Fw, f + m, CaCQO; threads +
concretions; Fw, f, roots. Cn, m, dt, 5YR5/8 redox;
Cn, m, vertical tubular krotovinas.

2CB3 83-109 2.5YR3/6 1,c,PR FSL fi d,s - Cn, m, vertical tubular krotovinas; Fw, [, roots; Fw, f,
snails.

2CB4 109-153 2.5YR3/6 1,c,PR FSL fi d,s - Cn, m, vertical tubular krotovinas; Fw, f, roots; Fw, f,
snails.

2CB5 153-256 2.5YR3/6 1,c,PR SCL fi g.s e (in spots) Fw, f, roots; Fw, f, charcoal fragments; Cn, m, CaSO,
cluster casts; Cn, m, vertical tubular krotovinas.

2C 256-282+ 2.5YR4/8 M LFS vfi - e Stratified, f, sands + gravels.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Bound Reac-

tion

Special Features

ste

€

e (in spots)

ve
ve
ve
ve

ste

ste

ste

Depth Color Struc- Tex- Consis-
Horizon (cm) Moist ture ture tence dary
1992 Backhoe Trench B, West Column; surface elevation relative to datum 98.62 (Fig. 6.7)
Bk 0-35 2.5YR3/6 1,m,SBK VESL fr cl,w
CBI 35-109 2.5YR3/6 1,c,PR FSL fr 2,8
CB2 109-206 2.5YR3/4 1,c,PR SCL fi cl,s
C 206-227 2.5YR3/6 M VFSL fr
BH-C: 6-10-92 Con’t. west of the N. Trench 100.50 m
Ap 0-30 5YR3/4 1,m,SBK VFSL fr cls
A 30-51 5YR3/3 2,m, SBK VFSL fr 2.8
AB 51-93 5YR4/4 2,m,SBK VFSL fr cl,s
Btkl 93-143 7.5YR3/4 3,m,SBK L exh 2.8
Btk2 143-179 5YR4/6 3,m,SBK CL exh cl,w
BCk 179-254 2.5YR3/6 2,m,ABK CL h d,s

+ PR

CB 254-314 2.5YR4/6 1,c,PR CL fi 2,8
C 314-345+ 2.5YR3/6 M VFSL fr -

Fw, f, roots; Cn, ¢, CaCOj; soft bodies + concretions;
Fw, m, vertical tubular krotovinas; Fw, f, snails.
Fw, f, roots; Fw, f, CaCO; soft bodies as threads on
pores; Fw, f, charcoal fragments; Fw, m, CaSO,
cluster casts; Fw, m, vertical tubular krotovinas; Fw,
f, snails.

My, m, CaSOj cluster casts; Fw, f, roots; Fw, f,
CaCO:; soft bodies as threads on pores; My, f,
charcoal fragments; Fw, m, vertical tubular
krotovinas.

Stratified f + m, sands.

My, f + m, roots.

My, f + m, roots.

My, f + m, roots; My, f, CaCO; concretions; Fw, c,
tubular krotovinas.

Fw, c, tubular krotovinas; Cn, f + m, roots; My, f +
m, CaCO; concretions.

My, f + m, CaCO, concretions; Fw, ¢, tubular
krotovinas; Cn, f, roots.

Fw, f, roots; Cn, m + ¢, CaCO; soft bodies +
concretions seem to fill krotovinas; Fw, m, CaSO,
cluster casts.

Fw, f, roots; Fw, f, snails.

Fw, f, roots.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

Bulldozer Trench A West Soil Profile 104.94 m (Fig. 6.6)

Ap 0-28 5YR3/4 1,c,SBK SiL vir a,s - My, f + m + c, roots.

Bw 28-54 2.5YR4/6 2,m,SBK VFSL vir a,w sle Cn, f + m, roots; Fw, f, CaCO; soft bodies Fw, f,
roots; Cn, m, CaCOs; soft bodies + nodules.

Bkb 54-69 5YR4/6 2,¢,SBK SiL fr a,s ste Cn, f + m, roots; Fw, f, CaCO; soft bodies Fw, f,
roots; Cn, m, CaCO; soft bodies + nodules.

Btkb 69-130 2.5YR4/6 3,c,PR SiCL fi a,w ve Fw, f, roots; Cn, m, CaCO; soft bodies + nodules.

BCb 130-158 2.5YR4/6 1,c,SBK Si fr a,w ve Fw, f, roots; Fw, f, CaCO; soft bodies + nodules.

CBl1b 158-180 2.5YR3/6 2,¢,.SBK SiL fr a,w ve Fw, f, roots; Fw, m, CaCO; soft bodies + nodules; fly
stratified.

CB2b 180-207 2.5YR4/4 1,c,SBK LVEFS fr aw ve Fw, f, roots; Fw, f, CaCO; soft bodies; fly stratified.

CB3b 207-216 2.5YR4/6 1,m,SBK C fi aw ve Fw, f, roots; Fw, f, CaCQO; soft bodies; fly stratified.

CB4b 216-225 2.5YR4/6 1,¢,SBK SiC fr c,w e Fw, f, roots; Fw, f, CaCO; soft bodies.

CB5b 225-300 2.5YR3/6 1,¢,SBK LVES fr cW sle Chn, f, CaCO; soft bodies + nodules; Fw, f, roots.

CB6b 300-331+ 2.5YR4/6 1,¢,SBK LFS vir sle Fw, f, roots; fly stratified.

Bulldozer Trench A Middle Soil Profile 105.25 m (Fig. 6.6)

Ap 0-20 S5YR3/4 1,c,SBK SiL vir a,w - My, f + m, roots.

Bwl 20-53 5YR4/6 1,m,SBK SiL fr c.S - Cn, f + m, roots.

Bw2 53-110 2.5YR4/6 1,m,SBK SiL vir a,w e Fw, { + m, roots; Fw, ¢, (less than 5 cm); Cn, f,
CaCO; soft bodies as ped coating.

Bkb 110-138 5YRS/8 3,f+m,SBK SCL vh c,$ ve Fw, f, roots; My, m, CaCO; nodules + soft bodics.

Btkb 138-184 2.5YR3/6 3,m,ABK SiC exh a,w ve My, ¢, CaCO; m + c, soft bodies + nodules; Fw, f,
roots; Cn, dt, clay skins.

BClb 184-207 2.5YR4/6 2,¢,.SBK SiL h a,w ve Fw, f, roots; Fw, f, CaCO; soft bodies.

BC2b 207-214 2.5YR4/6 2,£,.SBK SiC h a,w ve Fw, f, roots; Fw, f, CaCO; soft bodies.

CBlb 214-309 2.5YR4/6 1,¢,SBK SiL h a,w ve Fw, f, roots; Fw, m, CaCO; soft bodies + nodules; fly
stratified; approx. 1.2 m west a clay layer ends
abruptly.

CB2b 309-337 2.5YR4/6 1,m,SBK SiL fr d,w ve Fw, f, roots.

CB3b 337-343+ 2.5YR4/6 1,m,SBK VFSL fr - ve Fw, f, roots.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

Bulldozer Trench B East Soil Profile 103.02 (Figs. 6.6 and 6.15)

A 0-33 5YR4/6 1,m,SBK SiCL fr a,w ve My, f + m, roots.

AB 33-44 5YR4/6 2,m,SBK SiL fr a,w ve Cn, f + m, roots.

Bk 44-91 2.5YR4/6 2,¢,SBK SiL fr a,w ve Cn, f, roots; Cn, f + m, CaCO; soft bodies + nodules;
fly stratified.

CBI 91-117 SYRS5/8 1,m,SBK SiL vir a,w ve Fw, f, roots; fly stratified.

CBkm2 117-141 SYRS5/8 1,m,SBK VFSL vir a,w ve Fw, f, roots; Cn, ¢, CaCOs soft bodies + nodules; fly
stratified.

Ab 141-165 5YR4/6 1,¢,SBK SiL vii Cc,W sle Fw, f, roots; Cn, f, CaCOj soft bodies + nodules.

ABkb 165-213 5YR3/4 3,c,PR SiCL exfi c,w ste Fw, f, roots; My, m, CaCQO; soft bodies + nodules;
Chn, pt, clay skins on ped faces.

Bklb 213-273 5YR4/4 2,c,PR SiCL vfi Cc,W ve Fw, f, roots; My, f, caCO; soft bodies + nodules; Cn,
pt, clay skins on ped faces.

Bk2b 273-299 SYR4/4 1,c¢,SBK SiCL exfi a,w ste Fw, f, roots; My, f + m, CaCO; soft bodies + nodules;
Chn, ft, clay skins on ped faces.

CBI1b 299-337 5YR4/4 1,c,PR SiL fr a,w ste Fw, f, roots; Fw, f + m, CaCO; soft bodies + nodules;

Fw, ft, clay skins on ped faces; fly stratified.

Bulldozer Trench B West Soil Profile 101.63 m (Figs. 6.6 and 6.15)

ACp 0-27 SYR4/6 1,m,SBK VfSL vir a,s ste My, f + m, roots.

Ab 27-59 5YR3/4 1,c,SBK SiL vir c,W ste My, f + m, roots.

Bwb 59-108 SYR3/4 1,¢,SBK L fr a,w ste Cn, f + m, roots; Fw, f, CaCO; soft bodies + nodules.

BCkb 108-159 SYR4/6 2,c,SBK SiL fr c,W ve Cn, f + m, roots; Cn, m, CaCO; soft bodies +
nodules.

CBIb 159-211 5YR4/6 1,c,PR SiL vfi c,w ve Chn, f, roots; Fw, m, CaCQj soft bodics + nodules;
Cn, dt, clay skins on ped faces.

CBk2b 211-234 2.5YR3/6 3,c,PR C exfi c,W ve Cn, f, roots; Cn, ¢, CaCO; nodules + soft bodies; My,
pt, clay skins on ped faces.

CBk3b 234-262 2.5YR4/6 2,¢,SBK SiL vfl Cc,W ve Fw, f, roots; Cn, ¢, CaCQOj; soft bodies + nodules; Cn,
ft, clay skins on ped faces.

CBkdb  262-328 2.5YR4/6 1,c,SBK VFSL fi c,W ve Fw, f, roots; Fw, ¢, CaCOj; soft bodies + nodules.

CB5b 328-394+ 2.5YR4/6 1,¢,SBK LVFS fr ve Fw, f, roots; Fw, m, CaCO; soft bodies + nodules.
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Table 6.2 (cont.). Soil Profile Descriptions for Burnham Site 1991 and 1992 Soil Borings and Excavations.

Depth Color Struc- Tex- Consis- Bound Reac-

Horizon (cm) Moist ture ture tence dary tion Special Features

Profile descriptions for Bulldozer Trench D, Burnham site 103.00 m (Fig. 6.6)

A 0-21 5YR3/4 3,c,GR SiCL fr a,w ve My, f+ m, roots.

Bkl 21-44 2.5YR4/6 2.f£,.SBK SiCL fr c,W ve Cn, f + m, roots.

Btk2 44-95 2.5YR4/6 2,c,PR SiCL fr c,W ve Cn, f + m, roots; Cn, m, CaCO; soft bodies +
nodules; Cn, pt, clay skins on ped faces; fly stratified.

BCl1 95-150 2.5YR4/6 1,c,PR SiL fi c,W ve Fw, f, roots; Fw, m, CaCOQ; soft bodies + nodules;
Cn, dt, clay skins on ped faces; fly stratified.

BC2 150-218 SYRS/6 1,¢,SBK SiL fr c,W ve Fw, f, roots; Fw, m, CaCOQO; soft bodies + nodules at
top of horizon; Chn, ft, clay skins on ped faces; fly
stratified.

CB1 218-246 5YR5/6 1,¢,SBK SiL fr c,W ve Fw, f, roots; Fw, m, CaCQ; soft bodies + nodules at
base; Fw, ft, clay skins on ped faces; fly stratified.

CBk2 246-294 SYRS/8 1,¢,SBK SiL fr c,w ve Fw, f, roots; Cn, ¢, CaCOj; soft bodies + nodules; fly
stratified.

CB3 294-334 SYRS5/8 1,c,SBK SiL fr c,W ve Fw, f, roots; Fw, m, CaCO; soft bodies + nodules; fly
stratified.

CB4 334-350+ 2.5YR4/6 1,c.SBK SiL fr ve Fw, f. roots; Fw, m + ¢, CaCQO; nodules; fly stratified.

" color; (moist): structure; 1 — weak, 2 — moderate, 3 — strong, f — fine, m — medium, ¢ — coarse, PL — platty, SBK — subangular blocky, ABK — angular blocky,

PR - prismatic, M — massive, SG - single grain: texture; V — very, F - fine, S - sand, Si - silt, C — clay, L — loam, G - gravel: consistence; v — very, fr — friable, |
- loose, fi — firm, h — hard: boundary; a — abrupt, ¢ — clear, g — gradual, d - diffuse, s — smooth, w — wary, i — irregular: reaction; e — effervescence, sl — slight, st
strong, v — violent: special features; My — many, Cn ~ common, Fw — Few, f — fine, m — medium, ¢ — coarse, redox — redoximorphic features (mottles), ft — faint,

dt, distinct, pt — prominent.
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Chapter 7
Introduction to the Burnham Biological Studies

Don G. Wyckoff

The initial impetus for the Burnham site research was the
observed presence of snails and bones of diverse mammals.
Their presence indicated the site could yield substantial in-
formation on the setting and environment in which they lived.
Even though the research at this site eventually took on the
hints of an ancient human presence too, all of the ensuing
excavations were conducted in ways that emphasized recov-
ery of all kinds of biological evidence. For example, all
deposits excavated by hand were washed through 2 mm mesh
screen to assure maximum recovery of snails, seeds, char-
coal, and bones of all sizes. Moreover, whenever it appeared
that other fossil forms might be present, matrix samples were
collected so that they could be processed by appropriate
scholars. As the following chapters attest, much was recov-
ered that enhances our understanding of the site’s age, eco-
logical setting, and the environment at that time.

During the first visit in 1986 bone fragments were seen
strewn over all three of the gleyed deposits exposed by the
bulldozer during construction of the small, modern pond.
Dr. Larry Martin, paleontologist with the University of Kan-
sas Museum of Natural History, was a member of that first
visiting party. Throughout the excavations Larry accepted
the responsibility for identifying and interpreting the recov-
ered vertebrate remains. Assisting him was Ph.D. candidate
T.J. Meehan. In 2001, bones of a dire wolf eroded out of
the site’s east exposure, and Dr. Nick Czaplewski (Sam Noble
Oklahoma Museum of Natural History) supervised their re-
covery and analysis.

Especially abundant during the first visit to the site were
thousands of snails scattered over the gleyed deposits. Dr.
Jim Theler (University of Wisconsin-LaCrosse) had been a
colleague during the Hajny mammoth site research (Wyckoff
etal. 1992), and, thankfully, he was willing to plan, recover,
and study the aquatic and terrestrial gastropods preserved in
the Burnham deposits. His findings add much insight to the
character of the setting. Notably, Jim’s interest in refining
the interpretive value of fossil gastropods led him, Brian
Carter, and me on systematic collecting expeditions for live
land snails across the Southern Plains, north to the Cana-
dian border (Theler et al. 2002; Wyckoff et al. 1997), and
even to Colorado’s highest mountain!

During the first fieldwork, samples from the diverse red
or gray sandy sediments were collected for pollen extrac-
tion. Their submission to the Palynology Lab at Washing-
ton State University failed to yield any pollen. Thanks do
go to Dr. Peter Mehringer and Peter Wigand for trying. Af-

ter the 1989 excavations, a sample of a thin silt lens above
the horse bone bed was submitted to Peter Wigand, who at
that time was with the Desert Research Institute, Reno, Ne-
vada, and he did succeed in recovering some poorly pre-
served grains. Dr. Paul Minnis (University of Oklahoma)
and student Barbara Keener kindly undertook analysis of
seeds recovered during water screening. The only charcoal
large enough for reasonable identification was part of a
charred log found in the paleosol exposed in the North 3
backhoe trench in 1989. Dr. Julio Betancourt (U.S. Geo-
logical Survey) was contacted about trying to identify the
wood before a sample was submitted for radiocarbon dat-
ing. Although personally unable to do the analysis, Dr.
Betancourt did enlist graduate intern Peter van der Water
who did complete a detailed study of the sample.

Included in this section is the description of the flint flakes
and other chipped stone objects recovered at the Burnham
site. We all were surprised when the first examples of these
artifacts were found while sorting through the debris left
after waterscreening sediments during the 1986 work. Our
surprise continued as more flakes were found during the 1988
and 1989 excavations. Again, if we had not waterscreened
with the fine mesh, we never would have found the majority
of these tantilizing hints of the presence of people. Kent
Buehler completed the analyses of these material clues to
people working flint. Besides thoroughly describing and
illustrating each of the artifacts, Kent has undertaken de-
tailed studies of the vertical and horizontal distributions of
these items and compared these distributions with those of
what are clearly natural pebbles and flinty lithics found at
the site. The objects we believe to be of human origin do
have a restricted distribution, but it is of secondary origin
because the artifacts were redeposited in one of the earliest
ponds that stood at this location.

Collectively, the efforts of all these individuals, and of-
ten their colleagues, contribute significant information on
the animals and plants that lived around the ancient pond
that eventually became the Burnham site. Their findings
are presented in the following chapters and comprise a ma-
jor contribution to our knowledge of the late Pleistocene in
this part of the Plains. All specimens are now curated at the
Sam Noble Oklahoma Museum of Natural History and are
available for father studies. In fact, teeth of the Southern
bog lemming have been loaned to Dr. Eileen Johnson at Texas
Tech University for comparative studies, and several horse
teeth are on loan to Dr. Bruce McFadden (Florida Museum
of Natural History) who is attempting to recover plant re-
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mains indicative of the prehistoric ecology and climate.
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Chapter 8
Vertebrate Fauna of the Burnham Site

Larry D. Martin and T. J. Meehan

Intreduction

Over seven hundred bones and bone fragments have been
recovered from the Burnham site (Tables 8.1, 8.2, and 8.3),
yielding the largest and most diverse late Pleistocene fauna
from Oklahoma. The site closely resembles sites to the south
in Texas. Co-occurrence of Alligator and Synaptomys (bog
lemming) at Burnham is unusual and lends further support
for higher equability of Pleistocene climates. A small portion
of the bones appear burned, and there is limited evidence of
human modification.

Located close to the Burnham site, but younger in age, is
the Bar M local fauna in Harper County, Oklahoma (Fig.
8.1). The Bar M local fauna has been dated at 17,750 + 360
ybp by Wells and Stewart (1987). This makes it full glacial,
even though it includes a cold intolerant species, Dasypus
bellus (beautiful armadillo). The Cragin site in Meade
County, Kansas, has a similar fauna to Burnham, but is older.
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Figure 8.1. Some notable Pleistocene sites near the
Burnham site of Oklahoma. Those with triangles lack Alli-
gator and Hesperotestudo.

The Cragin site was associated with active springs and may
have formed an isolated oasis in a semi-arid region (Hibbard
and Taylor 1960). In both Cragin and Burnham, there are
no beavers, muskrats, or water rats, and the fish are small
and have a very low diversity (minnow and small bullhead
in Cragin; sunfish in Burnham). The Cragin local fauna
includes the large Terrapene, Hesperotestudo, and Alligator
found in the Burnham local fauna. They also share
Glossotherium, Cynomys, Geomys, Neotoma, Microtus
(Pedomys), Canis, Mammuthus, Lepus, Sylvilagus,
Hemiauchenia, and Equus.

The Jones fauna is closer in age (radiocarbon dates of
26, 700 + 1500 and 29,000 + 1300 ybp; Martin 1977) to the
Burnham fauna and is closer geographically to the Cragin
fauna, but, unlike either, it has a northern faunal character.
The Jones fauna differs in having Sorex arcticus, S. cinereus,
Microtus pennsylvanicus, and M. montanus. The character
of the Jones fauna is maintained further north in the Trapshoot
local fauna (Stewart 1987), and the character of the Burnham
site is maintained southward into Texas. During the
Sangamon interglacial, faunas of the Burnham type extended
further northward, at least as far as southwestern Kansas.
During the Wisconsinan glacial, their northern border was
close to the present Oklahoma/Kansas border.

Due to the possibility of a human context, all bones were
examined for modification, and the occurrence of burned
bone was noted. The collection resides at the Sam Noble
Oklahoma Museum of Natural History, and the identification
numbers cited below were assigned by us.

Faunal Analysis

Fish (Pisces)

Fish are notable by their rarity and low diversity. Almost
all specimens can be referred to a single species of sunfish,
Lepomis cf. cyanellus. This sunfish is particularly good at
colonizing semi-isolated bodies of water. A second fish (not
a sunfish) is indicated by a single vertebra (#247), but the
overall diversity is amazingly low and would not be typical
of either normal pond or stream assemblages. All of the fish
so far recovered were probably less than 20cm in length.

Amphibians (Amphibia)

Salamanders. Both the plains tiger salamander,
Ambystoma tigrinum (#122, #193, #277, #294, #317, #54,
#392, #4335, #482, #532), and the Texas salamander,
Ambystoma texanum (#390, #454), are present according to
the vertebral characters given by Tihen (1958). The vertebrae
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indicate adult animals of normal size.

Frogs. No toads have been recognized, and frogs are
restricted to the leopard frog, Rana pipiens (#395, #457),
and the bullfrog, Rana catesbiana (#412).

Reptiles (Reptilia)

Turtles. A variety of turtles are represented in the
Burnham collection. Two of the forms, Chelydra sp. and
Trionyx sp., are characteristic of aquatic environments. Both
of these forms are based on very fragmentary remains. The
identification of Chelvdra sp. is based on a fragmentary
portion (#243) of the second costal and neural. This fragment
is from a thin-shelled turtle with a low-arched carapace, large
flat neurals, and a short interval between the scute lines and
the neural-costal suture. The specimen does not have a rib
base across from the junction of the scutes, but it otherwise
conforms with Chelvdra sp. Three specimens (#103, #403,
#443) of the soft-shelled turtle, Trionyx sp., can be identified
on the basis of fragments with the characteristic shell
ornamentation. The occurrence of pond turtles (Clenys,
Chrysemys) is presently doubtful although a number of very
small shell fragments are open to a variety of interpretations.
Chelvdra and Trionyx require permanent water, and Trionyx

specifically requires a stream environment. With only four
occurrences, the aquatic turtles must be considered rare
members of the fauna.

The box turtle, Terrapene, is much more common and
may account for the bulk of the unidentified turtle fragments.
Identification can be made on: a hypoplastron fragment (Fig.
8.2) showing the characteristic hinge (#705); a neural
fragment showing ornamentation (#685); a xiphiplastron
fragment (#717); and the right anterior margin of a carapace
(#678; Fig. 8.2). All of these are from a large (carapace
length greater than 200mm) Terrapene and may be referred
to one of the large Pleistocene forms of Terrapene carolina.
Asimilar Terrapene occurs at the nearby Hajny site, but that
site is thought to be of greater age than the Burnham site
(Martin 1992).

Two specimens (Fig. §.2), a plastron fragment (#677) and
a peripheral (#708), are from a very large turtle with a thick
shell. We think that these fragments are from a relatively
smooth-shelled example of Hesperotestudo sp. (see Preston
1979 for a discussion of late Pleistocene Hesperotestudo).
This is the most northern late Pleistocene record of this genus.
Hesperotestudo is not thought to have been able to tolerate
freezing temperatures.

Figure 8.2. Terrapene carolina: a, hypoplastron fragment with hinge (#705); b, right ante-
rior carapace margin (#678). Hesperotestudo sp.: ¢, plastron fragment (#677); d, periph-
eral fragment, cross section view (#708); e, peripheral fragment, dorsal view (#708). Alli-
gator cf. mississippiensis tooth (#491). Lower scale in cm is for items a-e, whereas the right

scale is for item f.
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Snakes. A small number of identifiable snake vertebrae
have been recovered. None of the taxa would be considered
exceptional in the modern fauna around the Burnham site.
They include: a racer., Coluber constrictor (#255);
kingsnakes. Lampropeltis sp. (#209, #343, #380); water
snakes, Natrix sp. (#117, #170, #213, #216, #375, #407,
#457); and a rattlesnake, Crotalus sp. (#113. #200, #231,
#3706, #4553, #697).

Lizards. An unidentified lizard is represented by two
vertebrae (#123, #150).

Alligators. The most surprising faunal element at the
Burnham site is a single, probably shed tooth (#491) of a
fairly large (over one meter) alligator, Alligator cf
mississippiensis (Fig. 8.2). Preston (1979) reports a single
tooth from the slightly further north and older Cragin Quarry
local fauna (late Tllinoian to Sangamonian of Meade County,
Kansas). The Burnham occurrence is the furthest northern
record for its age (late Wisconsinan), although Herculaneum,
Missouri, also yielded a late Wisconsinan record. Alligators
require deep, permanent water and would not tolerate severe
freezing winters. They generally feed on fish, turtles. and
snakes. It is unlikely that the known fish fauna at Burnham
could support an alligator. Turtles and snakes along with an
occasional mammal may have supported an individual, but
we doubt that there was a sustained population.

Birds (Aves)

Two unidentifial bones (#144, #149), a duck (#261), and
unidentified passeriforms (songbirds; #483, #733) are the
only bird remains so far found at the site. The absence of
greater numbers of birds or small mammals may be due to
the absence of a suitable owl roost over the pond, as raptorial
birds are important sources of small vertebrate remains in
most Pleistocene faunas.

Mammals (Mammalia)

Edentata. Two ground sloths appear to be present. The
larger form (Fig. 8.3) is represented by a hyoid bone (#739)
identified by G. MacDonald (1991, personal communication)
as “Glossotherium sp.” The smaller form, represented by a
tooth (#514), probably represents Nothrotheriops shastensis
(Fig. 8.3).

Insectivora. Two insectivores are present in the
Burnham site collection. One (Fig. 8.3) is a shrew, Cryprotis
parva, which is represented by a mandible (#722). According
to Bee et al. (1981), it prefers grasslands and successional
growth around ponds. The other insectivore is the eastern
mole, Scalopus aquaticus, which is represented by a humerus
(#406). In western Kansas it is only found in valleys where
the soil is soft and moist (Bee etal. 1981), and this restriction
should also apply to northwestern Oklahoma. Both species
can be found today in the vicinity of the Burnham site.

Figure 8.3. Ground sloth, Glossotherium sp.: «a, hvoid (#739). Ground sloth, Nothrotheriops shastensis: b, tooth (#514).
Shrew, Cryptotis parva: ¢, occlusal view of mandible (#722); d, lateral view of mandible (#722). Bog lemming, Synaptomys
cooperi: e, occlusal view of Mi(#379). Prairie vole, Microtus ochrogaster: f, occlusal view of M1(#226). ltems a-b scale in
emy items c-f scale is 10X.
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Leporidae. The jackrabbit, Lepus sp., is represented by
a single tooth (#194), and the cottontail rabbit, Sylvilagus
sp.. by some isolated incisors (#120, #169, #438, #480) and
a cheek tooth (#600).

Rodentia. The blacktailed prairie dog, Cynomys
ludovicianus, is present (#168, #227, #265, #266, #332,
#410, #410, #4717, #488). It requires open areas of short or
mixed-grass habitat and apparently cannot tolerate tall-grass
(Goodwin 1990). Prairie dogs are accomplished burrowers,
but make burrows of greater diameter than those observed
in the Burnham excavations. The presence of prairie dogs
indicates the absence of continuous forest and the probable
absence of tall-grass prairie (Goodwin 1990).

Vole specimens are common at the site (#145, #155, #167,
#181, #196, #207, #226, #229, #253, #308, #323, #328,
#358, #371, #389, #393, #439, #461, #468, #471, #569,
#578, #582, #616, #617). The prairie vole, Microtus
ochrogaster, is hard to distinguish from the woodland vole,
Microtus pinetorum. The M1 specimens have a broadly open
connection between the anterior loop and the alternating
triangles (Fig. 8.3f). This feature along with biogeographic
considerations favor an identification of prairie vole. Prairie
voles construct underground tunnels and can live in drier
grasslands than some of the other arvicoline rodents.

The only other arvicoline present at the site is the southern
bog lemming, Synaptomys cooperi (Fig. 8.3¢). The form
present is unusually large as indicated by two isolated teeth
and a mandible (#355, #379, #415). Southern bog lemmings
still occur with the prairie vole in southeastern Kansas, and
this is presently the southernmost limit of their range. They
favor damp to wet grassland surrounding springs (Bee et al.
1981).

Several wood rat molars (#348, #540, #575, #583, #673)
were found at Burnham and assigned to Neoroma cf
floridana. The wood rat normally requires a few trees and
prefers rock outcrops for shelter. It presently occurs in the
vicinity of the Burnham site.

A pocket gopher, Geomys sp., is represented at Burnham
by teeth, mandibles, and a few limb bones. The pocket
gopher has a wide modern distribution and prefers deep,
sandy soils with few trees (Bee et al. 1981).

Carnivora. Canis latrans (coyote) is identified on the
basis of a radius (#737) and an enamel fragment (#172) from
the labial side of the left M-1. The only other camivore
represented is a large bear for which there is a third metatarsal
(#736). This bone is smaller than the third metatarsal of a
female short-faced bear (Arctodus simus) from Natural Trap
Cave, but is larger than any black bear (Ursus americanus)
in the University of Kansas collection. The Pleistocene Ursus
americanus was larger than the modern form (Kurten and
Anderson 1980), and assignment to the large Pleistocene

form is reasonable.

Artiodactyla. A fragment of a camelid metatarsal (#267/
#268), as well as a vertebral fragment and incisor (#111,
#573), can be referred to the llamine camel, Hemiauchenia
sp. Hemiauchenia was a highly cursorial llama that is
common in late Pleistocene sediments of the southern states.

A large (elk-sized) cervid is represented by the posterior
margin of a lower jaw and some tooth fragments (#285, #456,
#4606, #626).

The bison (Figs. 8.4 and 8.5j) is the most completely
represented artiodactyl at the site. It consists of a skull, jaw,
teeth, horn core fragments, scapula, scaphoid, and various
vertebrae and ribs (#258, #280, #284, #493, #494, #495,
#496, #497, #498, #499, #500, #501, #504, #511, #512,
#603, #634, #637, #660, #661, #730, #731, #732). The
teeth of the Burnham bison are completely worn out and the
horns are large, indicating that this individual was a bull at
the extreme range of old age.

This bison is a long or “straight-horned” bison of the
group that includes Bison latifrons and B. alleni. The
identification of North American long-horned bison is
chaotic. McDonald (1961) assigns some taxa to hybrids
between species, for instance, B. willistoni is considered a
hybrid between B. latifrons and B. priscus, and B.
crassicornis is considered a hybrid population of Eurasian
and North American species (McDonald 1981:120). It is
difficult to evaluate the biological reality of such schemes,
and the assignment of very dissimilar specimens from Texas
and Oklahoma to the expected range of variation of Alaskan
species is biogeographically risky. Because of this we have
decided to use Bison chaneyi (Cook 1928). If B. chaneyi is
a junior synonym, we think it is more likely to be included
in B. alleni than in B. alaskensis, a species whose separation
from B. priscus and B. crassicornis is uncertain. According
to McDonald (1981:125), “B. alaskensis is usually
undifferentiated from B. priscus by European writers.” The
most striking difference between B. chaneyi and B. alleni is
the somewhat less recurved horn cores of the latter.

The taxonomy of this group is so unsettled that Kurten
and Anderson (1980) included all of the straight-horned bison
in B. latifrons, while others recognize B. willistoni and B.
chaneyi as separate species. Schultz (1968) restricts this
general type of bison to pre-Sangamonian deposits. The
Burnham bison is important as it shows unequivocally that
this type of bison persisted into the late Wisconsinan.

The horn core length of the Burnham bison (Table 8.1) is
too short for typical Bison latifrons, although its basal
diameter is well within the range of that species (Skinner
and Kaisen 1947). The high curvature of the horns is not
typical of B. alleni and compares well with B. chaneyi. We
postulate the existence of a long-horned bison population
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Figure 8.4. Views of Bison chaneyi skull (#730): a, lateral view; b, posterior view; and c, dorsal view.
Scale bar is one meter.

Table 8.1. Comparative Horncore Measurements of Bison

Horncore

Measurement Burnham Bison Bison c haneyi B. alleni B. alaskensis
in millimeters Holotype Holotype Holotype
Tip to burr on

the upper curve 558 545 640 475

Tip to burr on ,

the lower curve 660 630 750 528

Tip to tip 1002” 1071 ? 1115
Transverse diameter 147 142 143 129

Width between
homcores and orbits 325* 320 ? 339

Non-Burnham bison measurements from Skinner and Kaisen (1947) who also describe methods.
*Measured to the midline and doubled.
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Figure 8.5. Equus (Hemionus) sp.: a, calcaneum (#650); b, first phalanx (#642); ¢, second
phalanx (#642); d, third phalanx (#642); e, vestigial metacarpal (#738); f, metatarsal 111
(#502); g, metacarpal Il (#744). Bison chaneyi: h, scapula (#496); i, thoracic vertebra
(#501/660); j, left mandible (#493); k, atlas vertebra (#495). Items a-g, right cm scale; items
h-k, lower cm scale.

assignable to B. chaneyi in the very late Pleistocene of the Perissodactyla. Two kinds of horses are present. There
southern United States. The Burnham site is the only co- is a large (draft horse-sized) form (Fig. 8.6b), Equus sp.
occurrence of possible lithic artifacts with a long-horned (#503), and a small wild ass (Figs. 8.5a-g and 8.6a-e), Equus
bison. (Hemionus) sp. (#101,#108, #109, #156, #157, #158, #1509,

#161, #162, #1066, #177, #259, #262, #2063, #264, #269,

Proboscidea. A number of ivory scraps and two bone  #270, #271, #272, #281, #283, #339, #489, #502, #513,
fragments (#5035, #636) demonstrate the presence of a #3515, #517, #519, #520, #521, #522, #525, #3527, #5535,
proboscidean, and two tooth fragments (#137,#219) identify ~ #556, #3557, #593, #604, #6035, #606, #607, #608, #6009,
it as Mammuthus. #0610, #0611, #0613, #0614, #5921, #0622, #0623, #0624, #0625,
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Figure 8.6. Equus (Hemionus) sp.: a, partial mandible (#504). Equus sp.: b, distal metapodial fragment (#503). Equus
(Hemionus) sp.: ¢, metacarpal I (#744; same as in Fig. 8.5g); d, radius (#745); e, humerus (#740). Item a, top cm scale;

irems b-e, left cm scale.

#0638, #0639, #0640, #0641, #0642, #0643, #0644, #0645, #0646,
#0647, #0648, #0649, #650, #0651, #0652, #0653, #0654, #0655,
#0656, #0657, #0658, #659, #0068, #0680, #720, #721, #723,
#724, #725, #7128, #729, #738, #740, #741, #743, #744,
#745). The ass is probably the most common and best
represented animal at the Burnham site and seems to be
identical to 17,000 year-old specimens from Natural Trap
Cave in Wyoming. Natural Trap also contains a large equid
(Wang and Martin 1993)..

Bone Distribution
The distribution of vertebrate remains within the site is
not very informative. Plots comparing sunfish (Figs. 8.7

and 8.8) to arvicolids (Figs. 8.9 and 8.10) show essentially
the same distributions. The burned bones are concentrated
in the same squares as the lithic artifacts, but so are the fish
occurrences (Figure 8.11). Ivory flakes are also more
abundant in those squares (Figs. 8.12 and 8.13), but no
fragments found were culturally modified. There is a
tendency for the vertebrate remains to form a band running
northeast. and this may reflect a relationship with the pond’s
margin.

Conclusions
The snails, alligator, and fine-grained sediments of the
Burnham site all indicate permanent ponded water, but many
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Figure 8.7. Distribution of sunfish bones in the East Exposure at the Burnham Site.

w17 wig

Fish Distribution
NW Exposure

Burnham Site (34Wo073)
Woods County, Oklahoma
F =fish bone (not a sunfish)

(##.#) = (olovation in meters)
1 meter

F(06.6)

w2 w1

0

S1

S2

83

S4

S5

S6

NS
1{98.9,NC3) | 1(97.1,NCR) N4
1(97.2,NCD 1m.m=n| N3

wis w14 w13
[o]

Figure 8.8. Distribution of fish bones in the Northwest Exposure at the BEurnham Site.
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Figure 8.9. Distribution of bones of Microtus and Synaptomys in the East Exposure at the Burnham Site.
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Figure 8.11. Distribution of charcoal and burned bone in the East Exposure at the Burnham Site.
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Figure 8.12. Distribution of proboscidean bones in the East Exposure at the Burnham Site.
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Figure 8.13. Distribution of proboscidean bones in the Northwest Exposure at the Burnham Site.

paleoecological indicators of such an environment are absent,
including most of the commonly found species of fish, pond
turtles, muskrats, water rats, and beavers. Only a single
species of small sunfish is present, and it belongs to a species
with notable dispersal abilities. It seems impossible that the
pond could have been associated with a permanent stream
of any size, and it seems likely that the Burnham site was
semi-isolated from other bodies of water, except during the
highest water in the springtime when an occasional fish or
soft-shelled turtle was able to enter it. On other hand, the
alligator would require relatively deep, permanent water. We
think this situation could best be explained by a spring fed
sinkhole that was drained by a small creek, one that would
not have been large, even in flood periods.

During drought periods, the spring would have reduced
flow, and the pond margin would have retreated. Many of
the bones show etching from roots, indicating that a surface
with terrestrial vegetation had developed soon after their
burial. In a few cases the bones show etching on only one
side. In these cases, the pond retreated before the bone was
completely buried, and roots acted on the buried portion.
When the pond level rose, the upper part of the pond was
buried by normal lacustrine sediments, and root action
ceased. Coupled with these changes in water level are zones
of bioturbation. Judging from the size and shape of the
burrows, crayfish may be the most important bioturbators
with occasional rodent burrowing. The putative crayfish

burrows appear to be penecontemporaneous with the infilling
of the pond.

Spring turbation is indicated by the development of a
high polish on limited areas of some bones and by indications
of sediment and oxidation boils. The discovery of the bison
skull resting nearly vertically on one horn core indicates that
it must have come in at a high angle off of a steep slope and
became imbedded in a soft bottom.

Small vertebrates are not common in the Burnham
sediments, and those that have been found probably lived in
or adjacent to the site. In many Pleistocene small vertebrate
assemblages, raptorial birds are thought to have accumulated
much of the collections. It may be that adequate roosts for
such birds were not available in the portion of the deposit
that was excavated. The presence of hackberry (Celtis sp.)
fruits and paw paw wood in the deposit indicate that at least
some trees were locally present.

The entire vertebrate fauna has a very southern aspect,
showing a much greater affinity with Gulf Coast faunas than
with the well-known late Pleistocene faunas of Kansas and
Nebraska. Especially southern in aspect are the alligator,
large terrapene, and the giant tortoise (Hesperotestudo). The
alligator and giant turtoise are not thought to have been able
to tolerate extended periods of freezing temperatures.
Somewhat greater or more effective precipitation than today
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is also indicated. The only animal of northern aspect is the
southern bog lemming, and a relic population of this animal
still persists in spring fed marshes and adjacent meadows
less than a hundred miles north in Kansas.
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University of Provenience Identification
Kansas
Temporary #
Mammuthus
137 East Grid, N4-15, NE % level 97.2 Mammuthus tooth fragment
219 East Grid, N3-W15, North Balk, NC2 stratum Mammuthus tooth fragment
505 East Grid, S1-W22, bone concentration, SC4 stratum Proboscidian bone fragment
636 NW Exposure, 0-S5, level 96.7, mapped item #1 Proboscidian bone fragment
Ivory, probably Mammuthus
104 NW Exposure, surface, west side of modern pond 2 flakes of ivory
242 NW Exposure, surface, just east of 0-S3 Ivory flake
274 NW Exposure, 0-S4, level 96.4 9 flakes of ivory
275 NW Exposure, 0-S5, level 96.7 5 flakes of ivory
276 NW Exposure, 0-S4, level 96.6 16 flakes of ivory
278 NW Exposure, 0-S4, level 96.6 5 flakes of ivory
279 NW Exposure, 0-S6, 96.7 3 flakes of ivory
314 East Grid, S1-W22, level 96.4, SC4 stratum 3 flakes of ivory
316 East Grid, S1-W22, level 96.2, SD stratum 1 flake of ivory
319 East Grid, S1-W22, level 96.3, SD stratum 2 flakes of ivory
326 East Grid, S1-W22, level 96.2, SD stratum 7 flakes of ivory
341 East Grid, 0-W22, level 95.9, NE %, SD stratum 1 flake of ivory
364 East Grid, N2-W21, level 96.8, NC3 stratum 2 flakes of ivory
366 East Grid, N1-W21, level 96.7, SE %, SC4 stratum 1 flake of ivory
367 East Grid, N1-W21, level 96.45, NW %, SD stratum 2 flakes of ivory
369 East Grid, S2-W21, level 96.85, NW &SE 1/4s, SC4 1 large flake of ivory
561 NW Exposure, 0-S3 1 flake of ivory
664 NW Exposure, S6-W1, level 96.9 1 flake of ivory
667 NW Exposure, S6-W1, level 96.74 3 flakes of ivory
675 NW Exposure, S4-W1, level 97.2 5 flakes of ivory
676 NW Exposure, S4-W1, level 96.8 1 flake of ivory
682 NW Exposure, S6-W2, level 97.2 1 flake of ivory
687 NW Exposure, S3-W1, level 97.1 1 flake of ivory
689 NW Exposure, S3-W1, level 97.2 1 flake of ivory
690 NW Exposure, S3-W1, level 97.0 5 flakes of ivory
693 NW Exposure, S3-W1, level 97.0 7 flakes of ivory
699 NW Exposure, S2-W1, level 97.2 4 flakes of ivory
711 NW Exposure, S4-W1, level 97.0 1 flake of ivory
716 NW Exposure, S5-W1, level 96.9 4 flakes of ivoiry
’ Bison chaneyi
258 NW Exposure, surface of gully exposure Tooth
280 NW Exposure, W#5 item mapped Tooth fragment
284 SW Exposure, near horse bone fragments Horn core fragments
493 East Grid, S2-W22, stratum SC4 mandible
494 East Grid, S2-W23, Bones #1 and #3 4 rib fragments
495 East Grid, S2-W23, stratum SD Atlas
496 East Grid, S1-W22, stratum SD Scapula
497 East Grid, S2-W22, stratum SD Thoracic vertebra
498 East Grid, S1-W22, Bone #3, stratum SD Scapula fragment
499 East Grid, S3-W21, Bone #1, stratum SD Rib fragment
500 East Grid, S1-W22, 75 cm below surface, stratum SD Thoracic vertebra
501 East Grid, S2-W22, Bone #5, stratum SD Thoracic vertebra
504 East Grid, $2-W24 Mandible
511 Northwest Exposure, 0-S4, mapped bone #9 Upper third molar
512 Northwest Exposure, 0-S4, mapped item Polished mandible fragment
603 East Grid, S1-W23, level 8, 25cm north and 20cm west of SE comer | Scaphoid
634 East Grid, N5-W13, NC2 stratum Partial tooth root
637 East Grid, N3-W13, Bone labeled TT, NC2 stratum Horn section
660 East Grid, bone labeled 34Wo073/42 Vertebral spine
661 East Grid, S1-W21, mapped bone A Vertebral spine
730 East Grid, $2-W22, stratum SC4 Skull
731 East Grid, S3-W20, level 97.2 Horn core and skull fragments
732 East Grid, S2-W24, mapped bone B Rib fragments
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Table 8.2 (cont.). Faunal Identification Summary for the Burnham Site, 1986-1991
Investigations
University of Kansas | Provenience Identification
Temporary #
Cervids (Deer, Elk)
285 Southwest Exposure, Surface Large mandible fragment
(coronoid and condyloid)
456 East Grid, $2-W21, level 96.5, SC4 stratum, waterscreen Third molar fragment
466 East Grid, S2-W24, SW Y%, level 96.0, SD stratum waterscreen Lower incisor or canine
626 East Grid, S1-W23, level 96.2, SD stratum Lower incisor or canine
Hemiauchenia (Llama)
111 East Exposure, surface mapped item #16 Posterior zygapophysis
267 Southwest Exposure, surface at base of channel fill Metapodial fragment
268 Southwest Exposure, surface at north side of channel fill Metapodial fragment
(#267 and 268 fit together)
573 East Grid, S1-W23, level 8 (70-80 cm), 3 cm west of mapped carpal Incisor
Artiodactyls unspeciated
618 East Grid, N4-W13, SE 4, level 96.9, stratum NC2 1 tooth fragment
635 East Grid, S2-W23, at end of nasal bones of B. chaneyi, stratum SC4 1 tooth fragment
Equus (Hemionus) sp. (Small wild ass)
101 Northwest Exposure, surface 3 teeth fragments
108 East Exposure, surface, uncertain stratum Transverse process of
Vertebra
109 Northwest Exposure, eroded slope 3 teeth fragments
156 East Grid, N4-W 14, level 97.0, NE ', NC2 stratum Sesamoid
157 East Grid, N4-W14, Level 97.1, SW Y4, NC2 stratum Carpal
158 East Grid, N4-W14, Level 97.1, SW %4, NC2 stratum Sesamoid
159 East Grid, N4-W 14, Level 97.1, SW Y%, NC2 stratum Tooth fragment
161 East Grid, N4-W 14, Level 97.0, SW %, NC2 stratum Sesamoid
162 East Grid, N4-W 14, Level 97.0, SW %4, NC2 stratum Carpal
166 East Grid, N4-W 14, Level 97.0, NW % , NC2 stratum Sesamoid
177 East Grid, N4-W14, Level 97.2, NW % , NC2 stratum Tooth fragment
259 Southwest Exposure, surface Metapodial
262 East Exposure, surface, uncertain stratum Phalanx
263 East Exposure, surface, uncertain stratum Phalanx
264 East Exposure, surface, uncertain stratum Tooth fragment
269 East Grid, S2-W 19, surface, SC3 stratum 2 teeth fragments
270 Southwest Exposure, surface at west end of gleyed material Vertebra
271 East Grid, S2-W23, eroding from SW corner, SD stratum 2 rib fragments
272 East Grid, S2-W20, surface of SC3 stratum Caudal vertebra
281 Southwest Exposure, surface Tooth
283 Southwest Exposure, surface Phalanx
339 East Grid, 0-W22, SE Y%, Level 96.0, SD stratum Tooth
489 East Grid, S2-W24, SW 14, level 95.9, SD stratum Tooth fragment
502 Southwest Exposure, surface Metapodial #2
503 Southwest Exposure, surface Distal metapodial
(larger than other horse
metapodials)
513 East Grid, 0-W22, level 96.52, mapped item #3, SC4 stratum Tooth
515 East Grid, 0-W22, Level 96.9, SC4 stratum Tooth fragment
517 East Grid, S1-W23, Level 96.4, mapped item, SC4 stratum Tooth
519 East Grid, 0-W22, mapped item #2, SD stratum Ulna distal tip
520 East Grid, N4-W14 and N3-W14, Bone block A, NC2 stratum Metapodial proximal end
521 East Grid, N3-W14, Bone block E, NC2 stratum Metapodial proximal end
522 East Grid, $3-W19, Level 96.9, SC3 stratum Tooth fragment
525 Southwest Exposure, uncertain elevation, north side of exposure Tooth
527 East Grid, N1-W19, Level 97.8, mapped item B, NC| stratum Tooth
555 Southwest Exposure, surface T1 incisor
556 Southwest Exposure, surface T2 incisor
557 Southwest Exposure, surface T3 incisor
593 East Grid, S2-W22, level 6 (50-60 cm) waterscreen fill around ‘Tooth fragment
skull, SC4 stratum
604 East Grid, N3-W14, mapped bone KK, NC2 stratum ‘Tooth
605 East Grid, N4-W13, mapped bone XX, NC2 stratum Tooth
606 East Grid, N3-W15, mapped bone JJ, NC2 stratum Tooth
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University of Kansas | Provenience Identification
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Equus (cont)
607 East Grid, N3-W14, mapped bone P, stratum NC2 1 tooth fragment
608 East Grid, N5-W13, mapped bone UU, stratum NC2 1 tooth
609 East Grid, N3-W 14, mapped bone QQ, NC2 stratum Tooth-mandible section
610 East Grid, uncertain stratum but probably ‘‘Horse Bone Bed” 2 teeth
611 East Grid, N4-W15, mapped bone K, NC2 stratum Tooth
613 Southwest Exposure, surface Tooth
614 Southwest Exposure, surface Terminal phalanx
622 East Grid, S1-W19, level 97.8, NC1 (?) stratum Tooth fragment
623 East Grid, S4-W19, level 97.0, SC3 stratum Vertebra fragment
624 East Grid, S3-W19, level 97.0, SC3 stratum Tooth fragment
625 East Grid, S3-W19, level 96.9, SC3 stratum Tooth fragment
638 East Grid, N3-W14 and N4-W14, mapped Block D. NC2 stratum 4 vertebrae
639 East Grid, N3-W14 and N4-W14, mapped Block D, NC2 stratum Metapodial distal end
640 East Grid, N3-W14, mapped Block C, NC2 stratum 4 vertebrae
641 East Grid, N3-W14, mapped Block C, NC2 stratum 2 ulna fragments
642 East Grid, N3-W14, mapped Block C, NC2 stratum Phalanges I-TIT
643 East Grid, North 3 backhoe trench, uncertain provenience Distal radius
644 East Grid, North 3 backhoe trench, uncertain provenience Vertebra fragment
645 East Grid, N4-W13, level 96.8, mapped bone K. NC2 stratum Ulna fragment
646 East Grid, N4-W14 and N3-W14, level 96.8, mapped bone block A, NC2 stratum | Ulna fragment
647 East Grid, N4-W14 and N3-W 14, level 96.8, mapped bone block A, NC2 stratum | 2 rib fragments
648 East Grid, N4-W14 and N3-W 14, level 96.8, mapped bone block A, NC2 stratum | 3 carpal bones
649 East Grid, N3-W 14, mapped bone WW, NC2 stratum Distal radius
650 East Grid, N3-W14, mapped bone DD, NC2 stratum Calcaneum
651 East Grid, N3-W14, mapped Block F, NC2 stratum Femur
652 East Grid, N3-W14, mapped bone FF, NC2 stratum Phalanx
653 East Grid, N4-W14, mapped bone BB, NC2 stratum Mandible
654 East Grid, N4-W14, mapped bone CC, NC2 stratum Scapula fragment
655 East Grid, mapped bone 34Wo073/31 Proximal femur
656 East Grid, S2-W24, mapped bone C Proximal ulna

and radius
657 East Grid, surface of backfill from North 3 backhoe trench Partial tooth
658 East Grid, S1-W19, level 97.4 Tooth fragments
659 East Grid, North 3 backhoe trench, from backfill Tooth fragment
668 Northwest Exposure, S6-W1, level 97.4, plotted in profile Rib fragments
680 Northwest Exposure, S6-W2, level 97.3 6 tooth fragments
720 Southwest Exposure, found near horse mandible fragments Astragalus and
Calcaneum

721 Southwest Exposure, mapped bone 91F Vertebra fragment
723 Southwest Exposure, mapped bone 91G Partial incisor
724 Southwest Exposure, mapped bone 91D Phalanx
725 Southwest Exposure, eroded from uncertain elevation Distal radius
728 Southwest Exposure, mapped bone 91B Mandible fragment
729 East Grid, S2-W20, level 96.75 Petrosal
738 East Grid, N3-W14 and N4-W 14, NC2 stratum Metacarpal
740 Southwest Exposure, eroded on exposed surface Humerus
741 East Grid, S2-W20, level 96.75 Tooth fragment
743 East Grid, S2-W24, mapped bone E 2 rib fragments
744 Southwest Exposure, eroded surface Metapodial
745 Southwest Exposure, eroded surface Radius

Ursus cf americanus (Black bear)
736 East Grid, 0-W24, level 96.5 3" metatarsal

Canis latrans (Coyote)
737 East Grid, N3-W15, mapped in “Horse Bone Bed”, stratum NC2 1 radius

Felis catus (Domestic cat)
110 East Grid, mapped on surface, recent deposition 1 mandible

Carnivores unspeciated
151 East Grid, N4-W14, NE %, level 96.9. stratum NC2 I manubrium ?
172 East Grid, N3-W14, NW !4, level 97.05, stratum NC2, likely canid I m| fragment
398 East Grid, S2-W21, level 96.9, stratum SC4 1 canine fragment
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Paramylodon (Harlan’s ground sloth)
739 Northwest Exposure, surface of gleyed deposit 1 hyoid
Nothrotheriops shastensis (Shasta ground sloth)
514 East Grid, 0-W23, level 96.7, mapped item #3, stratum SC4 1 tooth
Cryptotis parva (Least shrew)
722 Southwest Exposure, eroding from gleyed sediment | mandible
Scalopus aquaticus (Eastern mole)
406 East Grid, N5-W13, SE 44, level 97.1, stratum NC2 | humerus
Sylvilagus and Lepus (Rabbits and Hares)
120 East Grid, $2-W20, level 97.2, SC3 stratum 1 incisor (Sylvilagus)
169 East Grid, N4-W14, SW ¥, level 96.9, stratum NC2 | incisor (Sylvilagus)
194 East Grid, N6-W19, level 98.5, stratum NB1 1 tooth (Lepus)
438 East Grid, N2-W19, level 97.0, stratum SD 1 incisor (Sylvilagus)
480 East Grid, S2-W24, NW 14, level 95.9, stratum SD 1 incisor (Sylvilagus)
600 East Grid, S1-W22, level 8 (70-80 cm) waterscreened fill around bison skull | 1 tooth (Sylvilagus)
Cynomys ludovicianus (Blacktailed prairie dog)
168 East Grid, N4-W14, SW %, level 96.9, NC2 stratum Astragalus
227 East Grid, N4-W13, SW 4, level 97.1, NC2 stratum Tooth
265 East Grid, eroding from first carbonate layer above the bison bones 2 mandibles
266 Northwest Exposure, eroding surface 1 upper molar
332 East Grid, S1-W22, level 96.4, SC4 stratum Tooth fragment
410 East Grid, N5-W13, SW %4, level 97.9, NC2 stratum Tooth
477 East Grid, S2-W24, NW % , level 95.9, SD stratum Tooth root
488 East Grid, S1-W20, level 97.5, SC3 stratum molar 3
Geomys bursarius (Plains pocket gopher)
114 East Grid, N1-W21, SW Y, level 96.8, stratum SC3 1 tooth
118 East Grid, S3-W20, level 97.1, stratum SC3 1 incisor
129 East Grid, N4-W 15, SE 14, level 96.9, stratum NC?2 2 incisor fragments
138 East Grid, N4-W15, NE Y, level 97.2, stratum NC2 1 tooth
142 East Grid, N4-W15, NE %, level 97.2, stratum NC2 2 teeth
148 East Grid, N4-W14, SE Y%, level 97.2, stratum NC2 1 incisor
163 East Grid, N4-W14, SW %4, level 97.0, stratum NC2 1 incisor
165 East Grid, N4-W14, NW 4, level 97.1, stratum NC2 1 incisor
173 East Grid, N3-W14, NW Y%, level 97.05, stratum NC2 2 ungual phalanges
175 East Grid, N4-W14, NE Y%, level 97.2, stratum NC2 1 tooth
176 East Grid, N4-W14, NE 4, level 97.2, stratum NC2 1 tooth
184 East Grid, N3-W14, NW 14, level 96.9, stratum NC2 1 incisor
195 East Grid, N6-W19, level 98.2, stratum NB1 1 proximal ulna
197 East Grid, N6-W 19, level 98.2, stratum NB1 | proximal femur
201 East Grid, N3-W13, north wall, stratum NC2 1 incisor
205 East Grid, N5-W19, level 98.4, stratum NB1 1 tooth
208 East Grid, N5-W19, level 98.2, stratum NB1 1 proximal ulna
and radius
282 Southwest Exposure, surface 2 mandibles and
upper teeth
288 East Grid, S2-W23, under bison rib, stratum SD 1 tooth
293 East Grid, S2-W22, level 96.5, waterscreened material, stratum SC4 1 tooth
297 East Grid, S2-W22, level 96.3, waterscreened material, stratum SC4 1 tooth
298 East Grid, S2-W22, level 96.2, waterscreened material, stratum SC4 1 tooth
299 East Grid, S1-W23, level 96.3, waterscreened material, stratum SC4 3 teeth
302 East Grid, $2-W23, level 96.3, waterscreened material, stratum SC4 1 incisor
304 East Grid, S2-W23, level 96.5, waterscreened material, stratum SC4 1 tooth
315 East Grid, S1-W22, level 96.4, waterscreened material, stratum SC4 1 proximal ulna
333 East Grid, S1-W22, level 96.7, waterscreened material, stratum SC4 1 tooth
337 East Grid, S1-W22, level 96.7, waterscreened material, stratum SC4 | tooth
338 East Grid, 0-W22, NW 4, level 96.0, stratum SD 2 teeth
365 East Grid, N1-W21, SW Y%, level 96.5 1 tooth
370 East Grid, S2-W21, NW Y, level 96.6, stratum SC4 1 distal humerus
372 East Grid, S2-W21, SE %, level 96.85, stratum SC4 1 proximal femur
373 East Grid, S2-W21, SE Y%, level 96.75, stratum SC4 1 proximal femur
378 East Grid, N1-W21, NE Y%, level 96.7, stratum SC4 1 incisor
384 East Grid, N5-W13, SW %4, level 97.0, stratum NC2 1 tooth
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Geomys bursarius (cont.)
386 East Grid, N5-W13, NW %, level 97.1, stratum NC2 1 incisor
396 East Grid, $2-W23, level 96.3, stratum SC4 1 vertebra
404 East Grid, S2-W21, NE 4, level 96.7, stratum SC4 1 tooth
414 East Grid, N5-W13, SW % , level 97.3, “Horse bone bed”, stratum NC2 1 distal humerus
429 East Grid, N2-W19, level 97.2, waterscreened material, stratum NC3 I partial mandible
and lower incisor
433 East Grid, N2-W19, level 97.9, waterscreened material, stratum NC1 3 teeth fragments
475 East Grid, S2-W21, SE %, level 96.45, stratum SC4 1 tooth
478 East Grid, S2-W24, NW 14, level 95.9, waterscreened material, stratum SD 1 distal humerus
524 East Grid, 0-W19, level 96.0, mixed strata 1 tooth
547 East Grid, S1-W22, level 96.5, waterscreened material, stratum SC4 Upper and lower
incisor fragments
548 East Grid, N6-W19, level 98.7, waterscreened material, stratum NB1 1 upper incisor
fragment
562 East Grid, S2-W23, level 7 (60-70 cm), stratum SC4 1 tooth
570 East Grid, S1-W23, under left horn core of B. chaneyi , stratum SC4 1 tooth
628 East Grid, 0-W21, NW Y, level 96.75, stratum SC4 Lower set of teeth
735 East Grid, N4-W15, NE %, level 97.2, stratum NC2 Incisor fragment
Neotoma cf floridana (Eastern woodrat)
348 East Grid, S1-W21, NW Y4, level 96.45, SC4 stratum molar |
540 East Grid, N2-W20, level 97.4, NC3 stratum molar 2
575 East Grid, S1-W22, level 3 (20-30 cm) waterscreened fill from around Molar 2
bison skull,
583 East Grid, S1-W22, level 8 (70-80 cm) waterscreened fill from around Molar 1
bison skull
673 East Grid, 0-W19, level 97.5 molar
Synaptomys caoperi (Southern bog lemming)
167 East Grid, N4-W14, SW %, level 97.2, NC2 stratum Molar 1
355 East Grid, N1-W21, NW 1 | level 96.7, SC4 stratum Partial incisor
379 East Grid, N5-W13, NE %4, level 97.2, NC2 stratum molar 1
415 East Grid, N5-W13, SE %, level 97.0, NC2 stratum Mandible and
3 teeth
Microtus cf ochrogaster (Prairie vole)
145 East Grid, N4-W15, NE Y4, level 97.2, NC2 stratum molar
155 East Grid, N4-W14, NE Y% , level 97.1, NC2 stratum molar
181 East Grid, N4-W14, NW 14 | level 97.2, NC2 stratum molar
196 East Grid, N6-W19, level 98.2, NB1 stratum molar
207 East Grid, N5-W19, level 98.5, NB1 stratum molar
226 East Grid, N4-W13, SW Y4, level 97.1, NC2 stratum molar
229 East Grid, N4-W13, SW 4, level 97.1, NC2 stratum Partial mandible
253 Northwest Exposure, square 0-S4, level 96.4 molar
308 East Grid, S1-W23, level 96.4, SC4 stratum molar
323 East Grid, S1-W22, level 96.3, SC4 stratum molar
328 East Grid, S1-W22, level 96.2, SD stratum 2 molars
358 East Grid, S1-W22, NE %, level 96.75, SC4 stratum molar
371 East Grid, S2-W21, NW % , level 96.85, SC4 stratum molar
389 East Grid, N5-W13, SE %, level 97.2, NC2 stratum molar
393 East Grid, N4-W13, NE 1 , level 97.1, NC2 stratum molar
439 East Grid, N2-W19, level 97.0, NC4 stratum molar 2
461 East Grid, S1-W20, level 97.5, SC3 stratum Molar 1
464 East Grid, N1-W19, level 98.0, NC1 stratum molar
468 East Grid, S2-W22, level 95.9, SD stratum Molar |
471 East Grid, S1-W20, level 97.4, SC3 stratum Partial mandible
with ml and m2
479 East Grid, S2-W24, NW Y4, level 95.9, SD stratum Lower incisor &
Partial mandible
481 East Grid, $2-W24, NW Y4, level 95.9, SD stratum molar 2
569 East Grid, S1-W23, level 5 (40-50 cm), SC4 stratum molar
578 East Grid, S1-W22, level 4 (30-40 cm) waterscreened fill around bison skull | molar
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Microtus cf ochrogastor (cont.)
616 East Grid, S1-W21, NE Y, level 96.8, stratum SC4 1 molar (lost)
617 East Grid, S1-W21, NE %, level 96.8, stratum SC4 1 molar
Unspeciated Rodent Bones
115 East Grid, N1-W21, SW Y, level 96.8, stratum SC3 | humerus
154 East Grid, N4-W14, NE %, level 97.1, stratum NC2 1 incisor
174 East Grid, N3-W14, NW 4, level 97.05, stratum NC2 | calcaneum
190 East Grid, N6-W 19, level 98.1, stratum NB1 1 ulna
198 East Grid, N6-W 19, level 98.2, statum NB1 | caudal vertebra
206 East Grid, N5-W19, level 95.5, stratum NB1 1 incisor
228 East Grid, N4-W13, SW %, level 97.1, stratum NC2 I incisor
233 East Grid, N4-W 13, SW %, level 96.9, stratum NC2 | proximal ulna
234 East Grid, N3-W13, NE %4, level 97.2, stratum NC2 | cranial fragment
296 East Grid, S2-W22, level 96.3, waterscreened material, stratum SC4 | radius
311 East Grid, S1-W23, level 96.6, waterscreened material, stratum SC4 1 humerus
322 East Grid, S1-W22, level 96.3, waterscreened material, stratum SC4 | incisor
324 East Grid, S1-W22, level 96.3, waterscreened material, stratum SC4 | astragalus
327 East Grid, S1-W22, level 96.2, waterscreened material, stratum I radius
SD
356 East Grid. S1-W21, SE 4, level 96.8, stratum SC4 1 tibia
408 East Grid, N5-W1i3, SE 14, level 97.1, stratum NC2 1 ulna
424 East Grid, washed-in fill in N2-W22, §2-W22, N2-W23, and | mandible
S2-W23, waterscreened material (recent)
427 East Grid, N2-W20, level 96.8, waterscreened, stratum NC4 | innominate and
1 rib
473 East Grid, S1-W20, level 97.4, waterscreened, stratum SC3 1 incisor
485 East Grid, S2-W24, SE Y4, level 95.9, waterscreened, stratum SD 1 incisor
535 East Grid, N2-W20, level 97.2, stratum NB3 2 humeri
580 East Grid, S1-W22, level 4 (30-40 c¢m), waterscreened, stratum SC4 | vertebra
691 Northwest Exposure, S3-W1, level 97.0 1 proximal femur
719 Northwest Exposure, S5-W1, level 96.8 1 innominate
Passeriform (Perching birds)
483 East Grid, N1-W19, level 97.8, waterscreened material, stratum NCI | partial humerus
733 East Grid, N4-W 15, NE 4, level 97.2, stratum NC2 1 scapula fragment
Unspeciated bird
144 East Grid, N4-W15, NE %4, level 97.2, stratum NC2 1 scapula
149 East Grid, N4-W 14, SE Y%, level 97.2, stratum NC2 | radius
Rana sp. (Frog)
131 East Grid, N4-W15, NE 14, level 96.9, stratum NC2 2 mandibles
395 East Grid, S1-W22, level 96.4, waterscreened material, stratum SC4, | vertebra
Rana pipiens (Northern leopard frog)
412 East Grid, 0-W21, SE 4, level 96.95, stratum SC4, Rana catesbeiana (bullfrog) | 1 vertebra
426 East Grid, N2-W20, level 97.7, waterscreened material, stratum NC1 2 fragments
428 East Grid, N2-W19, level 97.0, waterscreened material, stratum NC4 | vertebra
451 East Grid, N3-W19, level 98.2, waterscreened material, stratum NBI, | vertebra
Rana pipiens (Northern leopard frog)
452 East Grid, N3-W19, level 98.2, waterscreened material, stratum NB1 1 vertebra
453 East Grid, N3-W19, level 98.2, waterscreened material, stratum NB1 2 tibia fragments
and 3 phalanges
462 East Grid, S2-W22, level 96.0, waterscreened material, stratum SD | vertebra
467 East Grid, N3-W19, level 98.2, waterscreened material, stratum NB1 2 pelvis fragments
492 East Grid, N5-W19, level 98.6, waterscreened material, stratum NB 1 | vertebra fragment
Unspeciated frog
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