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Cover photo: View of  the south wall of  the spillway trench at the Richard Beene site (41BX831); excavation
underway at the early Early Archaic components ca. 10 m below surface.
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ABSTRACT

The Richard Beene archaeological site is located about 25 km south of San Antonio on the edge of the first
terrace above the Medina River.  The site’s most salient ecological characteristics are its riverine setting
and ecotonal location near the Tamaulipan, Balconian, and Texan biotic provinces, just inside the southwest
corner of the continent’s eastern woodlands.  It is one of some 90 sites discovered and test excavated
between 1981 and 1990 as part of cultural resources investigations undertaken for the proposed construction
of Applewhite Reservoir by the San Antonio Water System.  Officially designated as 41BX831, the Richard
Beene site was among 15 sites determined eligible for inclusion on the National Register of Historic Places
and for official designation as a State Archeological Landmark.  Due to its location within the dam’s
footpath, full-scale excavation began at Richard Beene site in 1990.  When spillway-trench construction
was underway in early 1991, however, a public referendum halted construction work along with archeological
fieldwork; a second referendum in 1994 resulted in cancellation of the overall project.  Analyses, limited
field work, professional and public presentations, and report preparations continued until 2007, as various
organizations and agencies worked to preserve the site as a center piece for the proposed Land Heritage
Institute of the Americas, a 1200 acre, educational, research, and recreational facility.

Excavations totaling 730 m2 sampled 20 stratigraphically distinct archaeological deposits and yielded
more than 80,000 artifacts–flakes, tools, bones, mussel shells, and fire-cracked rocks—buried in 14 m of
fine-grained, over-bank alluvium comprising the Applewhite terrace fill.  These well stratified and variously
preserved archaeological surfaces and zones represented Early (ca. 8800–8600, 8100–7600, and 6900
B.P.), Middle (ca. 4500 and 4100 B.P.) and Late (ca. 3500–2800 B.P.) Archaic occupations along with Late
Pre-Columbian (ca. 1200–400 B.P.) occupations.  Forty-four radiocarbon ages were obtained from soil
bulk-carbon and wood charcoal in archaeological features, isolated charcoal fragments, and tree-burns in
artifact bearing sediments.  The Richard Beene site virtually stands alone in Texas as a well-dated, deeply
buried, well-stratified locality with numerous discrete and substantial artifact and feature assemblages that
span the Holocene and a multitude of others that await discovery and study.  Moreover, it is one of only a
handful of excavated sites along North America’s entire Gulf Coastal Plain and the greater Southeast to
yield fairly complete archaeological records of the last 10,000 years.

Throughout its 10,000-year history of intermittent habitation, the Richard Beene site was occupied by
hunter-gatherer families who encamped along the river, hunted deer, rabbits, and other game in wooded
areas, gathered wild roots, arguably from nearby root grounds, and fished and collected river mussels to
supplement their diet.  Local river gravels provided almost all the raw material for stone tools and chipped-
stone technology changed little during the site’s millennia-long history.  Nearby sandstone outcrops provided
cook-stone raw material for use as heating elements in earth ovens and open-air hearths.  What fluctuated
through time was probably the number of families encamped at a given place and the degree to which
game-animal or plant-food procurement dominated their subsistence pursuits.   Considerable inter-component
variation in densities of chipped stone artifacts, fire-cracked rock, and mussel shells suggests differences in
intensity, and perhaps the nature, of occupations.  Early, Early Archaic components yielded the highest
density and diversity of tool types suggestive of various residential activities, including woodworking, but
those components also yielded the largest artifact samples.  Assemblages representative of younger
components are less diverse and may indicate a narrower range of activities or perhaps shorter-term
occupations.  Climatic conditions fluctuated through time as well, but usually did not vary far from modern
conditions.  The site’s archaeological record provides a uniquely long-term perspective on regional
paleoecology and riverine usage in an ecotonal setting between the North America’s western grasslands
and eastern woodlands.
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ARCHAEOLOGICAL STUDIES AT THE RICHARD BEENE SITE

Alston V. Thoms

The Richard Beene site (41BX831), an officially
designated State Archeological Landmark (SAL),
is located 25 km south of San Antonio in south-cen-
tral Bexar County, Texas, along the right bank of
the Medina River (Figures 1.1, 1.2, and 1.3). This
report describes and analyzes the site’s Native Amer-
ican artifacts and features that were buried as much
as 12 m below surface. These cultural deposits are
the remains of dozens of encampments representa-
tive of archaeological cultures spanning the last
10,000 years of the Holocene epoch. The report also
provides environmental and cultural background
information that facilitates interpretation of the ar-
chaeological remains and the hunter–gatherer life-
ways they represent. Discovery of this important,
well-stratified and well-dated site in 1989, its sub-
sequent assessment (1990), and partial mitigation
(1990–1991, 1995) was undertaken in anticipation
of the construction of the Applewhite Dam and Res-
ervoir by the San Antonio Water System (SAWS), a
public utility agency within San Antonio’s city gov-
ernment.

Six months after dam-construction work began,
a public referendum on May 4, 1991 resulted in a
vote to abandon the reservoir project as a municipal
water supply facility. A second referendum held on
August 13, 1994, to determine whether to restart
the project as an industrial-water supply, led to a
decision to abandon the reservoir project altogether.

Cancellation of the reservoir construction
project in 1994 included suspension of fieldwork at
the Richard Beene site and other identified SAL sites
within the project area. As such, realizing all the

goals specified in the archaeological project’s over-
all research design (Carlson 2008; Carlson et al.
1990) was not possible. To do so would have re-
quired a more thorough assessment of several sites
and mitigation-level excavation of at least a dozen
other sites. Nonetheless, researchers addressed many
of the research questions and considerable new in-
formation and useful data about past lifeways in the
lower Medina River valley of south-central Texas
were gleaned from the fieldwork and related analy-
ses. Moreover, planning is well along its way to pre-
serve the Richard Beene site permanently, along
with several other nearby SAL sites, within a pro-
posed 1,200–acre Land Heritage Institute (LHI) that
would function as a land-based educational, re-
search, heritage-tourism, and recreational facility
(Texas A&M University 2000).

The Richard Beene site’s geographic and geo-
morphic setting is ideal for the preservation of ar-
chaeological sites. It lies a few kilometers below
the Balcones Escarpment where the Medina River
is deeply entrenched and the valley floor widens
just beyond a bedrock-controlled constriction. For
more than 20,000 years, the site area has been sub-
jected to floods as the river regularly overflowed its
banks and deposited layer upon layer of fine-
grained, silty alluvium (Figure 1.4). As presently
known, the site consists of at least 20 discrete ar-
chaeological components—occupation surfaces and
zones—buried in 12 m of alluvium. Well-stratified
sediments, between 12 m and 16 m below surface
and dated from 11,000 and 14,000 radiocarbon years
before present (B.P.), lacked definite cultural re-
mains, but yielded an abundance of Late Pleistocene

In:  Archaeological and Paleoecological Investigations at the Richard Beene Site, South-Central Texas, 2007, edited
by A. V. Thoms and R. D. Mandel, pp. 1–14. Reports of Investigations No. 8. Center for Ecological Archaeology,
Texas A&M University, College Station, Texas.
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Figure 1.2.  Map showing the location of the Richard Beene site in relation to the Medina River and the abandoned
Applewhite Reservoir area.

Figure 1.1.  Map of North America showing the
Richard Beene site and physiographic and vegetation
areas noted in the text.

mammalian, reptilian, avian, fish, and molluscan
remains. Importantly, the site’s well-preserved pa-
leosols, archaeological components, and paleonto-
logical deposits are dated by 44 radiocarbon ages
in correct stratigraphic order.

Federal Requirements, State Antiquities
Permit, and Collections Curation

Because the proposed reservoir was a federally per-
mitted construction project, federal law, notably
Section 106 of the National Historic Preservation
Act (1966, as amended), mandated archaeological
investigations at 41BX831. Section 106 instructs
federal agencies to consider the effects of their
projects on historic properties (i.e., those eligible
for inclusion on the National Register of Historic
Places) prior to implementing the project or issuing
a permit for a project. In this case the project re-
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quired a 404 Permit from the U.S. Army Corps of
Engineers (CE), the lead federal agency charged
with regulating the nation’s navigable streams and
their tributaries. Archaeological investigations to
mitigate adverse effects to significant sites from res-
ervoir construction were also mandated by provi-
sions in the Antiquities Code of Texas (1969, as
amended; Title 9, Chapter 191 of the Texas Natural
Resources Code), given that the property was owned

or designated for purchase by SAWS. The Apple-
white Reservoir archaeological project was funded
by SAWS pursuant to a Programmatic Agreement
among the Fort Worth District Corps of Engineers,
the Advisory Council on Historic Preservation, the
Texas State Historic Preservation Officer, and SAWS
(Advisory Council on Historic Preservation 1990).

Archaeological investigations at the Richard
Beene site were conducted according to terms spec-
ified under Texas Antiquities Permit No. 1589 is-
sued by the Texas Historical Commission (THC) to
SAWS, the project owner and sponsor, and the
project’s principal investigators on behalf of Texas
A&M University (TAMU). Fieldwork (1989–1995)
and analytical studies (1989–2007) were carried out
by archeologists with the Center for Ecological Ar-
chaeology (CEA) (formally the Archeological Re-
search Laboratory [ARL]) at Texas A&M Universi-
ty in College Station, Texas. David L. Carlson served
as principal investigator for all studies conducted
prior to November 1990. After that, he served as
co-principal investigator with Alston V. Thoms,
whose principal investigator role focused on the
Richard Beene site.

Figure 1.3.  The Richard Beene site area (left center)
and the Medina River valley (foreground) in relation
to downtown San Antonio and the Tower of the
Americas (background).

Figure 1.3.  The Richard Beene site area (left c
and the Medina River valley (foreground) in re
to downtown San Antonio and the Tower 
Americas (background).

Figure 1.4.  Photograph of spillway trench wall at the Richard Beene site, with archaeologists excavating an
early, Early Archaic component dated to ca. 8700 B.P.
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All artifacts, related samples, and supporting
documentation acquired under Antiquities Permit
No. 1589 by TAMU (prehistoric sites studies) and
Southern Methodist University (SMU) (historic sites
studies) during the Applewhite Reservoir Archaeo-
logical Project (1989–2007) are permanently housed
in the repository at the Department of Anthropolo-
gy, TAMU, in College Station, which is also the
designated final curation facility.

Two isolated human molars, recovered from the
site’s 6,900–year–old, late, Early Archaic deposits,
are among the items curated at the Department of
Anthropology. These teeth are described in Appen-
dix E. They were included on the official inventory
of human remains and associated funerary objects
held by CEA that was prepared in compliance with
the Native American Graves Protection and Repa-
triation Act (NAGPRA) and submitted to the De-
partment of Interior, National Park Service in 1995.
No other NAGPRA–related items were recovered
from the Richard Beene site.

Project History

Archaeological investigations carried out for the
proposed reservoir spanned more than two decades
and involved three universities and numerous con-
sultants. The reservoir was designed in the early
1980s by Freese and Nichols, Inc., an engineering
and environmental services firm based in Fort
Worth, Texas. As planned, it would have impound-
ed approximately 2,500 acres (ca. 1,000 ha) of val-
ley bottomland along a 7–mile (ca. 11 km) stretch
of the Medina River and Elm Creek, a major tribu-
tary stream (Figure 1.2). The reservoir was to have
been owned and managed by SAWS as a water sup-
ply facility for the city of San Antonio and surround-
ing communities (Freese and Nichols, Inc. 1988).

Fieldwork began in 1981 with a pedestrian sur-
vey of about half the project area conducted by ar-
chaeologists with the Center for Archaeological
Research (CAR) at the University of Texas at San
Antonio (UTSA). Most of the remaining reservoir
tracts were surveyed in 1984 by UTSA archaeolo-
gists. In all, the UTSA team recorded 78 sites with

prehistoric (Native American) and/or historic (non–
Indian) components and test-excavated 12 sites.
UTSA also made recommendations for additional
testing of several dozen sites, mitigation-level data
recovery of a few sites judged to be significant, and
a small amount of survey work in previously unsur-
veyed areas. Results of UTSA’s investigations were
published in 1987 in a report entitled Chipped Stone
and Adobe: A Cultural Resources Assessment of the
Proposed Applewhite Reservoir, Bexar County, Tex-
as (McGraw and Hindes 1987).

In 1989, Freese and Nichols, Inc., the primary
contractor for SAWS’s overall reservoir project,
contracted with CEA at TAMU to complete the cul-
tural resources studies (Freese and Nichols, Inc.
1988). The scope of work and archaeological re-
search design followed recommendations from THC
and CAR–UTSA (Carlson et al. 1990). TAMU sub-
contracted with the Archaeological Research Pro-
gram at SMU to carry out recommended investiga-
tions at historic-period sites, many of which also
contained prehistoric components. CEA was respon-
sible for carrying out recommended investigations
at prehistoric sites, including the prehistoric com-
ponents of historic/prehistoric sites. Besides a de-
tailed testing program at a few sites, pedestrian sur-
veys and resurveys were undertaken in several ar-
eas. These included places where archaeological
sites were expected to be found, based on terrain
and careful examination of 1938 aerial photographs,
but had not been discovered during previous sur-
veys.

Results of field investigations and related ana-
lytical studies by SMU archaeologists are present-
ed in a report entitled Historic Archaeological In-
vestigations in the Applewhite Reservoir Project
Area, Bexar County, Texas (Adovasio and Green
2003). Results of survey work and testing at newly
discovered prehistoric sites, along with the work
carried out at prehistoric sites and components test-
ed prior to the cancellation of the reservoir construc-
tion project, are presented in a second report enti-
tled Prehistoric Archaeological Investigations in the
Applewhite Reservoir Project Area, Bexar County,
Texas (Carlson 2008). The present report on the Ri-
chard Beene site is the third and final monograph in
the series that documents the overall results of ar-
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chaeological and historical investigations carried out
in this area by TAMU and SMU.

In early 1990, the Richard Beene site was dis-
covered and recorded by TAMU archaeologists as
41BX831. They subsequently test-excavated the site
and determined that it contained several buried com-
ponents, two of which appeared likely to yield the
kinds of artifacts and features that would be useful
in addressing the project’s research questions con-
cerning relationships between changes in climatic
conditions and hunter–gatherer land-use practices
(Carlson et al. 1990). Accordingly, the site was
judged to be potentially significant and recommend-
ed as eligible for official listing as an SAL site and
for inclusion on the National Register of Historic
Places. Its potential significance was attributed to
the presence of stratified, well-preserved remains
of Native American encampments buried approxi-
mately 1.3 m and 3.0 m below surface and radio-
carbon dated to 3090 B.P and 4570 B.P., respec-
tively (Carlson 2008).

THC concurred with recommendations that the
site was significant according to SAL and National
Register criteria. Accordingly, plans were made for
mitigation-level excavation pursuant to the Pro-
grammatic Agreement (Advisory Council on His-
toric Preservation 1990) and TAMU’s research de-
sign (Carlson et al. 1990). Given that the site was
located in the footprint of the dam, where construc-
tion was scheduled to begin, it was also the first
one to be excavated. Mitigation-level excavations
began in November 1990 with a field crew of 4 to 6
individuals, and in December 1990, expanded to a
crew of 10 to 12 excavators by (Figure 1.5). Exca-
vation of the site was to be completed in a way that
would allow spillway and dam construction to con-
tinue without interruption. Dam site construction
work began December 1990 with vegetation clear-
ing and initial excavation of a massive spillway
trench, eventually reaching about 100 m x 300 m x
15 m in size.

By mid-February 1991, excavation of the
4,500–year–old component was nearing completion
and start-up work was beginning at other SALs lo-
cated near the dam site. It was then that archaeolo-
gists made an unanticipated discovery at 41BX831:

a well-preserved hearth-like feature with a surround-
ing artifact scatter buried 6 m below surface, which
was 3 m beneath the previously identified 4,500–
year–old component. As plans were being devel-
oped to excavate this newly discovered component,
another discovery was made at the bottom of the
nearby spillway trench, which was then excavated
to a depth of about 6.5 m below surface. The new
discovery was the remains of an extensive and well-
preserved campsite represented by discrete concen-
trations of river mussel shells and chipped stone
debitage, as well as numerous hearth-like features.
Radiocarbon ages obtained from soil humates en-
compassing the archaeological deposits in the orig-
inal site area and the component in the spillway
trench indicated that both occupations were essen-
tially the same age, about 6,900 radiocarbon years
old. Insofar as the 6 m deep overburden of alluvium
had been removed by heavy machinery in the spill-
way trench, such that the encampment remains were
essentially in a ready–to–excavate state, the focus
of excavation work shifted from the original site
area to the spillway trench. Within a few weeks, it
became evident that several other components were
buried as much as 12 m below surface in the spill-
way trench.

With the discovery of deeply buried archaeo-
logical deposits in the spillway trench, site bound-
aries originally defined for 41BX831 were expand-
ed to encompass the spillway trench and adjacent
areas. At that time, the site was formally named the
Richard Beene site in recognition of Mr. Richard

Figure 1.5.  Site 41BX831 in the early stages of
excavation during the fall of 1990; cleaning Block D
and exposing the target zone.
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Beene, chief field inspector for Freese and Nichols,
Inc. It was Mr. Beene who first recognized the re-
mains of the extensive 6,900–year–old encampment
exposed by heavy machinery in the spillway trench
(Figure 1.6). Had he waited an hour or so to make
his report to the archaeological team, the huge pan-
scrapers would have obliterated the entire compo-
nent. Comparatively little would have been learned
about that time period, and other discoveries that
followed—components dated to 7,600, 8,000, and
8,800 radiocarbon years ago—might not have been
made at all. Nor is it likely that the late Pleistocene
faunal remains would have been discovered in the
spillway trench more than 15 m below surface.

As it turned out, most of the mitigation-level
excavation at the Richard Beene site was conduct-
ed under “discovery” conditions in the midst of on-
going construction at the dam site (Figures 1.6 and
1.7). With each discovery of a new, ever-deeper, and
potentially significant component within the spill-
way trench, salvage plans were developed by TAMU
archaeologists, reviewed and revised as needed, and
approved by THC archaeologists. This approach was
required by the project’s Programmatic Agreement,
which specified the following:

“if previously unidentified proper-
ties are identified during construc-
tion, the SACWB [San Antonio
City Water Board, which became
SAWS] shall notify its archeologi-
cal contractor [TAMU], stop all
construction in the vicinity of the
resource, and contact the CE within
24 hours of the discovery. The U.
S. Army Corps of Engineers shall
immediately notify the SHPO [State
Historic Preservation Officer]. Field
assessment of the site will take place
within 48 hours by the CE and the
SHPO. Assessment of the site un-
der 36CFR60 will be within 5 days
(or less) of discovery, and will in-
clude consultation with the SHPO
and the SACWB. Treatment of the
site will be specified by the CE af-
ter assessment and consultation.
The CE will provide the Council

with a report on work undertaken
under this stipulation” (Advisory
Council on Historic Preservation
1990:5–6).

Archaeological fieldwork was closed down in
an orderly fashion following the first referendum in
1991. A final round of mitigation-level excavation
work was carried out at two of the site’s compo-
nents in September and October 1995 where addi-
tional work was needed to obtain adequate samples
from exposed components. Analytical work contin-
ued intermittently through 2003, but was reduced
in intensity and eventually postponed during much
of the inter-referenda period (December 1991–Sep-
tember 1995). Analytical work was again curtailed
substantially in the late 1990s when TAMU arche-
ologists and other specialists worked, at SAWS’s
request, to assess the potential of the SAWS-owned,
abandoned-reservoir property as a proposed educa-
tional, research, and recreational facility known as
LHI (Texas A&M University 2000). Completion of
the final report was further delayed in 2001 when
TAMU closed CEA, which had been an active re-
search and student-training center since the 1970s,
and transferred project completion responsibility to
the Department of Anthropology. A final round of
field work—survey and monitoring—was carried
out in 2005 in conjunction with landscape stabili-
zation at the site (Appendix J)

Figure 1.6.  The spillway trench excavation underway
by pan-scrapers in February, 1991 when Mr. Richard
Beene (center, wearing hard hat) discovered the
remains of an extensive, 6,900-year-old camp site
exposed in the bottom of the trench approximately 6.5
m below surface.
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Figure 1.7.  Typical work days at the Richard Beene site in the midst of ongoing construction of the dam spillway
trench in 1991, as excavated from 6 to 12 m below surface and the remains of numerous encampments exposed:
(a) pan-scrapers working in the general vicinity of excavations on the 6,900-year-old (i.e., B.P.) surface (Block
G); (b) pan-scrapers working in the immediate vicinity of excavations of an 8,000 year old fire-cracked rock
feature (Block K); (c) excavations and water screening in full swing at the 6,900 year-old surface (Block G); (d)
close-up of shove-skimming and troweling the 6,900 year old surface (Block G); (e) backhoe removing overburden
above an 8,800-year-old archaeological deposit (Block T); and (f) field laboratory, located ca. 5 miles from the
site.

a b

c d

e f



8 Archaeological and Paleoecological Investigations at the Richard Beene Site

Project Research Design and Questions

As originally developed, the research design for the
overall Applewhite Reservoir archaeological project
focused on relating changes in site structure and
mobility strategies over time to environmental
changes (Carlson et al. 1990; Carlson 2008). With-
in a few weeks after mitigation-level work began at
the Richard Beene site, it was clear that site-preser-
vation conditions were indeed amenable to docu-
menting site structure—i.e., nature/distribution of
artifacts and features—in several Holocene compo-
nents. Preliminary analyses of food remains and raw
material types indicated that the well-stratified ar-
chaeological assemblages attested almost exclusive-
ly to exploitation of environs near the site. Carlson
et al. (1990) identified the following research top-
ics and questions that could potentially be addressed
with information gleaned from excavation and anal-
ysis of the deeply stratified Richard Beene site.

Environment

• What was the nature of the environment (cli-
mate, flora, fauna, etc.)?

• Was the climate stable or changing and, if chang-
ing, does it represent a sufficiently major change
that could have affected prehistoric adaptation pat-
terns?

• Do the changes in environment appear to cor-
relate with suggested changes in subsistence and
settlement patterns derived from the archaeological
record that have been assigned to various cultural
periods (such as phases)?

• What local environmental conditions (meso-
environments and micro-environments) were avail-
able for human exploitation?

Biotic Resources

• Were bison or pronghorn available (from the
adjacent uplands)?

• Were pecans available in the drainage?

• To what extent were deer utilized as compared
to other food sources?

• Were mussels and snails used as a food source?

Lithic Resources

• Were the raw materials used in the manufacture
of tools and other objects local in origin, or were
they imported?

• Was a particular type of lithic raw material uti-
lized in manufacturing projectile points and other
tools more than any other type, and was this due to
greater availability of a material type or because of
inherent characteristics?

Settlement Patterns

• When prehistoric inhabitants left the project
area, where did they go and why was this particular
seasonal round selected?

• Within the time span of the stage or period, were
there times when the project area was not inhabit-
ed?

• Are there undisturbed deposits dating to this
stage or period within the project area, and if so
where are they?

• What season or seasons of the year were the
project area sites used by prehistoric peoples, and
what was the estimated population at each site?

• Within each stage or period, are settlement pat-
terns and associated technology sufficiently distinc-
tive and different throughout the stage or period to
support the concept of phases?

Technology

• What is the composition of the tool kit repre-
senting this stage or period?

• What tools are diagnostic of the period?

• What may be said about how tools diagnostic
of the period were used?
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• How does the technology of stone tool manu-
facture for this stage or period compare to the other
stages or periods?

• Can territorial extent be demonstrated on the
basis of diagnostic artifacts, artifact assemblages,
or manufacturing methods?

• Do the tool assemblages from sites in the project
area provide support for the idea of phases as a use-
ful chronological concept in this region?

Paleoindian Subsistence and Settlement Patterns

• Were the landforms inhabited and utilized by
Paleoindian peoples similar to those of the later pe-
riods (e.g., bluff lines and terraces)?

• Did the transition from Paleoindian lifeways to
those of the Archaic in south-central Texas repre-
sent a significant shift in the types of resources that
were utilized (e.g., from large to small game ani-
mals or from rock shelters to open campsites)?

• When did a broadly based hunting and gather-
ing adaptation begin?

Paleoindian Technology

• Do the later Paleoindian diagnostics (e.g., An-
gostura) co-occur in good context with Early Ar-
chaic diagnostics in sites within the project area,
and does this seem to reflect a transition in lifestyles
between two cultural stages?

• Does the change in projectile point manufac-
turing techniques from Paleoindian times to the
Early Archaic period represent a major shift in tech-
nology or only minor stylistic changes?

Early Archaic Subsistence and Settlement

Patterns

• Was the species Bison bison present in the re-
gion?

• What accounts for the density of Early Archaic
sites, which is perceived to be greater in the project
area than in the adjacent regions?

Middle Archaic Subsistence and Settlement

Patterns

• Do the suggested changes in settlement pattern
correlate with the postulated end of the long drought
around 4000 B.P.?

• Was there a substantial increase in population
densities as has been proposed?

• Is the formation of smaller territories indicat-
ed?

• Was there an increase in the interaction sphere
of south–central Texas groups?

Late Archaic Subsistence and Settlement Pat-

terns

• Are there specialized hearth facilities that sug-
gest greater reliance on foods requiring roasting or
baking?

• How does the population density indicated by
sites in south-central Texas compare with the pos-
tulated increases in population in Central Texas to
the north, and low population densities in the west-
ern Gulf Coastal Plain to the east and south?

• How were potential food resources distributed
across the region?

Late Pre–Columbian Subsistence and Settlement

Patterns

• Are the Austin and Toyah phases distinguish-
able in the project area, and if so are there differ-
ences in subsistence and settlement patterns?

• Were there major changes in subsistence orien-
tation from the Late Archaic to the Late Prehistor-
ic?

• Does the Toyah phase represent an influx of new
people following bison herds down from the north,
and if so what was the impact on populations living
in the project area (absorption, displacement, anni-
hilation)?
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• Is the exploitation of bison evident in Toyah
phase sites/components in the project area?

Land-Use Intensification as a
Research Framework

From a research perspective, the site’s archaeologi-
cal record is especially useful in addressing issues
about long-term changes in riverine components of
land-use systems. In turn, changes identified in the
nature of the site’s archaeological assemblages,
along with inferred paleoenvironmental conditions,
are especially useful in assessing elements of test-
able models about the nature of long-term land-use
change. The land-use model for the project area—
the lower Medina River valley and surrounding en-
virons—is a working model developed in part from
the project’s original research design (Carlson et al.
1990) but with an added “intensification” compo-
nent (Thoms 1989). It draws from regional archae-
ological records summarized in Chapter 9, as well
as from global patterns of long-term land-use in-
tensification.

As used herein, “land use” refers to patterned
exploitation of resources by human groups, the
manner in which they used places on the landscape,
the technologies they employed in the process, and
the effect of that exploitation on the ecosystem (cf.
Kirch 1982). Land-use “intensification” is a gener-
al (i.e., nomothetic) trend through the millennia to-
ward the expenditure of more energy per unit area
to recover more food from the same landscape to
feed more people (cf. Cohen 1977; Johnson and
Earle 1987). As modeled, an imbalance (typically
too many people for the available, commonly used
food resources) places stress on an existing land-
use system and, thus, forces intensification. The
working model specifies general temporal trends
that are detectable in the local and regional archeo-
logical records, but not necessarily at one site or in
a single environmental setting. Expected trends are
as follows:

• Late Pleistocene. Pre-Clovis through Paleoin-
dian (prior to ca. 10,000 B.P.); low population den-

sities without appreciable population circumscrip-
tion; high group mobility and short-term occupa-
tion of sites by family groups; people move to the
food resources (i.e., “forager-like”) (Binford 1980);
reliance on big game to the extent it is present (mega-
fauna, or largest-bodied ungulates), supplemented
by a variety of smaller animals, fish, shellfish, and
plants. Expectations of the archaeological record:
comparatively few sites with comparatively low
artifact densities and high diversity in tool types,
especially camp maintenance tools; small, minimal
investment features, no evidence of the bulk pro-
cessing of foods other than big game (i.e., deer sized
and larger).

• Early, Early, Holocene. Early Archaic (ca.
10,000–8300 B.P.); increasing population densities
and initial population circumscription; somewhat
reduced group mobility but continued forager-like
strategies; primary reliance on the largest-bodied
available ungulates (probably deer in riverine set-
tings and, at least periodically, bison in adjacent
uplands); increasing use of smaller animals, fish,
shellfish, and plants, as the availability of larger
game animals decreases relative to human popula-
tion. Expectations of the archaeological record: com-
paratively more sites, most of which should have
low artifact densities and high diversity in tool types,
especially camp maintenance tools; small, minimal
investment features, no evidence of the bulk pro-
cessing of foods other than big game, including deer.

• Middle, Early Holocene through late, Early
Holocene. Early Archaic (ca. 8300–6000 B.P.); in-
creasing population densities, with population cir-
cumscription well established; reduced group mo-
bility; a notable reduction in the use of short-term
occupation of sites by family groups and the move-
ment of people to the food resources, coupled with
an increase in logistically oriented, “collector-like”
strategies (Binford 1980); in the absence of bison,
reliance on deer in all settings, and increasingly on
smaller animals, fish, shellfish, and especially plant
foods (roots, prickly pear, pecans, mesquite, and
acorns), focusing on the more abundant species with
the best cost:benefit ratios. Expectations of the ar-
chaeological record: notable increase in site types,
including sites with high artifact densities and di-
versities (i.e., base camps) that can be distinguished
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from sites with low or high artifact densities and
low artifact diversities (i.e., task-specific, logistical
sites); overall increase in the diversity and frequen-
cy of tool and feature types; initial evidence of in-
creased procurement and bulk processing foods oth-
er than big game, including small game, fish, and
plant foods.

• Middle Holocene. Middle Archaic (ca. 6000–
3000 B.P.); continued increases in population den-
sities and population circumscription; increase in
collector-like strategies; continued reliance on deer
but with an increasing focus on riparian zones and
increasing use of smaller animals, fish, shellfish, and
especially plant foods; species with cost:benefit ra-
tios lower than those species that were intensively
used in preceding time periods will be used more
regularly. Expectations of the archaeological record:
notable increase in site types, including sites with
high artifact densities and diversities (i.e., base
camps) that can be distinguished readily from sites
with high artifact densities and low artifact diversi-
ties (i.e., intensively used task-specific sites); ini-
tial appearance of sites with more permanent resi-
dential structures and evidence of trade, as well as
cemeteries; overall increase in the diversity and fre-
quency of tool and feature types; more evidence of
increased procurement and bulk processing resourc-
es other than big game, especially plant foods.

• Early, Late Holocene. Late and Terminal Ar-
chaic (ca. 3000–1200 B.P.); continued increases in
population densities and population circumscription;
increasing collector-like strategies; reliance on deer
in all settings, but with an even greater focus on
riverine environments and an ever–increasing reli-
ance on smaller animals and plant foods with lower
cost:benefit ratios than those used intensively dur-
ing preceding periods. Expectations of the archaeo-
logical record: village or quasi–village sites (i.e.,
longer-term occupations with more substantial res-
idential structures, middens, and cemeteries) become
more common, as do task-specific sites; the pattern
of an increase in the diversity and frequency of tool
and feature types should continue; bulk processing
features (e.g., large earth ovens and burned rock
middens) should become more common, as should
evidence of the use of fish and shellfish; evidence
of trade should become more abundant.

• Late, Late Holocene. Late Prehistoric (ca. 1200–
400 B.P.); this essentially represents the pre-proto-
historic land use pattern; it is the period when land
use was at its maximum intensity, semi-sedentism
was at a maximum level, and native populations
were at their highest level prior to the population
apocalypse brought about by the “discovery” of the
New World by Europeans and the introduction of
Old World diseases. Expectations of the archaeo-
logical record: the equivalent of the Austin focus or
some other limited or non-bison hunting phase of
the well-known Late Prehistoric periods; tool and
feature assemblages, including storage facilities,
should be more complex than in earlier periods;
midden deposits at base camp/village sites and spe-
cial purpose sites should be at their densest; ceme-
teries should be more common than during any oth-
er period; evidence of violent deaths should be at
an all-time high, as should evidence of trade.

Previous Publications

Although final analytical work and publication of
the final report on the Richard Beene site were de-
layed more than 10 years after major fieldwork end-
ed, numerous articles were published, and Master
of Arts theses were written about the site during this
interim. Information presented in these articles and
theses forms a basis for much of the present report.
They include the following:

• Applewhite Reservoir: Mitigation Phase Exca-
vations at 41BX831, the Richard Beene Site. APR
News and Views 3(2):4. Department of Archaeolog-
ical Planning & Review, Texas Historical Commis-
sion, Austin (Thoms 1991a)

• The Richard Beene Site: A Deeply Stratified
Paleoindian to Late Prehistoric Occupation in
South–Central Texas. Current Research in the Pleis-
tocene 9:42–44 (Thoms and Mandel 1992)

• Knocking Sense from Old Rocks: Typologies
and the Narrow Perspective of the Angostura Point
Type. Lithic Technology 18:16–27 (Thoms 1993a)
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• Late Pleistocene and Early Holocene Land Use:
A Preliminary Perspective from the Richard Beene
Site, 41BX831, Lower Medina River, South Texas
(Thoms 1992a) In Late Cenozoic Alluvial Stratig-
raphy and Prehistory of the Inner Gulf Coastal
Plain, South–Central, Texas: Guidebook to the 10th
Annual Meeting of the South–Central Friends of the
Pleistocene, edited by Rolfe D. Mandel and S. Chris-
topher Caran, manuscript on file at Kansas Geolog-
ical Survey, University of Kansas, Lawrence

• Pedostratigraphy: Richard Beene Site
(41BX831) (Mandel and Jacob 1992), In Late Cen-
ozoic Alluvial Stratigraphy and Prehistory of the
Inner Gulf Coastal Plain, South–Central, Texas:
Guidebook to the 10th Annual Meeting of the South–
Central Friends of the Pleistocene, edited by Rolfe
D. Mandel and S. Christopher Caran, manuscript
on file at Kansas Geological Survey, University of
Kansas, Lawrence

• Plant Remains from the Richard Beene Site
(41BX831): Implications for Holocene Climatic
Change in South–Central Texas (Dering and Bry-
ant 1992), In Late Cenozoic Alluvial Stratigraphy
and Prehistory of the Inner Gulf Coastal Plain,
South–Central, Texas: Guidebook to the 10th An-
nual Meeting of the South–Central Friends of the
Pleistocene, edited by Rolfe D. Mandel and S. Chris-
topher Caran, manuscript on file at Kansas Geolog-
ical Survey, University of Kansas, Lawrence

• Late Pleistocene through Late Holocene Fau-
nal Assemblage from the Richard Beene Site
(41BX831), Bexar County, South–Central Texas:
Preliminary Results (Baker and Steele 1992), In Late
Cenozoic Alluvial Stratigraphy and Prehistory of
the Inner Gulf Coastal Plain, South–Central, Tex-
as: Guidebook to the 10th Annual Meeting of the
South–Central Friends of the Pleistocene, edited by
Rolfe D. Mandel and S. Christopher Caran, manu-
script on file at Kansas Geological Survey, Univer-
sity of Kansas, Lawrence

• Late Pleistocene and Early Holocene Environ-
ments in the Medina Valley of Texas as Revealed
by Nonmarine Molluscs (Neck 1992), In Late Cen-
ozoic Alluvial Stratigraphy and Prehistory of the
Inner Gulf Coastal Plain, South–Central, Texas:

Guidebook to the 10th Annual Meeting of the South–
Central Friends of the Pleistocene, edited by Rolfe
D. Mandel and S. Christopher Caran, manuscript
on file at Kansas Geological Survey, University of
Kansas, Lawrence

• Stable Isotope Analysis of Land Snail Shell
Carbonate, the Richard Beene Site (41BX831), Tex-
as (Fredlund and Neck 1992), In Late Cenozoic Al-
luvial Stratigraphy and Prehistory of the Inner Gulf
Coastal Plain, South–Central, Texas: Guidebook to
the 10th Annual Meeting of the South–Central
Friends of the Pleistocene, edited by Rolfe D. Man-
del and S. Christopher Caran, manuscript on file at
Kansas Geological Survey, University of Kansas,
Lawrence

• Early and Middle Holocene Occupations at the
Richard Beene Site: The 1995 Southern Texas Ar-
chaeological Association Field School Project. La
Tierra 23(4): 8–36 (Thoms et al. 1996)

• A Late Pleistocene Record of the Ringtail from
South–Central Texas. Current Research in the Pleis-
tocene 10:94–96 (Baker 1993)

• Preserving the Feature Record: A Systematic
Analysis of Cooking and Heating Features from the
Richard Beene Site (41BX831), Texas. Unpublished
M.A. thesis. Department of Anthropology, Texas
A&M University, College Station (Clabaugh 2002)

• C4 Plant Productivity and Climate—CO2 Varia-
tions in South–Central Texas during the Late Qua-
ternary. Quaternary Research 58:182–188 (Nordt
et al. 2002)

• Analysis of Site Structure and Post-Deposition-
al Disturbance at Two Early Holocene Components,
Richard Beene Site (41BX831), Bexar County, Tex-
as. Unpublished M.A. thesis. Department of Anthro-
pology, Texas A&M University, College Station
(Mason 2003)

• Archaeological Survey and Monitoring in 2005
at the Richard Beene Site, South-Central Texas.
Technical Report No. 7, Center for Ecological Ar-
chaeology (Thoms et al. 2005)
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Information presented in several written papers
given at professional meetings at the national, re-
gional, and local levels also provided a basis for the
present report, including:

• “Excavations at the Richard Beene Archaeolog-
ical Site (41BX831), Lower Medina River Valley,
South Texas.” 62nd Annual Meeting, Texas Arche-
ological Society, Austin (Thoms 1991b)

• “Floodplain Environments and Archaeological
Assemblages in the Lower Medina River Valley,
South Texas.” 49th Annual Plains Conference,
Lawrence, Kansas (Thoms 1991c)

• “Geoarchaeology of a Deeply-Stratified Pale-
oindian through Late Prehistoric Site (41BX831) in
the Lower Medina River Valley, South Texas.” 49th
Plains Anthropological Conference, Lawrence, Kan-
sas (Mandel 1991)

• “Land Use Diversity on a Subtropical Land-
scape: Terminal Pleistocene and Early Holocene
Archaeology, Lower Medina River Valley, South
Texas.” 57th Annual Meeting, Society for Ameri-
can Archaeology, Pittsburgh, Pennsylvania (Thoms
1992b)

• “Late Paleoindian Phantoms and Early Archaic
Land–Use Strategies: A Savannah Perspective from
the Southeastern Periphery of the Southern Plains.”
60th Annual Meeting, Society for American Archae-
ology, Minneapolis, Minnesota (Thoms 1995)

• “Late Pleistocene and Holocene Paleoecology
and Archaeology at the Richard Beene Site, Coast-
al Plain, South-Central North America.” 72nd An-
nual Meeting, Society for American Archaeology,
Austin Texas (Thoms and Mandel–Co-Chairs)

Organization of Report

Results of paleoecological and archaeological in-
vestigations at the Richard Beene site are presented
in two volumes: (1) chapters 1-9 covering project

background, paleoecological studies, cultural back-
ground, and excavation strategies; and (2) chapters
10-15 covering archaeological studies and a syn-
thesis of overall results, as well as appendices.

The present chapter introduces the Richard
Beene site; provides an overview of its discovery,
excavation, and relationship to the Applewhite Res-
ervoir project history; discusses the research frame-
work for the overall archaeological project; and ac-
knowledges previous publications and presentations
that form the basis of much of this report. Chapter 2
describes and discusses the site’s present-day eco-
logical setting and environmental conditions dur-
ing the Spanish-Colonial era when Native Ameri-
cans occupied the region. Chapter 3 provides de-
tailed information on geomorphic settings, paleo-
sols, depositional environments, and paleoenviron-
mental implications. Chapter 4 places the site’s ex-
cavation areas (i.e., archeological components) with-
in pedostratigraphic and site-formation contexts.
Subsequent chapter’s present paleoenvironmental
data derived from mollusc distributions (Chapter 5),
stable-isotope studies of river mussel shells (Chap-
ter 6), and stable-isotope studies of snail shells
(Chapter 7).

Chapter 8 provides ethnohistorical and archae-
ological background information. Excavation strat-
egies and the general nature of archaeological de-
posits are discussed in Chapter 9. Next are descrip-
tions and discussions about lithic assemblages
(Chapter 10), vertebrate-fauna remains (Chapter 11),
and plant remains (Chapter 12). Chapter 13 focuses
on archaeological features and Chapter 14 exam-
ines aspects of site structure derived from artifact
density and cluster-analysis data. Chapter 15 syn-
thesizes and compares assemblage data from the
site’s major components. Appendices are as follows:
(A) description of mammoth/mastodon bone; (B)
provenience tables for recovered artifacts; (C) arti-
fact-analysis tables; (D) faunal-analysis tables; (E)
description of human teeth; (F) feature-analysis ta-
bles; (G) paleomagnetism analysis; (H and I) im-
munological analysis of residue on stone tools and
fire-cracked rocks; and (J) Survey/Monitoring work
in 2005.
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This chapter establishes an ecological context for
the ensuing descriptions and discussions of geomor-
phological, paleoecological, and archaeological
records pertaining to the Richard Beene site. The
site lies along the right bank of the Medina River
and extends more than 100 m to the south, which in
terms of the Applewhite Reservoir project, places it
directly in the footprint of the proposed dam site
(Figures 1.1 and 2.1). In a regional perspective, the
site’s setting, and its surrounding environs for more
than 150 km, are one of a modified humid subtrop-
ical climate and savannah vegetation. Within this
expansive landscape, however, there is considerable
variation in physiographic regions, soil zones, and
biotic provinces. Significantly, several regions, prov-
inces, and zones converge within a few kilometers
of the Richard Beene site, such that an especially
salient ecological characteristic is the site’s ecoton-
al setting—on/near an ecological boundary—where-
in species diversity is usually greater compared to
interior portions of biotic zones (cf. Butzer 1982;
Odum 1971). Carlson (2008) provides detailed de-
scriptions of the modern environment, including
geology, soils, climate, flora, and fauna of the site
area and vicinity.

Regional Physiography and Climate

The Richard Beene site is located in the lower Me-
dina River valley in south-central Texas. It lies in
the westernmost portion of the inner Gulf Coastal

Plain of North America’s Coastal Plain physiograph-
ic province (Figure 2.2), with the Balcones Escarp-
ment and the Edwards Plateau division of the Great
Plains province only 25 km to the northwest (Fen-
neman 1938). The Medina River begins in the Ed-
wards Plateau region of the southern Plains and
flows southeast before crossing the Balcones Es-
carpment and descending onto the Inner Gulf Coast-
al Plain. Within the Edwards Plateau, it is an in-
cised bedrock stream with high gradient and mod-
erate sinuosity. To the southeast of the Balcones
Escarpment, it abruptly changes to a meandering
alluvial channel with low gradient, high sinuosity,
and a substantial floodplain (Figure 2.3). The Me-
dina River joins the San Antonio River about 20
km east of the site.

The climate of south-central Texas is humid
subtropical (Thornthwaite 1948). Mean annual pre-
cipitation at San Antonio for the period 1961–1990
is 78.7 cm (30.9 inches) (World Weather Informa-
tion Service 2006), but there is considerable annual
variation in rainfall (National Oceanic and Atmo-
spheric Administration 2006). Monthly averages
range from just over 2 inches in March to almost 4
inches in May, with a second peak of about 3.5 inch-
es in September (Carr 1967:4, 8). Snowfall occurs
once every few years, usually in January, but freez-
ing temperatures are common and occasionally drop
to single digits. Average annual temperature in this
part of Texas is about 70 degrees, with the coldest
month being January (ca. 54 degrees) and the warm-
est being July and August (ca. 85 degrees) (Carr 1967).

ECOLOGICAL SETTING:  THE LOWER MEDINA RIVER VALLEY AND
SURROUNDING INNER GULF COASTAL PLAIN

Alston V. Thoms and Rolfe D. Mandel
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Figure 2.1.  The Richard Beene site (41BX831) in relation to spillway trench for the dam at the proposed Applewhite
Reservoir.

Figure 2.2.  Physiographic map, showing the location of the project area in relation to surrounding provinces.
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This region is prone to intensive rainfall and
concomitant severe flooding because of a variety
of factors, most notably its proximity to the Gulf of
Mexico moisture source, and the effects of tropical
storms and easterly waves. Another important ele-
ment is the orographic uplift of moist gulf air mass-
es along the Balcones Escarpment (Carr 1967). In-
cursion of polar air masses into central Texas also
contributes to torrential rains, especially when these
systems converge with tropical storms or easterly
waves in the vicinity of the Balcones Escarpment
(Holliday et al. 2001). This rare combination of
events has produced some of the highest rainfall
intensities in the world (Baker 1980; Caran and
Baker 1986; Patton and Baker 1977). For example,
in 1921 a total of 92.45 cm (36.4 inches) fell in 18
hours at Thrall, Texas (ca. 159 km north of the site),
holding, at that time, the world’s record for this du-
ration (Bomar 1983, 1992). Thrall, like the Richard
Beene site, is situated at the boundary between the
Inner Gulf Coastal Plain and Edwards Plateau. The
occurrence of extremely heavy rains and associated
flooding in the Medina River watershed is an im-
portant factor when site formation processes are
considered at the Richard Beene site.

Ecoregions and Ecological Zones

From a continental perspective, the Richard Beene
site is located near a boundary between two of North
America’s major ecoregions that comprise the wet

eastern forests and dry central plains. An ecoregion
is a continuous geographical area characterized by
distinctive flora, fauna, climate, landform, and soil,
wherein ecological relationships among these vari-
ables are essentially similar (Bailey 1978). The en-
tire Medina and San Antonio River basins, and most
of the eastern United States, fall within the “humid
temperature” ecoregion domain (Bailey 1978). This
ecoregion extends some 240 km (150 mi.) west of
the Richard Beene site where it borders the “dry”
ecoregion domain, which encompasses the Pecos
River basin and extends north to Canada. As mapped
by the U.S. Department of Agriculture, the Richard
Beene site area lies just inside a southwest projec-
tion of the Prairie Parkland Province (of the Humid
Temperate Domain). This ecological province ex-
tends north and east to Lake Michigan and is bor-
dered on the east by the Southeastern Mixed Forest
Province and, north thereof, by the Eastern Decidu-
ous Forest Province. Immediately to the south and
east of the site is the Prairie Brushland Province,
also of the Humid Temperate Domain (Figure 2.4)
(Bailey 1978).

Four major ecological zones converge within a
few kilometers of the Richard Beene site:  (1) the
Edwards Plateau (and Balcones Escarpment) to the
west; (2) the Blackland Prairie to the north; (3) the
Post Oak Savannah to the northeast and east; and
(4) the South Texas Plain to the south (Figure 2.5)
(Frye et al. 1984). Modern vegetation regimes in
these zones are as follows:  (1) juniper-oak-mes-
quite savannah on the Edwards Plateau; (2) bunch

Figure 2.3.  The Medina River valley: (a) view to the south, across the Medina River valley some 3 km upstream
from the Richard Beene site; and (b) view to north, across the wide floodplain immediately downstream of the
site.
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Figure 2.4.  The Richard Beene site in relation to potential natural vegetation in south-central North America
(modified from Kuchler 1985).

Figure 2.5.  The Richard Beene site in relation to Texas’ ecological zones (modified from Fry et al. 1984).
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and short grass on the Blackland Prairie; (3) oak-
hickory forests, and bunch and short grass in the
Post Oak Savannah; and (4) mesquite-chaparral, and
bunch and short grass on the South Texas Plain
(Arbingast et al. 1976; McMahan et al. 1984).

The distribution of biotic provinces in the site’s
mesoenvironmental zone, an area within 30 km or
so of the site that could be exploited regularly by
the site’s inhabitants, also exemplifies the ecotonal
setting. The boundaries of three biotic provinces
intersect in or very near Bexar County (Figure 2.6)
(Blair 1950). The Richard Beene site lies at or near
the northernmost limits of the Tamaulipan Biotic
Province, a region that extends far to the south and
coincides roughly with Texas’ Rio Grande Plain soil
zone (Arbingast et al. 1976:12). This province has
a semiarid, megathermal climate that enables plant
growth throughout the year and supports a wide
range of vertebrate fauna including Neotropical,
grassland, and basin desert species (Blair 1950:103).

The Balconian Biotic Province, to the west and
northwest of the site, falls largely within the Ed-
wards Plateau physiographic region (Blair
1950:112-114). It has a dry, subhumid, mesother-
mal climate that supports savannah vegetation. A
variety of animals characteristic of desert basin hab-
itats, as well as hardwood and pine forests, occupy

this province, as do some grassland and Neotropi-
cal species. To the northeast of the site is the Texan
Biotic Province that encompasses the Blackland
Prairie physiographic region and others to the east.
The moist subhumid climate supports both grass-
lands and hardwood forests, and occasional stands
of pines that in turn support a variety of vertebrate
grassland and forest species (Blair 1950: 100-101).

Medina River Valley and Vicinity during
the Spanish Colonial Era

The earliest accounts of the environment in the
immediate vicinity of the Richard Beene site comes
from the 1691–1692 Spanish entrada led by then
Governor Domingo de Teran de los Rios. The ex-
pedition, which set out in search of survivors of the
ill-fated French settlement at Matagorda Bay as well
as places to establish Catholic missions in east Tex-
as, traveled from near Monclova in northeast Mex-
ico, across the Rio Grande near Guerrero, Nuevo
Leon, to the vicinity of San Antonio, and on to Cad-
do country in east Texas (Foster 1995:51-75). On
June 12, 1691, the expedition approached the Me-
dina River from the west and crossed it about 15
km upstream from the Richard Beene site near the
town of Macdona. Governor Teran described the
area, including the Medina and San Antonio river
valleys as follows:

On the 12th, continuing our march
toward the east, we discovered a
new road [an Indian trail] and trav-
eled over a level region like that
along the Rio de la Plata with its
herds, until our royal standard
halted on the banks of another ar-
royo, which, at various points, on
previous trips [de Leon’s expedi-
tions, 1689–1690] had been called
the Medina. There were a great
number of buffaloes here. . . .

On the 13th. Our royal standard and
camp moved in the aforesaid east-
erly direction. We marched five
leagues [13 mi.] over a fine coun-

Figure 2.6.  The Richard Beene site in relation to Texas’
biotic province (redrawn from Blair 1950).
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try with broad plains—the most
beautiful in New Spain. We camped
on the banks of an arroyo, adorned
by a great number of trees, cedars,
willows, cypresses, osiers, oaks,
and many other kinds. I called it San
Antonio de Padua [San Antonio
River], because we had reached it
on his day. Here we found certain
rancherias in which the Peyeye
[Payaya] nation lives. We observed
their actions, and I discovered they
were docile and affectionate, were
naturally friendly, and were decid-
edly agreeable toward us. I saw the
possibility of using them to form
reducciones—the first one on the
Rio Grande, at the presidio, and
another at this point. Different na-
tions in between could be thereby
influenced. We did not travel on the
14th because it was Corpus Christi
day.

On the 15th, we marched towards
the east five leagues [13 mi.], across
a country much like the preceding,
with buffaloes and a great many oak
trees. It is suited for all kinds of
agriculture. We set up our camp that
night upon the banks of a certain
arroyo [Salado Creek], where there
is a considerable quantity of water.
This I named the San Ignacio de
Loyola. This night we had a terrible
storm [Hatcher 1932:14; informa-
tion in brackets by present author
based on Foster 1995].

The expedition’s religious leader, Father Dami-
an Mansanet (also Massanett), also kept a daily jour-
nal and he made the following observations about
the environmental setting in the vicinity of the Ri-
chard Beene site:

Tuesday, 12 [June]. We left Arroyo
de San Bernabe and proceeded
northeast through a mesquite and
oak woods. A distance of about a

quarter of a league we emerged
from the woods at the foot of a high
hill. We immediately entered a level
region without trees, the whole
forming a beautiful prairie, where
there were great numbers of buffa-
loes and deer. From this prairie
could be seen a tall round hill in a
northeasterly direction. We turned
east and in line with the said hill we
could see another one farther to the
east. We passed this which is cov-
ered with tall mesquite woods. Half
a league [1.3 mi.] beyond this is the
arroyo [Medina River]. It is crossed
just below its junction with a dry
one. We went this day five leagues
[13 mi.] and camped on the far side.
We [i.e., the missionaries, as op-
posed to the governor] gave it the
name of San Basilio. In the Indian
language it is called Panapay.

Wednesday, 13 [June]. We left San
Basilio [Medina River] after hav-
ing said mass. We continued north-
east, a quarter east, until we passed
through some low hills covered
with oaks and mesquite. The coun-
try is very beautiful. We entered a
stretch which was easy for travel
and advanced on our easterly
course. Before reaching the river
there are other small hills with oaks.
The River is bordered with many
trees, cottonwoods, oaks, cedars,
mulberries, and many vines. There
are a great many fish and upon the
highlands a great number of wild
chickens [prairie chickens].

On this day, there were so many
buffaloes that the horses stampeded
and forty head ran away. These were
collected with the rest of the horses
by hard work on the part of the sol-
diers. We found at this place the
rancheria of the Indians of the
Payaya nation. This is a very large
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nation and the country where they
live is very fine. I called this place
San Antonio de Padu [San Antonio
River valley near downtown San
Antonio], because it was his day. In
the language of the Indians it is
called Yanaguana . . . [Hatcher
1932:54-55; information in brack-
ets by present author based on Fos-
ter 1995].

Members of later Spanish expeditions that
passed near the Richard Beene site also recorded
their observations about the area’s terrain, flora, fau-
na, and weather conditions, as well as about the
native people who lived there (see Chapter 4). Fray
Isidro de Espinosa, an ecclesiastical member of a
small reconnaissance expedition in April 1709 from
the lower Rio Grande to the Colorado River, noted
that the Medina River, probably within a couple of
miles of the Richard Beene site (Foster 1995: 197,
Map 10), was bordered by pecan trees, which he
called walnuts, and noted that they were “the daily
food of the nations who live along the banks” (Tous
1930a:4). On the return trip he crossed the Medina
at or near the same place and noted that several Si-
jame Indians near Leon Creek were burning the
grassland as they traveled toward the Medina River
(Tous 1930a:13).

Fray Espinosa also accompanied an expedition
in 1716 headed by Captain Don Domingo Ramón
from northeast Mexico to the east Texas missions.
He described the landscape between the Medina
River and Leon Creek and along the San Antonio
River, as he contemplated establishing missions:

[May 13, 1716] . . . we set out
through a forest of oaks and scat-
tered mesquite to find the Medina
River, going a league north-north-
east. Then over rough ground with
many groves of holm-oaks, gray
oaks, and walnut trees. . . . Having
crossed some level ground and
groves of box-trees, we went right
through a very spacious forest in the
direction of east-northeast. Then
making some deviations to the

northeast we reached the Medina
River . . . . By the banks of this river
were many poplar trees, blackberry
bushes and grapevines on which we
saw some green grapes.

[May 14, 1716] We set out from the
aforesaid river in the direction of
east-northeast through hills and
dales all covered with very green
gramagrass. Some flint stones were
found all along the way to the Ar-
royo de Leon, which is three
leagues [7.8 mi.] distant from the
river. In this stream there are pools
of water. From thence by northeast
we entered the plain at the San An-
tonio River. At the end of the plain
is a small forest of sparse mesquite,
and some oaks. To it suceeds the
water of the San Pedro; sufficient
for a mission. Along the banks of
the latter, which has a thicket of all
kinds of wood, and by an open path
we arrived at the River San Anto-
nio. This river is very desirable (for
settlement) and favorable for its
pleasantness, location, abundance
of water, and multitude of fish. It is
surrounded by very tall nopals
[prickly-pear cactus], poplars, elms,
grapevines, black mulberry trees,
laurels, strawberry vines, and genu-
ine fan-palms. There is a great deal
of flax and wild hemp, and abun-
dance of maiden-hair fern and many
medicinal herbs [Tous 1930b:8-11].

Additional information about the ecological
setting in the early eighteenth century comes from
Padre Juan Antonio de la Peña, a member of the
ecclesiastical delegation with the 1721–1722 expe-
dition under the command of Governor (of Nuevas
Filipinas [Tejas] y Coahuila) Marques de San Miguel
de Aguayo. The expedition, on its way from Guer-
rero on the Rio Grande to northeast Louisiana, ap-
proached the Medina River very near the Richard
Beene site on April 3, 1721, after getting a late start
due to a thunderstorm that scattered the horse herd.
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Among Padre de la Peña’s comments are the fol-
lowing:

During the remainder of the day we
passed through flat country and
found a great many deer. We saw
around us, almost at the same time,
as many as three or four hundred of
these animals, and the mounted sol-
diers that covered the line of march,
riding at full speed, captured two by
driving them toward the droves of
horses. They could have caught sev-
eral more had they not been afraid
of throwing into disorder the line
of march. Here also we found a
great number of turkeys and quail.

[April 4, 1721] We set out . . . and
entered the province of the Texas
Indians, or Nuevas Filipinas, which
is separated from the Province of
Coahuila, Nueva Estremadura, by
the Medina River. We traveled east-
northeast about three leagues [7.8
mi.] until we came to Leon Creek,
in which water can be found the
greater part of the year, and in sev-
eral esteros all year round. From
here we advanced northeast along
a beautiful plain until we came to
San Antonio. Most of the route from
the Medina River to Leon Creek we
crossed low hills and fertile valleys
and found a great quantity of flint
stone. This kind of stone can be
found at several places between the
Rio Grande and San Antonio
[Forrestal 1935:14-15; information
in brackets by present author based
on Foster 1995].

Still more information about flora, fauna, and
weather conditions along the San Antonio River
downstream from the Richard Beene site comes
from the journal of Fray Graspar Jose de Solis. He
led an inspection tour of Zacatecan missions, in-
cluding those in San Antonio, from February through
August 1768 (Foster 1995:197-214):

[March 20, 1768]  The banks of the
river [San Antonio River near Mis-
sion San Jose] are shady and pleas-
ant and are covered with a great
number of trees of various kinds:
sabines, poplars, walnuts, etc.
Along the road to the persidio [San
Antonio] there are a great many
mesquites, huisaches and oaks. The
river is well supplied with eels,
barges, pullones, piltontes, mojar-
ras, sardines, other fishes. In the
woods between La Bahia [along the
San Antonio River near present-day
Goliad, Texas] and San Antonio
there are a few lions and a great
number of cattle, horses, deer,
wolves, coyotes, rabbits, wildcats,
and boars. Along the river I found
herons, ducks, geese, turkeys, quail,
partridges, sparrow-hawks, eagles,
owls, and other birds with which I
am not familiar [Forrestal 1931:18;
information in brackets by present
author based on Foster 1995].

[April 7, 1768]  I left the San Jo-
seph [Jose] mission. A strong, cold
wind was blowing from the north,
and it was raining, snowing and
freezing. I passed the San Juan
Capistrano mission and crossed the
Salado, a river which, though not
very deep, has very beautiful banks,
covered with large, shady trees
[Forrestal 1931:21-22; information
in brackets by present author based
on Foster 1995].

These and other historical accounts attest to the
savannah and grassland mosaic in the uplands sur-
rounding the Richard Beene site, and to well-for-
ested riparian zone along the Medina River. They
also attest to a seemingly abundant supply of game
animals, fur-bearers, fowl, fish, nut and fruit trees,
and prickly-pear cactus, as well as tool-stone raw
material, water, and fuel (Foster 1995; Neck 1991;
Robbins 1991a, 1991b).
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Natural Resource Potential in the Site Area

The site’s setting is decidedly riverine, with bald-
knee cypress, sycamore, pecan, and cottonwood
growing along the river and on the adjacent flood-
plain, which lies 10–15 m below the terrace surface
and the site’s uppermost archaeological deposits.
Gravel bars along the river contain an abundance of
chert cobbles that undoubtedly provided raw mate-
rial—tool stone—for the manufacture of chipped-
stone tools, in addition to the upland sources noted
by Spanish explorers.

Immediately upstream from the site, the mod-
ern floodplain is narrow and bounded by outcrops
of Wilcox-formation sandstone (Chapter 3), some
of which extend upward from the river’s edge 15 m
to the terrace surface (Figure 2.7). These and other
nearby outcrops probably served as source-areas for
sandstone used by the site’s inhabitants for heating

elements—cook stone—in earth ovens, hearths, and
perhaps for stone-boiling. Just downstream from the
site, the modern floodplain widens, as does the ma-
jor terrace above it (Figure 2.7). The terrace fill con-
tains the site’s archaeological remains and is com-
prised of fine-grained, over-bank flood deposits that
formed the floodplain when the site was occupied.
This expansive floodplain would have been rich in
a wide variety of wild root foods (i.e., geophytes).
Within 2 km to the south, Post Oak Savannah veg-
etation and sandy soils dominate the upland land-
scape. Across the river and within 2 km distance is
the Blackland Prairie where bison grazed from time
to time and a variety of plant foods were available.
In short, the people who occupied the Richard Beene
site had ready access to a wide variety of resources.

Spanish explorers and travelers of the late sev-
enteenth and eighteenth centuries pointed, in par-
ticular, to an abundance of big game animals—bi-
son, deer, and pronghorn—in the site area. Cabeza

Figure 2.7.  Aerial photograph (1985) showing the location of the Richard Beene site in relation to source areas
for the subsistence-related archaeological remains.
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de Vaca, one of four men who survived a shipwreck
and journey on foot across south Texas and north-
ern Mexico in the early sixteenth century, paints a
rather different picture (Covey 1993; Favata and
Fernandez 1993; Krieger 2002). Some of his obser-
vations about subsistence patterns in south-central
Texas are directly applicable to the Richard Beene
site area. Alex Krieger (2002:41), who studied the
survivor’s route in unusual detail, places one of the
important prickly-pear cactus (i.e., tuna) grounds
they visited on several occasions a scant 20–40 km
south of the Richard Beene site, just over the low
divide that separated the Medina and Nueces River
basins. Writing of this general area as well as areas
nearer the coast, Cabeza de Vaca noted that deer
were present, although not especially numerous, and
he seldom encountered bison at all. In marked con-
trast, bison were very abundant from the late 1600s
through the late 1700s (Thoms 2004a). What he
emphasized about native subsistence practices was
the importance of wild plant foods, notably prickly-
pear leaves and tuna and various kinds of roots
(Krieger 2002:182-218).

Such different observations may well be ex-
plained by the fact that human populations were
probably quite high when Cabeza de Vaca traversed
coastal and south Texas. The regions carrying ca-
pacity may have been reached insofar as plant foods
provided much of the diet and game animals pro-
vided a lower percentage of caloric intake. Thereaf-
ter, with massive depopulation from Old World dis-
eases (e.g., small pox, measles, and influenza) in-
troduced by the Spanish, the game animal popula-
tions would have been effectively higher relative to
human populations. In this scenario, the likely re-
sult would have been a marked increase in meat
consumption and a corresponding decrease in plant
food consumption.

At the Richard Beene site, there is considerable
indirect evidence for the extensive use of plant foods,
primarily an abundance of fire-cracked sandstone
that functioned as cooking stones in earth ovens
(Chapter 13–15). Cook stones, in general, were

widely, perhaps primarily, used to bake root foods
in earth ovens throughout east- and south-central
Texas (Thoms 1994a,1994b, 2003, 2004b). As dis-
cussed in Chapter 8, young prickly-pear leaves as
well as prickly-pear tunas were cooked in earth ov-
ens and are especially common in the site area.

There are numerous wild root foods that occur
in abundance in the fine-grained, floodplain, and
terrace soils in the immediate vicinity of the site
today and probably in the distant past as well (Ta-
ble 2.1). Among those are onions (Allium, spp.) and
false-garlic (Nothoscordum bivalve), both of which
Thoms observed growing in widespread patches in
densities of more than 100 plants per square meter
near the Richard Beene site. Other lily family plants
with potentially edible bulbs that grow in the area
today and may well have been utilized include:  rain
lilies (Cooperia drummondii), spider lilies (Hymeno-
callis liriosme), and copper lilies (Habranthus tex-
anus), and possibly eastern camas (Camassia scil-
loides). Other root-food plants common to the area
are ground nut (Apios americana), globeberry (Iber-
villea, spp.), wild potatoes (Ipomoea pandurata),
bull nettle (Cnidoscolus stimulosus), and buffalo
gourd (Cucurbita foetidissima). There are also var-
ious hydrophytes—plants with underwater roots—
in the site area known to have been used by native
peoples. These include American lotus (Nelumbo
lutea), arrowhead (Sagittaria latifolia and S. gramin-
ea) water plantain (Alisma plantago-aquatica), and
perhaps cane plants, including Arundinaria gigan-
tica and Phragmites, spp.

To conclude, it seems clear that through the millen-
nia, the inhabitants of the Richard Beene site would
have had ready access to ethnographically impor-
tant food resources, including white-tailed deer,
pronghorn, bison, bear, turkey, fish, shellfish, nuts,
berries, prickly pear, mesquite beans, and wild root
foods (Campbell 1975). Hester (1989a:123) recog-
nized the relatively high productivity potential of
similar riverine settings when he referred to ripari-
an forests in the northern part of south Texas as “high
density resource zones.”
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ROOT FOODS 
Arrow-root (Sagittaria spp.) Roots eaten raw, boiled, or baked (in earth oven) 
Blazing star (Liatris spp.) Bulbs used for food3 [probably baked] 
Bracken fern (Pteridium aquilinum var.) Roots baked  
Cattail (Typha latifolia L.) Roots dried, ground into flour; eaten raw, baked  
False garlic, crow poison (Nothoscordum 
bivalve) 

Bulbs eaten raw (this is one of the only 
references to this plant as edible); [probably 
boiled or baked as are most lily bulbs2] 

Greenbriar, cat-briar (Smilax spp.) Roots boiled 
Ground nut, American potato bean (Apios 
americana) 

Tubers eaten raw or boiled: dried and stored for 
winter use 

Jerusalem artichoke (Helianthus tuberosus) Tubers are edible5,9 [probably baked] 
Milkweed, various (Asclepias spp.) Tubers boiled and eaten 
Prairie turnip, scurvy pea (Psoralea spp.) 5 Tubers roasted and eaten6,7 [unclear if local 

species, P. linearifolium and P. tenuiflorum, 
are edible: P. tenuiflorum reported toxic to 
horses, cattle; most information on edible P. 
esculenta] 

Spring beauty (Claytonia virginica) Bulbs boiled or baked  
Water-chinquapin (Nelumbo lutea) Tubers eaten fresh/dried; seeds eaten raw/baked 
Eastern camas (Camassia scilloides) Bulbs eaten, baked in earth oven2,9 

Wild onion (Allium spp.) Bulbs eaten raw or boiled [also baked1,2,4] 
Wild potato (Ipomoea pandurata) Tubers dried and ground into flour 
Wine-cup (Callirhoe digitata) Roots eaten8 [probably baked] 

SEEDS 
Amberique bean (Strophostyles helvola) Seeds eaten raw or boiled 
Partridge pea (Cassia fasciculata) Seeds boiled and eaten 
Sunflower, common (Helianthus annuus) Seeds eaten after boiling or roasting4 

Yucca, beargrass (Yucca louisianensis) Seed pods eaten, boiled or roasted [Mahler 
(1998) notes genus but not species]; stalks 
peeled and eaten [stalks of some yucca species 
are roasted9] 

NUTS AND FRUITS 
American hop-hornbeam (Ostrya virginiana) Nuts eaten raw or baked 
Black hickory (Carya texana) Nuts from this and other hickories eaten raw, 

boiled or leached; made into meal for eating 
Black walnut (Juglans nigra) Nuts eaten raw; boiled for oil 
Elm, various (Ulmus spp.) Inner bark made into cakes and eaten [this 

implies pulverizing and cooking] 
Mesquite (Prosopis glandulosa) Seed pods eaten fresh or boiled 
Oaks, various red and white (Quercus spp.) Acorns varyingly eaten raw, boiled, leached; 

processed into meal 
Pecan (Carya illinoinensis) Nuts eaten raw; mashed/dried, made into 

porridge4 

Prickly pear (Opuntia spp.) Tunas eaten raw or boiled; pads [nopalito] 
baked 

White ash (Fraxinus americana) Cambium [inner bark] cooked and eaten 
 
1 Driver and Massey (1957) 
2 Thoms (1989) 
3 Wyckoff (1984:12) 

 
4 McCormick et al. (1975:10-20) 
5 Mahler (1988) 
6 Reid (1977) 

 
7 Prikryl (1990:13) 
8 Havard (1895:111) 
9 Elias and Dykeman (1990) 

Table 2.1.  Ethnographically documented plant foods available in the Post Oak Savannah and adjacent ecological
areas (modified from Thoms 1994b:21–22, Table 4 and Thoms and Mason 2001:12, Table 2).
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This chapter presents the results of geoarchaeolog-
ical investigations at the Richard Beene site. These
investigations focus on stratigraphy, geochronolo-
gy, depositional environments, pedology, and pa-
leo-environments. Pedological aspects of this study
are especially important because the sequence of
buried soils provides a basis for understanding cy-
cles of alluviation and landscape stability at the site.
Establishment of a geochronological record is also
a crucial component of the study. Intensive radio-
carbon dating at the site not only forms the basis for
the cultural chronology, but leads to development
of a precise alluvial chronology for the lower Me-
dina River. Comparison of this chronology with oth-
er well-dated alluvial records may be used to infer
intrinsic and extrinsic controls on fluvial systems
in the region. Hence, the ramifications of this study go
far beyond the boundaries of the Richard Beene site.

Bedrock Geology and Geomorphic Setting

Bedrock at the Richard Beene site consists of Eocene
sedimentary rocks dominated by sandstone of the
Wilcox Group (Barnes 1983; Sellards et al. 1967).
These rocks have been weathered and eroded into
tablelands and gently rolling hills. Extensive out-
crops of sandstone are source areas for dunes and
eolian sand sheets on the uplands immediately south
of the Richard Beene site.

Cultural deposits at the Richard Beene site are
associated with the Applewhite terrace, which is the

second terrace (T-2) above the modern floodplain
of the Medina River (Mandel et al. 2005) (Figures
3.1 and 3.2). The surface of the Applewhite terrace
is 12 m above the lowest surface of the modern
floodplain. The Applewhite terrace dominates the
valley floor and can be traced for considerable dis-
tances along the Medina River. It is a paired terrace
with a broad, flat tread and few meander scars. A
steep scarp separates the Applewhite terrace from
the lowest terrace (Miller terrace) (Figure 3.1). A
natural levee at the top of the scarp has a gently
sloping surface that gradually merges with the tread
of the Applewhite terrace. Landowners reported that
floodwaters have nearly overtopped the Applewhite
terrace. There is no record, however, of flooding on
this terrace during the Historic period.

Methods

Most of the geoarchaeological investigation at the
Richard Beene site was conducted during the sum-
mer and fall of 1991 while archaeological excava-
tions were underway. Profile “windows” in the spill-
way trench were cleaned with hand shovels and a
backhoe was used to expose profiles below the floor
of the spillway trench (Figure 3.2). A detailed de-
scription of the overall profile (Table 3.1) was pre-
pared in the field using standard procedures and ter-
minology outlined by Soil Survey Staff (1984) and
Birkeland (1999). Each soil horizon was described
in terms of its texture, Munsell matrix color and
mottling, structure, consistency, and boundaries.
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When present, root channels, clay films, secondary
carbonate forms, and ferromanganese concretions
were described. Reaction of soils to 10 percent hy-
drochloric acid was noted, and stages of carbonate
morphology were defined according to the classifi-
cation scheme of Birkeland (1999:Table A-4). In
addition, sedimentary features preserved in C hori-
zons of some soils were described to help recon-
struct depositional environments.

Soil and sediment samples were collected from
the profiles for laboratory analyses. Soils were sam-
pled by horizon using standard U.S. Department of
Agriculture procedures (Soil Survey Staff 1984), and
unweathered portions of alluvial units (C horizons)
were systematically sampled at intervals that were
dependent on their thickness (after Krumbein and
Graybill 1965). The samples were dried at 40°C in
a forced-draft oven and ground to pass through a 2
mm sieve. They were analyzed for particle-size dis-
tribution by the pipette method (Kilmer and Alex-
ander 1949) and dry-sieving of sand. The Chittick
gasometric method (Dreimanis 1962) was used to
determine calcium carbonate equivalent (CaCO3).
Total carbon was determined by dry combustion
(Nelson and Sommers 1982), and organic carbon
was computed as the difference between inorganic
C (CaCO3) and total C. For isotopic analysis, C from
CaCO3 was collected as CO2 by dissolving the car-
bonates in 100 percent H3PO3. Soil organic matter
was converted to CO2 by dry combustion with CuO
in evacuated sealed quartz tubes, posterior to remov-
al of carbonates in 1N HCL. The CO2 was purified

as per Boutton (1991a). Isotopic composition was
determined on a UG-903 (UG Isogas, Middlewich,
UK) dual inlet, triple isotope ratio spectrometer.

The micromorphology of soils was assessed by
thin-section analysis. Thin sections of undisturbed
soil were made from epoxy-resin–impregnated
blocks and viewed with a petrographic microscope.
Micromorphological terminology follows that of
Bullock et al. (1985) and Courty et al. (1989).

Stratigraphic Nomenclature

A bipartite stratigraphic nomenclature was used in
this study. Stratigraphic designations are informal
and include stratigraphic units and soils. The upper
boundary of a stratigraphic unit may be a buried
soil that is traceable throughout the project area or
a surface soil. Arabic numerals designate the strati-
graphic units, beginning with 1, the lowest and old-
est unit in the stratigraphic sequence. Prefixes as-
signed to the units indicate the landform sediment
assemblage. For example, with Unit A1, it is the
lowest unit in the stratigraphic sequence beneath the
Applewhite terrace (“A” = Applewhite).

Soils were included in the stratigraphic frame-
work of every section that was described in the
project area. Soils are important to the subdivision
of Quaternary sediments, whether the soils are at
the present land surface or buried (Birkeland 1999).

Figure 3.1.  Schematic cross-section of the Medina River valley showing the terraces, underlying deposits, and
soils.
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Buried soils are numbered consecutively from the
top of a section downward, with the number fol-
lowing the b (for example, Bkb1). In addition to
being numbered, five buried soils that have a con-
sistent stratigraphic position, and are laterally trace-
able in the field, were assigned names.

Identification of Buried Soils

Identification of buried soils (paleosols) in late-
Quaternary valley fill was essential for identifying
intervals of floodplain stability at the Richard Beene
site. However, recognition of buried paleosols was
complicated by:  (1) truncation by erosion prior to
burial; (2) diagenesis of horizons after burial; and
(3) deposition of organic- and/or clay-rich alluvi-
um that was not subsequently modified by soil gen-
esis. Therefore, several criteria were used in com-
bination to differentiate buried soils from alluvium
that has not been modified by pedogenesis. These
criteria are as follows:

Structure. Aggregation of individual soil par-
ticles produces structure. Individual aggregates, or
peds, are classified into several types on the basis
of shape, i.e., granular, blocky, columnar, and pris-
matic. However, the structure criterion cannot be
used alone to differentiate buried soils from deposi-
tional units. Flood drapes are often composed of high
proportions of clay that are rich in 2:1-layer silicate
minerals. The shrinking and swelling of these clays
give the alluvial deposits an angular blocky struc-
ture, but internally these aggregates are massive and
dense. Also, clay-rich flood drapes often display
conchoidal angular fracturing.

Micromorphological Features. Surface soils
display certain micromorphological features that are
not present in pedogenically unmodified sediment.
Buried paleosols must also display some of these
features. Evidence of soil development includes the
presence of soil plasma, soil skeletal grains, voids,
and other pedological features, such as cutans and
pedotubules. Detection of these features requires the
use of a hand lens and/or thin sections and a petro-
graphic microscope.

Evidence of Bioturbation. Modern soils gen-
erally have evidence of bioturbation. This evidence
may consist of krotovinas, worm casts, or root chan-
nels. Hence, buried paleosols should show some
evidence of bioturbation.

Lateral Extent. Soils are laterally extensive and
are not restricted to particular landforms. They can
cross lithological discontinuities and, in valleys, can
be traced from abandoned channels to natural levees,
and from terraces up onto valley side-slopes. Thus,
a buried paleosol can be mapped in three dimen-
sions over varying topography, whereas a deposi-
tional unit will be restricted to a particular landform.

The terms “soil” and “deposit” should not be
confused (Mandel and Bettis 2001). The term “soil”
is often used by engineers to represent any deposit
of unconsolidated rock material (regolith). Arch-
aeologists also commonly use this term when refer-
ring to the medium from which artifacts are recov-
ered. In this study, “deposit” refers to a package of
sediment, and “soil” refers to the zones within a
deposit that have been altered by pedogenic pro-
cesses.

Radiocarbon Assays

Standard radiocarbon assays were conducted by
Beta Analytic, Inc., the University of Texas at Aus-
tin, and Southern Methodist University. Small char-
coal samples were submitted to Beta Analytic, Inc.,
for radiocarbon dating analyses using the accelera-
tor mass spectrometry (AMS) technique. The AMS
measurements were made in triplicate at the ETH
University in Zurich, Switzerland, and at the Uni-
versity of Arizona. Samples were pretreated by the
radiocarbon laboratories for removal of roots and
CaCO3, and all but nine ages were dl3C corrected.
More than 40 radiocarbon ages were determined on
materials from the Richard Beene site. These mate-
rials were either charcoal or total decalcified soil
carbon. Radiocarbon ages are reported as uncali-
brated years before present (B.P.).

Radiocarbon ages determined on soils are mean
residence times for all decalcified organic carbon
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in the soil samples (Campbell et al. 1967). Although
mean residence time does not provide the absolute
numerical age of a buried soil, it does give a mini-
mum age for the period of soil development, and it
provides a limiting age on the overlying material
(Geyh et al. 1975; Scharpenseel 1975; Birkeland
1999:150; Haas et al. 1986).

Results of Investigations:  Soils,
Stratigraphy, and Geochronology

Unit A1

Unit A1 is at the base of the valley fill beneath the
Applewhite terrace. This unit consists of stratified,
coarse-grained channel deposits composed largely
of siliceous sand and carbonate gravel. Boring logs
indicate that Unit A1 extends across the valley floor
and is 3–5 m thick (McClelland Engineers, Inc.
1985). The time at which this unit began to aggrade
is unknown. However, based on a radiocarbon age
determined on charcoal from the overlying unit (Unit
A2), aggradation of Unit A1 ceased sometime be-
fore ca. 33,000 B.P.

Unit A2

Unit A2 rests conformably on Unit A1 and consists
of very fine sand grading upward to silty clay loam
(Table 3.2). Unit A2 is 3–4 m thick and has been
greatly modified by soil development. The Somer-
set paleosol, formed at the top of Unit A2 (Figure
3.2), has a strongly expressed Bkm-Bk profile (Ta-
ble 3.1, Figures 3.3 and 3.4). Calcium carbonate
content in the Somerset paleosol ranges from 55.3
to 69.3 percent (Table 3.3). The petrocalcic (Bkm)
horizon is 35–45 cm thick and has stage V carbon-
ate morphology (Figure 3.5). In some places, the
petrocalcic horizon was partially or completely
stripped off by erosion before the Somerset paleo-
sol was buried (Figure 3.6). Large fragments of the
petrocalcic horizon that probably represent rip-up
clasts were recorded in several of the fire-cracked
rock features associated with the Perez paleosol.

Charcoal from a natural burn zone in stratified loamy
fine sand at the bottom of Unit A2 yielded a 14C age

(AMS) of 32,850±530 B.P. (Table 3.4), and decal-
cified organic carbon from the lower 10 cm of the
Somerset paleosol was dated at 20,080±560 B.P.
(Table 3.5). Hence there was a transition from later-
al accretion (represented by Unit A1) to vertical
accretion (represented by Unit A2) at ca. 32,000 B.P.
Overbank deposition slowed and soil development
was underway on the late-Wisconsin floodplain by
ca. 20,000 B.P., if not sooner.

Unit A3

Unit A3 consists of fine-grained overbank deposits
that fill a paleochannel and, in most areas, overlap
Unit A2. The texture of these overbank deposits
ranges from fine sandy loam to silty clay (Table 3.2).
Unit A3 is typically 5–6 m thick and completely
fills the paleochannel that truncates Unit A2 (Fig-
ure 3.2). At the Richard Beene site, three weakly
expressed soils (Soils 6, 7, and 8) are developed in
fine-grained alluvium composing the lower half of
Unit A3 (Figures 3.2, 3.3, and 3.7). These three soils
have not been documented elsewhere in the project
area, and it is likely that they are limited to the chan-
nel fill at the Richard Beene site. Soil 8 consists of
an over-thickened A horizon above a C horizon (Ta-
ble 3.1). Soils 6 and 7 are truncated Bk horizons
with weak stage I carbonate morphology; the A ho-
rizons were stripped off by erosion before the soils
were buried (Table 3.1). Soil 6 is formed in a de-
posit that slightly coarsens upward (Table 3.2). Soils
7 and 8, however, are developed at the top of up-
ward-fining sequences (Table 3.2).

Several small pieces of wood charcoal from a
dark, amorphous, organic- and bone-rich zone in
the upper 10 cm of Soil 7 yielded a 14C age (AMS)
of 12,745±190 B.P. (Table 3.4). Radiocarbon ages
of 13,640±210 and 13,480±360 B.P. were de-ter-
mined on soil carbon from the upper 10 cm of Soils
7 and 6, respectively (Table 3.5). In addition, soil
carbon from the upper and lower 10 cm of the A
horizon of Soil 8 yielded 14C ages of 13,960±150
and 15,270±170 B.P., respectively (Table 3.5). Al-
though the ages determined on soil carbon are in
correct stratigraphic order, there is a ca. 1,000-year
discrepancy between the ages determined on char-
coal and soil carbon from the same zone in Soil 7.
Also, carbon from Soil 6 yielded an age that is ca.



36 Archaeological and Paleoecological Investigations at the Richard Beene Site

Sa
nd

*(
%

 w
t)

 
 

Si
lt 

(%
 w

t)
 

H
or

iz
on

 
D

ep
th

 (c
m

) 
V

C
 

C
 

M
 

F 
V

F 
T

ot
al

 
 

C
 

F 
T

ot
al

 
C

la
y 

(%
 w

t)
 

T
ex

tu
re

 
V

.F
. S

an
d/

 
Fi

ne
 S

an
d 

(%
 w

t)
 

C
la

y 
fr

ee
 

Sa
nd

/S
ilt

 
(%

 w
t)

 
M

od
er

n 
su

rf
ac

e 
so

il/
U

ni
t A

7 
A

p 
00

-1
4 

0.
1 

0.
2 

1.
5 

14
.5

 
15

.2
 

30
.7

 
 

13
.3

 
27

.5
 

40
.8

 
28

.5
 

C
L 

1.
0 

0.
8 

B
k1

 
14

-3
7 

0.
0 

0.
2 

1.
4 

13
.8

 
13

.4
 

28
.4

 
 

11
.5

 
31

.9
 

43
.4

 
28

.2
 

C
L 

1.
0 

0.
7 

B
k2

 
37

-4
4 

0.
1 

0.
1 

1.
0 

11
.7

 
10

.6
 

23
.1

 
 

11
.0

 
34

.1
 

45
.1

 
31

.8
 

C
L 

0.
9 

0.
5 

B
k2

 
44

-5
1 

0.
0 

0.
1 

1.
1 

9.
4 

9.
7 

19
.9

 
 

9.
8 

36
.4

 
46

.1
 

34
.0

 
C

L 
1.

0 
0.

4 
M

od
er

n 
su

rf
ac

e 
so

il 
w

el
de

d 
on

to
 th

e 
L

eo
n 

C
re

ek
 P

al
eo

so
l/U

ni
t A

6 
A

b1
(B

k)
 

51
-6

9 
0.

1 
0.

2 
0.

9 
8.

5 
8.

6 
17

.9
 

 
9.

8 
36

.6
 

46
.4

 
35

.7
 

Si
C

L 
1.

0 
0.

4 
A

b1
(B

k)
 

69
-8

7 
0.

1 
0.

2 
1.

0 
8.

7 
7.

6 
17

.2
 

 
7.

9 
37

.9
 

45
.8

 
37

.0
 

Si
C

L 
0.

9 
0.

4 
B

kb
1 

87
-1

20
 

0.
0 

0.
1 

1.
2 

9.
5 

7.
2 

17
.6

 
 

7.
3 

38
.5

 
45

.8
 

36
.6

 
Si

C
L 

0.
8 

0.
4 

B
kb

1 
12

0-
15

4 
0.

0 
0.

1 
1.

7 
15

.3
 

7.
9 

24
.5

 
 

6.
4 

35
.2

 
41

.6
 

33
.9

 
C

L 
0.

5 
0.

6 
B

C
kb

1 
15

4-
20

6 
0.

0 
0.

1 
3.

9 
3.

2 
13

.5
 

48
.6

 
 

7.
7 

20
.2

 
27

.9
 

23
.5

 
L 

0.
4 

1.
7 

C
B

b1
 

20
6-

22
3 

0.
1 

0.
1 

1.
1 

19
.7

 
18

.3
 

38
.7

 
 

12
.3

 
24

.7
 

37
.0

 
24

.3
 

L 
0.

9 
1.

0 
M

ed
in

a 
Pe

do
co

m
pl

ex
/U

ni
t A

5 
A

kb
2 

22
3-

26
4 

0.
1 

0.
1 

2.
1 

11
.8

 
10

.1
 

23
.8

 
 

10
.1

 
35

.4
 

45
.4

 
30

.8
 

C
L 

0.
9 

0.
5 

A
kb

2 
26

4-
28

9 
0.

1 
0.

1 
0.

9 
6.

7 
8.

1 
15

.7
 

 
9.

6 
39

.6
 

49
.2

 
35

.1
 

Si
C

L 
1.

2 
0.

3 
A

B
kb

2 
28

9-
31

7 
0.

0 
0.

1 
0.

4 
3.

3 
4.

5 
8.

1 
 

9.
9 

41
.1

 
51

.1
 

40
.8

 
Si

C 
1.

4 
0.

2 
B

k1
b2

 
31

7-
36

0 
0.

0 
0.

1 
0.

1 
1.

0 
2.

4 
3.

6 
 

9.
5 

44
.8

 
54

.3
 

42
.1

 
Si

C 
2.

4 
0.

1 
B

k1
b2

 
36

0-
40

4 
0.

1 
0.

0 
0.

1 
0.

8 
3.

2 
4.

1 
 

14
.2

 
42

.0
 

56
.2

 
39

.7
 

Si
C

L 
3.

9 
0.

1 
B

k2
b2

 
40

4-
45

6 
0.

0 
0.

0 
0.

1 
0.

6 
3.

2 
3.

8 
 

10
.2

 
47

.5
 

57
.7

 
38

.5
 

Si
C

L 
5.

2 
0.

1 
B

k2
b2

 
45

6-
50

8 
0.

1 
0.

1 
0.

3 
1.

9 
5.

1 
7.

4 
 

13
.9

 
43

.1
 

57
.0

 
35

.6
 

Si
C

L 
2.

6 
0.

1 
B

l2
b2

 
50

8-
56

0 
0.

1 
0.

1 
0.

1 
0.

7 
3.

8 
4.

5 
 

9.
9 

46
.1

 
56

.0
 

39
.5

 
Si

C
L 

5.
3 

0.
1 

B
k3

b2
 

56
0-

59
7 

0.
0 

0.
1 

0.
1 

2.
6 

4.
9 

7.
5 

 
10

.2
 

43
.1

 
53

.3
 

39
.2

 
Si

C
L 

1.
9 

0.
1 

B
k4

b2
 

59
7-

69
3 

0.
1 

0.
3 

0.
7 

4.
8 

6.
8 

12
.4

 
 

8.
7 

41
.2

 
49

.9
 

37
.7

 
Si

C
L 

1.
4 

0.
2 

C
b2

 
69

3-
70

6 
0.

0 
0.

1 
0.

1 
1.

6 
7.

5 
9.

1 
 

14
.5

 
41

.1
 

55
.6

 
35

.3
 

Si
C

L 
4.

6 
0.

2 
C

b2
 

70
6-

72
0 

0.
1 

0.
0 

0.
0 

3.
0 

9.
7 

12
.5

 
 

13
.6

 
39

.6
 

53
.2

 
34

.3
 

Si
C

L 
3.

3 
0.

2 
E

lm
 C

re
ek

 P
al

eo
so

l/U
ni

t A
4 

B
k1

b3
 

72
0-

74
4 

0.
0 

0.
0 

0.
0 

0.
8 

4.
7 

5.
4 

 
16

.0
 

38
.8

 
54

.8
 

39
.8

 
Si

C
L 

5.
7 

0.
1 

B
k1

b3
 

74
4-

76
8 

0.
1 

0.
1 

0.
1 

0.
1 

4.
4 

4.
7 

 
10

.8
 

43
.9

 
54

.7
 

40
.6

 
Si

C 
43

.0
 

0.
1 

B
k2

b3
 

76
8-

79
4 

0.
1 

0.
0 

0.
1 

1.
1 

6.
0 

7.
1 

 
12

.6
 

40
.6

 
53

.1
 

39
.8

 
Si

C
L 

5.
3 

0.
1 

B
k2

b3
 

79
4-

82
0 

0.
0 

0.
1 

0.
2 

1.
3 

4.
9 

6.
4 

 
10

.8
 

43
.4

 
54

.2
 

39
.4

 
Si

C
L 

3.
7 

0.
1 

C
B

b3
 

82
0-

98
0 

0.
1 

0.
0 

0.
1 

5.
8 

20
.3

 
25

.5
 

 
13

.1
 

30
.0

 
43

.1
 

31
.4

 
C

L 
3.

5 
0.

6 
C

b3
 

98
0-

1,
00

0 
0.

0 
0.

1 
0.

2 
2.

8 
13

.3
 

15
.9

 
 

16
.7

 
35

.0
 

51
.8

 
32

.3
 

Si
C

L 
4.

8 
0.

3 
C

b3
 

1,
00

0-
1,

02
0 

0.
0 

0.
0 

0.
1 

3.
1 

12
.3

 
15

.0
 

 
15

.8
 

34
.0

 
49

.8
 

35
.2

 
Si

C
L 

4.
0 

0.
3 

Pe
re

z 
Pa

le
os

ol
/U

ni
t A

3 
B

kb
4 

1,
02

0-
1,

04
4 

0.
2 

0.
3 

0.
7 

4.
7 

7.
2 

12
.8

 
 

13
.7

 
34

.5
 

48
.3

 
38

.9
 

Si
C

L 
1.

5 
0.

3 
co

nt
in

ue
d 

 

Ta
bl

e 
3.

2.
  P

ar
tic

le
 si

ze
 d

is
tri

bu
tio

ns
 in

 so
il 

ho
riz

on
s e

xp
os

ed
 in

 th
e 

sp
ill

w
ay

 tr
en

ch
.



37Chapter 3:  Geomorphic Investigations

Sa
nd

*(
%

 w
t)

 
 

Si
lt 

(%
 w

t)
 

H
or

iz
on

 
D

ep
th

 (c
m

) 
V

C
 

C
 

M
 

F 
V

F 
T

ot
al

 
 

C
 

F 
T

ot
al

 
C

la
y 

(%
 w

t)
 

T
ex

tu
re

 
V

.F
. S

an
d/

 
Fi

ne
 S

an
d 

(%
 w

t)
 

C
la

y 
fr

ee
 

Sa
nd

/S
ilt

 
(%

 w
t)

 
Pe

re
z 

Pa
le

os
ol

/U
ni

t A
3 

B
kb

4 
1,

04
4-

1,
06

8 
0.

2 
0.

5 
1.

1 
6.

0 
7.

0 
14

.4
 

 
11

.2
 

38
.5

 
49

.7
 

35
.9

 
Si

C
L 

1.
2 

0.
3 

B
ks

sb
4 

1,
06

8-
1,

10
2 

0.
2 

0.
4 

0.
9 

7.
0 

7.
0 

15
.1

 
 

13
.0

 
32

.6
 

45
.6

 
39

.3
 

Si
C

L 
1.

0 
0.

3 
B

ks
sb

4 
1,

10
2-

1,
13

6 
0.

3 
0.

6 
1.

3 
7.

6 
7.

5 
16

.9
 

 
12

.8
 

30
.4

 
43

.2
 

39
.9

 
Si

C
L 

1.
0 

0.
4 

B
’k

b4
 

1,
13

6-
1,

16
9 

0.
3 

0.
6 

1.
6 

9.
6 

7.
8 

19
.5

 
 

10
.2

 
31

.4
 

41
.6

 
38

.9
 

Si
C

L 
0.

8 
0.

5 
B

C
kb

4 
1,

16
9-

1,
19

8 
0.

2 
0.

8 
2.

1 
12

.2
 

9.
7 

24
.4

 
 

12
.9

 
26

.9
 

39
.8

 
35

.8
 

C
L 

0.
8 

0.
6 

B
C

kb
4 

1,
19

8-
1,

22
7 

0.
6 

0.
8 

3.
5 

17
.0

 
13

.1
 

34
.2

 
 

10
.5

 
24

.5
 

35
.0

 
30

.8
 

C
L 

0.
8 

1.
0 

C
B

kb
4 

1,
22

7-
1,

25
7 

0.
7 

0.
9 

2.
8 

17
.9

 
12

.6
 

34
.0

 
 

9.
0 

24
.8

 
33

.8
 

32
.2

 
C

L 
0.

7 
1.

0 
C

b4
 

1,
25

7-
1,

30
7 

0.
0 

0.
1 

5.
7 

46
.5

 
15

.3
 

65
.9

 
 

3.
8 

11
.5

 
15

.3
 

18
.8

 
FS

L 
0.

3 
4.

3 
C

b4
 

1,
30

7-
1,

35
7 

0.
2 

0.
7 

9.
5 

49
.5

 
12

.0
 

70
.1

 
 

4.
5 

10
.2

 
14

.6
 

15
.3

 
FS

L 
0.

2 
4.

8 
So

il 
6/

U
ni

t A
3 

B
k1

b5
 

1,
35

7-
1,

37
5 

0.
0 

0.
2 

1.
8 

33
.8

 
16

.5
 

51
.7

 
 

5.
3 

17
.6

 
23

.0
 

25
.3

 
SC

L 
0.

5 
2.

3 
B

k2
b5

 
1,

37
5-

1,
42

5 
0.

0 
0.

1 
1.

4 
32

.6
 

20
.9

 
54

.3
 

 
3.

0 
19

.9
 

22
.8

 
22

.9
 

SC
L 

0.
6 

2.
4 

B
k2

b5
 

1,
42

5-
1,

45
9 

0.
0 

0.
0 

0.
4 

14
.5

 
16

.7
 

31
.2

 
 

11
.3

 
27

.9
 

39
.1

 
29

.7
 

C
L 

1.
2 

0.
8 

So
il 

7/
U

ni
t A

3 
B

kb
6 

1,
45

9-
1,

48
5 

0.
0 

0.
2 

0.
3 

1.
7 

4.
4 

6.
4 

 
8.

7 
44

.6
 

53
.3

 
40

.3
 

Si
C 

2.
5 

0.
1 

B
kb

6 
1,

48
5-

1,
50

5 
0.

1 
0.

1 
0.

2 
0.

9 
4.

8 
6.

0 
 

14
.0

 
45

.3
 

59
.3

 
34

.7
 

Si
C

L 
5.

2 
0.

1 
So

il 
8/

U
ni

t A
3 

A
1b

7 
1,

50
5-

1,
54

0 
0.

0 
0.

1 
0.

3 
1.

3 
2.

9 
4.

5 
 

16
.1

 
35

.5
 

51
.6

 
43

.9
 

Si
C 

2.
2 

0.
1 

A
2b

7 
1,

54
0-

1,
57

5 
0.

0 
0.

1 
5.

5 
1.

2 
2.

8 
9.

4 
 

5.
6 

45
.2

 
50

.8
 

39
.8

 
Si

C
L 

2.
3 

0.
2 

C
b7

 
1,

57
5-

1,
60

0 
0.

1 
0.

0 
1.

2 
2.

1 
3.

6 
6.

6 
 

10
.8

 
49

.1
 

59
.9

 
33

.5
 

SC
L 

1.
7 

0.
1 

So
m

er
se

t P
al

eo
so

l/U
ni

t A
2 

B
km

b8
 

1,
60

0-
1,

63
8 

1.
0 

2.
5 

4.
9 

18
.6

 
14

.3
 

40
.4

 
 

8.
9 

25
.5

 
34

.4
 

25
.2

 
L 

0.
8 

1.
2 

B
k1

 
1,

63
8-

1,
67

6 
0.

2 
1.

1 
3.

2 
21

.7
 

16
.0

 
41

.4
 

 
8.

7 
27

.3
 

35
.9

 
22

.7
 

L 
0.

7 
1.

2 
B

k2
 

1,
67

6-
1,

69
8 

0.
1 

0.
4 

2.
0 

20
.0

 
13

.9
 

36
.0

 
 

9.
4 

27
.2

 
36

.6
 

27
.4

 
L 

0.
7 

1.
0 

B
k2

 
1,

69
8-

1,
72

0 
0.

0 
0.

2 
1.

2 
14

.4
 

13
.8

 
29

.2
 

 
15

.7
 

25
.7

 
41

.5
 

29
.3

 
C

L 
1.

0 
0.

7 
B

k3
 

1,
72

0-
1,

74
5 

0.
0 

0.
1 

0.
1 

1.
0 

2.
4 

3.
6 

 
9.

5 
44

.8
 

54
.3

 
42

.1
 

Si
C 

2.
4 

0.
1 

*P
ar

tic
le

-s
iz

e 
lim

its
 (m

m
): 

Sa
nd

: V
C

 =
 2

.0
-1

.0
, C

 =
 1

.0
-0

.5
, M

 =
 0

.5
-0

.2
5,

 F
 =

 0
.2

5-
0.

10
, V

F 
= 

0.
10

-0
.0

5 
 

 
 

Si
lt:

  T
ot

al
 =

 0
.0

5-
0.

00
2,

 F
in

e 
= 

0.
02

-0
.0

02
 

 
 

 
C

la
y:

  T
ot

al
 =

 <
 0

.0
02

, F
in

e 
= 

<0
.0

00
2 

Te
xt

ur
e 

cl
as

se
s:

 S
 =

 sa
nd

, S
i =

 si
lt,

 C
 =

 c
la

y,
 L

 =
 lo

am
, V

 =
 v

er
y,

 F
 =

 fi
ne

, C
o 

= 
co

ar
se

, G
 =

 g
ra

ve
lly

, e
x 

= 
ex

tre
m

el
y,

 v
 =

 v
er

y 

Ta
bl

e 
3.

2.
  C

on
tin

ue
d.



38 Archaeological and Paleoecological Investigations at the Richard Beene Site

Figure 3.3.  Schematic cross-section showing stratigraphic units, soils, and radiocarbon ages from: (a) wood
charcoal; and (b) total decalcified soil carbon.
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PEREZ PALEOSOL

32,850 ± 530 charcoal, 
burned surface, no cultural materials

MODERN
FLOODPLAIN

Stratified Gravels and Sands

Schematic Cross-Section of the Richard Beene Site (41BX831)

(asl)

Approximate vertical locations 
of excavated areas

MEDINA PEDOCOMPLEX

MILLER TERRACE

see Table 3.3

I

unit A7

unit A6

unit A4

unit A5

unit A2

unit A3

RADIOCARBON AGES FROM DECALCIFIED SOIL CARBON*
Bu:  late, Late Holocene (Perdiz arrow points, ceramics,

ca. 1200 –400 B.P.)

Bl:  early, Late Holocene; not dated

Au: Middle Holocene; not dated

U:  Middle Holocene; not dated

Al:  Middle Holocene 4670 ± 120

F:  late, Early Holocene 6450 ± 135

G:  late, Early Holocene 6410 ± 75; 7030 ± 100;  

      7600 ± 190; 7900 ± 100

I:  middle, Early Holocene; not dated

P:  middle, Early Holocene; not dated

M:  middle, Early Holocene; not dated

K:  early, Early Holocene 9170 ± 100

H:  early, Early Holocene 8780 ± 210; 9200 ± 130; 9750 ± 130;

      9780± 120; 9800 ± 140

T:  early, Early Holocene 9660 ± 100; 9870 ± 120; 10,040 ±120; 

     10,130 ± 120

  N:  early, Early Holocene 9670 ± 120;   

       10,780 ± 140

  Q:  not dated

  R:  Late Pleistocene 13,480 ± 360

  S:  Late Pleistocene (Fauna) 13,640 ±120;  

       3,960 ± 150; 15,270 ± 170

unit A1

unit A2

unit A1

*

Approximate vertical locations 
of excavated areas

see Table 3.4*

MEDINA

RIVER

MEDINA

RIVER

RADIOCARBON AGES FROM WOOD CHARCOAL*
Bu:  late, Late Holocene (Perdiz arrow points, ceramics,
        ca. 1200 –400 B.P.)
Bl:  early, Late Holocene 3090 ± 70
Au:  Middle Holocene 4135 ± 70
U:  Middle Holocene 4380 ± 100; 4430 ± 55; 4510 ± 110
Al:  Middle Holocene 4570 ± 70
D:  early, Late Holocene; not dated (ca. 3000 B.P.)
F:  late, Early Holocene; not dated (ca. 6400 B.P.)
G:  late, Early Holocene 6700 ± 110; 6900 ± 70;  
      6930 ± 65; 6985 ± 65; 7000 ± 70
I:  middle, Early Holocene; not dated (ca. 7500 B.P.)
P:  middle, Early Holocene; not dated (ca. 8500-7500 B.P.)
M:  middle, Early Holocene 7740 ± 50; 7910 ± 60
O:  middle, Early Holocene 7645 ± 70
K:  early, Early Holocene 8080 ± 130
H:  early, Early Holocene; not dated (ca. 8800-8600 B.P.)
T:  early, Early Holocene 8640 ± 60; 8805 ± 75
N:  early, Early Holocene 8810 ± 60
Q:  early, Early Holocene; not dated (ca. 10,000-8800 B.P.)
R:  Late Pleistocene; not dated (ca. 11,500 B.P.)
S:  Late Pleistocene (Fauna) 12,745 ± 190
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750 years older than the age of the charcoal in Soil
7. Given the problems associated with 14C ages de-
termined on soil carbon, the 14C age determined on
the charcoal should be considered a more reliable
indicator of the age of the deposit that is the parent
material for Soil 7.

Soil 6 is capped by fine sandy loam grading
upward to silty clay loam that composes the upper
1.5 m of Unit A3 (Table 3.2). Many stream-worn
carbonate nodules and a few siliceous pebbles are
scattered through Unit A3. It is likely that most of
the carbonate nodules were derived from the erod-
ed, carbonate-rich Somerset paleosol developed in
Unit A2.

A thick, strongly expressed soil (Perez paleo-
sol) is developed at the top of Unit A3 (Figures 3.2,
3.3, and 3.8). The Perez paleosol has a Bk-Bkss-
B’k-BCk-CBk profile (Table 3.1); the A horizon was
stripped off by erosion before the soil was buried.
The total thickness of the paleo-solum is about 2 m.
Several features of the Perez paleosol distinguish it
from the other buried soils in the Applewhite ter-
race fill. First, there are distinct carbonate-lined pe-
dotubules with light-gray (10YR 7/2) interiors
throughout its solum. The pedotubules are 10–20
cm long and 5–8 mm in diameter. Most of these
features are spiral-shaped root casts that have been
enriched with secondary calcium carbonate
(rhyzoliths), and their light-gray interiors represent
iron depletion zones. Second, wedge-shaped aggre-
gates within the Bkssb4 horizon are bounded by

distinct slickensides that are inclined 20–30 degrees
from the horizontal. These features are products of
shrinking and swelling of the soil because of the
high clay content (>35 %) and abundance of 2:1
expanding clay minerals. Third, the Perez paleosol
is “draped” over the eroded surface of the Somerset
paleosol in a manner similar to an alluvial deposit
(Figures 3.2–3.4). This is a sedimentological fea-
ture ascribed to deposition of “soil sediment” on
the paleo-landscape. Finally, many well-rounded
pea-sized pebbles are scattered throughout the fine-
grained matrix of the Perez paleosol. Although some
of these pebbles are siliceous, most are carbonate
lithoclasts. The carbonate lithoclasts are approxi-
mately the same size and all are well rounded. Also,
micro-morphological analyses revealed that their
surfaces are very smooth. Hence, these carbonate
forms were transported by water and deposited with
the fine-grained alluvium; they are not in situ car-
bonate nodules or concretions. There are two pri-
mary sources of the lithoclasts:  (1) the Somerset
paleosols; and (2) the surface soil developed in val-
ley fill beneath the Leona terrace. As the Medina
River dissected the Somerset paleosol and cut later-
ally into the Leona terrace, many carbonate nod-
ules were incorporated into the alluvium. During
high-magnitude floods, it is likely that these nod-
ules (now lithoclasts) were suspended in viscous
fine-grained hypersediment flows that spread out
across the broad early Holocene floodplain. As flow
velocities decreased during the waning stages of
floods, the lithoclasts and clay-rich sediment set-
tled out of suspension together.

The Perez paleosol received influxes of alluvi-
um while pedogenesis was occurring; hence soil
formation and deposition occurred simultaneously.
In such cumulic soils, the A horizon builds up with
the accumulating parent material, and the material
in the former A horizon can eventually become the
B horizon (Birkeland 1999:184; Nikiforoff 1949;
Mandel and Bettis 2001). Soil data indicative of soil
upbuilding are supported by the archaeological ev-
idence from the Perez soil at the Richard Beene site
(Chapters 4 and 9).

Rhythmic flood deposition and repeated human
occupancy resulted in a complex of stratified, verti-
cally stacked, and individually sealed early Ho-
locene cultural horizons within the Perez paleosol.

Figure 3.4.  Photograph showing the Somerset and
Perez paleosols; note how the parent material (Unit
A3) of the Perez paleosol is draped over the Somerset
paleosol and thins to the north (right).
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Horizon Depth (cm) CaCO3 Equiv. 
(% wt) 

Organic Carbon 
(%wt) 

AP 00-14 49.6 1.26 
Bk1 14-37 52.5 1.07 
Bk2 37-44 52.8 0.90 
Bk2 44-51 53.2 0.79 

Leon Creek Paleosol 
Ab1 (Bk) 51-69 52.6 0.84 
Ab1 (Bk) 69-87 53.7 0.60 

Bkb1 87-120 51.7 0.52 
Bkb1 120-154 55.5 0.12 
BCb1 154-206 60.4 0.29 
CBb1 206-223 55.3 0.06 

Medina Pedocomplex 
Akb2 223-264 52.4 0.33 
Akb2 264-289 50.8 0.27 

ABkb2 289-317 48.9 0.24 
Bk1b2 317-360 46.7 0.29 
Bk1b2 360-404 48.7 0.20 
Bk2b2 404-456 48.6 0.23 
Bk2b2 456-508 48.0 0.17 
Bk2b2 508-560 49.2 0.15 
Bk3b2 560-597 45.2 0.45 
Bk4b2 597-693 47.2 0.46 
Cb2 693-706 47.9 0.31 
Cb2 706-720 47.8 0.44 

Elm Creek Paleosol 
Bk1b3 720-744 41.0 0.54 
Bk1b3 744-768 43.5 0.46 
Bk2b3 768-794 43.3 0.24 
Bk2b3 794-820 45.7 0.23 
CBb3 820-980 47.6 0.53 
Cb3 980-1,000 48.5 0.06 
Cb3 1,000-1,020 47.4 0.11 

Perez Paleosol 
Bkb4 1,020-1,044 42.9 0.29 
Bkb4 1,044-1,068 40.6 0.27 

Bkssb4 1,068-1,102 38.2 0.29 
Bkssb4 1,102-1,136 37.9 0.16 
B’kb4 1,136-1,169 38.0 0.12 
BCkb4 1,169-1,198 41.1 0.27 
BCkb4 1,198-1,227 42.1 0.13 
CBkb4 1,227-1,257 44.9 0.13 

Cb4 1,257-1,307 20.9 0.14 
Cb4 1,307-1,357 21.8 0.05 

Soil 6 
Bk1b5 1,357-1,375 22.3 0.73 
Bk2b5 1,375-1,425 38.3 0.11 
Bk2b5 1,425-1,459 40.5 0.23 

continued 
 

Table 3.3.  Calcium carbonate (CaCO3) and organic carbon content of soil samples.
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Table 3.3.  Continued

Horizon Depth (cm) CaCO3 Equiv. 
(% wt) 

Organic Carbon 
(%wt) 

Soil 7 
Bkb6 1,459-1,485 44.0 0.59 
Bkb6 1,485-1,505 53.6 0.50 

Soil 8 
A1b7 1,505-1,540 40.7 0.93 
A1b7 1,540-1,575 45.8 0.46 
Cb7 1,575-1,600 65.3 0.10 

Somerset Paleosol 
Bkmb8 1,600-1,638 69.3 0.02 
Bk1b8 1,638-1,676 61.8 0.33 
Bk2b8 1,676-1,698 55.9 0.34 
Bk2b8 1,698-1,720 55.6 0.30 
Bk3b8 1,720-1,745 55.3 0.34 

 

Figure 3.5.  Photograph of the petrocalcic (Bkm)
horizon developed in the upper 35-45 cm of the
Somerset paleosol; photo-scale has 10 cm increments.

Figure 3.6.  Photograph illustrating erosion of the
petrocalcic horizon of the Somerset paleosol.

These horizons contained chipped stone debitage,
cores and core fragments, stone tools, fire-cracked
rock (FCR), mussel shells, and bones and bone frag-

ments, mostly from rabbit- and deer-sized animals.
Diagnostic artifacts included Angostura projectile
points, fragments of lanceolate projectile points, and
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Figure 3.7.  Photograph showing buried Soils 6, 7, and
8 in the lower half of Unit A3; photo-scale is 1 m long.

Figure 3.8.  Photograph of the Perez paleosol in Block
H; photo-scale is 1 m long.

Clear Fork adzes. There were also many scrapers,
gravers, drills, and edge modified flakes.

The integrity of the archaeological record var-
ies with depth below the surface of the Perez paleo-
sol. For example, many of the artifacts near the bot-
tom of the soil were in horizontal angles of repose,
whereas those near the top were often tilted or turned
on their edges. Also, all of the intact fire-cracked
rock features in the Perez paleosol were in the low-
er half of this soil. Greater soil mixing, and hence
greater disturbance of artifacts and features, should
be expected in the upper part of the soil because of
the mass-wasting movements of expandable clays
(argillipedoturbation in the Bkss horizon) and re-
distribution of material by tree throws (floral pe-
doturbation) and burrowing animals (faunal pedot-
urbation) that likely occurred when the Perez pa-
leosol was a surface soil.

Although pedoturbation probably caused some
movement of artifacts, other lines of evidence sug-
gest that floods had a greater effect on cultural hori-
zons near the top of the Perez paleosol. Specifical-
ly, faunal remains were less numerous and more
stream-worn in the upper half of the soil compared
to those in the lower half. Also, the upward increase
in artifact disturbance within the Perez paleosol is
accompanied by an increase in the size and frequen-
cy of stream-worn pebbles. This sedimentological
evidence suggests that flood magnitudes increased
during the final stages of soil upbuilding. Turbu-
lent, high-magnitude floods entrain more and larg-
er pebbles compared to low-magnitude and less tur-

bulent floods. It is also important to note that high-
magnitude floods are usually erosive; hence they
can move artifacts and disturb or destroy cultural
features on a floodplain. Deep flood scours are com-
mon at the top of the Perez paleosol (Figure 3.9),
and the presence of laminated, sandy sediment in
the scours (Figures 3.10 and 3.11) indicates that they
are products of high flood-flow velocities.

The most disturbed cultural component, with
the exception of Block T (see Chapter 4), rests on
the eroded surface of the Perez paleosol (Figure
3.12). This cultural zone is poorly preserved and
contains no in situ archaeological features (Chapter
9). Instead, there were random concentrations of
chipped stone artifacts, FCR, and mussel shells.
There were also many stream-worn pebbles 2–4 cm
in diameter. Many of the artifacts rested on their
edges at near vertical angles of repose, and some
were imbricated. These artifacts were concentrated
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Figure 3.10.  Photograph showing laminated loamy and
sandy alluvium (lower Unit A4) above the flood-
scoured surface of the Perez paleosol.

Figure 3.9.  Photograph showing a flood scour at the
top of the Perez paleosol.

Figure 3.11.  Close-up photograph of the laminated
alluvium above the flood-scoured surface of the Perez
paleosol.

in flood scours eroded into the top of the Perez pa-
leosol, and some artifacts were scattered in lami-
nated sandy and loamy flood deposits immediately
above the soil. The obvious implication is that the
artifacts and stream-worn pebbles form a lag de-
posit that resulted from a high-energy flood that
stripped the top of the Perez paleosol. The artifacts
and coarser sediment immediately above the Perez
paleosol were probably deposited immediately af-
ter the erosion event, possibly by the same flood
that formed the scours. However, the edges of most
of the FCR did not seem significantly rounded, and
even small chert flakes were razor sharp. This sug-
gests that the cultural material was not transported
very far by flood waters.

Ten radiocarbon ages provide a numerical chro-
nology for the Perez paleosol (Tables 3.4 and 3.5).
Seven of these ages were determined on total de-
calcified soil carbon, and three ages were determined

on charcoal. The ages on soil carbon range from ca.
10,800 B.P. for the lower 10 cm of the paleosol
(Bkb4 horizon) to ca. 9600 B.P. for the upper 10 cm
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Figure 3.12.  Photograph of disturbed cultural
materials resting on the flood-scoured surface of the
Perez paleosol.

of the paleosol (Table 3.5). Based on these ages,
cumulic soil development spanned approximately
1,200 years and the Perez paleosol was buried soon
after ca. 9600 B.P. However, a charcoal sample from
the upper 10 cm of the Perez paleosol yielded an
AMS radiocarbon age of 8640±60 B.P. (Beta-80687/
CAMS-18801), and charcoal samples from the low-
er 30 cm of the Bkb4 horizon of the Perez paleosol
yielded AMS radiocarbon ages of 8805±75 B.P.
(Beta-4752) and 8810±60 B.P. (Beta-80974/CAMS-
19197) (Table 3.4). Hence, despite the fact that the
radiocarbon ages determined on soil carbon from
the Perez paleosol are in correct stratigraphic order,
there is a ca. 1,000-year discrepancy between the
ages determined on charcoal and soil carbon from
the upper 30 cm of the paleosol. This discrepancy
between charcoal and soil-carbon ages is remark-
ably similar to the one detected in soils 6 and 7 in

Unit A3 (see previous discussion). Given that all
the soils in Unit A3 have cumulative properties,
this discrepancy is not surprising, as explained
below.

In alluvial settings, cumulative soils often have
organic-rich sediment continuously added to their
surfaces (Birkeland 1999:166). Consequently, there
are two inherited sources of older organic carbon.
The first inherited source is from the erosion and
redeposition of organic-rich upland topsoil contain-
ing carbon complexed with clays. Organic carbon
from the eroded A horizon of an upland soil includes
a mixture of organic matter, which varies from that
fraction being added daily to that synthesized and
resynthesized over several hundreds or thousands
of years (Birkeland 1999:137). Accordingly, there
is a certain amount of mean residence time associ-
ated with soil sediment deposited on a floodplain.
Mean residence times for upland soils range from
about 200 to 2,000 years, with 1,000 years being
the average (Paul 1969). Hence, some of the soil
sediment that formed the Perez paleosol may have
been 1,000 years old when it was deposited. This
alone may account for the 1,000-year discrepancy
between the ages determined on charcoal and soil
carbon.

The second source of inherited organic carbon
is derived from older alluvium in the river valley.
The parent material of the Perez paleosol was de-
rived from many different sources, including older
valley fill beneath the Applewhite and Leona ter-
races. Although “fresh” organic carbon derived from
vegetation at the time of cumulic soil formation is
superimposed on, and mixed with, inherited, more
oxidized (and therefore less significant) sources of
organic carbon, the inherited older carbon can bias
a radiocarbon age determined on total organic car-
bon from the cumulic soil. Whether this bias can be
as great as 1,000 years is unknown, but it may be at
least a partial source of the discrepancy between
the ages determined on charcoal and soil carbon.

Radiocarbon ages determined on charcoal from
the top of the Perez paleosol and lower part of the
overlying Elm Creek paleosol indicate that the Perez
paleosol was buried after ca. 8600 but before ca.



49Chapter 3:  Geomorphic Investigations

7750 B.P. Unit A4 mantles the Perez paleosol and is
described below.

Unit A4

Unit A4 is typically 3 m thick and consists mostly
of calcareous fine-grained overbank deposits. Soil
development has modified the upper 2.6 m of this
unit. However, sedimentary features in the form of
thin, horizontal beds of silt loam, loam, fine sandy
loam, and very fine sand are well preserved in the
lower 2 m of Unit A4. At the Richard Beene site, a
few lithic artifacts and bones and several isolated
fire-cracked rock features, were recovered from Unit
A4.

The Elm Creek paleosol at the top of A4 (Fig-
ures 3.2, 3.3, 3.13, and 3.14) is the least-developed
soil in the Holocene alluvium beneath the Apple-
white terrace. It has a thin, weakly expressed Bk-
CB-C profile (Table 3.1); the A horizon was stripped
off by fluvial erosion before burial. The Bkb3 hori-
zon (Bk1b3 + Bk2b3) is 1 m thick and is a yellow-
ish brown (10YR 5/6, dry) silty clay loam. Struc-
tural development is weak, and carbonate morphol-
ogy does not exceed stage I in the paleo-solum (Ta-
ble 3.1). Encrusted calcium carbonate filaments
about 1 mm thick compose 2 percent or less of the
soil matrix in the Bkb3 horizons, and secondary
carbonates line the interiors of pedotubules in the
Cb3 horizon. A 4-cm-thick bed of silty clay loam
with common granule-size carbonate lithoclasts was
observed near the bottom of the Bk2b3 horizon, and
faint horizontal bedding was detected throughout
the CBb3 and Cb3 horizons. Bedding in the Cb3
horizon becomes more distinct towards the scarp
that separates the Applewhite terrace from the Mill-
er terrace.

The organic C content has a normal depth trend
in most of the Elm Creek paleosol; it decreases from
0.54 percent in the upper 24 cm of Bk1b3 horizon
to 0.23 percent in the lower 26 cm of the Bk2b3
horizon (Table 3.3). However, organic C abruptly
increases to 0.53 percent in the CBb3 horizon be-
fore dropping off to 0.06 percent in the underlying
Cb3 horizon. The relatively high concentration of
organic C in the CBb3 horizon is probably due to
deposition of sediment rich in organic matter; hence

it is a sedimentological feature and is not related to
pedogenesis.

Calcium carbonate content is high throughout
Unit A4, ranging from 41 percent in the upper 24
cm of the Bk1b3 horizon to 48.5 percent in the Cb3
horizon. These values indicate that there has been
only slight leaching of primary calcium carbonate
in the upper part of the Elm Creek paleosol.

Particle size distribution in Unit A4 is charac-
terized by a general upward fining of the alluvium
(Table 3.2). On a clay-free basis the proportion of
fine silt increases upward from 76.9 to 91.0 per-
cent. This increase in fine silt is matched by a 14
percent decrease in the proportion of sand. Although
the general trend is one of upward fining, there are
distinct irregularities in particle-size distribution
within Unit A4. For example, on a clay-free basis
the proportion of sand increases from 23.5 percent
in the Cb3 horizon to 37.2 percent in the CBb3 ho-
rizon, but abruptly drops off to 10.6 percent in the
Bk2b3 horizon. Also, the ratio of very fine sand to
fine sand (clay-free) dramatically increases from 5.6
in the upper 26 cm of the Bk2b3 horizon to 37.0 in
the lower 24 cm of the Bk1b3 horizon, but drops
off to 6.0 in the upper 24 cm of the Bk1b3 horizon.
These patterns indicate that primary bedding in Unit
A4 has not been completely destroyed by soil de-
velopment, even within the upper part of the trun-
cated Bk1b3 horizon.

In the section near the western end of the spill-
way trench, the Elm Creek paleosol is welded into
two buried soils:  (1) the Middle Elm Creek paleo-
sol; and (2) the lower Elm Creek paleosol (see Fig-
ure 4.3 in Chapter 4, this volume). The upper, mid-
dle, and lower Elm Creek paleosols converge to the
south, forming a single paleosol.

Altogether the soil evidence and archaeologi-
cal findings suggest that the Elm Creek paleosol
represents a relatively short period of floodplain sta-
bility. However, radiocarbon dating of this pedocom-
plex proved problematic. Five radiocarbon ages
ranging from ca. 9170–9780 B.P. were determined
on total decalcified soil carbon from different depths
of the Elm Creek paleosol (Table 3.5). Although
these ages are in correct stratigraphic order, small
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pieces of wood charcoal recovered from fire-cracked
rock features in the Elm Creek paleosol yielded
AMS radiocarbon ages of 8080±140, 7910±60,
7740±60, and 7645±70 B.P. (Table 3.4). Hence, as
is the case with Unit A3, there is a discrepancy be-
tween radiocarbon ages determined on charcoal and
soil carbon. Specifically, where soil and charcoal
samples were collected from the same horizon, the
soil-carbon age was 1,000–1,500 years older than
the ages of the charcoal samples. Therefore, the soil-
carbon ages should be adjusted by ca. 1,000 years.

Considering only radiocarbon ages determined
on charcoal, aggradation of Unit A4 began some-
time between 8640±60 B.P. (age determined on char-
coal from a feature in the Perez paleosol) and
8080±130 B.P. (age determined on charcoal from a
feature in the Elm Creek paleosol). Cumulic soil
development continued until as late as 7645±70 B.P.,
and the Elm Creek paleosol was buried by ca. 7000
B.P.

Unit A5

Unit A5 is 4.8 m thick and consists of calcareous
fine-grained overbank deposits. It is the most thor-
oughly studied stratigraphic unit at the site and con-
tains Middle and Early Archaic components (Chap-
ter 9). Cutbanks and deep gullies also provided op-
portunities to examine the full thickness of Unit A5
at several other localities in the project area.

The clay-free particle size distribution indicates
that there are three fining-upward sequences in the

lower 3.86 m of Unit A5 (Table 3.2). However, the
cycle is reversed in the upper 94 cm of the unit,
with the proportion of sand increasing to the top of
Unit A5 and continuing to increase into the lower
40 cm of Unit A6. This increase in the sand content
may be attributed to a change in the depositional
environment. Specifically, if the Medina River
moved closer to the study site during the final stage
of Unit A5 aggradation and continued to shift south-
ward during the early stage of Unit A6 aggradation,
the clay-rich alluvium characteristic of a distal flood-
plain setting would be mantled by sandier levee
deposits associated with a near-channel floodplain
setting. Another explanation is that there was an
increase in the energy of floods during these stages
of deposition. An increase in energy would have
been accompanied by an increase in the amount of
sand transported and deposited by floodwaters.

Figure 3.14.  Photograph of the Elm Creek paleosol
and lower 60 cm of the Medina pedocomplex; photo-
scale is 1 m long.

Figure 3.13.  Photograph of the Elm Creek paleosol
developed in Unit A4.
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Figure 3.15.  Photograph of the upper ca. 1.5 m of the
Medina pedocomplex; note the dark zone (former A
horizon) in the lower 40 cm of the pedocomplex.

The Medina pedocomplex, consisting of at least
two buried soils welded together, is developed at
the top of Unit A5 and is the thickest soil in the
valley fill beneath the Applewhite terrace (Figures
3.2, 3.3, 3.14, and 3.15). This pedocomplex has a
very distinct profile that stands out in cutbank ex-
posures and gully walls throughout the project area.
Hence it became an important stratigraphic marker
during the course of the archeological and geomor-
phological investigations.

The Medina pedocomplex is over 4.5 m thick
and is characterized by an Ak-ABk-Bk profile (Ta-
ble 3.1). The Akb2 horizon is 50 cm thick and is a
yellowish brown (10YR 5/4, dry) clay loam (Table
3.1). Filaments of CaCO3 cover 5 percent of each
ped surface in this horizon, and there are few fluffy
carbonate masses (stage I+). A 28-cm-thick transi-
tional zone (ABkb2 horizon) consisting of yellow-
ish brown (10YR 5/4, dry) silty clay separates the
Akb2 horizon from the Bkb2 horizon. The Bkb2
horizon is 3.76 m thick and is a yellowish brown
(10YR 5/4 to 6/4, dry) silty clay loam. The clay
maximum (42.1%) is in the upper 43 cm of the
Bk1b2 horizon (Table 3.2). The Bkb2 horizon ex-
hibits moderate development in terms of structure
and secondary carbonate forms. Weak prismatic
structure parts to moderate, medium subangular-
blocky structure throughout most of the Bkb2 hori-
zon, and filaments of CaCO3 cover 5–10 percent of
each ped surface. Also, tubular carbonate forms that
are about 2 cm in diameter are common in the low-
er 96 cm of the Bkb2 horizon. The C2 horizon con-
sists of laminated yellowish brown (10YR 6/4, dry)
silty clay loam.

There is no evidence of strong weathering in
the Medina pedocomplex. Calcium carbonate con-
tent is high (52.4–45.2%) throughout the paleosol
despite weak carbonate morphology (Table 3.3).
Also, there is an irregular depth trend of CaCO3
(Table 3.3).

The organic C content of the Medina pedo-com-
plex does not steadily decrease with depth (Table
3.3). Instead, it is very irregular, especially in the
lower part of the Bkb2 horizon. This depth trend is
typical of a pedocomplex that forms as cumuliza-
tion produces an over-thickened soil profile. Increas-

es in organic C mark the positions of former A hori-
zons that were buried and subsequently transformed
into Bk horizons. The archaeological evidence sup-
ports the soils data. For example, in situ features
and artifacts in the Bk4b2 indicate that this horizon
was once a living surface, i.e., an A horizon. After
being buried through cumulization, it was subject-
ed to pedogenic processes that converted it to a Bk
horizon. However, soil-forming processes did not
obliterate all evidence of alluviation. Because cu-
mulative soils on valley floors typically have or-
ganic-rich alluvium continuously added to their sur-
faces, their properties, including organic C content,
are partly sedimentological and partly pedological.

A suite of 15 14C ages provides a numerical chro-
nology for the development of the Medina pedo-
complex (Tables 3.4 and 3.5). Five separate char-
coal samples from the lower half of the Medina pe-
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docomplex yielded AMS 14C ages of 7000±70 B.P.
(Beta-47530; Feature 43), 6985±65 B.P. (Beta-
47523; Feature 76, tree burn), 6930±65 B.P. (Beta-
47525; Feature 44), 6900±70 B.P. (Beta-47524;
Feature 30), and 6700±110 B.P. (AA-20400; Block
G). Four separate charcoal samples from the top of
the Medina pedocomplex yielded 14C ages of
4570±70 B.P. (Beta-38700; Feature 2 burned tree),
4510±110 B.P. (AA-20402; Block U), 4430±55 B.P.
(GX-21746; Block U), and 4380±100 B.P. (AA-
20401; Block U).

Three 14C ages determined on total decalcified
soil carbon were very similar to the ages determined
on charcoal collected from the same portion of the
Medina pedocomplex. These ages were 7030±100
B.P. (Beta-44548; lower Medina pedocomplex),
6450±135 B.P. (Beta-43333; middle Medina pe-
docomplex), and 4670±120 (Beta-43332; upper
Medina pedocomplex). Other 14C ages determined
on soil carbon were 500–1000 years too old. In sum,
cumulic soil development was underway in Unit A5
by ca. 7000 B.P. and continued to ca. 4400 B.P.,
thereby producing the Medina pedocomplex. The
Medina pedocomplex was buried soon after ca. 4400
B.P.

Unit A6

Unit A6 is 3–4 m thick and consists of levee and
distal floodplain deposits. Most of this unit is fine
textured, containing silty clays and clay loams, but
it becomes coarser (loam) near its base. Although
modern and prehistoric soil development has great-
ly modified the upper part of Unit A6, it has not
obliterated primary bedding in the lower 50–60 cm
of the unit. The bedding is characterized by lami-
nae that are 1–5 mm thick and many are rich in fine
and very fine sand.

The Leon Creek paleosol is developed at the
top of Unit A6 (Figures 3.2, 3.3, 3.14, and 3.16).
This paleosol was observed at many localities
throughout the project area. The Bk horizon of the
modern surface soil is welded to the Leon Creek
paleosol. Hence the paleosol is a composite soil with
properties ascribed to two sets of pedogenic pro-
cesses:  (1) the first set operated when the top of
Unit A6 was a stable surface; and (2) the second set

has been operating since sediment composing Unit
A7 was deposited on top of the Leon Creek paleo-
sol. The portion of the soil profile that represents
welding of the modern soil to the A horizon of the
Leon Creek paleosol is designated as the Ab1 (Bk)
horizon (Table 3.1). This horizon is 36 cm thick at
41BX831 and is a dark brown (10YR 4/3, dry) silty
clay loam. It was impossible to determine the depth
of welding below the Ab1 (Bk) horizon. However,
variations in clay content with depth suggest that
the Bk horizon of the modern surface soil is welded
through the entire solum of the Leon Creek paleo-
sol (Table 3.2). Specifically, the proportion of clay
steadily increases from the upper 37 cm of the sur-
face soil down into the Ab1 (Bk) horizon, and then
it gradually decreases to the bottom of Unit A6.

Figure 3.16.  Photograph of the Leon Creek paleosol
developed in Unit A6 and the modern surface soil
developed in Unit A7; welding of the surface soil onto
the Leon Creek paleosol has created a gradual
boundary between the two soils.
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Radiocarbon assays indicate that most of the
sediment composing Unit A6 accumulated between
ca. 4100 and 3200 B.P. Wood charcoal from a tree
burn on or near a Middle Archaic occupation sur-
face at the bottom of Unit A6 yielded a 14C age of
4135±70 B.P. (Beta-43330). Rapid overbank depo-
sition after ca. 4100 B.P. sealed the Middle Archaic
component in and below laminated alluvium that
composes the lower 70 cm of Unit A6. Aggradation
of Unit A6 ceased about 900 years later based on a
14C age of 3210±90 B.P. (Tx-6470 and Tx-6471)
determined on soil carbon from the lower 20 cm of
the Bkb1 horizon at separate localities in the Ap-
plewhite project area (Mandel et al. 2008). Char-
coal from an oven-like feature in the upper 25 cm
of the Leon Creek paleosol at Richard Beene yield-
ed a 14C age of 3090±70 B.P. (Beta-36702). Radio-
carbon ages determined on soil carbon from the
upper 20 cm of this paleosol at three separate local-
ities in the Applewhite project area are as follows:
3050±70 (Tx-6466), 2810±80 (Tx-6567), and
2740±80 B.P. (Tx-6569) (Mandel et al. 2008). Hence
the Leon Creek paleosol represents about 500 years
of soil development.

Unit A7

Unit A7 is the uppermost stratigraphic unit beneath
the Applewhite terrace. It consists of levee deposits
that become thinner and finer grained from the scarp
to the tread of the terrace. Although Unit A7 is only
51 cm thick in the profile at the Richard Beene site,
it is as much as 1.5 m thick at several other locali-
ties that were studied in the Applewhite project area
(Mandel et al. 2008). This unit includes all sedi-
ment between the present terrace surface and the
first buried soil (Leon Creek paleosol).

As noted earlier, the modern surface soil is de-
veloped through Unit A7 and the upper part of Unit
A6 (Figure 3.16). This soil is a well-drained mol-
lisol with a weakly expressed A-Bk profile (Table
3.1). Most of the A horizon was stripped off by heavy
equipment during the construction of the trench at
41BX831. However, at undisturbed localities the A
horizon typically is 25 cm thick and is a dark gray-
ish brown (10YR 4/2, dry) to dark brown (10YR 3/
3, dry) clay loam (Table 3.1). The Bk horizon is a
brown (10YR 4/3, dry) clay loam with weak, medi-

um prismatic structure that parts to moderate, fine
and medium subangular blocky structure.

Complex soil development characterizes the
lower part of the Bk horizon. Based on physical and
chemical data (Tables 3.1 and 3.2), the Bk horizon
is welded to the A horizon of the Leon Creek paleo-
sol. This accounts for the prismatic structure in the
Akb1 (Bk)  horizon. Also, the grain-size data reveal
a distinct clay peak in the lower 18 cm of the A
horizon of the Leon Creek paleosol (Table 3.2).

Carbonate morphology is weak (stage I)
throughout the Bk horizon of the modern soil, in-
cluding the portion that is welded to the Leon Creek
paleosol. Fine fluffy filaments of calcium carbon-
ate cover 1–5 percent of each ped surface in the Bk1
horizon. These filaments become coalesced and
cover more surface area of each ped (10–20%) in
the Bk2 horizon and upper 103 cm of the Leon Creek
paleosol.

The upper 51 cm of the modern soil has a well-
defined depth trend of organic C; it steadily decreas-
es from 1.26 percent in the Ap horizon to 0.79 per-
cent in the lower 7 cm of the Bk2 horizon (Table
3.3). However, as noted earlier, organic C increases
in the upper 18 cm of the horizon due to welding of
the modern soil to the A horizon of the Leon Creek
paleosol. Organic C drops off again below the Akb1
horizon and steadily decreases to a low of 0.06 per-
cent in the CBb1 horizon.

The calcium carbonate content is high through-
out the surface soil, ranging from 49.6 percent in
the Ap horizon to 53.2 percent in the CB horizon
(Table 3.3). Hence primary calcium carbonate has
not been leached from the solum.

Based on radiocarbon ages determined on charcoal
from the top of the Leon Creek paleosol, the alluvi-
um comprising Unit A7 accumulated after ca. 3000
years B.P. The presence of Late Prehistoric cultural
materials in the upper 40 cm of Unit A7 indicates
that the rate of sedimentation dramatically decreased
on the Applewhite terrace between 1200 and 400
years B.P. Thoms (Chapter 4) suggests that the ap-
parent absence of Late Prehistoric features in Unit
A7 is due to slow rates of deposition and to signifi



cant bioturbation in the upper part of this unit dur-
ing the past millennium.

Summary of the Soil Stratigraphy in the
Richard Beene Section

In a gross sense, all of the soils in the Richard Beene
section are monotonously similar. The section con-
sists mainly of clay loams and silty clay loams, punc-
tuated occasionally by loam or fine sandy loam C
horizons. The entire section is calcareous, but some
differences were noted in distribution of secondary
calcium carbonate forms. The dominant secondary
carbonate forms are coalesced carbonate filaments,
and occasionally “fluffy,” non-coalesced carbonate
filaments were observed. The Somerset paleosol is
capped by a thin, laminar petrocalcic horizon. Sec-
ondary carbonates also line many depletion tubules
throughout the section, representing zones of iron
loss along old root channels apparently caused by
seasonal reduction.

Soil Morphology

Excluding the petrocalcic horizon of the Somerset
paleosol, none of the soils evinced particularly ad-
vanced stages of soil development. There were no
zones where carbonates had been leached, for ex-
ample, and carbonate morphology varied only
slightly in degree, hardly at all in kind. Even below
the thin petrocalcic cap, carbonate and general soil
morphology is similar to the soils above. The Perez
paleosol was slightly reddened with respect to the
other units (7.5YR versus 10YR), but this color dif-
ference is not pronounced.

Calcium Carbonate Equivalent

Most of the samples averaged about 50 percent
CaCO3, with an anomalous low value (20%) in the
lower part of the Perez paleosol and upper part of
Soil 6. There is no evidence of leaching or major
redistribution of CaCO3 in the Richard Beene sec-
tion (Figure 3.17).

Organic Carbon

None of the samples had particularly high con-cen-
trations of organic C. Because these samples had
relatively high CaCO3 values and low organic C
values, there is an inherent analytical error given
the precision of the respective laboratory procedures.
Acceptable error limits of the Chittick procedure
for CaCO3, as run in the Texas A&M University Soil
Characterization Laboratory, range to 3 percent of
replicate samples. A 3 percent relative error or vari-
ance at 50 percent CaCO3 translates to a possible
0.18 percent organic C error, a significant figure
when dealing with the low values found in this sec-
tion. Hence, depth trends may not be as transparent
as they would with greater precision. The upper part
of each paleosol shows an increase in organic C with
respect to the overlying materials (with the excep-
tion of the Somerset laminar cap), but depth trends
are not always consistent (Figure 3.18). The lack of
depth trend, of course, may also be due to the un-
even character of soil development expected under
cumulic processes and weak development.

Only the modern surface soil and Leon Creek
paleosol show a well-defined depth trend of organ-
ic C with depth (Figure 3.17). A cumulic soil, by
definition, has an irregular depth trend in organic C
(fluventic subgroups) (Soil Survey Staff 1992). The
irregular trend of organic C with depth throughout
most of the Richard Beene section thus underscores
the cumulic nature of the soils. Except for the Som-
erset paleosol, the uppermost part of each buried
soil has a higher concentration of organic C with
respect to underlying and overlying sediments. The
Elm Creek paleosol, the least developed of the Ho-
locene soils, has the most irregular organic C distri-
bution. Soils 6, 7, and 8, also considered to be weak-
ly developed, show somewhat consistent internal
depth trends of decreasing organic C with depth,
except for the base of Soil 6. The very low value in
the Somerset paleosol corresponds to the laminar
cap or petrocalcic horizon.

Particle-Size Distribution

Most of the sediments in the Richard Beene section
are silty clay loams, silt clays, and clay loams. Mean
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Figure 3.17.  Diagram showing the depth trend of
calcium carbonate (CaCO3).

Figure 3.18.  Diagram showing the depth trend of
organic carbon.particle diameter was graphed to analyze relative

changes with depth (Figure 3.19) and serves as a
summary variable for the somewhat complex par-
ticle-size data. The mean diameter graph shows a
relatively homogeneous distribution with depth ex-
cept for three prominent divergences:  order of mag-
nitude increases at the bottom of the Leon Creek
paleosol, the bottom of the Perez paleosol, and the
top of Soil 6. There is a less-pronounced peak at the
top of the Somerset paleosol. The Leon and Perez
peaks correspond to relatively well-defined sandy
C and CB horizons, while the peak in the Somerset
paleosol is less well defined texturally.

Micromorphology

The primary objective of the micromorphic analy-
sis was to examine differences in pedogenesis, par-
ticularly differences in carbonate morphology. All
of the thin sections examined are dominated by a
“crystallic” fabric, the result of an abundance of
finely disseminated particles of CaCO3. Secondary
carbonate forms observed included acicular, or
needle-shaped, CaCO3 crystals in voids, “pseudo-
sparitic” crystals along void walls, and fabric reor-

ganization along voids. Pseudosparitic coats con-
sisted of 5–15 μm crystals along void walls (the usual
definition of sparite is crystals greater than 15 μm).
These coats may correspond to encrusted carbonate
filaments in the macromorphic descriptions. Sand
and silt-sized fragments of CaCO3 have obvious fos-
sils, suggesting a clastic origin. In general, it was
not possible to quantify differences in secondary car-
bonates. The C and CB horizons generally have
fewer developed secondary carbonates than the Bk
horizons, although these are not pronounced differ-
ences. The Leon Creek and Somerset paleosols prob-
ably have the most distinct secondary carbonates.
Nests of acicular carbonate crystals are common in
both of these soils.

Analysis of Stable Carbon Isotopes:  Theory

Analysis of stable carbon isotopes in soils has been
successfully used in many paleoenvironmental stud-
ies (e.g., Ambrose and Sikes 1991; Fredlund and
Tieszen 1996; Guillet et al. 1988; Kelly et al. 1991,
1993; Krishnamurthy et al. 1982; Nordt 1993, 2001;
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Nordt et al. 1994; Schwartz et al. 1986; Schwartz
1988). To understand the theory behind this analyt-
ical technique, the ecology of C3 and C4 plants must
be considered. During photosynthesis, C4 plants dis-
criminate less against 13CO2 than C3 plants (O’Leary
1981; Vogel 1980). This difference in carbon iso-
tope fractionation results in a char-acteristic carbon
isotope ratio in plant tissue that serves as an indica-
tor for the occurrence of C3 and C4 photosynthesis
(Nordt 1992:52, 2001:421–423). Boutton (1991a)
reported that δ13C values of C3 plant species have a
mean of 27 percent, whereas the δ13C values of C4
plant species have a mean of 13 percent. Thus, C3
and C4 plant species have distinct, nonoverlapping
δ13C values and differ from each other by approxi-
mately 14 percent (Boutton 1991b).

Nearly all trees, shrubs, forbs, and cool season
grasses are C3 species. Hence forests and most oth-
er temperate plant communities are dominated by
C3 species. Plants with the C4 photosynthetic path-
way are common in warm, subtropical environments
with high light intensity, such as grasslands, savan-
nahs, deserts, and salt marshes. Studies have shown

that both the proportion of C4 species and the pro-
portion of C4 biomass in a given plant community
are strongly related to environmental temperature
(Boutton et al. 1981; Teeri and Stowe 1976; Ties-
zen et al. 1979). These relationships are invaluable
in paleoecological studies when the relative pro-
portions of C3 versus C4 species can be reconstruct-
ed (Nordt et al. 1994, 1995, 2002).

There is little change in the carbon isotopic com-
position of plant litter as it decomposes and is in-
corporated into the soil organic matter (Melillo et
al. 1989; Nadelhoffer and Fry 1988). Consequent-
ly, the isotopic composition of soil organic matter
reflects the dominant species (C3 versus C4) in the
plant community that contributed the organic mat-
ter (Dzurec et al. 1985; Nadelhoffer and Fry 1988;
Stout and Rafter 1978). The stable carbon isotopic
composition of soil organic matter in surface soils
and buried paleosols may, therefore, be used to in-
fer vegetation change (Hendy et al. 1972; Krishna-
murthy et al. 1982; Nordt et al. 1994). Going one
step further, the stable carbon isotopic values may
be used to reconstruct climates.

Figure 3.19.  Diagram showing the depth trend of mean particle diameter.
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The stable carbon isotopes from soils at the Ri-
chard Beene site are presented in Nordt et al. (2002).
These results are summarized in the following dis-
cussion and are compared to other paleoenviron-
mental data for the site and region.

Before presenting the results of the isotope anal-
ysis, it is important to consider some of the charac-
teristics of the paleosols at the Richard Beene site.
As already noted, there is a sequence of buried soils
beneath the Applewhite terrace. These soils formed
in sediments deposited in a slowly aggrading flood
basin setting. With the exception of the Somerset
paleosol, there are no erosional unconformities. All
the buried soils formed from carbonate-rich alluvi-
um with textures consisting mainly of silty clay
loam, loam, clay loam, and sandy clay loam. The
calcium carbonate content of detrital alluvium, de-
rived from surrounding Cretaceous bedrock, ranged
from approximately 20 to 55 percent, with minor

redistribution into secondary carbonate forms. The
buried soils have weakly expressed A-Bw or A-Bk
horizonation and formed during a few hundred years
of pedogenesis prior to burial. The exception is the
Leon Creek paleosol that formed during 1,000–
1,500 years of quasi landscape stability. The absence
of redoximorphic features indicative of frequent
saturation in the buried soils reduces the possibility
that riparian vegetation was a major factor during
landscape evolution at the Richard Beene site.

Organic carbon concentrations range from 1.2
percent to 0.1 percent throughout the buried soil
sequence and decrease with depth in each soil (Ta-
ble 3.3; Figure 3.18). Although some of the organic
carbon in the soils is detrital, this is not problematic
for interpreting the δ13C values. The Medina River
drainage basin encompasses a relatively uniform
ecosystem such that any detrital organic carbon
transported into the alluvium is largely derived from

Figure 3.20.  δδδδδ13CV- 
pdb values of soil organic carbon (SOC) in the sequence of buried soils; values are shown with

respect to buried soil, calendar years (left axis), radiocarbon years (right axis), and δδδδδ18OPDB values of foraminifera
in the Gulf of Mexico (values from Leventer et al. 1982, for core EN32-PC6, with chronology modified by Flower
and Kennett 1990); the proportion of organic carbon derived from C4 plant production (top axis) was estimated
by mass balance calculations (from Nordt et al. 2002).
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eroded upland soils that formed in equilibrium with
the same climate as the Medina River alluvial soils.
Thus, the pedogenic and detrital organic components
should provide a similar record of the paleovegeta-
tion. δ13C values of organic carbon from soils at the
Richard Beene site ranged from -16.7 to -25.1 per-
cent during the last ca. 15,000 years (Figure 3.20).
These data indicate that plant communities at the
site varied from strongly C3 dominated to strongly
C4 dominated. It is likely that these changes in veg-
etation were in response to regional climatic change.

From ca. 15,000 to 10,000 B.P., δ13C values of
soil organic carbon show large and rapid fluctua-
tions as summer solar insolation began to increase
following the last glacial maximum (COHMAP
1988) (Figure 3.20). At the Richard Beene site, this
period was characterized by floodplain sedimenta-
tion (lower Unit A3) punctuated by soil develop-
ment (Soils 6, 7, and 8). Distinct periods of low rel-
ative C4 productivity occurred between ca. 15,500
and 14,000 B.P. and between ca. 13,000 and 11,000
B.P., which correlates with two well-documented
episodes of glacial meltwater flux from the Lauren-
tide ice sheet into the Gulf of Mexico via the Mis-
sissippi River. These meltwater spikes were record-
ed as negative δ18O anomalies (Figure 3.20) in for-
aminifera from Gulf sediments (Kennett et al. 1985;
Leventer et al. 1982; Spero and Williams 1990). It
appears that cold water inputs into the Gulf of Mex-
ico resulted in cooler climatic conditions at least as
far inland as the Richard Beene site, thereby reduc-
ing the relative productivity of C4 grasses during
the two meltwater episodes.

There is a distinct period of high relative C4
productivity between ca. 11,000 and 10,500 B.P.
(Figure 3.20). It is likely that accumulation of sedi-
ment composing the C horizon of the Perez paleo-
sol was underway at this time. The increase in C4
productivity, implying warmer temperatures, cor-
responds precisely with significant reduction in cold
meltwater flow into the Gulf of Mexico (Broecker
et al. 1989; Spero and Williams 1990; Teller 1990)
and perhaps to greater summer monsoonal precipi-
tation and temperatures (COHMAP 1988). In north-
central Texas, δ18O and δ13C values of pedogenic
CaCO3 indicate higher temperatures and high rela-

tive C4 productivity, respectively (Humphrey and
Ferring 1994). In central Texas, fossil vertebrates
(Toomey et al. 1993) and fossil pollen (Bryant and
Holloway 1985) indicate higher mean annual pre-
cipitation. However, Holliday (2000) documents
high C4 plant production and temperatures between
11,000 and 10,000 B.P. on the Southern Great Plains
that correlates with episodic drought as indicated
by the emergence of upland eolian deposits. Regard-
less of moisture availability, all evidence points to
increasing temperatures in most of Texas between
11,000 and 10,500 B.P.

Between 10,500 and 9000 B.P., when aggrada-
tion of Unit A3 was slowing down, relative C4 pro-
ductivity initially decreased, then increased
slightly (Figure 3.20). However, between 9000 and
8600 B.P., which includes the period when the Perez
paleosol developed (ca. 8800–8600 B.P.), δ13C val-
ues of soil carbon decrease, suggesting an increase
in relative C3 productivity and, therefore, cooler tem-
peratures.

There are no dramatic shifts in δ13C values of
soil organic carbon between 8600 and 7000 B.P.
(Figure 3.20); a mixed C3/C4 plant community was
in place. Unit A4 aggraded and the Elm Creek pa-
leosol formed during this period. However, δ13C val-
ues of soil organic carbon decreased appreciably at
ca. 7000 B.P., evidence of a cooling trend. The in-
terval from 8000–7000 B.P. has recently been rec-
ognized as the most prominent and globally wide-
spread cold period in the past 10,000 years (Barber
et al. 1999; Hu et al. 1999).

Between 7000 and 5000 B.P. δ13C values of soil
organic matter steadily increase (Figure 3.20), indi-
cating more relative C4 productivity compared to
the early Holocene. This warm interval correlates
with the well-known warm, dry Altithermal of the
North American Great Plains. At the Richard Beene
site, it is marked by aggradation of the thickest pack-
age of fine-grained alluvium (Unit A5/Medina pe-
docomplex) in the stratigraphic sequence. Hence,
increased aridity, punctuated by infrequent but in-
tense rainfalls characteristic of the region (Chapter
2), generated high sediment yields in the Medina
River basin.
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For a brief period after ca. 5000 B.P., δ13C val-
ues sharply decreased (Figure 3.20), indicating re-
duced relative C4 productivity and temperatures
compared to the Altithermal. The latter stage of pe-
dogenesis in the Medina pedocomplex at the top of
Unit A5, the aggradational phase of Unit A6, and
the development of the Leon Creek paleosol span
this period. Dramatic cooling after 5000 B.P. is also
indicated by the δ13O values of carbonate from mus-
sel shells in the Leon Creek paleosol, with the most
extreme values, and therefore the lowest mean an-
nual temperatures, dated to ca. 4100 B.P. (Chapter
6). Also, δ13C values of snail shell carbonate sug-
gest cooling and/or more mesic conditions from ca.
4500 to 4000 B.P. (upper Medina pedocomplex and
lower Leon Creek paleosol) (Chapter 7). The oc-
currence of a cool interval in the study area imme-
diately following the Altithermal is supported by
fossil pollen data showing an increase in tree cover
beginning at ca. 5000 B.P. and continuing to at least
3000 B.P. (Bousman 1998a).

At Richard Beene, δ13C values of soil organic
carbon increased dramatically between 4000 and
1500 B.P. (Figure 3.20), pointing to another period
of high relative C4 productivity and temperature. The
final stage of pedogenesis in the Leon Creek paleo-
sol at the top of Unit A6, and the aggradation phase
of Unit A7, span this period. The isotopic signals
from snail shell carbonates suggest that, for the
Holocene record, the warmest and/or driest condi-
tions were reached between 4000 and 3000 B.P.
(Chapter 7). Isotopic data for mussel shells also in-
dicate a warming trend after ca. 4000 B.P. (Chapter
6).

A general trend toward lower δ13C values after
ca. 1500 B.P. (Figure 3.20) suggests that the cli-

mate was becoming slightly cooler, although con-
ditions were still relatively warm. During this peri-
od, the modern surface soil formed in Unit A7. The
isotopic signals from snail shell and mussel shell
carbonates also suggest slight cooling during the past
1,500 years (Chapters 6 and 7).

The stable carbon isotope values from Richard
Beene demonstrate the potential for this technique
to provide detailed information on the paleoenvi-
ronment of the site and the region. Several issues
important to interpretation of these data can be ad-
dressed with further stable carbon isotope analyses.
To accurately interpret the isotopic values in terms
of standing vegetation and thereby climate change,
it is important to understand the nature of local vari-
ability of isotopic composition of the soil organic
carbon. Vegetation varies across landscapes, and we
must therefore have a better understanding of how
this variation translates into variations in buried soil
organic carbon. The Richard Beene site provides a
unique natural experiment for this study because
there are microtopographic variations among the
different buried soils. Therefore, various paleoto-
pographic positions on past landscapes can be sam-
pled and analyzed to see how local topographic
(edaphic) conditions influence carbon isotopic com-
position. This analysis could also be extended to
other localities to further study local variations. Once
local variation/variability is better understood, sta-
ble carbon isotope profiles could be used as a cor-
relation aid for linking localities together and for
evaluating the relative time span represented by
stratigraphic sections.
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4

EXCAVATION AREAS AND SITE-FORMATION CONTEXTS

Alston V. Thoms

This chapter places the various excavation areas or
blocks within the site’s pedostratigraphic context as
defined and discussed in Chapter 3. It also charac-
terizes preservation conditions and discusses site
formation processes, thereby setting the stage for
subsequent chapters that discuss the site’s paleoeco-
logical indicators and archaeological assemblages.
Excavation blocks at the Richard Beene site were
designated alphabetically according to the sequence
in which they were first identified, beginning with
Block A, composed of two middle Holocene occu-
pation “surfaces,” and ending with Block U, a
middle Holocene occupation “zone.” Other blocks,
from B through T, sampled late and early Holocene
as well late Pleistocene deposits. Figure 4.1 illus-
trates the location of the excavated blocks in plan
view. Table 4.1 summarizes pedostratigraphic, chro-
nological, and related site preservation data for each
block.

As used herein, occupation “surface” refers to
a discrete lens of cultural material, less than 30 cm
thick, that contained well-preserved features and
artifact concentrations. Based on our field exami-
nations and subsequent analytical work, artifacts
from the best preserved “surfaces” (e.g., Block G)
were distributed through as much as 30 cm of the
profile and may represent a single occupation or,
more likely, several occupations spanning several
decades at most. This magnitude of vertical distri-
bution of artifacts, which represents an arguably
discrete occupation(s), is quite common and results
primarily from bioturbation (Johnson 2002), as well
as argilliturbation (Wood and Johnson 1978). The

term occupation “zone” is used to designate lenses
of cultural material more than 30 cm thick that ex-
hibit a continuous vertical distribution of artifacts
and features (e.g., Block B), which appear to repre-
sent several occupations probably spanning several
centuries. In other cases, “zones” represent eroded
surfaces and “lag concentrations” of artifacts origi-
nally deposited over several decades or perhaps cen-
turies (e.g., Block H).

At the Richard Beene site, nine substantial block
excavation areas range in size from about 15 m2 to
just over 230 m2. These included, from youngest to
oldest, upper and lower B, upper and lower A, G, I,
H, N, and T (Figure 4.1). Block B is subdivided into
upper and lower portions, with the upper portion
(late, late Holocene, ca. 1200–400 B.P.) embedded
in the modern soil (stratigraphic Unit A7, see Chap-
ter 3) and the lower portion in the Leon Creek
paleosol, which dates two millennia earlier (Unit
A6). Block A, middle Holocene in age, is also sub-
divided based on encompassing paleosols but, in
this case, the lower portion—within the B horizon
of the Medina pedocomplex (Unit A5)—is only a
few centuries older than the upper portion, which is
encased in the B/C horizon of the overlying Leon
Creek paleosol (Unit A6) that dates to about 4100
B.P. Cultural materials in each of the other excava-
tion blocks are readily assignable to a single
paleosol. In Block H, early, early Holocene in age
(ca. 8800–8600 B.P.), the relationship between age
of archaeological deposits and their position within
a paleosol is complex. Much of the material was
recovered from the C horizon of the Elm Creek
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paleosol (Unit A4), which included redeposited sedi-
ments and artifacts from the upper part of the Perez
paleosol (upper Unit A3).

Scattered artifacts and isolated features were
also recovered in eight smaller blocks, ranging in
size from 1 to 6 m2—U, D, F, P, O, K, M, and Q—
and distributed throughout the Medina pedocomplex
and the Elm Creek and Perez paleosols (Figure 4.1).
Block D, located in the upper Leon Creek paleosol
northeast of Block B, was opened and partially
shovel-skimmed, which resulted in the recovery of
a few flakes and pieces of fire-cracked rocks (FCR)
and mussel shell. Block F, located 1.5 m below lower
Block A in the middle portion of the Medina
paleosol, was identified in profile, and a small unit
was opened over a possible hearth feature (oxidized

sediment and FCR). Further excavations in Blocks
D and F were not undertaken due to time constraints
that developed after discovery of extensive cultural
deposits in Block G.

Two other small areas—Blocks R and S—were
excavated in late Pleistocene deposits that yielded
an abundance of paleontological remains but lacked
definite cultural remains (Figure 4.1). Blocks R and
S were the deepest excavations at the site (14.5–
15.0 m below surface). They sampled paleosols 6,
7, and 8 in the lower portion of stratigraphic Unit
A3. Blocks E, a livestock bone bed in the modern
soil, and C, a scatter of mussel shells and FCR in
the upper part of the Leon Creek paleosol, were
opened at the downstream end of the site but not
excavated due to time constraints. “Blocks” J and L

Figure 4.1.  Planview topographic map showing locations of excavation blocks and mapping surfaces (J/L).
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refer to areas within the spillway trench where arti-
facts and features, exposed in the Perez paleosol
during construction, were mapped and collected.

Radiocarbon Ages for Paleosols,
Block Excavation Areas, and

 Archaeological Features

The site’s archaeological and paleontological re-
mains, as well as its paleosols, are well dated by 44
radiocarbon ages, 24 of which are derived from to-
tal decalcified soil carbon. Soil-carbon (i.e., decal-
cified organic carbon) 14C ages are all in correct
chronological order (Chapter 3), as are the 20 ages
from wood charcoal, including 12 obtained by the
AMS technique. Table 4.2 lists the site’s 14C ages
derived from wood charcoal, their vertical and hori-
zontal proveniences, and their pedostratigraphic and
cultural contexts. Table 4.3 provides similar infor-
mation for 14C ages derived from soil carbon.

In general, 14C ages derived from soil carbon in
sediments encasing cultural material are about 1,000
years older than ages derived from wood charcoal
associated with archaeological features and tree
burns therein (Chapter 3). In two cases (Feature 64,
Block K and Feature 43, Block G; see Tables 4.3),
however, a 14C age on wood charcoal overlapped
with ages on soil carbon from the same feature. In
these cases, it is likely that the soil-carbon sample
contained enough silt- and clay-sized particles of
wood charcoal to render the resulting age essentially
the same as the AMS age on wood charcoal from
the feature. In short, 14C ages derived from wood
charcoal provide reliable estimates of the age of a
particular occupation zone or surface, while the 14C
ages derived from soil carbon provide mean-resi-
dence time for the paleosols. As such, wood char-
coal ages, when available, are used to date cultural
materials in a given block. When only soil-carbon
ages are available for a particular excavation block,
we subtracted 1000 years from those dates and used
the resulting figure as an estimate of the age of as-
sociated archaeological materials.

Block Excavation Areas in
Pedostratigraphic Context

An important goal of our field-mapping effort was
to gather and compile sufficient data to generate
maps showing the horizontal distribution of the up-
permost boundary or surface of each major paleosol.
These maps are useful in illustrating spatial rela-
tionships among paleosols, block excavation areas,
and isolated artifacts and features observed or re-
covered during and after spillway-construction
work. When used in conjunction with a surface to-
pography map illustrating the configuration of the
spillway trench at the time of abandonment, these
maps also reveal where paleosols and artifact-bear-
ing deposits are likely to be preserved in place and
thereby available for future excavation (see Appen-
dix J; Figure 23). As noted, plans are presently un-
derway for the Richard Beene site and surrounding
acreage to be developed as the Land Heritage Insti-
tute (LHI), a 1200 acre facility dedicated to heri-
tage- and eco-tourism, education, and field research
purposes. As planned, archaeological and paleoeco-
logical studies will be undertaken regularly (Texas
A&M University 2000).

We used a total station transit to conduct the
following tasks: (1) map the post-construction land-
scape, including the spillway trench, sediment pond,
levee, drainage ditch, and mechanically excavated
ground surface adjacent to the trench; and (2) map
stratigraphic sequences along the spillway trench’s
vertical walls and in backhoe trenches dug on the
gentle slopes and floor of the spillway trench. The
Elm Creek and Perez paleosols, exposed in back-
hoe trenches and along the lower spillway trench
walls, were mapped in 30 backhoe-cut windows
(Figure 4.2), and a hand-cut “window” (No. 29)
along the south wall exposed the entire section (Fig-
ure 4.3). Figure 4.4 illustrates the mapped configu-
ration of the surfaces of the Elm Creek and Perez
paleosols. Figure 4.5 provides a three-dimensional
perspective of the spillway trench at the time con-
struction work ceased and shows the location of the
main block excavation units on that surface.
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In cross section, the upper boundaries of the
middle Holocene pedocomplex (Medina) and early,
late Holocene paleosol (Leon Creek) are relatively
flat except for a slight dip toward the river channel
(Figures 4.6 and 4.7). In contrast, the upper bound-
aries of the underlying early Holocene soils (Elm
Creek and Perez paleosols) dip appreciably toward
the river, and their thicknesses decrease dramati-
cally, almost to the point of merging (Figures 4.6
and 4.7). In part, the slope results from the flood-
plain being traversed by a flood-chute/tributary
channel. In profile, this channel appears as a cut-
and-fill, with well-stratified, fine-grained sediments.
The paleochannel’s bank nearest the valley wall
tends to be at least a meter higher than the bank on
the river side of the channel, which creates bench-
like surfaces along both sides of the flood chute,

with the lower bench sloping toward the river (Fig-
ures 4.6 and 4.7).

In some parts of the site, the Elm Creek and
Perez paleosols are 2–4 m thick, but they are com-
paratively thin (<1 m) where they overlie a bench-
like remnant of the Somerset paleosol, which is well
over 20,000 years old (Figure 4.6). Judging from
radiocarbon ages (ca. 7820 B.P.) obtained from char-
coal in an FCR feature (No. 80, Block M), it seems
likely that the Perez paleosol may have “pinched
out” in the area of the feature, such that the Elm
Creek paleosol directly overlays the Somerset
paleosol. In any case, the surface of the Elm Creek
paleosol, before its burial by rapidly deposited al-
luvium, probably exhibited at least 5 m of relief. Its
elevation near Block P, some 400 m from today’s

Figure 4.2.  Topographic map of the spillway trench area showing the locations of selected mapping windows and
backhoe trenches used to generate paleosol surface maps shown in Figure 4.4.
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Figure 4.3.  Pedostratigraphic sequence as shown in Window 29 on the south wall of the spillway trench (see
location in Figure 4.6).
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Figure 4.4.  Paleotopographic maps of the surfaces of the Elm Creek and Perez paleosols as derived from elevations
obtained in profile windows and backhoe trenches shown in Figure 4.2.

Elm Creek

Perez
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surface of the Perez paleosol in Block N, also on
the river-side of the flood chute and closer to the
river, lies at about 149 m asl. As shown in Figure
4.7, soil-carbon ages derived from the upper Bk
horizon of the Perez paleosol range from ca. 9800–
9600 B.P., whereas, wood charcoal from this hori-
zon yielded 14C ages ranging from ca. 8800–8600
B.P.

Block Excavation Areas in
Depositional Context

For most of the last 15,000 years, the lower Medina
River has been a low-gradient, flood-prone system,
with floodplain alluvium consisting mainly of silty
clay and silty clay loam. As discussed in Chapter 3,

Figure 4.5.  Three-dimensional computer graphic showing the layout of the spillway trench at the time the
construction project was abandoned and the locations of block excavation areas on the floor and along the walls
of the dam spillway trench.
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river channel, is about 153 m above sea level (asl),
and at Feature 80 (Block M), some 225 m from the
modern channel, the upper boundary elevation was
probably about 148.5 m asl (Figures 4.1, 4.6, and
4.7).

Differences in the elevation of archaeological
deposits of similar age in the Bk horizon of the Perez
paleosol illustrate that 8800 radiocarbon years ago
the floodplain also sloped significantly toward the
river. This is illustrated by the horizontal and verti-
cal distribution of well-dated sediments and wood
charcoal from Blocks H, T, and N, as shown in Fig-
ure 4.8. In this case, the truncated surface of the
Perez paleosol on the valley-wall side of the flood-
chute/tributary channel where Block H is located is
about 151 m asl, about a meter higher than the river-
side area where Block T is located. Moreover, the
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Figure 4.7.  Schematic cross section showing paleosols, block excavation areas, and related 14C ages derived
from: (a) wood charcoal; and (b) decalcified bulk soil carbon.
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RADIOCARBON AGES FROM DECALCIFIED SOIL CARBON*
Bu:  late, Late Holocene (Perdiz arrow points, ceramics,

ca. 1200 –400 B.P.)

Bl:  early, Late Holocene; not dated

Au: Middle Holocene; not dated

U:  Middle Holocene; not dated

Al:  Middle Holocene 4670 ± 120

F:  late, Early Holocene 6450 ± 135

G:  late, Early Holocene 6410 ± 75; 7030 ± 100;  

      7600 ± 190; 7900 ± 100

I:  middle, Early Holocene; not dated

P:  middle, Early Holocene; not dated

M:  middle, Early Holocene; not dated

K:  early, Early Holocene 9170 ± 100

H:  early, Early Holocene 8780 ± 210; 9200 ± 130; 9750 ± 130;

      9780± 120; 9800 ± 140

T:  early, Early Holocene 9660 ± 100; 9870 ± 120; 10,040 ±120; 

     10,130 ± 120

  N:  early, Early Holocene 9670 ± 120;   

       10,780 ± 140

  Q:  not dated

  R:  Late Pleistocene 13,480 ± 360

  S:  Late Pleistocene (Fauna) 13,640 ±120;  

       3,960 ± 150; 15,270 ± 170

unit A1

unit A2

unit A1

*

Approximate vertical locations 
of excavated areas

see Table 3.4*

MEDINA

RIVER

MEDINA

RIVER

RADIOCARBON AGES FROM WOOD CHARCOAL*
Bu:  late, Late Holocene (Perdiz arrow points, ceramics,
        ca. 1200 –400 B.P.)
Bl:  early, Late Holocene 3090 ± 70
Au:  Middle Holocene 4135 ± 70
U:  Middle Holocene 4380 ± 100; 4430 ± 55; 4510 ± 110
Al:  Middle Holocene 4570 ± 70
D:  early, Late Holocene; not dated (ca. 3000 B.P.)
F:  late, Early Holocene; not dated (ca. 6400 B.P.)
G:  late, Early Holocene 6700 ± 110; 6900 ± 70;  
      6930 ± 65; 6985 ± 65; 7000 ± 70
I:  middle, Early Holocene; not dated (ca. 7500 B.P.)
P:  middle, Early Holocene; not dated (ca. 8500-7500 B.P.)
M:  middle, Early Holocene 7740 ± 50; 7910 ± 60
O:  middle, Early Holocene 7645 ± 70
K:  early, Early Holocene 8080 ± 130
H:  early, Early Holocene; not dated (ca. 8800-8600 B.P.)
T:  early, Early Holocene 8640 ± 60; 8805 ± 75
N:  early, Early Holocene 8810 ± 60
Q:  early, Early Holocene; not dated (ca. 10,000-8800 B.P.)
R:  Late Pleistocene; not dated (ca. 11,500 B.P.)
S:  Late Pleistocene (Fauna) 12,745 ± 190
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radiocarbon ages and geomorphic studies attest to
rapid deposition of preconditioned (i.e., al-
lochthonous) sediments, with intermittent periods
of relative stability that resulted in the formation of
well-developed soils, several of which were subse-
quently truncated by fluvial erosion. In general,
rapid deposition tends to enhance site preservation.
Nonetheless, the site’s archaeological deposits are
differentially preserved because of varying degrees
of pedoturbation, as well as fluvial energy levels
that resulted in alluvial deposition and erosion.

While the alluvial sediments at the Richard
Beene site are composed mainly of silt and clay,
there is significant variation in the quantity of
stream-worn gravels in the various stratigraphic
units, paleosols, and parts thereof. It can be assumed
that the amount of gravel ( pebbles up to ca. 4 cm in
diameter) in the deposits affords a relative measure
of fluvial-energy levels. The most probable source
of stream-worn gravels during the late Pleistocene
and early, early Holocene would have been local
exposures of the gravel-rich Unit A2 and the cali-
che-capped Somerset paleosol. It is also possible
that the valley wall, which in the site area is repre-
sented by scarps along the Leona and Walsh ter-
races (Chapter 3), was a source area for stream-worn

gravel. It is not likely that the flood chute that tra-
versed the site prior to the late Holocene served as a
conduit for gravel insofar as its fine-grained chan-
nel fill lacked gravel altogether.

Our studies indicate the presence of two decid-
edly different depositional environments. The first
is best represented by comparatively high-energy
and gravel-rich environments, including: (1) the late
Pleistocene, as exhibited in Blocks R and S; (2) the
early, early Holocene, as exhibited by poorly pre-
served archaeological deposits in Block H; and (3)
the beginning of the middle, early Holocene, as ex-
hibited by the low-density archeological deposits
in Block I.

Early, early Holocene deposits sampled in Block
H best exemplify the high-energy environment.
Block H is composed of the truncated Bk horizon
of the Perez paleosol along with the immediately
overlying artifact- and gravel-bearing sediments of
the Elm Creek paleosol’s C horizon. These overly-
ing sediments are composed of lenses of sandy silt
and redeposited silty clay and clay loam from the
underlying Perez paleosol. Elsewhere, however,
early, early Holocene deposits, including those
sampled in Blocks N and T, are better preserved, in

Figure 4.8.  Correlation of stratigraphic profiles, elevations, and radiocarbon ages from the upper portion of the
Bk horizon of the Perez paleosol in Blocks H, T, and N (see Figures 4.1 and 4.6 for block locations).
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that they contain much less gravel and/or in situ fea-
tures (Figure 4.9). Linear arrangements of fire-
cracked rocks and mussel shells in Block U indi-
cate that some parts of the uppermost Medina
paleosol were truncated by comparatively high-en-
ergy fluvial processes that disarticulated FCR fea-
tures. It is also possible that the linear arrangements
resulted from artifacts falling into large cracks that
characterize the regions clayey soils during
droughts.

The second type of depositional environment
is characterized by a lower-energy and gravel-poor
system characteristic of some of the middle, early
Holocene and most of the period of record thereaf-
ter (Figure 4.9). This setting is exemplified by the
comparatively well-preserved archaeological depos-
its in Block G that sampled the silty-clay-loam
Bk3b2 horizon of the Medina pedocomplex. Low-
energy depositional environments are also repre-
sented in blocks excavated in the Elm Creek, upper
Medina, and Leon Creek paleosols as well as the
modern soil.

The fine-grained sediments comprising the
Applewhite terrace fill are derive from soils devel-
oped from limestone on the Edwards Plateau (Chap-
ter 3). Field observations suggest that these “soil
sediments” are especially prone to forming high-
viscosity flows. These high-viscosity flows tend to
result in rapid rates of deposition, and they prob-
ably entrap and transport gravel, as well as similar-
sized artifacts. If velocity was sufficiently high, such
flows (i.e., flood scouring; see Chapter 3) over re-
mains of an encampment might completely remove
the lighter fraction of cultural clasts, such as bones,
charcoal, and smaller flakes. The heaviest fraction,
including larger FCR and pieces of chipped stone,
might be transported for very short distances. Low-
viscosity flood water, given sufficient velocity,
would also remove the lighter fraction of cultural
debris, but it might not be as effective a medium for
transporting steam-worn gravel to the encampment
site.

In any case, a high-viscosity or a high-velocity
scenario (i.e., flood scouring) likely accounts for

Figure 4.9.  Bar graph of weight/density of stream worn pebbles in archaeologically screened sediments from
major block excavations in the various paleosols.
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Figure 4.10.  A lag-concentration, fire-cracked feature
(No. 99) in Block H (early, early Holocene; Cb3 horizon
of Elm Creek paleosol) that contains an abundance of
gravel, along with nearly imbricated mussel shells,
flakes, and small, tabular pieces of fire-cracked rocks
(sandstone).

the lag-like character of the upper early, early Ho-
locene archaeological zone in Block H (Chapters 9
and 14). Features in this block consist mainly of
concentrations of large pieces of FCR with smaller
or lighter items, including flakes, mussel shells, and
especially gravel embedded around the FCR. More-
over, many flakes and pieces of mussel shell, along
with tabular pieces of FCR occurred in near verti-
cal angles of repose, often in imbricated groupings
(Figure 4.10). As is discussed in Chapter 13, one or
more flood-scouring events probably removed the
sediment matrix from these FCR features, such that
the large clasts remained essentially in place hori-
zontally but were displaced vertically and served as
“traps” for smaller clasts being transported laterally
via fluvial processes. As noted, these features ap-
pear to have been encased in the upper part of the
Perez paleosol, but after the flood(s) they became
embedded in what would become the C horizon of
the Elm Creek paleosol.

Field observations of over-bank floodwater
flowing over gravel-rich sediments revealed that
micro-potholes form around larger clasts and par-
tially fill with much smaller clasts, producing a con-
figuration of diverse-sized clasts that closely re-
semble the “lagged” features in Block H (Figure
4.11). A somewhat lower velocity of a high-viscos-
ity flow, or simply a lower-velocity flood, might
remove many of the lighter clasts and leave the
heavier clasts in place. This kind of scenario could

well account for the better preserved features in
Block T (Figure 4.12).

The volume of gravel recovered from the well-
preserved archaeological deposits in Block G, which
date to the late, early Holocene (ca. 6900 B.P.), is
very low in comparison to Block H. The relative
paucity of gravel in Block G is consistent with a
scenario that lower-velocity, high-viscosity flows
covered the occupation surface without significantly
affecting the archaeological deposits. In this case,
it is suggested that sediment deposited by a high-
viscosity, low-velocity flood would simply blanket
artifacts and features, and subsequent floods could
well bury the site beyond the reach of intensive
bioturbation. This kind of scenario could account
for the well-preserved character of the archaeologi-
cal deposit in Block G. Most of the artifacts were in
horizontal angles of repose, pit feature boundaries
were abrupt, and FCR features were almost pristine
(Figure 4.13).

It should also be noted, however, that the most
likely source of gravel in the upper Perez paleosol
would have been nearby exposures of the Somerset
paleosol. As noted, the Somerset paleosol was bur-
ied a meter or more when the Medina parent mate-
rial (Block G) began to accumulate.

In short, the paucity of gravel in Block G could
be accounted for by the lack of a source area al-
though the well-preserved character of Block G fea-
tures attests to a low energy depositional environment.

Figure 4.11.  A natural micro-pothole around a stream-
worn cobble that was created and partially filled with
small pebbles during a Medina River flood in 1991.
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Block Excavation Areas in Bioturbation
and Argilliturbation Contexts

The site’s archaeological deposits, even under the
best of open-site preservation conditions, are con-
tinuously and systematically disturbed by soil-for-
mation processes, notably floral- and faunal-
turbation, and by argilliturbation that involves shirk-
ing, swelling, and cracking of clay-rich deposits (cf.
Wood and Johnson 1978). An important result of
these natural soil-formation processes is that, pro-
vided sufficient time, cultural debris deposited on a
given surface may be buried beneath a biomantle
(Johnson 2002). Biomantle formation is of course
time dependent, such that the longer cultural debris
lies on or near the surface, the more it is to be af-
fected by pedoturbation in general.

During fieldwork, we categorized each block
excavation or portion thereof, according to whether
it was well preserved and thereby representative of
an occupation surface, or moderately to poorly pre-
served and thereby designated as a zone. The best-
preserved occupation “surface,” Block G, probably
represents several occupations over a period of a
few decades. However, the vertical distribution of
mussel shells, originally deposited as surface con-
centrations ranges from 10 to 25 cm below that sur-
face. A similar pattern occurs with flake concentra-
tions. As noted, this magnitude of vertical distribu-

tion of artifacts is quite common and arguably re-
sults primarily from bioturbation and argil-
liturbation.

Argilliturbation results in the downward dis-
placement of artifacts, as they fall into cracks that
extend to the surface. In that process, artifacts that
first came to rest in horizontal angles of repose can
be redeposited in vertical angles of repose. Fluvial
transport of artifacts can also result in vertical angles
of artifact repose, as was noted for the imbricated
artifacts in Block H. Part of our excavation proto-
col was to document, on level-form drawings, the
presence and distribution of artifacts encountered
in vertical or near-vertical angles of repose. These
data remain to be quantified, but the information
recorded on level forms is sufficient to estimate the
relative occurrence of such artifacts (Table 4.1). This
estimate serves as another measure of the relative
intactness of the site’s archaeological deposits.

In general, artifacts in vertical angles of repose
were very abundant only in Block H, an early, early
Holocene deposit. They were common in most
blocks excavated in the uppermost Bk horizon of a
given paleosol, including upper Block B (modern
soil), lower Bock B (upper Leon Creek paleosol,
early, late Holocene), and Block U (upper Medina
pedocomplex, middle Holocene), and Block T (up-
per Perez paleosol, early, early Holocene). Rela-
tively few artifacts occurred in vertical angles in
upper Block A (CB horizon of Leon Creek paleosol,
middle Holocene), lower Block A (ABkb2 of

Figure 4.13.  A well-preserved fire-cracked rock feature
(No. 68 [originally No. 45]) in Block G (late, early
Holocene; Bk3b2 horizon of Medina paleosol), that
contained far less gravel than Blocks H and T.

Figure 4.12.  A comparatively intact fire-cracked
feature (No. 107) in Block T (early, early Holocene;
Bk horizon of Perez paleosol), that yielded less gravel
than Block H and had notably fewer flakes, mussel
shell, and tabular pieces of fire-cracked rocks in
vertical angles of repose.
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Medina pedocomplex, middle Holocene), and G
(Bk3b2 of Medina pedocomplex; late, early Ho-
locene).

Other measures of bioturbation recorded on
level forms included the nature, distribution, and
relative abundance of: (1) snail-shells, especially
discrete concentrations characteristic of natural ac-
cumulations on the surface at the base of woody
plants; (2) root casts and krotovina or rodent bur-
row casts; (3) tree burns; and (4) concentrations of
carbon-stained and oxidized sediments, which may
suggest either tree burns or cultural features.

In general, a widespread occurrence of well-pre-
served snail-shell concentrations and scatters, pri-
marily Rabdotus spp., should be indicative of a well-
preserved surface. On the other hand, a paucity of
shells could indicate disturbance, especially flood-
scouring, or perhaps rapid deposition, such that
snails would not have ample time to accumulate.
An abundance of root casts and krotovina would
suggest substantial bioturbation whereas, other
things being equal, the near absence of these mani-
festations would be consistent with flood-scouring
and rapid re-deposition. Of course, a paucity of root
casts and krotovina should also characterize rapid
deposition sufficient to bury an occupation surface
beyond the reach of roots and rodents. As a mea-
sure of bioturbation, charcoal, as well as carbon-
stained and oxidized matrix indicative of burned
stumps and root, should be consistent with patterns
expected for root casts and krotovina.

Digitized plan-view maps showing the distri-
bution of these bioturbation indicators in major
block excavation areas clearly illustrate differences
in preservation conditions. Block H (early, early Ho-
locene), which is substantially disturbed by flood
scouring, has the lowest density of snail-shell con-
centrations, tree burns, root casts, and krotovina
(Figure 4.14). Blocks T and N, which were not sub-
ject to the same kind of high-energy scouring, con-
tain more snails, root casts, and krotovina, but tree-
burns and burned sediment are rare to absent. Block
G (late, early Holocene), the best-preserved surface
in terms of feature preservation, shows the highest
density of snail-shell concentrations. Tree burns/
burned matrix are also common. Moreover, there

are relatively few root casts and krotovina, which is
consistent with rapid, low-energy deposition sub-
sequent to the occupations (Figure 4.15). Upper and
lower Block A (middle Holocene) are also well pre-
served, but they have far fewer snail shells and sub-
stantially more root casts, krotovina, and evidence
for tree burns. Lower Block B (early, late Holocene),
which contains several discrete FCR features, is ex-
emplary of moderately preserved occupation zones
wherein snail shells are scattered but rarely concen-
trated, and root casts, krotovina, and tree burns are
common, especially near the terrace scarp (Figure
4.16). Upper Block B (late, late Holocene) exhibits
similar characteristics, but while FCR was abundant,
intact features were not encountered, presumably
because they were disarticulated by various
pedoturbation processes.

Summary

Preservation conditions at the Richard Beene site
vary substantially from block to block, but overall,
the occupation surfaces and zones are well strati-
fied. Alluvial deposition tended to be rapid, with
almost 15 m of fine-grained sediments accumulat-
ing within the last 12,000 radiocarbon years, at an
overall average rate of about 12.5 cm per century.
However, the long-term trend of rapid deposition
was punctuated by periods of stability, spanning
centuries and marked by well-developed Bk hori-
zons with archaeological deposits dated to about
1200–400, 3500–2800, 4600–4100, 8500–7500, and
8800–8600 B.P. Preservation conditions of the vari-
ous occupation surfaces and zones vary consider-
ably, with those in the uppermost part of Bk hori-
zons usually not as well preserved as those in the
lower part of Bk horizons and B/C horizons in gen-
eral. Figures 4.1, 4.6, and 4.7 illustrate the locations
and pedostratigraphic settings for major excavation
blocks, as well as several smaller ones. Table 4.1
characterizes each block according to its relative
state of preservation as assessed by the abundance
of stream-worn pebbles and various indicators of
argilliturbation and bioturbation.

Excavated deposits (upper Block B) dated to
the late, late Holocene (ca. 1200–400 B.P.) are com-
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Figure 4.14.  Plan view map of Block H (early, early Holocene) showing the sparse distribution of snail shells,
root casts and krotovina, tree-burn charcoal, and burned sediments, which suggests the block is poorly preserved
in comparison to most other excavation blocks.
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Figure 4.15.  Plan view map of Block Gb (late, early Holocene) showing the widespread distribution and relative
abundance of snail-shell concentrations, tree-burn charcoal, and burned sediments, which suggests the block is
minimally pedoturbated, little impacted by floodwater, and well preserved in comparison to most other excavation
blocks.
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paratively poorly preserved, due largely to slower
overall rates of deposition and significant bio-
turbation during the last millennium or so. Discrete
features were common, and in some cases stratified,
in the early, late Holocene deposits (lower Block B,
ca. 3500–2800 B.P.), suggesting that deposition was
comparatively rapid, but not so rapid as to prevent
soil development and significant bioturbation that
masked occupation surfaces. The middle Holocene
deposits (ca. 4600 and 4100 B.P.) in upper and lower
Block A were comparatively well preserved and
consisted of at least two occupation surfaces. Al-
most all of the artifacts were in horizontal angles of

repose, although bioturbation was readily apparent,
especially near the terrace scarp. Block U, also
middle Holocene in age, was impacted by fluvial
erosion and considerable argilliturbation, although
one poorly preserved FCR feature was identified.

In Block G, which is well dated and where the
most extensive excavations occurred, almost all of
the mussel shells, FCR, and chipped stone artifacts
were found in horizontal angles of repose. In short,
late, early Holocene occupation surfaces (ca. 6900
B.P.) were not adversely impacted by high-energy
floods or subjected to significant bioturbation. More-
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Figure 4.16. Plan view map of lower Block B (early, late Holocene) showing the widespread distribution and
relative abundance of tree-burn charcoal, root casts, and krotovina, which suggests the block is substantially
bioturbated but nonetheless moderately well-preserved in comparison to most other excavation blocks.
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over, rodent burrows, root casts, and other forms of
bioturbation were limited. Block H’s early, early
Holocene (ca. 8800–8600 B.P.) deposits stand in
marked contrast. Fire-cracked rock features, while
present, are lag concentrations that also include
chipped stone artifacts, mussel shells, and a high
density of stream-worn pebbles up to about 4 cm in
diameter. Many artifacts rested on their edges (i.e.,
vertical angles of repose), sometimes imbricated,
in small erosional gullies or rills. Blocks N and T,
also early, early Holocene in age, are somewhat
better preserved, although features are rare and ar-
tifact densities are much lower.

Our limited excavation of late Pleistocene de-
posits (Blocks R and S, ca. 15,000–12,750 B.P.) did
not yield definitive cultural material. Because the
reservoir construction project was terminated un-
expectedly, we were only able to examine a few tens
of meters of backhoe trench profiles carefully and

to excavate a few cubic meters within the 5 m of
alluvium between the early Holocene cultural de-
posits in the upper portion of the Perez paleosol and
the fauna-rich late Pleistocene sediments that ex-
tended to at least 15 m below surface.

Elsewhere in the spillway trench area, however,
well preserved fragments of isolated bison and mam-
moth bones, and large mussel shells were found in
late Pleistocene deposits and in gravel beds that
formed following major floods in the mid 1990s
(Chapter 11 and Appendix A). Considering that
Plainview, Folsom, and Clovis materials have been
excavated from sites within a few tens of kilome-
ters of this part of the lower Medina River valley
(Chapter 8), it seems likely that the Richard Beene
site will eventually yield cultural remains represen-
tative of the Paleoindian period, perhaps including
pre-Clovis times.
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LATE PLEISTOCENE AND HOLOCENE ENVIRONMENTS
IN THE MEDINA VALLEY OF TEXAS AS REVEALED
BY NONMARINE MOLLUSKS

Raymond W. Neck

The existence of deep, stratified alluvial sediments
in the Medina Valley of southern Bexar County,
Texas presents an opportunity to investigate the
environmental history of this region from the late
Pleistocene through the Holocene, and up to the
present. This opportunity is significant for two rea-
sons. First, the late Pleistocene and Holocene sedi-
ments can be assessed for changes in the microhab-
itats available to nonmarine mollusks. Second, the
results of any analysis of paleoassemblages from
this area are likely to be significant for several ave-
nues of research: late Quaternary history of the tran-
sition zone between the uplifted limestone of cen-
tral Texas and the Coastal Plain; environmental
change in a geographical locality that is far removed
from any glacial front of the Pleistocene; and tapho-
nomic factors that affect the relationship between
the paleofauna and the paleoassemblage that is ex-
tracted from the sediments.

The lower Medina Valley is located in the tran-
sition zone between the Balconian and Tamaulipan
biotic provinces as delineated by Blair (1950). Al-
though all such boundary lines are conceptual mod-
els, the delineation between these two biotic prov-
inces is rather sharp. However, there are noted
edaphic islands or lineal dispersal routes that can
be observed from modern dispersal patterns or in-
ferred from relictual populations. Investigations that
analyze the prehistory of this area have the oppor-
tunity to reveal variations in geographical ranges of
various species that are classified as either Balco-
nian or Tamaulipan in zoogeographic affinity. Suf-

ficient variation from the modern distributional pat-
terns may also indicate the need to postulate tem-
poral shifts in the boundary zone between these two
biotas. Very little discussion on the history of the
boundaries between biotic provinces in central Texas
has been published, although Durden (1974) dis-
cussed the history of the biotic provinces of North
and Central America over time periods much long-
er than the Pleistocene. Gehlbach (1991) published
his thoughts concerning the environmental barriers
on the eastern margin of the Balconian Biotic prov-
ince and the alleged early Holocene origin of this
boundary.

The paleoenvironmental history of the South
Texas Plains, a term that applies to most of the
Tamaulipan Biotic province in southern Texas, is
largely unknown. However, a few molluscan
paleoassemblages from southern Texas have been
reported with variable attempts at analysis. Hubricht
(1962) reported seven species of terrestrial
gastropods from “loess, near San Antonio River, 5
mi. south of San Antonio.” Five of the species
reported in this paleoassemblage are moderate- to
large-shelled species that occur in this region today.
However, two small-shelled species present in the
assemblage are not found living in the area today.
Hubricht (1962) provided only limited comments
on the paleoenvironmental significance of this
“loess” sample, except to note that the occurrence
of one of the extralimital species indicated the
climate was colder and wetter when these deposits
were laid down than it is today.” No estimate of age,
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other than Pleistocene, was given for this as-
semblage.

Other paleoassemblages from southern Texas
have been reported. Hubricht (1962) also reported
the occurrence of a very species-diverse assemblage
in “loess” near Palo Blanco Creek west of Falfur-
rias. This assemblage contained a number of aquat-
ic gastropods that are characteristic of modern bo-
real and austral faunas. The terrestrial gastropod
species recorded from this assemblage include only
species that can be found in central and southern
Texas today, although not necessarily in the imme-
diate vicinity of his collection locality. Neck (1987)
reported a stratified paleoassemblage in alluvium
of the Nueces River near Uvalde, Texas, just south
of the Balcones escarpment. These sequential as-
semblages indicate different vegetational and edaph-
ic environments that are best interpreted as a series
of natural successional stages and do not require
any change in macroclimate. All species present in
the various layers in this site are living in the imme-
diate area of the site today.

Other analyses of nonmarine molluscan pale-
oassemblages from southern Texas have involved
sites that were closer to the coast. Neck (1983) re-
ported on a low-diversity assemblage extracted from
late Pleistocene sediments associated with a tribu-
tary of Los Olmos Creek in Kleberg County. The
recovered assemblage indicated slightly greater ef-
fective moisture but no major changes in mollus-
can microhabitats. Another paleoassemblage from
the extreme southern part of Texas in Cameron
County included a mixed brackish and freshwater
species assemblage that has more relevance to pos-
tulated Holocene sea-level changes (Neck 1985)
than to inland nonmarine environmental changes.

Methods

A series of 3-liter sediment samples was removed
from 32 proveniences at 41BX831. These samples
ranged from the modern soil surface to deep strati-
graphic units identified as Late Wisconsinan. The
modern soil is designated as Venus clay loam by
the U.S. Soil Conservation Service (Taylor et al.

1966); other stratigraphic names are from Mandel
et al., as presented in Chapter 3. A stratigraphic sum-
mary of these samples is presented in Table 5.1.

Samples were wet-screened through nested soil
sieves (#4, #8, #16, and #30). Retained shell mate-
rial was hand-picked from the resultant residue.
Shells were identified to species and classified as
adult or immature. In the case of one species, Rab-
dotus mooreanus, four size classifications were iden-
tified: adult, adolescent, juvenile, and hatchling.

A series of freshwater mussels extracted from
cultural contexts were provided to the author from
previously screened material. Identifications of the
shell remains were made from familiarity with the
species of the area and comparison to material in a
reference collection belonging to this author.

Results

A total of 20 species was identified from the shell
material extracted from the 32 sediment samples and
from cultural context samples (Tables 5.2, 5.3, and
5.4). This molluscan assemblage consists of one pea
clam, two freshwater mussels, one freshwater oper-
culate gastropod, three freshwater pulmonate gas-
tropods, one operculate terrestrial gastropod, and 11
terrestrial pulmonate gastropods. Ten species of
freshwater mussels were recovered from cultural
contexts (including seven species not found in the
sediment samples).

Paleoenvironmental Reconstruction

The molluscan shell remains extracted from the sed-
iments of 41BX831, as documented in Tables 5.3
and 5.4, demonstrate an overall homogeneity that
belies the environmental information that can be
inferred from the distribution of the species present.
Below is a first attempt to reconstruct the paleoen-
vironment of 41BX831 as demonstrated in the mol-
luscan remains present in these sediments. The re-
construction is described in terms of the vegetational
community types and structure in temporal sequence
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from the oldest available time period to the present.
The breaks between vegetational types are some-
what arbitrary since any temporal variation in the
environment will be gradual. Some of the inferred
temporal boundaries are likely the result of the tem-
poral distance between samples. Also, keep in mind
that these reconstructions and the chosen boundaries
are based solely on the molluscan remains. Although
it is likely that molluscan shell remains can provide
very powerful information on the paleoenvironment
of this region, these remains are—in the end result—

only valid from the ecological perspective of the
constituent molluscan species.

Zone 1—Marsh or Wet Grassland/Meadow—

Samples 31–25 (ca. 15,300–12,500 B.P.)

This zone includes samples recovered from Soils 6,
7, and 8, and spans the period ca. 15,300–12,500
B.P. These lower levels are most remarkable in the
limited number of species represented. Indeed, ex-
cept for a few, scattered fragments of snail shell

Sample No. Depth Below 
Surface (cm) 

Stratigraphic 
Unit Soil Soil Horizon 

1m* 0-25 A7 Modern A and Bk1 
1f† 0-25 A7 Modern A and Bk1 
2 37-51 A7 Modern Bk2 
3 51-87 A6 Leon Cr. Paleosol Ab1(Bk) 
4 87-154 A6 Leon Cr. Paleosol Bkb1 
5 154-206 A6 Leon Cr. Paleosol BCkb1 
6 206-223 A6 Leon Cr. Paleosol CBb1 
7 223-289 A5 Medina Pedocomplex Akb2 
8 289-317 A5 Medina Pedocomplex ABkb2 
9 317-404 A5 Medina Pedocomplex Bk1b2 

10 404-508 A5 Medina Pedocomplex Bk2b2 
11 508-560 A5 Medina Pedocomplex Bk2b2 
12 560-597 A5 Medina Pedocomplex Bk3b2 
13 597-693 A5 Medina Pedocomplex Bk4b2 
14 693-720 A5 Medina Pedocomplex Cb2 
15 720-768 A4 Elm Cr. Paleosol Bk1b3 
16 768-820 A4 Elm Cr. Paleosol Bk2b3 
17 820-980 A4 Elm Cr. Paleosol CBkb3 
18 980-1,020 A4 Elm Cr. Paleosol Cb3 
19 1,020-1,068 A3 Perez Paleosol Bkb4 
20 1,068-1,136 A3 Perez Paleosol Bkssb4 
21 1,136-1,169 A3 Perez Paleosol Bk’b4 
22 1,169-1,227 A3 Perez Paleosol BCkb4 
23 1,227-1,257 A3 Perez Paleosol CBkb4 
24 1,257-1,357 A3 Perez Paleosol Cb4 
25 1,357-1,375 A3 Soil 6 Bk1b5 
26 1,375-1,459 A3 Soil 6 Bk2b5 
27 1,459-1,485 A3 Soil 7 Bkb6 
28 1,485-1,505 A3 Soil 7 Bkb6 
29 1,505-1,540 A3 Soil 8 A1b7 
30 1,540-1,575 A3 Soil 8 A2b7 
31 1,575-1,600 A3 Soil 8 Cb7 

*Sample 1m was collected in a mesquite-covered area at 41BX831. 
†Sample 1f was collected in a plowed field at 41BX831. 

Table 5.1.  Stratigraphic positions of soil and sediment samples analyzed for mollusks.
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Species 
(listed alphabetically) 

Species 
Codes Description 

Amblema plicata Ap 
A medium-sized to large freshwater mussel that is found 
in moderate-sized streams with flowing water and a firm 
substrate of either sand or gravel. 

   

Cincinnatia cincinnatiensis Cc 

A small freshwater operculate gastropod that is found in 
shallow spring-fed streams with a  firm substrate and slow 
current.  Present in Texas during the Pleistocene, C. 
cincinnatiensis has since been extirpated from Texas. 

   

Cyrtonaias tampicoensis Ct 

Restricted to the southern and central portions of Texas 
and the northeastern portion of Mexico where it occurs in 
generally slow to ponded waters over a sand mud 
substrate. 

   

Deroceras cf. aenigma Da 

The designation given here to a series of slightly 
thickened, multi-layered slug plates that were recovered 
from the lower portion of the sediment column at 
41BX831.  D. aenigma is a species known only from 
fossil slug plates that are preserved in Late Pleistocene 
and Early Holocene sediments, mostly in the southern 
Great Plains.  Although nothing can be known directly 
about the preferred habitat of this species, its occurrence 
in the fossil record has generally been as part of a 
paleoassemblage that accumulated under cooler and/or 
more moist conditions than are present today. 

   

Deroceras leave Dl 

A small gray to brownish slug that is found in protected 
habitats underneath rocks or downed wood, under which it 
may burrow to deeper soil layers with sufficient moisture.  
This species may also be found around the margins of 
wetlands—marshes, ponds, or small streams—where it 
may actually enter the aquatic habitat to forage and absorb 
water.  This slug contains a small internal plate of calcium 
carbonate that is often preserved in sediments, allowing 
identification of the species. 

   

Euconulus fulvus Ef 

A terrestrial gastropod that is common in many of the Late 
Pleistocene and Early Holocene molluscan 
paleoassemblages in the central portion of the United 
States.  Living populations of this species are restricted to 
the northeastern United States as far south as the 
Applachian Mountains with disjunct populations present 
in montane habitats of the Trans-Pecos Texas. 

   

Gastrocopta pellucida Gpe 
Found under cover objects in many types of habitats, 
generally rather open habitats with limited woody plant 
cover. 

continued 
 

Table 5.2.  Molluscan species recovered from 41BX831.
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Species 
(listed alphabetically) 

Species 
Codes Description 

Gastrocopta procera Gpr 
A small terrestrial gastropod that is often found in 
association with Gastrocopta pellucida, although G. 
procera requires more moisture than G. pellucida. 

   

Gyraulus parvus Gp A small aquatic snail that is found in small spring pools 
and on aquatic vegetation in slow-moving water. 

   

Helicodiscus singleyanus Hs 
A small disc-shaped gastropod that is often found in the 
same microhabitats as the species of Gastrocopta listed 
above. 

   

Helisoma anceps Ha 
A medium-sized aquatic snail that is found in spring-run 
streams over limestone gravel and cobble in the Texas Hill 
Country. 

   

Lampsilis bracteata Lb 
Restricted to the Texas Hill Country and the immediate 
downstream areas of streams that drain this area.  Typical 
habitat is flowing water over small gravel substrate. 

   

Lampsilis hydiana Lh A freshwater mussel that is usually found in slow-moving 
water over sand or firm clay substrate. 

   

Lampsilis teres Lt A freshwater mussel that is usually found in flowing water 
over sand or firm clay substrate. 

   

Megalonaias nervosa Mn 

A medium-sized to very large freshwater mussel that is 
found in moderate to large streams.  Although this species 
is very typical of lotic habitats, particularly gravel riffles, 
it has successfully adapted to large reservoirs in northern 
Texas. 

   

Oligyra orbiculata Oo 

The only terrestrial operculate that occurs in the central 
Texas area.  This species is found in a wide variety of 
habitats that have a certain amount of cover material in the 
form of wood or rock.  Substrate is usually calcareous in 
nature. 

   

Physella vigata Pv A freshwater gastropod that is found in ponds and streams 
with slow-moving water. 

   

Pisidium casertanum Pc 
Probably the most widely distributed freshwater bivalve in 
the world.  This species is found in a great variety of 
freshwater habitats. 

   

Polygyra texasiana Pt 
A medium-sized terrestrial gastropod that is found under 
rocks and downed wood in open woodlands, savannahs, 
and prairies. 

continued 
 

Table 5.2.  Continued.
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Species 
(listed alphabetically) 

Species 
Codes Description 

Pupoides albilabris Pa 
A small terrestrial gastropod that is found in a variety of 
habitats with cover in the form of wood, rocks, or deep 
leaf litter. 

   

Quadrula apiculata Qap Occurs in various types of water, but it is most often found 
in slow-moving to ponded water. 

   

Quadrula aurea Qau 
Restricted to the Texas Hill Country and downstream 
portions of the rivers that drain this area.  Preferred habitat 
appears to be flowing water over small gravel or sand. 

   

Rabdotus mooreanus Rm 
A large terrestrial gastropod that is found in open 
woodlands, savannahs, and prairies.  This species is often 
found up on vegetation during the hot periods of the year. 

   

Strobilops texasiana St 

Another small terrestrial gastropod that is found in mesic 
microhabitats, often in subhumid habitats.  This species is 
usually found under downed wood, usually associated 
with woody vegetation. 

   

Succinea cf. solastra Ss 

An amber snail that is found in usually xeric microhabitats 
where the soil is periodically saturated with water.  
Habitat types include open woodland or brushlands and 
brushy savannahs.  This species is known only from 
southern Texas, but undoubtedly occurs in northeastern 
Mexico.  It is apparently closely related to Succinea 
luteola, which is more widespread and usually more 
abundant.  Some workers would probably synonymize S. 
solastra under S. luteola. 

   

Toxoplasma texasensis Tt A small freshwater mussel that is typically found in slow-
moving or ponded water over a sand or mud substrate. 

   

Tritogonia verrucosa Tv Typically found in flowing water in a gravel or coarse 
sand substrate. 

 
(some of which can be identified), the only mollus-
can remains present in these samples are slug plates
of at least one, and likely two, species of gray slugs.
The near absence of non-slug remains may be par-
tially taphonomic as discussed in the next section
of this chapter, but the analysis will be made as-
suming that the dominant molluscan life during the
time period represented in these sediments was one
or two species of slugs. Living populations of Dero-
ceras laeve in this area are found concentrated un-

der cover material in seasonally moist micro-habi-
tats. This species may enter the margins of aquatic
habitats. Deroceras aenigma is assumed to have
lived in cooler and wetter climates than those now
present in the region, but the details of the habitat
have not been and probably cannot be described for
an extinct species. The restriction of D. aenigma to
the lower portions of this section may be an indica-
tion of cooler and moister microhabitats than those
available during deposition of alluvium composing

Table 5.2.  Continued.
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Species Codes Sample 
No. 

Unit 
No. Pc Ap Lt Cc Pv Gp Ha 

Zone 5 
4000 B.P. - Present 

1m* A7 - - - - - 1+0 - 
1f† A7 - - - - - - - 
2 A7 - - - 1+0 - 1+0 - 
3 A6 - - - 1+0 - 2+0 - 
4 A6 - - - 2+0 - 3+5 - 

Zone 4 
4500 - 4000 B.P. 

5 A6 1+0 - - 5+0 - 4+6 - 
6 A6 - - - 2+6 - 4+11 - 
7 A5 - - - 1+0 - 3+1 - 

Zone 3 
8000 - 5000 B.P. 

8 A5 1+0 - - 3+0 - 5+1 - 
9 A5 - - - 1+0 - - - 

10 A5 - - - - - - - 
11 A5 - - - - - - - 
12 A5 - - - - - - - 
13~ A5 - - - - - - - 
14 A5 - - - - 0+1 1+0 - 
15 A4 - - - - - - - 
16 A4 - - - - - - - 
17 A4 - - - - - - - 
18 A4 - - - - - 2+0 1+0 

Zone 2 
12,500 - 8000 B.P. 

19 A3 - 2+0 - - - 2+0 - 
20 A3 - - - - - - - 
21 A3 - - 0+1 - - - - 
22 A3 - - - - - - - 
23 A3 - - - 1+0 - - - 
24 A3 - - - - - - - 

Zone 1 
15,300 – 12,500 B.P. 

25 A3 - - - - - - - 
26 A3 - - - - - - - 
27 A3 - - - - - - - 
28 A3 - - - - - - - 
29 A3 - - - - - - - 
30 A3 - - - - - - - 
31 A3 - - - - - - - 

~Unidentifiable unionid fragments were found in this sample. 
*Sample 1m was collected in a mesquite-covered area at 41BX831. 
†Sample 1f was collected in a plowed field at 41BX831. 
Note:   Species codes in this table are defined in Table 5.2.  Two numbers are shown for each 

species recovered from a particular sample (for example, 2+6).  The first number 
represents adults and the second number represents immature specimens. 

Table 5.3.  Distribution of freshwater mollusks recovered from column at 41BX831



94 Archaeological and Paleoecological Investigations at the Richard Beene Site

Species Codes Sample 
No. 

Unit 
No. Oo Pa Gpe Gpr St Ss Hs Dl Da Rm Pt 

Zone 5 
4000-Present 

1m* A7 - 12+8 2+0 25+2 - 0+10 9+3 - - 1f+3+4+0 2+0 
1f† A7 1+0 5+8 - - 1+0 2+17 8+0 - - 1+0+2+14 0+2 
2 A7 - 9+5 - - - 3+31 24+7 - - 4+7+18+6 8+2 
3 A6 5+0 2+1 - - - 2+8 4+1 - - 1+5+12+8 5+1 
4~ A6 3+0 1+0 - 1+0 - 1+16 2+4 - - 12+7+21+6 - 

Zone 4 
4500-4000 

5 A6 - 1+2 - - - 1+7 13+0 - - 3+5+4+12 4+15 
6 A6 1+0 2+1 1+0 1+0 - 2+12 12+19 - - 2+1+4+1 1+0 
7 A5 - 1+3 - 2+0 - 1+3 7+12 - - f+1+4+0 0+1 

Zone 3 
8000-5000 B.P. 

8 A5 f^ - - - - 2+11 3+0 - - 1+3+1+1 2+3 
9 A5 - 1+0 - - - 0+5 1+0 - - 2+3+1+0 2+1 

10 A5 - 1+0 - - - 0+1 2+0 - - 2+3+1+0 1+0 
11 A5 - 1+0 - - - 1+0 - - - 3+1+0+0 1+0 
12 A5 - - - - - 1+6 1+0 - - 6+5+3+5 1+0 
13 A5 - - - - - 1+0 - - - 3+7+3+1 0+1 
14 A5 - 2+1 - - - 0+1 5+2 - - 1+2+5+3 0+1 
15 A4 - - - - - - - - - 1+4+3+0 5+2 
16 A4 - - - - - - - - - f - 
17 A4 1+0 - - - - 1+1 - - - 2+4+2+0 - 
18 A4 - - - - - 0+1 - - - - 0+1 

Zone 2 
12,500-8000 B.P. 

19 A3 1+0 - - - - 0+2 - - - 4+3+0+0 - 
20 A3 3+0 - - - - - - - - f+4+5+22 1+4 
21 A3 5+0 - - - - - - - - 5+5+8+23 - 
22 A3 4+0 - - - - - - - - 4+2+8+19 2+5 
23 A3 5+0 - - - - 0+3 - - - 2+4+6+19 2+3 
24 A3 1+0 - - - - - - - - f 1+0 

Zone 1 
15,300-12,500 B.P. 

25 A3 - - - - - - - 4+0 - f? - 
26 A3 - - - - - - - - - f? - 
27 A3 f - - - - - - - - f - 
28 A3 f - - - - - - 2+0 - - f 
29 A3 f - - - - - - - - f f 
30 A3 f - - - - - - 7+0 6+0 f - 
31 A3 - - - - - - - - - f - 

~One secondarily deposited shell of Euconulus fulvus (Ef) was recovered from this sample. 
^f=fragment. 
*Sample 1m was collected in a mesquite-covered area at 41BX831. 
†Sample 1f was collected in a plowed field at 41BX831. 
Note: Species codes used in this table are defined in Table 5.2.  Where two numbers are shown for each 

species recovered from a particular sample (for example, 12+8), the first number represents adults 
and the second number represents juveniles.  Where four numbers are shown for Rabdotus 
mooreanus, the first, second, third, and fourth number represents adults, adolescents, juveniles, and 
hatchlings, respectively. 

Table 5.4.  Distribution of terrestrial gastropods recovered from the column at 41BX831.
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the upper portion of this section. The dominance of
the assemblage by slugs indicates that a wet prairie
or meadow could have been the likely vegetational
community type. The absence of aquatic forms sug-
gests that this community was a “terrestrial” marsh,
i.e., dominated by wetland grasses and sedges rather
than a deeper wetland with emergent and submer-
gent aquatic vegetation. However, if we assume that
substantial amounts of terrestrial gastropod shell was
dissolved, the same fate could have been met by
freshwater gastropod and bivalve shells; any record
of these aquatic habitats would have been lost. Sea-
sonal loss of surface water is possible, even likely,
but the substrate did not desiccate to the extent that
is observed in temporary ponds of today.

Zone 2—Savannah with Flooding Interludes—

Samples 24–19 (ca. 12,500–8000 B.P.)

This zone includes all of Unit A3 above Soil 6 and
spans the period ca. 12,500–8000 B.P. Several en-
vironmental conditions are indicated by the species
present in these sediments. Significant beyond the
mere presence of these species is also the size-class
structure of some of the species. The abundance of
Oligyra orbiculata indicates the presence of sub-
stantial amounts of woody vegetation, but the oc-
currence of Rabdotus mooreanus indicates the pres-
ence of open space between these woody plants.
Most of the specimens of R. mooreanus are
hatchlings, indicating that the oviposition and hatch-
ing niche of this species was well represented, but
that the area must have periodically become desic-
cated as indicated by the abundance of dead
hatchlings and relative paucity of the more mature
size classes. The presence of freshwater mussel
shells and gastropod shells that appear to be flood
debris indicates the occurrence of surface water at
the site or a substantial alluvial input. The most likely
vegetational community and general environment
that meets these restrictions is an open savannah
with scattered woody vegetation and substantial
grass cover. The periodic moist conditions, often
followed by rapid desiccation, would seem to indi-
cate the occurrence of periodic alluvial input with
flood debris. Local precipitation would seem to be
low to moderate and, possibly, seasonal in occur-
rence.

Zone 3—Mid-grass Prairie (?)—Samples 18–8

(ca. 8000–5000 B.P.)

This zone includes the Elm Creek paleosol and all
but the upper 30 cm of the Medina pedocomplex,
and spans the period 8000–5000 B.P. Several gas-
tropod species or groups of species indicate the oc-
currence of an open habitat that had no great amount
of woody vegetation. Most of this section indicates
conditions that were conducive to survival and re-
production of Rabdotus mooreanus. Levels with-
out substantial R. mooreanus are those layers with
aquatic snails, indicating alluvial input of flood de-
bris, or the occurrence of many small-shelled spe-
cies, indicating the occurrence of more continually
moist soil conditions. The absence of Oligyra or-
biculata from most of these levels indicates the rar-
ity of woody plants. This zone seems to indicate the
occurrence of low but dependable amounts of mois-
ture. The plant community most likely to fit this
description is a mid-grass prairie. However, the abil-
ity to reconstruct a paleoenvironmental prairie set-
ting will be discussed in the following section of
this chapter.

Zone 4—Mid-grass Prairie with Surface Water—

Samples 7–5 (ca. 4500–4000 B.P.)

This zone includes the upper 30 cm of the Medina
pedocomplex and the lower 30 cm of the Leon Creek
paleosol, and it spans the period 4,500–4,000 B.P.
The presence of Rabdotus mooreanus and Helico-
discus singleyanus indicates the continued existence
of an open vegetational community. The presence
of Pupoides albilabris and the near absence of Oli-
gyra orbiculata indicate the occurrence of some
cover material, probably wood, on the soil surface
but the local absence of substantial amounts of
woody plants. The occurrence of both fresh shells
of Gyraulus parvus and Cincinnatia cincinnatien-
sis indicates the input of alluvium with flood-de-
bris shells or the likely local occurrence of surface
water. The peak of flood-debris shell input appears
to be in level 6. The nature of this surface water is
unclear and may have included small streams or
ponds, possibly floodplain pools. The limited
amount of burned shell fragments recovered during
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this study peaks and is almost restricted to this zone,
indicating the likelihood of periodic fires that aid in
maintenance of a mid-grass prairie.

Zone 5—Short- to Mid-grass Savannah to

Prairie — Samples 4–1 (ca. 4000 B.P.–Present)

This zone includes the middle and upper portions
of the Leon Creek Paleosol and the modern surface
soil, Venus clay loam. The patterns of occurrence
of most of the snail species present indicate the con-
tinued dominance of open grassland habitats. The
presence of Oligyra orbiculata represents the re-
turn of woody vegetation to the site as an obvious,
but possibly minor, portion of the plant community.
Eroded and fresh shells of Gyraulus parvus and
Cincinnatia cincinnatiensis indicate the input of
flood-debris shells and the reduction of local sur-
face water. Pupoides albilabris indicates the occur-
rence of downed wood in an area that is generally
dry, although the possible occurrence of periodically
saturated soil conditions is not eliminated.

Discussion

Molluscan paleoassemblages recovered from the
various zones of 41BX831 present an overall indi-
cation of relative homogeneity on the species level.
Although there is enough variation in relative
amounts of species to reconstruct different plant
communities, the paleoassemblage in total contains
relatively few species with very little representa-
tion of extralimital species. This species homoge-
neity is probably due to the lack of major changes
in the physiognomy of the site through the Late
Wisconsinan and Holocene. Postulated plant com-
munities—be they marsh, meadow, grassland, or
savannah—are all dominated by graminoid species
with minimal to only moderate occurrence of woody
species. This relative stability throughout a period,
with presumed significant variations in the ambient
climate, is a result of the relative importance of
edaphic factors in relation to climatic factors in de-
termining the basic structure of the plant commu-
nity at this site with fine-grained, tightly packed soil.

Some variation in effective moisture that can
be related to climate is indicated by the occurrence

of two extralimital species. The aquatic gastropod,
Cincinnatia cincinnatiensis, was widespread dur-
ing the Quaternary in Texas, although most locali-
ties are located to the north or east of Central Texas
(Fullington 1978). The slug, Deroceras aenigma, is
presumably an extinct species that lived in habitats
similar to those of the modern Deroceras laeve, but
habitat details are unavailable. Some native slug
populations in the montane areas of western Texas
have been assigned to this species in field and mu-
seum notes, but this specific designation has never
been applied to any living population in a published
report to date.

No shells of the terrestrial gastropod species that
are present in the upper reaches of the Medina River
and that are characteristic of the modern Balconian
biotic province were recovered from these sedi-
ments. Not only were these species not living at this
site during the Late Wisconsinan and Holocene, but
shells of these species were not a recognizable com-
ponent of the flood debris that was transported by
high waters during this time period. The lack of shift
of the boundary of the Balconian terrestrial gastro-
pods may not be typical of all faunal groups, how-
ever. Comprehensive investigations of several of the
dominant faunal groups would be required to pro-
duce a definitive study of the spatial dynamics of
this boundary through the late Quaternary.

A significant proportion of the shells recovered
from the section are not autochthonous to this site.
Many of these shells were deposited as flood debris
by ebbing flood waters. Most if not all of the Cin-
cinnatia cincinnatiensis probably lived in a smaller
spring-run stream upstream from this site. The single
shell of Euconulus fulvus is an adult shell that was
secondarily deposited at this site. The biological
origin of this shell was undoubtedly a protected
woodland in a canyon in the upper reaches of the
Medina River in the Texas hill country. This spe-
cies has since been extirpated from central Texas.

Charred shell remains were rare in the samples
from 41BX831. All charred remains were very frag-
mentary gastropod shells. Samples 2 and 19 con-
tained charred fragments of Rabdotus mooreanus.
Charred fragments of Polygyra texasiana and Oli-
gyra orbiculata were recovered from samples 6 and
8, respectively. An unidentifiable fragment was re-
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covered from sample 7. These few fragments may
indicate the relative rarity of ground fires in this area,
possibly due to lack of sufficient fuel load to carry
a significant fire that would leave evidence in the
form of charred shell.

The near lack of non-slug remains in the lower-
most levels, combined with the fragmentary, etched
condition of the few gastropod shell remains in these
levels, raises the possibility of the occurrence of sig-
nificant taphonomic changes of the original pale-
oassemblages, which themselves were merely a
sample of the original paleofauna of this area. Mol-
luscan shells are largely crystalline calcium carbon-
ate with variable amounts of organic compounds
present in the various layers. The most common
crystalline form of calcium carbonate in terrestrial
gastropods is aragonite, but the calcium carbonate
in the slug plates is calcite (Evans 1972:23). As cal-
cite is more stable than aragonite (Chave et al. 1962),
in certain chemical environments, shells—even slug
plates—that are composed of calcite could be ex-
pected to be differentially preserved, especially in
older sediments wherein there would have been suf-
ficient time for calcite dissolution.

The reconstruction of prairie habitats as dis-
cussed above is somewhat problematic. It is doubt-
ful that one can accurately postulate the occurrence
of a prairie environment from terrestrial gastropods
alone. In essence, the presumed existence of prai-
ries during Late Wisconsinan and essentially all of
the Holocene at 41BX831 is based on the absence
of gastropods indicating the presence of woody
plants. This “negative postulation” may not be in-
accurate in its conclusions but is not as sure or
“clean” as a “positive postulation” based on the pres-
ence of indicator taxa. A survey of living gastro-
pods of several prairie remnants in Texas has re-
vealed the occurrence of a very low species-diver-
sity fauna, which is characteristic of prairie sites
elsewhere, as well (Neck n.d.). However, all of these
species can be found in savannahs and open wood-
lands. Some species may also be found in the more
exposed or well-drained portions of closed wood-
lands. The lack of terrestrial gastropod species that
are endemic to prairie habitats is paralleled by most
plant groups, including grasses, and many faunal
groups, including vertebrates, and may reflect the

relatively recent occurrence of broad expanses of
prairie habitat.

The freshwater mussel remains extracted from
various cultural contexts of 41BX831 form a re-
markably near-complete sample of the fauna present
in this river (Table 5.5). Of the 12 species of fresh-
water mussels known from the San Antonio River
system (Neck 1989; Strecker 1931), 10 were iden-
tified in the shell assemblages recovered from this
site. The two species not found in this site (Anodonta
grandis and Anodonta imbecillis) are species with
very thin, friable shells and less soft-tissue biomass
per individual than the other species. These two
species are less common in archeological remains
than their modern occurrence and abundance would
indicate (Murray 1981). Of the 10 species identi-
fied from this site, all but one has been recorded
from the Medina River system. This single new spe-
cies for the Medina River is Megalonaias nervosa,
which was not known to Strecker (1931) from within
the San Antonio River system. He did note, how-
ever, that its occurrence in this river system was
“possible,” a designation apparently given because
M. nervosa was known from all other river systems
in Texas. Moreover, Neck (1989) reported M. ner-
vosa from the San Antonio River from museum col-
lections at Texas Christian University and Trinity
University.

The mussel assemblage from this site reveals
both environmental and cultural results that can be
analyzed. The aquatic habitats indicated by the con-
stituent species include a moderately large stream
with riffles and an occasional slow-water pool. The
occurrence of small shells of Toxolasma texasensis
may indicate the sampling of a small tributary
stream. A number of the shells are rather small in
size and may indicate resource depletion, preference
for a chowder-type food as a supplement (dessert?),
or collection activities by opportunistic children. On
the other hand, the existence of rather large shells
of several species in samples 17 to 20 indicates the
occurrence of a large stream with moderately rap-
idly flowing water.

The pattern of mussel distribution does not cor-
relate with shell size, which presumably is a func-
tion of the quality of the riverine aquatic system.



98 Archaeological and Paleoecological Investigations at the Richard Beene Site

Maximum utilization of freshwater mussels in this
portion of the Medina River valley as food items by
humans occurred during the Middle and Late Ar-
chaic. Reasons for increased reliance on, or at least
utilization of, freshwater mussels during this time
period probably involve cultural bias of changes in
the non-riverine environment of this area. Maximum
size of mussel shells, and the meat in easily collect-
able units, was greatest during the early, Early Ar-
chaic, although moderately large Amblema plicata
persisted into the Middle Archaic. In general, shell
sizes of the freshwater mussel species utilized as
food items during the time of peak utilization tend
to be smaller than the average observed in both liv-
ing and early Holocene samples from the Medina
River valley.

Summary

The molluscan paleoassemblage extracted from the
sediments at 41BX831 suggests that over the past
15,000 years there have been relatively minor veg-
etational differences from those conditions that are
observed today. Specifically, the available evidence
indicates that woody plants have been occasional
to rare in percentage composition from at least the
Late Wisconsinan throughout the Holocene to the
present. Late Wisconsinan vegetation habitats are
best classed as meadows or wet prairies with very
limited presence of woody plants. The Late Wis-
consinan–early Holocene transitional period appears
to have been a time of increased moisture stress for
terrestrial species although the large size of shells
of some of the aquatic species indicates excellent
aquatic habitat conditions. Woody vegetation be-
came more abundant, but the area was likely a sa-
vannah that experienced periodic droughts.

The early Holocene environment was likely a
savannah that provided moderately harsh conditions
for the grass-associated Rabdotus mooreanus but
was favorable to the woody plant-associated Oli-
gyra orbiculata. The abundance of hatchling and
adult R. mooreanus is an indication that moisture
may have been very seasonal in distribution. In the
early Holocene and initial portions of the middle
Holocene, ca. 9000–5000 B.P., the molluscan re-

mains indicate a decrease in available water and
increase in thermal (evaporative) stress. Moisture
stress experienced by terrestrial gastropods may
have been less seasonal during this time period with
fewer very wet seasons but also fewer very dry pe-
riods. The resultant plant community appears to have
been a mid- to short-grass community with a return
of woody vegetation, but woody plants still re-
mained a minor portion of the landscape. Subse-
quently, moisture levels increased in the middle
Holocene with more indications of surface water
and soil water after 4500 B.P., but woody plants
appear to have been very rare during this time pe-
riod. This increase in surface water may be partially
the result of an indicated increase in flood debris
input of shells of aquatic species.

After about 4000 B.P., the indicated environ-
ment is not different, at present levels of resolution,
from the modern environment. The relationship of
this mid-Holocene dry period to the much-discussed
Altithermal of higher latitudes is unknown at this
time. The degree of the increase in drought condi-
tions appears to be less severe, but its occurrence in
an approximately contemporaneous period is very
intriguing indeed.

It is important to note that the molluscan spe-
cies recovered from an undated locality in alluvium
of the San Antonio River near the current study site
indicate some major changes in the general envi-
ronment at some point upstream from this other lo-
cality. Seven species of terrestrial gastropods have
been reported from San Antonio River alluvium, two
of which do not live in this region today. Whereas
Gastrocopta armifera is found in protected areas of
north-central and Panhandle Texas (Fullington, per-
sonal communication, 1992; Neck 1990), Discus
cronkhitei is not found living in eastern North
America south of a line drawn from Kentucky to
South Dakota (Hubricht 1985:107). However, west-
ern montane populations of D. cronkhitei are known
as far south as the Guadalupe Mountains of Texas
(Fullington 1979).

The difference in the apparent environmental
conditions as demonstrated in these two paleoas-
semblages illustrates the complexity of analysis of
the environmental changes in the past. Molluscan
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Cultural Species Codes 
Level Ap Mn Qap Qau Tv Ct Lb Lh Lt Tt ?* 

Late Prehistoric 
1 5+3 - - - - - - - - - - 
2 1+1 - - - - 0+1 - - - - - 

Upper Late Archaic 
3 3+7 - - - 1+2 - - - 1+0 - - 
4 1+1 - - - - - - 0+2 - - - 
5 18+8 1+0 2+0 3+3 2+2 2+4 - 0+1 3+4 3+1 0+1 

Middle Late Archaic 
6 2+3 - - - 0+2 - - - 0+4 - - 
7 3+2 - - 0+1 - 1+1 - - - - - 
8 1+1 - 0+1 0+1 - 1+1 - 0+1 2+2 - - 

Lower Late Archaic 
9 7+7 - - 2+4 - 0+1 - - 3+3 8+1 15+0 

Upper Middle Archaic 
10 23+21 5+3 2+0 - - 2+2 0+4 3+1 - - - 

Lower Middle Archaic 
11 5+7 - 4+2 1+4 - - - - 4+2 - 4+0 
12 1+0 - - - - 0+1 - - 0+1 0+1 - 

Early Archaic 
13 4+8 - - - - - - 0+1 3+3 - - 
14 3+3 - - - - - - - - 14+12 - 
15 5+3 - - 0+2 - 1+0 - - 1+0 - - 
16 21+18 - - - 1+0 1+0 - 1+2 - - - 

Upper Late Paleoindian 
17 4+5 - - - - - - - 0+1 - - 
18 5+3 - 1+0 - - 0+1 - - 0+1 - - 

Lower Late Paleoindian 
19 1+1 - - - - - - - 0+1 - - 
20 1+2 - - - - - - - - - - 

*Unidentifiable remains, usually an individual pseudocardinal tooth. 
Note:   Species codes used in this table are defined in Table 5.2.  Two numbers are shown for 

each species recovered from a particular cultural level (for example, 5+3).  The first 
number represents adults and the second number represents immature specimens. 

Table 5.5.  Distribution of freshwater mussels from cultural samples at 41BX831.

shells, indeed any biotic remains in sediments, are
habitat proxies, not climate proxies. Certainly, cli-
mate is a major factor in the environment of any
particular species, but many other factors impinge
upon and limit the direct effect of the ambient cli-
mate on the occurrence and abundance of any par-
ticular species. To properly interpret the significance
of the biotic remains in any site, one must under-
stand the environmental limitations of each species

and be able to recreate, mentally, the habitat and
microenvironment in which the constituent species
of the paleoassemblage live. Reconstruction in-
volves vegetational community structure, soil tex-
ture and drainage, amount and nature of soil cover,
and any other salient environmental factors that af-
fect the dispersal and survival of any particular spe-
cies in the paleoassemblage.
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FRESHWATER SHELL ISOTOPE STUDIES

David O. Brown

This study examines patterns of stable isotopes of
oxygen and carbon measured in mussel shells from
excavated contexts at the Richard Beene site as proxy
indicators of past environments. Understanding past
cultural dynamics requires consideration of the en-
vironmental setting and potential changes to that
setting. Although freshwater shell isotope studies
have some limitations for precise paleoenvironmen-
tal reconstruction, they nonetheless provide an in-
dependent source of data for the interpretation of
past climates and environments that can be used to
refine and/or validate data from other sources.

It has long been recognized that the differential
distribution of the isotopes of oxygen and carbon
can be linked to environmental parameters. Extrap-
olation of the modern distribution of oxygen iso-
topes has been directly related to temperature and
precipitation regimes. This relationship has been
used to infer past global and regional climates. Mea-
surements of oxygen isotopes from ice cores, in con-
junction with other data, have aided in the develop-
ment of a detailed global climatic model extending
back into the late Pleistocene. Since Urey (1947)
first suggested a relationship between the ratio of
18O/16O trapped in marine carbonate fossils and the
paleotemperature of ancient oceans, researchers have
attempted to extend the description of ancient cli-
mates millions of years into the past and to develop
detailed regional models of past climates. Similar-
ly, the differential distribution of carbon isotopes has
been linked to carbon-processing pathways inher-
ent in broad classes of plants. In recent decades, both
oxygen and carbon isotopes have been used as im-
portant proxy indicators of paleoenvironments and

resulting data have proven useful in archaeological
studies.

Stable Isotope Studies

Stable isotopes, some 300 of which occur naturally
in more than 60 chemical elements, are defined by
the number of neutrons within the atomic nucleus
which in turn affect the atomic weight of the ele-
ment. Typically, one isotopic variant is dominant
while the others are found in small percentages rel-
ative to the primary form. Unlike radiogenic iso-
topes, which change their form and atomic weight
through time, the total reservoir of stable isotopes
remains relatively unchanged. Differences in the
behavior of the isotopes of a particular element can
often be attributed to slight differences in their atom-
ic weight. These behavioral differences can lead to
small variations in stable isotope percentages that
have been linked to environmental conditions. Sta-
ble isotope studies, particularly those focusing on
environmental questions, have generally keyed on
low-atomic-weight elements from hydrogen to sul-
fur. In part, this is because these low-atomic-weight
elements are among the most common found in na-
ture, but also because the addition or subtraction of
neutrons from the nucleus of lighter elements re-
sults in a greater proportional weight change and a
greater tendency to behavioral differences.

Following early marine shell isotope studies di-
rected primarily toward tracking ocean paleotem-
peratures, researchers turned their attention to fresh-
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water shell studies and the reconstruction of conti-
nental climates. Clayton and Degens (1959) used
oxygen isotope fractionation as a means of distin-
guishing marine versus freshwater depositional en-
vironments. Keith et al. (1964) looked at the varia-
tion among freshwater molluscan species, sampling
shell from lakes and rivers from Saskatchewan to
Missouri, examining several hundred isotope frac-
tionation readings from 64 different marine and
freshwater sites. In an attempt to test the validity of
freshwater shell from different environments in en-
vironmental reconstruction, they sampled multiple
shells of the same species from the same sample site.
They ran multiple samples from different points on
single shells of several different species and they
conducted comparative analyses between shell and
soft parts of molluscs. Their analyses included a
number of freshwater molluscan genera that are typ-
ically found in the vicinity of the Richard Beene
site such as Lampsilis, Quadrula, and Amblema.

Keith and his colleagues (1964:1772) found that
shell carbonates clearly reflected the latitude effect
in oxygen isotope fractionation caused by a progres-
sive depletion of the heavier 18O as one moves north-
ward. They also noted that while there are slight dif-
ferences between different species in the same en-
vironment, the differences between lacustrine and
riverine examples of the same species are much
greater than the interspecific differences. Ultimate-
ly, isotopic fractionation is a result of environmen-
tal differences rather than vital effects or specific
differences in fractionation (Keith et al. 1964:1774).

Many of the early stable isotope studies of fresh-
water molluscs used samples from lacustrine envi-
ronments. Stuiver (1968, 1970) studied lake marls
and molluscan shells in cores from Pretty Lake in
Indiana, Queechy Lake and Henderson Pond in New
York, and Pickerel Lake in South Dakota. He noted
a distinct postglacial warming beginning between
9,000 and 10,000 years ago, a cooling trend between
5,000 and 2,500 years ago, and a slight warming
trend over the last 1,500 years (Stuiver 1970:5254).
These findings correlated with pollen cores from
Pickerel and Pretty Lakes. Stuiver (1970:5256) con-
cluded that freshwater shells grow in isotopic equi-
librium with their environment and that interspecif-
ic variation was small, less than 0.7‰ in the seven

species he sampled from Lake Huron. While his find-
ings did not allow the precise calculation of pale-
otemperatures, he suggested that they were closely
correlated with the isotopic values.

Fritz and Poplawski (1974) examined oxygen
and carbon isotope fractionation in gastropods and
pelecypods collected from lakes in southern Ontar-
io as well as specimens grown under laboratory con-
ditions. They found seasonal variation in oxygen
isotope fractionation from several lakes, with annu-
al per mil change as high as 6‰. Their results indi-
cated that the δ18O isotopic fractionation was cli-
matically controlled, related to both temperature and
evaporation, but also associated with flushing and
lake inflow/outflow. Among the first researchers to
include carbon in a shell isotope study, they sug-
gested that δ13C was primarily controlled by dis-
solved inorganic carbon in the water source rather
than vital effects or food sources.

In a subsequent study of ostracods and molluscs
in a core from Lake Erie with sediments dating to
15,000 B.P., Fritz and his colleagues were able to
correlate some of the earliest isotopic changes with
documented changes in the pollen records and pale-
ovegetation of the lake area, while some of the more
recent changes were attributed to shifts in lake hy-
drology (Fritz et al. 1975). Combining δ18O and δ13C
in a single plot showed strong clustering of the val-
ues from different time periods, separating the clus-
ters better than oxygen alone. This covariance be-
tween δ18O and δ13C in carbonates has been clearly
demonstrated in closed basin lakes, whereas open
basin systems and rivers tend toward weaker cova-
riance and a more limited range of δ18O values (Tal-
bot 1990:276).

Dettman and Lohman (1993) compared δ18O and
δ13C in mussels from the modern Huron River in
Michigan to Paleogene unionids from fluvial and
lacustrine contexts in the Powder River Basin in
Montana and Wyoming, using high-resolution mic-
rosampling. They found well-preserved seasonal
variation in δ18O and δ13C from both modern and
fossil specimens, and noted a strong correlation be-
tween the modern specimens and measurements of
δ18O and δ13C in the Huron River. In a later paper,
Dettman et al. (1999) measured δ18O and δ13C in
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molluscs from the Huron River, confirming that sea-
sonality is well preserved and suggesting that bulk
shell δ18O values should closely approximate the av-
erage parameters of past environments. But while
strong seasonality was present in the δ13C measure-
ments, they concluded that the variation was not a
simple function of dissolved inorganic carbon in the
stream. They suggested that an indeterminate amount
of more negative carbon from organic carbon was
in the stream (Dettman et al. 1999:1055). This mix-
ing of inorganic carbon and metabolic carbon has
also been noted in more recent studies of molluscs
by McConnaughey et al. (1997) and Ricken et al.
(2001).

The reconstruction of past climates from isoto-
pic composition is a complex process with many
complicating factors (e.g., Faure 1986:442–446;
Hoefs 1987). In the case of δ18O, the entrapment of
the lighter δ16O in glaciers may alter the composi-
tion of the oceans, ultimately changing the charac-
ter of meteoric water and complicating the interpre-
tation of climatic effects during periods of intense
glaciation and deglaciation (Hoefs 1987:142). Un-
fortunately, the magnitude of this effect, which may
complicate the interpretation of late Pleistocene cli-
mates, is only poorly understood.

Even greater potential problems arise from vari-
ations in meteoric water, evaporated from the oceans
and almost always much lighter than the source
water. While the nature of the process is reasonably
well understood, actual precipitation varies widely
in isotopic composition. The isotopic composition
of meteoric water is influenced by latitude, altitude,
annual rainfall, rainfall seasonality, and temperature
(Dansgaard 1964). Although global estimates have
been constructed for precipitation values (Yurtsev-
er 1975), there are many local factors which affect
isotopic content. The result is only rarely a linear
relationship and, while some studies have suggest-
ed temperature, precipitation, rainfall amount, or
latitude as the single most important factor, the rela-
tionship is generally considered a multivariate one
with critical factors changing through time and place.
In general, tropical and lower latitude maritime iso-
topic composition is influenced by rainfall amount
and seasonality, while in higher latitudes, tempera-
ture is a more important criterion (Rozanski et al.

1993:8–11). Continentality is also a critical variable
as interior continental precipitation tends to be more
deficient in the heavier 18O than continental mar-
gins (Rozanski et al. 1993:5–8).

The interpretation of the 18O of freshwater lakes
and rivers is further complicated by the conflation
of processes. Closed-basin lakes may be dominated
by evaporation, which leads to relative enrichment
of the heavier 18O, while open-basin lakes are more
temperature dominated and responsive to meteoric
isotopic composition. Rivers and creeks may be al-
most totally dependent on meteoric isotopic com-
position, or their isotopic signature may be largely
determined by the composition of aquifer water,
which introduces a lag factor and perhaps mixing of
recharge waters in the equation.

Other problems with studies of oxygen isotopes
in biogenic carbonates are more directly related to
the organisms themselves and their manipulation of
carbonates. First of all, while certain organisms ap-
pear to maintain a near-perfect isotopic equilibrium
between ambient water and secreted carbonates, oth-
ers perform a biological fractionation during shell
secretion (Anderson and Arthur 1983:65–75). This
effect has been studied in laboratory conditions, and
while the general conditions and species for which
it occurs are known, it is still not completely docu-
mented. Apparent differences in isotopic fraction-
ation also depend upon shell mineralogy. The two
primary carbonate shell crystalline forms, calcite and
aragonite, as well as biogenic silica, are found to
have different δ18O values (Horibe and Oba 1972).
Unfortunately, though many freshwater species are
primarily aragonite, many also have calcite and even
vaterite deposits within the shells, complicating the
analysis of δ18O values. Worse still is the tendency
of aragonite to be replaced by calcite through time,
in a process which may alter values of δ18O.

Finally, there is a potential problem with post-
mortem alteration of shell isotope composition.
While this has been studied somewhat for marine
animals, there are few data available for potential
postdepositional alteration of freshwater shell in
active pedogenic environments. At the Aubrey site
in the upper Trinity basin in north-central Texas,
Humphrey and Ferring (1994) discussed the pe-
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dogenic alteration of soil carbonates in relation to
the isotopic composition of soil carbonates. Their
conclusion, based upon the literature, was that the
effect was minimal, that is, insufficient to alter the
original δ18O of the meteoric waters. While this prob-
ably holds true for shell carbonates as well, there
has been little study of in situ isotopic exchange and
the conditions or environments which may enhance
or hinder it.

Analytical Method

A total of 34 samples of mussel shell was submitted
to Coastal Science Laboratories, Inc., in Austin, Tex-
as, for analysis of the stable isotopic ratios for both
18O and 13C. Samples were selected from shell con-
centrations and cultural features from well-dated
strata at the Richard Beene site. The stratigraphic
units and cultural components as well as the blocks,
units, and features cited here are discussed Chap-
ters 3, 4, and 9.

In addition to the archaeological samples from
the Richard Beene site, two modern samples from
the Medina River were included to provide a base-
line for the analysis. These two specimens were col-
lected by Joe Bergmann of Boerne from the Medina
River at the FM 1604 bridge near McDonna in Oc-
tober 1972 and September 1973. According to Mr.
Bergmann, the specimens were both dead less than
a week when collected.

In an attempt to control for the effects of poten-
tial interspecific differential fractionation, all sam-
ples were extracted from adult Amblema plicata
specimens. The three-ridge mussel, as it is known,
is characterized by three pronounced ridges on the
shell exterior and is easily identifiable even from
fragmentary specimens. In addition to being the
dominant bivalve species at the site (Chapter 5),
these large, thick-walled specimens offered a larger
potential sample size with perhaps less potential
surface exchange area than thinner-walled species.
In addition to their size and thick, solid shells, which
made them attractive to the historic shell button in-
dustry, they are found in a wide range of aquatic

environments in streams, rivers, lakes, and sloughs
(Howells et al. 1996:33–35). They live at water
depths from 2.5 cm to 1.5 m (and perhaps much
greater), inhabit a range of substrates, and tolerate
low water conditions and droughts. The three-ridge
mussel is found throughout much of Texas east of
the Pecos River and is common in archaeological
deposits.

Insofar as was possible, the shell samples from
any given unit-level or feature were limited to ei-
ther right or left valves to rule out bias inherent in
including two valves from the same individual. Sam-
ples for analysis were taken by crushing approxi-
mately half of a single valve from anterior to poste-
rior margin. This bulk sampling technique roughly
approximates the method used by Keith et al. (1964)
and other researchers who have used sections across
the dorsal surface of the shell. Using the entire half
valve maximizes the influence of later years in the
clam’s life, represented by the outermost layers of
the shell, and thus helps to minimize extreme short-
term variation in climatic patterns that may be in-
herent in short-lived molluscs such as terrestrial gas-
tropods, which typically have life spans ranging from
a few months to three or four years (Heller
1990:286–288). In contrast, large mussels may live
up to 50 years (Heller 1990:293; Raymond Neck,
personal communication, 1993). A. plicata is listed
by Heller (1990) as having a life span of 16 years.

Most of the specimens selected for the study may
be 5 to 10 years old, although there was a great deal
of variation in individual clam sizes. Mean and max-
imum shell sizes were quite different between stra-
ta, suggesting the possibility of climatic limits on
growth or predation pressures. In the selected sam-
ple, the individuals from the upper Perez paleosol
were by far the largest (and were in relatively better
state of preservation than clams from some younger
strata). The largest individual specimen sampled in
the study, weighing 38 g, was from this layer. In
contrast, most of the Middle and Late Archaic indi-
viduals were smaller; shells from the upper Leon
Creek paleosol were the smallest and most fragmen-
tary. Neck (Chapter 5) noted this trend, suggesting
collection of the smaller shells may indicate preda-
tion, although he notes that it could as easily repre-
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sent a preference for chowder or children collecting
shells.

Bulk sampling as utilized here obviously does
not provide the same degree of precision that mic-
rosampling of shell sections can. Microsampling
along the length of the shell has been used in recent
years to reconstruct not only climatic seasonality,
but variability on a monthly or weekly basis (Reische
1998; Schoene and Flessa 2002). While such sam-
pling could ultimately revolutionize the field of pa-
leoclimatic research, it is costly, time consuming,
and requires some assumptions regarding growth of
the shell. Additionally, it is all but impossible to pre-
cisely date such fine chronologies in fossil shells.

Kenneth Winters (personal communication,
2003) of Coastal Science Laboratories provided the
following description of the method:

Shell samples were broken and
ground with a glass mortar and
pestle. Pieces of each large sample
were selected for grinding, which
approximated the composition of
the whole shell. The remaining
pieces were saved for other studies.
Sample material which passed a 140
mesh sieve was used for analysis.
Samples were acidified with 100 %
phosphoric acid at 30º ± 1 in a wa-
ter bath (McCrea 1950). Appropri-
ate laboratory working standards
and NIST standards were acidified
and analyzed along with each batch
of samples analyzed. Stable isotope
values of samples and standards
were determined by analysis in a
VG Micromass Series II Model 10
triple collector mass spectrometer.
Data from each batch of samples
were calculated by comparison with
data obtained from standards ana-
lyzed with each batch.

As a check on the results of the analysis, 6 of
the 34 samples were run twice for both δ18O and
δ13C. Three of the δ13C and two of the δ18O sample
values were identical, while three of the δ13C and

four of the δ18O values varied by 0.1‰. Coastal Sci-
ence Laboratories suggests that the results are accu-
rate to within 0.2‰.

Analytical Results

Table 6.1 shows the δ18O and δ13C values for each
sample with the elevation and the estimated age of
each sample group. The dates from this sequence
are from charcoal samples from cultural features
(Chapter 4). Sample values for δ18O range from -1.2
to -3.9‰, a total range of 2.7‰. Standard deviation
is 0.8‰. Values for 13C range from -5.0 to -8.9‰, a
range of 3.9‰. The standard deviation for 13C is
0.8‰. Unlike the results from closed-basin fresh-
water lacustrine samples, there is very little correla-
tion between the 18O and 13C values, with an r value
of -0.12 for all individual samples. Excluding the
modern sample, which has the most extreme δ13C
values, the correlation is only slightly stronger at r
= -0.19. The grouped samples show a slightly dif-
ferent pattern. The r value for the average values of
the grouped samples is -0.06. Removing the mod-
ern group yields a correlation of r = -0.18, nearly
identical to the result for the individual samples with
the modern ones removed. Excluding both the mod-
ern group and the group from the lower Leon Creek
component, which has an extreme δ18O value, yields
a positive correlation coefficient of r = 0.29. Ex-
cluding only the mean of the lower Leon Creek group
(i.e., including the modern group), the r value shows
a notable negative correlation at -0.57. Figure 6.1,
which plots grouped values of δ18O and δ13C plotted
against mean sample elevation, suggests that in spite
of the wide range of correlation coefficients, the two
isotope data sets approximate a mirror image of each
other.

The spread of coefficients suggests that the δ18O
and δ13C values are independent variables that are
not directly interrelated to one another and perhaps
reflect different aspects of shell construction. Al-
though both isotopic values represent aspects of the
environment within which the molluscs secreted
their shells, they may measure different components
of the ecosystem, or at least sample them at differ-
ent levels. Nonetheless, the apparent visual correla-
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tion between the two data sets does indicate that the
values are related at some level.

Figure 6.2 shows the mean, minimum, and max-
imum ranges of grouped δ18O values plotted against
the sample elevation (with radiocarbon ages shown
on the chart). The mean of grouped δ18O samples is
-3.0‰, (0.2‰ less than the mean of all individual
samples) with a standard deviation of 0.7‰. The
total range of δ18O values for all samples extends
from -1.2 to -3.9‰, while the range of means for
sample periods is -1.4 to -3.5‰. Excluding the ex-
treme sample for the lower Leon Creek sample, the
range is only -2.9 to 3.5‰. Note that the least vari-
ation within a grouped sample occurs in the lower
Leon Creek group (standard deviation = 0.17‰) at
4135 B.P. while the greatest variation is found in
the two samples of the upper Medina group (stan-
dard deviation = 0.49‰) dated to approximately
4570 B.P.

Amongst the larger groups of samples (i.e., up-
per Leon Creek, lower Leon Creek, lower Medina,
and upper Perez), there is considerable individual
variability in the δ18O values. The tightest cluster is
found among the extreme values of the lower Leon
Creek component samples. These eight samples yield
a standard deviation of 0.17‰. The lower Medina
with a 0.29‰ standard deviation among six sam-
ples shows a somewhat greater spread of values. The
upper Perez with a standard deviation of 0.33‰
among six samples is very close to the lower Medi-
na in dispersion of values, while the upper Leon
Creek, with a 0.45‰ standard deviation and eight
samples is the worst of the larger samples. Standard
deviation is essentially meaningless for the three
groups of two samples from the modern era, from
the upper Medina and from the Elm Creek, but the
Elm Creek samples have identical δ18O values, while
the upper Medina samples are separated by 0.70‰,
essentially the same range as the six lower Medina
samples at 0.66‰. The modern samples, collected a
year apart, show a variability of 0.2‰, essentially
the same as the level of analytical error indicated by
Coastal Laboratories.

Various studies, including Keith et al. (1964),
Stuiver (1970), and LéColle (1985) have noted that
within samples from the same area, the 18O values

for carbonate, expressed relative to the PDB stan-
dard (based on stable isotope values of Cretaceous
belemnites from the Peedee Formation of South
Carolina), are generally close to the 18O values for
ambient water relative to standard mean ocean wa-
ter (SMOW) (as originally defined by Craig 1961).
Several relevant ambient water values have been
collected from the central and south Texas area. One
such value is the weighted mean of -3.8‰ SMOW
for three years’ rainfall between 1962–1965 and
1973–1975 for Waco, the nearest International Atom-
ic Energy Agency (IAEA) gauging station (1969,
1970, 1979, and 1983). Annual values ranged from
a high of -2.8‰ in 1974 to a low of -4.7‰ in 1964,
while individual monthly samples ranged from -9.9
up to 2.7‰, with a standard deviation of 2.7‰. Al-
though the Richard Beene site is 290 km southwest
of Waco, the 30.99-inch annual average precipita-
tion at San Antonio is not radically different than
the 33.79-inch average at Waco. The next nearest
IAEA isotope gauging station, at Chihuahua, Mexi-
co, located in a substantially more arid environment
and subject to a more continental climate, features a
significantly lower annual rainfall total of 14.12
inches and an average δ18O weighted mean of -6.2‰
(IAEA data).

The U.S. Geological Survey (USGS) has pub-
lished δ18O values for water samples collected from
the Nueces River near Three Rivers, approximately
100 km south of the Richard Beene site (Coplen and
Kendall 2000). A total of 15 samples was collected
between October 1984 and August 1987. The mean
of these values, which were collected from various
months of the year, is -2.8‰ SMOW, with a stan-
dard deviation of 0.9‰ and a range from -0.3 to -
3.9‰ SMOW. Note that the SMOW mean of this
value is equivalent to the -2.8‰ PDB mean of all
δ18O samples from the Richard Beene site. Coplen
and Kendall’s (2000) study included a number of
other sample sites in Texas that provide an excellent
comparative database, and generally validate the
association between the isotopic values of streams
and meteoric water.

One additional δ18O data set is available for the
Edwards Aquifer wells and springs. While isotope
data are not available for all sites in all years, a num-
ber of samples were run between 1988 and 1990
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(Brown et al. 1991; Nalley 1989; Nalley and Tho-
mas 1990). Values are available for 70 sample points
in five counties. Most are well samples that range in
depth from 115 to 3194 ft. Only one location in
Comal County near New Braunfels and another in
Hays County near San Marcos are surface spring
sites. These two springs have mean δ18O values of -
4.2‰ (three samples) and -4.1‰ (two samples), re-
spectively (the standard is not given but is presum-
ably SMOW). The overall mean of all sample sites

for the three-year period (only a few sites were sam-
pled twice during the period—most are unique sam-
ples) is -4.4‰. The overall county totals range from
-4.1‰ in Medina County to -4.4‰ in Bexar and
Uvalde County. There is not a great deal of varia-
tion in the total sample; the overall range is from -
3.4 to -5.2‰, a total range of 1.8‰, with a standard
deviation of 0.3‰. Only 7 of 13 sites sampled in
subsequent years yielded a different result; the re-
maining 6 samples were unchanged. Those that did

Sample Weight (g) Stratigraphic Unit Period 
14C Age 

(yr. B.P.) 
Elev. 

(m amsl) δ18O δ13C 

38 - Streambed Modern (1972) 160 -3.02 -8.16 
39 - Streambed Modern (1972) 160 -2.82 -8.90 
1 7.4 upper Leon Creek early, Late Archaic 3090 159 -3.71 -7.05 
2 12.6 upper Leon Creek early, Late Archaic 3090 159 -3.03 -7.43 
3 4.7 upper Leon Creek early, Late Archaic 3090 159 -2.77 -5.73 
4 9.1 upper Leon Creek early, Late Archaic 3090 159 -2.58 -6.43 
5 8.3 upper Leon Creek early, Late Archaic 3090 159 -3.60 -5.02 
6 8 upper Leon Creek early, Late Archaic 3090 159 -3.23 -5.25 

13 9.6 upper Leon Creek early, Late Archaic 3090 159 -3.28 -6.56 
15 7.8 upper Leon Creek early, Late Archaic 3090 159 -3.74 -5.95 
7 13.5 lower Leon Creek Middle Archaic 4135 157 -1.35 -6.78 
8 14.2 lower Leon Creek Middle Archaic 4135 157 -1.37 -5.66 
9 10.4 lower Leon Creek Middle Archaic 4135 157 -1.59 -6.82 

10 8.9 lower Leon Creek Middle Archaic 4135 157 -1.64 -6.40 
11 11.1 lower Leon Creek Middle Archaic 4135 157 -1.62 -7.34 
12 12.8 lower Leon Creek Middle Archaic 4135 157 -1.32 -7.08 
36 9.9 lower Leon Creek Middle Archaic 4135 157 -1.35 -5.73 
37 10.2 lower Leon Creek Middle Archaic 4135 157 -1.18 -7.17 
41 - upper Medina Middle Archaic 4570 156.5 -3.60 -6.00 
44 - upper Medina Middle Archaic 4570 156.5 -2.90 -6.30 
19 9.3 lower Medina late, Early Archaic 6930 153.5 -3.06 -6.57 
20 7.7 lower Medina late, Early Archaic 6930 153.5 -3.31 -6.06 
21 5.2 lower Medina late, Early Archaic 6930 153.5 -2.67 -6.43 
22 8.9 lower Medina late, Early Archaic 6930 153.5 -3.26 -6.45 
23 6.6 lower Medina late, Early Archaic 6930 153.5 -2.65 -6.96 
24 18.3 lower Medina late, Early Archaic 6930 153.5 -2.87 -6.43 
42 - Elm Creek middle, Early Archaic 8080 150.5 -3.40 -7.80 
43 - Elm Creek middle, Early Archaic 8080 150.5 -3.40 -6.30 
25 12.1 upper Perez early, Early Archaic 8805 149.5 -3.03 -6.79 
26 9 upper Perez early, Early Archaic 8805 149.5 -3.55 -6.26 
27 8.2 upper Perez early, Early Archaic 8805 149.5 -3.93 -6.74 
28 20.1 upper Perez early, Early Archaic 8805 149.5 -3.67 -6.07 
29 38 upper Perez early, Early Archaic 8805 149.5 -3.30 -6.02 
30 17.8 upper Perez early, Early Archaic 8805 149.5 -3.20 -6.88 

Table 6.1.  Oxygen and carbon isotope results by stratigraphic unit.
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Figure 6.1.  Plot of δδδδδ18O and δδδδδ13C results for grouped
samples.

Figure 6.2.  Plot of δδδδδ18O results for grouped samples.increase showed a slight tendency to increase very
slightly from 1988 to 1989.

The average change for all 13 sites sampled in
both years was 0.01‰; the greatest change by any
one site was -0.15‰. Note that these values are
slightly more negative than those of either the Waco
or the Three Rivers sites, and also more negative
than the corresponding shell values. Also, the total
range of values and the standard deviation of the
aquifer values are considerably smaller than the pre-
historic shell sample in spite of the large number of
aquifer values sampled. The low variability in the
aquifer samples probably reflects mixing of waters
from different seasons and different years within the
various water-bearing strata.

Ultimately, the paucity of spring sites, the great
depth of most of the wells, and the lack of any time
depth for the sample makes it difficult to relate this
to the archaeological sample. Of course, the Medi-
na River originates well above the Edwards Aquifer
recharge zone, largely from springs in the Glen Rose
formation (Holt 1956), and the δ18O values of these
springs are unknown although the Medina River
contributes to Edwards Aquifer recharge in the Me-
dina Lake area. The Medina River is also fed by
springs east of Medina Lake that are apparently not
linked to Edwards Aquifer water (Holt 1956).

Using the SMOW-PDB relationship as a gener-
al guide, it would appear that the archaeological sam-
ples tend to be more positive than the aquifer sam-
ples. And while the data are far too sketchy to be
certain, it is likely that local effects like water tem-
perature, humidity, evaporation, and shell fraction-
ation significantly alter the original spring-derived
δ18O values of the stream. In effect, the stream wa-
ter is thought to quickly equilibrate with its down-
stream environment. Kendall and Coplen (2001)
have suggested this, noting that local variables
seemed to have a greater influence on the isotopic
composition of river water than groundwater.

Figure 6.3 shows the mean and ranges for δ13C
plotted against the estimated ages. The overall mean
for δ13C is -6.57‰, and the standard deviation is
0.78‰. The mean of the prehistoric samples is -
6.45‰ with a standard deviation of 0.62‰. Al-
though linking the variation in δ18O values to pa-
rameters in the Richard Beene site and Medina Riv-
er paleoenvironments is complicated, the processes
by which the isotopic forms of oxygen equilibrate
under varying conditions of water temperature, air
temperature, humidity, rainfall, and evaporation can
be linked to past environmental conditions with
some degree of caution. On the other hand, while
carbon reflects the broad environment, the variable
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nature of δ13C “equilibration” in stream waters within
a carbonate-rich environment cannot be so easily
modeled or interpreted.

While early researchers (Fritz and Poplawski
1974; Fritz et al. 1975) were optimistic about the
use of δ13C values from freshwater shell to model
past environments, more recent studies have noted
the compounding of inorganic and metabolic car-
bon (Dettman et al. 1999; Ricken et al. 2001). Nu-
merous studies have shown that δ13C does present a
strong seasonal signal, but it is much less predict-
able than δ18O. As illustrated in Figure 6.1, there is
an obvious relationship between δ18O and δ13C, al-
though the actual negative correlation is not strong.
It is difficult if not impossible to directly interpret
parameters of the past environment from the δ13C
values, but it is worth noting the trends shown in
Figure 6.3.

The most obvious aspect of the chart is the dra-
matic difference reflected by the modern shell sam-
ple mean δ13C value of -8.53‰. This value is within
the -2.9 to -10.8‰ range of a series of δ13C analyses
carried out on Edwards Aquifer waters in the San
Antonio area, though well above the -6.57‰ over-
all mean for that study, which was conducted in 1970
and 1972 (Maclay et al. 1980). Of course the mod-
ern mean is identical to the overall mean of the cur-
rent investigation, although the modern range, based
on 27 spot samples drawn largely from Bexar Coun-
ty, is understandably wider than the 34 shell sam-
ples, each of which averages 5 to 10 years of δ13C
values, suggesting that this low carbon range would
have incorporated a long period of values well above
the modern and prehistoric averages. While many
modern changes may have contributed to this dif-
ference, changing agricultural practices and dump-
ing waste into rivers are probably among the most
significant contributors to this extreme value.

In contrast the two most extreme values from
the prehistoric samples are the upper Leon Creek
sample, which shows the most positive δ13C values
of any sample, and the Elm Creek sample, which
has the lowest mean. Note that both of these have
relatively high sample variability. The remaining
sample groups all cluster around -6.5‰ δ13C. Note
also that the lower Medina and upper Perez groups,

both close to this global mean, have much tighter
clustering than any of the other samples. What these
differences mean cannot be interpreted at this time.

Paleoclimatic Implications

The earliest studies of δ18O variability demonstrat-
ed a direct relationship between marine shell isoto-
pic fractionation and water temperature. Since
Urey’s (1947) original paleotemperature equations,
numerous studies have tried to reconstruct past cli-
matic parameters. The most precise attempts have
developed the relationship between shell carbonate
δ18O, water δ18O, and water temperature. In this case,
the shell carbonate values are known, while both
past temperature and past water δ18O are unknowns.
For reconstructions of ocean paleotemperatures from
marine shell carbonates, it has always been possible
to make certain assumptions about the isotopic com-
position of past oceans. Such assumptions are rare-
ly possible given the widely fluctuating δ18O of con-
tinental waters where there are wide ranges in indi-
vidual storm events, short-term, seasonal, and an-
nual variation in the isotopic values of δ18O, given
changes in the amount of precipitation, temperature,
and local conditions of evaporation.

Dettman and Lohman (1993:157–160) identi-
fied three primary types of paleotemperature regimes
in their attempt to reconstruct Paleogene climates:
temperature-dominated environments with constant
δ18O water, temperature-dominated environments
with variable δ18O water, and environments domi-
nated by seasonally variable δ18O water. While these
models neatly describe the primary processes in iso-
topic fractionation, they may not be mutually ex-
clusive, or so clearly separable in all cases. And un-
fortunately, shifting global climatic patterns could
easily alter the basic pattern of any region, making
the precise reconstruction of paleotemperatures im-
possible.

The modern Texas data suggest a temperature-
dominated environment with variable δ18O of wa-
ter. Past studies indicate that δ18Oshell values vary in-
versely with δ18Owater around a mean temperature es-
timated by Grossman and Ku (1986) at around
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20.6ºC. At that temperature δ18Oshell equals δ18Owater
with a small remainder (about 0.2–0.3‰) that ac-
counts for the fractionation between water and ara-
gonite (the primary carbonate structure of many
unionids). For higher temperatures, δ18Oshell values
decrease and vice versa with lower temperatures.
When δ18Owater increases during the summer as it does
in most of Texas, the corresponding summer growth
of mussels should reflect lower δ18Oshell values,
dampening the seasonal variation in δ18Oshell values.
Nonetheless, the mean annual δ18Oshell value should
still remain close to the annual mean of δ18O water.
If one were to project a similar isotopic regime into
the past, and assume that variation in 18Oshell values
were due to greater variation in temperature rather
than variation in isotopic composition, it might be
possible to construct a crude temperature reconstruc-
tion from the available data.

Such a reconstruction is fraught with difficul-
ties, however, not the least of which is that modern
δ18O water values are not available for the Medina
River in the Richard Beene site area and values that
are available are from spot samples in the Nueces
River 100 km to the south. These Nueces River sam-
ples, collected by Coplen and Kendall (2000), com-
prise an incomplete segment of the total record al-
though they do cover a period of several years. In
that study, the USGS recorded δ18O values for 15
single samples of water from the Nueces River near

Three Rivers, taken on different days at different
times of the year between 1983 and 1987 (Coplen
and Kendall 2000). In a follow-up paper, Kendall
and Coplen (2001:1376–1378) examined the rela-
tionships between δ18O in stream water and envi-
ronmental variables across the United States, find-
ing high correlations between δ18O and temperature
(r = 0.85) and between δ18O and latitude (r = 0.78)
for study sites east of the 97th parallel. Somewhat
lesser correlations were found between δ18O and po-
tential evapotranspiration (r = 0.61) and between
δ18O and precipitation (r = 0.46) in the same area.
Correlations between δ18O and these environmental
parameters west of the 97th parallel were signifi-
cantly less, with temperature the highest at r = 0.44.
They nonetheless do conclude that the isotopic com-
position of river water is an excellent proxy for the
reconstruction of the composition of average rain
and groundwater recharge.

In addition, the degree to which the modern δ18O
value can be used as a baseline for the relationship
between past δ18O values and the corresponding cli-
mate is an open question, given extensive modifica-
tion of the drainage basin and lowering of aquifer
levels through extensive pumping. Construction of
Medina Lake and the Diversion Dam Lake above
Castroville and the irrigation water removed at that
point have unquestionably altered the original com-
position of the water. Lakes, with their greater sur-
face area, tend to foster evaporation and should yield
slightly heavier water (i.e., more positive δ18O val-
ues) in outflow than inflow. The Richard Beene site
is about 50 km southeast of Medina Lake and per-
haps twice as far in river miles, and the overall ef-
fects of evaporation within the lake are probably
minimized as outflow δ18O equilibrates with the
downstream environment. Nonetheless, it is not im-
possible that there is still some residual effect on
the δ18O values.

Pumping from wells in the Edwards, the Glen
Rose, and smaller localized aquifers has almost cer-
tainly reduced spring flow along the river. Reduc-
ing aquifer input should make streamflow values
more subject to precipitation and ambient water con-
ditions, decreasing the stabilizing effect of the δ18O
mixing within the water-bearing strata and increas-
ing δ18O variability due to the greater dependence
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on highly variable seasonal rainfall. In addition to
increased variability, the presumably lowered con-
tributions of the aquifer water may also have a ten-
dency to elevate the δ18O values slightly. The over-
all effect of both of these modern changes could com-
plicate the estimation of paleotemperatures. If the
direction of effect postulated above is correct, then
the modern δ18O values may be heavier than past
δ18O values for similar climate trends, and thus the
estimates of past temperatures seem slightly cooler
than they are. The magnitude of this effect cannot
be determined, nor is it clear whether it could affect
paleotemperature estimates.

While it would be meaningless at this point to
try to reconstruct precise paleotemperatures for the
Richard Beene site area, it may be possible to look
at the projected direction and magnitude of possible
past changes using the aragonite equation derived
by Grossman and Ku (1986), given as:

TºC = 20.6 – 4.34(18Oaragonite – δ18Owater)

and the Nueces River δ18O data. Using these values
and estimates of regional air temperatures from the
U.S. Weather Service and Medina River water tem-
peratures near La Coste in the years 1996–1998
(Ging and Otero 2003), and making some assump-
tions about the similarities in past processes, it is
possible to create a scenario in which the paleotem-
perature variation, with the exception of the extreme
lower Leon Creek samples, is about 2.3°C, or 4.1ºF.

Taking the modern San Antonio mean annual
temperature (about 20.6°C) as the baseline, most of
the estimated temperatures are about 1–2°C warmer
than the present temperature. The warmest, at 2.3°C
higher than the modern mean, is the upper Perez
group of samples, with the slightly younger Elm
Creek not far behind at 2.1°C warmer. Given the
extremes reported by other researchers for this peri-
od, these values may underestimate the difference,
but more critical to this estimate is the difficulty in
estimating the range of regional isotope values in
post-Pleistocene south-central Texas. This calcula-
tion could well underestimate the actual value of the
change. Using this generalized reconstruction sce-
nario, the upper Leon Creek and upper Medina
groups are both about 1.4°C warmer than today, a

value that is probably not significantly different than
the modern climate given the errors in the estima-
tion process. It is worth noting, however, that the
lower Medina samples are essentially identical to
the modern sample at only 0.2ºC warmer.

The most complex and questionable reconstruc-
tion, the lower Leon Creek group, also reflects the
strongest deviation from the modern values and from
the mean of all samples. Using the Grossman and
Ku equation and the rough estimates of other sys-
tem parameters from modern south Texas, the tem-
perature of this period would have been 6.5ºC cool-
er than today, a rather extreme estimate that places
the annual mean of the Richard Beene site close to
the modern mean for Amarillo (13.8ºC, or 59.6ºF).
While such an extreme may have been possible, it
seems a rather large deviation for a mid-Holocene
trend. Importantly however, Nordt et al. (2002) re-
port an apparent cold spike during roughly the same
period (Chapter 3). When one considers that the
mussels reflect only the average climate of a decade
or so, this suggested cold period is not completely
impossible. On the other hand, such extreme values
also point to potential major shifts in the North
American isotopic regime. In any case, whether or
not it is possible to estimate a precise value for this
period, it is evident that the lower Leon Creek shell
data represent a dramatic extreme deviation from
the rest of the data, and are an indication that cli-
mates were not the same 4100 years ago as they are
today.

Conclusions

In this chapter, δ18O and δ13C values have been ex-
amined in shell carbonate derived from samples col-
lected from known stratigraphic units at the Rich-
ard Beene site. As suggested by many other research-
ers, the δ13C values are very difficult to interpret,
with the modern sample radically different than the
prehistoric examples. For reasons that cannot be
clearly parsed out of the complex series of potential
influences, the δ13C values from the upper Leon
Creek and the Elm Creek show greater deviation
from the overall mean of the prehistoric samples. In
the latter case, the more negative values of  δ13C
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could indicate a more pronounced input of regional
vegetation over dissolved inorganic carbon in the
stream. It is difficult, however, to clearly identify
whether this would favor C3 or C4 processes since
both are more negative than the inorganic supply.
The former case might suggest a lesser input of such
organic carbon into the system, but even if this were
the case, it is difficult to associate this with a partic-
ular climatic regime.

Overall, the δ18O values of shell carbonate de-
rived from the prehistoric samples at the Richard
Beene site show a general trend of slight predicted
variation around the modern San Antonio mean tem-
peratures, with the most extreme values found in
the lower Leon Creek stratigraphic unit, dated to
about 4135 B.P. If the regional isotopic regime re-
mained stable throughout the Holocene (which it
probably did not), the values for this period would
suggest a climate significantly cooler than today, at
least for a period of a decade or two. Most of the
remainder of the values is very close to the modern
mean temperature, with the early Elm Creek and
upper Perez only a few degrees warmer.

While it has been possible to derive only very
gross estimates of past climates in the Richard Beene

site area in this chapter, the potential for such re-
construction is not exhausted. Notwithstanding the
problems of reconstructing a system where two vari-
ables (original δ18O of water and temperature) are
unknown, there are potential data sets which could
contribute greatly to the strength of this reconstruc-
tion. One would be a long-term series of isotopic
measurements of water (and water temperature) in
the Medina River near the Richard Beene site. This
would take out much of the uncertainty of using
values from distant proxy locations. Increasing the
sample of periods could also be very helpful in try-
ing to build a joint model of past processes with other
proxy indicators from the site. Adding Late Prehis-
toric values as well as samples that might cover the
long gaps between the upper and lower Medina and
between the lower Medina and the Elm Creek would
be particularly useful. Along these same lines, add-
ing samples from contexts prior to the upper Perez
sample would help to anchor the sequence in known
climatic shifts from the late Pleistocene into the ear-
ly Holocene. Finally, microsampling of a series of
specimens from selected layers could identify pat-
terns of seasonal variation in isotopic fractionation
through time. Analysis of such variation could pro-
vide a wealth of information on past climate dynam-
ics.
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STABLE ISOTOPE ANALYSIS OF LAND-SNAIL SHELL CARBONATE

Glen G. Fredlund and Raymond W. Neck

This chapter presents results of isotopic analysis of
land-snail shells from the Richard Beene site
(41BX831). Although isotopic analysis of land
snails is not a new approach, the present study, orig-
inally conducted in 1992, represents its first appli-
cation in Texas. Other studies have followed (e.g.,
Goodfriend and Ellis 2000, 2002). The method has
been used to infer late Quaternary climate and veg-
etation change in a number of geographical and geo-
logical contexts (e.g., Abell 1985; Goodfriend and
Magaritz 1987; LéColle 1985; Yapp 1979) and has
proved especially sensitive in arid and semi-arid
climates (e.g., Goodfriend 1990, 1991, 1992). Car-
bon and oxygen stable isotopic measurements pro-
vide important clues to local and regional shifts in
vegetation and climate. Although the general utility
of the approach is well established, the method re-
mains both underdeveloped and under applied
worldwide (Goodfriend 1992). The primary objec-
tive of the present study is to assess the potential of
the method in south-central Texas.

The Richard Beene site presents an ideal situa-
tion for application of the method. The stratigraph-
ic sequence of alluvial deposits and paleosols at this
site is well described and dated (Chapter 3). Al-
though snails are absent from the lower portions of
the section, the snail record does span almost the
entire Holocene. Interpretations of the snail assem-
blages per se are discussed in Chapter 5. This chap-
ter presents the analyses of oxygen and carbon iso-
tope data from land-snail shell carbonate and its in-
terpretation.

Interpretation of Snail Isotopic Signals

Isotopic Fractionation

The interpretation of stable isotope data is predicat-
ed on an understanding of the processes that lead to
differential fractionation of stable isotope members,
in this case 16O/18O and 12C/13C. The processes of
fractionation are not chemical but physical mass
effects (Hoefs 1987). For example, a water mole-
cule which includes heavy oxygen (18O) is physi-
cally heavier, and therefore more difficult to evapo-
rate, and yet more readily condensed than is a nor-
mal molecule of water. When evaporation occurs,
water molecules with heavier oxygen tend to be left
behind while lighter water is removed. When con-
densation occurs, heavier water molecules tend to
be removed from the atmosphere through “rain out,”
while lighter water remains in the vapor state.
Change in the isotopic composition of meteoric (at-
mospheric) water is modeled using this Rayleigh
condensation concept (Rozanski et al. 1993). These,
and similar mass effects, lead to differentiation or
fractionation of stable isotopes of oxygen and car-
bon discussed in this paper.

Although the processes that underlie the frac-
tionation of stable isotopes are conceptually sim-
ple, interpretation of stable isotopic data is often
obtuse. This complexity results from the multiplic-
ity of fractionation processes that may affect any
single isotopic signal. While multiple fractionation
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processes may reinforce one another, as often as not
they act independently and may even negate effects
of preceding fractionation processes. The key to
interpreting stable isotope data in this complex,
sometimes contradictory, environment is empirical
evidence gathered from controlled modern and ex-
perimental situations. This chapter presents some
basic data on modern isotope variability but falls
far short of what will ultimately be needed to confi-
dently interpret the snail isotope record of south-
central Texas.

Oxygen Isotopic Composition of Snail Shell

Carbonate

On a regional scale, the oxygen isotope composi-
tion of land-snail shell carbonate typically reflects
the 18O/16O composition of precipitation (Abell
1985; Goodfriend 1991, 1992; LéColle 1985; Yapp
1979). This meteoric signal is often obscured by a
number of secondary processes that lead to further
isotopic fractionation (Goodfriend 1992; Goodfriend
and Magaritz; Goodfriend et al. 1989; Magaritz et
al. 1981). The relationship between the isotope com-
position of precipitation and shell carbonate is de-
termined by two sets of processes: (1) environmen-
tal factors governing the isotope composition of the
snail body water, and (2) isotope fractionation be-
tween snail body water and shell carbonate. Studies
in the eastern Mediterranean indicate that the isoto-
pic composition of snail body water is principally
governed by the composition of atmospheric water
vapor, rather than precipitation directly (Goodfriend
et al. 1989; Magaritz and Heller 1983). Composi-
tion of water vapor can deviate from precipitation
values in regions adjacent to large water bodies or
at a finer scale, within the microhabitats occupied
by snails. However, in typical situations, isotope
composition of precipitation and water vapor are
closely correlated. Snail body water is typically 18O
enriched relative to precipitation. Although this en-
richment is not fully understood, the fractionation
is hypothesized to occur during snail respiration
(Goodfriend et al. 1989).

Shell carbonate is precipitated from dissolved
bicarbonate in the body fluids of the snail (Good-
friend 1992; Goodfriend et al. 1989). The oxygen
isotope composition of the carbonate generally con-
forms to the model of equilibrium isotopic fraction-

ation for water-bicarbonate-biogenic carbonate sys-
tems (Fritz and Poplawski 1974). There is some
evidence that nonequilibrium fractionation may
occur, resulting in slight enrichment of the shell
carbonate (Goodfriend 1989). The equilibrium mod-
el is temperature dependent: 18O enrichment increas-
es as temperature decreases (Epstein et al. 1953).
This trend with temperature may act to negate some
of the meteoric signal resulting primarily from “rain
out” depletion of 18O as air masses move inland from
marine sources. Interpretations are further compli-
cated by both seasonal changes in precipitation and
the seasonal activity (and dormancy) of differing
snail species. Because of seasonality factors, the
isotope composition of the shell carbonate does not
correlate with annual averages, but with the com-
position of the precipitation during the season of
snail activity and growth. Though the effects of these
external (environmental) and internal (metabolic)
fractionation processes may often be difficult to dis-
entangle, the strongest signal is typically the mete-
oric signal.

Goodfriend and Ellis (2002) tested this model
by analyzing modern Rabdotus shells along an east-
west transect across Texas. Although this transect
spanned a strong climatic gradient they were un-
able to find a coherent pattern in the oxygen iso-
topes from shell carbonate. They hypothesized that
isotopic variability related to the complexity and
variability of the vegetation structure along the
transect may have obscured the hypothesized envi-
ronmental signal. Balakrishnan et al. (2005b) set up
a similar experiment along an east-west transect
stretching from eastern Oklahoma to the foothills
of the Rocky Mountains. Although this transect
spans a similar precipitation gradient to that used
by Goodfriend and Ellis (2002), the vegetation struc-
ture, dominated by grasslands, was generally less
complex and variable than that in Texas. Balakrish-
nan et al. (2005b) were able to identify a statistical-
ly significant environmental gradient. However, the
oxygen isotope ratio gradient for the entire transect
was less that 2‰ while within-site variability was
typically greater than 3‰. The potential for appli-
cations of this model to fossil records (e.g. Bal-
akrishnan et al. 2005a) is encouraging, but limited
by the relatively high levels of non-meteoric vari-
ability in the system.
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Any long-term variability in 18O composition
of snail shells from the Richard Beene site is hy-
pothesized to come from the meteoric signal. The
isotopic composition of precipitation for this near-
coastal area of Texas should be controlled by two
processes: (1) evaporation from the Gulf of Mexi-
co; and (2) air mass modification as moisture-laden
air moves inland. The first mechanism is controlled
by temperature and humidity during evaporation
from the Gulf. It may also be affected by the isoto-
pic change resulting from glacial melt-water dilu-
tion during the late Pleistocene and early Holocene
(Nordt et al. 2002). Variability associated with evap-
oration of Gulf waters is probably less than that as-
sociated with air mass modification as the water
vapor moves inland (Grootes 1993). The “rain out”
effect is not necessarily linearly related to distance
inland but affected by all mechanisms that trigger
condensation including orographic (topographic)
lifting and frontal (air mass collision) lifting (Abell
1985; Goodfriend 1991; LéColle 1985). Long-term
shifts in air mass collision zones (cf. Bryson et al,
1970) could possibly cause changes during the Ho-
locene in south-central Texas. Air-mass composi-
tion may also be modified by the addition of water
vapor from the terrestrial surface (Grootes 1993).

Water vapor from other air masses (i.e., Pacific
air masses) may also contribute to long-term vari-
ability in the meteoric signal of central Texas. Long-
term changes in the seasonality of precipitation may
also affect isotope composition of shell carbonate.
It is difficult, if not impossible, to prioritize these
potential sources of variability without additional
empirical evidence from modern snail assemblag-
es. The working hypothesis for the Richard Beene
record is that shifts in oxygen isotope composition
are primarily meteoric in origin and controlled by
temperature through one or more of the processes
listed above. This results in an isotopically lighter
signal correlated with cooler and/or wetter condi-
tions, and relatively heavier oxygen composition
correlated with warmer and/or dryer climate.

Interpretation of Stable Carbon Isotopes

As with oxygen, the interpretation of stable carbon
isotope data derived from snail shells is not straight-
forward. Carbonate composition is affected by: (1)

organic (plant) carbon in the snail diet subsequent-
ly released as respiratory CO2; (2) modification of
metabolic isotope composition by pedogenic and
lithologic carbonates; and (3) atmospheric CO2 in-
corporated though isotopic exchange as the shell
carbonate is formed (Goodfriend 1992). The poten-
tial variability of shell carbonate composition is af-
fected by both moisture and temperature. Typical-
ly, increased ingestion of organic carbon from plants
will yield shell carbonate depleted in 13C (Good-
friend and Magaritz 1987). Slower rates of feeding
will yield shell carbonate closer to atmospheric equi-
librium. This typically translates into isotopically
lighter carbonate produced during mesic climatic
episodes and isotopically heavier carbonate associ-
ated with dry climates.

The metabolic rate effect is reinforced by the
isotopic variability associated with alternative pho-
tosynthetic pathways (C3, C4, and Crassulacean Acid
Metabolism or CAM). Plants using the more com-
mon C3 photosynthetic pathway yield isotopically
lighter organic carbon and therefore isotopically
lighter shell carbonate (Goodfriend and Magaritz
1987). Plants using either the C4 or CAM systems
yield 13C-enriched organic carbon, and therefore iso-
topically heavier shell carbonate.

Using their east-west Texas transect of modern
snail assemblages Goodfriend and Ellis (2002) test-
ed this assumed relationship. They demonstrated a
significant relationship between the climate-vege-
tation context and land snail shell carbonate and
organic matter. Although the relationship was de-
monstrable they again cautioned the potential ef-
fects of local vegetation on the isotopic composi-
tion of the snail shells. They found that, while gen-
eral climate controlled vegetation characteristics
such as percent C4 biomass had some effect, the
micro-habitat and diet of the snails had the stron-
gest effect. More recently Balakrishnan et al.
(2005b) used isotopic values derived from the com-
posite samples representing many individual snails
demonstrating stronger correlations among snail
shell isotopes (carbonate) and vegetation composi-
tion. The relative strength of their results is likely
the result of better controlling for vegetation com-
plexity than the Goodfriend and Ellis (2002) study.
Their results demonstrate that snail shell carbon-
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ates can be expected to range from -10‰ for C3
dominated vegetation to -3‰ for C4 grasslands.
Applications of this approach to fossil records (Bal-
akrishnan et al. 2005a; Goodfriend and Ellis 2002)
have already made positive and consistent contri-
butions to our understanding of regional environ-
mental history.

The balance among C3, C4, and CAM plants may
also indirectly affect snail shell carbonate composi-
tion through the pedogenic carbonate system. The
isotopic balance in pedogenic carbonate is itself
controlled by numerous factors including litholog-
ic (or parent material) composition, vegetation com-
position (C3/C4), and temperature (Cerling 1984;
Cerling et al. 1989, 1991; Quade et al. 1989). Since
the fossil shell assemblages analyzed in this study
are from a single site, it is relatively safe to assume
that the lithologic or parent source material for car-
bonates is a constant. The net effect of the other
variables is somewhat ambiguous. The pedogenic
carbonate variable generally acts to reinforce, rath-
er than negate, the other environmental signals po-
tentially imparted to snail shell carbonate. Overall,
environmental variables affecting shell carbonate
composition appear to act to reinforce one another.
Isotopically lighter carbon signals should correlate
with cooler and/or wetter climates, and isotopically
heavier signals should correspond to warmer and/
or drier climates.

Methods

Sample and Species Selection

Shell samples analyzed include representative shells
for modern and fossil assemblages. The modern
sample includes 15 individual molluscs from mod-
ern surface samples. The fossil analysis includes 42
individuals taken from 11 stratigraphic samples.
Sample numbers correspond with the volumetric
samples taken for snail-assemblage analysis (Chap-
ter 5). Stratigraphic zones discussed conform to the
chronostratigraphy as defined in Chapter 3. Strati-
graphic analysis of snails includes three terrestrial
species: Rabdotus moreanus, Polygyra texasiana,
and Oligyra orbiculata. Of these, Rabdotus and

Polygyra occupy more xeric micro-habitats, while
Oligyra is more typically a woodland taxon. In ad-
dition, several shells of Biomphalaria havenesis, an
aquatic species not present in the fossil record, were
analyzed from the modern assemblage. A single fos-
sil of Amblema plicata, a fresh water mussel, was
also analyzed. We analyzed multiple shells for each
stratigraphic sample wherever possible.

Laboratory Analysis and Reporting of Stable

Isotopic Ratios

Pretreatment of shell samples includes ultrasonic
washing to remove sediment and a weak acid rinse
to obtain clean snail shell carbonate (aragonite).
Determination of the stable isotopic ratios (13C/12C
and 18O/16O) was performed by Krueger Enterpris-
es, Inc., using standard mass spectrometry. The data
are reported in ‰ (per mil) notation calculated by:

δR sample ‰=[ R sample/R standard) “ 1]×1000

Where:

13C/12C standard is Pee-Dee Beliminite (PDB)
18O/16O standard is standard mean oceanic water

(SMOW)
δ18O (SMOW) = (1.03037 × δ18O (PDB)) + 30.37

Isotopic ratios are reported in per mil deviations
from the isotopic standards where lower (more neg-
ative) values are relatively lighter in isotopic com-
position (Table 7.1). Note that the δ18O (SMOW) val-
ues reported here are roughly +30‰ greater than
the δ18O (PDB) values.

Results

Isotopic Composition of Modern Shells

Analysis of modern snails provides a basis for eval-
uating the fossil signal (Figure 7.1). The average
modern δ18O(PDB) of water vapor and precipitation
within the study area should range from -3.0‰ to -
4.0‰ (Yurtsever 1975). Given the typical +5‰ en-
richment by land-snail shells, and the correction for
differences in reporting standard, the δ18O of mod-
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ern snails should range around +32.0‰ or +31.0‰.
Except for a single outlier of +24.0‰, the δ18O val-
ues for modern snails are close to the expected, with
values ranging from +27.2‰ to +29.5‰, and an
average of +28.3‰ (Tables 7.2 and 7.3). The outli-
er sample is omitted from further analysis. Differ-
ences among the species are also consistent with
the habitats and microhabitats of the snails. The
aquatic species, Biomphalar havenesis, yielded δ18O
values which are isotopically lighter, while the open-
vegetation adapted terrestrial species Rabdotus
moreanus and Polygyra texasiana are isotopically
heavier. Except for the omitted sample, the within-
species variability is relatively lower for terrestrial
taxa than it is for the aquatic Biomphalar species.
These data suggest that a weak environmental sig-
nal exists within the modern samples.

The δ13C values for the modern snails also fall
within the range reported by previously published
studies. The δ13C values range from -10.9‰ to -
6.4‰, with an average for all species of -8.8‰. This
value falls midway between values for very mesic
and very xeric snail localities. On average,
Biomphalaria havanensis, the aquatic species, yield-
ed slightly lighter isotopic composition (-9.2‰) than
did the terrestrial species (ca. -8.9‰). This inter-
species differentiation also suggests a coherent en-
vironmental signal. However, the high within-spe-
cies standard deviations (0.8 to 2.0‰) swamps any
minor differences among modern species analyzed.
Variability within the surface sample is greater than
that documented in the fossil record. The source of
this high modern variability is not known (Table
7.3).

The Fossil Data Scatter

The fossil data scatter even more strongly suggests
consistent and coherent differences among species
(Figure 7.2). Isotopic differences among species
show up most clearly in the δ13C record where Rab-
dotus values are on average -2.6‰ lighter than the
average for Polygyra and about -2.0‰ lighter than
the average for Oligyra. The oxygen isotopic dif-
ferences, although less pronounced, are consistent
with that observed in the modern data set. The δ18O
values of Rabdotus are isotopically lighter than ei-
ther Polygyra or Oligyra (ca. -2.0‰ to -2.5‰ re-

Table 7.1.  Results of isotope analysis of
mollusk shells.

Number Sample Genus Species δ13C δ16O 
1 1 Rabdotus mooreanus -12.1 28.9 
2 1 " " -8.9 29.3 
3 1 " " -7.9 28.7 
4 1 " " -6.6 28.7 
5 2 " " -8.9 28.2 
6 2 " " -7.6 28.9 
7 2 " " -8.1 29.0 
8 3 " " -6.1 28.2 
9 3 " " -8.0 30.4 
10 3 " " -8.2 27.9 
11 4 " " -8.2 28.8 
12 4 " " -9.5 28.9 
13 4 " " -6.8 27.8 
14 5 " " -9.2 29.1 
15 5 " " -10.0 29.3 
16 9 " " -8.6 29.6 
17 9 " " -7.5 29.6 
18 9 " " -8.3 27.3 
19 9 " " -9.6 29.2 
20 11 " " -8.5 27.2 
21 12 " " -7.6 28.7 
22 12 " " -7.5 28.7 
23 12 " " -10.7 29.7 
24 12 " " -6.4 31.0 
25 13 " " -9.1 29.0 
26 13 " " -7.4 29.3 
27 13 " " -8.4 28.5 
28 15 " " -8.2 29.5 
29 15 " " -10.0 27.0 
30 15 " " -8.6 27.9 
31 15 " " -9.1 29.3 
32 19 " " -11.0 28.4 
33 19 " " -8.6 29.1 
34 19 “ “ -11.9 29.8 
35 19 " " no data 
36 19 " " -8.5 29.7 
37 21 " " -9.7 29.3 
38 21 " " -9.2 30.0 
39 1 Polygyra texasiana -8.9 29.0 
40 1 " " -8.6 29.5 
41 1 " " -6.4 28.4 
42 2 " " -6.4 30.2 
43 2 " " -6.9 30.5 
44 2 " " -6.9 28.5 
45 3 " " -0.9 28.2 
46 3 " " -5.2 28.1 
46 5 " " -4.7 28.0 
47 5 " " -6.5 28.3 
48 1 Oligyra orbiculata -9.6 27.5 
49 1 " " -7.8 29.0 
50 1 " " -9.5 27.8 
51 3 " " -3.2 28.8 
52 3 " " -7.0 28.7 
53 3 " " -5.9 27.4 
54 4 " " -7.2 27.7 
55 4 " " -4.3 27.6 
56 9 " " -6.7 27.6 
57 1 Biomphalaria havanensis -9.8 27.2 
58 1 " " -7.2 27.7 
59 1 " " -10.9 24.0 
60 1 " " -10.9 26.9 
61 1 " " -8.8 27.4 
62 19 Amblema plicata -6.5 27.3 
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spectively). The single fossil mussel specimen (Am-
blema plicata) yielded isotopic values just outside
the average values of the terrestrial snail taxa. The
Amblema sample is isotopically lighter than the av-
erage δ18O value and slightly heavier than the aver-
age δ13C value. This pattern is consistent with hy-
pothesized environmental controls on stable carbon
isotopic composition of snail carbonate.

Given the hypothesized environmental controls
on the oxygen and carbon isotopic signals of shell
carbonate, the data scatter should exhibit a general
negative correlation. Weak negative correlation be-
tween the two isotopic signatures has been docu-
mented elsewhere (e.g., Goodfriend and Magaritz
1987; Yapp 1979). Although these data do suggest
weak negative correlation at least for Rabdotus
mooreanus and Polygyra texasiana, the relation-
ships are too weak to be of statistical significance.
This lack of statistical correlation suggests that the

signals are either responding to different environ-
mental signals or that no strong environmental sig-
nal is preserved by one or both of the isotopic pairs.

Stratigraphic Interpretation of the Oxygen

Isotopic Record

There are no clear patterns in the stratigraphic plots
of the δ18O data (Figure 7.3). The most convincing
portion of this oxygen isotope stratigraphy is the
shift toward lower (lighter) values from modern to
Leon Creek samples. This shift is most substantial
for Leon Creek Polygyra, which show about -1.5‰
decline from modern levels. A -0.5‰ drop in the
Leon Creek Oligyra and Rabdotus values occurs
slightly lower in the section. The Rabdotus record,
which extends back into the early Holocene Perez
paleosol, shows some continued irregularity. A sin-
gle sample from the middle of the Medina pedocom-
plex was significantly out of line with the average

Figure 7.1.  Distribution and relationship between δδδδδ13C and δδδδδ18O for modern snail shell carbonate.

δ13C δ16O Snail Species: # of 
Shells Avg. STD Avg. STD 

Biomphalaria havanensis 4 -9.2 1.6 27.3 0.3 
Oligyra orbiculata 3 -9.0 0.8 28.1 0.6 
Polygyra texasiana 3 -8.0 1.1 29.0 0.4 

Rabdotus mooreanus 4 -8.9 2.0 28.9 0.2 
All Species 14 -8.8 1.3 28.0 0.4 

 

Table 7.2.  Summary of modern isotope data.
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values from this stratum. Disregarding this sample,
there is an overall weak shift in the δ18O (‰) Rab-
dotus values toward heavier than modern values in
the Medina pedocomplex. The average isotopic val-
ues from the upper Elm Creek paleosol are relative-
ly lighter than the average modern values. In the

early Holocene Perez paleosol the trend is again
toward heavier isotopic values. Given the overall
scatter of δ18O (‰) Rabdotus values, and the poor
correspondence among species, paleoenvironmen-
tal interpretation of this isotopic record lacks per-
suasion.

Table 7.3  Average of δ values for each species for each stratigraphic sample.  Horizontal lines mark the boundaries
between stratigraphic zones: Modern, Leon Creek, Medina, Elm Creek, and Perez.

Sample Paleosol Rabdotus Polygyra Oligyra Amblema Biompha. Count 

1 Modern Soil 
Surface 28.9 29.0 28.1 - 26.6 15 

2 Modern Soil B 
Horizon 28.7 29.7 - - - 6 

3 Upper Leon Cr. 28.8 28.1 28.3 - - 8 
4 Middle Leon Cr. 28.5 - 27.6 - - 5 
5 Lower Leon Cr. 29.2 28.1 - - - 4 
9 Medina, Bk 28.9 - 27.6 - - 5 

11 Medina, Bk 27.2 - - - - 1 

12 Medina, Lower 
Bk 29.5 - - - - 4 

13 Medina, Bk 28.9 - - - - 3 
15 Elm Cr., Bk 28.4 - - - - 4 
19 Perez, Bk 29.3 - - 27.3 - 5 
21 Perez, Bk 29.6 - - - - 2 

Avg. - 28.9 28.9 28.0 27.3 26.6 62 
STD - 0.8 0.9 0.6 0.0 1.3 N/A 

Count - 37 10 9 1 5 62 
 

Figure 7.2.  Distribution and relationship between δδδδδ13C and δδδδδ18O for fossil snail shell carbonate.
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Stratigraphic Interpretation of the Carbon

Isotopic Record

There are better indications that the δ13C stratigraph-
ic record presents a coherent long-term environmen-
tal signal (Table 7.4). The consistent, parallel shift
among the three independent species centered on
the upper levels of the Leon Creek is striking. This
shift toward larger (less negative) values is stron-
gest for Polygyra, which shows a +5‰ enrichment
in 13C. The enrichment for Oligyra is about +3.5‰,
while the shift in Rabdotus is about +2‰. The re-
duction of values in the lower Leon Creek, although
not as strong for Polygyra, is about equal to that
measured for Rabdotus. This spike in carbon iso-
tope values suggests warmer and/or drier than mod-
ern conditions during the deposition of the upper
Leon Creek sediments.

The coherence in the δ13C values in the upper
portion of the Richard Beene record lends more
confidence to environmental interpretation of the
lower portion of the record where only Rabdotus
values are available. The higher average δ13C val-
ues in the lower levels of the Medina pedocomplex
suggest a return to warmer and/or drier than mod-
ern conditions. The data scatter from the Elm Creek
and Perez paleosols suggest a general decline in δ13C
values (Figure 7.4). The lower (more negative) val-
ues from the Perez paleosol, averaging from -10.0‰
to -9.5‰, indicates somewhat cooler and/or wetter

than modern conditions. This carbon isotopic vari-
ability further reinforces that derived from soil or-
ganic carbon from the site (Nordt et al. 2002).

Conclusions

Initial analysis of isotopic signals from snail shell
carbonate from the Richard Benne site is encourag-
ing. Although the oxygen signal is not interpretable
at this time, the consistency and coherence in the
carbon isotopic record seems to be a valid paleoen-
vironmental signal. Zonation within the carbon data
indicates cooler and wetter conditions early in the
Holocene (Perez and Elm Creek paleosols) with
gradual warming from 10,000–7000 B.P. Warmer
and/or more xeric conditions are documented for
the mid-Holocene (Medina pedocomplex), 7000–
4500 B.P. Cooler and/or more mesic conditions oc-
curred from 4500 to 4000 B.P. (upper Medina and
lower Leon Creek paleosols). Conditions reached
their warmest and/or driest between 4000 and 3000
B.P. (upper Leon Creek paleosol). The shift toward
current conditions appears to have happened rapid-
ly, with the fastest change centering around 2000
B.P.

This snail carbonate record is supported by the
stable carbon isotope record from organic carbon
(Nordt et al. 2002). Their interpretation of Holocene

Figure 7.3.  The δδδδδ18O data by stratigraphic sample:  (a) scatter of values for each sample; (b) average δδδδδ18O values
for each species for each stratigraphic sample; biomphalar values from modern stratigraphic sample (Sample 1)
not shown.
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environmental change at Richard Beene generally
matches that from the shell carbonate. The two
records match both in their general chronological
trends and signal amplitude throughout most of the
section. In both records the Leon Creek paleosol
appears as the warmest and/or driest climatic epi-
sode. The two records do diverge somewhat during
the mid-Holocene (Medina pedocomplex), but this
may be due to the lack of data currently available

for snails. This corroboration lends general confi-
dence to the snail record.

Although the snail isotope record, and the re-
lated organic carbon record, is intriguing, the envi-
ronmental significance of the signal remains prob-
lematic. Most important is the ambiguity between
moisture and temperature aspects of the signal. The
spatial scale of the isotopic record also remains

Figure 7.4.  The δδδδδ13C by stratigraphic sample:  (a) scatter of values for each sample: (b) average δδδδδ13C values for
each species for each stratigraphic sample; biomphalar values from modern stratigraphic sample (Sample 1) not
shown.

Sample Paleosol Rabdotus Polygyra Oligyra Amblema Biompha Count 

1 Modern Soil 
Surface -8.9 -8.0 -9.0 - -9.5 15 

2 Modern Soil B 
Horizon -8.2 -6.7 - - - 6 

3 upper Leon Cr. -7.4 -3.1 -5.4 - - 8 
4 middle Leon Cr. -8.1 - -5.8 - - 5 
5 lower Leon Cr. -9.6 -5.6 - - - 4 
9 Medina, Bk -8.5 - -6.7 - - 5 

11 Medina, Bk -8.5 - - - - 1 
12 Medina, Lower Bk -8.0 - - - - 4 
13 Medina, Bk -8.3 - - - - 3 
15 Elm Cr., Bk -9.0 - - - - 4 
19 Perez, Bk -10.0 - - -6.5 - 5 
21 Perez, Bk -9.4 - - - - 2 

Avg. - -8.7 -6.1 -6.8 -6.5 -9.5 62 
STD - 1.3 2.1 2.0 0.0 1.4 N/A 

Count - 37 10 9 1 5 62 
 

Table 7.4.  Average of δ13C values for each species for each stratigraphic sample; horizontal lines mark the bound-
aries between stratigraphic zones: Modern, Leon Creek, Medina, Elm Creek, and Perez.
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ambiguous. Unless alluvial transport of snail assem-
blages is more important than local deposition of
snail assemblages, the spatial scale of the record,
like that for snail habitats, may be extremely local-
ized. Changes in snail shell isotopes, therefore, may
represent local vegetation shifts rather than climat-

ically determined regional changes. Despite these
caveats, this initial isotopic analysis of shell car-
bonate at the Richard Beene site is extremely en-
couraging and indicates that further investments in
this approach are warranted.
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Ethnohistoric accounts attest to the presence of hunt-
er-gatherer groups with high residential mobility
throughout south-central Texas from the sixteenth
through the eighteenth century. These linguistically
diverse groups are commonly known under the geo-
graphic rubric of Coahuiltecans or Coahuiltecos.
Their homelands encompassed what is today south-
central Texas and northeast Mexico (Campbell and
Campbell 1981; Foster 1995, 1998; Hester 1999;
Krieger 2002; Thoms 2001). For a detailed discus-
sion of settlement and subsistence patterns report-
ed for groups living in the Richard Beene site area
and vicinity, the reader is referred to Hindes and
McCullough’s (2008) overview in a companion vol-
ume to the present report entitled Prehistoric Ar-
chaeological Investigations in the Applewhite Res-
ervoir Project Area, Bexar County, Texas (Carlson
2008). The present chapter focuses on regional and
local archaeological records, but it begins with an
overview of what Álvar Núñez Cabeza de Vaca
wrote in the early sixteenth century about living and
working with Indian people in what is today coastal
and south Texas (Figure 8.1).

Cabeza de Vaca and his three non-Indian trav-
eling companions survived shipwrecks and sickness
to spend part of the mid-1530s with Karankawan
and other Coahuiltecan bands along the Texas coast
and adjacent inland regions. They met still other
Indian groups on their way west to find Spanish

settlements on the Pacific coast of northwest Mexi-
co and described aspects of their settlement and sub-
sistence patterns. Cabeza de Vaca’s narrative, orig-
inally entitled Relacion de los Naufragios (Account
of the Disasters) and first published in 1555, was
probably written between 1537 and 1541 (Krieger
2002). Also of interest is Alex Krieger’s translation
of the well known sixteenth-century historian
Gonzalo Fernando de Oviedo y Valdez’s book enti-
tled Historia General y Natural de las Indias (Gen-
eral and Natural History of the Indies), which in-
cluded seven chapters that summarized the survi-
vors’ accounts and presented new information based
on the historian’s interviews with Cabeza de Vaca
in Spain (Krieger 2002:5, 243–301)

Prior to beginning their monumental journey
across south-central North America, the shipwreck
survivors gathered a great deal of information about
native lifeways in interior regions, including descrip-
tions of villages and house types, as well as food-
procurement and cooking practices. On their way
across the continent, the Old World interlopers may
have visited prickly-pear (i.e., tuna) grounds only
20–40 km south of the Richard Beene site (Krieger
2002:41). Insofar as Cabeza de Vaca’s observations
about land-use patterns in south-central Texas and
northeast Mexico predate the apocalyptic popula-
tion crashes from Old Word diseases, they provide
unique snapshots of early sixteenth-century life-

CULTURAL CONTEXTS:  ETHNOHISTORIC AND ARCHAEOLOGICAL
RECORDS

Alston V. Thoms
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ways. These glimpses are arguably applicable to the
middle Medina Valley during the late Pre-Colum-
bian era and probably earlier periods as well.

Cabeza de Vaca’s Accounts of
Villages and House Types

In writing about the Yguazes, an inland group, Ca-
beza de Vaca noted “their dwellings are of mats
placed on four arches; they carry them on their backs
and move every two or three days to look for food”

(Krieger 2002:1954). Similar wickiup-like structures
were described for coastal groups. Substantially larg-
er residential structures were constructed as well,
including a “hut” built on Galveston Island espe-
cially for numerous shipwreck survivors that con-
tained “many fires in it” (Krieger 2002:181).

Winter tended to be a season of limited mobili-
ty when the Indians “closed up their huts [chozas]
and settlements [ranchos] and were unable to with-
stand or protect themselves” (Krieger 2002:188;
brackets added by Krieger). This statement is trans-
lated differently and more to the point at hand in

Figure 8.1.  Map showing Cabeza de Vaca’s proposed route across coastal and south Texas and the general
location of the food-named groups he encountered (adapted from Krieger 2002:145 Map 4).
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Covey’s version of Cabeza de Vaca’s narrative:  “the
natives retire inside their huts in a kind of stupor,
incapable of exertion (Covey 1993:67). When the
Indians were in a “region where their enemies can
attack them they set their huts at the edge of the
wildest and thickest brush” and cut a narrow trail to
the center of the thicket where they make a place
for their wives and children to sleep. “When night
comes they light fires in their huts so that if there
are any spies around they [the spies] may think that
they are inside them. And before dawn they light
the same fires again…” (Krieger 2002:208).

Cabeza de Vaca’s accounts and information pro-
vided by other Europeans who traversed the region
in the late 1600s and early 1700s consistently attest
to temporary villages composed of wickiup-like
structures of various sizes (Krieger 2002; Foster
1998). Village sizes on the Gulf Coastal Plain, as
reported by Cabeza de Vaca, ranged from a few huts
to those with 50 or 100 dwellings (Krieger 2002:206,
213). Village sizes reported by Henri Joutel, who
traversed the Post Oak Savannah east and northeast
of the Richard Beene site in the late 1680s, ranged
from three huts and 15 people, to 25 huts with sev-
eral families each, to 40 huts, to as large as 200–
300 huts with 1000–1200 inhabitants (Foster
1998:160, 167, 177, 186).

In short, single- and multi-family residential
structures with interior fires for cooking and warmth
were commonplace in south-central Texas and sur-
rounding regions when Europeans first arrived. It
seems reasonable to conclude, as have archaeolo-
gists working in similar settings in the American
Southeast (Chapter 13), that villages composed of
wickiups were also occupied during the preceding
millennia, although they may not have been as nu-
merous or populous as they were during early post-
contact times.

Cabeza De Vaca’s Accounts of Food-
Procurement and Cooking Facilities

Cabeza de Vaca’s account attests to regional pat-
terns in the nature of available food resources and it
provides a basis for relating changes in cook-stone

technology to land-use intensification. Cook stones,
as used here, are hot rocks used as heating elements
in earth ovens, grills, and hearths, as well as those
used for stone boiling. “Cook-stone technology” is
used herein in a fashion similar to tool-stone or
chipped-stone technology and specifically in refer-
ence to processes employed in the procurement, uti-
lization, and discard of rocks that served as heating
elements for cooking food (Thoms 2003).

The years between 1528 and 1535, when Cabe-
za de Vaca lived in Texas, revealed to him that the
native people there were well adapted to their envi-
ronment and, accordingly, he adopted their lifew-
ays. His narrative attests to the difficulty of learn-
ing how to hunt, fish, dig roots, and collect other
plant foods, as well as how to prepare foods, tan
hides, and, ultimately, to make his living as a trader
and healer. Cabeza de Vaca and his Old World com-
panions relied mainly on roots, cactus, deer, and
rabbits during their trek across south-central North
America, as did most of the Indian people they en-
countered along the way. Fish and shellfish were
important food resources along the coast. Pecans
were a staple for as much as two months a year in
some parts of the Gulf Coastal Plain. Bison were
important in some areas far to the west with exten-
sive prairies and in the grasslands (Krieger 2002).
Much of what Cabeza de Vaca wrote about was bi-
son, however, hunting was learned indirectly
through Indians who interacted regularly with bi-
son-hunting groups living west and north of his route
across the continent.

Cabeza de Vaca occasionally referred to groups
he encountered in a given area by a “food name”
that called attention to the primary food resource(s)
in that particular ecological area. Drawing from his
comments, much of south-central Texas can be
modeled in terms of its productivity potentials for
deer, fish, roots, and prickly-pear cactus:  (1) the
Fish and Blackberry People lived in the Gulf Prai-
ries and Marshes area, including the barrier islands,
which is modeled as rich in fish and roots and mod-
erate in deer and cactus; (2) the “Roots People” (e.g.,
Yguazes) lived inland and probably exploited the
outer edge of the Post Oak Savannah area, which is
modeled as being root rich, deer moderate, and fish
and cactus poor; and (3) the Fig People, who relied
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heavily on tunas, are representative of groups that
lived primarily in the South Texas Plains, an area
modeled here as cactus rich, root moderate, deer
poor, and very moderate in fish resources (Figure
8.2).

The Fish and Blackberry People of the Gulf
coast area spent much of the year on the islands,
but they also spent time on the adjacent mainland.
Staple foods during the winter months were fish (for
two months) and roots (for five months), including
those dug from beneath standing water and from
canebreaks. Oysters and blackberries were staples
during spring months. Prickly-pear tuna was a late-
summer staple and pecans were a staple for two
months in the fall. Deer were important, but they
seem often to have been in short supply. The only
cooking container mentioned is an earthen pot that
was taken by one of the Spaniards from a village on
Galveston Island. Except for ceramic vessels that

were presumably used in cooking, there are no de-
scriptions of cooking techniques.

Inland groups included the Yguazes whose
“food supply is principally roots of two or three
kinds and they look for them through all the coun-
try” (Krieger 2002:194). Cabeza de Vaca did not
apply a food name to any of the groups inhabiting
this region, but for ease of comparison, interior
groups are referred to herein as the “Roots People.”
Oviedo y Valdez summarized the importance of root
foods as follows:  “These Indians eat roots, which
they take out from under the ground [during] the
greater part of the winter. And [there] are very few
[roots] and [these] are taked out with much labor,
and the greater part of the year they suffer very great
hunger. All the days of their life they must work at
it [digging roots] from morning to night” (Krieger
2002:271; brackets added by Krieger).

Figure 8.2.  Graph showing the relative importance of food resources in ecological areas occupied by food-named
groups of the Gulf Coastal Plain, as modeled, based on Cabeza de Vaca’s account.
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The unnamed roots they exploited were wide-
spread on the landscape and bitter tasting even when
cooked for two days in earth ovens (Krieger
2002:194). Cooking in an earth oven for two days
implies the use of stone heating elements to main-
tain high temperatures for prolonged periods, pre-
sumably to render these as-yet-unidentified roots
digestible (Thoms 1989, 1998, 2003; Wandsnider
1997). While we do not know which roots were used
in the various ecological areas of the Gulf Coastal
Plains, it is unlikely that they were any of the well-
known agave or agave-like food plants because these
plants do not grow well in the coastal plains. They
are, however, prolific in areas to the west, such as
the Edwards Plateau and Trans-Pecos regions (De-
ring 1999). Prickly pear, on the other hand, grows
well in the coastal plains and hill country. Deer were
the primary game animal in most interior regions,
but bison were hunted in the adjacent prairie regions,
presumably the Blackland Prairie or perhaps the
northernmost South Texas Plains (Krieger 2002).

Groups who lived in the South Texas Plains in-
cluded those referred to by Cabeza de Vaca as the
Fig People, in reference to their reliance on prick-
ly-pear tunas (Krieger 2002:197–202, 204). Un-
named roots were also important. Deer seemingly
provided the bulk of the meat diet. They were some-
times hunted using drive techniques. Of the impor-
tance of deer, Oviedo y Valdez noted that south Tex-
as Indians “kill some deer sometimes, and it even
happens that a few people kill two or three hundred
deer. This nobleman Andres Dorantes (present au-
thor’s note:  one of de Vaca’s companions) says that
in eight days he saw that sixty Indians killed as many
[deer] as the number he has said, and that it also
happens [that they] kill five hundred. Many other
times, or most [times], they do not kill any” (Krieg-
er 2002:272).

The Fig People cooked prickly-pear pads and
green fruits overnight in a “hot oven.” In general,
ethnographic accounts suggest that it is primarily
when earth ovens cook for more than 24–36 hours
that they contain stone heating elements (Smith
2000; Thoms 1989, 2003; Wandsnider 1997). It
seems likely that overnight cooking could be ac-
complished with coals alone and would not neces-
sarily require a stone heating element. In one ac-

count, Cabeza de Vaca noted that in exchange for
tanning hides he and his colleagues sometimes re-
ceived a piece of deer meat and that they ate it raw.
“If we had put it to roast, the Indian that came up
would take it and eat it” (Krieger 2002:205–206).
That kind of roasting was probably done over an
open-air fire; if the meat had been cooked in an earth
oven, it could not be snatched away so easily. In
any case, there are many ethnographic accounts,
from elsewhere in western North America, of cook-
ing on and in the coals, without any rocks, as well
as cooking on open air hearths with stone heating
elements while using other rocks to prop up skew-
ered meat (e.g., Smith 2000).

Cabeza de Vaca wrote that he, as well as the
Indians, collected juice from prickly-pear tuna in a
“trench that we made in the earth” and that they did
this “for lack of other vessels” (Krieger 2002:198).
However, later in the narrative, but well before he
described bison-hunting and farming groups far to
the west, Cabeza de Vaca presented ample evidence
for the use of pottery in south-central Texas. In writ-
ing about a “drink” made from leaves of a holly-
like or live-oak-like shrub, he reported that “they
roast it [leaves] in some vessels” and then they “fill
the vessel with water and thus keep it over the fire
and when it has boiled twice they pour it into a dish
[vasija] and cool it with half a gourd” (Krieger
2002:211). This suggests that pottery vessels were
in regular use at residential encampments but were
not necessarily taken on logistical forays.

As the Old World interlopers traveled west, be-
yond the homelands of the Fig People and through
“broken” country in northeast Mexico, “overgrown”
with brush, they encountered Indian people who
relied heavily on rabbits and hunted deer in the near-
by mountains. Rabbit and deer meat was cooked in
earth ovens, and it can be inferred from Cabeza de
Vaca’s comments that cooking time was no more
than 10 hours (Krieger 2002:212–215). Such short-
term ovens may not have used rock heating ele-
ments, as there are ample ethnographic accounts of
cooking meats, as well as roots, beans, and corn for
“a couple” to “several” hours and as much as “all
day” or “all night” in rockless earth ovens (Thoms
1998; Wandsnider 1997). Some of the groups who
lived west of the Fig People used bottle gourds “that
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floated to them on the river.” It was in these regions,
presumably along the Rio Grande or one of its south-
ern tributaries, that for the first time since leaving
the southeastern forests the travelers encountered
farming peoples who lived in permanent houses and
ate beans and melons (Krieger 2002:216–219).

On their way to the west coast, the Old Worlders
passed along the southernmost bison ranges, pre-
sumably somewhere southeast of El Paso. Some of
the people there lived in permanent houses, relied
on corn, beans, and squash, and undoubtedly used
pottery, but seasonally they left their villages to hunt
bison. Other groups were apparently mobile hunt-
ers and gatherers. Among them were the people
Cabeza de Vaca referred to as “those of the cows”
(or Cow People [Covey 1993:115117]) because they
killed so many bison, as did the people who lived
50 leagues up river (Krieger 2002:223). It was there
that the Old Worlders observed for the first time what
to them was an exotic cooking technique:

Their method of cooking is so new
that being such I want to set it down
here, so it may be seen and known
how diverse and strange are the in-
ventions and industries [ingenious
y industrias] of human beings. They
do not have ollas [pottery vessels]
to cook what they want to eat [so]
they half fill a large gourd with wa-
ter and into the fire they toss many
stones of the kind that will more
easily burn. And when they see that
the stones are burning they take
them up with wooden tongs and put
them into that water which is in the
gourd until they make it boil with
the fire [heat] that the stones carry.
And when they see that water boils
they put in it what they want to
cook. And during all this time they
do not do anything else but take out
some stones and toss in others so
that the water may [keep] boiling
and cook what they want, and thus
they cook [Krieger 2002:223–224;
brackets added by Krieger].

When Cabeza de Vaca and those accompany-
ing him continued on their way across north-cen-
tral Mexico, they encountered many farming com-
munities, and on one occasion they were given “a
great amount” of corn products, squash, beans, and
cotton blankets (Krieger 2002:224–225). In this
same region, there was also an abundance of deer,
and deer hides were important as trade items. When
they neared the Pacific coast, Cabeza de Vaca re-
ported that native agricultural practices had been
curtailed severely insofar as the Indians had desert-
ed villages that had been burned by the Spanish.
The local people, as well as Cabeza de Vaca and
those traveling with him, were quite hungry and
found themselves subsisting on the “bark of trees
and [on] roots” (Krieger 2002:228). It is notewor-
thy that roots seem to have been a common element
in the diets of most groups from the Gulf of Mexico
to the Pacific ocean.

Regional Archaeological Records

Archaeology in the eastern section of the Edwards
Plateau, the southern part of the Blackland Prairie,
and the adjacent areas of the Gulf Coastal Plains is
now fairly well known. The existing data base comes
mainly from federally mandated cultural resources
studies conducted during the last 20–25 years. Re-
sults of these and earlier studies demonstrate that
hunter-gatherers continuously occupied the regions
surrounding the Richard Beene site throughout the
last 11,500 years, and there is some evidence for
pre-Clovis-period utilization of the landscape (Black
1989a, 1989b; Hester 1989).

This section of the chapter was prepared in the
mid-1990s. For more recent overviews of regional
archaeological records, the reader is referred to The
Prehistory of Texas (Perttula 2004). In addition,
Mason (2003) compared the Early Archaic compo-
nents at the Richard Beene site to several recently
excavated Early Archaic sites in the region (Figure
8.3), including Wilson-Leonard (Bousman 1998b;
Collins 1998), Armstrong (Schroeder and Oksanen
2002), Woodrow Heard (Decker et al. 2000), Num-
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ber 6 (Potter 1995), and the Eckols sites (Karbula
2000).

Survey and excavation work carried out in the
lower Nueces River valley in conjunction with the
construction of Choke Canyon Reservoir (ca. 85 km
south-southeast of 41BX831, on the Frio River Fig-
ure 8.3) revealed a long history of hunter-gatherer
land use on the South Texas Plain (Hall et al.
1986:394–406). A variety of late Paleoindian pro-
jectile point types, including Plainview, Golondri-
na, Angostura, and Scottsbluff, were surface-collect-
ed from sites located on high-terrace remnants, and
local residents reported finding Folsom and Clovis
points on similar landforms. Buried Early and Mid-
dle Archaic components were identified at two sites
(41LK31/32 and 41LK51) where charcoal from fire-
cracked rock (FCR) features yielded radiocarbon
ages ranging from 6360±90 B.P. to 4690±80 B.P. A
Bandy point, considered to be representative of the
Early Archaic period, was recovered from 41LK51

(Hall et al.1986:96, 397, 585). A few other sites
yielded Early Archaic projectile points, but in gen-
eral, the Middle and Late Archaic periods and the
Late Prehistoric period were better represented than
the earlier periods (Hall et al. 1986).

Archaeological investigations in the upper Sal-
ado Creek basin of northern Bexar County (ca. 35
km north of the Richard Beene site) also reveal a
long history of hunter-gatherer land use. Radiocar-
bon ages from the Panther Springs Creek site
(41BX228), located along the boundary between the
Edwards Plateau and the Blackland Prairie, indicate
that especially intensive occupation occurred be-
tween 5500 and 1000 B.P.; some of the projectile-
point types are suggestive of occupation several
thousand years earlier as well (Black and McGraw
1985). Other excavated sites in the upper Salado
Creek basin yielded Clovis, Folsom, and Plainview
points indicating occupation during the early Pale-
oindian period (ca. 11,200–10,000 B.P.), as well as

Figure 8.3.  Map showing the locations of selected archaeological sites and project areas in the inner Gulf Coastal
Plain.
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Golondrina and Angostura points characteristic of
the late Paleoindian period (ca. 10,000–8000 B.P.).
Projectile points representative of the Archaic (ca.
8000–1200 B.P.) and late Pre-Columbian periods
are also found at many of the sites in the Salado
Creek basin (Hester 1977a; McGraw 1985a:303–
326).

In addition to projectile points, other diagnos-
tic Clovis materials including cores, blades, core
tablets, and tools made on blades were excavated at
41BX52, an upper Salado Creek basin site that also
produced Folsom artifacts. The Paleoindian mate-
rial was embedded in a gravel-rich stratum separat-
ed from overlying cultural deposits by a sterile dep-
ositional unit (Frison et al. 1991). St. Mary’s Hall
(41BX229), another site in the Salado Creek basin,
yielded Plainview points, cores, a chopper, large
bifacial preforms in various stages of reduction, a
bifacial Clear Fork tool, a large uniface, and sever-
al edge-modified tools (Hester 1991a; Hester and
Knepper 1991).

The comparatively deeply buried, multicompo-
nent Wilson-Leonard site (41WM235), located in
the prairie zone some 180 km northeast of the Rich-
ard Beene site, added to a growing body of evidence
attesting to extensive use of the regional landscape
prior to 8000 B.P. (Bousman 1998b; Collins 1998;
Weir 1985). Kincaid Rockshelter in the western part
of south Texas (ca. 150 km west of 41BX831) also
yielded Paleoindian and Early Archaic artifacts, in-
cluding several varieties of Angostura points (Col-
lins et al. 1988). Collectively, the widespread oc-
currence of fluted and lanceolate projectile points
in Bexar County and surrounding regions provides
ample evidence for substantial human occupation
of the region during the late Pleistocene and early
Holocene (Hester 1977b; Largent et al. 1991; Melt-
zer 1986).

There is some evidence, albeit equivocal, for
pre-Clovis occupation in south Texas, as is the case
for other parts of the Americas (Fagan 1992:240–
244; Hester 1989). Two stratigraphic zones with
cultural materials at Cueva Quebrada, located along
the lower Rio Grande, produced radiocarbon ages
ranging from about 14,300 to 12,300 B.P.; both
zones yielded chipped stone artifacts, and the lower

one contained remains of extinct fauna (Collins
1976). Hester (1989:121) included two loci on the
Gulf Coastal Plains as potential pre-Clovis sites:  (1)
Berger Bluff (41GD30), located about 150 km south-
east of the Richard Beene site, yielded chipped stone
artifacts associated with an “unprepared, fired sur-
face,” termed a “small hearth,” and an adjacent de-
posit of “microfauna”; radiocarbon ages from char-
coal in these deposits ranged from ca. 11,550 to 7700
B.P. (Brown 1987); and (2) a fossil locality on
Petronila Creek near the mouth of the Nueces Riv-
er, some 150 km south-southeast of the Richard
Beene site, yielded mammoth bones, some of which
appeared to have been modified by humans (Hester
1989).

Another possible pre-Clovis site (41BX1239)
was discovered along the San Antonio River about
25 km downstream from the Richard Beene site.
Remains of at least one mammoth, including tusks,
a mandible, and teeth and long-bone fragments, were
found in well-stratified palustrine sediments at the
base of a Perez-like paleosol (ca. 8600–10,000+
B.P.) in a chute or channel incised in a Somerset-
like paleosol (ca. >20,000 B.P.) (Caran 2001; Th-
oms et al. 2001). Two of the long-bone fragments
exhibited linear marks interpreted as possible cut
and saw marks “probably made by lithic tools,” as
well as helical fracture surfaces characteristic of
human-caused fractures (Johnson 2001:35–41). The
presence of these sites highlights the potential for
pre-Clovis people in the lower Medina River val-
ley.

Archaeological Records in the
Applewhite Reservoir Area

Archaeological survey and testing work conducted
in 1981 and 1984 for the proposed Applewhite Res-
ervoir identified dozens of prehistoric sites, most of
which were assigned to the Early, Middle, or Late
Archaic periods (McGraw and Hindes 1987). Late
Pre-Columbian (i.e., Late Prehistoric) sites were
recorded as well, but their frequency was compara-
tively low. Early Archaic features and tools were
unusually common and included large FCR features,
Guadalupe tools, and Martindale points. Several
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lancoelate projectile points reminiscent of Paleo-
indian types were surface-collected, but it was pos-
tulated that “the diverse riparian resource zones
within the drainage basin areas may have been less
significant than the broad savannah adjacent to or
south of the study area, which contained the forage
necessary for large groups of herd animals”
(McGraw and Hindes 1987:364). It was also recog-
nized that sites dating to this period may have been
eroded by scouring or buried deeply in terrace fill.

Subsequent archaeological and paleoenviron-
mental investigations in 1989 and 1990 demonstrat-
ed that, indeed, sites and paleosols were buried deep-
ly in the Medina River valley (Mandel et al. 2008).
Five paleosols were identified in the upper 15 m of
terrace alluvium and in alluvial fan deposits. Char-
coal and bulk sediment samples yielded radiocar-
bon ages for the paleosols ranging from about 11,200
to 1600 B.P. and demonstrated a potential for bur-
ied Paleoindian sites in the reservoir area. Additional
survey work resulted in the discovery of several new
sites. More than 20 sites were test-excavated and
yielded cultural materials representative of the late
Paleoindian and all subsequent culture periods. Ra-
diocarbon assays on charcoal and soil carbon from
these sites yielded ages from about 8400 to 800 B.P.
(McCulloch et al. 2008).

Site 41BX831—subsequently named the Rich-
ard Beene site—was one of those discovered dur-
ing the new survey work. Backhoe and test-pit ex-
cavations led to the identification of three compo-
nents at the site. The Middle Archaic component,
2.6 m below surface in the upper Medina pedo-com-
plex, yielded a radiocarbon age of 4570±70 B.P. An
oven-like feature in the Late Archaic component,
1.25 m below surface in the upper Leon Creek pa-
leosol, yielded an age of 3090±70 B.P. Based on
the presence of arrow points and bone-tempered
pottery, the upper 30 cm of the site’s deposits were
assigned to the late Pre-Columbian period (McCul-
loch et al. 2008).

Survey and testing work in 1997 along State
Highway 16 was undertaken in conjunction with
construction of a new waterline by the San Antonio
Water System. Several sites were investigated, in-
cluding 41BX859, located about 3 km upstream

from the Richard Beene site (Thoms and Olive
1997). Exploratory backhoe trenches (BHT) re-
vealed fine-grained alluvium typical of the Apple-
white terrace fill with stratified archaeological de-
posits encased in two paleosols.

The upper paleosol extended from 0.7 m below
the modern surface to at least 1.9 m below surface,
the maximum depth of the BHTs at the site. It was
interpreted as equivalent to the Leon Creek paleo-
sol, which is dated from about 2800–4200 B.P. at
the Richard Beene site and elsewhere in the Apple-
white Reservoir project area (Mandel et al. 2008).
Charred remains of a burned tree root that appeared
to have originated in the upper Leon Creek paleo-
sol (2A/Bk horizon), which also contained the best-
preserved archaeological component, yielded an age
of 3360±80 B.P. (Thoms et al. 2008). As such, this
component is approximately the same age as the
upper Leon Creek component at the Richard Beene
site, which yielded an age of ca. 3090 B.P.

The lower paleosol, ca. 3.5 and 6.0 m below
the terrace surface, was exposed in BHTs dug along
the terrace scarp. It was interpreted as equivalent to
the Medina pedocomplex at the Richard Beene site,
which extends from about 3 to 6.5 m below surface,
and is dated ca. 4300–7000 B.P. (Chapters 3 and 4).
Cultural material observed in the Medina pedocom-
plex in BHT profiles were limited to a few pieces of
FCR and a single flake (Thoms et al. 2008).

Judging from the amount and type of artifacts
recovered, the well-preserved upper Leon Creek
component at 41BX859 represents a short-term oc-
cupation by a small group engaging primarily in
hunting-related activities. While cultural materials
were scattered over a large area, the highest con-
centration was within a few meters of the terrace
scarp, in a setting that overlooked the Medina Riv-
er and its small floodplain. Only a few tools were
recovered, including a reworked Clear Fork tool,
possibly used as a hide scraper, and two thin biface
fragments that probably represent broken or unfin-
ished projectile points. Chipped stone debitage was
scattered in low densities throughout the excavated
area, and one discrete chipping station was identi-
fied. As a whole, the chipped-stone assemblage was
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indicative of final-stage biface manufacturing and
reconditioning (Thoms et al. 2008).

Compared to similarly aged sites elsewhere in
the Applewhite project area, the upper Leon Creek
component at 41BX859 yielded much less FCR,
suggesting that hot-rock cooking was not a major
activity. The chipped-stone debitage assemblage at
the site also differed from other sites in the reser-
voir area, including the Richard Beene site, insofar
as large-sized and corticated flakes indicative of
early-stage manufacturing were poorly represent-
ed. While the Late Archaic components at the Rich-
ard Beene site yielded more bone fragments than
did site 41BX859, deer-sized bones are most com-
mon at both sites. Mussel shells also occur at both
sites, but in much lower densities at 41BX859 (Th-
oms et al. 2008).

Patterns in the Interregional
Archaeological Records

In reviewing the prehistory of the South Texas
Plains, Black (1989b:61) recognized that the por-
tion of the south Texas Gulf Coastal Plain north and
east of the Frio River seems “to be more closely
linked to central Texas than we previously realized.”
Hester (1989:121) also recognized broad similari-
ties in the archaeological records for south and cen-
tral Texas, as well as for the adjacent parts of the
lower Pecos River canyonlands. Table 8.1 summa-
rizes information compiled by Black (1989a, 1989b)
for the major prehistoric cultural periods in south
and central Texas.

In his synthesis of south and central Texas, and
the adjacent lower Pecos River canyonlands, Hes-
ter (1989:121) identified several “adaptation types
as abstractions designed to suggest broad cultural-
ecological patterns.” Four types potentially pertain
to the archaeology of the Richard Beene site and
surrounding environs:  (1) Pleistocene foragers and
hunters; (2) specialized hunters; (3) Holocene for-
agers and hunters; and (4) specialized plant collectors.

Hester’s (1989) “Pleistocene foragers and hunt-
ers” adaptation type, which dates prior to 11,200

B.P., is a hypothetical pre-Clovis construct wherein
generalized hunting and gathering activities predom-
inate and specialized big-game hunting is of lesser
importance. As noted earlier in this discussion, two
south Texas sites, Berger Bluff (Brown 1987) and
Cueva Quebrada (Collins 1976), as well as the
Petronila Creek fossil locality, are “potential candi-
dates” for this adaptation type. Site 41BX1239 is
also a potential pre-Clovis candidate (Thoms et al.,
2001).

“Specialized hunters” of big game animals, in-
cluding mammoth and modern bison, operated in
the northern part of the South Texas Plains and ad-
jacent regions at various times in the past. This pat-
tern was especially evident when bison densities
were comparatively high during parts of the late
Holocene period (Hester 1989). Groups representa-
tive of this adaptation type are believed to have re-
lied heavily on broad spectrum hunting and gather-
ing, while taking advantage of increased numbers
of big game. This type of adaptation is represented
by several archaeological cultures:  (1) Early Pale-
oindian period, 11,200–10,00 B.P.; (2) part of the
Late Archaic period, ca. 2800 B.P.; and (3) during
the last part of the Late Prehistoric period, 600–400
B.P.

In the northern part of the South Texas Plains,
the “Holocene foragers and hunters” adaptation type
occurred during the Late Paleoindian period, dur-
ing most of the Early, Middle, and Late Archaic
periods, and for all but 200 years of the Late Prehis-
toric period. Hester argues that the modern envi-
ronment developed during the middle and late Ho-
locene, and it was then that “high-density resource
zones” such as riparian forests began to play im-
portant roles in regional land use systems. Holocene
foragers and hunters utilized “practically all avail-
able plant and animal species,” including deer,
snakes, other reptiles, rabbits, other small game, fish,
river mussels, berries, prickly-pear, and roots (Hes-
ter 1989:122–123).

Hester (1989:123–124) applied the “specialized
plant collector” adaptation type only to central Tex-
as. It began as early as 5000 B.P. and is represented
mainly by burned-rock middens. He argues that the
consensus opinion is that these features represent
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the remains of repeatedly used earth ovens, and that
the burned rock and ashy soil is related to leaching
tannic acids from acorns or perhaps other nut foods.
Deer and river mussels also were important food
resources to specialized plant collectors, but “spe-
cialized nut harvesting and processing was the main
character of this adaptation type” (Hester 1989:124).
Subsequently, Black and Creel (1997) argued con-
vincingly that central Texas’ burned-rock middens
and the earth ovens embedded in them were used
primarily to bake agave and sotol. Large earth ov-
ens and other FCR features along the eastern mar-
gin of the Edwards Plateau, however, were also used
to cook camas and other lily bulbs (Collins 1998;
Dering 2003; Schroeder and Oksanen 2002).

Features resembling the central Texas burned-
rock middens have been reported from sites in the
Choke Canyon Reservoir area as well. There too,
the consensus opinion, albeit “stretching the infer-
ence very thin,” was that the features may have been
related to processing acorns (Hall et al. 1986:401).
An alternative speculation was that the large “heat-
fracture sandstone hearth features” at one of the sites
(41MC209) may have been used to process other
plant foods, perhaps mesquite beans, prickly pears,
or yucca (Thoms et al. 1981:187–196). In any case,
there continues to be considerable discussion on the
function of burned-rock middens (Black and Creel
1997).

Burned-rock features, including circular con-
centrations up to 5 m in diameter and linear clusters
more than 2 m in length, were the most common
feature type observed during the initial survey and
testing work for Applewhite Reservoir (McGraw and
Hindes 1987). Based on their spatial association with
temporally diagnostic artifacts, some of these fea-
tures were considered to be Early Archaic in age.
Although these features were not considered to be
morphologically similar to central Texas burned-
rock middens, McGraw and Hindes (1987:365–364)
recommended comparing them to similar features
within and adjacent to the Balcones Escarpment. A
large FCR feature was excavated (1.25 m below
surface) at one of the sites (41BX793) recorded and
tested during subsequent investigations. It covered
at least 4 m2, and charcoal associated with it yield-

ed a radiocarbon age of 3880±50 B.P. (McCulloch
et al. 2008).

Fire-Cracked Rock Features
and Their Functions

The most ubiquitous evidence for pre-Columbian
cooking in south-central Texas and adjacent parts
of the Post Oak Savannah is the presence of FCR
features at many, if not most, sites. One of the larg-
est earth ovens was found at the Wilson-Leonard
site; the heating element consisted of a thick lens of
FCR more than 2 m in diameter that contained
charred camas bulbs dated to ca. 8200 B.P. (Collins
1998). Smaller earth ovens, with lenses less than a
meter in diameter, are widely distributed in the cen-
tral and southern portion of the Post Oak Savannah
(Fields 1995). Many of these features are in shal-
low basins dug into sandy sediments (Clabaugh and
Judjahn 2004; Thoms 2004b).

Earth ovens are perhaps the best studied of hot-
rock cooking facilities (Black and Creel 1997; Ellis
1997; Thoms 1989, 1998; Wandsnider 1997). There
are, however, numerous other ethnographically doc-
umented cooking facilities that include cook stones,
most of which were probably used throughout North
America at one time or another (Thoms 2003). These
include the following generic types:  (1) earth ov-
ens, sometimes called dry ovens, with a rock heat-
ing element heated in situ; (2) steaming pits, some-
times called wet ovens, with rocks heated outside
the pit; (3) open-air hearths with a cook-stone grid-
dle; and (3) stone boiling in a pit with rocks heated
nearby (Figure 8.4).

Fields (1995), Quigg et al. (2000), Rogers
(1997), and Rogers and Kotter (1995) are among
those who have interpreted various FCR features
and scatters as evidence for the importance of stone
boiling in the Post Oak Savannah and surrounding
regions. Quigg et al. (2001) reported that stone-boil-
ing rocks from south Texas sites have yielded both
animal and plant residues. In the Great Plains, stone-
boiling is often associated with making pemmican
and represented by dense, extensive scatters of FCR
and fragments of bison bone broken up in prepara-
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tion of marrow extraction and rendering bone grease
(Reeves 1990).

A wide variety of foods, including large and
small game, fish and shellfish, and many different
plants, is also baked in earth ovens (Ellis 1997). It
is becoming increasingly clear, however, that across
North America earth ovens with rock heating ele-

ments tend to be indicative of baking root foods,
especially those that require prolonged cooking to
render them readily digestible (Thoms 1989, 2003;
Wandsnider 1997). As noted in Chapter 2, there are
numerous edible plants in the vicinity of the Rich-
ard Beene site, and many of them are known to have
been prepared by baking in earth ovens, typically
with rock heating elements (Table 2.1). Moreover,

Sediment Charcoal Packing material Cook stone Food packet

Cook-stone Grill Fired In Situ
(in shallow basin)

Stone Boiling with Cook Stones Fired
Nearby (in bark/paunch/hide-lined pit)

Earth Oven with Rock Heating
Element Fired In Situ

Pit Steaming with Rock Heating
Element Fired Nearby

CLOSED COOKING FACILITIES

OPEN-AIR COOKING FACILITIES

Figure 8.4.  Examples of generic cook-stone features typical of those used in western North America:  (a) closed
oven with a fired-in-situ heating element; (b) closed steaming pit with cook stones heated outside the pit; (c)
open-air, hot-rock griddle; and (d) stone boiling in a pit with cook stones heated on a nearby surface fire.

a b

c d
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Cabeza de Vaca’s narrative attests to the importance
of oven-cooked root foods everywhere on the Gulf
Coastal Plain (Krieger 2002). Only a few of the ex-
cavated earth ovens in and around the Post Oak
Savannah have yielded definite plant food remains,
and among those are charred bulbs from onions (Al-
lium spp.), eastern camas (Camassia scilloidies),
false garlic (Nothoscordum bivalue), and as yet un-
identified species (Black and Creel 1997; Collins
1998; Dering 2003; Schroeder and Oksanen 2002).

Among the plant foods observed to grow in
considerable abundance in the lower Medina Val-
ley are wild onions and false garlic, both of which
have been found in earth ovens with rock heating
elements (Dering 2003). These particular geophytes
appear to be among the plants likely to sustain long-
term, systematic exploitation:  (1) they grow abun-
dantly in the bottomland that comprises the modern
floodplain and Applewhite terrace; (2) they are eas-
ily dug from moist silty soils; and (3) root grounds
are in close proximity to the raw materials neces-
sary to prepare foods cooked in earth ovens with
rock heating elements, namely cook-stone raw ma-
terial, fuel, green-plant packing material, and water
(cf. Thoms 1989:380–382, 456–459; Thoms 2004b).

Concluding Comments

Ethnohistoric and archaeological records attesting
to Native American land-use practices in the mid-

dle Medina Valley indicate that, in general, the kinds
of settlement and subsistence patterns reported by
Cabeza de Vaca extended into the distant past. For
the last 10,000 years or so, the region’s inhabitants
appear to have been mobile hunters and gatherers
who inhabited many of the same places on the land-
scape, arguably lived in wickiup structures that left
little in the way of archaeological remains, and re-
lied heavily on deer, rabbits, prickly-pear, and root
foods. These staples were undoubtedly supplement-
ed by many other foods, including pecans, river
mussels, fish, and a wide variety of other animals.

It remains to be determined just what foods were
cooked in FCR features known to be present
throughout the Applewhite Reservoir area. The de-
gree to which stone-boiling was practiced needs to
be addressed systematically. In any case, intensive
procurement and processing of root foods has been
incorporated into the present project’s working
model for land-use systems. If the large FCR fea-
tures found at several Early and Middle Archaic sites
in the area (McGraw and Hindes 1987; McCulloch
et al. 2008) are indicative of plant-food processing,
some form of “specialized” plant collecting may
have been well underway by 4000–5000 B.P. in the
middle Medina Valley. Recent discoveries of earth
ovens and charred camas bulbs more than 8000 years
old (Collins 1998; Dering 2003; Schroeder and
Oksanen 2002) suggest that the onset of hot-rock
cookery and baking lily bulbs in Texas extends back
to the early Holocene, as is the case in other parts of
North America.
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This chapter describes excavation strategies, pre-
sents an overview of the site’s archaeological as-
semblages, and provides a chronological context for
each excavation area. It sets an archaeological stage
for subsequent chapters (10–13) that describe and
analyze the site’s lithic artifacts and cultural fea-
tures, as well as its floral and faunal remains. In
turn, those chapters set the stage for spatial analyz-
es of artifact and feature distributions (Chapter 14).

As used herein, cultural time periods from the
early, Early Archaic through the Late Pre-Columbi-
an are represented by “components” (i.e., tempo-
rally discrete archaeological deposits) that are des-
ignated by the paleosol, or portion thereof, in which
a given deposit is buried. Block designations (A–
U) and subdivisions thereof (upper and lower) refer
to specific excavation areas within the site, such that
each block or subdivision is representative of one
component of a given archaeological period. Exca-
vation blocks were designated as they were laid out,
such that their alphabetical order is unrelated to their
stratigraphic positions or depths below surface.

Excavation goals for archaeological deposits at
the Richard Beene site were established primarily
under discovery conditions during ongoing con-
struction of the spillway trench (Chapter 1). Accord-
ingly, we endeavored to: (1) identify and isolate in-
tact features and well-preserved occupation surfac-
es represented by thin lenses (ca. 10–20 cm) of pri-
marily in situ artifacts and features; (2) in the ab-
sence of such surfaces, identify and isolate occupa-
tion zones represented by thick (i.e., 30–40 cm) ver-

tically isolated lenses of artifacts, some in situ, oth-
ers displaced; (3) excavate horizontally extensive
areas to recover spatially and numerically large sam-
ples of tools and features; and (4) insofar as possi-
ble, sample each stratigraphically distinctive archae-
ological deposit exposed by heavy machinery dur-
ing dam construction.

Following the discovery of extensive remains
of campsites buried more than 6 m below surface in
the spillway trench (Chapter 1), a backhoe trench-
ing was used to locate and isolate buried features,
occupation surfaces, and artifact zones in the spill-
way trench before they were unceremoniously ex-
humed by heavy machinery (Figure 9.1). Once ar-
chaeological deposits beneath the spillway trench
floor were selected for excavation, overlying sedi-
ments were mechanically removed to within about
40 cm of the target surface or zone. Next, we hand-
dug meter-wide and meter-deep cross trenches
across the selected areas in arbitrary 10 cm levels,
unless natural stratigraphy was evident. If the latter
were the case, identifiable strata were subdivided
into levels of 10 cm or less.

Cross trenches facilitated identification of cul-
tural deposits as either well-preserved occupation
surfaces or comparatively disturbed artifact zones
likely to represent several surfaces that became
mixed as a result of pedoturbation or flood scour-
ing. These exploratory trenches, along with 1 x 1 m
excavation units in the quadrants delimited by the
cross trenches, served as starting points for excava-
tion of a given occupation surface or zone. They

EXCAVATION STRATEGIES AND THE GENERAL NATURE OF
ARCHAEOLOGICAL DEPOSITS

Alston V. Thoms
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also yielded samples of artifacts and features from
the deposits above and below the selected surface
or zone in each block area.

All block areas were hand-excavated using
shovel-skimming and troweling techniques. Sedi-
ments from cross trenches and exploratory 1 x 1 m
units were water-screened through ¼-inch hardware
cloth. Constant volume samples (10 x 10 x 10 cm)
for fine screening (water-screening through 1 mm
mesh) were taken from each level of each 1 x 1 m
unit in the cross trenches. In the horizontally exca-
vated areas, non-feature sediments were water-
screened through ¼-inch hardware cloth and con-
stant volume samples were taken from each 1 x 1 m
unit. Features were cross-sectioned to obtain a pro-

file. Feature fill was water-screened through 1/8-
inch hardware cloth and constant volume and bulk
samples were taken from the fill.

In 1990 and 1991, we spent ten months in the
field with a crew ranging in size from about 10 to
40 individuals, including lab personnel and volun-
teers from the Southern Texas Archaeological As-
sociation (STAA). Additional excavation work was
undertaken in 1995 by TAMU–CEA personnel and
STAA field school participants (Thoms et al. 1996).
These excavations focused on archaeological depos-
its in the upper Perez paleosol (ca. 8800 B.P., 9 m
below surface) and upper Medina pedocomplex (ca.
4500 B.P., 3 m below surface).

900.00 950.00 1000.00 1050.00 1100.00 1150.00 1200.00 1250.00 1300.00 1350.00

850.00

900.00

950.00

1000.00

1050.00

1100.00

1150.00

1200.00
Site Datums

Backhoe Trenches

0.00 50.00 100.00
meters

Figure 9.1.  Planview showing the location of backhoe trenches excavated in the spillway trench area during the
course of the project.
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In all, approximately 730 m2 (168 m3) of arti-
fact- and bone-bearing sediments were excavated
in discrete occupation zones and surfaces. This in-
cluded: (1) 22 m2 in upper Block B, dated to the
Late Pre-Columbian (i.e., Late Prehistoric) period;
(2) 120 m2 in lower Block B, dated to the Late Ar-
chaic period; (3) 61 m2 in upper and lower Block A
and Block U, dated to the Middle Archaic period;
(4) 233 m2 in Block G, dated to the late, Early Ar-
chaic period; (5) 241 m2 in Blocks H, N, and T, dat-
ed to the early, Early Archaic period. Smaller areas
were excavated in 10 other places, including the
work done in deposits dated to the middle, Early
Archaic and in the late Pleistocene sediments
(Blocks R and S) that yielded the paleontological
remains (Figures 9.2 and 9.3; Table 9.1).

Artifacts recovered from excavation blocks and
“surface collection” on mechanically exposed ar-
eas on the spillway trench floor and walls, include:
31,231 pieces of chipped-stone debitage, 153 cores,

505 chipped-stone tools, 8,650 mussel-shell umbos
(i.e., hinges), 11,529 bone fragments, and 28,166
pieces of fire-cracked rock (FCR), mostly sandstone
from local bedrock outcrops (Table 9.1).

Late Pre-Columbian Period, Payaya Com-
ponent (ca. 1200–400 B.P.), Upper Block B

Excavations in upper Block B confirmed the pres-
ence of Late Pre-Columbian occupations in the up-
permost 20–30 cm of the site (Figure 9.4). These
occupations are herein termed the Payaya compo-
nent, a name derived from a Coahuiltecan band en-
countered nearby in 1691 by then Governor Dom-
ingo de Teran de los Rios (Hatcher 1932). Artifacts
were exposed on the surface and buried in the mod-
ern soil’s A and upper B horizons (Figure 9.5). The
area excavated totaled 22 m2 (4.6 m3). Although this
block yielded a considerable quantity of cultural

Figure 9.2.  Map of the spillway trench and vicinity showing the approximate location of excavation blocks.
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material, discrete features were not recognized dur-
ing field work. Chipped stone, FCR, and mussel
shell occurred in sufficient densities and were suf-
ficiently intermixed to be considered a sheet-mid-
den deposit. It is possible, however, that some of
the denser FCR concentrations, and perhaps some
of the oxidized areas not readily interpreted as tree-
root burns, could be the remains of once-discrete
features (Figure 9.6). The ostensible absence of well-
preserved features, however, is likely a result of slow
rates of deposition along with significant bioturba-
tion and argilliturbation during the last millennium
or so (Chapter 4).

Temporally diagnostic artifacts include Perdiz
and Scallorn arrow points (Figure 9.7z, aa) and sev-
eral bone-tempered, plainware sherds (Leon Plain).
Other materials included 626 pieces of chipped-
stone debitage, 1 hammerstone, 2 cores, 1 heavy-
duty tool (i.e., thick edge-modified flake), 128 mus-
sel-shell umbos, 43 bone fragments, and 570 pieces
of FCR. The only identified faunal remains from
the Late Pre-Columbian component were frog and

Figure 9.3.  Schematic profile, showing paleosol stratigraphic units (Chapter 3), approximate statigraphic positions
and radiocarbon ages of block excavation areas and cultural-period designations.

Figure 9.4.  Upper Block B excavation area that yielded
cultural materials–arrow points and bone-tempered
pottery and a sheet midden deposit–from modern soil
and represented the late site’s Payaya component of
the Late Pre-Columbian period (ca. 1200–400 B.P.).
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Figure 9.5.  Profile of the modern soil and its artifact-bearing strata in upper Block B, which contained the Late
Pre-Columbian period Payaya component.

Figure 9.6.  Planview map showing the distribution of mapped cultural materials and natural features in the
Payaya component (upper Block B; Late Pre-Columbian period, ca. 1200–400 B.P.).
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Figure 9.8   Excavations underway in lower Block B,
which yielded cultural materials–numerous dart
points, other stone tools and features–representative
of the Late Archaic period (ca. 3500–2800 B.P.), one
of the site’s upper Leon Creek components.

Figure 9.9   Profile of Leon Creek paleosol and its artifact-bearing strata in lower Block B, which encompassed
the Late Archaic upper Leon Creek components.

large mammal (deer-size) bones. The kinds of arti-
facts recovered from the Payaya component repre-
sent tool manufacturing and refurbishing, hunting,
shellfish procurement, and considerable hot rock
cookery. Overall, however, occupation intensity was
comparatively moderate, as measured by artifact
densities (Table 9.1).

Late Archaic Period, Upper Leon Creek
Components (ca. 3500–2800 B.P.),

Lower Block B and Block D

We mechanically removed the upper 50 cm of sed-
iments in lower Block B where we planned to exca-
vate the Late Archaic component identified during
the testing phase. Hand-dug cross-trenches, test pits,
and backhoe trench profiles led to the identification
of three occupation zones, all of which had FCR
features, shallow basin-shaped pits, and mussel-shell
concentrations. In all, we hand-excavated a total of
120 m2 (36.1 m3) in the upper Leon Creek paleosol
(Bk3[Ab1]), that encased these zones (Figure 9.8).

Occupation zones appeared in profile as high-
er-density artifact lenses within a continuous verti-
cal and horizontal distribution of cultural material
(Figure 9.9). Vertical separation of lenses and fea-
tures suggests that deposition was fairly rapid dur-
ing the late Holocene, but not so rapid as to prevent

soil development and significant bioturbation and
argilliturbation that masked occupation “surfaces”.

We excavated about 65 m2 in the upper zone
(Figure 9.10. 9.11)) that yielded mainly small, ex-
panding stem Ensor points (Figure 9.7 x). Excava-
tions focused (120 m2) on the middle or “target”
zone, which had the highest density of FCR and most
of the large, broad blade dart points, including Mar-
cos and Lange types (Figure 9.7 v, w). This zone
also encompassed the previously identified pit fea-
ture (No. 12) dated to 3090 ± 70 B.P. Further exca-
vation of this rodent-impacted feature showed it to
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consistent with the 14C age on the oven-like feature
and with other dates from the Leon Creek paleosol
ranging from 3500 to 2800 B.P. (Mandel et al. 2008;
McCulloch et al. 2008). Occupation intensity for
the upper Leon Creek components was quite high,
as measured by FCR and mussel-shell umbo densi-
ties. These densities are among the highest from the
site. This component also yielded a comparatively
high density of lithic debitage (Table 9.1).

Artifacts recovered from this block include
8,571 pieces of chipped-stone debitage, 4 hammer-
stones, 23 cores (e.g., Figure 9.7 t), 23 heavy-duty
tools (i.e., thick edge-modified flakes and cobble
tools), 24 light-duty tools (i.e., less than 1 cm thick,

be basin-shaped, about 2.0 m in diameter, and 25
cm deep. Its base was oxidized and further delin-
eated by a thin scatter of FCR. Given its structure,
and considering the paucity of chipped-stone arti-
facts and faunal remains in and around the feature,
it may represent a large earth oven used to cook plant
foods.

Only about 20 m2 were excavated in the lower
part of the Late Archaic deposit; all of the units were
dug in the cross trench. The only diagnostic artifact
was a Langtry-like point (Figure 9.7 u) and it was
recovered from the deepest part of the cross trench
(ca. 1.75 m bs). The corner-notched and stemmed
dart points from the Late Archaic components are

Figure 9.10.  Planview showing the distribution of FCR and mussel shells and features in the upper Leon Creek
component’s (lower Block B, Late Archaic period, ca. 3500–2800 B.P.).
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Figure 9.11.  Planview showing the distribution of chipped stone and bone and features in the upper Leon Creek
components (lower Block B, Late Archaic period, ca. 3500–2800 B.P.).

i.e., thin edge-modified flakes), 7 thick bifaces (more
than 1 cm thick), 33 thin bifaces (1 cm or less thick),
10 projectile points, 3 nonflaked (i.e., ground,
pecked, or incised) tools, 2,685 mussel shell um-
bos, 1,416 bone fragments, and 13,396 pieces of
FCR. Preservation of recovered bone was compar-
atively good. Deer, beaver, canid, rabbit, several
kinds of small rodents, frog, turtle, and snake re-
mains were identified in the various occupation
zones (Chapter 11).

Block D, located about 40 m east of Block B
(Figure 4.1), was opened (16 m2) to expose a lens

of mussel shells and other artifacts discovered in
the upper Leon Creek paleosol. Excavation units
were laid out and shovel-skimmed down to the tar-
get zone. Exposed artifacts were collected, but the
block was abandoned when Early Archaic deposits
were found in the spillway trench (i.e., Block G)
and excavations thereafter focused on that part of
the site (Blocks H–U). Artifacts recovered from
Block D included 47 pieces of chipped-stone deb-
itage, 98 pieces of FCR, 205 mussel-shell umbos
and 21 bone fragments. Neither tools nor cores were
found during the minimal excavations (Table 9.1).
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Middle Archaic Period, Lower Leon Creek
and Upper Medina Components (ca. 4600–

4100 B.P.), Upper and Lower Blocks A and U

We used a backhoe to remove about 2 m of alluvi-
um overlying Middle Archaic deposits (Block A)
along the terrace edge that had been identified dur-
ing the testing phase (McCulloch et al. 2008). In
the process, we discovered an archaeological de-
posit (upper Block A) about 40 cm above the previ-
ously identified artifact lens (lower Block A, Figure
9.12).

The upper deposit was a discrete occupation
surface marked by a 3–m–diameter, thin lens of
mussel shells (Feature 3) in sandy silt deposits that
formed the CB horizon of the Leon Creek paleosol
(Figure 9.13). Most of the shells were in horizontal
angles of repose, indicating that the feature was well
preserved. This component also had several well-
preserved, basin-shaped, rockless hearths (e.g. Fea-
ture 9) about 40 cm in diameter and 15 cm deep
(Figure 9.14). Wood charcoal from a tree-burn (Fea-
ture 74) that appeared to originate on/near the occu-
pation surface yielded a 14C age of 4135 ± 70 B.P.
Upper Block A (37 m2) produced 69 pieces of
chipped-stone debitage, 1 projectile point fragment,

240 mussel-shell umbos, 92 bone fragments, and
194 pieces of FCR.

Lower Block A, about 2.6 m below surface and
0.5 m below upper Block A, is encased in the up-
permost Medina pedocomplex (Figure 9.15). Wood
charcoal from a tree-burn that appeared to originate
on/near the occupation surface yielded a 14C age of
4570 ± 70 B.P. A dense scatter of lithic debris, with
most of the flakes in horizontal angles of repose,

Figure 9.13.  Profile of backhoe trench excavated through two Middle Archaic components exposed in Block A:
(1) the lower Leon Creek paleosol and its artifact-bearing stratum (2BCb) in upper Block A; and (2) the upper
Medina pedocomplex and its artifact-bearing ( 3BK1b) stratum in lower Block B.

Figure 9.12.  Upper Block A excavation area, yielded
cultural materials–a few stone tools and features–
representative of one of the site’s lower Leon Creek
components of the Middle Archaic period (ca. 4100
B.P.).
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Figure 9.14.  Planview showing the distribution of cultural materials and features in upper Block A, lower Leon
Creek component (Middle Archaic period, ca. 4100 B.P.).
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and small, basin-shaped, rockless and rock-filled
features demarcated this well-preserved surface
(Figure 9.16). Lower Block A (18 m2) produced 1315
pieces of chipped-stone debitage, 1 thin biface, 47
mussel-shell umbos, 144 bone fragments, and 104
pieces of FCR.

Most of the faunal remains from upper and low-
er Block A were from deer and rabbit-sized animals.
A probable dart point barb, possibly from a Bell/
Andice-like point, was the only chronologically di-
agnostic artifact recovered from lower Block A. We
also collected fragments of two deeply corner-
notched, Bell/Andice-like points (Figure 9.7 s) from
exposures of the upper Medina pedocomplex near
Block U, located about 100 m to the south–south-
east of Block A (Figure 9.2).

Figure 9.15.  Lower Block A excavation area, yielded
cultural materials–a few stone tools and features–
representative of one of the site’s upper Medina
components of the Middle Archaic period (ca. 4600
B.P.).
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Figure 9.17.  Excavations by members of the Southern
Texas Archaeological Association in Block U, yielded
cultural materials—a few tools and a comparatively
high density of fire-cracked rocks—representative of
one of the site’s upper Medina components of the
Middle Archaic period (ca. 4500 B.P.).

Block U (6 m2) produced 249 pieces of chipped-
stone debitage, 10 mussel-shell umbos, 33 bone frag-
ments, and 302 pieces of FCR, as well as a Desmuke
point and two Bell/Andice-like stems (Figures 9.17
and 9.18). A Uvalde point and a Travis-like speci-
men were also recovered from near-by exposures
of the upper Medina pedocomplex, in the same vi-
cinity as the aforementioned Bell/Andice points.

The Uvalde point, usually considered to be an
Early Archaic form, differs markedly from other
Middle Archaic chipped-stone artifacts in that it
exhibits a distinctive weathering-related patina that
likely developed from prolonged exposure to sun-
light. Insofar as none of the other Middle Archaic
tools had a similar patina, it is possible that this ar-
guably Early Archaic point was collected and

brought to the site by one of its Middle Archaic oc-
cupants. Of course, it is also possible that the Uval-
de point was “mechanically” redeposited during
excavation of the spillway trench.

In general, the site’s Middle Archaic compo-
nents appear to represent short term occupations.
With the exception of chipped-stone debitage in low-
er Block A and FCR in Block U, artifact densities
were comparatively low (Table 9.1). Features were
few in number and spatially separated.

Late, Early Archaic Period, Lower Medina
Components (ca. 6900–6400 B.P.),

Blocks F and G

After completing Block A excavations, we dug a
backhoe trench through the block’s floor to search
for older archaeological deposits. This trench ex-
posed a hearth-like feature with FCR (No. 24, ca. 5
m below surface) in the 3Bk2b horizon of the Me-
dina pedocomplex. Total decalcified carbon (i.e., soil
carbon) from in the feature’s fill yielded a 14C age
of 6450 ± 135 B.P. (Figure 9.19). The feature, along
with a small area around it, designated Block F,
yielded 10 pieces of chipped-stone debitage, 21 piec-
es of FCR, four mussel-shell umbos, and 5 small
bone fragments (Table 9.1). To the extent that ages
derived from soil carbon in the site’s paleosols tend
to be about 1000 years older than wood-charcoal
ages, Feature 24 may date to as late as 5500 B.P.
Insofar as two other carbon-stained cooking features
at the site yielded overlapping ages from wood char-
coal and soil carbon, however, it is quite possible
the feature indeed dates to about 6450 B.P.

As we excavated the small area in Block F, we
contemplated the looming monumental task of re-
moving more than 5 m of overburden to expose a
large area around what we believed to be the site’s
oldest and deepest component. It was then that Ri-
chard Beene, the site’s namesake, reported his dis-
covery of an extensive Early Archaic component
buried 6.5 m below the surface and exposed on what
at that time was the floor of the spillway trench. We
abandoned plans to expand Block F and quickly
geared up for large-scale excavations—Block G—
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Figure 9.18.  Planview showing the distribution of cultural materials in Block U, an upper Medina component
(Middle Archaic period, ca. 4500 B.P.).

Figure 9.19.  Profile of backhoe trench in Block A showing Feature 24 and Block F in the middle portion of the
Medina pedocomplex.
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Figure 9.20.  Excavations underway in Block G, which yielded cultural materials–numerous dart points, adzes,
drills, other stone tools, features–representative of one of the site’s lower Medina components of the late, Early
Archaic (ca. 6900 B.P.).

in the footprint of the dam (Figure 9.2). The water-
screening system was upgraded, the crew size tri-
pled, and some 230 m2 of unusually well-preserved
living surfaces in three quasi-contiguous subblocks
were excavated in silty clay loam near the base of
the Medina pedocomplex (Figure 9.20).

As we geared up for work, we submitted soil
carbon samples for rapid turnaround 14C assays from
four carbon-stained FCR features exposed in the
Block G area. Age estimates received a week later
ranged from ca. 7900 to 6400 B.P. and averaged
7200 B.P. (Table 4.3). Subsequently, we submitted
four wood charcoal samples from three cooking-pit
features and a tree-burn for AMS dating. Elevations
of these three features and the tree-burn varied only
by about 30 cm over an area 100 x 100 m in size.
Radiocarbon age estimates were as follows:  (1)
Feature No. 76 (tree-burn), 6985 ± 65 B.P.; (2) Fea-
ture No. 30, 6900 ± 70 B.P.; (3) Feature No. 44,
6930 ± 65 B.P.; and (4) Feature No. 43, 7000 ± 70

B.P. The “pooled average” is 6954 ± 34 B.P. (Fig-
ure 9.3; Table 4.2).

Almost all the mussel shells, lithic tools, and
other artifacts in Block G were found in horizontal
angles of repose, indicating the component had not
been adversely impacted by high-energy floods or
subjected to significant pedoturbation. Moreover,
rodent burrows, root casts, and other forms of bio-
turbation were limited (Chapter 4). Most of the cul-
tural material appeared to be within the deposition-
al unit that composed the Bk3b2 horizon of the
Medina pedocomplex (Figure 9.21a–b; Chapter 3).
We estimated that as much as 90 percent of the cul-
tural material was confined to a lens no more than
15 cm thick (Figures 9.22–9.25).

The pan scrapers, especially those with teeth,
damaged this component to some extent (Chapter
4), but most of the features were in good condition.
Two types of small cooking features were especial-
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Figure 9.21.  Profiles of lower Medina pedocomplex and its artifact-bearing stratum in Block G, which encompassed
the lower Medina Creek component of the late, Early Archaic: (a) spillway trench wall adjacent to Block G; and
(b) cross-trench through Block Ga.

b

a
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Figure 9.22.  Planview of Block Ga showing the distribution of cultural materials and features in the lower
Medina component (Block G, late, Early Archaic period, ca. 6900 B.P.).

ly common in this component: (1) those with an FCR
lens in shallow (ca. 10–15 cm deep) circular to oval,
basin-shaped pits (ca. 40–60 cm) with oxidized bot-
toms and sides; and (2) those in a rockless, basin-
shaped pit of similar size with oxidized bottoms and
sides, typically filled with carbon-stained sediments.
Other feature types included mussel-shell concen-

trations up to several meters in diameter, FCR con-
centrations about 1 m in diameter (probable earth
ovens), oxidized areas, and “sheet middens” with
bone, mussel shell, chipped-stone debitage and tools,
fire-cracked sandstone, and carbon-stained sedi-
ments (Chapter 13).
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Figure 9.23.  Planview of Block Gb showing the distribution of FCR and mussel shells and features in the lower
Medina component (Block G, late, Early Archaic period, ca. 6900 B.P.).
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Cultural materials recovered from Block G in-
cluded 10,638 pieces of chipped-stone debitage, 1
hammerstone, 19 cores, 14 heavy-duty tools (i.e.,
thick edge-modified flakes and cobble tools), 32
light-duty tools (i.e., thin edge-modified flakes), 11
thick bifaces (more than 1 cm thick; Figure 9.7o),
15 thin bifaces (1 cm or less thick), 12 projectile

points (Figure 9.7 j), 1 ground-stone tool, 2,038
mussel-shell umbos, 4,850 bone fragments, and only
875 pieces of FCR, most of which was less than 10
cm in size.

Projectile points dominated the formal tool as-
semblage. With one exception, all the points were
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Figure 9.24.  Planview of Block Gb showing the distribution of chipped stone and bone and features in the lower
Medina component (Block G, late, Early Archaic period, ca. 6900 B.P.).

stemmed/indented-base types, similar to Bandy,
Baker, Martindale, and Uvalde (Figure 9.7 p–r). The
exception was a lanceolate point morphologically
similar to Angostura, but technologically similar to
the stemmed/indented base types (Chapter 10). This

suggests that the lanceolate-shaped point may be a
refurbished stemmed/indented-base form, possibly
reworked after a barb or shoulder was broken. Most
of the projectile points were fairly complete, but
many of them were substantially reworked. Other
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Figure 9.25.  Planview of Block Gc showing the distribution of cultural materials and features in the lower
Medina component (Block G, late, Early Archaic period, ca. 6900 B.P.).

artifacts included preforms, thin bifaces, a drill frag-
ment, edge-modified flakes, small burin blades, and
cores (Figure 9.7 k–n).

Faunal remains were more numerous, varied,
and better preserved than in the other components.

The recovered skeletal elements included those from
deer, pronghorn, canid, porcupine, rabbit/hare, rat,
gopher, squirrel, other small rodents, fish, turtles,
and snakes. By volume, deer-sized animals domi-
nate the late, Early Archaic faunal assemblage
(Chapter 11).
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Some of the features overlapped horizontally,
and in a few cases “sheet middens” capped small
cooking features. This indicates multiple occupa-
tions of what was essentially a single surface. Sev-
eral lines of evidence, however, suggest that this
surface may have been exposed for a number of
years, perhaps no more than a generation, before it
was buried by alluvium:  (1) AMS 14C ages on fea-
tures from across the site are virtually identical; (2)
effects of bioturbation are minimal, as evidenced
by the presence of so many remarkably well-pre-
served features and the fact that almost all of the
cultural materials are confined to a 15 cm thick lens;
and (3) sediments encasing the cultural remains are
near the base Medina pedocomplex, where deposi-
tion would have been comparatively rapid.

Middle, Early Archaic Period, Elm Creek
Components (ca. 8500–7500 B.P.),

Blocks O, P, I, K, and M

In marked contrast to the site’s other pedostrati-
graphic units, the Elm Creek paleosol, as exposed
in the spillway trench, did not contain sizable areas
with moderate to high densities of artifacts inter-
spersed with small cooking features. Pan scrapers
exposed seemingly isolated FCR features, most of
which were earth ovens about a meter in diameter
(Chapter 13), at various places in the spillway trench.
A few widely scattered tools, including an adze, a
bola-like stone, a thin sandstone grinding slab, and
two chipped-stone axes, were recovered from ex-
posures of the Elm Creek paleosol, which varied
from 2 m to less than a meter in thickness. The over-
all nature and distribution of cultural materials in-
dicate that the spillway portion of the site was com-
paratively underoccupied 8500–7500 years ago.
During this long interval, rates of deposition were
comparatively rapid, although there were periods
of stability of sufficient duration for some soil de-
velopment (Chapter 3).

Three FCR features exposed in the spillway
trench were salvage-excavated (Blocks O, K, and
M). In addition, a small “block” (Block P, 4 m2, 3.1

m3) was excavated through the Elm Creek paleosol
(ca. 1.5 m thick); it yielded a low density of deb-
itage, FCR, mussel shells, and edge-modified flakes
(Figure 9.2). A larger block (Block I, 15 m2), which
also had a low artifact density, was opened and par-
tially excavated in the upper part of this pedocom-
plex (Figure 9.26; Table 9.1). Heavy rainfall and
subsequent flooding, along with heavy machinery
inadvertently slipping and sliding through the block,
resulted in its premature abandonment (Figure 9.27).

Feature 108 (Block O) was exposed in the wall
of the spillway trench in a setting where the Elm
Creek paleosol was less than a meter thick. The fea-
ture, an earth oven, was basin shaped (ca. 0.9 x
0.4 m) and filled with carbon-stained sediment; it
contained a few pieces of FCR and mussel shells.
The bola-like stone noted above and a core frag-
ment were recovered from the trench wall within a
few meters from the feature. Wood charcoal from
the feature yielded an AMS 14C age of 7645 ± 70
B.P.

A second earth oven, Feature 64 (Block K), was
exposed by pan scrapers and salvaged from what
appeared to be the C horizon of the Elm Creek pa-
leosol. Its sandstone heating element (ca. 1 m di-
ameter) was flat bottomed and underlain by carbon-
stained sediment, suggesting it was built on the sur-
face or perhaps in a sizable flat-bottomed pit. Sur-
rounding the feature was a scatter of chipped-stone
debitage, mussel shell, pieces of FCR, and an adze.
Small pieces of wood charcoal from the feature fill
yielded a 14C age of 8080 ± 130 B.P.

A third earth-oven feature (No. 80, Block M),
similar in structure to Feature 64, yielded 14C ages
of 7910 ±60 B.P. and 7740 ± 50 B.P. from small
pieces of wood charcoal. It was discovered in the
midst of working pan scrapers near the terrace scarp
where the combined thickness of the Elm Creek and
Perez paleosols was less than a meter. Its precise
pedostratigraphic position could not be determined,
insofar as it was discovered after the pan scrapers
had removed the overlying sediment. The resulting
14C ages, however, indicate that the feature was con-
structed when the Elm Creek paleosol was devel-
oping.
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Figure 9.27.  The Block I area (Elm Creek component,
middle, Early Archaic period, ca. 7800 B.P.) after it
was abandoned following heavy rain and flooding.

Early, Early Archaic Period, Upper Perez
Components (ca. 8800–8600 B.P.),

 Blocks H, T, N, and Q

As we completed our excavation of the extensive
late, Early Archaic occupation(s), we dug a series
of backhoe trenches 2.5 m below Block G to search
for older archaeological deposits in advance of the
ever-cutting pan scrapers. In the bottom of one of
those trenches (ca. 9 m below the modern terrace
surface), we found a lens of fire-cracked sandstone,
mussel shells, and chipped stone, mixed with small
stream-worn pebbles (ca. 0.5–4 cm diameter) in a
fine sandy–silt matrix. Overlying sediments were
mechanically removed in this part of the site and

Figure 9.26.  Planview of the sparse distribution of mapped artifacts in Block I where a late, Early Archaic
component was exposed but only partially excavated.
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Figure 9.28.  Gearing up for excavations in Block H,
which yielded cultural materials–stone tools, including
projectile points, adzes, a drill, and an abundance of
fire-cracked rocks–representative one of the site’s
upper Perez components of the early, Early Archaic
period (ca. 8800–8600 B.P.).

Block H was laid out over a high-density area (Fig-
ure 9.28). Subsequent trenching and observations
of pan-scraper exposures revealed that the artifact-
rich zone extended over an area larger than 100 x
100 m.

The upper Perez components of the early, Early
Archaic period were not as well preserved as the
younger parts of the site (Figure 9.2). This was es-
pecially the case in Block H, where all of the FCR
features contained a substantial quantity of stream-
worn pebbles and the entire area appeared to be flood
scoured. Instead of well-preserved features, we
found lag concentrations of chipped-stone artifacts,
FCR, mussel shells, and stream-worn pebbles up to
about 4 cm in diameter that had accumulated around
larger pieces of FCR. In some places, artifacts were
found “resting” on their edges (vertical angles of
repose), often imbricated in rills and potholes erod-
ed into the silty clay sediments. Some concentra-
tions of large FCR, however, appeared to be the re-
mains of rock heating elements in earth ovens a
meter or so in diameter (Chapter 13).

In the Block H area, cultural materials were
encased in two paleosols:  (1) in the well-stratified,
lowermost portion of the Cb3 horizon of the Elm
Creek paleosol, which included pebble-rich lenses
(i.e., stone lines); and (2) in the immediately under-
lying Bkb4 horizon of the Perez paleosol (Figure
9.29). In two other blocks, T and N (Figure 9.2),
cultural materials were confined to the Bkssb4 of
the Perez paleosol.

Block Q (3 m2) was established over an FCR
concentration with stream-worn pebbles and a few
pieces of lithic debitage (Feature 89) that appeared
to be remains of a flood-scoured feature, possibly
an earth oven. Feature 89 was exposed by pan scrap-
ers in what appeared to be the C horizon of the Perez
paleosol (ca. 14 m below surface, 147.7 m asl). In
this area of the site, however, the Perez paleosol
was unusually thin (Figure 9.2). Feature 89 is the
deepest cultural feature found at the site. While it is
possible that it is also the oldest cultural feature
excavated at the Richard Beene site, its precise pe-
dostratigraphic position could not be determined
because the overlying sediments had been stripped
away. Moreover, the presence of stream-worn peb-

bles within the FCR concentration indicate it was a
flood-scoured, “lagged” feature. In any case, this
feature may not be as old as its depth suggests, giv-
en Feature 80 in Block M, which was at 148.25 m
asl, and dated only to ca. 7700 B.P.

Given an apparent absence of wood charcoal in
the initially exposed areas of Block H, sediment
samples were submitted for rapid turnaround 14C age
determinations on soil-carbon. The results came
back within a week (9750 ± 130 B.P., 9780 ± 120
B.P., and 9800 ± 140 B.P.) and indicated that the
well-stratified Elm Creek C horizon and the under-
lying Perez Bk horizon were essentially the same
age (Chapter 4). Subsequently, a series of 14C ages
obtained from soil-carbon from the upper part of
the Perez Bk horizon in Blocks T and N showed
that these deposits were roughly the same age as
those in Block H. Ages from Block T ranged from
9750 ± 130 B.P. for the truncated Bk horizon of the
Perez paleosol, to 10,780 ± 140 B.P. for the lower
portion of the Bk horizon, 1.3 m below the truncat-
ed surface. Soil-carbon ages from the Perez Bk ho-
rizon Block N were 9670 ± 120 B.P. and 10,780
B.P. An age of 9170 ± 130 B.P. was obtained for the
overlying Bk horizon of the Elm Creek paleosol in
Block N (Chapter 4).

Three radiocarbon ages were also obtained from
wood charcoal in the artifact-bearing strata in the
Bk horizon of the Perez paleosol. A small sample
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a

b

Figure 9.29.  Block H profiles showing: (a) artifact-bearing deposits in C horizon of the Elm Creek paleosol and
underlying Bk horizon of the Perez paleosol, which encompass an upper Perez component of the early, Early
Archaic; and (b) cross-trench through Block H.

recovered in Block T, about 40–50 cm below the
truncated Bk horizon, from a sparse, sheet midden
deposit (Feature 108) of FCR, mussel shells, chipped
stone, bone fragments, and charcoal flecks, yielded
an AMS 14C age of 8805 ± 75 B.P. A second small
charcoal sample was recovered from an FCR fea-
ture (No. 106) in Block T; it yielded an age of 8640
± 60 B.P. The third sample, a charred nut hull from
the Perez Bk horizon in Block N, yield an age esti-
mate of 8810 ± 60. Judging from the relationship
between soil–carbon and wood charcoal ages in
Blocks T and N, it seems likely that cultural materials
from Block H are approximately 8,700 radiocarbon
years old as well.

About 170 m2 were excavated in Block H. Many
of the artifacts were distributed through 10 to 30
cm of stratified sandy silt alluvium overlying the
truncated Perez paleosol. Some of the items, espe-
cially the larger items, may have retained meaning-

ful elements of their original horizontal spatial re-
lationships (Figures 9.30–9.34). In any case, the cul-
tural materials included pieces of FCR up to 15 cm
in maximum dimension and thus several times larger
than any of the stream-worn pebbles and less likely
to have been as horizontally displaced as the peb-
bles. Moreover, the edges of the FCR were still quite
rough and sharp (i.e., not steam-worn) and flakes
of chipped stone retained their razor-like edges. This
suggests that the cultural material in general was
not transported very far as part of the flood’s bed
load.

Recovered materials from Block H include:
6,858 pieces of chipped-stone debitage, 2 hammer-
stones, 82 cores (Figure 9.7 t), 111 heavy-duty tools
(i.e., thick edge-modified flakes and cobble tools),
114 light-duty tools, 15 thick bifaces, 10 thin bifac-
es (1 cm or less thick), 12 projectile points, 1 non-
flaked (i.e., ground, pecked, or incised) tool, 2,731
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Figure 9.30.  Planview of Block Ha/Hb showing the distribution of FCR and mussel shells and cultural features
(early, Early Archaic period, ca. 8800–8600 B.P.).
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Figure 9.31.  Planview of Block Ha/Hb showing the distribution of chipped stone and bone and cultural features
(early, Early Archaic period, ca. 8800–8600 B.P.).
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Figure 9.32.  Planview of Block Hc showing the distribution of FCR and mussel shells and cultural features
(early, Early Archaic period, ca. 8800–8600 B.P.).
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Figure 9.33.  Planview of Block Hc showing the distribution of chipped stone and bone and cultural features
(early, Early Archaic period, ca. 8800–8600 B.P.).
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Figure 9.34.  Excavations by members of the Southern
Texas Archaeological Association underway in Block
T, which yielded cultural materials–several stone tools,
including projectile points and an abundance of fire-
cracked rocks–representative of the early, Early
Archaic period (ca. 8800–8600 B.P.) and herein
designated as the one of the site’s upper Perez
components.

mussel-shell umbos, 347 bone fragments, and 9,366
pieces of FCR. All but one of the relatively com-
plete projectile points are Angostura types (Figure
9.7 h–i). The aberrant specimen is a stemmed/in-
dented-base point (Figure 9.7 g) morphologically
similar to points from the late, Early Archaic com-
ponent.

Two of the Angostura points were reworked into
drills. Adzes–bifacial Clear Fork tools (Fig-
ure 9.7 f)–were as common as points, and gravers
(Figure 9.7 e) were almost as common. Other arti-
facts in this diverse assemblage included cobble
cores (Figure 9.7 a), blades (Figure 9.7 c), burin
spalls (Figure 9.7 b), and burin cores (Figure 9.7 d).
Artifact types present in this assemblage, but either
absent or virtually absent in the younger assemblag-
es, include large burin spalls and blades; beaked,
graver-like tools; and well–made scrapers (Chapter
10). Faunal remains other than mussel shells were
scant. The few recovered bone fragments were small
and rounded. Here too, deer and rabbit-sized ani-
mals were comparatively well represented.

Block T (ca. 52 m2) sampled a lens of artifacts
exposed in the wall of the spillway trench about 0.5–
1.0 below the truncated upper boundary of the Perez
paleosol (Figures 9.2, 9.34, and 9.35). Compared to
Block H, a meter or so higher in elevation, most of
the artifacts from Block T were in horizontal angles
of repose; stream-worn pebbles were smaller and
fewer in number. Moreover, this block produced two
FCR features, including a well-preserved ring of
FCR, possibly around a shallow basin, as well as a
sheet midden composed of FCR, flakes, mussel
shell, and bone fragments (Chapter 13) (Figure
9.36). Compared to Block H, faunal remains in
Block T, including deer and rabbit-sized mammals,
were more numerous, larger in size, and not as well-
rounded (Figure 9.37).

Cultural materials from Block T include 1,437
pieces of chipped-stone debitage, 2 hammerstones,
7 cores, 15 heavy-duty tools, 5 light-duty tools, a
bifacial Clear Fork tool, a drill made from a re-
worked Angostura point, 3 other Angostura points
and a Plainview-like specimen, 206 mussel-shell
umbos, 354 bone fragments, and 3,710 pieces of
FCR, including 124 made of caliche. A few pieces

of caliche were recovered from Block H as well.
The caliche raw material probably came from the
Bkm (i.e., petrocalcic) horizon of the Somerset pa-
leosol. The presence of caliche FCR suggests that
the Somerset’s petrocalcic horizon was exposed
somewhere in the immediate vicinity when the site
was occupied 8600–8800 years ago. Block T’s fau-
nal remains included deer and rabbit-sized mam-
mals, which were more numerous, larger in size,
and not as well-rounded, compared with those from
Blocks H and N (Chapter 11).

Discovery of the Plainview-like point base hint-
ed that portions of Block T might contain a pre–
Angostura component. However, the Block T as-
semblage compared well to Block H, in that it too
contained Angostura points, including one made into
a drill, a bifacial Clear Fork tool, and burin spalls.
And, as noted, artifact-bearing sediments in Blocks
H and T yielded overlapping 14C ages. Insofar as
Block T has better preservation of faunal remains
and intact features, it may not have been as subject-
ed to the kind of flood scouring that occurred when
the Perez paleosol was truncated.

Block N (ca. 19 m2), located about 75 m north
of H and T, also sampled the upper part of the Perez
Bk horizon, but at an elevation of about 149 m asl,
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Figure 9.36.  Planview showing the distribution of FCR and mussel shells and cultural features in Block T (early,
Early Archaic period, ca. 8800–8600 B.P.).

Figure 9.37.  Planview showing the distribution of chipped stone, bone, charcoal, and features in Block T (early,
Early Archaic period, ca. 8800–8600 B.P.).
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compared to 149.5 m at Block T and 151 m asl at
Block H (Figures 9.2, 9.38, and 9.39). Compared to
Block T, fewer artifacts in Block N were in vertical
angles of repose and stream-worn pebbles were
smaller and fewer in number. Block N excavations
yielded 210 pieces of chipped-stone debitage, sev-
eral cores and edge-modified flakes, 61 mussel-shell
umbos, 177 bone fragments, and 230 pieces of FCR.
Mechanical exposures of the upper Perez paleosol
in the immediate vicinity of Block N produced An-
gostura points and a bifacial Clear Fork tool. While
Block N was better preserved, per se, it yielded a
significantly lower artifact density than did Blocks H
and T (Figure 9.40; Table 9.1).

Paleontological Remains and Hints of
Paleoindian Components (15,000–

12,500B.P.), Blocks R, S,
and Surface Find

The deepest excavations at the Richard Beene site—
Blocks R and S—were adjacent to what came to be
known as the “turtle trench.” It was so named be-
cause Pleistocene-age turtle remains were exposed
in its walls (Chapter 11). This backhoe trench and
several others were dug into the floor of the spill-
way trench to search for the remains of Paleoindian
encampments beneath the Perez paleosol. The ex-
cavation blocks sampled a series of weakly devel-
oped “paleosols” (“Soils” 6, 7, and 8) between 12
and 16 m below the terrace surface (Figures 9.2 and
9.41).

Faunal remains in Soil 6, mostly turtle shell frag-
ments, were embedded in a lens of well sorted sandy
sediments sandwiched between two thin gravel lens-
es (Figure 9.42). Soil 7 yielded burned and unburned
bone fragments and a Pleistocene-age marine shell
fragment. It is possible, in a speculative sense, that
the marine shell was introduced to the site by one
of the area’s late Pleistocene human inhabitants
(Chapter 5). Comparatively few faunal remains were
recovered from Soil 8 (Chapter 11). Blocks R and S
failed to produce unequivocal cultural material.

In Block S, several small pieces of charcoal from
a shallow, amorphous basin (ca. 1 m in width) filled

with oxidized, organic- and fauna-rich sediment
yielded an AMS radiocarbon age of 12,745 ± 190
B.P. The 14C age determined from soil carbon in the
sediments from the same feature was 13,640 ± 210
B.P., again showing the 1,000 year discrepancy be-
tween ages derived from wood charcoal and soil
carbon in sediments. Other 14C age estimates de-
rived from bulk carbon ranged from ca. 13,500 B.P.
for the B horizon of Soil 6 to about 15,300 B.P. for
the C horizon of Soil 8.

Due to the unexpected termination of the Ap-
plewhite Reservoir construction project, exploration
for Paleoindian deposits was limited to a few back-
hoe trenches and hand excavations in Blocks R and
S. Considering that Plainview, Folsom, and Clovis
materials have been excavated from elsewhere in
the middle Medina River basin (Chapter 8), the Ri-
chard Beene site may yet yield remains from the
Paleoindian period, including pre-Clovis material.

That potential was partially realized in 2003 in
the aftermath of a major flood when a mammoth
long bone fragment was recovered by Ramon Vasqu-
ez from a newly exposed gravel bar adjacent to the
site. Mr. Vasquez is the director of the American
Indians in Texas at Spanish Colonial Missions and
a member of Tap Pilam–Coahuiltecan Nations, or-
ganizations working to preserve the Richard Beene
site as part of the proposed Land Heritage Institute
of the Americas. As it turns out, the mammoth long
bone fragment he found may have been broken/
flaked by humans (Appendix A).

Concluding Comments

Fieldwork at the Richard Beene site demonstrated
something that archaeologists, geoarchaeologists,
and geomorphologists have long maintained valleys
that traverse Texas’ inner Gulf Coastal Plain, from
the Sabine River to the Rio Grande, contain deeply
buried archaeological, paleontological, and paleoen-
vironmental records of late Pleistocene and Ho-
locene times. It is worth repeating that the archaeo-
logical record at the Richard Beene site is unusual-
ly well-stratified, well-preserved, and well-dated.
Moreover, it provides a unique long-term perspec-
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Figure 9.38.  Block N excavations, which yielded a few stone tools, including an adze, and fire-cracked rocks–
representative of one of the site’s upper Perez components of the early, Early Archaic period (ca. 8600 B.P.).

b

a

Figure 9.39.  Block N profiles showing: (a) artifact-bearing deposits in Bk horizon of the Perez paleosol, which
encompass an upper Perez component of the early, Early Archaic; and (b) cross-trench through Block N.
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Figure 9.40.  Planview showing the distribution of cultural materials in Block N (early, Early Archaic period, ca.
8800–8600 B.P.).

Figure 9.41.  Blocks R (upper level) and S (lower level) excavations, which yielded and abundance of late Pleistocene
faunal remains, sampled sediments dated ca. 15,000–12,500 B.P.
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Figure 9.42.  Profiles for Blocks R and S, both of which yielded late Pleistocene fauna:  (a) fauna-bearing deposits
in Soil 6, Block R; and (b) fauna-bearing deposits in soils 7 and 8, Block S.

tive on utilization of a riverine locality. The site
serves as a “type record” against which less well-
preserved or less complete archaeological records
can be compared. Its well-defined components of-
fer an opportunity to fine-tune some of our ideas
about projectile points, other temporally diagnostic
artifacts, and feature types.

Future archaeological and paleoecological field-
work at the Richard Beene site, as well new studies

using existing data and samples, promise to reveal
much more about the dynamics of landscape evolu-
tion, site formation processes, and long-term chang-
es in structure of locally available food resources.
As the following chapters reveal, the Richard Beene
site has already contributed substantially to our
knowledge of how Indian people used the local land-
scape for the past 10,000 years.
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