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Testing and Data Recovery at 41KM69 Abstract

Abstract:

The Center for Archaeological Research (CAR) of The University of Texas at San Antonio (UTSA) conducted archeological
significance testing and data recovery excavations at 41KM69, the Flatrock Road Site, at the request of the Texas Department
of Transportation, Environmental Affairs Division (TxXDOT-ENV). The significance testing was begun in 2004 under Texas
Antiquities Permit No. 3350 to determine National Register of Historic Places eligibility status of the site and continued to the
data recovery phase in 2005 under Texas Antiquities Permit No. 3584 with Raymond Mauldin serving as Principal Investigator
on both permits. Work was begun in anticipation of alterations to Flatrock Road/FM 2169 that intersects the site because
TxDOT and the Texas Historical Commission concurred with CAR’s assessment that the site was eligible for listing on the
NRHP and because TxDOT could not avoid impacts to intact deposits.

During testing 120 auger tests, six backhoe trenches, eight 50-x-50-cm units, and five 1-x-1-m units were excavated across
the western portion of the site within the planned TxDOT right-of-way (ROW). This effort confirmed intact Late Archaic and
Late Prehistoric Austin and Toyah interval components as well as a disturbed twentieth century component. The prehistoric
deposits included four burned rock features including a large burned rock midden, 3,000 chipped stone artifacts, 10 temporally
diagnostic projectile points, unifacial tools typical of Toyah end-scrapers, and native ceramics, also commonly found on Toyah
occupations. A small quantity of bone was collected including tibia fragments from one bison. The historic component was
confined to the upper level of the site from the surface to approximately 20 cmbs. The Kimble Courts resort camp once stood
in the area.

Data recovery excavations targeted the prehistoric components after the historic levels were removed by backhoe. Four large
blocks were excavated in areas of high artifact density. Approximately 130 m’ and 40,000 artifacts were recovered from
these blocks including 350 stone tools and 114 earthenware sherds. Projectile point types found were Castroville, Pedernales,
Montell, Ellis, Frio, Ensor, Fairland, Edwards, and Perdiz. Seventy-three prehistoric thermal rock features and soil stains were
also recorded. We also collected bone, shell, feature burned rock, and soil samples.

Following hand excavations, the project area was monitored during Gradall stripping of the remaining deposits. Fifty-seven
auger tests were also excavated after a shift in the project ROW. Artifact density was sparse in the shifted ROW, and most
artifacts came from disturbed upper level deposits.

CAR developed a research design in consultation with TxDOT after all excavations were completed. This research focused
on the interpretation of the deposits discovered during significance testing and data recovery from 41KM69 and a number
of comparative sites around Texas. The theoretical framework draws from principles of cultural and evolutionary ecology to
examine shifts in subsistence, technology, and mobility in hunter-gatherers from the Late Archaic and Late Prehistoric periods
of South and Central Texas.

All artifacts and samples collected during this project, along with project related documentation are to be permanently curated
at CAR according to THC guidelines.
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Chapter 1: Introduction
Jennifer L. Thompson

Site 41KM69 is a multi-component site in Kimble County,
Texas, with significant Late Archaic, Late Prehistoric Austin
interval, and Late Prehistoric Toyah interval components.
The excavated portion of the site contained 47 burned rock
features including one large burned rock midden. The site
also yielded over 40,000 chipped stone artifacts from all
components and a discrete group of plain, bone-tempered
earthenware ceramics similar to those typically found in
Toyah components. Several radiocarbon samples were
submitted, with the oldest from a hearth feature dating to
the middle of the Late Archaic period (2550 + 50 B.P.).
The most recent sample dated the upper level ceramic
assemblage, targeted during data recovery excavations, to
the very Late Prehistoric or Protohistoric Period. The site
contains a twentieth-century historic component as well, but
it was not targeted during excavation. This report describes
the history of the significance testing and data recovery
efforts and reports on the inventory of artifacts collected
and analysis conducted.

The Center for Archaeological Research (CAR) of The
University of Texas at San Antonio (UTSA) was contracted
by the Texas Department of Transportation (TxDOT) to
conduct significance testing and data recovery excavations
at 41KM69. The work was begun under Work Authorization
No. 57315SA002 and Contract No. 573XXS5A002 and
completed under Work Authorization No. 7902SA001
Contract No. 579XXSA001. The investigations were
conducted under Texas Antiquities Permit No. 3350 for
significance testing and No. 3584 for data recovery with
Dr. Raymond Mauldin serving as Principal Investigator on
both permits. The excavations were to mitigate the effects
of proposed improvements to Flatrock Road/FM 2169 that
intersects the site. The general location of the project area is
shown on Figure 1-1.

While cultural deposits exist on both the east and west sides
of Flatrock Road/FM 2169, the portion of 41KM69 that was
excavated is limited to the right-of-way (ROW) of the road

firage Redaeled

Figure 1-1. General location of the project area.
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realignment on the west side of the road. The initial ROW
encompassed roughly 2,440 m’ (80-x-30.5 m) of the site.
However, the ROW was shifted to the west some time after
data recovery began. The block excavations and Gradall
monitoring of the original ROW occurred January 10 through
April 29, 2005. CAR returned August 15-26, 2005, and
September 26-28, 2005, to investigate the expanded ROW
with auger tests.

Project History

According to the Texas Archeological Sites Atlas, R.W.
Ralph, of the Texas Parks and Wildlife Department, first
recorded 41KM69 in 1980. The site description included a
lithic scatter and a limestone burned rock midden exposed
in the road cut on the east/northeast side of the road. No
subsurface investigation of the site occurred at the time of the
recording. Site boundaries were based on the surface scatter
of artifacts and were estimated at 80 meters north-south by
200 meters east-west. The depth of the deposits, estimated
at 1.5 meters, may have been determined based on the road
cut exposure. On the west side of the road, the site map noted
a historic concrete foundation. No temporally diagnostic
artifacts were identified during this preliminary investigation.
The site was designated a State Archeological Landmark
(SAL) in 1990, and the site was described as consisting of
several components dating from the Late Archaic through the
Historic Period. The resources listed under the SAL included
multiple camps, a ranch, a quarry, and a historic house site.
No other records show any formal excavations at the site
until TxDOT returned in 2003.

TxDOT archeologists visited the site on December 11-12,
2003, to excavate three backhoe trenches along the centerline
of the planned road realignment ROW. Each backhoe trench
(BHT) was five to seven meters long and approximately 1.4
meters deep. A small rock concentration was photographed
in the north end of BHT 1 at approximately 76 cm below
the ground surface. The six rocks visible in the images
provided to CAR appear to range in size from approximately
5 ¢m to <10 ¢cm in maximum dimension, but it is unclear
whether these rocks represent a prehistoric feature.
TxDOT personnel informed CAR staff that lithics and
burned rock were encountered at approximately 50-76 cm
below surface (cmbs) in some portions of the site (Barbara
Hickman, personal communication January 23, 2004). CAR
archeologists, first visiting the site in early February of 2004,
noted lithic debitage and burned rock in the backfill of all
three backhoe trenches (Weston et al. 2004).

Based on the findings from the backhoe trenches, TxDOT
determined that the site warranted significance testing and

contracted CAR to conduct the work. CAR performed the
Phase II significance testing in 2004 to determine if the site
was eligible for listing on the National Register of Historic
Places (NRHP). The anticipated realignment of Flatrock
Road/FM 2169 prompted the Phase II study, led by Project
Archeologist Jason Weston (Weston et al. 2004).

The Phase II testing project involved the systematic boring
of 120 mechanical auger tests to 120 cm below the surface,
excavation of six additional backhoe trenches totaling
over 114 m in length and reaching 150 cmbs, and test unit
excavation. Eight 50-x-50-cm units were initially dug to
better define the vertical distribution of cultural materials
across the site. These units were excavated to a depth of
140-170 cmbs. Five 1-x-1-m test units were placed over
artifact concentrations discovered during auger testing and
over features identified by the backhoe trenches (one of the
1-x-1-m units was expanded from a 50-x-50-cm unit). The
depth of these excavations ranged from 80-150 cmbs. The
excavation of the 50-x-50-cm and 1-x-1-m units identified
intact, stratified cultural deposits containing temporally
diagnostic artifacts and charcoal. The trenches confirmed
the location of several features identified by augers, located
additional features, and identified a buried A horizon paleosol.

These prehistoric cultural deposits included one large Initial
Late Prehistoric large burned rock midden (Feature 1), one
hearth feature (Feature 2), two burned rock clusters (Features
3 and 5), over three thousand chipped stone artifacts, 10
temporally diagnostic projectile points including Darl
and Frio point types, several unifacial tools, and 48 native
ceramics. Three charcoal samples submitted for radiocarbon
dating returned dates that place the base of the burned rock
midden (Feature 1) in the early Late Prehistoric (1190-970
B.P.), the buried paleosol in the Late Archaic (2349-2120
B.P.), and Feature 2 within the Terminal Late Prehistoric/
Protohistoric. The dates and artifacts demonstrated the
presence of a Late Archaic component, an Initial Late
Prehistoric (Austin interval) component, and a Terminal Late
Prehistoric (Toyah interval) component. Feature 3 was found
near Feature 2 in the same component. Neither Feature 3 nor
Feature 5 had associated datable material.

Historic material and features, with the exception of a few
isolated disturbances, were confined to upper levels of
the site from the surface down to 20 cmbs. Weston et al.
(2004) recorded most historic material on the southern and
western portions of the original ROW. Feature 4 was a gravel
deposit thought to be a driveway, and Feature 6 is a concrete
slab first thought to be a foundation related to the Kimble
Courts resort camp. The survey and site mapping identified
other surviving foundations to the west of the project area.
Informants provided some details about the historic hotel,
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which eventually moved into Junction (see Appendix J).
Weston et al. (2004) did not consider the historic component
of the site significant, as there were no intact historic deposits
seen during significance testing.

Based on these results, CAR recommended that the site was
eligible for inclusion to the NRHP under Criterion D of 36
CFR, Section 60.4, because it was likely to yield information
important to prehistory. Given these recommendations and
the scale of the impacts associated with the anticipated work
within the ROW, Weston et al. (2004) further recommended
that if construction impacts to the site were unavoidable,
TxDOT should initiate Phase III data recovery efforts directed
at adequately sampling the significant deposits associated
with the Late Archaic and Late Prehistoric components at
41KM69. The Texas Historical Commission (THC) and
TxDOT concurred with those recommendations. Because
TxDOT could not avoid construction impacts to the site
along Flatrock Road/FM 2169, CAR initiated data recovery
investigations in January 2005.

Data recovery excavations targeting the prehistoric
components of the site proceeded in three stages based
on the findings of the significance testing. The first stage
included hand-excavation of large blocks in four areas of
high artifact density. The second stage included grading of
the site between the blocks to record and sample any features
prior to road construction. During this stage, 39 rock features
were recorded. The final stage of the data recovery effort
occurred after the shifting of the ROW. TxDOT shifted the
ROW adding a wedge-shaped area to the west of the Area
of Potential Effect (APE) after the data recovery excavations
were in progress. CAR examined this wedge-shaped section
using mechanical auger borings spaced at close intervals.
Additionally, archival work was conducted in Junction to
provide more details on the historic Kimble Courts resort
hotel that once stood within the project area.

Approximately 40,000 artifacts were recovered from hand-
excavations of roughly 130 m® of the site during the first
stage of excavation. Approximately half of this total consists
of debitage collected from the Austin interval. The highest
density of artifacts came from the Austin interval of Area 3
and the Middle Late Archaic levels, also in Area 3. Almost
350 tool forms and preforms of tools were recovered from
all components, and 114 earthenware sherds were recovered
from the top of the Late Prehistoric component in Area 1. The
Late Prehistoric Toyah interval also contained a collection of
“Classic Toyah” tear dropped shaped unifaces. The projectile
point types recovered across the site include Castroville,
Pedernales, Montell, Ellis, Frio, Ensor, Fairland, Edwards,
and Perdiz. Sixty-eight thermal rock features and soil stains
were also recorded.

Research Design

CAR developed a research design following the completion
of the data recovery excavations. The research design
focused on the interpretation of data from the testing and
data recovery excavations at 41KM69 while also using
comparative data from site reports and other archeological
collections housed at CAR and the Texas Archeological
Research Lab (TARL). The theoretical framework used in
the research design is grounded in principles derived from
cultural and evolutionary ecology. Using environmental data,
Thompson et al. (2007) devised a set of models of hunter-
gatherer subsistence, mobility, and technology, and then
combined datasets from archeological sites across Central
and South Texas with the data from 41KM69 for comparison
with these models. Chapters 10-16 describe the analyses of
this data.

Project Results

Within the broad theoretical framework of cultural and
evolutionary ecology, we have identified several topics of
interest that could be addressed using data types recovered
from 41KM69 during testing and data recovery. These
topics included aspects of paleoclimatic reconstruction to
identify the factors that would have conditioned hunter-
gatherer adaptations. Even in the absence of site-specific
paleoclimatic conditions, the general regional paleoclimatic
background for Central Texas suggests some broad changes
over the Late Archaic and Late Prehistoric periods. Therefore,
determining whether the material recovered from 41KM69
reflected any responses in diet breadth and configuration
by hunter-gatherers that inhabited the site and deciphering
whether these prehistoric groups changed their technological
organization in response to these changes in resource type
and structure became a significant theme of the analyses. We
also projected that changes in resources would bring about
adaptations in weapons and ceramic technology both in
response to differences in prey species and changes in food
processing over time. Finally, changes in resource structure
would engender not only shifts in technological organization
but also changes in mobility strategies. Therefore, the
investigation of mobility practices as evidenced by the
archaeological data sets also became of focus of the project.

One of the basic questions to address even prior to the
investigation of paleoclimate and aspects of hunter-gatherer
adaptations was the age of the components and in particular
the age of the materials found in the lower terrace of the site.
The assessment of the Terminal Late Prehistoric component
present in the lower terrace at 41KM69 identified some
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disagreements in the “absolute” dating of the age of the
materials and features present on the lower terrace of the site.
It is our assessment that the artifact and feature data points
to the presence of two groups of materials affiliated with the
Toyah interval. The deeper one in Bk horizon contains lithic
artifacts that are commonly assigned to the Toyah interval but
lacks ceramics. The upper one is a very late Terminal Late
Prehistoric assemblage of ceramics and unifacial scrapers.
It is likely that these materials represent two distinct
occupations of the site by people pursuing different activities
or having different technological organizations at the time of
site occupation.

The analysis of pollen and phytolith samples proved of little
value due to the degradation of assemblages. The analysis of
the ratios of stable carbon isotopes showed that local climatic
conditions appeared to follow regional trends identified
in other parts of the state. While C; plants (e.g., trees)
were always present within the site-proximate vegetation
community, they became more dominant over time. Given
the terrace setting of the site, this pattern suggests that the
floodplain of the river became more stable over time (at least
from the Late Archaic Period on) facilitating the growth of
woodlands in this high water-table setting. The taxa richness
analysis of the materials obtained from 41 KM69 suggests that
during the Austin interval the site inhabitants were practicing
a rather broad diet under a residential foraging organization.
In contrast, during the Toyah interval (Terminal Late
Prehistoric), groups narrowed their diet breadth apparently
in response to a greater focus on bison exploitation under a
logistically organized land-use strategy. This site-specific
pattern is in general agreement with the regional pattern of
narrowing diet breadth exhibited during the Terminal Late
Prehistoric compared to the Initial Late Prehistoric. The
analysis of bone fragmentation indicates that at the site level,
the greatest degree of fragmentation occurs in the Terminal
Late Archaic bone assemblages, but unlike expectations, the
least amount occurs in the Terminal Late Archaic not the
Middle Late Archaic, as predicted in our research design.
Using the number and types of thermal features as proxy
measures for plant use, the data from 41KM69 indicates
that both the number of burned-rock and non-rock features
increases through time. Interestingly, feature surface area is
substantially larger during the Terminal Late Archaic than
any other period. This trend was not duplicated in the feature
data from 41KM69. The data suggest that plant resources
were under-utilized during the Initial Late Prehistoric Period.
The analysis of technological organization as reflected by
the manufacture costs of lithic assemblages showed that
the Terminal Late prehistoric has the highest percentage
of expensive tools, while the greatest use of expedient
tools happens during the Middle Late Archaic Period. The
regional database also shows that specialized tools are more

common during the Terminal Late Prehistoric than any other
time period in our sample. This time period is also the only
one in which the lithic artifact assemblage appears to be the
result of gearing up as suggested by the predominance of
use-broken specimens over manufacture-failed pieces. The
regional database shows no patterning in gearing-up.

The investigation of changes in weapons technology focused
on the analysis of projectile point samples from Central,
South and East Texas, areas of assumed bison availability
(Central) and scarcity, respectively. One attribute examined
was projectile point neck width. It was used as a measure
or proxy for foreshaft/shaft thickness and the overall weight
of the projectile. The data showed that projectile point
neck widths were consistently greater in regions commonly
populated by bison. On the other hand, projectile neck widths
were consistently narrower in regions where bison was not
common. A similar trend was documented in projectile point
weight. Projectile point weights were consistently higher in
primary bison habitats compared to regions with secondary
or inferior bison habitats. The patterns suggest that the
general characteristics of the hunting weaponry, particularly,
the weight of the darts, were manipulated to allow increased
hunting success when procuring large-bodied prey species
such as bison compared to the smaller and speedier antelope
and deer. That is, projectile point characteristics such as
neck width and weight may be conditioned by weaponry
requirements dictated by the prey species hunted. The
investigation of changes in ceramic technology in response
to distinct mobility strategies focused on two attributes: the
proportion of temper present in the vessel fabric and the
thickness of the vessel walls. While we anticipated that
the wall thickness of ceramics produced by semi-sedentary
populations would be less than those produced by mobile
groups, the data did not bear out this expectation. Quite to
the contrary, Caddo sherds tended to the thicker than Toyah
sherds. The later also tend to have more size variability than
Caddo sherds. In terms of temper densities, Toyah sherds
tended to have higher densities of temper compared to Caddo
samples, however, there was no difference in mean temper
size between the two groups. The INAA analysis identified
three sub-groups of sherds within the assemblage although
the samples were relatively homogenous internally. The
samples most resembled other sherds from southeast Central
Texas. The variability in the small sherd sample from the
site also was supported by the SEM-EDS analysis results
which showed differences in the mineralogy of the fabric of
the six samples studied. The investigation of the 41KM69
debitage assemblage revealed that the bulk of the debitage
derives from locally reduced nodules and tools manufactured
on site. However, the tedious sort of samples of unmodified
lithic debitage samples into color and texture categories
identified a number of groups that appeared not to represent
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local-origin materials. These groups consisted primarily of
decorticate specimens and tended to be smaller than 30 mm
in maximum dimension. They contrasted with other debitage
groups that were composed of a range of debitage sizes and
moderate to large proportions of corticated specimens. The
latter groups were assumed to represent locally obtained raw
materials. The comparison of raw material collections made
in the vicinity of the site with the various chert color/texture
groupings appeared to support in part the assignments of
origin. However, the samples of chert submitted from some
of these color/texture groups for INAA analysis combined
with locally collected raw materials showed that, in general,
the samples are adequate to define a circum-Junction
subgroup within the Edward Plateau cherts. However,
while most of the cherts matched the general Central Texas/
Edwards Plateau chert group, some samples had no matches
anywhere within the existing INAA comparative database.
This finding suggests that the range of mobility of some of
the groups inhabiting the site may have taken them entirely
outside of the sampling universe of the Edwards cherts or that
previously un-sampled varieties of chert still remain within
the Edward plateau region.

Report Organization

This report contains 17 chapters and 15 appendices.
Following this introduction, Chapter 2 describes the modern
environmental setting of the site and proxy paleoclimate
data. The cultural history and a description of nearby sites
is the subject of Chapter 3. Chapter 4 discusses the field
and laboratory methods used during significance testing
and data recovery. Chapter 5 describes the results of each
excavation phase. Chapter 6 includes a general description
of the kinds of artifacts recovered. Chapter 7 defines
four analytical units and describes the number, type, and
location of artifacts at 41KM69. Chapters 8 and 9 present
the theoretical perspective used for developing a model for
hunter-gatherer adaptations and the resultant archeological
expectations. Chapter 10 outlines the problems and possible
scenarios concerning both relative and absolute dating of
the Late Prehistoric Toyah interval at 41KM69. Chapter 11
presents the results of site level paleoclimate studies using
isotope data and compares it to regional trends described in
Chapter 2. Chapter 12 focuses on changes in hunter-gatherer
diet from the Middle Late Archaic through the Terminal
Late Prehistoric and reports the results of feature and faunal
studies at 41KM69 and at the regional level. Chapter 13
concerns changes in technological organization at 41KM69

and several comparative sites by examining the cost of
tool manufacturing and tool breakage patterns. Chapter 14
discusses changes in projectile weapons technology from
the Late Archaic to the Late Prehistoric across Texas and
includes regions beyond the scope of the other research
domains. Chapter 15 reports the results of petrographic
analysis of Caddo and Toyah-affiliated Leon Plain ceramics
in an effort to contrast ceramic technology under different
mobility practices. Chapter 16 discussed changes in mobility
based on artifact variety and chert availability. Chapter 17
provides the report conclusions and also offers more in depth
discussions of the results and implications of the analyses
reported in the individual chapters.

The raw data used in the analytical chapters comes from
literature reviews and special analyses submitted by various
researchers outside CAR. Appendix A, by Dr. Russell Greaves
presents the geoarcheological study first presented in the
Phase II interim report. Appendix B presents the 41KM69
faunal analysis conducted by Barbara Meissner of CAR, and
the comparative database compiled by Jennifer Thompson,
Project Archeologist. Appendix C provides descriptions of
features from 41KM69 and the feature database compiled
from the literature search by Jennifer Thompson. Appendix
D, by Dr. Mary Malainey of the University of Calgary,
presents a discussion of lipid residues on selected samples
from archeological and experimental contexts. Appendix E,
by Dr. J. Philip Dering of Shumla Archeobotanical Services,
presents a discussion of the macrobotanical assemblage
found in feature fill at 41KM69. Appendix F provides the
petrographic descriptions written by Lori Barkwill-Love of
CAR. Appendix G presents the Radiometric results from
the University of Georgia and a luminescence dating report
from Dr. James Feathers of the University of Washington.
Isotopic analysis of a soil column taken from 41KM69
is presented in Appendix H. Dr. Debajyoti Paul and Dr.
Grzegorz Skrzypek conducted this work at the Department
of Earth and Environmental Sciences, UTSA. Appendix I
includes the pollen phytolith report submitted by Vaughan
Bryant at Texas A&M. Additional appendixes for the bison
study, also reported in Mauldin et al. (2010), are reproduced
in Appendix J. Animal body size data is listed in Appendix
K and ethnographic plant data is provided in Appendix L.
The INAA report on 41KM69 ceramic samples, by Jeffrey
R. Ferguson and Michael D. Glascock of the University of
Missouri, is in Appendix M. The INAA analysis on chert
samples from 41KM69 and the Llano River gravel bar located
immediately in front of the site is presented in Appendix N.
Finally, Appendix O provides the radiocarbon forms.
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Jennifer L. Thompson and Raymond P. Mauldin

This chapter presents an overview of the environment of the
project area with brief discussions of the physiographic set-
ting, climate, soils, flora, and fauna. The chapter closes with
a summary of paleoenvironmental conditions during the
Late Holocene.

Current Environment

Site 41KM69 borders the Texas Tech University campus in
a semi-rural setting along the southern bank of the South
Llano River. A native grove of pecan trees interspersed with
oak trees dominates the immediate landscape with steep hills
of the Edwards Plateau in distant view (Figure 2-1). The site
extends across two wide terraces above the river at eleva-
tions of 1,700—1,720 ft. amsl as found on the Junction USGS
7.5’ quadrangle.

Site 41KM69 and the larger study area both lie within Blair’s
(1950) biotic Balconian Province, which covers most of the
Edwards Plateau. Many rivers and small streams dissect the

Figure 2-1. Site 41KM69 sits on the south bank of the South Llano River in Junction, Texas.
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eastern and southern portions of the Plateau, which has great-
er relief than the level uplands of the northwest and central
Plateau. The province is dominated by oak, juniper, and mes-
quite underlain by a variety of grasses (Blair 1950).

Climate

The NOAA Southern Regional Climate Center (SRCC 2009)
reports annual precipitation for Junction, TX is 23.24 in. with
the most rain falling in May (3.23 in.) and the least in January
(.77 in.) between 1971 and 2000 (Figure 2-2).

For the same years, they also report temperature ranges from
an average low of 45°F in January to 82°F in July with mini-
mum and maximum temperatures spanning from the 20s to
the mid 90s. In 2009, the region experienced broader oscil-
lations with temperatures dropping into the teens in Janu-
ary, February, and March and exceeding 100°F in June, July,
and August. The National Integrated Drought Information
System (NIDIS 2009) reports that during the last ten years,
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Figure 2-2. Mean monthly temperatures and mean monthly rainfall totals at Junction
(1971-2000). Based on data from NCDC and NIDIS.

South-Central Texas has experienced moderate to excep-
tional drought conditions. Kimble County lies on the edge of
the drought-stricken area of Texas (Figure 2-3). Blair (1950)
reports decreased rainfall from east to west across the Balco-
nian Province, which has a dry, subhumid eastern half and a
semiarid western half.

Hydrology

The South Llano River runs north of 41KM69. Its head-
waters begin about 2,300 feet above sea level in Edwards
County. The river is fed by multiple springs, characteristic
of the karst topography of the Edwards Plateau. In Junction,

the South Llano joins the North Llano River and becomes
the Llano River, which flows into Lake LBJ 100 miles to the
east in Llano County. The Llano River is part of the Lake
LBJ watershed, which is part of the larger Colorado River
Watershed. (Figure 2-4).

Geology and Soils

The geology of the area around site 41 KM69 was summarized
from an examination of the Llano sheet of the Geological At-
las of Texas (Barnes 1983) on the Edwards Plateau (Figure
2-5). Most deposits are Pleistocene or Recent Holocene aged
fluviatile terrace (Qt) and alluvium deposits (Qal) that con-



Testing and Data Recovery at 41KM69

Chapter Two: Environmental Setting

tinue along the South Llano River. These deposits along with
other low terrace deposits (Qf and Qc) contain chert gravels
carried from upstream and from nearby chert-bearing Edwards
Limestone formations. Primary sources of chert bearing de-
posits are locally available from the Edwards Limestone for-
mations that sit above the stream channel. Within a day’s walk
(15 km), the local geology changes little. Edwards Limestone
formations of the Lower Cretaceous (Kft and Ks) continue for
miles in all directions. These deposits are more widespread
and closer to the South Llano River channel upstream from
41KM69 but also continue downstream. In this direction how-
ever, the Edwards Limestone formations are separated from
the streambed by expanses of Hensell Sand (Kh). Prehistoric
populations in the area would have had easy access to quality
Edwards Limestone cherts for tool production from both pri-
mary sources and from gravels transported downstream. Ad-
ditional research on the geology of the area and the stone tool
assemblage are discussed in Chapter 16.

The United States Department of Agriculture Web Soil Sur-
vey (USDA 2009) shows two soil series falling within the
project boundary (Figure 2-6). The southern extent of the
site falls within the Frio soil series. These are limy, gray-
ish brown, alluvial soils that occur along floodplains. The

surface layer texture is loamy to clay loam or silty clay loam
and can be 25 in. thick. The deeper deposits have a finer
texture and darker color. Most acreage is in pecan orchards
or native pasture but can also be cultivated with corn, hay,
or other grains. Site 41KM69 contains Frio clay loam 0 to 1
percent slopes (Fr).

The northern extent of the site along the river falls within
the Dev, very gravelly loam, frequently flooded soils (De).
The Dev unit is present on the site in the form of gravel de-
posits exposed in several trenches. This soil is found in bot-
tom lands along streams. Some mapped units show gravel
bars and stream channels. The soil is widely used for range-
land and not suited for crops, though it can support pecan
orchards. The soil supports good wildlife habitat for deer, tur-
key, squirrel, quail, and dove that thrive on the woody plants,
forbs, and grasses in these habitats.

The Dev and Frio are recent floodplain soils distinct from
older alluvium of the Nuvalde series on the slightly higher
terraces south of 41KM69. The site is located at the margin of
older terrace sediments consisting primarily of Nuvalde clay
(Blum et al. 1982).
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Figure 2-3. Drought maps from 2000 and 2009 adapted from NIDIS (2009).
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Figure 2-4. LBJ Basin watershed adapted from LCRA (2009).

Floral and Faunal Resources

The USDA Web Soil Survey also describes the plant com-
munities found within ecosystems of the project area. The
loamy bottomland plant community that corresponds to the
Frio soils includes a mix of grasses, forbs, shrubs, and trees.
Pecan (Carya illinioensis), live oak (Quercus virginiana),
Chinkapin oak (Quercus muehlenbergii), elm (Ulmus spp.),
hackberry (Celtis spp.), American sycamore (Platanus occi-
dentalis) and baldcypress (Taxodium distichum) are common
in stream bottomlands in the area. Typical shrubs found in
this ecosystem are bumelia (Sideroxylon spp.), elbowbush
(Forestiera pubescens), Brickellbush (Brickellia spp.), and
Mexican buckeye (Ungnadia speciosa).

Supported grasses include little bluestem (Schizachyrium
scoparium), Indiangrass (Sorgastrum nutans), switchgrass
(Panicum virgatum), eastern gamagrass (Iripsacum dacty-
loides), and wildryes (Elymus spp.). Switchgrass and east-
ern gamagrass, along with numerous sedges (Carex spp.),
spikerushes (Eleocharis spp.), flatsedges (Cyperus spp.), and
brush species are common adjacent to streams. Forbs include

Sanirps Hedacied
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maximilian sunflower (Helianthus maximiliani), bundle-
flower (Desmanthus spp.), and Engelmann’s daisy (Engel-
mannia peristenia).

Blair (1950) reports 57 mammal species, 16 lizard species, 36
snake species, 7 newt and salamander species, 15 species of
frogs and toads, and one land turtle species in the Balconian
Province. The nearby South Llano River State Park and the
Walter Buck Wildlife Management Area list over 150 bird
species throughout the year including black-chinned hum-
mingbirds (Archilochus alexandri) and wild turkeys (Melea-
gris gallopavo) that roost in the state park in winter. The ripar-
ian woodlands provide habitat for wood duck (4ix sponsa),
orchard oriole (Icterus spurious), painted and indigo buntings
(Passerina ciris, Passerina cyanea), blue grosbeak (Passe-
rina caerulea), and yellow-throated vireo (Vireo flavifrons)
(Texas Parks and Wildlife Department 2007). A few of the
other wildlife species observed in these parks are white-tailed
deer (Odocoileus virginianus), various squirrel species, jack-
rabbit (Lepus californicus), javelina (Tayassu tajacu), beaver
(Castor canadensis), bobcat (Lynx rufus), cottontail (Syl-
vilagus floridanus), and armadillo (Dasypus novemcinctus).
Reptiles include eastern yellowbelly racer (Coluber constric-
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Figure 2-5. Geology of the area surrounding 41KM69 adapted from Barnes (1983).
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tor flaviventris), western coachwhip (Masticophis flagellum
testacous), and bullsnake (Pituophis catinefer sayi). Lizards
such as prairie-lined racerunner (Cnemidophorus sexlineatus
viridis), Texas spotted whiptail (Cnemidophorus gularis),
and Texas spiny lizard (Sceloporus olivaceus) are common
as well (Texas Parks and Wildlife Department 2009). Fresh-
water fish include channel catfish (Ictalurus punctatus), yel-
low catfish (Ameiurus natalis), Guadalupe bass (Micropterus
treculii), spotted bass (Micropterus punctulatus), largemouth
bass (Micropterus salmoides), longear sunfish (Lepomis meg-
alotis), green sunfish (Lepomis cyanellus), redbreast sunfish
(Lepomis auritus), and Rio Grande perch (Cichlasoma cya-
noguttatum), and spotted gar (Lepisosteus oculatus) among
many others.

Paleoenvironment

Paleoenvironment is important to this study in that the re-
search domains in subsequent chapters are supported by a
theoretical framework focused on the availability of bison as
an important dietary resource and, by extension, the grass-
lands on which they grazed from the Late Archaic to the Late
Prehistoric. This section discusses climate and drought stud-
ies across Central Texas that serve as a proxy indicator of
the availability of grasslands to bison herds and bison herds
to hunter-gatherers. The distribution of bison as affected by
environmental factors and the implication to hunter-gatherer
diet is the topic of Chapter 9.

The first data sets come from proxy measures in climate stud-
ies using carbon isotope data from the Medina River and
Hall’s Cave and pollen collected from Boriack and Patschke
bogs (see Bousman 1998; Camper 1991; Cooke 2005; Nick-
els and Mauldin 2001; Nordt et al. 2002). As outlined in the
research design, these four long-term data sets may highlight
large-scale patterns of vegetation shifts also affecting areas
on a smaller spatial scale. Figure 2-7 presents the location of
these data sets. The Medina River carbon isotopic data come
from a series of buried, dated soils in southern Bexar County
(Nordt et al. 2002). The Hall’s Cave carbon isotope data are
also on buried sediments, but from an extremely well-dated
deposit in Kerr County (Cooke 2005). Boriack and Patschke
bogs are located in Lee County. The Boriack arboreal pol-
len sequence, taken from Bousman’s (1998) reanalysis of the
original data, is poorly dated. The Patschke grass pollen se-
quence (Camper 1991), taken from a reanalysis of the origi-
nal data by Nickels and Mauldin (2001), is supported by four
radiocarbon dates. All the pollen sequences are quite long
and were used to track changes in vegetation communities.

Figure 2-8 compares the results of the two carbon isotope
data sets (Median River; Hall’s Cave), Bousman’s (1998) es-
timates of shifts in canopy cover based on Boriack and Weak-
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ly bog pollen, and grass pollen from Patschke bog (Camper
1991; Nickels and Mauldin 2001) over the last 10,000 years.
Comparisons of the patterns suggest some regional variability
encompassed by similar overall trends. The two carbon iso-
tope data sets differ slightly, with the Medina River sequence
showing an increase in C, grass at the start of the Late Archa-
ic and a decline in C, grass at the close of the Late Archaic.
That decline accelerates near the end of the Late Prehistoric
Period. The well-dated Hall’s Cave sequence shows a slight
decrease in C, in the early portion of the Late Archaic, with
an increase of C, at around 3000 B.P. A sharp decline is then
present into the Late Prehistoric period. Interestingly, both
sequences show a decline in C, late in time with the decline
initiated at about 1200 B.P. in the Medina River area,and at
about 2000 B.P. in the Hall’s Cave sequence.

Data from the two pollen based sequences suggest slightly
more variability than the carbon isotope data sets (see Fig-
ure 2-8). The poorly dated Boriak/Weakley bog sequences
suggest a decline in grassland after about 5000 B.P., a de-
cline that is accelerated in the Late Prehistoric. Conversely,
the Patschke pollen data suggest an increase in grass pollen
and, by extension, grasslands, which reach a peak at around
3,400 years ago. Grass pollen percentages then begin a slow,
though variable, decline. That decline accelerates after 1000
B.P. Overall, the long-term data sets in Figure 2-8 suggest
extensive C, grasslands were present during most of the Late
Archaic within much of Central and South Texas. Grasslands
seemed to be at their peak in the early portion of the Late
Archaic in most sequences, and then began a slow, gradual
decline until the close of that period. The data sets in Figure
2-8 suggest that a different pattern, one of rapidly declining
grasslands, is characteristic of at least the last 1,000 years,
including much of the historic period.

Tree-Ring Based Summer Palmer
Drought Severity Indices

The data sets discussed above reflect shifts in vegetation
communities that probably occur because of regional chang-
es in climate with a temporal scale of several hundred years.
The large temporal scales at which these vegetation changes
operate do not document the small-scale climate fluctuations
in rainfall that would produce variable forage production and
potentially influence short-term responses in bison popula-
tions. Recently Cook and Krusic (2004) have compiled tree-
ring based summer Palmer Drought Severity Indices (PDSI)
for much of North America. We use these data to provide a
high-resolution look at climate variability in the Central and
South Texas region.

The Palmer Index, developed in the early 1960s as a way
to quantify drought (Palmer 1965), is a relative measure of
soil moisture. Several factors, including temperature, rain-
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Figure 2-6. Soil map adapted from USDA (2009) showing two soil types within the project area
site boundary.
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Figure 2-7. Location of long term data points (red), short term PDSI
points (blue), and modern weather stations (vellow).
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fall, potential evaporation, transpiration, soil, and runoff are
used in calculating the index (see Alley 1984; Karl 1986).
While higher and lower values are possible, the index gener-
ally ranges from four (extreme wet spell) to a negative four
(extreme drought), with a normal period designated as zero.
Cook and Krusic (2004; see also Cook et al. 1999) devel-
oped the summer PDSI database used here from tree-rings
using a point-by-point regression method. The PDSI datasets
provide high-resolution information on drought at short tem-
poral scales. These data are of less use in monitoring long-
term shifts in climate such as those that probably produced
the vegetation shifts shown previously in Figure 2-8. This
is because directional variability in the underlying tree-ring
sequences are standardized. The process of standardization of
tree-ring widths involves adjustments for directional changes
in widths in order to correct for possible compression of in-
ner rings during normal tree growth (see Dean 1988:133-135;
Fritz 1991:12, 1976:267-268). It is these directional changes,

changes that the standardization technique minimizes. Nev-
ertheless, when used in combination with the long-term veg-
etation shifts suggested previously, the summer PDSI values
can provide a detailed picture of variability in forage produc-
tion and, by extension, bison availability.

The investigation of PDSI values focuses on grid points
180, 181, 165, and 166 (see Cook and Krusic 2004). These
grid points provide PDSI values for the last 2,000 years.
Figure 2-7 shows the locations of these data points, along
with the locations of four modern weather stations that are
within close proximity. In order to assess the relationships
between PDSI values and precipitation, we constructed bi-
variate plots of annual rainfall and PDSI values from 1900
through 2003. All scatter plots were positive in slope, with
no significant outliers. Table 2-1 presents Pearson’s correla-
tion coefficients for these four comparisons. All relation-
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Figure 2-8. Comparison of four long-term paleoclimate sequences.

Table 2-1. Correlation Coefficient for PDSI Values and Yearly Rainfall, 1900-2003

Station PDSI Grid Pearson’s R # of Years Significance

Austin 181 0.57 104 P<0.01
Cleburne 180 0.5 88 P <0.01
Abilene 165 0.42 104 P<0.01
Junction 166 0.45 81 P<0.01
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ships are positive and significant beyond the .01 level. At
least for the last century, a moderately strong relationship
exists between annual precipitation and PDSI values within
the Central and South Texas regions.

Figure 2-9 presents the mean PDSI values for 25-year groups
from A.D. 1000 to 2000 for each of the four data sets. Also
provided is an insert showing the locations of the four tree-
ring cores. Values that fall below the zero line are associated
with relatively low soil moisture and, by extension, low rain-
fall, while positive PDSI values are associated with 25-year
periods that had higher soil moisture. Examination of the line

graph (Figure 2-9) shows that when grouped at 25-year seg-
ments, all four sequences show good correspondence. Table
2-2 provides summary information for each of the four se-
quences. Between the beginning of the sequences at A.D.
1000 and the end of the Initial Late Prehistoric (A.D. 1250),
all four sequences are below average (Figure 2-9; Table 2-2).
This period of below average rainfall is exaggerated in the
two eastern sequences (180, 181).

During the Terminal Late Prehistoric (A.D. 1250- 1550), all
four sequences improve, though the PDSI values in three of
the four sequences are still negative, suggesting below aver-
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Figure 2-9. Mean PDSI values from grid points 165, 166, 180, and 181 grouped at 25 years
A.D. 1000-2000 (data from Cook and Krusic 2004).

Table 2-2. Summary Information on PDSI Values, Figure 2-9

PDSI Grid Initial Late Prehistoric Terminal Late Prehistoric Historic/Modern Era
25 Year Gi(Sn?{eiz:]r s PDSI 25 Year
Point PDSI Average | Groupings PDSI Average ping Groupings
Below Average
Below Average Below Average
Average

180 -0.92 90% -0.28 66% -0.04 55%
181 -0.84 100% -0.05 55% 0.19 28%
165 -0.37 70% -0.07 50% 0.07 39%
166 -0.53 70% 0.22 33% 0.37 22%
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age rainfall (Figure 2-9; Table 2-2). Finally, there is a dramat-
ic increase in PDSI values for all four stations between A.D.
1550 and 2000. Three of the four sequences average positive
PDSI values during this period.

Increased PDSI values at each grid point are, over the last
100 years, associated with increased rainfall at that grid point
(Table 2-1). While we lack data on grassland productivity
associated with each location, it is the case that at a general
level, grassland production increases as rainfall increases
(e.g., see Chapter 9). The Figure 2-9 data probably reflect
relatively localized productivity in grasslands. If this is the
case, during the Initial Late Prehistoric, grassland production
across the region was relatively low. Productivity increased
slightly in the Terminal Late Prehistoric, and during the His-
toric/Modern era, production was significantly higher. This
picture of production is at odds, at least to some degree, with
that developed from the long-term data sets in Figure 2-8.
Those data suggest a gradual, though fluctuating, decline in
the overall extent of grasslands during the Late Prehistoric
and into the Historic/Modern era. Recall, however, that the
short-term, tree-ring based data sets that are represented in

Figure 2-9 are not designed to monitor long-term shifts in
climate as the standardization removes much of the long-
term climate signals in those data. Conversely, the data sets
used to construct Figure 2-9 operate at long temporal scales,
and in several cases, these data sets are not well dated. While
additional research on these issues is certainly necessary,
it is clear that both data sets suggest that during the Late
Prehistoric, grassland production throughout the region was
below the long-term average. While we lack short-term data
for the Late Archaic Period, this low production during the
Late Prehistoric should have resulted in reduced forage for
bison populations.

Figure 2-10 uses the PDSI data for each of the four grid points
in a way that is designed to measure variability in rainfall
and, by extension, grass production. During a given 25-year
period, we computed the absolute difference between PDSI
scores for consecutive years. For example, in A.D. 1000, a
PDSI of -2.283 was present in PDSI sequence at grid point
181 (see Figure 2-7). The following year, the PDSI value was
1.542, producing an absolute difference of 3.825 between
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Figure 2-10. Summary at 25-year intervals of year to year variation in PDSI values A.D. 1000-2000
for grid points 165, 166, 180, and 181 (based on data in Cook and Krusic 2004).
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Table 2-3. Summary Information on PDSI Variability at 25-Year Segments, Figure 2-10

PDSI Grid Initial Late Prehistoric | Terminal Late Prehistoric Historic/Modern Era
Point Absolute Difference Absolute Difference Absolute Difference
180 1.52 2.3 2.19
181 1.59 2.33 2.24
165 1.72 2.21 2.17
166 1.55 2.3 2.25

these two years. We performed similar calculations for all
years for each sequence, and summarized absolute differenc-
es at 25-year intervals. Figure 2-10 plots these 25-year seg-
ment averages for the 2,000-year period. Higher mean values
are associated with periods of high variability in PDSI values
and, by extension, high variability in rainfall. As with Figure
2-9, all four sequences show good agreement. Overall, the
average difference in PDSI values from one year to the next
for all four sequences is 2.08 (see Figure 2-10). Table 2-3
provides summary statistics for the Figure 2-10 sequences.

During the latter portion of the Initial Late Prehistoric (A.D.
1000-1250), variability in PDSI was extremely low in all four
sequences (Figure 2-10; Table 2-3). For this 250-year period,
the average between-year difference was between 1.52 (grid
point 180), and 1.72 (grid point 165), well below the mean
value of 2.08 for all sequences. In the subsequent 300 years
that correspond to the Terminal Late Archaic (A.D. 1250-
1550), between year differences in PDSI values increase sub-
stantially (Figure 2-10; Table 2-3), with all being in excess
of 2.21. These increases during the Terminal Late Prehistoric
represent a substantial jump in variability over the preceding
period. The higher than average year-to-year fluctuations in
climate variables continues throughout the subsequent 450
years, though for any one sequence, at no time was the varia-
tion as great as during the Terminal Late Prehistoric. The
Figure 2-10 data, then, suggest that there was substantial
variation in yearly PDSI values, rainfall, and resulting grass
production during the Terminal Late Prehistoric. That vari-
ability should have resulted in higher levels of bison mobil-
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ity during some years, and possibly smaller herd sizes, while
during other periods, bison would be clustered and their mo-
bility reduced.

Paleoenvironment Summary

Using several long-term data sets from different regions of
Central and South Texas, we suggest that during the Late
Archaic grasslands declined slightly, with an accelerated de-
cline at the close of the Late Archaic and through the Late
Prehistoric and Historic Periods. These declines should have
resulted in restricted areas of forage for bison. Tree-ring
based PDSI values provide a short-term perspective on vari-
ability in forage production. These data suggest that grass-
land productivity was consistently low for several hundred
years corresponding to the close of the Initial Late Prehistoric
Period. While productivity increases slightly during the sub-
sequent Terminal Late Prehistoric, it was still below average
at three of the four locations considered, and the data suggest
a dramatic increase in short term fluctuations accompany-
ing the increased productivity. The increased fluctuations in
productivity, which were at their highest during the Terminal
Late Prehistoric, would have produced dramatic differences
in forage quantity and quality over a given 25-year period.
Those differences should have resulted in significant fluctua-
tions in levels of mobility in bison, and possibly variation in
herd size. Such effects on bison herds should have influenced
hunter-gatherer mobility and diet, which is discussed in the
theoretical and analytical chapters of this volume.
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Jennifer L. Thompson

This chapter describes the known archeological record
at 41KM69 and the surrounding area. A summary of the
cultural history of Central Texas is presented followed by
a short description of nearby sites.

Cultural Chronology

Subsistence practices in prehistoric Central Texas differed
from surrounding areas in that hunting and gathering
never gave way to agriculture as it did in the Southwest
and Southeastern US culture areas. Not surprising, the
most common artifacts found on sites in Central Texas are
stone tools and debitage from stone tool production. Most
sites lack ceramics, which are often used as indicators of
discrete cultures, geographic locales, and time periods
for more sedentary cultures. Ceramics that are found on
Texas sites appear relatively late in time, at the end of
the Late Prehistoric Period. Therefore, the usual cultural
chronology framework of Texas archeology rests on these
stone tools, their changing form, and their geographic
distribution, which is tenuous and often clouded by
overlapping “temporally diagnostic” forms of different
time periods. While cultural chronologies can differ
regionally, they all typically use projectile point forms
to mark cultural shifts across the same broad expanses of
time: the Paleoindian Period, the Archaic Period, and the
Late Prehistoric Period. This chapter briefly describes
the portion of the Central Texas cultural sequence that
relates to 41KM69, specifically the Late Archaic through
the Late Prehistoric Periods.

41KM69 sits on the Edwards Plateau in Central Texas.
Much has been written about Central Texas archeology,
although a discrete geographical archeological area
defining Central Texas has not been consistently used
in the literature. We use Prewitt’s (1981) map of a
Central Texas archeological areca as others have and
draw from chronologies by Collins (1995) and Johnson
and Goode (1994).

Late Archaic

The Late Archaic in Central Texas spans roughly
from 4000 to 1300 B.P. This extremely long period
of prehistory has been divided differently by several
authors. Those often cited include Prewitt (1981) whose
chronology included the Uvalde Phase, identified by
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Castroville, Marcos and Montell projectile points, the
Twin Sisters Phase, which included Ensor point forms,
and the Driftwood Phase marked by Darl point forms.
Collins (1995) divided the period into six intervals by
projectile point form.

Johnson and Goode (1994) divided the period at 2500
B.P. into Late Archaic I and Late Archaic II subperiods.
Projectile point types found at Late Archaic I components
include dart point styles such as Pedernales, Marshall,
Montell, Castroville, while Marcos, Frio, Ensor, and Darl
belong to the Late Archaic II. Other Late Archaic-aged
material types include corner-tanged knives and stone
pipes (Collins 1995).

Some believe population growth, increased territoriality,
and warfare occurred during the Late Archaic as evidenced
by the increase in number of cemeteries and number and
size of sites. Large cemetery sites have been discovered
along the escarpment forming the eastern edge of the
Edwards Plateau. Cemeteries on the Plateau to the west
are in sinkholes and rock shelters (Weir 1976; Prewitt
1981). Arnn (2007) uses the same evidence to suggest
Late Archaic groups in Texas were settling down into
smaller territories because stable ecological conditions
allowed for a more stable array of dietary resources at
the local level. If dietary resources were widely available
such that long-range hunting and foraging forays were
not necessary, groups could decrease the size of their
hunting ranges from those in previous periods. Site size,
in general (cemeteries, residential, logistical, etc.) then,
grew not because of greater populations but because of
longer or more frequent occupation by the same groups.

Though hunting remains an important source of food
throughout the entire prehistoric sequence of Texas, the
increased abundance of burned rock middens from the
Middle Archaic Period on seems to indicate an increased
reliance on plants in the Late Archaic because some
believe that the middens are large earth ovens used for
bulk processing of geophytes which require long-term
cooking for human consumption (Mauldin et al. 2003).
This may have been a response to decreasing grasslands
and less reliable bison availability during the close of the
Late Archaic.

Late Archaic sites used in this study include components
that correspond to Johnson and Goode’s (1994) Late
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Archaic II period, reported here as the Middle Late
Archaic (2500-1650 B.P.) and the Terminal Late Archaic
(2500-1600 B.P.). Examples of site with Late Archaic
occupations used in this research are, from the middle of
the Late Archaic (2500-1650 B.P.), 41KR537, 41ME29,
41TGY1, 41BX1032, 41CM211, 41RN3, and 41UV60.
Sites 41BN33, 41CN19, 41CN95, 41BT6, 41KMI6,
41MK27, and 41UV60 date to the Terminal Late Archaic
(1600-1250 B.P.) (Figure 3-1).

Late Prehistoric

The Late Prehistoric Period follows the Late Archaic with
the adoption of the bow and arrow around 1300 B.P. and
continues until approximately 300-400 B.P. The period is
further divided into two smaller units, the Austin and the
Toyah intervals.

The Austin interval describes a material culture first
recorded in the archeological record approximately
1,300 years ago and is marked by the use of the bow and
arrow with the Scallorn arrow point predominating and
a decline in the use of the atlatl. The lithic assemblage
differs from the later Toyah interval in that it is
characterized by bifacial reduction technology rather
that blade technology. The artifact assemblages in this

interval generally do not contain ceramics (but see Arnn
2007) and generally do not contain bison remains. The
subsistence strategy was likely broad-based hunting and
gathering of a variety of resources. Austin components
often underlay or are mixed with Toyah components.
Many Austin interval sites are cemetery sites, a pattern
that has been used to argue for increased territoriality and
warfare during the interval. There is continued reuse of
Late Archaic sites including burned rock middens. Non-
cemetery sites that have been excavated are 41HY209-T,
41MM341, 41BT105,41LL419,41WM130,41WM1010,
and 41UV86.

At Mustang Branch (41HY209-T), Ricklis reported one
discrete Austin interval component dating to the end of
the period at 700 B.P. (Ricklis 1994a:191). The majority
of the recovered artifacts were stone tools and debitage
with one engraved bone artifact although the assemblage
is not large. The dearth of artifacts suggests the site was
not occupied for a long period.

TheHeard Schoolhousesite (41UV86)isamulticomponent
site with an Austin interval burned rock midden. Both
animal and plant remains typical of earth oven cooking,
such as sotol bulbs, were found in the midden fill. The
most numerous projectile point forms recovered were
Sabinal arrow points, which outnumbered Scallorn

fMage Mndeon

Figure 3-1. Sites discussed in the chapter and used for comparative studies in this report.

20



Testing and Data Recovery at 41KM69

Chapter Three: Previous Research and Archeological Background

points and the Edwards arrow points and suggested to
the authors that the site saw greater use during the end
of the Austin interval (Creel and Goode 1997:233). The
lithic assemblage found outside the burned rock midden
indicates activities other than cooking were carried out
there. The high densities of debitage, bifaces, recycled
dart points, and projectile points may indicate the site
was used for arrow point production activities (Black and
Creel 1997:291).

The Toyah interval is a distinct material culture identified
in Central and South Texas often thought to represent a
people focused on bison procurement. Sites have been
excavated on, off and bordering the Edwards Plateau
and all share similar artifact assemblages. This includes
plain, bone tempered earthenware ceramics, Perdiz
arrow points, and lithic tools such as large scrapers and
the widespread use of blade technology (Ricklis 1994b).
This tool assemblage along with dense bone deposits
of bison, antelope and deer sometimes found at Toyah
sites have been used to suggest that subsistence changed
from broad-spectrum hunting and gathering to a focus on
big game hunting of bison (Ricklis and Collins 1994b).
Others find that while these groups were likely highly
mobile and targeted bison when available, they likely also
incorporated other resources (Dering 2008; Johnson 1994;
Mauldin et al. 2003). Whether these “bison processing
tools” were created as a response to an influx of bison
herds or as a response to intensification of smaller bison
herds, there is little debate on the importance of bison to
any prehistoric diet, but other food sources had important
contributions as well.

Though bison were no doubt an important part of the diet
during the Toyah interval, hunting and gathering of other
species continued. Dering (2008:61-62) summarizes a
long list of plant resources from Toyah-aged components
including fruits (Texas persimmon, grape), nuts (walnut,
hickory, pecan, acorn), woody legumes (mesquite),
seeds (cheno-ams, sunflower), geophytes (onions, camus
bulbs), cacti (prickly pear) and arid-adapted evergreen
rosettes (agaves and sotol). Remains of animals besides
bison that have been found on Toyah-aged components
include fish, waterfowl, pronghorn, deer, birds,
amphibians, mollusks, turtles and rabbits. Burned rock
features are common at Toyah sites, though large burned
rock middens are not as common as they were in previous
centuries. However, three Toyah sites at Camp Bowie
(41BR246, 41BR250, and 41BR253) contained large
burned rock middens with high numbers of geophyte
plant remains and low numbers of faunal remains that
include a range of species from bison to rodent-sized
mammals (Mauldin et al. 2003).
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The Honey Creek site (41MS32) also contained a large
burned rock midden with Toyah interval materials along
with other feature types (Black et al. 1997) though the site
lacks a discrete Toyah component. This site also lacked
a large ceramic collection (one sherd was recovered) but
contained Perdiz arrow points, end scrapers, and beveled
knives. The botanical remains analyzed from Toyah
thermal rock features indicate that the inhabitants were
cooking sotol, prickly pear, lily bulbs as well as meat
(Black 1997:166-167).

Other notable sites with excavated Toyah components
include the Rush Site (Quigg and Peck 1995), Kyle
Rockshelter (Jelks 1962), Mustang Branch (Ricklis and
Collins 1994a), 41TGI91 (Creel 1990), Buckhollow Site
(Johnson 1994), the Varga Site (Quigg et al. 2008) and
the Rainey Site (Henderson 2001).

The Kyle site (41HI1) lies to the northeast of the
Edwards Plateau and is notable for its preservation of
highly perishable artifacts that include basketry, cordage,
and matting from the Toyah component. A wide range of
animal and plant remains, including maize, suggests a
broad diet (Jelks 1962).

Near the eastern edge of the Edwards Plateau in Hays
County, the Mustang Branch site (41HY209-T) contains
Late Archaic, Austin, and Toyah interval components
(Ricklis and Collins 1994a). The Toyah component of the
site was interpreted as a short-term occupation processing
locale because of the large collection of faunal remains
and stone tools recovered. Numerous end-scrapers and
drills were recovered along with bison, deer, antelope,
and small game. The deer and antelope remains showed
evidence of cut marks and marrow extraction.

The Rush site (41TG346) is on the Edward Plateau
northeast of 41KM69. Excavations documented hearth
and ash features, a variety of artifacts including
arrow points, knives, hide scrapers, bone tools, and
earthenware pottery. Most remarkable is the faunal
assemblage recovered from Occupation Zone 4 thought
to represent a bison processing level because of the
large number of bison bones (approximately 11,000
bones representing seven individuals) recovered and the
evidence of butchering and bone grease extraction. This
level was dated to the end of the Toyah interval with a
sample of radiocarbon dates between 330 and 410 B.P.
(Quigg 1997a). The bison bone, evidence of butchering
and bone grease extraction along with remains of
mesquite and stone tools suggests the area was used to
make pemmican (Quigg 1997a).
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The Varga site (41ED28) is on the southern edge of
the Edwards Plateau (Quigg et al. 2008) southeast of
41KM69. The Toyah component here includes an artifact
assemblage of 65,000 specimens. The bulk of this is
consists of debitage, burned rock, and bone fragments but
also includes over 1,500 stone tools and 100 ceramics.

The Buckhollow site (41KM16) is approximately 12
miles from 41KM69. The usual collection of artifacts
were recovered (arrow points, hide scrapers, bison bones,
earthenware pottery, and hearths) but of note here is the
distribution of these artifacts. Johnson (1994) found a
circular pattern described by the artifacts and concluded
that a structure such as a windbreak may have served to
enclose a domestic area around a hearth feature. Johnson
also makes one of the leading arguments for Toyah people
coming into Texas from the north following bison herds
onto the Plateau.

The Toyah interval also saw the adoption of ceramics
on the Edwards Plateau. This pottery is generally plain,
bone-tempered earthenware, fired at low temperatures.
Some examples are incised while others appear to be red
slipped. Typically, sherds recovered from excavations
are small and weathered so few vessels have been
reconstructed. Recovered in prehistoric contexts this
bone-tempered ceramic is identified as Leon Plain.
Spanish Colonial site assemblages, such as those derived

from the missions of Bexar County, also contain large
numbers of earthenware ceramics. While there is a great
degree of variability in these earthenware ceramics, they
are typically referred to as Goliad wares, although at least
in general technological terms Leon Plain and Goliad
wares appear to be rather similar. This inconsistency
points out the fact that the relationship between the two
earthenwares is not well understood. Toyah interval sites
with notable ceramics assemblages include the Rush Site,
41TG346,41HY209, 41ED28, and 41KM16.

Many other Late Prehistoric components are used for
comparative studies in this report, though site descriptions
are not present here (Figure 3-1). References to site
reports can be found in the literature review tables in the
related appendixes for each study.

Archeological Investigations
Near 41KM69

No excavated and reported sites are near the boundaries
of 41KM69 that would contribute to a comparative
database. 41KM16 is the closest at 20 miles from
Junction (Figure 3-2). Fourteen sites lie within 1.8 miles
of 41KM69, though little information is available on

Hag e Mindnnnd

Figure 3-2. Archeological sites in Kimble County discussed in the text.
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most of these occurrences in the Texas Archeological
Sites Atlas. In six cases, corrupted fields are present in
the site forms. These include most of the sites located to
the south and west of 41KM69 (i.e., 41KM31 through
41KM36). In addition, no site form exists for 41KM204.
Of the remaining seven sites, one is historic (41KM205).
Of the six prehistoric sites, temporal information is
available on only 41KM28, where a Perdiz point was
noted. This site, along with 41KM27, is located just to
the north of 41KM69 and is in a similar terrace setting.
Both of these sites are described as having lithic debris
and hearths are noted on 41KM27. The four remaining
sites are prehistoric, though no temporal assignment
is available. Site 41KM145 is identified as a lithic
procurement location, with high quality cherts, while
site 41KM19 appears to have a burned rock midden and
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associated chipped stone debitage. For sites 41 KM20 and
41KMI10 the only information available is that they are
prehistoric in age.

Excavated sites within the county are lacking as well.
Many of the recorded sites are on river terraces and contain
burned rock middens. Those recorded along rivers and
creeks near the project area include 41KM15, 41KM25,
and 41KM56. Site 41KM 19 lies at the confluence of the
North and South Llano River and site 41KM28 sits on the
west bank of the South Llano River. Sites with relatively
large burned rock middens include 41KM6, 41KM9,
41KM17, 41KM18, 41KM21, 41KM23, and 41KM24.
Other sites in the county with ceramics include 41KM18
and 41KM21.
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Jennifer L. Thompson

CAR employed standard archeological field and
laboratory methods during both phases of the excavations
at 41KM69. Methods used during significance testing are
described as reported by Weston et al. (2004), followed by
the presentation of the data recovery methods conducted
by Jennifer L. Thompson.

TxDOT Trenching

Prior to the work contracted by CAR, TxDOT
archeologists excavated three backhoe trenches at the site
December 11-12, 2003. Each trench was approximately
5-7 meters long and 1.4 meters deep along the centerline
of the proposed ROW (Figure 4-1).

Significance Testing

The significance testing conducted by Weston (Weston
et al. 2004) was the first excavation conducted at the site
subsequent to the TxDOT trenching, which consisted
of three backhoe trenches excavated in 2003. Bruce
K. Moses created a site map and 5-m grid across the
project area prior to excavations. He returned to add
the excavated areas and changes to the project area
boundaries to the base map throughout the course of
the entire project. After the initial topographic map was
created for the testing work, CAR proceeded to excavate
121 auger tests that reached depths of 120 cmbs. The
distribution of burned rock and debitage found in these
auger tests guided placement of the backhoe trenches, the

o -

Figure 4-1. The location of previously excavated TxDOT backhoe trenches (from Weston et al. 2004).
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50-x-50-cm units and the 1-x-1-m units, which recovered
Late Archaic, Austin interval, Toyah interval and Historic
Period artifacts.

Mechanical Auger Borings

To allow for sampling of deep deposits, mechanical
augering was used in place of shovel tests. These were
placed on the 5-m grid (Figure 4-2) across the ROW
using a Bobcat mounted screw auger, capable of reaching
depths of 120 cmbs (Figure 4-3). Excavations proceeded
in three levels with a 9-in. bit.

The first level was bored from the surface to roughly
35 cmbs. The second level continued from 35-80 cmbs.

The third level in each auger test sampled 80—120 cmbs.
Collected matrix was screened though '/4-in. hardware
mesh and all cultural material were retained for analysis.

Backhoe Trenching

CAR excavated six backhoe trenches (BHTs 4-9) during
the testing phase. Backhoe trenches were placed to
examine artifact concentrations found during auger
testing (BHTs 4 and 5), to search for new features and,
to expose long profiles for the investigation of the
geomorphic context of the cultural materials (Figure 4-4;
BHTs 6-9).

The trench walls were troweled and examined for
artifacts, features, charcoal, and significant indicators of
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Figure 4-2. The location of auger tests excavated during Phase II testing (from Weston et al. 2004).
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Figure 4-3. Bobcat mounted auger reached depths up to 120
cmbs during Phase II testing.

formation events. One wall of each profile was drawn.
Artifacts and charcoal samples were mapped from both
walls. Full soils descriptions were compiled on three
trenches (BHTs 4, 7, and 8).

Magnetic susceptibility samples (MSS) were collected
from five of the backhoe trench profiles, including the
burned rock midden exposed in BHT 5. The results of
this analysis are provided following the geomorphology
description in Appendix A (Figures A-8 through A-13;
Table A-4).

Hand-Excavations of Test Units

Data obtained from the mechanical auger borings were at
a coarse-grained vertical scale (30-40 cm thick levels).
To more precisely define the vertical distribution of

Figure 4-4. Locations of Phase II trenches and test units (Weston et al. 2004).
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cultural materials and more closely examine several
archeological features identified by the backhoe trenches,
a series of eight 50-x-50-cm units and five 1-x-1-m units
were dug (Figure 4-4). Each test unit was excavated in
10-cm levels using a combination of shovel skimming
and troweling. All soils from these units were screened
through Y4-in. mesh and all materials were collected and
bagged by provenience. All units were placed at the
discretion of the project archeologist in consultation
with the principle investigator and the geoarcheologist.
Appropriate notes, photographs, and drawings were
maintained for all excavations. All discrete, intact
prehistoric features encountered in the manually
excavated units were exposed to the extent necessary for
sampling and characterization.

All artifacts encountered in the auger borings and test
units and all diagnostic artifacts encountered in backhoe
trenches were collected. Charred or unburned organic
materials critical in radiocarbon dating were recovered
when found in good context. Charcoal samples collected
were ranked by the CAR geoarcheologist in accordance
with a quality assessment based on sample context and
size. These were ranked 1=best, 2=very good, 3=good,
4=moderate, and S5=poor. Only samples of the first
rank were sent for radiocarbon dating. Two sets of
select radiocarbon samples were submitted for analysis
shortly after the fieldwork was completed. Soil samples,
consisting of 200-300 grams of matrix, were collected
from undisturbed contexts.

Laboratory Methods

Following the completion of the field work, preliminary
laboratory cataloging and tabulation of artifacts was
done. As a comprehensive analysis of artifacts was not
part of the work authorization for the production of
the interim report, the project archeologist conducted a
quality check of the field and laboratory data using field
notes, unit/level forms, and geomorphological profiles.
Laboratory processing consisted of cleaning the artifacts,
and separating them into gross categories (e.g., debitage,
burned rock, projectile points, tools). Counts were made
of each class of artifacts, with the exception of burned
rock, which was quantified by weight.

Data Recovery

CAR proceeded with the data recovery phase of
excavations at 41KM69 in three stages. The first stage
included hand excavation of large blocks in four areas of
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high artifact density (Areas 1 through 4, Figure 4-5). The
second stage included grading of the site between the
hand-excavated blocks to ensure that all features present
in this area were documented and sampled prior to road
construction. The final stage of the data recovery effort
occurred after a ROW shift. The shift created a wedge-
shaped area of the site west of the block excavations
that had not been tested during Phase II. We employed
mechanical auger borings spaced at close intervals to test
this wedge-shaped area.

Stage 1: Hand Excavations

CAR used standard field methods at 41KM69 during data
recovery and made every effort to tie the Phase II testing
work to the Phase III data recovery excavations. CAR
employed data from test units and auger tests to guide the
placement of the blocks and then added them to the site
map. Prior to block excavation, CAR reopened previously
excavated units to facilitate consistent profiling between
the testing and data recovery phases of excavations.

Site Excavation Management

During the week of January 10, 2005, a small crew from
CAR began setup for the data recovery excavations of
41KM69. This involved relocating previously excavated
test units and backhoe trenches and reopening them.
CAR reopened portions of Backhoe Trenches 4, 5, 7, 8,
and 9 mechanically, and then reopened Test Units 9, 10,
and 11 by hand. TxDOT supplied a backhoe and operator
who scraped 10 cm off Area 1 before a crew leveled the
area by hand with shovels. In general, only one area at a
time was excavated. This strategy limited the amount of
time archeological components were exposure and also
reduced the potential for their disturbance.

Site Grid and Mapping

Phase III excavation data was added to the Phase II map
using established control points. The topographic map
was oriented on magnetic north and tied to engineering
control points in Flatrock Road/FM 2169. All excavation
units in both phases of fieldwork were shot in with this
grid. However, the Phase II test units and Phase III blocks
were not set up to align with magnetic north. Instead, they
were aligned to run parallel to the portion of the ROW
under investigation with grid north in the direction of the
river. The centerline was north, 23°-46°-37” west of true
north, or an azimuth of 336°-13°-23"”. Blocks in each area
fit over the previously excavated test unit within each
block so the test unit aligned with all the other 1-x-1-m
units in the block.
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determined by artifact density observed during testing.

The unit designations for the Phase III work are labeled
by rounded northing and easting coordinates to the
closest meter. These increase to the north and east across
the site so a relative idea of distance between features
and units at the site is possible by referring to the unit
number within a margin of error of 40 cm.

Elevation data was collected for the topographic map
at 5.0-m intervals. Prior to excavation, CAR collected
original ground surface and initial excavation elevation
data at each corner of 1-x-1-m units within the blocks in
each area.
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Figure 4-5. The location of the excavation blocks in each of the four areas investigated during Phase III excavations was

Block Excavation

CAR consistently followed the field methods outlined in
the SOW (see Thompson et al. 2004). Blocks in Areas 1-4
were divided into 1-x-1-m units and excavation occurred
on a rotating basis so the entire block was exposed at the
same level at the same time (see Figure 4-5 and Figure
4-6). Therefore, excavators could observe any features
encountered across multiple units immediately without
waiting for the excavation of the adjacent unit(s) to reach
the depth of the feature. Excavations proceeded by hand
in arbitrary 10-cm levels that were divided by natural soil
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Figure 4-6. Units within the blocks were excavated on a rotating basis to expose the same level across all units simultaneously.

horizons. The crew screened all excavated soils through
!/s-in. hardware cloth with the exception of soil samples,
mechanically removed soils, and soils removed by hand
during the leveling of an area after backhoe scraping.

Feature Excavation

Feature excavation proceeded as proposed in the SOW for
all features with the exception of Feature 1, the burned
rock midden. CAR treated Feature 1 differently because
of its size. CAR documented all the other features by
photograph, plan view and cross-section drawings,
before sampling and excavating them in their entirety.
The project archeologist kept a record of features as
they appeared, assigned each a feature number, and
recorded the center point, upper and lower elevations,
and dimensions in the feature log. Excavators also
recorded this information along with other observations
on feature forms. The center point of the feature became
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the permanent provenience for a feature instead of the
unit number. A minimum 2.0-liter soil (feature fill)
sample was collected from features when possible and all
burned or fire-cracked rock was collected from features
for residue analysis, though not from the site in general
and not from Feature 1.

Due to the size of Feature 1, CAR sampled the burned
rock midden in 1-x-1-m units forming two trenches, one
running north to south, the other running east to west
(see Figure 4-5). These unit excavations proceeded in
the same manner as those in each block, where units
were excavated on a rotating basis exposing one level at
a time across the block. In Feature 1 however, excavators
collected all gravels and burned rock left in the screen
and delivered them to a size-grader who processed the
rock through a series of nested screens and recorded the
information in a data book. After recording the rock.
size, material type, and counts, the size-grader then
discarded the burned rock and gravels on site. Counts
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were recorded for size categories >4 in., >3-4 in., >2-3
in., and >1-2 in. Volume was recorded for all gravel
measuring <1 in.

Soil Sampling

To recover the floral data types necessary to address
the research issues described in the SOW, CAR’s field
crew conducted soil sampling of excavated blocks in
each area of the site to extract macrobotanical remains
including seeds, shells and microbotanical remains such
as phytolith and pollen samples. This is in line with the
proposed research design concerning environmental
changes, diet, and processing activities.

We collected column samples from two freshly cut profile
walls in each of the blocks. We chose one column from
which to sample in arbitrary 20-cm levels from bottom to
top while a second column targeted specific soil horizons.
This entailed removing each natural stratum separately
after block excavation profile drawing concluded. These
methods facilitated accurate note taking, bagging, and
labeling of all strata at the same time and allowed for
accurate sampling of various soils. Only in Feature 1
in Area 3 were soils collected at three locations within
its boundaries. Here, we collected soil samples for
both general flotation and pollen and phytolith analysis
extracted from the center and each end of Feature 1 in the
L-shaped block.

CAR followed Pearsall’s (2000) and Bryant and
Holloway’s (1983) guidelines for acquiring field
samples. The collection of soils came from well-defined,
tightly controlled contexts such as hearths and stratified
soils. Samples from stratified soils came from individual,
contiguous strata from the lowest/deepest to the highest/
shallowest strata to ensure that the upper soils did not
contaminate the lower ones.

As proposed, the soils went into non-porous re-closable
plastic bags. Each control column sample had a volume
of 20-50 ¢cm’ when possible. The sample collector noted
specific volumes in the sample log. We attempted to
collect the samples on calm days. The collector also noted
all possibilities of contamination in the field notes and
sample log. Rubbing alcohol was added to each sample
bag to prevent mold growth and all tools were cleaned
between sample extractions. The collector numbered
each sample and assigned a letter to each column from
which samples were extracted. The columns and the
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samples within the columns were plotted on the profile
drawings for each block. CAR recorded all information
concerning provenience, volume, date, and stratum in a
sample logbook.

Laboratory Methods

All samples, artifacts, photographs, and related
documentation of site 41KM69 were taken to the
laboratory facilities at CAR. Here, preliminary processing
of artifacts including washing, rough sorting and
counting of artifact types, and bagging prior to analysis
were completed. Following the arrival of the soil samples
designated for pollen and phytolith analysis, additional
rubbing alcohol was added to the samples. Samples
that were targeted for a preliminary pollen/phytolith
presence/absence study were separated and placed in a
freezer to arrest mold development until they could be
sub-sampled. The samples were submitted to Texas A&M
University’s Department of Anthropology Palynology
Laboratory.

Stage 2: Gradall Excavation
and Monitoring

Between the hand-excavated blocks, a Gradall scraped
portions of 41KM69 in 10-cm increments (Figures 4-7
and 4-8). CAR staff monitored machine excavations
to document features and recover stone tool artifacts.
Mechanical excavation ceased and the feature or tool
shot in the with total data station when tools and features
were observed. When features were uncovered, the
immediate area was leveled by hand in order to determine
the boundaries of the feature. The feature was then
drawn and photographed in plan view and bisected. Once
bisected, the cross-section of the feature was examined,
drawn, and photographed. A small unit was setup around
the remaining half of the feature and hand-excavated
in 10-cm levels (Figure 4-9). A 2.0-liter soil sample or
the maximum possible volume was collected along with
artifacts from the 1/4-in. screen. All features and tools
encountered during the grading operations were mapped
from information collected with a total data station.

The remains of Feature 1, the burned rock midden, were
also graded during this stage. Because we had already
sampled the midden by hand and examined it in two
cross-sections, we did not examine the midden further
with hand excavations. However, the horizontal extent
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Figure 4-7. The locations of the Gradall scraping are shown in blue.

Figure 4-8. The Gradall bucket was floated in order to grade Figure 4-9. During grading, features were bisected and only
in 10-cm intervals. half were hand excavated.
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of Feature 1 was mapped following every 10 cm of
scraping in order to get an idea of its changing shape
at various depths. TxDOT agreed to backfill the Gradall
excavations after our work was completed.

Stage 3: Testing of Shifted
Right-of-Way

During the course of the data recovery examinations,
CAR discovered that a ROW shift had occurred and
was going to impact portions of the site that were not
discussed during the mitigation planning of 41KM69
(Figure 4-10). Therefore, portions of the site within the
new ROW required testing. During September 26-28,
2005, crew from CAR conducted Phase II-level work
on the previously untested area of the site in the ROW.
This included mechanical auger testing on a 5-m grid
with additional tests offset from the 5-m grid by 3.5 m.
The field crew screened soils from the auger tests and
collected artifacts. The 57 auger tests were excavated

with a 12-in. mechanical auger in three 40-cm levels. A
form was completed for each test and the artifacts were
collected from the screened soil and bagged by level.
All auger tests were backfilled after each was excavated.
The artifacts were collected and returned to the CAR lab
for processing as with the other artifacts from the block
excavations. The additional artifacts were added to the
existing database.

Conclusion to Field and
Laboratory Methods

This chapter outlined the field and lab methods of the
Phase II significance testing and the three stages of
field excavations conducted during the data recovery
phase of the project. The hand excavations covered four
blocks. The grading excavations included monitoring of
areas between the blocks. The mechanical auger testing
examined portion of the shifted ROW that had previously
gone untested.
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Figure 4-10. Auger tests were placed on previously untested portion of 41KM69 after the

change in ROW location.
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The first recorded investigations at 41KM69 consisted of
three backhoe trenches excavated by TxDOT in 2003 (Figure
5-1). The trenches reached a depth of 1.4 m below the surface
where an underlying gravel deposit was exposed. Cultural
material was encountered from ground surface to at least
0.76 m below ground surface, where a small concentration of
burned limestone, designated a feature, was observed in BHT
1. Burned rock and chipped lithics were observed in the back-
fill of all three trenches by CAR archeologists who visited the
site in early February 2004. The findings from these trenches
prompted the additional significance testing and subsequent
data recovery that occurred in the following years. This chap-
ter summarizes the extent of CAR’s excavations and the de-
posits found. Further details on the material recovered and

their contexts are discussed in Chapters 6 and 7.

Significance Testing

During significance testing, CAR created a detailed topo-
graphic map of the site and used mechanical augering, back-
hoe trenching, and hand excavations to assess the significance
of the archeological deposits at 41KM69. This phase of work
uncovered one early twentieth century component that in-
cluded a gravel driveway (Feature 4) and concrete foundation
(Feature 6), and four prehistoric component including tem-
porally diagnostic projectile points, numerous stone tools,
debitage, and native ceramics in good stratigraphic context.
Additionally, three prehistoric feature were documented: one
large burned rock midden (Feature 1), one hearth feature
(Feature 2) and two burned rock clusters (Features 3 and 5).
Figure 5-1 shows the location of the Phase II backhoe trench-

Figure 5-1. Excavation units and cultural features identified during testing (from Weston et al. 2004).
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es, test units, and features along with the TxDOT trenches.
The following summary of results from significance testing
is from Weston et al. (2004).

Results from Auger Tests

Auger tests were set on the 5-m grid that was originally de-
signed to end adjacent the fence at the presumed southern
end of the site. This resulted in 108 auger borings. However,
auger testing showed no drop in artifact counts adjacent the
fence. Therefore, in consultation with TxDOT, the grid was
extended roughly 15 meters south of the fence but still within
the proposed ROW. This increased the number of auger bor-
ings to 121 (see Figure 4-2).

Auger testing results indicated that the artifacts at 41KM69
were in good stratigraphic context with the majority of the
historic material recovered from the top 0-35 cmbs. Nine his-
toric artifacts were recovered from between 35-80 cmbs and

one from below 80 cmbs, but this could have been due to the
level of control lost in auger boring. The historic material was
concentrated in the central and south-central portion of the
site in the ROW.

The prehistoric artifact distribution largely fell below the his-
toric component. The majority of the burned rock (measured
by weight) concentrated in Level 2 but was also present in
Level 1 and Level 3. Figure 5-2 shows the distribution of
burned rock from auger tests across the project area. One
large concentrated area in the south-central portion of the
site, at the location of Feature 1, was dated to the Austin in-
terval of the Late Prehistoric Period.

Other concentrations fell to the southeast and southwest.
Burned rock was less common on the lower terrace in the
northern portion of the project area (Figure 5-2). Chipped
stone artifact concentrations (Figure 5-3) show a different
distribution than the burned rock and seemed to be separated
from the burned rock horizontally.

NN .

Figure 5-2. Burned rock density produced by auger testing (from Weston et al. 2004).
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Figure 5-3. Chipped stone density produced by auger testing (from Weston et al. 2004).

Three temporally diagnostic projectile points were recovered
from auger tests: an ear fragment similar to a Late Prehistoric
Edwards point, a Darl point dating to A.D. 200 (Turner and
Hester 1999) and a Late Archaic Frio point which is 2,150 to
1,350 years old (Turner and Hester 1999:122). The level of
vertical control in auger testing makes interpretation of these
projectile points difficult in this context.

The data from the borings provided information on the hori-
zontal extent and coarse-grained vertical patterning of the
archeological deposits, as well as the nature of the deposits.
The distribution of burned rock and debitage guided where
the mechanical backhoe trenches and hand-excavated units

were placed.

Results from 50-x-50-cm Units

Eight 50-x-50-cm units (TUs 1-8) were excavated during the
testing phase to examine deposits, including cultural features
exposed in backhoe trenches (see Figure 5-1). These were
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excavated to depths between 140 and 170 cmbs. Seven of
these units produced lithics, burned rock, and historic arti-
facts in good stratigraphic position. The greatest numbers of
lithic artifacts were from units excavated in the central and
north-central areas of the site (TUs 1, 5, 6, and 7). The great-
est densities of burned rock were found in the center of the
project area near BHTs 4 and 5, which cut through the burned
rock midden (Feature 1; see Figure 5-1). TUs 1, 2, 3, and 4
were placed in or near Feature 1, but only TUs 2 and 3 were
within the boundaries. TU 8 was placed in BHT 8§ to explore
Feature 2. This unit was later expanded to a 1-x-1-m unit.

The distribution of debitage and burned rock was patterned,
peaking in upper and lower deposits in several units. In gen-
eral, the upper deposits are from Late Prehistoric compo-
nents and the lower deposits are from Late Archaic com-
ponents. This is illustrated in burned rock and debitage
densities plotted by levels in Test Unit 1 against a profile

segment of BHT 4 (Figure 5-4).
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Figure 5-4. Density and pattern of debitage and burned rock from Test Unit 1 against

profile of BHT 4.

Results from 1-x-1-m Units

Five 1-x-1-m test units (Figure 5-1) were excavated to inves-
tigate in more detail artifact concentrations identified from
auger tests (TUs 10 and 11) and thermal features identified
in both the augers and backhoe trenches (TUs 8, 9, and 12).
The depth of these units ranged from 80 to 150 cmbs. TU
9 was positioned to investigate Feature 5, a small, burned
rock concentration identified by auger tests that was located
10 m south of BHT 4. TU 10 was placed in the highest deb-
itage concentration identified by auger testing. TU 11 was
placed near TxDOT BHT 1. TU 12 was placed at the south-
ern juncture of BHT 8 and BHT 9 to examine a burned rock
concentration, Feature 3, exposed by those trenches. Finally,
50-x-50-cm TU 8 was expanded into a 1-x-1-m unit to com-
plete the examination of the hearth partially exposed in the
southern end of BHT 8.

Because of their placement over known artifact concentra-
tions, the five 1-x-1-m units produced a large quantity of
chipped stone and burned rock artifacts. Prehistoric ceramics
were also recovered from TU 11. All units produced charcoal
samples, four produced faunal material, and TU 11 produced
prehistoric ceramics.

As in the other excavated areas, the stratigraphic position of
the artifacts indicated that the prehistoric components seemed
to be intact. The 1-x-1-m test units combined showed historic
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artifacts confined to the upper 20 cm of the deposit and deb-
itage and burned rock peaks in both upper and lower level
deposits as seen in the smaller units. The prehistoric ceramics
were concentrated in Level 3 of Test Unit 11.

Initially, 5.6 m’ were allocated for the excavation of 1-x-
1-m test units. With TxDOT concurrence, the excavation of
an additional three levels (0.3 m’) was needed to pursue the

feature in TU 8.

Results from Backhoe Trenches

CAR exposed over 114 m of deposits in six backhoe trenches
(BHTs 4-9) at the site (see Figure 5-1). These exposed long
profiles, provided an opportunity to define the geomorphic
context for the cultural materials and located some burned
rock features. BHTs 4 and 5 were intentionally cut through
Feature 1, a burned rock midden identified during augering,
to expose the feature morphology and provide perpendicu-
lar views of the deposit. Three trenches (BHTs 4, 5, and 6)
form a contiguous excavation that provides an adjoining set
of profiles. Four trenches (BHTs 4, 6, 7, and 8) were exca-
vated as parallel samples from the highest part of the site
towards the lower northern margin. Based on the presence
of significant gravel deposits in the bottom of BHT 8, BHT
9 was excavated westward toward BHT 7 to determine the
relationship of the high energy deposits in BHT 8 to the min-
imal gravel sediments in BHT 7. Two burned rock features
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(Features 2 and 3) exposed in the western wall of BHT 8§
were not recognized during monitoring. They were identified
during trench profiling.

Each trench was excavated to a target depth of 1.5 m below
modern ground surface, though some exceeded this depth
due to the unconsolidated nature of the gravel. Each trench
was about 135 cm wide and centered on a row of previously
excavated auger tests.

A detailed geomorphological discussion is in Appendix A.
Several artifacts and charcoal samples were collected from
various backhoe trench profiles. Some tools, including end
scrapers possibly associated with Features 2 and 3 in BHTs
8 and 9, are among the collected artifacts, but no temporally
diagnostic projectile points were recovered. Three charcoal
samples collected from trench profiles were submitted to the
Center for Applied Isotope Studies at the University of Geor-
gia for AMS dating. These analysis reports are in Appendix
G. These suggest Late Archaic, Late Prehistoric, and possibly
Protohistoric deposits were present.

Summary of Findings from
Significance Testing

Significance testing identified three prehistoric components,
a Late Prehistoric Toyah interval component, an early Late
Prehistoric Austin interval component, and a Late Archa-
ic Frio component within the ROW crossing through site
41KM®69. Prehistoric materials recovered span roughly 3,500
years as evidenced by the recovery of a Pedernales projectile
point, several Frio points, a Darl point, two Edwards points,
a possible Perdiz preform, and 48 bone-tempered ceramics.
Testing excavations also documented four prehistoric fea-
tures. The prehistoric features include an early Late Prehis-
toric burned rock midden (Feature 1), one hearth (Feature
2) and one burned rock cluster (Feature 3) that probably
reflect a very Late Prehistoric Toyah interval occupation,
and a burned rock cluster (Feature 5) that may date to the
Initial Late Prehistoric Austin interval. In addition, occupa-
tions associated with Late Archaic Frio projectile points were
found in different areas of 41KM69. Significance testing also
identified evidence of an early twentieth century component
confined to the surface and upper 20 cm of the site. Two his-
toric features, Feature 4, a gravel driveway, and Feature 6 a
concrete foundation, are thought to be remnants of a resort
hotel. Based on the stratigraphic integrity of the prehistoric
components, the available data types, and the potential of the
site to contribute to a number of research themes, CAR rec-
ommended that 41 KM69 met minimum eligibility criteria for
listing on the NRHP.
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Data Recovery

During the data recovery excavations, CAR concentrated ex-
cavations at four high-density areas identified during the sig-
nificance testing. Each excavation block targeted a specific
time period or feature to address research questions about
the paleoenvironment of Central Texas and the behavioral,
subsistence and technological changes exhibited by the pre-
historic groups who lived there (see Thompson 2006). These
excavation blocks were labeled “areas” and numbered one
through four. The location of these Areas are illustrated in
Figure 4-5 with the testing excavation units, trenches, and the
features recorded during Phase II work.

The specific cultural periods targeted were the Frio compo-
nent of the Late Archaic, the Initial Late Prehistoric Austin
interval, and the Terminal Late Prehistoric Toyah interval
as revealed in the artifacts and radiocarbon dates recovered
from Phase II auger testing, backhoe trenching, and test unit
excavation (Weston et al. 2004). Auger test data helped deter-
mine the horizontal limits of debitage and fire-cracked rock,
while test units and backhoe trenches revealed good site in-
tegrity through the vertical distribution of artifact. The Phase
II hand excavations also allowed CAR to associate the Late
Prehistoric components with the Bkl horizon and the Late
Archaic component with the Ck horizon (Thompson 2006).

Based on the results of the Phase II testing at 41KM69, CAR
proposed the excavation of 133.5 m’ of archeological depos-
its. However, the vertical and horizontal extent of the arti-
facts and features were somewhat different from the predict-
ed Phase Il results. In Areas 1, 2, and 3 the proposed terminal
depths ended up short, so CAR requested additional time
to excavate more levels in order to completely capture the
lower components of the site. CAR also requested approval
to expand the dimensions of Area 1 southward to examine
the distribution of possible post molds and pottery in the up-
per levels. TxDOT Environmental Affairs division staff ap-
proved both requests.

Results from Stage 1: Hand Excavations

The following paragraphs explain the excavation details at
four areas across site 41KM69 focusing on the physical lo-
cation and volume of matrix removed. CAR completed all
the excavations outlined in the original SOW and in the ad-
ditional work request made after excavation began. TxDOT
granted CAR permission to excavate 5.0 m’ beyond the scope
of work to explore unexpected discoveries such as features
uncovered at the proposed terminal depths.
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Area 1

Area 1 occupied the lower terrace and contained a buried Late
Prehistoric (Toyah interval) component and a Late Archaic
component. Weston et al. (2004) documented Leon Plain ce-
ramics and teardrop-shaped unifacial “scrapers” occurring in
conjunction with a peak in debitage quantities here, so the
area was targeted for data recovery. In order to recover a rep-

resentative sample of this Late Prehistoric component, CAR
proposed to excavate a 6-x-7-m block consisting of 42 1-x-
1-m units centered on Test Unit 11 (Figure 5-5). Area 1 exca-
vations were guided by the soil horizons seen in Test Unit 11.
This test unit was reopened and profiled prior to the excava-
tion of the block. It provided a witness-profile that helped us
recognize the subtle soil changes in the units and tie level
descriptions to natural strata already described on site.
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Figure 5-5. Area 1 was expanded vertically and horizontally to explore the distribution of artifacts and features.
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Accounting for the previously excavated Test Unit 11, CAR
proposed to hand excavate five levels in each of 41 units (10-
60 cm below average ground surface or 30 cm below datum)
totaling 205 levels of the Late Prehistoric Toyah component.
A peak in debitage from 60-110 cmbs identified the lower
Late Archaic component. Excavation of another five levels in
each of the 41 units was necessary, resulting in excavation of
205 levels of the Late Archaic component as well.

The proposed excavation of 410 levels in 41 units of Area
1 occurred during the first sessions of the Phase III excava-
tions. However, at the proposed terminal level of excavation
(110 cmbs), crewmembers unearthed a hearth feature (Fea-
ture 35) and noted relatively high artifact counts. This was
an unexpected discovery because soils at this depth contain a
high percentage of gravel (see Appendix A, Ck2 horizon) and
do not appear to serve as a likely surface for human occupa-
tion. In order to explore the depth of in situ artifacts and in-
tact thermal features, additional excavations continued down
another 10 cm in four units (N84 E11, N84 E13, N87 El1
and N88 E16) and 30 cm in one unit (N89 E15; Figure 5-5).

The results of the extra effort into the Ck horizon served to
prompt the excavation of one additional 10-cm level across
the northern half of the area (N87-N90 and E11-E16) total-
ing 25 additional levels across 25 units. CAR requested and
received approval for the extra levels in order to explore what
could be the earliest evidence of human occupation recorded
at the site.

The discovery of possible post molds at approximately 60-
70 cmbd and interesting artifact trends in the upper levels
of Area 1 prompted the expansion of Area 1 southward by
two meters across the entire block. The excavation of the ad-
ditional 2-x-6 m divided into 12 units began at 30 cmbd (the
upper 30 cm were removed by hand but not screened) and
terminated at 80 cmbd totaling 60 additional levels. Because
the level of origin of the possible posts required additional
documentation, from 36-63 cmbd, excavation techniques
changed based on recommendation from TxDOT to a vertical
cutting back of the profile in ten-centimeter levels rather than
the usual horizontal skimming and troweling technique. The
benefit of this technique is that it exposes the upper boundary
of the stains in profile instead of plan view. The stain bound-
aries are much easier to see from the side than from above.
Understanding the true origin of these stains would allow us
to assign them to relative occupations.

Altogether, CAR excavated 448, 10-cm levels (44.8 m’) in
Area 1. The final block measured 9-x-6 m with terminal
depths varying from 80 to 140 cmbd. All beginning depths
were the same at 30 cmbd.
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Area 2

Area 2 is located on the lower terrace in the northeastern
part of the site within the ROW (see Figure 4-5). Two test
units (TUs 8 and 12) placed here during testing revealed two
features (2 and 3) thought to date to the Terminal Late Prehis-
toric Toyah occupation as recognized in Area 1. The northern
and eastern sides of Area 2 border Backhoe Trenches 8 and
9, respectively. Reopening both of these trenches and the test
units exposed soil horizons that helped guide the excavation
of Area 2. Pecan trees stand in the block and along the south-
ern edge. CAR originally proposed to excavate 17.4 m’ in
29 units in this area, but due to complications with laying a
grid around previously excavated units and the pecan trees,
the area ended up as an oddly configured block of 30 units
(Figure 5-6). CAR also excavated small portions around the
perimeter of Test Units 8 and 12 and an intact balk between
Area 2 and the backhoe trenches as partial units. The upper
10 cm were removed mechanically, leaving hand excavations
to start at 10 cmbs and to terminate at 70 cmbs.

As in Area 1, lithic artifacts (such as Montell and Pedernales
projectiles) and thermal features (such as fire-cracked rock
clusters) lay at the Ck horizon near the terminal excavation
depth of 70 cmbs. Due to these encounters and the continued
moderate artifact densities, CAR took exploratory measures
in unit N77 E29 to test the depths of artifacts within the Ck
horizon and inform decisions concerning deeper excava-
tions. This unit was excavated an additional 50 cm beyond
the original scope of work. Ultimately, CAR proposed, and
TxDOT agreed to, an additional single 10-cm level across the
block to capture this apparent Late Archaic component. In-
cluding the additional work beyond the original SOW, CAR
excavated 215 10-cm levels within the 30 full 1-x-1-m units.
This comes to 21.4 m’ excavated from Area 2, not including

partial units around the test units and in the balk (Figure 5-6).

Area 3

CAR completed the excavation of two adjoining blocks in
Area 3 on the slightly higher terrace to examine the burned
rock midden (Feature 1) and possible activity areas associ-
ated with the Initial Late Prehistoric feature (see Figure 4-5).
Backhoe Trenches 4 and 5 border Area 3 to the east and
north, respectively. Portions of both of these trenches were
reopened. Test Unit 10 was also reopened and profiled. Ex-
cavation of a large block of 65 units to explore arcas away
from the midden as well as an L-shaped block of 18 units
to explore the midden proper then proceeded (Figure 5-7).
Unexpected discovery of a vast system of rodent burrows,
pecan tree roots, and high artifact recovery within the larger
block led to a slight variation of the original proposal. Unit
N36 E19 remained unexcavated due to the rodent disturbance
seen in the larger block (Figure 5-7).
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Figure 5-6. Area 2 was excavated into the heavy gravel soils of the Ck soil horizon.

The L-shaped block crossed through the expected center of
the midden and across its western and southern boundaries.
A 9-x-1-m section bordering Backhoe Trench 5 and an 8-x-
1-m adjoining section along Backhoe Trench 4 were hand-
excavated. The orientation of the L-shaped excavation block
allowed sampling of both the central and peripheral depos-
its within the midden. All fire-cracked rock from this block
was size-graded in the field. This provided the opportunity
to collect data on midden development and to explore the
possible relationship between fire-cracked rock size and pro-
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venience in the midden. TxDOT removed the upper 10 cm of
the midden overburden prior to hand-excavations. The origi-
nal SOW defined a terminal depth of 90 cmbs, which would
have resulted in the excavation of eight levels within 18 units
(14.4 m’). Since the purpose of these units was to explore the
burned rock midden, instead of following this strict regimen
of initial and terminal depths, individual units stepped down
to follow the depth of the midden soils and fire-cracked rock
resulting in varying terminal depths across the block. In some
units, the terminal depth of fire-cracked rock was much lower
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than anticipated and resulted in the excavation of levels be-
low the proposed terminal depth in order to fulfill the goals of
the fieldwork. Excavation continued within the midden two
levels beneath the fire-cracked rock zone and into the lower
Ck horizon. This effort resulted in 173 excavated 10-cm lev-
els within 17 1-x-1-m units (17.3 m’). This estimate is high,
as it includes fill from portions of Test Unit 1 in N29 E28 and
Test Unit 3 in N36 E27.

The adjacent block was much larger with 65 1-x-1-m units
(Figure 5-7). This block was oriented around standing pecan

trees and over Test Unit 10. Its location was chosen to ex-
plore potential activities associated with the midden and a
lithic concentration seen in auger test data from the Phase II
testing (see Figures 5-3 and 5-4). Excavations in Test Unit
10 recovered an Edwards arrow point in Level 5 (40-50
cmbs) and a charcoal sample (Appendix G: UGA 14032)
from 108 cmbs. The charcoal sample returned a calibrated
date of A.D. 550-780 (95.4 percent probability) indicating
that the materials between Levels 5 and 11 are probably con-
temporaneous with the early formation of the midden during
the Initial Late Prehistoric.
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Figure 5-7. The early Late Prehistoric component of 41KM69 was explored in Area 3 where
excavation levels terminated at various depths. Many of the units were disturbed.
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The original proposal for data recovery excavations was to
begin at 40 cmbs and terminate at 90 cmbs resulting in five
levels removed across the 65 units (32.5 m’). CAR completed
this work as proposed with the exception of units N34-36
and E13-14, which terminated after two levels due to the
density of large pecan tree roots. Much of this block was
highly disturbed down to the proposed terminal excavation
level. From N30-N36 and E15-E18, rodent burrows, nests,
and historic and modern trash were uncovered. Units N28-29
and E17-18 also had major root disturbance and minor rodent
disturbance. The remaining units in the south of the block
contained intact deposits. These intact deposits extended in-
creasingly deeper the farther south excavation progressed. In
other words, the cultural deposit sloped down to the south.
Because over 50 percent of the block was in a disturbed con-
text, it became important to investigate the high density of
artifacts in the intact southern portion of the block. CAR took
exploratory measures to determine the depth at which arti-
fact densities began to decline. Excavation continued in units
N24-29 E13-16 another 20 cm deeper with the same high ar-
tifact counts. Unit N24 E14 was then excavated an additional
30 cm to reach a zone of decreased artifact recovery or a ster-
ile level. CAR ultimately proposed, and TxDOT agreed to,
an additional 10 cm of excavation in units N24-28 E13-16 to
recover Late Prehistoric artifacts from this part of Area 3. The
final artifact sample came from the excavation of 155 10-cm
levels in 31 units (15.5 m’; see Figure 5-7).

Area 4

Excavations of Area 4 took place on the upper terrace as well
(see Figure 4-5). Excavation of Test Unit 9 during the testing
phase uncovered a Late Archaic Frio component from 50-120
cmbs including a burned rock feature (Feature 5). The Area 4
block overlay Test Unit 9 in order to record the rest of Feature
5 and to recover a larger sample of the Frio component. In the
SOW, CAR proposed to excavate seven levels in each of 41
units (28.7 m’). These excavations were to begin at 50 cmbs
and terminate at 120 cmbs with the upper 50 cmbs removed
with a smooth bucket machine.

The Area 4 block measured 6-x-7-m containing 42 1-x-1-m
units including Test Unit 9. Test Unit 9 was reopened for
profiling during the excavation of the 41 units for the Phase
IIT work. TxDOT removed the upper 40 cm of Area 4 with
a backhoe. Crewmembers leveled an additional 5 cm by
hand. This reached 45 cmbs, approximately 5 cm above the
proposed initial level. Excavation stopped slightly higher
due to encounters with possible burned rock features there-
by adding an additional 5 cm of hand-excavated matrix
across the block.
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Large pecan trees bordered the block to the east and south
and proved problematic in unit N12 E35. Here, excavation
stopped due to the density of large roots at 120 cmbd, 30 cm
short of the proposed terminal excavation depth. The crew
completed the excavation of seven levels in the remaining
units as proposed, as well as an additional 5-cm level added
due to the unexpected shallow nature of the thermal features
(Figure 5-8). This totals 284 10-cm levels from 41 units and
41 5-cm levels from 41 units (30.45 m’).

Results from Stage 2: Gradall Excavation and
Monitoring

CAR staff returned to 41KM69 August 15-26, 2005 to com-
plete the grading portion of the fieldwork. Portions of the site
between Areas 1 and 2, Areas 3 and 4 and the area surround-
ing the burned rock midden were scraped in 10-cm incre-
ments with a Gradall (see Figure 4-7).

In the northernmost section, between Areas 1 and 2, approxi-
mately 100 m’ were excavated to 70 cmbs in order to capture
the levels of the site that contained the possible post molds.
The central section targeted the burned rock midden, which
was mapped at each 10-cm level to record the changes in
shape. The central section was approximately 250 m* and was
excavated to a depth of 120 cmbs. The final, southern-most
section between Areas 3 and 4 measured approximately 250

m’ and reached a depth of 130 cmbs.

Results from Stage 3: Testing of Shifted
Right-of-Way

Results from testing the shifted right-of-way showed a sparse
layer of lithic debitage across the western line at 40 to 120 be-
low the upper disturbed surface of the site (see Figure 4-10).
The fifty-seven auger tests produced no more than five arti-
facts per level and no formal stone tools. In most cases the
upper 40 cm of the site were in a highly disturbed context
with gravels resembling road fill and historic and modern
trash such as wire nails, glass and plastic. The lower levels,
40-120 cmbs, contained faunal material (mussel shell, enti-
fied bone, and snail shell). Root disturbance was common
across the study area. Burned rock was also ubiquitous across
the expanded section of ROW but no features were identified

in the walls of the auger tests.

Summary

This chapter described the vertical and horizontal scope of
CAR’s excavations at 41KM69, a brief description of the sig-
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Figure 5-8. Map of Area 4 showing unit designations and terminal depth of the excavations.

nificance testing, and why excavation occurred in the four ar-
eas during data recovery. CAR hand excavated 156.65 m’ of
site 41KM69. This work targeted three periods of Texas pre-
history: the Late Archaic, Initial Late Prehistoric, and Termi-
nal Late Prehistoric as identified during the testing phase. In
general, the excavation went as planned though the deposits
at the site lay deeper than originally thought. In these instanc-
es, alteration to the original SOW included deeper terminal
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excavation depths. This occurred in Areas 1, 2, and 3. In one
instance in Area 1, the excavation expanded horizontally to
explore the origin of possible post molds and the distribu-
tion of ceramics and other Late Prehistoric artifacts. After the
completion of the hand-excavations in all areas, monitoring
of Gradall scraping of the site between the excavation blocks
occurred. Finally, 57 auger tests were excavated within a por-
tion of the ROW that previously had not been tested.
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Jennifer L. Thompson

Information on the geomorphological formation of 41KM69
came from the examination of six backhoe trenches and four
excavation blocks dug during both phases of the project.
Site 41KM69 occupies two landforms within the project
boundaries. These two terraces rise south of the South Llano
River and have approximately 1.0 m difference in elevation.
Excavation Areas 1 and 2 occupy the lower terrace and Areas
3 and 4 occupy the upper terrace. The field crew troweled,
examined, and compared the walls of the data recovery
excavation blocks to the soil data from the testing phase
(see Appendix A). CAR mapped soils, features, artifacts
and other anomalies from two perpendicular walls of each
excavation block except in Area 2, where detailed soil
profiles of adjacent BHT 8 already exist. Areas occupying
the same terrace have common, but not identical, profiles
though soils are similar across the entire project area on
both terraces. This chapter describes the site stratigraphy
as it relates to the artifacts present in each excavation area
and time period. Findings of both phases of excavation are

discussed with descriptions of the integrity of the blocks. The
final section outlines the findings by Analytical Units used
in the analysis: Middle Late Archaic, Terminal Late Archaic,
Initial Late Prehistoric, and Terminal Late Prehistoric.

Areas 1 and 2

Areas 1 and 2 sit on the lower terrace of 41KM69
approximately 10 m from each other (see Figure 4-5). This
lower terrace is the younger of the two terraces we excavated.
Both areas shared a common soil profile containing similar
artifact assemblages at corresponding depths, though
artifacts of similar age on the upper terrace are at shallower
depths than those on the lower terrace. The surface soils
overlie an AB-Bk-Ck sequence in Area 1, whereas in Area
2 the A3 horizon directly overlies the Bkl (Figures 6-1 and
6-2). The most dramatic differences in the two areas are the
lack of ceramics and an AB soil horizon in Area 2.
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Figure 6-1. The western profile in Area 1 illustrates an AB-Bk-Ck sequence.
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Figure 6-2. The southern profile of Area 2 shows an absence of the AB horizon.

We chose Areas 1 and 2 for excavation because testing
indicated that the Late Prehistoric and Late Archaic
components were well preserved. Test Unit 11 in Area
1 produced Late Prehistoric ceramics and stone tools in
Levels 3-4 and 8-9. The upper peak was associated with
Perdiz arrow points and unifacial end scrapers. The lower
peak returned Frio projectile point forms that indicate a Late
Archaic occupation.

Results of Significance Testing

Area 2 had been excavated along its northern and eastern
walls by Backhoe Trenches 9 and 8, respectively. Test Units
8 and 12 were then excavated into the wall of Backhoe
Trench 8.

These excavations produced no diagnostic artifacts, but did
uncover thermal rock features (Features 2 and 3) associated
end scrapers and bison bone. The source of artifacts within
these units was difficult to discern, but upper Level 5 peaks
in debitage appear to be associated with the Bk1 deposit and
a lower Level 7 increase crosses the Bk2/Ck interface in
Test Unit 8.
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Occupations

Block excavations revealed the same soil profiles and artifact
distribution observed in testing. The historic element of the
site is largely within the A horizon, though we recovered
some historic artifacts from lower horizons. There may
be two Terminal Late Prehistoric occupations of the site
on the surface of the Bk2 horizon, within the Bkl and in
the AB horizons. These include a possible Toyah interval
component, though the Toyah artifact assemblages from
Areas 1 and 2 differ. The Bk2 horizon contains the Late
Archaic component, which extends through the Ckl and
Ck2 horizons. The vertical pattern of artifacts in these two
areas may indicate two Late Archaic occupations: one at
the top of Ck1 extending up through the Bk2 horizon and a
second at the top of the Ck2 extending up through the Ck1.

Integrity

Though we retrieved some historic artifacts from the Bk
horizon in both Areas 1 and 2, the amounts were negligible
compared to the numbers recovered from the A horizon and
we believe the data recovered from this portion of 41KM69
comes from an undisturbed context.
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The highest level of historic and prehistoric artifacts co-
occurring is in the A horizon of Area 1. Most of the A
horizon was removed by mechanical means because the
investigation targeted the prehistoric component of the site,
not the historic. However, our hand-excavations did recover
some historic artifacts. Most of those found were in the
levels above the AB horizon in Area 1. These levels with
historic intrusion also contained two un-typed dart points
and several other stone tools types. These were all unifacial
lithic tools, many reminiscent of Toyah scrapers.

Artifact Distribution

In Area 1, a soil change was noted at the bottom of the
A horizon in Level 5, marking the upper boundary of the
AB at approximately 42 cmbd. In the AB, debitage counts
increased and reached their first peak at the transition
between the AB and Bkl at approximately 55 cmbd. In
the AB, we noted minor historic intrusions along with the
first collection of native ceramics and Perdiz projectile
points. The typical Toyah-shaped unifaces also were
associated with the ceramics and Perdiz points, though the
Perdiz points lay at lower elevations than the unifaces and
ceramics, which co-occurred in Levels 4 and 5 (Figure 6-3).
Minor historic disturbance reached the AB horizon in Level
5, where we documented a few historic artifacts. If the A
horizon dipped down somewhat, these artifacts could have
been associated with the other historic artifacts recorded in
Level 4 of the A horizon.

In Area 2, no ceramics or Perdiz projectile points were
found, but artifact counts did peak in Level 5 at the A horizon
interface with the Bk1 horizon (an AB horizon was absent;
see Figure 6-2). Several unifacial tools typical of the Toyah
interval were recovered near to but slightly higher than
Features 2, 3, and 3B (Figure 6-4). Both areas contain a Late
Prehistoric component associated with the upper boundary
of the Bk1 horizon.

The surface of the Bk2 marks the approximate depth (ca.
60-75 cmbd across both Areas 1 and 2) where we noticed
the possible post mold features of Area 1, Features 2 and 3
uncovered during testing, and Feature 3B recorded in the data
recovery excavations of Area 2. Several more stone tools lay
in proximity to these rock features along with a bison tibia.
Here too, artifact counts nearly double from Level 7 to Level
8 in Area 2 at this same interface. This peak is the same
discussed from the Test Unit 8 testing results. The artifact
assemblage most likely dates to the Late Prehistoric based
on radiocarbon assays returned from Feature 2 (Table 1-1).
These dates returned both Late Prehistoric and Protohistoric
possibilities, but the associated bison bone fragments and
unifaces suggest a Late Prehistoric Toyah occupation. The
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Figure 6-3. The distribution of Late Prehistoric artifacts in Area
1 shows Perdiz projectile points beneath ceramics and unifaces
when they are often clustered together in the Toyah interval.

post mold features were recognized at a soil change and
therefore could have originated at higher levels within the
Terminal Late Prehistoric.

Within the Bk2, below the surface of Features 2 and 3
and the high density of debitage, we recovered Frio and
Castroville projectile point forms, which are typical of the
Late Archaic. Also, below this interface and within the Bk2
another rock feature was uncovered (Feature 40) in Area 2,
but artifact counts remained low in the Bk2 levels in both
areas. We continued to recover a few historic artifacts in the
Bk horizon in Area 1. The historic artifacts likely slipped
down through the root molds. Regardless of the handful of
historic artifacts, we feel the deposits in the Bk2 horizons
are intact and indicate a Late Archaic Frio occupation based
on projectile point forms.

An increase in artifacts at the transition from the Bk2 to
the Ckl (~95 cmbd) horizon is more prevalent in Area 1
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Figure 6-4. This graph illustrates the distribution of unifaces in proximity to possible Late Prehistoric features in Area 2.

than in Area 2 as reflected in the testing data as well. While
Area 2 shows a slight rise in debitage and tool counts, Area
1 artifacts more than double. The Ckl in Area 1 produced
the most artifacts per 10-cm level than any other horizon at
the site.

Frio projectile point forms remain the most frequent point
type but occupy the same levels as Pedernales and Montell
projectile forms in the Ckl in both areas. Both areas also
demonstrate a dramatic drop in artifacts and tools from the
CKkl to the Ck2. Near this interface (~128 cmbd), however,
we recorded Features 35 and 36 in Area 1, and Features
42, 43, 55, and 56 in Area 2 marking a lower Late Archaic
occupation. Feature 80 was uncovered at this level during
grading. This was unexpected since the horizon contained
such a high percentage of gravels and did not seem a likely
zone for human occupation. Though we witnessed artifacts
at this level during testing, their presence within a zone
produced by such high energy, called into question their
primary location. However, the presence of features, which
were not rolled in by water, and sharp-edged tools suggest
that there was sufficient time for camping on the heavy
gravels before the next horizon was deposited. We recorded
no anomalous artifacts at this depth, so we believe this early
deposit at the site is intact. AMS dating of a charcoal sample
from Feature 35 in Area | returned at date of 2550 + 50 B.P.
(Delta 13 corrected).
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The Ck2 horizon in Area 1 does not appear at uniform levels
across the block. Soil changes occur higher in the eastern
units than the western units. In some places, the Ck did not
appear until 110 cmbd. The same trend is apparent north to
south. In the northern units, the heavy gravels of the Ck2
occur at a shallower depth than those of the southern units.
In fact, in the southwestern units, we never reached the same
high percentage of gravels as that found in the northern units
(Figure 6-5).

The vertical distribution of artifacts in Area 1 shows trends
similar to those found in Test Unit 11 in that there are two
peaks in the number of artifacts (Figure 6-6). In the test unit,
there was a peak in debitage from 46-66 cmbd and another
at 96 cmbs.

This corresponds to the artifact increases at the upper
boundaries of the Bk1 horizon (the Terminal Late Prehistoric
component) and the Ck1 horizon (containing a Late Archaic
Frio Component), respectively. Across the entire block in
Area 1, debitage counts peak in Levels 6 and 11. The lowest
return for debitage between these peaks was in Level 8. Tool
and core counts peak in Levels 5 and 10 with a low point in
Level 7 between these. A third jump occurs below in Level
13 at Feature 35 and drops off again in Level 14. In Area 2,
these same patterns occur in Levels 5, 8, and 14, but on a
smaller scale (Figure 6-6).
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Figure 6-5. The Ck horizon contained a Late Archaic component with features.
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Figure 6-6. Debitage peaks in Areas 1 and 2 correspond with soil changes.
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Areas 3 and 4

Areas 3 and 4 and Feature 1 sit on the upper terrace, an
older landform that still exhibits the same soil profiles as
Areas 1 and 2 on the lower terrace (Figure 6-7 and 6-8).
This terrace sits approximately 1.0 m above and to the south
of the lower terrace. Soils here represent recent epipedons
overlying an AB-Bk-Ck-Ab-2Ck sequence witnessed in
Backhoe Trenches 4, 5, and 6 (See Appendix A). Recent
historic disturbance, in the form of a gravel lens (Feature 4),
sits at the base of the A2 horizon. However, the main feature
of interest on this terrace is the Late Prehistoric burned rock
midden (Feature 1) that lies between the excavation blocks
of Areas 3 and 4. Feature 1 is associated with the Bk soils
dated to the early Late Prehistoric (1180-970 B.P.) Austin
interval and rests on the Ck horizon. Our excavations in Area
3 focused on the midden and nearby units that potentially
demonstrate activities associated with the midden during
the Initial Late Prehistoric. Excavations in Area 3 began at
the Bk horizon, terminated at the Ck, and therefore did not
reach the depth of the buried paleosol, which is the lower
Ab horizon.

Results of Significance Testing

Three trenches (Backhoe Trenches 4, 5, and 6) were
excavated in Areas 3 and 4 along with six test units (Test

Units 1-4, 9, and 10). These excavations explored the burned
rock midden and provided an estimate of the size and depth
of Feature 1. Test Units 9 and 10 both showed three artifact
peaks in Levels 4, 6-8, and 12. Testing results suggested that
the upper peak is likely Late Prehistoric while the lower
two peaks date to the Late Archaic; however, this was not
confirmed with artifacts or “C dates. The other test units were
equally problematic in terms of dating and artifact recovery.
The best results came from Test Unit 1, which showed an
artifact density peaking around the Bk unit, which was dated
to 1180-970 B.P. in Backhoe Trench 5.

Occupations

Block excavation results differed from the results of
Phase II work. The data recovery efforts began at lower
elevations than the testing, which began at the surface.
Despite the mechanical removal of upper components,
we still encountered numerous historic artifacts in Area 3.
Disregarding those units that lack integrity, we began in the
Late Prehistoric, Austin interval in Areas 3 and 4.

This occupation was limited to the Bk horizon. Few Late
Prehistoric diagnostic artifacts help to date the Bk so we
rely on the radiocarbon date mentioned above taken from
Backhoe Trench 5. The Late Archaic component of the site
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Figure 6-7. West wall profile of Backhoe Trench 4. Note Feature 1 and Test Units 1 and 2.
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Figure 6-8. South wall profile of area 4.

on this terrace is limited to the lower Bk horizons, Bk2 and
Bk3, and to the Ck soils. Patterns in soil changes and feature
elevations suggest that there may have been multiple Late
Archaic visits to the site in Area 4.

Integrity

Minor krotovina disturbance was witnessed near the lower
boundary of the midden (~80-100 cmbs) during testing.
Weston et al. (2004) reported further disturbance east of
Backhoe Trench 4 associated with the possible demolition
or construction of the Kimble Courts, but not such extreme
disturbance as to compromise the integrity of the burned
rock midden. Our hand-excavation of the large block in
Area 3 showed severe disturbance from krotovina and pecan
trees away from the location of the midden but in suspected
activity areas above the paleosol. Though great efforts were
made to separate the intact from the disturbed sediments in
Area 3, several units were removed from the dataset. These
include all the units in the northeastern portion of the large
block in Area 3: N28-36 E15-18 and N30-36 E13-14 (see
Figure 5-7).

Disturbances in Area 4 were minor compared to Area 3. Area
4 targeted the Late Archaic and possessed good integrity with
the exception of some tree roots. Excavation was terminated
at Level 12 (120 cmbd) in the unit that contained the densest
roots (N12 E35); therefore, we collected no artifacts for
processing or analysis beyond this depth.
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Artifact Distribution

Artifact patterns on the upper terrace in Areas 3 and 4 are
unlike those on the lower terrace. Here, each area only
exhibits two peaks in artifact quantities (Figure 6-9). Data
from the disturbed units listed above are not included in
this discussion or taken into account in Figure 6-9. Though
units comprising the “L” are part of Area 3, they are not
included in the following discussion with units from the
large block of units comprising the rest of Area 3. Because
these are associated with a midden, their vertical distribution
was disturbed prehistorically during the development of the
burned rock midden.

In Area 3, excavations began in the AB horizon with limited
artifact recovery until the interface with the Bk1 horizon.
Within the Bk, Late Archaic projectile point forms, including
one Ensor and one Montel, were recovered from Level 6
associated with a dramatic artifact increase. In Level 8, at
the Bk1/Bk2 interface, we recovered other Archaic Darl,
Ensor, Fairland, and Pedernales projectile points. However,
radiocarbon dates from Backhoe Trench 5 date the Bk to
the Initial Late Prehistoric. Across the block of undisturbed
units, artifact counts continue to climb until they peak at
Level 9, the interface of the Bk2 and Ckl soil horizons.
There is not a sudden jump in artifact numbers here, but
a gradual increase and then decrease around the Bk2/Ckl
interface at approximately 95 cmbd. At this interface, we
recorded two more burned rock features (Features 39 and
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Figure 6-9. Artifact distribution in Areas 3 and 4.

53). Within the Ck, we documented two Edwards points,
which are later than would be expected at this depth. Artifact
counts continue to taper through the Ck until directly above
the Ab where counts drop quickly from the thousands to less
than 25.

Debitage trends mimic the peak in artifacts at ~95 cmbd
in Test Unit 10, but do not demonstrate three peaks as
anticipated based on the testing. However, mitigation
began lower than testing and therefore we did not hand-
excavate material represented in the upper peak of Test
Unit 10. A lower peak may be present in Level 13 but due
to the lack of diagnostic artifacts the age of this deposit
cannot be defined.

Excavation in Area 4 began at Level § in the Bkl horizon
above the interface with the Bk2 soils on which Feature 5 was
previously located. Work in this unit targeted the Late Archaic
Frio deposit, particularly Feature 5 that was uncovered during
testing in Test Unit 9. Testing found three peaks in artifacts,
the first of which was in Level 5 above the depth where
we began data recovery excavations. The opening level for
Phase III work began at the second peak identified during
in the testing and contained the highest amount of artifacts,
which then tapered through Level 15 at the Ck2 horizon
(Figure 6-9). Within the Bkl horizon, we recovered a few
projectile point forms identified as Late Archaic (Fairland,
Frio, and Castroville). This horizon had many kilograms of
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burned rock and seems to be a surface on which many hearths
were constructed. Features 44-47 and Feature 5 all lay at or
near the interface of the Bkl and Bk2 horizons. We have
no radiocarbon dates to report on these features, but the Bk
soils elsewhere on site (Test Unit 1/Backhoe Trench 5, Area
3) date to the Late Prehistoric so these features may as well.
Additional rock Features 48 and 49 sat in the Bk2 horizon.
Artifact counts continued to decrease gradually through the
Bk3 and Ck1 with no anomalies occurring at soil transitions.
Near the junction of Ckl and Ck2, we recorded a slight
increase in debitage counts, Ellis, Castroville, and Montel
projectile points, and additional features (Features 50 and
51). This component could correspond to the lower peak seen
in Test Unit 9, which is likely a Frio-aged deposit like those
found in Test Units 1 and 5. Units were terminated in the Ck2
horizon (Level 15, 150 cmbd). The only dramatic artifact
trend occurs in the Ck2 where we observed a drop in artifacts
from over 500 in Level 15 of the Ck2 to less than 10 in Level
16 (Figure 6-9).

Site Integrity Conclusion

Geoarcheological examination of the site indicates that
the archeological deposits at 41KM69 represent multiple
occupations, but with good separation between the deposits
within the floodplain setting. We were able to distinguish
some trends in the vertical artifact distribution that
correspond to soil horizon interfaces and match up with the
Phase II excavations in general.
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On the lower terrace in Areas 1 and 2, we discerned two
peaks in lithic artifacts: an upper Terminal Late Prehistoric
occupation and two Late Archaic occupations -- Middle and
Terminal Late Archaic (Figure 6-6). The upper peak occurs
at the surface of the Bk1 horizon and the lower at the surface
of the Ck1 horizon with a marked drop at the Ck2 surface.

Area | may show evidence of two Late Prehistoric
occupations and three Terminal Late Archaic site visits.
The upper AB horizon contains a possible Toyah ceramic
assemblage in Levels 4 and 5. In Level 6 the Late Prehistoric
Perdiz projectile points lie within the Terminal occupation
of the Late Prehistoric. The Terminal Late Archaic in Area
1 falls between the top of the Bk2 horizon and the top
of the Ck2 horizon (so within the Bk2 in Levels 7-9 and
Ckl horizons in Levels 10-12). The Middle Late Archaic
occupation in Area 1 is in the Ck2 horizon in Levels 13-16.

Area 2 produced cloudier cultural horizons. However, there
is a definite Terminal Late Prehistoric occupation associated
with the Bkl soil horizon sitting on the Bk2 interface.
Though this horizon produced no ceramics and no projectile
points, it did contain several unifacial scrapers typical of
the Toyah interval and three thermal rock features (Features
2, 3 and 3B). A loosely defined Terminal Late Archaic Frio
component matches a peak in artifact count at the Bk2
surface in Level 8 and the surface of the Ck2 in Level 11.
The component contained Frio projectile point forms, flake
tools bifaces, scattered mussel and snail shell, and some
thermal rock features (Features 42, 43, 55, and 56).

We excavated some of the older terrace surface in Areas 3
and 4. Artifacts and features here are associated with the
Bk and Ck horizons in both areas. The burned rock midden
(Feature 1) is associated with the Bk 1 horizon and dates to
the early part of the Terminal Late Prehistoric, the Austin
interval. A lower Middle Late Archaic component is present
in the Ck soils along with several rock features and Late
Archaic projectile points. No carbon samples have been
submitted for dating the occupations in these areas.

We observed common soil profiles with different cultural
horizons across two terraces at 41KM69. Areas 1 and 2 were
excavated on the lower terrace surface closer to the river.
Here we witnessed similar soil horizons at a slightly lower
elevation to those on the upper terrace where Areas 2 and 3
were excavated. Though the lower landform is younger than
the upper landform, artifacts of similar age are more deeply
buried in the lower terrace.
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Soils containing archeological deposits at 41KM69 are fine,
well-sorted silty loams with high integrity. Bioturbation
in a large portion of Area 3 marks the only significant
disturbance to the archeological deposits that we excavated.
Other disturbances such as those in Area 4, where tree roots
prevented complete excavation, have not affected the data
set. Fine sediments and absence of erosion markers indicate
alluvial movement of artifacts is unlikely so the only impact
to the artifact assemblage is in Area 3, where we removed
artifacts from 34 units of the analytical dataset.

Analytical Units

The previous section described site integrity and artifact
distribution in each excavation area and outlined some
probable periods of occupation. This section describes
these analytical units and the numbers and types of artifacts
found in each. The prehistoric occupations fall within two
periods (Middle and Terminal) of the Late Archaic and two
periods (Initial and Terminal) of the Late Prehistoric. These
analytical units were defined from radiocarbon assays,
artifact distributions, and geomorphology. The peaks in
artifact distribution and the elevations of the features
suggest that there were multiple visits to the site during the
four periods of occupation outlined in this chapter. Figure
6-10 shows the distribution of the largest dataset, debitage,
across soil horizons. Time intervals are shaded to illustrate
trends. Table 6-1 shows the major artifact categories by area
and time period. Area 3L shows units excavated through
Feature 1, the burned rock midden. In the descriptions of
components in Area 3, the artifacts of Area 3 and 3L are
combined. Tables 6-2 and 6-3 show the provenience
information of each excavation phase and their assigned
analytical units.

Terminal Late Prehistoric (700-400 B.P.)

The Terminal Late Prehistoric component was present in
Areas 1 and 2 in approximately 25 m® of the excavations. A
Terminal Late Prehistoric Toyah occupation with ceramics
is evident only within Area 1 on the lower terrace. This
assemblage in the AB soil horizon contained Leon Plain
sherds (n=159) and hafted unifaces (n=16) in Levels 4
and 5 but lacked Perdiz projectile points. The five Perdiz
points in Area 1 occurred in Levels 5-6 below the sherds
and scrapers (Figure 6-3). The Perdiz projectile points occur
within the Bk1 soil horizon, identified as a separate Terminal
Late Prehistoric occupation. A peak in debitage at the Bk1/
Bk2 level (Level 6) further supports an occupation separate
from the levels containing ceramics (Figure 6-1). The Area
1 levels containing Perdiz points could represent a separate
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Figure 6-10. Lithic debitage counts peak at two soil horizons at 41KM69 that could
indicate possible surfaces of human occupation.

Terminal Late Prehistoric occupation also encountered in
Area 2. Here, typical “Toyah-like” scrapers (n=21) were
collected in association with bison bone and features but
they were not associated with ceramics or Perdiz projectile
points (Figure 6-4). The age of this collection of artifacts
from Area 1 and 2 is discussed in Chapter 10.

Combining all Terminal Late Prehistoric artifacts from
multiple occupations in good context results in over 3900
pieces of debitage, 5 Perdiz projectile points, 37 unifaces, 16
bifaces, and over 30 other stone tools and cores (Table 6-1).
Few fragmented faunal remains (n=114) were encountered
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during testing and data recovery excavations at 41KM69.
Bone fragment counts showed bone clustering in the
Terminal Late Prehistoric on the lower terrace. In Area 1,
the majority of bone fragments are in the same levels as the
ceramics (Levels 4 and 5); in Area 2 virtually all the bone is
in the same level (Level 5) as 18 of the unifaces.

Ten thermal features were recorded that likely date to the
Terminal Late Prehistoric Period (Table 6-4). Five of these
were hand-excavated and their context better understood
than those found during Gradall monitoring. These include
Features 2, 3, 3B, 10, and 57. Feature 10 is a conglomerate
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Table 6-1. Artifact Totals by Area

Area
Time Period Artifact Categories 1 2 3 4 3L (midden) | Grand Total
Core 1 3 1 2 7
Debitage 1,668 672 2,347 1,707 24 6,418
MLA Projectile pt 3 2 1 6 12
Uniface 1 1
Edge-modified 1 4 3 3 11
Biface 8 5 13 8 34
IMLA Total 1,681 687 2,365 1726 24 6,483
Core 7 1 2 10
Debitage 7,392 2,675 1454 11,521
Lithic tools and cores 1 1
TLA Native ceramic 3 3
Projectile pt 9 6 3 18
Uniface 5 2 1 8
Edge-modified 3 6 2 11
Biface 31 15 5 51
TLA Total 7,450 2,706 1,467 11,623
Core 14 11 9 34
Debitage 11,268 5129 2515 18,912
Lithic tools and cores 3 3
ILP Projectile pt 9 6 7 22
[Uniface 6 5 1 12
Edge-modified 15 5 2 22
Biface 45 24 16 85
[LP Total 11,360 5,180 2,550 19,090
Core 12 3 15
[Debitage 2,190 1,747 3,937
Lithic tools and cores 1 1
TLp Native ceramic 159 159
Projectile pt 5 5
Uniface 16 21 37
Edge-modified 13 2 15
Biface 11 5 16
TLP Total 2,407 1,778 4,185
Grand Total 11,538 5,171 13,725 8,373 2,574 41,381
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Table 6-2. Significance Testing Proveniences and Associated Analytical Units

Time Period Test Unit Level ﬁ::gii?; /:)r i‘:‘
MLA 1 11-15 3
MLA 7-9 2
MLA 9 10-12 4
MLA 10 9-15 3
MLA 11 11-14 1
MLA 12 8 2
TLA 8 5-6 2
TLA 9 8-9 4
TLA 11 5-10 1
TLA 12 5-7 2

ILP 1 2-10 3
ILP 2-15 3L
ILP 9 5-7 4
ILP 10 5-8 3
TLP 8 3-4 2
TLP 11 2-4 1
TLP 12 2-4 2

of burned rock, concrete, debitage, and historic artifacts. It
was recorded within the AB/BKk1 transition in Area 1 where
much historic intrusion was observed during data recovery.
The other features were excavated in units within the Bk
soil horizon, a horizon that also contained scrapers and
Perdiz points on the lower terrace. Feature 57 is an isolated
rock cluster recorded in the Bk1 horizon of Area 2, around
20 cm higher than the level of possible post molds in Area
1. Feature 3B was slightly lower than Feature 57 but still
above the level of the Bk2 horizon and was thought at
first to be related to Feature 3. However, Features 2 and 3
were also associated with the surface of the Bk2 in Area
2 (Test Units 8 and 12) during the testing phase. Feature
2 produced a Terminal Late Prehistoric date (480 + 40 cal
B.P; UGA Sample 13590), along with two historic/recent
dates (180+40 B.P., UGA Sample 13591; 120 +40 B.P,
UGA Sample 13508) (see Table 6-5).

Though previous radiocarbon dates from Feature 2 indicated
that the Bk unit artifacts are probably Terminal Late
Prehistoric (Weston et al. 2004), additional datable materials
were sought to confirm the designation of this early ceramic-
deficient “Toyah “expression in Area 2, but no materials
were available. Area | ceramics were submitted for TL and
AMS dating to obtain a date for the AB horizon in Area 1.
The results of these dates are reported in Chapter 10. The
Terminal Late Prehistoric thermal features recorded during
Gradall scraping included Features 58, 79, 82, and 91-92
(Table 6-4 and Table 7-7).
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On the lower terrace, eight possible post molds were
recorded in Area 1 within the same soil horizon (Bk)
between 60 and 73 cmbd. Initially, twenty-four stains were
recorded, but because many of them continued below the
level of excavation at approximately 150 cmbd, they are
likely root molds. These are labeled soil stains in Table 6-2.
For some others, however, a termination level was reached
within the parameters of the excavation. Features 13, 16-19,
22, 31, and 34 all meet size and shape requirements typical
of a feature left by a post. Together, they do not form any
obvious patterns. Excavators bisected all these features,
usually on a north-south axis with the western profile drawn
and photographed. All were symmetrical, straight-sided and
tapered to a rounded base. They were all at least 8-10 cm in
diameter and no greater than 60-75 cm long.

Fill for each of these soil stain/post features usually lacked
artifacts and charcoal, though it was very organic and loosely
compacted. Fill was difficult to remove from the cross-
section because of its tendency to crumble. Also common
were small voids where no fill was present. Fifteen additional
soils stains were recorded during Gradall monitoring on the
lower terrace that may relate to the others found in Area 1.

Summary of the Terminal Late Prehistoric

Artifacts recovered from excavations on the lower terrace
include Leon Plain ceramics, Perdiz projectile points, and



Testing and Data Recovery at 41KM69 Chapter Six: Site Stratigraphy, Artifact Distribution, and Analytical Units

Table 6-3. Data Recovery and Significance Proveniences and Associated Analytical Units

Excavation Phase Time Period Area Level Test Unit

Data Recovery MLA 1 13-16

Data Recovery MLA 2 11-15

Data Recovery MLA 3 12-15

Data Recovery MLA 4 13-16

Data Recovery MLA 3L 15

Data Recovery TLA 1 7-12

Data Recovery TLA 2 8-10

Data Recovery TLA 3 n/a

Data Recovery TLA 4 11-12

Data Recovery TLA 3L n/a

Data Recovery ILP 1 n/a

Data Recovery ILP 2 n/a

Data Recovery ILP 3 6-11

Data Recovery ILP 4 8-10

Data Recovery ILP 3L 3-11

Data Recovery TLP 1 3-6

Data Recovery TLP 2 5-7

Data Recovery TLP 3 n/a

Data Recovery TLP 4 n/a

Data Recovery TLP 3L n/a
Significance Testing MLA 3 11-15 1
Significance Testing MLA 2 7-9 8
Significance Testing MLA 4 10-12 9
Significance Testing MLA 3 9-15 10
Significance Testing MLA 1 11-14 11
Significance Testing MLA 2 8 12
Significance Testing TLA 2 5-6 8
Significance Testing TLA 4 8-9 9
Significance Testing TLA 1 5-10 11
Significance Testing TLA 2 5-7 12
Significance Testing ILP 3 2-10 |
Significance Testing ILP 3L 2-15 3
Significance Testing ILP 4 5-7 9
Significance Testing ILP 3 5-8 10
Significance Testing TLP 2 3-4 8
Significance Testing TLP 1 2-4 11
Significance Testing TLP 2 2-4 12
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unifaces that others have used to define a Toyah interval in
South and Central Texas. However, all three artifact types
did not co-occur and it is the vertical distribution of these
Late Prehistoric artifacts that is interesting. The ceramics in
Area 1 units are of particular interest because they co-occur
with unifaces in Levels 4 and 5 but not with arrow points
typical of a Toyah occupation (Figure 6-3). The few Perdiz
projectile points that are present in Area 1 were found at
elevations lower than the Leon Plain sherds and the Area
1 unifaces. Area 2, contained unifaces typically associated
with bison processing in the Toyah interval, but not arrow
points or ceramics (Figure 6-3). The possibility that the
ceramics in Area 1 are associated with other time periods is
discussed in Chapter 10. A nearby hearth in Area 2 was dated
with three separate samples to the Terminal Late Prehistoric,
the Protohistoric, and a recent date. The dates are suspect
but provide a second reason to believe the ceramics could
post-date the arrow points in Area | and the unifaces in
Area 2 given the relative placement of this “typical Toyah”
assemblage at 41 KM69.

Initial Late Prehistoric (1250-700 B.P.)

The Initial Late Prehistoric (Austin interval) deposits were
on the upper terrace in Areas 3 and 4 in approximately 40 m’
of the intact soils. Radiocarbon dates from the upper terrace
testing phase excavations in Backhoe Trench 5 and Test
Unit 10 correspond to these occupations (Table 6-5). The
Initial Late Prehistoric seems confined to the Bk horizon,
which produced approximately 19,000 pieces of debitage,
and 144 stone tools including Late Archaic Castroville,
Darl, Ensor, Fairland, Frio, and Pedernales projectile points
and Initial Late Prehistoric Edwards projectile points at the
Bk/Ck interface (Table 6-1). The artifacts peak at this same
interface in Areas 3 and 4.

The majority of the lithic tools excavated from 41KM69
came from Area 3 (Table 6-1). This block produced the
highest density of lithic tools. The majority of the tools was
from within the Initial Late Prehistoric levels and included
approximately 61 bifaces, 7 unifaces, and 17 edge-modified
flakes. In Area 4, only 24 bifaces, 6 projectile points, 5
unifaces, and 5 edge-modified flakes were excavated from
the Initial Late Prehistoric levels.

Feature 1, Feature 5, and Features 44-47 all lay within the
Bk and likely date to the same period. Based on the elevation
data, other features (39, 52-54, 59, 81, 83-86, and 93) also
could date to the Initial Late Prehistoric on the upper terrace,
making it the time of greatest feature activity with seventeen
thermal rock features (Table 6-4). The only radiometric dates
relating to this area are from the Bk horizon in Backhoe
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Trench 5 (1180-970 B.P.) and from Test Unit 10 (1400-1170
B.P.) and not from within features (see Table 6-5).

Terminal Late Archaic (1600-1250 B.P.)

A Terminal Late Archaic occupation was present in three
excavated areas of the site in 28 m’. This period was the most
problematic as an analytical unit. The Terminal Late Archaic
lies within the Bk1, Bk2 and Bk3 soil horizons in Areas 1, 2,
and 4, and in the Ck1 horizon of Area 1. These soil horizons
contain over 11,000 pieces of debitage, 18 projectile points,
51 bifaces, 8 unifaces, and 11 edge-modified flakes (Table
6-1). Of the 18 projectile points, 13 were Frios.

The majority of the debitage and Frio projectile points are
from the Ck soil horizons in Area 1 on the lower terrace,
which may indicate a separate occupation from the upper
terrace assemblages. Twelve of the thirteen Frio points also
were excavated from units on the lower terrace; eight came
from the Ck soil horizon in Area 1. Thirty-one of the bifaces
collected from the Terminal Late Archaic also came from
Area 1, with 24 from the Ck horizon.

Radiocarbon dating of features within this period would
help us relate the soils in Area 4 to other areas that have the
same soil horizons. However, no samples were available
for submission. The only submitted sample for dating that
is relevant to this period was collected from Test Unit 10
(on the upper terrace during test excavations), 108 cmbs.
It dated to 1400-1170 B.P. (Table 6-5), which places the
sample at the end of the Terminal Late Archaic and the
beginning of the Initial Late Prehistoric. Seven thermal rock
features were excavated from this occupation (see Table 6-2:
Features 40, 48, 49, 87, 94, 95, and 96).

Middle Late Archaic (2500-1650 B.P.)

The Middle Late Archaic was identified in all excavation
areas in the Ck1-Ck2 horizons and represents the earliest
period excavated and recognized at the site. Approximately
36 m’ of this component was excavated. Below the upper
level of the Ck2, artifact densities drop quickly and do not
increase again before the termination of our excavation. The
artifact inventory includes over 6,400 pieces of debitage,
12 projectile points including Castroville, Ellis, Frio, and
Montell projectile points and over 40 other stone tools and
cores (Table 6-1). Fourteen features were excavated, 12
thermal rock features, 1 lithic debitage concentration, and 1
soil stain (Table 6-4). Features 35, 36, 42, 43, 50, 55, 56, 80,
and 89 were all excavated from Areas 1, 2 and 4 from similar
elevations and slightly lower than burned rock features 88,
97, and 98.
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Table 6-4. Feature Index by Time Interval and Type from Data Recovery

Hearth Burned Rock Possible Post | Burned Rock Lithic Bll{lglcllid Soil Stain
Cluster Mold Midden Concentration
Scatter
Terrace| Lower | Upper | Lower Upper Lower Upper Upper Upper Lower | Upper
35,42, | 88,89, |36,43,55,
MLA 56 97. 99 20 50, 98 51 90
TLA 49§§4’ 40 48, 87,96 41
45,47, 5,39, 44,
ILP 53,83, 46, 52, 54, 1 59, 81
86,93 84, 85
63, 64,
65, 66,
67, 68
58,82, |3,3B,57 13,16, 17,18 P
TLP 2 ST T T 79,91 o Ay g 69,70,
92 10 19,22,31, 34 .72,
73,74,
75,76, 78
Table 6-5. Radiocarbon Sample Dates by Provenience
Area Unit Level/Soil | Depth (cmbs) | Date B.P. Date BC/AD Cultural Description UGA Sample #
3 BHT 5 BK 1180-970 A.D. 770-980 Initial Late Prehistoric 13507
3 BHT 5 Ab 119 2340-2120 390-170 B.C. Middle Late Archaic 13506

3 | TU10 - 108 1400-1170 | A.D.550-780 | erminal Late Archaic/Initial 14032
Late Prehistoric

2 TU 8 Feature 2 39 120 £40 N/A Recent 13508
2 TU S8 Feature 2 34 480 £ 40 A.D. 1390-1490 Terminal Late Prehistoric 13590
2 TU 8 Feature 2 32 180 + 40 A.D. 1640-1960 Proto/Historic 13591
1 N88 E16 | Feature 35 2550 + 50 650-550 B.C. Middle Late Archaic 15179
3 BHT6 Abl 93 2380 + 80 510-350 B.C. Middle Late Archaic 14029
3 BHT6 Ck1/Abl 73 120 + 80 A.D. 40-200 Recent 14030
3 BHT6 Bk 32 1020 + 70 A.D. 950-1090 Initial Late Prehistoric 14031
3 TU 10 - 108 1370 + 60 A.D. 520-640 Initial Late Prehistoric 14032
3 BHT 4 Feature 1 49 1190 + 40 470-390 B.C. Terminal Late Archaic 13505
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Two thermal rock features (Features 35 and 36) date the
earliest Middle Late Archaic occupation in Area 1. These
are both at the surface of the Ck2 horizon with an elevation
difference measuring approximately 10 cm. Feature 36 is a
FCR scatter while Feature 35 is a formal rock lined hearth
which dates to the Middle Late Archaic (2550 + 50 B.P.).
These could represent cooking and dumping areas where
discarded cracked rocks formed Feature 36 after cooking at
Feature 35.

Four other thermal rock features represent a Middle Late
Archaic occupation of the site that may be contemporaneous
to Features 35 and 36. These were recorded in Area 2 as
Features 42, 43, 55, and 56. These are all associated with
the Ck1/Ck2 interface. Their upper elevations all lay within
6 cm of each other. Features 43, 55, and 56 all sit within one
meter horizontally of each other. Feature 42 lies 6.5 m to
the southeast of these and runs into the southern wall of the
block. Feature 42 is a large, circular, and intact hearth with a
scattering of FCR around it. The others are smaller features
representing one hearth (Feature 56) and two groups of
burned rock clusters (Features 43 and 55) that could have
been abandoned hearths robbed of their rocks to build the
larger Feature 56 hearth. There are no radiocarbon dates for
these features, but one sample is available for submittal from
Feature 56. During grading, Feature 80 was excavated near
Feature 56 in Area 2 and seems related based on elevation
data. The contemporaneous relationship of all these features
is only supported by their relative positions.

The Middle Late Archaic features on the upper terrace in
Areas 3 and 4 include three hearths and two rock clusters.
Features 50 and 51 are a basin shaped rock feature and a
lithic concentration, respectively, likely deposited at the
same time during the Late Archaic. Feature 89 is a rock
hearth feature excavated during the grading of Area 3 and
is at approximately the same depth as Features 50 and 51.
None of these has been dated. Based on the relationship to
these hand excavated features, Feature 90 was assigned to
the Middle Late Archaic occupation of the site. Features
88, 97, and 98 were recorded slightly higher than these on
the upper terrace and may represent a separate Middle Late
Archaic occupation.

Summary

The recovered artifact assemblage includes artifact types
typical of the targeted time periods and is patterned in
some interesting ways. Of particular interest is the Terminal
Late Prehistoric collection of ceramics, Perdiz projectile
points, and scrapers recorded on the lower terrace. Uniface
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and ceramic sherd totals peak during the Terminal Late
Prehistoric, while bifaces and projectile points peak during
the Initial Late Prehistoric. The origin of several soil stains
found in Area 1 may be in the Terminal Late Prehistoric,
though many of these are likely non-cultural, some could be
post molds based on their size and shape.

This Initial Late Prehistoric period is represented only on the
upper terrace in excavation Areas 3 and 4 with the majority of
tools, particularly edge-modified flakes and bifaces, coming
from Area 3 and from the burned rock midden. Though most
of the projectile points pre-date the Initial Late Prehistoric, a
radiocarbon date from a backhoe trench dated the Bk horizon
to this interval. Therefore, all artifacts and features within
this soil horizon were placed in the Initial Late Prehistoric
time frame. There is also a dramatic increase in debitage
from the Terminal Late Prehistoric component.

The Terminal Late Archaic is present in all Areas except
Area 3, though artifact density is much higher on the lower
terrace in Areas 1 and 2. Counts of unifaces and projectile
points stay consistent while debitage, bifaces, and edge-
modified flakes drop off from the Initial Late Prehistoric.
The density of Frio projectile points in Area 1 is of
particular interest.

Finally, the Middle Late Archaic artifacts counts peak at
the interface of the Ck1-Ck2 horizons. Counts in all tool
categories drop from the Terminal Late Archaic. This
component also contains the oldest dated feature excavated
on site.

The recovered artifact assemblage from excavations at
41KM69 includes a sample of lithic tools, debitage, cores,
ceramics, and botanical and faunal remains. The collection
includes hundreds of lithic tools and cores, including
both formal and informal tools, and thousands of pieces
of debitage. Formal tools include projectile point types
Castroville, Darl, Edwards, Ellis, Ensor, Fairland, Frio,
Montell, Perdiz, Pedernales, and other dart and arrow
forms. There are many other stone tools in various stages
of reduction and preservation including several Toyah-like
unifaces. The ceramic collection included over 100 bone-
tempered sherds from the site. The faunal remains are in
poor condition with few specimens identifiable to species.
Seventy-three features were documented. Over half of
these are thermal rock features (either hearths or clusters
of burned and fire-cracked rock). The remaining features
are possible post molds or non-cultural soils stains of
undetermined origin.
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This chapter provides an overview of the material types
available for research. The counts and percentages described
refer to those artifacts that could be placed in one of four
analytical units from both phases of excavation. Chapters 10-
16 discuss artifact analyses as they pertain to the research
design. Material types include debitage, stone tools, ceramics,
faunal remains, features, burned rock and other charcoal and
macrobotanical samples available for study from 41KM69.
Though generally, the artifact inventory only includes the
prehistoric components, both the historic and prehistoric
features are included here.

Artifacts

Generally, the artifacts collected and recorded were typical
of the targeted time periods. These include debitage, formal
and informal tools, ceramics, and faunal remains. A summary
table of the broad industries used for curation is provided
in Table 7-1, with the counts divided by investigation phase
and component.

Lithics
Chipped stone artifacts comprise by far the largest dataset

available for study (Table 7-1). Over 98 percent of the
prehistoric artifact assemblage (including debitage, stone

tools, cores, and native ceramics) recovered from Phase III
excavations is lithic debitage, which comes to just under
40,000 pieces. Phase II recovery adds another 1,519 pieces
of debitage making the total debitage within the analytical
units approximately 40,788. This is our best indicator of
occupation periods as compared to the stratigraphy, which is
discussed in Chapter 9.

The initial laboratory sorting of the artifacts divided modified
lithic artifacts into five groups that cross-cut functional
categories and reduction techniques. They are cores, bifaces,
unifaces, edge-modified specimens, and projectile points.
Cores represent lithic raw materials that were flaked in order
to produce debitage for utilization as expedient tools and/
or use as blanks for the manufacture of tools. Bifaces and
unifaces are items that were flaked on either both or a single
face, respectively. The two categories are defined purely on
the location (one face or both faces) of the flaking and may
include a number of functional tool categories such as bifacial
knives, bifacially-made perforators and unifacial knives and
unifacial scrapers. They may also include items that never
reached the finished tool form and were discarded during
manufacture. Bifacially made items with sharp tips, and
well-defined hafting elements that result in shoulders and/or
barbs on the blades, are categorized into the projectile point
functional category. Finally, edge modified artifacts consist of

Table 7-1. Summary of Artifact Total at 41KM69

Phase MLA TLA ILP TLP Grand Total
[Data Recovery 4 9 31 15 59
Core -
Testing 3 1 3 7
) Data Recovery 6,049 11,138 18,329 3,685 39,201
[Debitage -
Testing 369 383 583 252 1,587
[Unidentified tools [Data Recovery 1 3 1 5
[Data Recovery 3 111 114
[Native ceramic
Testing 48 48
o [Data Recovery 11 17 21 4 53
Projectile pt. -
Testing 1 1 1 4
[Data Recovery 1 8 11 32 52
[Uniface -
Testing 1 5 6
[Data Recovery 9 11 22 15 57
|Edge-modified -
Testing 2 2
. [Data Recovery 31 47 79 15 172
Biface -
Testing 3 4 6 1 14
|Grand Total 6,483 11,623 19,090 4,185 41,381

63



Chapter Seven: Materials Recovered

Testing and Data Recovery at 41KM69

lithic debitage that exhibits modification either from minimal
retouch (e.g., unifacial or bifacial flaking) or utilization. The
extent of the retouch is limited to a short segment of the flake’s
edge (10-20 mm) and is often less patterned than would result
during the manufacture of bifacial or unifacial tools such as
knives and scrapers. Tools on which the edge modification is
the result of use alone also are included in the edge-modified
category. This edge modification typically results in more
patterned scarring with flake scars being much smaller and
uniform in size compared to retouch. Five artifacts could not
be categorized in these groups.

In a later chapter (Chapter 13), we have classified the lithic
artifact collection into tool manufacture cost categories.
These categories are designed to gauge the relative amount
of effort that has been expended in the manufacture of
specific artifacts. The cost categories consist of: utilized
flake, marginally retouched item, unifacially retouched item,
bifacially retouched item, and hafted specimen. It is our
assumption that utilized flakes represent the least amount of
energy expenditure in manufacture while hafted tools are the

most energy expensive to produce. Utilized flakes consist
of pieces of debitage that are either removed from cores or
selected from discarded flaking debris and subsequently used
in the performance of given tasks without any modification
prior to use. Marginally retouched items retain retouch that
extends less than % of the distance over a given face. Both
bifacially modified and unifacially modified specimens can
be distinguished. Unifacially and bifacially retouched items
are distinguished from the marginally retouched specimens
based on the extent of the retouch (exceeds 5 of the length
of margin). Hafted specimens are artifacts that have clearly
identifiable modifications along the basal/stem portion of
the artifact to allow its hafting. Such modifications may
range from well-crafted stems (e.g., on projectile points) to
minimal retouch to shape the proximal margins of a tool to
allow hafting (e.g., certain Toyah interval end scrapers).

Combined, the stone tools found at 41KM69 form the
next largest dataset, at less than one percent of the total
(Table 7-2).

Table 7-2. Stone Tools and Cores by Time Period and Area

Time Period Tool Type 1 2 3 4 3L Grand Total
Biface 11 5 16
Core 12 3 15
TLP Edge-modified flake 13 2 15
Projectile pt 5 5
Uniface 16 21 37
TLP Total 57 31 88
Biface 45 24 16 85
Core 14 11 34
ILP [Edge-modified flake 15 22
Projectile pt 9 6 22
Uniface 6 5 1 12
ILP Total 89 51 35 175
Biface 31 15 5 51
Ccore 7 1 2 10
TLA Edge-modified flake 3 6 2 11
Projectile pt 9 6 3 18
Uniface 5 2 1 8
TLA Total 55 30 13 98
Biface 8 5 13 8 34
Core 1 3 1 2 7
MLA [Edge-modified flake 1 4 3 3 11
Projectile pt 3 2 1 6 12
Uniface 1 1
IMLA Total 13 15 18 19 65
Grand Total 103 76 107 83 35 426
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Over 400 stone tools and cores were recovered from testing
and data recovery (Table 7-2). The majority of these are
from Area 3, which is also the area of highest tool density
per excavated matrix volume (4.2 tools per m*). Tool types
(excluding cores) within this artifact category include
unifaces, bifaces, edge-modified flake tools, and projectile
points. The largest tool category was bifaces (n=186) making
up just over 45 percent of the tool count. The sample includes
specimens representative of all stages of reduction (Figure
7-1) including finished bifacial tools (Figure 7-2).

Projectile points (n=57) comprise approximately 16 percent
of the tool total. Projectile point forms recovered from the
site include Castroville, Darl, Edwards, Ellis, Ensor, Fairland,
Frio, Montell, Perdiz, Pedernales, and other unknown dart
and arrow forms (Figures 7-3 through 7-6; Table 7-3).

The sample contains both manufacture broken (e.g., Figure
7-5d, 7-6a, 7-6d) and use-failed specimens (Figure 7-4a,
7-4f, 7-5h, and 7-6h). The Frio form was the most common,
recovered from all areas of the site.
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Figure 7-1. Early (a-c), middle (d-f), and late (g-i) reduction stage bifaces.
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Figure 7-2. Finished bifaces (a-c).
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Figure 7-3. Projectile points recovered from 41KM69 include Late Prehistoric
forms Edwards (a-c) and Perdiz (d-g).
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Figure 7-4. The most common point type found was Frio

(a-k); a Darl (1) is also pictured.
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Figure 7-5. Late Archaic projectile points forms from 41KM69
include Castroville (a-d); Fairland (e-g),; and Ensor (h-i).
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Figure 7-6. Late Archaic projectile point forms from 41KM69
include Pedernales (a-b); Ellis (c); and Montell (d-i).




Chapter Seven: Materials Recovered

Testing and Data Recovery at 41KM69

Table 7-3. Projectile Points by Time Period and Area

Time Period [Point Type 1 2 3 4 3L Grand Total
Castroville 1 1 2
Early Frio/Montell 1 1
MLA El?is 1 1
IFrio 1 1 2
Montell 2 2 4
untyped 1 1 2
IMLA Total 3 2 1 6 12
Castroville 1 1
TLA Frio 9 3 1 13
IPedernales 1 1
Untypable 1 2 3
TLA Total 9 6 3 18
Castroville 1 1
Edwards 2 1 3
Ensor 1 1
Fairland 1 1 2
ILP Frio 2 2 4
IMontell 1 1
Pedernales 1
[Untypable 4 1 3 8
untyped 1 1
|ILP Total 9 6 7 22
Perdiz 4 4
TLP
pos. Perdiz
TLP Total 5 5
|Grand Total 17 8 10 15 7 57

Fifty-eight unifaces are in the tool collection, most of which
are clustered within the Late Prehistoric components of Areas
1 and 2. Twenty-one of the Terminal Late Prehistoric uniface
dataset come from Area 2; while fifteen were recovered in
Area 1. In these locales, all of the unifaces in the upper levels
resemble Toyah interval tools of the Late Prehistoric.

They are worked on the lateral and distal edges, shaped to
the striking platform of the parent flake (Figure 7-7). Their
proximity to other artifacts of the Late Prehistoric, the bone-
tempered ceramic assemblage and the Perdiz projectile
points is interesting and explored in detail in Chapters 7 and
10. Generally, Perdiz arrow points are expected in the same
levels as these unifaces and ceramics. However, in Area 1 the
Perdiz points cluster slightly lower than the unifaces within
the Bk1 horizon.

Figure 7-8 illustrated other unifaces that do not resemble
the large hafted Toyah scrapers. These are edge modified
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artifacts with unifacial flaking. Some have served as cutting
tools (e.g., Figure 7-8d), others as gravers (Figure 7-8b), and
yet others as scraping tools (Figure 7-8f).

Fifty-nine edge-modified flakes were recovered in good
context (Figure 7-9). These are flakes exhibit minor
modification from use or manufacture. Though recovered
from all areas, they were most common in Area 3 and in the
Initial Late Prehistoric. Area 3 holds the highest percentages
for all tool types except unifaces even though Area 1 contained
the largest volume of excavated soils (Table 7-2). Some of
the most distinctive edge-modified tools were gravers (Figure
7-9a-c, f) and the perforators (Figure 7-9d, e).

The last lithic artifact category of note includes sixty-six
cores. Thirty-four of these were recovered in Initial Late
Prehistoric components, with 23 in Area 3.
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Figure 7-7. Unifaces clustered in Areas 1 and 2 in the
Late Prehistoric Zone of 41KM69 are teardrop shaped,
indicative of a Toyah occupation.

Figure 7-8. Unifaces recovered from 41KM69:
scrapers (a-f); note graver tip on specimen b.
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Figure 7-9. Edge-modified flake tools: gravers (a-c); reamers (d-f).

Ceramics

As mentioned above, the ceramic assemblage is of interest
because of the surprising spatial patterns within Area 1. All
164 sherds collected from intact deposits came from Area
1, and all but three of those were contained within Levels 4
and 5. The horizontal distribution is also patterned. In both
levels, the concentration centers on units N87 E14 and N88
E14. In Level 4, the distribution trends to the northwest, and
in Level 5, the distribution shifts more to the center of the
block. Because the peripheral units contained very few or
no ceramics, excavations likely captured the majority of the
sherds present in Area 1 (Figure 7-10).

The collection sat above the Late Prehistoric features in
Area 2, which occupied the surface of the Bkl horizon.
Level 4 sits within the A horizon of the site while Level 5
lies entirely within the AB horizon. The ceramic collection
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appears to come from an intact context, though the highest
historic artifact count is in Level 4, which was ~10 cmbs.
These sherds, often referred to as Leon Plain in prehistoric
contexts, are bone tempered and undecorated. Body sherds,
rims sherds, and one handle were collected (Figure 7-11).

Their shallow depth, proximity to Perdiz points and Toyah
end scrapers, and the seemingly late date obtained from a
Feature 2 radiocarbon sample in Area 2 may suggest that the
ceramics are Protohistoric in origin. Because radiocarbon
dating is problematic when dealing with the relatively recent
past, luminescent dating of selected sherds was performed
by Dr. James Features of the University of Washington since
previous radiocarbon dating returned mixed results. TxDOT
also requested AMS dating of residues found on the same
sherds submitted for luminescence dating. These residue
samples were submitted to the University of Georgia. Results
from the two dating methods are presented in Chapter 10 and
Appendix G.
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Figure 7-10. Leon Plain distribution in Area 1, Levels 4 and 5.

T

Figure 7-11. The sole ceramic type recorded at 41KM69 is undecorated and bone-
tempered. We recovered rim and body sherds and at least one handle from Area 1.
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Bone and Shell

Few faunal remains (n=1327, 2257.7 g) were encountered
in intact units during testing and data recovery excavations
at 41KM69. Bone fragments cluster in the Terminal Late
Prehistoric (Levels 4 and 5) on the lower terrace (Table 7-4).

On the upper terrace in Area 3, bone counts were consistently
low between Levels 6 and 13 and nearly non-existent in Area
4. Other than the ground squirrel/prairie dog bones and a few
deer elements, few bones are identifiable to species. Much of
the deer and bison-sized bone has numerous impact scars with

some carnivore chewing and rodent gnawing present as well.
Most of the recovered bone in Area 3 was found in disturbed
contexts and omitted from this study, though it is included in
the faunal data tables and discussions (see Appendix B).

Bivalve and gastropod shells were both present on site.
Field crews identified Rabdotus sp., Polygyra sp. and
Helicina sp. from excavations (Table 7-5). No mussel
shell species were identified but general patterns from the
entire site show bivalves peaking in Level 6. The gastropod
inventory includes over 1200 whole specimens and over
200 bivalve umbos.

Table 7-4. Bone by Time Period and Area

Count Weight (g) g((:lt::]lt ngzl(lg)
Time Period | Level 1 2 3 4 1 2 3 4
3 2 2.72 2 2.72
4 321 2 1,048.74 0.3 323 1,049.04
5 338 154 589.12 275.68 492 864.8
TP 6 18 30 242 15.81 48 18.23
7 1 0.1 1 0.1
8 1 0.28 1 0.28
TLP Total 679 188 1643 292.17 867 1,935.17
0 1 19.68 1 19.68
6 19 21.2 19 21.2
7 19 7.95 19 7.95
ILp 8 30 10 8.1 5.28 40 13.38
9 31 5 18.68 1.66 36 20.34
10 31 8 14.72 1.67 39 16.39
11 33 18.71 33 18.71
13 1 0.42 1 0.42
|ILP Total 165 23 109.46 8.61 188 118.07
9 1.52 1.52
9 1.47 1.47
TLA 8 1.75 1.75
10 2 0.26 2 0.26
11 14 6 1.72 1.32 20 3.04
12 3 1 0.56 0.57 4 1.13
TLA Total 45 7 7.28 1.89 52 9.17
11 2 0.51 2 0.51
12 38 16.21 38 16.21
MLA 13 2 104 11 0.36 44.97 2.38 117 47.71
14 1 2 0.19 25.47 3 25.66
15 9 1.7 9 1.7
MLA Total 2 3 144 20 0.36 0.7 86.65 4.08 169 91.79
Grand Total 726 191 309 50 1,650.64 | 292.87 196.11 14.58 1,276 |2,154.20
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Table 7-5. Shell Weights by Analytical Unit and Area

1 2 3 4 Grand Total
Mussel shell | 392.254 28.1 162.78 86.4 669.534
MLA 18.5 1.4 1.75 12.75 34.4
TLA 112.174 2.1 22.43 136.704
ILP 161.03 51.22 212.25
TLP 261.58 24.6 286.18
Snail shell 1,521.32 592.68 2,897.14 2,298.58 7,309.72
MLA 128.48 103.4 426.5 1,236.30 1,894.68
TLA 382.35 90.9 366.5 839.75
ILP 2,470.64 695.78 3,166.42
TLP 1,010.49 398.38 1,408.87
|Grand Total | 1,913.57 620.78 3,059.92 2,384.98 7,979.25
Other Samp]es used to contain a fire. Without the presence of an identifiable

Charcoal, soil, and burned rock samples were all collected
from the site because of their potential to provide information
about the age and environmental setting of the site (Table 7-6).
Over 60 charcoal samples were piece-plotted, collected in
aluminum foil packets, and reserved for potential dating and/
or paleobotanical analyses. Seven of the features produced
charcoal samples from within the feature boundaries
(Features 1, 28, 34, 35, 46, 52, and 53). Soil samples each
consist of approximately 20 cm’ of control soil samples. The
majority of these (n=84) are derived from stratigraphic units
in block walls, though some are associated with features.

Burned rock also was collected from features at 41 KM69.
Samples were collected from most burned rock features for
potential residue analysis and for the feature study described
in Chapter 12. All burned rock excavated from the units
in Feature 1, the burned rock midden, was counted and
measured. This data was collected in order to ascertain any
patterns in stone size that may correlate to construction or
maintenance of the burned rock midden.

Prehistoric Features

The majority of cultural features recorded during the data
recovery effort consisted of some arrangement of burned
rock. These fell into two categories: hearths and burned
rock clusters. Some features exhibited deliberate placement
of rock (as for a hearth) while others seemed comprised
of randomly scattered burned rock in a concentrated area
(burned rock clusters). The term hearth describes a careful
grouping of rock that may or may not show evidence of a pit,
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pit or soil stain, we relied on the shape of the feature to
determine whether it functioned as a hearth. Burned rock
clusters represent close grouping of burned rock without
a formal shape. We assumed that when people discarded
burned rocks they did not arrange them in any formal way.
Burned rock clusters may represent disturbed hearths that no
longer hold their form or may represent the discard pile for
rocks no longer useful in the functioning of the hearth. The
burned rock scatter label applied to only two areas of burned
rock identified during grading. These were large areas with
fewer rocks per square meter than the other feature types
and were not excavated. Detailed descriptions of the features
are described in Appendix C. Prehistoric features are also
outlined by time period and excavation area in Table 7-7.

During the data recovery hand excavation in Stage 1, the
crew revisited the three burned rock features uncovered
during testing and recorded 21 more (Table 7-7) for a total
of 24 recorded burned rock features. Nine of these were
hearths, 13 were burned rock clusters, one was at the base
of the burned rock midden, and one was the burned rock
midden itself. Stage 2 Gradall work uncovered 22 more
thermal rock features. Eleven of these were hearth features,
nine were burned rock clusters, and two were labeled burned
rock scatters, which were relatively large areas with a sparse
scattering of burned rock. No features were identified during
the Stage 3 testing of the expanded ROW.

Forty-five soil stains were also recorded during the hand
excavations (n=25) and grading (n=20). In Area 1, the crew
excavated a number of circular soil stains resembling post
molds (n=24), many were determined to be root molds
(n=16) based on their physical dimensions (Figure 7-12).
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Table 7-6. Counts of Burned Rock and Macrobotanical Samples

1 2 3 4 Grand Total
e 1,581 528 2,109
Burned rock 1,483 493 1,976
Charcoal and macrobotanical 98 35 133
MLA 824 18 67 112 1,021
Burned rock 816 17 51 98 982
Charcoal and macrobotanical 8 1 16 14 39
TLA 3,184 204 100 3,488
Burned rock 3,165 200 89 3,454
Charcoal and macrobotanical 19 4 11 34
TLP 277 102 379
Burned rock 256 82 338
Charcoal and macrobotanical 21 20 41
Grand Total 4,285 324 1,648 740 6,997
Table 7-7. Prehistoric Features by Time Period and Area
Time Period Area Feature # North East upper el. (cmbd) | lower el. (cmbd) Type
TLP Area 1 10 87.5 15.8 28 28 burned rock cluster
MLA Area 1 36 85.4 13 105 105 burned rock cluster
MLA Area | 35 88.8 16.4 129 140 hearth
MLA Area 1 99 85.5 12.9 110 130 hearth
TLP Area 1 13 84.05 14.84 60 75 soil stain
TLP Area 1 16 89.54 11.24 65 110 soil stain
TLP Area 1 17 89.51 11.61 65 109 soil stain
TLP Area 1 18 86.35 13.6 65 99 soil stain
TLP Area 1 19 85.65 12.33 70 95 soil stain
TLP Area 1 22 88 12 72 105 soil stain
TLP Area 1 31 84.71 14.38 73 111 soil stain
TLP Area | 34 90.18 16.28 70 103 soil stain
TLP Area 2 3 80.33 30.2 58 71 burned rock cluster
TLP Area 2 3B 80.33 30.2 58 71 burned rock cluster
TLA Area 2 40 75.16 23.53 75 82 burned rock cluster
MLA Area 2 43 79.75 26.75 98 101 burned rock cluster
MLA Area 2 55 79.92 26.29 110 burned rock cluster
TLP Area 2 2 77 30 48 70 hearth
MLA Area 2 42 75 32 96 110 hearth
MLA Area 2 56 80.53 26.18 101 110 hearth
TLA Area 2 41 77.52 27.18 80 98 soil stain
ILP Area 3 39 26.4 14.9 84 90 burned rock cluster
ILP Area 3 54 23.37 16.72 88 105 burned rock cluster
ILP Area 3 1 burned rock midden
ILP Area 3 53 26.75 15.16 90 111 hearth
ILP Area 3 52 36.5 22.5 85 90 Internal Hearth
ILP Area 4 5 12 34 85 85 burned rock cluster
ILP Area 4 44 17.75 30.75 unknown 80 burned rock cluster
ILP Area 4 46 16.1 33.35 71 80 burned rock cluster
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Time Period Area Feature # North South upper el. (cmbd) | lower el. (cmbd) Type
TLA Area 4 48 17.63 32.36 92 110 burned rock cluster
MLA Area 4 50 14.16 35.8 139 147 burned rock cluster
ILP Area 4 45 11.3 30.5 90 98 hearth
ILP Area 4 47 13.9 345 84 94 hearth
TLA Area 4 49 12.15 33.6 99 111 hearth
ILP Area 4 51 14.46 30.99 140 143 lithic concentration
Features Recorded during Grading: Elevation from TDS
TLP Lower Terrace 57 84.8 20 99.38 burned rock cluster
TLP Upper Terrace 58 46.5 16.6 100.471 Hearth
TLP Upper Terrace 59 42.5 19 burned rock scatter
TLP Lower Terrace 63 86.6 23.55 99.07 soil stain
TLP Lower Terrace 64 86.1 24.05 99.08 soil stain
TLP Lower Terrace 65 87.54 24.8 99.087 soil stain
TLP Lower Terrace 66 88 25.85 99.107 soil stain
TLP Lower Terrace 67 86.55 25.55 soil stain
TLP Lower Terrace 68 85.8 26.1 99.095 soil stain
TLP Lower Terrace 69 85.5 25.8 99.073 soil stain
TLP Lower Terrace 70 84.75 25.4 99.041 soil stain
TLP Lower Terrace 71 85 25.1 99.039 soil stain
TLP Lower Terrace 72 83.5 22.5 99.104 soil stain
TLP Lower Terrace 73 80.75 21 99.212 soil stain
TLP Lower Terrace 74 80.8 19.25 99.218 soil stain
TLP Lower Terrace 75 88.5 23.25 99.07 soil stain
TLP Lower Terrace 76 87.65 22.75 99.055 soil stain
TLP Lower Terrace 78 99.126 soil stain
TLP Upper Terrace 79 24.8 30 100.627 burned rock cluster
MLA Lower Terrace 80 80.05 26.4 98.847 burned rock cluster
ILP Upper Terrace 81 burned rock scatter
TLP Upper Terrace 82 24.2 23.15 100 99.88 hearth
ILP Upper Terrace 83 25 29.95 100.201 100.15 hearth
ILP Upper Terrace 84 21.5 21.65 100.101 100.03 burned rock cluster
ILP Upper Terrace 85 28 24.5 100.268 100.14 burned rock cluster
ILP Upper Terrace 86 31.3 27.8 100.312 100.11 hearth
TLA Upper Terrace 87 18 222 100.014 99.98 burned rock cluster
MLA Upper Terrace 88 15.5 21.95 99.78 99.69 hearth
MLA Upper Terrace 89 21.99 22.95 99.393 99.393 hearth
TLA Lower Terrace 90 27.75 28 99.22 soil stain
TLP Upper Terrace 91 20.6 18 100.549 100.379 burned rock cluster
ILP Upper Terrace 92 21.8 19.3 100.138 80.138 hearth
ILP Upper Terrace 93 18.75 18.9 100.186 100.086 hearth
TLA Upper Terrace 94 17.98 18.95 100.05 99.9 hearth
TLA Upper Terrace 95 14.75 17.25 100.024 99.884 hearth
TLA Upper Terrace 96 23.05 18 99.993 99.793 burned rock cluster
MLA Upper Terrace 97 21.4 17.65 99.838 99.688 hearth
MLA Upper Terrace 98 233 16.2 99.735 99.535 burned rock cluster
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Eight, however have uniform shape and good proportions to
length and width (Table 7-7). One possible post was recorded
in Area 2. The origins of some stains remain ambiguous and
could be prehistoric post molds or historic fence posts.

Sixteen of the circular soil stains uncovered during grading
are possible post molds. These are also of unknown origin and
purpose, but are likely the product of the same occurrence(s)
as the others recorded during the block excavation.

Seventy-two prehistoric features were recorded during these
investigations. Features in Area 1 included eight soils stains,
2 burned rock clusters and 2 hearths. In Area 2, we excavated
sever rock features and one soil stain. Two thermal features
(Features 2 and 3) were found during significance testing
within this block. We recorded the Phase III features from 60
to 100 cmbd (Figure 7-13). Area 3 contained only five thermal
rock features. Two of these include the burned rock midden
and a hearth recorded at the bottom of the western end of the
midden (Figure 7-14). Area 4 contained eight thermal rock
features and one lithic concentration (Figure 7-15). During

grading of the site, eighteen features were recorded on the
lower terrace. All but two of these were soil stains. All twenty
features recorded during grading of the upper terrace were
burned rock features.

Historic Features

The historic component was not targeted during the data
recovery efforts so no additional historic features were
recorded after the significance testing phase was complete.
Weston et al. (2004) recorded two historic features (sce
Figure 5-1).

Feature 4 was recognized in all excavation blocks at the
site and recorded in the field profile drawings. Earlier
interpretations suggested thatitis a gravel driveway associated
with the Kimble Courts resort (Weston et al. 2004). This
interpretation remains valid though unproven. Subsequent
archival research indicated that the Kimble Courts housing
units did not sit within the current ROW but to the northwest.
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Figure 7-12. The features in Area 1 are illustrated in this map at various depth.
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Figure 7-13. The distribution of features in Area 2 is
clustered at the Ck horizon along the perimeter of the block.

] . h
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Figure 7-14. Only a few features besides the burned rock
midden were documented in Area 3. These were located at
the Ck horizon in the southern portion of the block.
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Figure 7-15. The features in Area 4 cluster at two elevations.

Local informants remember dirt roads crosscutting the hill in
the 1940s, before the construction of Texas Tech University
and Flat Rock Road, after the removal of the Kimble Courts.
At that time, those dirt roads were popular hangouts for
teenagers. Historic artifacts found in association with the
gravel deposit could derive from a mixture of early resort
activities and from loitering Junction youth.

Feature 6 is a concrete slab pad described as the original
foundation of the main Kimble Courts structure (Weston et
al. 2004; Figure 1-3). However, informant interviews now
lead us to believe this was not related to the resort. Neither
the Kimble Courts housing units nor the main office sat
within the current ROW where the slab is located. They were
located closer to the river to the northwest of the project area.
During data recovery work, we were able to photograph some
of the original Kimble Court buildings within the Junction
City limits. These are reprinted in Appendix C and include
the main office and guesthouses. The main office building is
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now a private residence (Figure C-26). The guesthouses were
single story apartments which were in dilapidated condition
but still standing behind an abandoned motel complex of
the same name in the Spring of 2005 (Figure C-27). All the
guesthouses have since been torn down.

Summary

This chapter summarized the artifact and feature inventory
that resulted from significance testing and data recovery
excavations at 41KM69. The numbers only included artifacts
from units that were intact and could be assigned to an
analytical unit. Final counts include over 41,000 pieces of
debitage, over 400 stone tools and cores in various stages of
reduction, and over 160 bone-tempered ceramic sherds. Other
excavated samples include 2200 g of faunal bone, burned
rock from excavated features, 60 plotted charcoal samples,
and over 80 soil samples. Finally, excavation resulted in
documenting 72 prehistoric and 2 historic features.
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Raymond P. Mauldin and Jennifer L. Thompson

At a general level, our interpretive scheme comes from
cultural ecology (see Kirch 1982; Netting 1986; Sutton and
Anderson 2004). We view cultural systems as both adaptive
and differentiated. By adaptive, we mean that cultural systems
are continually responding to changes in their physical
and social environment (see Bettinger 1982). Of particular
concern for us are the responses, including technology, that
are involved with procurement and processing of food, fuel,
and raw materials from their environment. By differentiated,
we mean that people conducted different activities at different
times and locations depending on specific circumstances. As
activities conducted by a group vary in space and through
time, the material remains generated by conducting those
activities will also vary. Consequently, individuals and
groups operating within a cultural system potentially will
generate radically different sets of material at various points
on the landscape. Variations in material culture, both at the
level of individual artifact forms (e.g., projectile points), and
at an assemblage level, primarily reflect adaptive responses
(see Binford 1978, 1983; Gamble 1986).

In CAR’s perspective, changes in cultural systems, including
changes in material culture, are principally the result of
changing parameters in the physical and social environment
in which systems operate and to which they must adapt. Under
this framework, they do not reflect movement of groups with
a shared culture or influences diffused from other groups.
Diffusion or migration may occur, but we are interested in
why groups adopted traits or changed territories. This report
is not concerned with tracing their historical connections
through similarities in artifact form and our theoretical
framework is not applicable to such study. We realize that
our understanding of the mechanisms of change and the way
we monitor those mechanisms in the social realm, is not well
developed. Clearly, social factors, such as territorial disputes
and shifting alliances, can alter adaptive strategies, especially
through altering access to resource areas. However, in CAR’s
view, archeology currently lacks methods to monitor these
social factors. In addition, even the best archeological
data probably has a temporal resolution of decades, while
most social alliances, especially in hunters and gatherers,
commonly operated on a much shorter temporal scale and
are archeologically invisible ™", This is why we focus on
interactions between aspects of cultural adaptation and the
ecological realm with the understanding that social factors
are at play. At this level, we have better developed methods.
Especially critical in the human/environment interaction are
strategies and tactics, including the organization of technology
and mobility, which groups used to acquire resources. It is in

79

this realm, where cultural systems interact with the natural
environment, that humans modify extant adaptive strategies.
In addition, at least some of these interactions operate at long
temporal scales that have the potential to manifest themselves
in the archeological record.

Resources, including food, water, and raw materials, are
not uniformly distributed in space, nor are they of uniform
quality or density through time. Hunter-gatherers commonly
solve problems created by spatial variation in resources by
mobility strategies that involve positioning and changes
in the composition of the group. Mobility strategies have
several components that can vary, including the frequency
of moves, the distance moved, and the degree to which
different types of organization (e.g., logistically organized
task groups, higher residential mobility) are used. Hunters
and gatherers commonly solve temporal fluctuations in
resources, including daily, seasonal, and year-to-year changes
in resource availability and quality, as well as longer-term
changes in resource structure, by shifts in mobility strategies,
technological alterations, shifts in group size or composition,
and through storage strategies.

Prey Foraging Models

We can investigate the responses initiated by hunters and
gatherers to various scales of spatial and temporal fluctuations
or change in resources using a cost/benefit framework
developed in evolutionary ecology. Here, we focus on “prey
models” which were developed for a single predator, searching
in a random pattern, sequentially encountering potential prey
in a homogenous environment (Charnov et al. 1976; Emlen
1966; MacArthur and Pianka 1966; Winterhalder 1981). Prey
models (see Stephens and Krebs 1986) frequently quantify
returns (benefits) as energy (kilocalories [Kcal]) obtained
from food (but see Jochim 1975; Sih and Milton 1985; Speth
and Spielmann 1983), and quantify costs as time expended
on searching for, pursuing, capturing, and processing that
food. They assume that foragers will attempt to maximize
average return rates in the context of different cost/benefit
ratios for different prey. Costs are usually broadly framed as
search costs, the amount of time spent looking for resources,
and handling costs, the amount of time required to pursue,
capture, and process foods. Models assume that searching
and handling are mutually exclusive, and that foragers have
perfect knowledge of cost and benefits of all resources under
consideration. The models focus on the question “should I
pursue that resource, or should I continue to forage?”
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Human foragers violate, to some degree, many of the
assumptions of prey models. They often hunt in groups,
seldom search in a random fashion, often focus on a
specific prey identified prior to initiating a search, lack
perfect knowledge, and frequently “maximize” non-energy
related elements. Furthermore, significant methodological
problems plague archeological applications of such models.
Nevertheless, we find the explicit cost/benefit framework
appealing, and we will use elements of prey models to guide
our analysis "°?.

Resource Ranking and Diet Breadth

One such element is ranking of prey alternatives in terms
of handling costs and benefits. For human foragers, this
ranking often reflects body size with larger-bodied animals
(e.g., mammoths, bison) being more profitable (higher
returns relative to handling costs) than smaller-sized animals
(e.g., rabbit, deer) and plants. Figure 8-1 presents box plots
for a series of return rates gathered from experimental and
ethnographic sources in the Great Basin of North America
and in Australia (see Cane 1987; Kelly 1995; Simms 1987).
In the figure, we have grouped animals by overall body size
and plants by approximate seed size. Clearly, the return rates
on large mammals in this example are extremely high, while

those on collecting and processing small seeds are extremely
low ®*?, While plants generally rank below animals, once
hunters and gatherers encounter and decide to “pursue”
plants they probably have a high success rate. Not all pursuits
of animals result in a positive outcome for the pursuer. In
fact, ethnographic accounts of hunting suggest that many
pursuits of animals do not result in a successful kill. For
example, Marks (1976:205-209) reports the number of kills
per stalking event for various types of large mammals by
Valley Bisa hunters in Zambia. Using muskets, Bisa hunter
kill rates per stalking event vary from a low of 2.9 percent
for impala to a high of 26 percent for buffalo. Success rates
using more traditional technologies, such as bow and arrow,
are probably much lower (see Hill and Hawkes 1983:164),
though we lack precise figures. Consequently, Figure 8-1
probably overestimated the return rates on animals because
unsuccessful stalking events would result in no return. A more
realistic ranking strategy would involve the ratio of energy
captured per attack to the handling time per attack. This “prey
profitability” ranking of plants and animals (Stephens and
Krebs 1986:17-23) would result in a reduction of rankings of
animals. Nevertheless, given the return rate disparity shown
in Figure 8-1 it is likely that profitability of large-body sized
animals would exceed returns on smaller animals and plants.

Search costs, though not taken into account in potential prey
profitability rankings, play a critical role in determining the
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Figure 8-1. Handling costs by resource class (from Cane 1987, Kelly 1995; Simms 1987).
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actual diet. In a classic prey foraging model, as foragers
add more resource types to their diet, search costs decline
because foragers encounter dietary items more frequently.
There is a cost to incorporating less profitable resources
into a diet. Time saved in search is offset by the higher
handling cost and/or lower caloric benefits of lower ranking
resources. The inclusion of a resource must serve the overall
profitability of the diet and will not be included until the
value of higher ranked resources drops below a certain
threshold. Therefore, the inclusion of a low ranked resource
is dependent on its profitability relative to that of higher
ranked, more profitable resources.

Foraging models predict a trade-off, then, between handling
cost, benefits (energy return), and search costs that will
maximize the average return and produce an optimal diet.
These models predict that foragers will continue to add
lower-ranked resources to the diet, increasing the diet
breadth, so long as the overall profitability of the diet, seen
in terms of total costs to benefits, is increased. Furthermore,
foragers should drop resources from the diet, reducing
their diet breadth, when doing so would increase overall
profitability (Figure 8-2). Many factors, however, influence
the profitability of a food item including, but not limited to,
relative scarcity, climate, rainfall, and food procurement and
processing technologies.

Changes in types, quality, and abundance of resources
result from variations in climate, combined with differences
in elevation, soils, geology, and natural history. Such
environmental factors can produce dramatic differences
in profitability of resources at various temporal scales and
shift which animals and plants are included in the diet (see
Winterhalder 1981). For example, animals in the size range of
mule deer should be highly ranked, and therefore included in
the optimal diet set, in most settings given their overall body
weight. However, as suggested in Figure 8-3, that ranking
may shift seasonally because of shifts in deer nutritional
quality. The post-encounter return rates on deer in the Figure
8-3 case differ by season, with higher returns during the fall
and summer months, and lower returns during winter and
spring. Therefore, the optimal diet shifts seasonally in this
example as it would for other plants and mammals (see Speth
1983:120-131) in other seasonal environments like Central
and South Texas ™.

The scarcity and value of the highest ranked resource also
effects the inclusion of all other diet options for a forager.
Though the value and abundance of lower ranked food
items may fluctuate, their incorporation into a diet will
only occur if the profitability of the highest-level food
item drops significantly. Figure 8-4 shows two examples of
yearly changes in productivity of the plants in South Texas
(Winberg 1997).
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These data demonstrate fluctuations not in the nutritional
quality of the plants, but in their yearly productivity by
considering the percentage of prickly pear and mesquite that
produce fruits or seeds over a 10-year period. These changes
in density, which are probably responding to variability in
climate, will translate into different search cost. For example,
costs associated with finding mesquite in 1979, 1980, and
1981 when productivity was low would be considerably
greater than the 1982 through 1984 years, when productivity
was high. However, the decision to include or exclude
mesquite is not related to shifts in density of mesquite as
such, but rather to shifts in the density of higher ranked prey
items . In situations where the frequency of higher ranked
items increase, foragers should drop lower ranked resources
from the diet, thus increasing the average return. However,
especially in the case of human foragers, other responses
may also occur that could result in maximizing the average
return rate. For example, technological changes, such as the
abandonment of complex, expensive technologies in favor of
those that are simpler and less costly to produce and maintain,
or abandonment of specialized search methods, may be a
viable option under some conditions of increasing frequency
of higher ranked resources. Conversely, when higher ranked
items become less common, human foragers could switch
to technologies that, although more expensive to produce
and maintain, might increase the kill ratio, and thereby the
profitability, of the less frequently encountered high ranked

prey. Foragers could also shift to search strategies that
increase encounter rates for the high ranked prey.

The mix of possible responses, beyond simply increasing or
decreasing diet breadth, probably depends on a variety of
elements, including the relative profitability of alternative
resources, as well as the costs and benefits associated with
extant and alternative technologies and search strategies. For
example, Figure 8-5 depicts a simple expansion of the diet
under falling encounter rates for a high return resource. The
top portion of the Figure 8-5A shows encounter rates (search
costs), prey profitability (energy return per attack/handling
costs per attack), and an optimal diet in a hypothetical
environment. The difference between the profitability of
Resource 4, which is included in the diet, and Resource 5,
which is excluded, is minimal. If a decline in the encounter
rates for the highest ranked resource (Resource 1) occurs in
this setting, it is likely that diet expansion will occur. Such
an expansion is shown in Figure 8-5B (bottom) with the
inclusion of Resource 5 into the diet. Under these conditions,
we would expect foragers to broaden their diet to include
Resource 5 because its value is not much lower than Resource
4 and doing so would maximize the average return rates.

Figure 8-6A (top) presents roughly the same initial conditions,
but in this scenario, the profitability of Resource 5 is much

an
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Figure 8-3. Seasonal changes in the nutritional quality of mule deer (from Anderson et al. 1972).

82



Testing and Data Recovery at 41KM69

Chapter Eight: Theoretical Overview

1l

7=

i

,
-

LN

51

41-

|
I|-_
L
A\t

LN

—_—t e ———-—

Fercant of Mants with Fril' Seed

I

=

] &
'.:" Ll
- -

JF?J-

o

& A

err

&

Figure 8-4. Yearly fluctuation in mesquite seeds and Prickly pear fruit (from Windberg 1997).

lower than Resource 4. So low, in fact that if it were included
it would not maximize overall return rates of foraging efforts.
Therefore, the same drop in Resource 1 shown in Figure 8-5B
would not necessarily produce the same outcome (see Figure
8-6B). Under the Figure 8-6B scenario, the overall return rate
of the diet might well be maximized by shifts to more costly
processing methods, killing technologies, or search strategies
that would increase the caloric returns, increase the success
rate of kills, or increase the encounter rates with Resource 1.

Technological Responses

Shifts in the types of tools (e.g., use of ceramics) or
processing facilities (e.g., features) will primarily influence
handling costs associated with the acquisition of a given
resource, although in some cases, they may also influence kill
or capture rates and nutritional returns. We envision facilities
and tools as ranging from generalized to specialized in form.
Specialized tools (e.g., ceramics; hafted lithic tools, bows and
arrows) and features (e.g., burned rock middens) tend to be
more expensive to produce. Formal tools require more time,
are usually more complex, and in some cases may require
specific raw materials that have limited distributions. As a
group, hunters and gatherers frequently maintain specialized
tools and facilities, also increasing their overall costs (see
Binford 1977, 1979). However, because of their specialized
nature, these tools and facilities tend to be more efficient
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at accomplishing their designed task. Generalized tools or
facilities, conversely, are less expensive to produce. They
are often expediently made (e.g., utilized flakes), they tend to
have few components, and they may have more flexible raw
material requirements. In addition, they often have short use-
lives and minimum associated maintenance costs. While less
costly and potentially useful in the performance of a variety
of tasks, generalized tools and facilities will be less efficient
at any given task.

When seen from this perspective, the decision to employ a
more specialized or a more generalized technological solution
can be considered in the context of the overall costs associated
with tool/feature production and maintenance relative to the
benefits derived from that tool or features. The adoption of
more specialized processing and killing methods clearly
involves increased costs in terms of time and energy. For our
Figure 8-6 Scenario B example, the increased investment in
technology may be offset by the increased profitability of the
overall diet relative to the profitability of the diet that would
be present if, because of declines in Resource 1, Resource 5
was included without any other changes.

Mobility Responses

Another set of responses concerns shifts in mobility. As
noted above, mobility, in terms of search costs (travel
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Figure 8-5. An example of diet expansion from 4 (4) to 5 (B)
resources under conditions of closely ranked prey predictability and
decreased encounter rates.

Enviiner Balas

livs

1
Fravw Frofikairy

Figure 8-6. An example of the potential impacts of radical differences in
prey predictability (resources 4 and 5). Diet expansion does not occur (4, B)
with decreased encounter rates.
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time), plays a critical role in modeling diet breadth in prey
models. Researchers increasingly discuss hunter-gatherer
mobility systems in terms of “forager” and “collector”
strategies (Binford 1980). Collector strategies have low
residential mobility, relying extensively on task-specific
groups to acquire resources and move those resources back
to residential locations. Binford’s foragers, in contrast,
make frequent, shorter moves of residential camps and
acquire food on a daily basis. Binford (1980; see also Kelly
1995) broadly framed these two strategies as responses to
different environmental conditions, with foragers present
in environments characterized by ubiquitous, low-density
resources, and collectors present in settings with high
temporal and/or spatial disparity in resources. In practice,
these two strategies are frequently present within the same
cultural system, with seasonal or resource-specific shifts in
search strategies possible.

Logistical systems of resource procurement are a more
specialized strategy relative to foraging-based systems.
They are more costly in terms of distances covered, as well
as requiring more planning, preparation, and coordination.
Task groups of hunters and gatherers use logistical strategies
to gather resources in excess of immediate needs, with that
excess returned to residential locations. It is likely, then, that
when logistical strategies are used, their target will tend to
be higher-ranked resources. This is because the distance at
which hunters and gatherers can effectively acquire resources
in bulk is tied to the resources overall return rates, load-
bearing abilities of the participants, and distance (e.g. Jones
and Madsen 1989; Metcalfe and Barlow 1992) “?. Itis likely
that the use of a logistical strategy would increase encounter
rates for the targeted resource. In the Figure 8-6B scenario,
if hunters and gatherers used a more costly logistical strategy
but targeted Resource 1, the increased encounter rates for
Resource 1 might offset that increased cost. Hunters and
gatherers should use this strategy if doing so would increase
the overall profitability of the diet relative to the profitability
of the diet that would be present if they continued to pursue
Resource 1 on an encounter basis, and they included Resource
5 without any other changes.

Summary

Using the cost/benefit framework provided by foraging
theory, we have presented a number of general relationships
that should be applicable to investigating aspects of diet,
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technology, and mobility in hunters and gathers. We have
suggested that human foragers can respond to short and
long-term shifts in resource availability in complex ways.
Those responses may involve various mixes or shifts in
what resources are included and excluded from the diet,
technological changes that alter handling costs and capture
rates of dietary items, and shifts in mobility strategies that
alter encounter rates. The specific response hunters and
gatherers initiate will depend on extant adaptations, available
alternatives, and the structure of resources. Changes in the
quality and quantity of resources, such as those noted above
(see Figures 8-3, 8-4), further complicate the development
of any detailed response model. The fluctuations mean that
prey profitability and encounter rates are probably constantly
changing. We can suggest that a hierarchy of responses
may occur, with foragers potentially ignoring short-term
fluctuations, or making minor alterations in diets such as
the incorporation of alternative resources that have roughly
similar ranks. Seasonal fluctuations in profitability, like those
shown for deer, are likely to result in seasonal changes in
what resources are included in the diet, along with short-
term shifts in technology and mobility strategies to exploit
these different sets of resources (see Winterhalder 1981).
Multiyear, directional changes in climate (e.g., overall
increase in moisture, decrease in temperatures over several
decades, increase in variability in rainfall) that may result
in shifts in resource quality, type, and density, however,
are increasingly likely to result in significant shifts in what
resources are included in the diet, as well as in the technology
and mobility strategies used to acquire those resources.

In an archaeological setting, we are unlikely to be able to
monitor short term, or even yearly shifts in resources,
tactics, or strategies. Even under exceptional conditions, the
temporal scale at which we can define associated activities
in archeological assemblages is on the order of several
decades, and frequently centuries. Events that happen on a
daily, seasonal, or yearly scale are temporally invisible in
most archeological contexts “*”. In an archeological context,
these short-term responses will simply add to the variability
seen in adaptive responses at a location. Conversely,
multiyear directional changes in resource structure, such as
those that result from climate shifts, or shifts in population
density, operate at a temporal scale that is well suited for
archeological investigations. Documenting and exploring
these multi-year, directional changes in resource structure
and human response at a variety of spatial scales is the overall
focus of our research.
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Chapter 9: Modeling Adaptations in the Late Archaic and Late Prehistoric Periods
Raymond P. Mauldin and Jennifer L. Thompson

This section presents a general model of adaptation for the
Late Archaic and Late Prehistoric periods in Central and
South Texas. Additional details of this general model can be
found in Tomka et al. (2004a, 2004b). The model is grounded
in foraging theory, and developed in the context of long-
term shifts in the availability of bison, a high-return animal
that Dillehay (1974; see also Collins 1995; Collins 2004;
Huebner 1991) argued had a variable presence in Texas.
Because of their large body size, bison would have been the
highest ranked resource available within Central and South
Texas. With an average weight of about 600 kg, these animals
were almost 12 times heavier than white-tailed deer, the next
largest animal present in this section of the state (see Davis
and Schmidly 1997). Given their large size and high return
rates, the presence or absence of bison within Texas should
profoundly influence hunter-gatherer adaptations. Hunters
and gatherers should always take bison when they encounter
the animal, as they would any plant or animal within their
optimal diet set. As bison increase in frequency, hunters and
gatherers should encounter them more often, and this should
result in a change in their optimal diet set. Specifically,
hunters and gatherers should eliminate the lowest ranked
plants and animals from the diet as these actions would
increase their overall return rate. When bison were absent,
hunters and gatherers should expand their diet by adding low
ranked plants and animals ", Some prey items (e.g., deer,
antelope, rabbits, high return plant resources) will always
remain in the optimal diet set regardless of the presence or
absence of bison. As such, hunters and gatherers will always
take these resources when encountered. That is, the expansion
or contraction of the optimal diet set as bison availability
fluctuates will differentially affect those resources that have
low returns (e.g., reptiles, lizards, snails, grass seeds).

The temporal focus of this model is the Historic, Late
Prehistoric, and Late Archaic periods within Texas (see
Collins 1995). Several diverse data sets are used to explore
aspects of this roughly 4,500 year time frame, and the spatial
scales considered vary, in part, based on the data sets used
and the specific elements monitored. The largest spatial
scale encompasses the entire state while the smallest scale
is a roughly 150,000 km* area that covers most of what is
commonly considered Central Texas (see Ellis et al. 1995)
as well as a portion of South Texas stretching down to the
Middle Coast (see Hester 1995). We offer a series of specific
expectations concerning diet, technology, and mobility for
each of the prehistoric time periods considered, expectations
that we will subsequently develop in the context of our
recent work at 41KM69. The focus of much of this section

87

is on deriving estimates of the availability of bison as well
as developing information on other plants and animals that
were available to hunters and gatherers within Texas during
the Late Archaic and Late Prehistoric periods.

Deriving expectations for changes in subsistence, technology,
and mobility in periods of changing densities of bison within
the study area are complex. Building such expectations
minimally requires data on the relative density of bison,
as well as information on other, alternative resources in
the context of extant technological and mobility strategies.
While we are a long way from achieving an understanding
of most of these data sets, we can begin to gather data
on bison availability by using two different types of
information. The first type involves the occurrence of bison
on archeological sites. These data are essentially presence/
absence and the format follows earlier work by (Dillehay
1974). We further present the percentage of components
during a given period that have bison present. These data
seem to provide a quantitative measure of bison availability,
though the frequencies are still based on presence/absence
data. The second data type we use focuses on estimating
grassland productivity in Central and South Texas during
the period of interest. Here, we use a variety of different
climate data sets to assess both long-term and short-term
differences in grassland productivity. As bison are primarily
grazers, increases or decreases in grasslands should produce
different concentrations of bison at various spatial and
temporal scales. While these data sets are quantitative, they
are essentially proxy data sets for bison densities.

Archeological Patterns of Bison Availability

As noted above, we designed our original model (see Tomka
et al. 2004a, 2004b) in the context of the presence/absence
of bison using Dillehay’s (1974) earlier work. Though
the distribution has been modified slightly by subsequent
research (Collins 1995, 2004; Huebner 1991), Dillehay
argued that bison were absent from the state in the Middle
Archaic, present throughout the Late Archaic, absent in the
Late Prehistoric Austin interval, and present again in the Late
Prehistoric Toyah interval. As an initial attempt to verify these
patterns for the Late Archaic and Late Prehistoric periods, we
conducted a review of bison presence/absence on selected
archeological sites (Mauldin and Kemp 2005). That review
centered on a sample of 182 components from 117 sites
that dated to the Late Archaic and Late Prehistoric periods
within a roughly 150,000 km’ area in Central and South
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Texas. In their study, Mauldin and Kemp (2005) reviewed
182 Late Archaic and Late Prehistoric components on 115
archeological sites. They evaluated each of the components
for temporal quality, as well as for the association between
bison and the assigned temporal component. Ultimately, they
identified 137 components on 73 archeological sites that
formed the basis of their investigation.

Figure 9-1 presents the area considered by Mauldin and Kemp
(2005), along with the location of the 73 archeological sites
used. The numbers assigned to each site in Figure 9-1 are tied
to data in Appendix K. Also listed in Appendix K are data
on those sites that Mauldin and Kemp (2005) reviewed but
eliminated, along with the criteria used for assessing each site
and assigning the material to a temporal period. Eventually,

they identified 71 components that had bison present and
good temporal association, and 66 components that lacked
bison but that we could assign to a temporal period (see
Appendix K for details). Based on the presence of temporally
diagnostic projectile points, Mauldin and Kemp (2005)
defined three shorter temporal intervals, the Initial Late
Archaic (4450-2500 B.P.), the Middle Late Archaic (2500-
1600 B.P.), and the Terminal Late Archaic (1600-1250 B.P.),
within the relatively long Late Archaic Period (see Appendix
A). Their Late Prehistoric divisions (Initial Late Prehistoric;
Terminal Late Prehistoric) are essentially equivalent to the
Austin interval (1250-700 B.P.) and the Toyah interval (700-
400 B.P.). Sample sizes for several of these divisions are
small. Only 17 components are present for the Initial Late
Prehistoric and the Initial Late Archaic interval has only 18
components (Mauldin and Kemp 2005).

"
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Figure 9-1. Area and sites (dots) investigated by Mauldin and Kemp (2005). Numbers associated with sites are tied to Appendix K.
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Figure 9-2 considers the relative
frequency of components with bison
present for each of the five intervals.

Perhaps the most interesting aspect

of the figure is that the Initial Late
Prehistoric (Austin interval) absence
period proposed by Dillehay (1974), u
and supported by Huebner (1991),

is not supported by our review ¢
?. Bison are present throughout the
Late Archaic and the Late Prehistoric

periods. The Figure 9-2 pattern also a0

shows that bison are most frequently
encountered on components dating to
the Terminal Late Prehistoric, with
over 80 percent of all components
in this period having bison present.
The lowest frequency of bison

an

Fercanloge o Compansnls

0

present, the Terminal Late Archaic
(ca. 20 percent), culminates a gradual ]
declining trend from just under 40
percent in the Initial Late Archaic
(Mauldin and Kemp 2005).

These archeological data demonstrate
that bison were present in much of
Central and South Texas early in the Late Archaic and had
a continued presence throughout the Late Prehistoric. As we
will summarize subsequently, early historic accounts note
that bison were present, at some level, well into the 1800s. To
the degree that we can use the relative frequencies of bison
present on components as a measure of the availability of
bison, the archeological data further suggest that bison had a
declining availability throughout the Late Archaic, and were
increasingly available in the Late Prehistoric Period.

Bison Distribution, Diet, and Mobility

The species that was recovered from Late Archaic and Late
Prehistoric archeological components in Texas was the
Plains bison (Bison bison). The species first appeared in the
north sometime after 6000 B.P. and spread rapidly south as
grasslands replaced woodlands and forests during the latter
portion of the Middle Holocene. They appear to have arrived
in latitudes comparable to Texas sometime around 4500 B.P.
(McDonald 1981). In this section, we discuss the diet and
distribution of this new species. We focus on climate factors
influencing forage availability and explore the potential
impacts of those factors on bison mobility. We also review
historic accounts of bison in Texas, some of which clearly
suggest a variable, perhaps seasonal presence, of these
animals. Finally, we review a variety of paleoenvironmental
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Figure 9-2. Percentage of components with bison present from the Late Archaic through
the Late Prehistoric (Mauldin and Kemp 2005, see also Appendix K).

data, with a focus on the impact of environmental change
in grasslands during the Late Archaic and Late Prehistoric
periods, as introduced in Chapter 2. While the archeological
data demonstrate that bison were present throughout the
period of interest, and that they were present on a higher
percentage of Terminal Late Prehistoric (Toyah) components,
our goal in this section is to gather information on bison
density, and understand factors that may have influenced
shifts in availability of this high return resource in Texas. We
conclude that although bison were present throughout much
of Central and South Texas for all periods of concern here,
there do appear to be fluctuations in their densities, at least as
can be inferred from historic accounts and indirectly through
fluctuations in grasslands.

Though certainly present at times in woodland settings,
Figure 9-3, adapted from McDonald (1981:104), shows
that the primary range of bison extended from central Texas
in the south to Alberta, Canada, in the north. While bison
clearly exceeded that range at various points, this core area
is consistent with the approximate limits of the Great Plains
grasslands and should be the region where bison densities
are highest ®**. Plains bison are primarily grazers. Studies
show that various grasses and sedges consistently comprise
over 90 percent of their diet across all seasons (Coppedge et
al. 1998; Peden 1976; Peden et al. 1974). Several different
variables interact to produce grass of varying density and
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Figure 9-3. Primary range of Bison bison (after McDonald 1981:104).

quality for bison consumption at any given time and place.
These include climate factors such as shifts in rainfall and
temperatures, as well as factors such as soils (e.g. Epstein et
al. 1997), fire frequency, and levels of grazing pressure (see
Knapp et al. 1999). Here, we focus on climate variables in
the context of grass production. Spatially, both the relative
frequency and overall productivity of cool season (C;) and
warm season (C,) grass are determined, to a large degree,
by different mixes of precipitation and temperature in
different soil regimes (see Bamforth 1988; Brown 1993;
Epstein et al. 1997; Paruelo and Lauenroth 1996; Teeri and
Stowe 1976). Spatial differences in the productivity in cool
season grasses has a significant, negative correlation with
mean annual temperature and percentage of sand in soils,
and has a moderate positive correlation with mean annual
precipitation (Epstein et al. 1997; Paruelo and Lauenroth
1996). Conversely, productivity in warm season (C,) grass
show a strong, positive correlation with high mean annual
precipitation (R = .85), and weak positive relationships
with sandy soils and high mean annual temperatures
(Epstein et al. 1997).

Warm season grasses dominate the southern plains, both in
terms of frequencies of species and in terms of overall forage
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production. In contrast, C; grasses dominate in the north.
C, grasses are more productive in terms of overall weight
of forage produced per unit of area per year (Epstein et al.
1997), but there are data to suggest that C; grasses are both
higher in protein and more easily digestible by herbivores
than their warm season counterparts (see Caswell et al. 1973;
Coppock et al. 1983a; Coppock et al. 1983b). For bison,
the most consistently productive areas on a yearly basis are
likely to be in the central portion of the Great Plains, where
both cool season and warm season grasses are present. These
central areas should produce consistent forage throughout
much of the year, with grass production occurring from
spring through the summer and into the fall. In contrast, both
the northern and southern extremes of the distribution (see
Figure 9-3) will have seasonally restricted production.

Several authors (e.g., Bamforth 1988; Speth 1983) have
suggested that the amount of forage production for bison,
the nutritional quality of that forage, and the location of
that production in warm season grasses, such as those that
dominate Texas, may be highly variable from year to year
and across space during a given year. Growth in warm season
(C,) species frequently occurs in direct response to localized,
unpredictable precipitation events during the late spring and
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summer months. Summer precipitation produces pulses of
grass growth, shifts in the nutritional value of forage, and
changes in the digestibility of grass for herbivores (see Hart et
al. 1983; Rauzi and Dobrenz 1970; Sala and Lauenroth 1982).
In the southern Great Plains, precipitation varies significantly
in time and space, and several measures of precipitation (e.g.,
annual rainfall, summer rainfall) are strongly correlated with
grassland productivity (see, Cable 1975; Knapp et al. 1998;
Knapp et al. 2001; Lauenroth et al. 1999; Nippert et al. 2006;
Pieper and Herbel 1982; Sims and Singh 1978a, 1978b).

The impact of year-to-year variation in grassland productivity
as a function of rainfall can be seen in Figure 9-4. Here, we
plot spring and summer (April-September) rainfall amounts
(X-axis) against grass above ground net primary productivity
(Y-axis) for 16 years using data from the Konza Prairie
ecological research station in Kansas (Nippert et al. 2006).
Differences in year-to-year production are significantly
related to differences in growing season. Variation in rainfall
will produce varying levels of grass production and by
extension, variations in bison forage availability “?.

Pieper and Herbel (1982), working in a desert grassland in
New Mexico, demonstrate that biomass production responds
rapidly to new rainfall, with measurable differences in
biomass evident within days of a rainfall event. To the degree
that rainfall events are spatially restricted on the southern
plains, then, grassland productivity will vary from place to

place. In order to consider the degree to which rainfall, and by
extension productivity, is variable from place to place within
Central and South Texas, we acquired precipitation data for
the month of June from 1914 through 2003 (n=90) for four
areas located throughout the region. Figure 9-5 presents
these four locations. The Austin, Cleburne, and Abilene data
were derived from the National Weather Service (National
Weather Service 2007a, 2007b, 2007¢c), while the Junction
data were acquired from Weather Source (2007b, 2007a). We
selected these four locations for three reasons.

First, we wanted to maximize spatial coverage of the area
outlined previously in Figure 9-1. Second, these four modern
stations are in proximity to the four tree-ring sequences used
in Chapter 2. Finally, the Junction data come from stations
adjacent to 41KM69. Unfortunately, no single station within
the Junction area contained complete June rainfall data for
the period considered. We used two different stations, located
within 5 kilometers of each other and of 41KM69, to compile
the June rainfall totals for Junction (Weather Source 2007b,
2007a). Nevertheless, we are still missing June totals from
Junction for five of the 90 years between 1914 and 2003. The
three other stations also are missing selected years, so that
comparative June rainfall data are available from all four
locations for 82 of the 90 years in the sequence.

Figure 9-6 presents histograms of two measures of year-to-
year variability in June rainfall totals for the four Figure 9-5
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Figure 9-4. Grassland production and summer precipitation for a tallgrass prairie (1984-1999).
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Figure 9-5. Location of study area (red) and four weather stations.

locations. The top histogram tallies the range (i.e., highest
rainfall total - lowest rainfall total) of June rainfall for a given
year among the four stations. The average difference between
June rainfall totals in Figure 9-6 is 94.4 mm (3.71 in.). The
maximum range occurred in June of 1981, when Austin
received ca. 380 mm of rain and Abilene received only 69.3
mm, a difference of just over 310 mm (12.23 in) in a single
month. The bottom portion of Figure 9-6 plots the coefficient
of variation (standard deviation/ mean) in June rainfall
among the four stations for each of the 82 years. Overall,
the coefficient of variation (CV) on June precipitation
averaged 62 percent for these four stations over the 82 years,
and in several cases (n=7) the CV exceeded 100 percent.
For example, in 1974, the June CV was 120.7 percent (four
station average= 37.21 mm; sd = 44.93 mm), with Cleburne
having a high of 103.4 mm and Austin receiving only 5.3 mm
of rainfall. While there are clearly years with low CVs, only
in five years are CV values below 20 percent, and in only
one of those five (1984) is it below 10 percent. The dramatic
differences shown in both absolute rainfall amounts (Figure
9-6, Top) and variation in amounts (Figure 9-6, bottom) at a
short temporal scale should produce dramatic differences in
grass production across the Central and South Texas regions.

The summer production highs and lows of C, grasses suggested
by the rainfall data in Figure 9-6, little or no cool season (Cs)
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grass production (see Black 1973; Ehleringer 1978), and
year-to-year variability in the amount of forage produced is
characteristic of Texas grasslands. These production patterns,
and lack of cool season grass production, should produce
seasonal shortages in forage for bison. Speth (1983:119-
131), looking at warm season grasses in southeastern New
Mexico, suggests that bison in this region may have operated
below their maintenance threshold for crude protein and
phosphorus levels from the late fall through the early spring
in an average year. During years of below average rainfall,
especially during the summer months, C, forage production
and the nutritional quality of the available grass would
have been further reduced, resulting in potentially high
levels of nutritional stress. As Emerson (1990:115-169) has
demonstrated for bison on the Central Plains, nutritional
stress as a consequence of low forage production can result
in declines in bison weight, declines that probably have
significant, multiyear consequences for reproductive rates
and survivability.

Mobility and Fluctuations of Bison on the
Southern Plains

Probably in response to shifts in the quality and quantity of
forage, along with availability of water and climate extremes,
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Figure 9-6. Range (top) and coefficient of variation (bottom) for June rainfall
from Figure 9-5 weather stations (1914-2003).

bison populations certainly changed locations throughout
the year. However, both the scale and regularity of such
movements are not clear (see Bamforth 1988; Chisholm
et al. 1986:195; Epp 1988; Gordon 1979; Morgan 1980),
especially on the Southern Plains (see Doughty 1983:45-48;
Newcomb 1961:112-116; Roe 1951). Delta (8) “C values
on bison collagen collected from archeological deposits in
the northern panhandle of Texas (Quigg 1997b) demonstrate
strong C, signatures (carbon isotopic values between -7.8 and
-8.6%0), and Huebner (1991) reports the analysis of collagen
from 38 bison from throughout the state that have §"°C values
ranging from -13.6 to -7.8%o. These isotopic signatures
are not consistent with extensive feeding in northerly C;
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grasslands. Conversely, Chisholm et al. (1986) report a
variety of bison collagen 6" C values from the northern end of
the primary range (see Figure 9-3) that fall between -17.3 and
-20.6%o, suggesting a diet with low C, grass consumption.
Long distance migrations of bison herds, such as shifts from
Central Texas to Northern Colorado, for example, as least on
a short-term basis seem unlikely given these isotopic data.

There are data from historic accounts that suggest that
bison populations fluctuated in Texas, at least during the
sixteenth, seventeenth, and eighteenth centuries. Cabeza
de Vaca provides the earliest historic account of bison in
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Texas. De Vaca and several comrades spent from late 1528
until sometime in 1535 with indigenous groups. De Vaca
spent much of this period with groups located in coastal
and southern Texas (Cabeza de Vaca 1555). Surprisingly de
Vaca (1555) notes only “three or four” sightings of bison. If
accurate, this account suggests that bison were not frequent
during this seven-year period in the southern portion of the
state. Shortly after this account, Spanish forces associated
with de Soto’s expedition entered Texas, probably late in
1541, after wandering through much of the Southeast (see
Duncan 1997; Young and Hoffman 1999). While the length
of time spent within Texas is probably minimal, there is no
mention of bison in the de Soto chronicles. In that same year
(1541), Spanish forces associated with Franciso Vasquez de
Coronado noted bison after several days travel to the east and
north of the Pecos River, in what is probably the panhandle
region of Texas. Numbers of animals noted seem to increase
the longer the journey continued, with high densities of bison
noted to the north of the state (Hammond and Rey 1940;
Winship 1904).

Most detailed accounts of bison availability in Texas during
the late 1600s come from recent summaries of Spanish
expeditions onto the Edward’s Plateau (see Wade 1998, 2003).
One of the data sets compiled by Wade (1998: Appendix E;
2003:152-157) includes both probable camp locations and
observations on fauna, including bison, made by the Spanish.
The appendix provides detailed route and camp information
on 10 different expeditions to the Plateau conducted between
1675 and 1767, and information on

Saint Louis near the Texas coast frequently mention bison,
including herds that numbered in the thousands (see Parkman
1883:216-233; Wade 2003:156). In addition, in 1691 “great
numbers” of bison were reported for Bexar, Medina, Wilson,
Guadalupe, and Gonzales counties in southern Texas (see
Weniger 1984:178). In the 1700s and into the early 1800s,
a number of accounts of bison in Texas are available which
suggest that the animals were common, especially in the
west-central portion of the state (see Doughty 1983; Folmer
1940; Newcomb 1961:85-99, 112-117). Bison numbers may
have reached their peak in the State during the early 1800s
e "and were reduced to near extinction by the end of that
century (Doughty 1983; Weniger 1984).

These various historic accounts suggest that bison availability
within the state was highly variable through time and across
space. It is probable that at least during some periods, bison
were completely absent from much of Central and South
Texas, and there is data to suggest significant seasonal
shifts in availability when they were present. Figure 9-8,
constructed from Wade’s camp summaries (1998:Appendix
E), provides information on the possible seasonal availability
of bison in Central and West Texas. Of 36 camp locations
occupied during the winter months of December and January,
the Spanish observed bison on only three camps (8.3 percent).
For the months of February, March, and April there are 87
observations, 10 of which note bison (11.5 percent). Finally,
there are 133 observations during the months of May, June,

246 camps used by these expeditions
(Wade 1998: Appendix E). Figure 9-7

groups Wade’s camp data (Wade 1998: &

Appendix E) at a yearly scale, with the

locations of these observations provided
EW

as an insert in far left corner. Overall,
these early expeditions noted bison
on only 39 of the 246 camps. That is,
roughly 85 percent of all camps lacked
any mention of bison. As shown in the

a3
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Figure, there is extreme year-to-year
variability in bison observations. In two
out of the 10 years shown (1683, 1691),

bison were observed on roughly 40
percent of camps. Four of the remaining
eight years also note bison as present
in the area, though the frequency is .
considerably lower, and in four of the

Famzenl of Camnas wilh Gaas Obssraed
[ =]
LS

10 years, members of these expeditions a-

did not note any bison.

At roughly the same time frame as
some of these Spanish observations
(1685-1687), French forces at Fort

Figure 9-7. Percentage of camps on which bison were observed from 1675 through
1767 (data from Wade 1998). Insert shows where observations were made.
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production, or in regions of low production,
it is probable that bison consumed
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Figure 9-8. Season of bison encounters by Spanish expeditions into Central Texas
from 1675 through 1767 (data from Wade 1998). Insert shows where observations

were made.

July, and August. The Spanish noted bison in 26 instances (21
percent). Interestingly, while the number of observations are
small (n= 28), the late summer months of July and August
do not have recordings of bison. This may suggest that bison
herd size, at least in this portion of South and Central Texas
and in the late 1600s and into the 1700s, probably declined
in the late summer and early fall, with a gradual increase
in herds throughout the spring, with peak sizes present in
the early summer months. This seasonal pattern of bison
availability derived from Wade’s (1998:Appendix E) data are
consistent with seasonal patterns in C, grassland production
in Texas discussed previously.

A variety of factors, including seasonality and camp location,
could account for these apparent fluctuations in bison
sightings in the historic literature. Yet, the fluctuations are
consistent with our characterization of this portion of the
Southern Plains having variable forage production, with
higher production occurring in the summer months. These
fluctuations, in turn, should have resulted in varying periods
of availability of bison in time and across space. To the
degree that the carbon isotope results on bison from within
Texas presented previously are reflective of bison mobility, it
is clear that bison found in Texas did not spend a significant
amount of their life feeding in C; settings. That is, when
grassland productivity declined, it is unlikely that bison
migrated out of C, dominated settings. Rather, we anticipate
three responses. We suggest that during years of low

ERI I,
Foisa
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increased quantities of low-quality forage,
increased their overall mobility, and were
positioned on the landscape in smaller sized
herds. Conversely, during years of high
production, or in areas of high production,
it is likely that herd size increased, bison
diet focused on higher quality forage, and
mobility was reduced (Bamforth 1988:44-
52; Bruuggeman 2006; Emerson 1990; Van
Vuren and Bray 1986) ®<®.

We based the above ecological
characterization, in part, on modern patterns
of variable precipitation, characteristics of
warm season grasses, and bison ethology.
If these same patterns and characteristics
were present in the Late Archaic and Late
Prehistoric periods, producing seasonal and
yearly fluctuations in grass productivity and
quality, then bison densities in Texas would
have experienced similar fluctuations that
would have implications for hunters and
gatherers. During seasons or years when
grass production was low in a given region, we anticipate
that bison herd sizes were smaller, that bison mobility
levels were higher, and that animals were in poorer physical
condition. This would have resulted in lower encounter rates,
and animals that, because of their poorer physical condition,
had reduced profitability. Depending, in part, on the severity,
length, and spatial scale of these productivity shortfalls ™"
7. hunters and gatherers could respond by expanding their
diet, changing their technologies, or altering their search
strategies. Conversely, during periods or at locations where
grass production was high, we anticipate that bison would
form larger herds, that overall these animals would be in
better physical condition, and that mobility levels would be
low. For hunters and gatherers, these conditions would have
potentially resulted in a reduction of the number of items in
the optimal diet set, as well as other shifts in technology or
mobility. Are these historic patterns of productivity and bison
fluctuations reflected in the Late Prehistoric and Late Archaic
periods? In order to explore this question, we return to
paleoclimate data discussed in Chapter 2 and reviewed here.

Paleoclimate Data

As described in detail in Chapter 2, the paleoclimate studies
using pollen from bogs and carbon isotope data from Hall’s
Cave and the Medina River show that grasslands slightly
during the Late Archaic grasslands declined then accelerated
their decline at the close of the Late Archaic and through
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the Late Prehistoric and Historic periods. The resulting
effect on bison would have likely been smaller, patchier
herds rather than fewer herds with large populations. Tree-
ring based PDSI values provide a short-term perspective
on variability in forage production. The shorter term, PDSI
grassland variability data indicates consistently low grassland
productivity at the close of the Initial Late Prehistoric period.
While productivity increases slightly during the subsequent
Terminal Late Prehistoric, it was still below average at
three of the four locations considered. Furthermore, the
data suggest a dramatic increase in short term fluctuations
in production accompanying that increased productivity. The
increased fluctuations in productivity, which were at their
highest during the Terminal Late Prehistoric, would have
produced dramatic differences in forage quantity and quality
over a given 25-year period. Again such variability would
have affected bison mobility, as they searched for quality
forage, and possibly influenced herd size. Any changes to
bison availability likely have altered hunter-gatherer mobility
and diet, which is discussed in the theoretical and analytical
chapters of this volume.

Summary of Bison Availability

The archeological data (see Figure 9-2), as well as the historic
accounts, demonstrate that bison were present in Central
and South Texas throughout the Late Archaic, the Late
Prehistoric, and into the Historic period. To the degree that the
presence/absence component data presented in Figure 9-2 is
measuring bison availability in the general environment, the
patterns show that bison were slowly declining throughout
the Late Archaic, and then began to increase in the Initial
Late Prehistoric. That increase accelerated into the Terminal
Late Prehistoric, where over 80 percent of all components
had bison present ", The archeological patterns are, to
some degree, at odds with the conclusions drawn from bison
ethology and the paleovegetation reconstructions. While the
archeological pattern of a gradual decline in bison throughout
the Late Archaic is consistent with the declining grasslands
suggested by the long-term paleovegetation data, the rapid
increase of bison presence on Late Prehistoric components
is at odds with both the long-term paleoclimate data, as well
as short-term PDSI data. The long-term data sets suggest
an accelerated decline in grasslands in the Late Prehistoric
period. Patterning in the short-term PDSI data sets suggests
that throughout the period from AD 1000 through AD 1550,
C, grass production was below average at most locations
considered, especially in the Initial Late Prehistoric. While
conditions improved slightly during the Terminal Late
Prehistoric, a dramatic increase in year-to-year variability in
production accompanied that improvement. That increased
variability which continued into the Historic period, should
have resulted in significant fluctuations in bison availability.
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Historic observations of bison, summarized previously (see
Figures 9-7, 9-8), do suggest major changes in the frequency
with which this high ranked animal was encountered from
one year to the next, as well as seasonally, in a portion of
Central and South Texas.

Ifboth archeological and paleovegetation data sets suggest that
bison were declining slowly throughout the Late Archaic, what
accounts for the apparent divergence in these two estimates in
the Late Prehistoric? Were bison increasingly available in the
Late Prehistoric as the archaeological data seem to suggest,
or were their numbers declining, with significant year-to-
year fluctuations, as the paleovegetation data suggest? We
can begin to explore these questions by initially focusing on
the archeological database and considering another question-
What are the conditions required for the relative frequency
of bison present on components to reflect bison availability
in the general environment? Putting aside issues related to
sampling and recovery, for the archeological data to reflect
bison availability hunters and gatherers must pursue bison
when they encounter them, they must encounter bison at a
consistent rate relative to their true density in the environment,
and they must have a consistent success rate in their pursuit of
these animals. Once hunters and gatherers acquire bison, they
must use roughly similar butchering, transport, and discard
tactics, and occupation lengths must be roughly equivalent
between periods. Given these requirements, and as the
prehistoric time frame under discussion is over 3500 years,
it seems unlikely that measures of the relative frequency of
components with bison present during a given period will
consistently produce reliable measures of the abundance of
bison in the natural environment.

The vegetation and rainfall shifts suggested in the pollen,
isotope, and tree-ring data sets appear to have been
widespread. They should have produced differences in
grassland productivity and distribution, and those differences
should have translated into differences in bison availability
at various temporal and spatial scales. The fluctuations in the
observation of bison in the historic accounts are consistent
with the pattern anticipated from the climate/vegetation
reconstructions for the historic/modern era in that temporal
and spatial variability in production should result in dramatic
year-to-year changes in bison location and herd size. While
we lack data to verify these relationships in the prehistoric
periods, we assume that throughout much of the Late
Archaic, grasslands were slowly receding. We further suggest
that this decline accelerated through the Late Prehistoric,
and that after AD 1250, increased year-to-year fluctuations
in grassland production occurred. While conditions
improved after AD 1550, the high year-to-year fluctuations
in grasslands continued throughout the historic period. The
shrinking grasslands, especially during the Late Prehistoric,
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should have resulted in declining overall numbers of bison,
and at the same time produced a more clustered spatial
distribution as grasslands shrank. In addition, the increased
fluctuations of production characteristic of the Terminal
Late Prehistoric should have resulted in variable windows
of temporal availability of bison ™*”. We will subsequently
suggest that these changes in where, when, and how many
bison were available produced shifts in the way that mobility
was organized, as well as shifts in what resources were in
the optimal diets of hunters and gatherers. However, before
discussing these adaptive changes, we briefly consider other
potential food resources.

Other Resources

While bison are the highest ranked resource during the period
under investigation, and as such shifts in their numbers play
a critical element in diet, mobility, and technology, we have
suggested (see Chapter 8) that the structure and profitability of
other, lower-ranked resources, should also have an impact on
the mix of strategies used when availability of higher-ranked
resources change. The wide environmental differences across
Texas should produce dramatic differences in what other
resources are available, when they are available, their overall
quality, and their profitability. Furthermore, environmental
changes, such as those suggested by the paleoenvironmental
data sets in Chapter 2, would differentially affect these
environmental settings and the resources they contain.
Clearly, any attempt to approximate availability of lower-
ranked food resources would be a massive undertaking,
involving numerous estimates. However, we can make some
general observations regarding aspects of alternative food
resources using modern data.

Mammal Diversity

While kill rates for animals will certainly influence their
profitability and therefore ranking, larger animals have
higher return rates (see Figure 8-1). This is why bison, with
an average weight of about 600 kg (Davis and Schmidly
1997), is a highly ranked resource. In this section, we
consider aspects of other animals that prehistoric hunters and
gatherers may have used for food. We focus our attention on
animal weights as a way to place species into groups with
roughly similar return rates. While all individual species
probably have slightly different return rates, for analytical
purposes in the current chapter we divide the sample into
four groups. We lack data on most non-mammalian species.
However, with the exception of some larger birds (e.g.,
turkey), most non-mammalian taxa (e.g., reptiles, mussels,
fish, other aquatic resources, snails) will fall into the smaller
weight classes, and likely have low return rates (e.g., Malof
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2001), though there are exceptions (see Ricklis 1996).
Focusing primarily on four weight classes of mammals using
data from Davis and Schmidly (1997), we consider broad
patterns of animal diversity. While we lack information on
the critical variable of density for the modern data set, let
alone the prehistoric mammal data, we demonstrate that
modern mammal diversity can be related to measures of net
above-ground primary productivity (see Rosenzweig 1968),
and explore the potential impacts of changes in productivity
on diversity. In situations where there exist a number of
alternative species with roughly similar return rates (e.g.,
medium-sized mammals), these alternatives will be exploited
before incorporating lower ranked resources (e.g., small and
very small mammals).

Davis and Schmidly (1997) list information on over 180
mammals that are, or historically were, in Texas. We have
eliminated some of these mammals, including various bat
species, marine mammals, several large carnivores, and
extremely small mammals from consideration. Figure
9-9 presents box plots of weights for 100 mammals that
prehistoric hunters and gatherers probably ate. Table K-1
lists these animals, along with data on their specific weights.
We divided these mammalian species into four different
size classes by weight. There are 71 species in the “small
and very small” mammal group. The species in the small and
very small group range in weight from .007 kg (Silky Pocket
Mouse) to .95 kg (Eastern Fox Squirrel, Desert Cottontail),
with an average weight of .171 kg for the group. We assigned
21 species to a “medium” mammal group. This group ranges
in size from 1.25 kg (Ringtail) to 19.0 kg (Collared Peccary),
with an average weight of 6.44 kg. Seven species are in the
“large” mammal group that has a mean size of 124.6 kg,
with a range of 46.7 kg (Pronghorn) to 275 kg (Elk). Finally,
bison, with an average weight of 600 Kg, forms the “very
large” group.

To map the distribution of the large, medium, and small/very
small mammal groups defined in Figure 9-9, we overlaid
individual species distributional maps, presented primarily in
Davis and Schmidly (1997), with 189 quadrates identified by
Owen and Schmidly (1986; Owen 1988, 1990). Each quadrate
is roughly 63.9 km’, and Owen and Schmidly (1986) present
a variety of environmental variables derived primarily from
weather stations in each quadrate, including an estimate of net
above ground primary productivity (g/m’/year). Net above
ground productivity is simply a measure of the amount of
new above ground growth on an annual basis. It is primarily
a function of rainfall and solar radiation (Odum 1971;
Rosenzweig 1968). At a global scale, primary productivity
is highest near the equator, and decreases towards the poles.
Within Texas, primary productivity is highly correlated with
annual rainfall (Owen and Schmidly 1986).
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Figure 9-9. Body size grouping for Texas mammals. See Appendix L for details.

A distribution map showing the number of large mammal
species that were in each quadrate is provided as an inset
(upper right) in Figure 9-10. Note that the highest diversity of
large mammals is in the far western portion of the state, while
the lowest diversity is in East Texas, as well as the southern
tip of the state. The primary portion of Figure 9-10 presents
the relationship between the number of large mammal species
represented within a given quadrate (X- axis) and the primary
productivity of that quadrate (Owen and Schmidly 1986).
While there are a handful of exceptions, there is a strong,
inverse relationship between primary productivity and the
number of large mammal species. Areas of the state with high
primary productivity have low diversity, while areas with
low primary productivity have a number of different large
mammals represented.

Figures 9-11 and 9-12 provide similar distributional data
as insets, as well as presenting the relationships between
primary productivity and the two smaller mammal size
groups (medium and small/very small). The highest diversity
of medium sized mammals is in the Big Bend area, along
with the southern portion of the Edwards Plateau, and western
south Texas. Once again, the lowest diversity is concentrated
in the eastern portion of the state. The bivariate plot in Figure
9-11 demonstrates that while an inverse relationship between
primary productivity and medium sized mammal diversity is
present, the pattern is not as strong as in the case of large
mammals. The highest diversity of small and very small
mammals is again in far west Texas, with the lowest diversity
present in the upper coastal area (Figure 9-12, inset). As with
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the previous data sets discussed in this section, there is an
inverse relationship between the diversity of small and very
small mammals and primary productivity.

Plant Diversity

We lack sufficient distributional information on plant
resources to conduct a similar type of analysis. Data are,
however, available at the level of the 10 natural regions as
defined by several researchers (see Gould et al. 1960; Hatch
et al. 1990). (1990) provide a summary of over 4,000 plants
within Texas. Included in that summary is the distribution of
plant species relative to the natural regions. However, it is
unlikely that hunters and gatherers used the vast majority of
these plants as food sources. In order to identify those plants
that were potentially used as food, we compared each of the
4,287 unique native species listed for Texas to the Native
American Ethnobotony database (Moerman 2005), a list of
4,029 different plant species used for a variety of purposes
by 291 Native American groups from across North America.
We identified all matches used for food or beverage at the
species level. This comparison resulted in the identification
of 394 different plant species in Texas that humans have used
for food.

For each species identified, we classified the part of the plant
used into one of six groups: roots and tubers, seeds, nuts,
greens, fruits, and other (e.g., sap, bark, stalks). We based
these groupings, in part, on the return rate data presented
previously in Figure 8-1. There is also a seasonal component
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Figure 9-10. Relationship between the number of large mammal species and
primary production within Texas.
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Figure 9-12. Relationship between the number of small and very small mammal
species and primary production in Texas.

to these food groups. Root foods, including tubers, are
generally at their peak in the winter and early spring;
leaves and other foods classified as greens are available
throughout the spring and into the summer. Seeds and fruits
are increasingly available in late summer and into the fall,
and nuts are primarily available in the late fall into the early
winter. In several cases, the Ethnobotony database listed
multiple components of the same plant (e.g., seeds, greens).
Consequently, we reviewed 480 different food components
of 394 different species that were used as food or beverage
for the 10 natural regions of Texas. Table M-1 provides
specific information on each of these 394 species, as well
as the 480 different plant elements. As with the mammal
data presented previously, we monitored net above ground
primary productivity using the Owen and Schmidly (1986)
quadrate data. We averaged the productivity data for each of
the 10 vegetation regions.

Figure 9-13 presents a bar graph for the number of plant
elements broken down by food type for each of the 10 regions.
Overall, the highest diversity of food types is in the Trans-
Pecos region (n=318), followed by the Edward’s Plateau
(n=264). The Trans-Pecos region has the highest diversity of
five of the six different food types, and the second highest
diversity in roots foods following the Edwards Plateau.
The lowest overall diversity (n=124) is in South Texas,
followed by the Pineywoods region (n=172). South Texas
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has the lowest diversity in four of the six food types, with
the Pineywoods having the lowest diversity of seeds and the
High Plains having the lowest diversity of nuts. As these are
modern data, it is unclear if extensive modification of South
Texas vegetation by historic land use practices (see Hall
1985; Hester 1980) accounts for the extremely low values in
this portion of the state.

As with the mammalian diversity presented previously, there
is an inverse relationship between the average net above-
ground primary productivity and the total number of food
plants within a vegetation area, though the overall fit is only
moderately strong (Pearson’s R=-.510) and not statistically
significant (p=0.132). Examination of correlation coefficients
between individual food types (e.g., nuts) and vegetation
area shows that four of the six food types have negative
relationships with primary productivity. Only roots and nuts
have weak positive relationships. Focusing just on those
food types that have a negative relationship with primary
productivity (i.e., seeds, greens, fruits, other), the overall
correlation is -.628, with a probability of .052.

Figure 9-14 presents this relationship. While the relationship
is not significant at the .05 level, this is primarily a function
of the low diversity value for South Texas. Eliminating that
outlying value produces a Pearson’s correlation coefficient of
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-.791 and a significant probability value of .011. Increasing
primary productivity, then, tends to result in a decrease in the
number of available food types for seeds, greens, fruits, and
the class of “other” food resources, at least within the range
of productivity values in Texas.

Discussion

The above consideration of lower-ranked animals and plants
relies primarily on modern data and reflects presence/absence
of species, rather than shifts in density. While information
on shifts in prehistoric densities of these and other resources
would be ideal, it is unlikely that such information will be
available in any detail in the near future. The presence/
absence data, as well as relationships between net above-
ground productivity and species diversity, can minimally
provide insights both into the general resource structure of
various areas within the state and possible alterations in that
structure. At one end of the spectrum of food diversity are the
Trans-Pecos and Edwards Plateau regions. The Trans-Pecos
area probably never had bison present in any substantial
numbers. Yet, a high diversity of mammals falling within the
large size class is present, along with a moderate diversity
of medium sized mammals and a high diversity of small and
very small mammals. This section of the state also has the
highest overall diversity of types of food plants, with 318
different seeds, fruits, nuts and other items identified for

this region. The Edwards Plateau region, where 41KM69
is located, is second in total number of plant food items
(n=264), has the highest diversity of medium sized mammals,
and while the number of large mammals is limited to white-
tailed deer, antelope, and black bear, the area would have,
at various points, had bison present. In these high-diversity
areas, hunters and gatherers could offset fluctuations in any
single food type by shifts to other, alternative foods that
had broadly similar prey profitability. All else being equal,
the potential to ameliorate fluctuations in food resources
by shifting to alternative resources of a similar rank should
result in a stable, resilient hunter-gather adaptation.

At the other extreme of diversity in Texas are the Pineywoods,
South Texas, and the Gulf Coast area, though the low-diversity
pattern for South Texas may be a result of extensive historic
modification of the environment, and the pattern in the Gulf
Coast does not take into account access to marine resources
(see Ricklis 1996). Like the Trans-Pecos region, bison were
probably absent or in low frequency in the Pineywoods during
much of the prehistoric period. However, unlike the Trans-
Pecos area, only two large mammal species, white tailed deer
and black bear, are present. Hunters and gatherers cannot
offset fluctuations in these species by moving to other species
of similar body size because those species do not exist within
the region. There are also low numbers of mammal species
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Figure 9-13. Number and type of plant elements (e.g., nuts, fruits) by vegetation
area within Texas. See Appendix M for details.
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Figure 9-14. Number of selected potential plant food items and primary productivity for

Texas vegetation areas.

that are classified as medium or small, and this area has one
of the lowest diversities of food plant species in Texas. All
else being equal, a low diversity of alternatives should result
in a less stable adaptation for hunters and gatherers ®“'?.

Summary and Discussion

Models derived from foraging theory provide a coherent set
of concepts and an analytical framework for investigating
many aspects of hunter-gatherer adaptations. While there
are certainly problems obtaining the detailed quantitative
data necessary to rigorously apply foraging theory in most
archeological settings, models constructed using an explicit
cost-benefit framework can prove to be valuable tools in
directing research. We have used aspects of prey models to
suggest that when hunters and gatherers face changes in high
ranked resources, they have a number of possible responses.
What response they initiate should depend, in part, on the
extant resource structure in the environment, as well as
their existing subsistence, mobility, and technology mix.
Unfortunately, we do not yet have sufficient data on plant
and animal densities, return rates given various processing
technologies, and technological costs to allow for specific,
detailed modeling of responses. While the PDSI data sets
discussed previously hint at regional differences in short-
term production, detailed models of grassland productivity
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will require additional paleoclimate research. However, we
can make some general statements regarding responses that
hunters and gatherers might initiate as grasslands decline
and became patchier through time, and as bison populations
probably followed suit. For example, under conditions of
declining high ranked resources, hunters and gatherers may
broaden their diet to include lower-ranked resources with
lower search costs but higher processing costs (e.g., mussels,
nuts, small seeds). They may develop or implement new
technologies that are more expensive to produce and maintain
(e.g., ceramics) in an attempt to reduce the processing time or
improve the nutritional quality of lower-ranked resources in
the diet. They may shift or reorganize their mobility or search
strategies, with specialized task groups targeting shrinking
grasslands in an attempt to increase encounter rates. They
may shift to technologies that are more expensive to produce
and maintain (e.g., bow and arrow), but which may increase
the kill rates of more profitable animals given shifts in animal
density or prey type. They may initiate all of these changes,
as well as several others, in the context of maximizing the
average return rate of their overall diet ®'".

We cannot predict, at present, which of these various
responses would occur in a given situation. However,
note that all of these suggested responses have a common
element. They all involve increased costs. It is in the context
of reduced access to high-ranked resources that increasing
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investment in these areas makes sense. For example, Binford
(1977; 1978; 1979) reports that among the Nunamiut, over
70 percent of the yearly supply of meat is gathered during
two brief periods that correspond to the spring and fall
migrations of highly ranked caribou through known passes.
In preparation for those hunts, hunters invest significant
time and effort in acquiring materials, stocking and caching
gear, and in producing highly reliable tools that have a low
potential for failure during the hunt. Upfront preparation,
positioning of backup gear, and the over designing of tools
are all costly practices, but practices that make sense in terms
of'the risk of food loss if, for example, a tool failed at a critical
point (see discussions in Bleed 1986; Torrence 1983, 1989).
Suppose, however, that caribou were suddenly available for
six months of the year, or that they were suddenly available
year round. What impacts would that have on this costly
design strategy? We suggest that it is unlikely that Nunamiut
hunters would continue to make a significant investment
in producing expensive, reliable tools if caribou were
ubiquitous. However, if caribou were suddenly available
only once a year during their spring migration, or available
every other year, then increased investment in more costly
hunting strategies and tactics may be expected, along
with other changes. We find these observations interesting
because of the pattern that we have outlined previously for
bison fluctuations in Texas ™',

Using several long-term data sets from different regions of
Central and South Texas, we suggested that during the Late
Archaic grasslands declined slightly, with an accelerated
decline at the close of the Late Archaic and throughout the
Late Prehistoric periods. These declines may have resulted in
a gradual reduction in overall bison populations. In addition,
the reduction of grasslands would have increasingly resulted
in a fragmented, patchy distribution. It is likely, then, that
bison populations would be concentrated in smaller, more
isolated areas. Spatially, the number of potential locations that
bison had a reasonable probability of occupying should have
been reduced through time. In some sense, bison locations
were becoming more predictable. Overlain on these patterns
of shrinking, fragmented grasslands were short-term changes
in production. During the end of the Initial Late Prehistoric,
tree-ring-based PDSI data suggest that variability at this
short-term scale was low when seen at 25-year segments.
Under these conditions, we suggest that bison populations
spent little time in any one patch, and that average herd size
was reduced. During the Terminal Late Prehistoric period,
the PDSI data suggest a dramatic increase in year-to-year
variability when seen at 25-year segments. Relative to the
pattern noted in the Initial Late Prehistoric, this should have
resulted in some locations with high production. Where these
productive patches were located varied from year-to-year. To
the degree that bison clustered in productive areas, this would

103

have produced at least some locations on the landscape with
larger herds and with longer residence time for those herds
in a patch.

How might hunters and gathers respond to these various
situations? While a variety of local responses are anticipated
and are dependent, in part, on the overall structure of other
plants and animals, extant technologies, and a host of other
elements, we can suggest some general responses. For
this discussion, we assume that Late Archaic populations
were, relative to subsequent periods, primarily organized
in a foraging pattern, with hunters taking bison on an
encounter bases. As bison populations began to slowly
decline throughout the Late Archaic, we expect that small
expansions of diet breadth, and possibly shifts in technology,
would occur. Sometime near the end of the Late Archaic, or
at the start of the Late Prehistoric, bison populations began to
decline significantly. In the Initial Late Prehistoric, this should
have produced an expansion of the diet in most settings, and
shifts to technology that is “more expensive” to produce and
maintain. As short-term production in grasslands appears to
have been consistently low, we suggest that this initial period
was characterized by a low degree of temporal and spatial
predictability in bison. In the Terminal Late Prehistoric, the
significant year-to-year variation in production when seen at
a 25-year level should have produced some periods where
bison distributions were similar to the Initial Late Prehistoric,
and some periods where bison were spatially clustered to take
advantage of high production. We suggest that under these
conditions, one of the major changes in the adaptation may
have been a shift in mobility strategies with an increasing
portion of the system involving logistical hunting of bison.
While other shifts, including diet expansion and technological
shifts are likely, an increasing use of logistically organized
task groups designed to increase encounters with bison
would make sense under conditions of spatial clustering.
Interestingly, shifts such as those suggested above are
consistent with the increasing frequency of bison present on
archaeological components in the Terminal Late Prehistoric.
All else being equal, a shift from a foraging based system
to one in which task specific groups target bison, process
bison at kill sites, and return bison to residential sites, would
significantly increase the number of components with bison
present, regardless of the availability of bison in the natural
environment. The rapid increase in bison presence seen
on Terminal Late Prehistoric components (Figure 9-2) is
consistent with that proposed shift.

To explore thoroughly these scenarios, we must overcome
substantial problems. This is especially the case given our
current lack of specific information on critical elements in
the overall matrix, such as local information on production
variability, fluctuations in density of other plants and animals,
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costs and benefits associated with alternative technological
and mobility options, and detailed paleoenvironmental
information. While it is unlikely that researchers will solve
these problems in the near future, the following section uses
aspects of the foraging theory-based arguments presented
above to outline research directions, methods, and associated
expectations that will guide the analysis of the archeological
material collected from 41KM69.

Research Domains

The analytical units and artifact distribution described in
Chapter 8 along with additional data from other sites are linked
to the theoretical discussion and overall models presented in
the previous chapters. Some of the research domains, such
as those concerning issues of chronological clarification
of Late Prehistoric remains and paleoenvironmental
reconstruction, rely only on data gathered from 41KM69.
For others, such as investigations of shifts in diet, changes
in aspects of and technological organization, comparative
data from other components beyond the data available at
41KM69 was used. Figure 9-15 outlines the region from
which the comparative data was drawn. The area, centered
on 41KM69, encompasses roughly 71,000 km*. Comparative

data came from literature reviews of excavated and tested
sites in this region from time periods present at 41KM69
(Middle Late Archaic, Terminal Late Archaic, Initial Late
Prehistoric, and Terminal Late Prehistoric).

In some instances, the investigation of the research domains
required broader scale data from areas outside of that
identified in Figure 9-15. These included investigating
domains associated with the use of ceramics, shifts in
weapons technology, and shifts in mobility. The investigation
of changes in weapons technology involved the comparison
of attributes at the individual artifact level, and involved
broad scale comparisons across wide regions. Similarly,
the investigation of the ceramic research domain requires
comparisons of hunter-gatherer ceramics in Central Texas
with other hunter-gatherer and agricultural ceramic using
groups. The scales of comparisons are identified in each of
the individual domains discussed. Finally, our investigation
of mobility required comparison with assemblages from
outside the Figure 9-15 boundary. Whenever possible, the
comparative data relied on extant literature for comparative
data. However, in some cases, reviews of the collections were
necessary to ascertain the appropriateness of the comparative
component data, and to collect those data.

Thicnyre Roclaoiod

Figure 9-15. Location of 41KM69 with 150 km radius identifying limits of

comparative samples.
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Jennifer L. Thompson

As described in Chapter 7, 41KM69 produced Leon Plain ce-
ramics, Perdiz projectile points, and formal unifaces on the
lower terrace of the site in Areas 1 and 2. Researchers have
used that data set to define the Terminal Late Prehistoric Peri-
od Toyah interval in Central and South Texas. However, sev-
eral researchers have questioned aspects of this chronology,
especially in South Texas (see Hester 1995), and as discussed
above and illustrated in Figure 7-2, these three artifact types
were not consistently associated with and found at the same
depth at 41KM69. One issue absolute dating sought to re-
solve was whether the ceramics in Area | are associated with
a Protohistoric or Historic component rather than with the
Terminal Late Prehistoric because of the shallow depth of the
ceramics relative to the arrow points in Area 1 and unifaces in
Area 2. However, the issue was further complicated by dates
obtained on samples from Feature 2, which was found in the
same excavation block and at the same elevation as several
of the “typical” Toyah end scrapers in Area 2. Between the
upper level ceramics and the lower level scrapers across the
lower terrace, a handful of Perdiz projectile points and other
end scrapers were found in Area 1. Initially, this assemblage
was relatively dated based on artifact type and soil horizons.
CAR sought to confirm the date of the ceramics and possibly
clarify up the Feature 2 dates that ranged from AD 1390 to
recent times (Table 10-1).

The best possible option left for confirming a Terminal Late
Prehistoric component on the lower terrace was through
thermoluminescence (TL) dating of ceramic sherds. The pro-
cesses for TL dating re not outlined here (Aitken 1985, 1989;
Barnett 1999; Feathers 1997; Dykeman et al. 2002) but, the
method dates the sample to the last high firing (>450°C) and
provides more accurate estimates for recent events than ra-
diocarbon dating (Feathers 1997; Feathers and D.Rhode
1998; Roberts 1997). Results from TL dating have been
tested against samples where independent dating was avail-
able (Barnett 1999; Kojo 1991). It works well for confirming
the age of artifacts that are relatively dated, such as ceramics
within certain seriations, for samples that do not have ade-
quate organic material to date through radiocarbon or tree-

ring methods, for samples that have been dated but returned
suspect results, and for young or surface-level samples. TL
dating appears to be the most appropriate method for the
sherds from 41KM69 since none of the sherds were directly
associated with charred material appropriate for radiocarbon
dating and they are not associated with any other established
chronological indicator. TxDOT also requested AMS dating
of the same sherds submitted for TL dating so selected sherds
were halved and submitted to both labs.

The TL dating was conducted at the University of Washington
Luminescence Laboratory and the AMS radiocarbon dating was
done at the University of Georgia at the Center for Applied Iso-
tope Studies. The luminescence dating indicates the last expo-
sure to light (OSL) or heat (TL) while the AMS method should
date a sample of C-14 present on the surface of the sherd pre-
sumably transferred when the pot was on a fire. This chapter
describes all the results of the radiocarbon dating and the TL/
OSL dating that occurred during both phases of excavation and
provides the various scenarios that may be possible in interpret-
ing this seemingly typical collection of artifacts.

The Assemblage

The artifact assemblage in question is described in Chapter
7 and revisited here. Levels 4 and 5 of Area 1 contained 116
plain, bone-tempered sherds, often referred to as Leon Plain
when found in prehistoric contexts. These sherds were con-
fined to the AB soil horizon in Area 1 along with 8 unifacial
end scrapers and 1 Perdiz projectile point. Beneath the AB
deposits at the surface of the Bk1 horizon of Area 1, 3 addi-
tional Perdiz points were recovered. Within the Bk1 horizon
in Area 2, 21 unifacial end scrapers were found, 15 in the
same level at the surface of the Bk1 horizon and at the same
depth as hearth Feature 2. Therefore, there seems to be two
groups of Toyah artifacts. The first (earliest) crosses both Ar-
cas 1 and 2 at the surface of the Bkl and contains 3 Perdiz
points, 15 end scrapers, and 1 hearth. The second is found
only in Area 1 and includes 164 bone tempered ceramics and
8 end scrapers within the AB horizon in Levels 5 and 6.

Table 10-1. Radiocarbon Sample Dates of Feature 2

Area Unit Depth (cmbs) Date BP Date BC/AD Time Period | UGA Sample #
2 TU 8 39 120 + 40 N/A Recent 13508
2 TU 8 34 43040 | A.D.1390-1490 | rerminal Late 13590
Prehistoric
2 TU 8 32 180 + 40 A.D. 1640-1960 | Proto/Historic 13591
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Problems with dating this assemblage arose when trying
to acquire an absolute date for Feature 2, in an attempt to
also date the Bkl horizon in which it was mapped. Initial
radiocarbon samples from Feature 2, the hearth associated
with end-scrapers in Area 2, returned dates from the Historic/
Protohistoric Period (180+40 B.P., UGA Sample 13591), the
Terminal Late Prehistoric Period (480 + 40 cal B.P.; UGA
Sample 13590), and a recent date (120 +40 B.P., UGA Sam-
ple 13508) (see Table 10-1). The dates of Feature 2 in Area 2
had implications for the age of the rest of the excavations in
the upper levels of both Areas 1 and 2 because of its relative
association with typical Toyah interval artifacts on the lower
terrace. Therefore, the ambiguous results were not helpful in
determining a date for the hearth and by association, a date
for the Toyah artifacts. The second round of dates to confirm
the age of the Leon Plain ceramics was not straightforward
either. Labs at University of Washington and at the Univer-
sity of Georgia reported problems with sample size and con-
dition. However, the UW dates seem internally consistent
and more interesting. Only four of the six sherds submitted
to UGA contained carbonate amounts large enough to date.

Table 10-2 shows the results of each method on the same
sherd with the first five columns applying to the lumines-
cence dating and the last five columns showing the radio-
carbon results. The UGA results do not align with the UW
results. Neither do they align with any of the dates of Feature
2 (Table 10-1). In the four datable cases, the AMS results in-
dicate the sherds predate the earliest Feature 2 date as well as
the TL/OSL dates of the same sherd sample. Two of the TL/
OSL dates align with the Historic and Terminal Late Prehis-
toric dates returned from Feature 2.

Interpreting the Data

Without the “absolute” dating results from radiometric and
luminescence labs, all the artifacts and the features in Bkl
levels and above would have likely been described as repre-
senting the Toyah interval as was done in the Phase II report

and the interim Phase III reports. However, in light of the
available technology, other possible scenarios seem plausi-
ble. Here we present some possibilities with the information

at hand.

Scenario 1

One interpretation is to trust the AMS ceramic residue dates
that place the AB deposits in Area 1 in the Austin interval and
to disregard both the OSL results directly dating the ceramics
and the Feature 2 dates. These assumptions place an Austin
interval in the AB horizon on the lower terrace above a Toyah
interval in the Bkl. The ceramics and other artifacts from
the AB levels are removed from the Toyah assemblage and
all else-(scrapers, Perdiz points, and features) within the Bkl
remain dated based on form and style to the Toyah interval
in its discrete soil horizon and are part of the Terminal Late
Prehistoric analytical unit. This would suggest the AB mate-
rials are out of context since the AB soils overlie the Bk soils.

Scenario 2

Another interpretation is to trust the OSL/TL dates which
directly date the ceramics in the AB deposits and then dis-
regard both the AMS dates on ceramic residues and the
Feature 2 dates. The luminescence dates suggest that there
are two groups of ceramics in the AB horizon, one manu-
factured during the Toyah interval, the other manufactured
during the Historic Period. This scenario seems more likely
than the first because it supports the law of superposition.
As previous work at the site saw no evidence of an inverted
stratigraphy, this seems reasonable. Because all dated sherds
came from the same level (Level 5), there is no way to tease
out artifacts in the AB into Historic and Terminal Late Pre-
historic analytical units. Future analysts interested in these
specific time periods may wish to disregard artifacts in Area
1 in Levels 4 and 5 or those confined to the AB soil horizon.
With this interpretation, artifacts within the Bk1 deposit in
Areas | and 2 remain in the Terminal Late Prehistoric based
on form and style.

Table 10-2. OSL/TL and AMS Date Results on Native Ceramics

UW Sample Sgﬁll:le Date Method | Occupation Sgrfl;[ﬁe Sgﬁll}le 1 Sigma Method |Occupation
UW2006 66-0-2B | AD1331 +47 OSL TLP 4357 66-0-2A | AD 1045-1094 [ AMS ILP
Uw2007 86-0-2B | AD 1651 +97 | OSL/TL Historic 4355 86-0-2A | AD 1186-1200 AMS ILP
UW2008 86-0-3B | AD1526+38 OSL Historic 4356 86-0-3A n/a
UW2009 52-1-3B | AD 1686 + 57 OSL Historic 4353 52-1-3A | AD 1224-1263 AMS TLP
UW2010 51-1-2B | AD 1749 +43 | OSL/TL Historic 4352 52-1-2A | AD 994-1023 AMS ILP
UW2011 66-0-11B | AD 1401 £43 OSL TLP 4354 | 66-0-11A n/a
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Scenario 3

The third scenario is to trust both AMS and OSL/TL dates
on ceramics and disregard Feature 2 dates. Because the two
methods do not date the same event, it is possible that they
are both correct. In this case, the ceramics retain their dual
manufacturing groups, one in the Historic Period, the other
in the Toyah interval, but were reused on an Austin interval
aged fire or otherwise came into contact with Austin aged
residues on the vessel surfaces before being deposited in the
AB soil of Area 1. As in the second scenario, all artifacts in
the Bk1 horizon would remain in the Terminal Late Prehis-

toric based on form and style.

Scenario 4

Our final interpretation is to trust that Feature 2 dates to the
Historic/Protohistoric Period or the Late Prehistoric dates and
trust OSL/TL dates on ceramics, but disregard the AMS dates
of ceramic residues. If the historic dates of Feature 2 are cor-
rect, then the entire Late Prehistoric Toyah interval artifacts
in the Bk1 in Areas 1 and 2 should also be placed in this time
period. Late Toyah expressions are not unheard of (Abbott
and Trierweiler 1995:435-436) and would still fit with OSL/
TL historic dates of the manufacturing of the ceramics. The
assemblage of artifacts stays intact as an analytical unit likely
deposited in the same general time frame. The analytical unit
would then change to the Historic period and the Terminal
Late Prehistoric analytical unit would be eliminated.

The same outcome may be suggested if the Feature 2 dates
are believed to date to the Late Prehistoric. The associated ar-
tifacts are then left to their usual temporal placement, remain
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an intact expression of the Toyah interval and stay within the
Terminal Late Prehistoric analytical unit.

In all scenarios, the ceramics and end scrapers in the AB
soil likely ended up in the upper levels of Area 1 later than
the artifacts beneath them. In all scenarios but the first, they
represent the latest known occupation of the site prior to the
twentieth century.

Summary of Dating the Late Prehistoric at
41KM69

Despite the disagreement of the “absolute” dating methods
employed on artifacts and features in the upper levels of the
lower terrace, the artifacts in question are no doubt similar to
those described in Toyah components elsewhere. Regardless
of whether we call the collection of artifacts Toyah and adjust
the time frame to a wider range, or keep the time frame for
the Toyah interval and suggest the ceramics were made in the
Historic Period, the technology is the same.

In the judgment of the authors, the evidence points to the
very Late Terminal Late Prehistoric aged collection of typi-
cal Toyah artifacts that include ceramics and unifaces that is
confined to the AB horizon and is mixed with some historic
materials. Then a second Toyah expression is found in the
Bk soils that lacks ceramics but contains other artifacts com-
mon on Toyah interval sites. This interpretation relies less on
absolute dates than relative dating because the absolute dates
are conflicting. However, we find the TL/OSL dates of the
ceramics more reliable because they date the actual firing, not
residue. The UGA lab dates have returned consistently mixed
results from both phases of excavation with the dating of Fea-
ture 2 as well as the ceramics, therefore we do not find the
dates of Feature 2 or the AMS dates of the ceramics reliable.
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The argument that bison availability declined during the lat-
ter part of the Late Archaic and into the Late Prehistoric pe-
riods relies on several long-term data sets that indicate a shift
in vegetation composition (see Chapter 2). While these long-
term data sets should reflect regional vegetation changes,
and while these data sets are relatively consistent at broad
scales, the actual scale of these changes remains unknown.
The second research domain investigated with the 41KM69
data focuses, then, on paleoclimate. What were the paleoen-
vironmental conditions during the Middle and Terminal Late
Archaic occupations of 41KM69? Is there evidence of cli-
mate change at 41KM69 that is consistent, or inconsistent,
with the proposed decrease in grasslands suggested by the
regional data sets in the Initial Late Prehistoric and Termi-
nal Late Prehistoric time periods? While pollen and phytolith
recovery from sediment at the site are not sufficient to an-
swer these questions (see Appendix I), information on pa-
leoclimate can be gleaned from the analysis of stable carbon
isotopes extracted from soil organic matter preserved in the
soil column samples recovered from the site (Appendix H).
The results of isotope studies, pollen identification, and mac-
robotanical studies as they relate to paleoclimate research are
discussed in this chapter.

Isotope Studies

Numerous researchers (Boutton 1996; Bout-
ton et al., 1998; Jessup 2001; McPherson et
al. 1993; Steuter et al. 1990) have successfully
used the analysis of the ratios of stable carbon
isotopes (i.e., "C to "“C; usually expressed as
8"C values). Plants use one of three photo-
synthetic pathways: C;, C, or CAM, each of
which has distinctive 813C ranges. C; plants
have carbon isotope ratios between -32 to
-22%o (mean of -27%o), C, plants range from
-17 to -9%o (mean of -13%o), and plants with
CAM photosynthetic pathways tend to have
isotopic values similar to those of C, plants,
at least within Texas. Because soil organic
matter is the product of the decomposition of
plant tissue, the analysis of the §"C values of
soils provides a close approximation of the
8"C values of the vegetation communities
that contributed organic matter to the soil. It is
therefore possible to use the §"°C values of soil
organic matter recovered from a soil column to
investigate changes in C;/C, vegetation com-
munities over time.
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A buried paleosol (120-125cmbs) at 41KM69 has been ra-
diocarbon dated to 2340-2120 B.P. The soil formed soon af-
ter the earliest occupation of the site since it drapes over the
gravel bar that contains the oldest documented hearth. We
know little of the paleoclimatic conditions at the site as such,
and the buried paleosol offers an opportunity to gather data
on the character of the vegetation community on the banks of
the South Llano as it was some 2,200-2,300 years ago. The
nature of the vegetation community may in turn inform us
about the paleoclimatic conditions in the immediate proxim-
ity of the site.

CAR submitted a complete soil column (from surface to 120-
130 cmbs; Figure 11-1) from the site to investigate changes
in vegetation communities present at the locality between the
present and the earliest occupations. Eleven samples were
collected from between 60 and 115 cmbs, at 5 cm intervals
between Area 3 and BHT 5. The upper seven samples came
from above the buried paleosol, Sample 8 was collected at the
top of paleosol, and the bottom three samples were within the
paleosol. The two surface samples came from south of Area
4. We expected that if local trends followed regional trends,
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Figure 11-1. Location of soil columns collected from 41KM69.
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such as those from the bog and pollen studies out-
lined in Chapter 2, then an increase in C; plants
should occur over the time span of the soil column,
approximately 2,000 years. To review, the pollen
and bog data show widespread C, grasslands across
the region with a peak early in the Late Archaic.
Then, grasslands begin to decline throughout the
Late Archaic. By the Late Prehistoric, grasslands
across the region show a rapid decline, particularly
during the Toyah interval and Historic Period.
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The results from the stable isotope analysis of the
soil column show that indeed local trends follow
regional trends. While C; plants are always pres-
ent and always dominate the plant community at
41KM69, they increase through time (from the
paleosol to the surface) (Figure 11-2). This is indi-
cated by an overall negative 3"C result and a sharp
decrease in the modern samples. Nowhere in the
column do the carbon isotope signatures indicate

that the plant community was dominated by C, or
CAM plants.
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Figure 11-2. The stable isotope composition of 6"*C and 6'50 and
concentration of CaCOj3 (% wt) and carbon isotope composition of total

matter 0°°C.

The same general pattern was shown in the stable carbon
isotope analysis at the Varga Site (41ED28). Here, the aver-
age 8"C was -27.3, which is more negative than at 41KM69
where the average was -23.59. However, while the signatures
became less negative at 41ED28 into the modern era, they
became more negative at 41KM69. At both sites, we might
expect a dominance of C; plants over C, species due to the
proximity of the site to water.

Pollen and Phytolith Remains

Four samples were submitted for pollen and phytolith identi-
fication, all from a single column in Area | as a preliminary
attempt to determine pollen and phytolith preservation at
the site. The four samples were taken from each of the four
soil horizons in the area. From bottom (145 cmbd) to top (31
cmbd) Sample 1833 was taken from the CK2 horizon, Sam-
ple 1835 came from the CK horizon, Sample 1837 came from
the Bk horizon, and Sample 1845 came from the AB horizon.
As is common in Central Texas open sites, the pollen and
phytoliths were poorly preserved though some identifications
were made (see Appendix I). Unfortunately, the surviving
pollen grains are those that are typically found in highly de-
graded archaeological deposits. That is, pollen and phytolith
grains from more fragile plant species are under-represented
or entirely absent from the samples examined. Therefore, it
is not possible to reconstruct an unbiased picture of the veg-
etation of the locality at the time of site occupation. Once

it was established that pollen/phytolith presentation was not
adequate, no additional sediment samples were submitted for
further analysis.

Macrobotanical Remains

Macrobotanical remains extracted from soil samples col-
lected from the site provided the most interesting results
(Appendix E and see also Chapter 12). The soil samples all
came from feature fill that was later floated at CAR. Like the
pollen, the plant remains also showed signs of degradation
and had been exposed to repeated flooding events. Further-
more, less than half the samples contained carbonized plant
remains. However, taxa that were present are notable. Briefly,
Dering’s findings include pecan nut fragments, acorn, win-
tergrass/needlegrass, wild cherry species, and yucca or sotol.
Among the wood assemblage, the pecan, hackberry, cherry
and oak reflect a riverine environment, especially in the ab-
sence of juniper that was likely present in uplands.

The oak, pecan, and rose/cherry taxa were found in features
from all time periods. The yucca and woody legume (likely
mesquite) were only present in Terminal Late Prehistoric and
Initial Late Prehistoric features. The wintergrass/needlegrass
seeds were present in Terminal Late Archaic and the Terminal
Late Prehistoric occupations (Table 11-1). The presence of
the oak, pecan, and cherry suggests a riverine environment
throughout all the study periods.

110



Testing and Data Recovery at 41KM69

Chapter Eleven: Paleoclimate Research

Table 11-1. Plant Materials from Feature Fill by Time Period

Common MLA TLA ILP TLP (blank) | Grand Total
cf. Yucca sp. 2 1 3
Elm 1 1
Hackberry 2 2 2 6
NA 1 6 2 1 1 11
Oak 2 9 9 6 2 28
Pecan 1 4 3 2 10
Rose/Cherry Family 1 2 1 2 6
Walnut Family/ pecan 1 2 2 5
Wintergrass, speargrass 2 1 3
Woody legume 1 2 3
Grand Total 7 29 23 14 3 76

Paleoclimate Research Conclusions

Numerous soil samples were collected from 41KM69 to sub-
mit for various forms of analysis to help decipher elements
of the prehistoric local environment. Some of these soils
came from column samples taken from the walls of data re-
covery block excavation units and others came from soils as-
sociated with features. Four column samples were submitted
for pollen and phytolith analysis to assess the quality of data
before submitting multiple samples. Unfortunately, the sam-
ples revealed very degraded pollen considered unsuitable for
paleoclimate analysis and therefore additional samples were
not submitted. The light fraction from flotation samples of
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feature fill did provide some evidence of vegetation on the
site during its occupation. Though botanical data recovery
was relatively low, some unexpected species were identi-
fied in the samples. The macrobotanical results were in line
with the riverine setting of the site in that most identifiable
samples were C;plants. Finally, a soil column was submitted
for isotopic analysis. These analyses were most helpful in
comparison with other data from Central and South Texas.
Results show an overall negative §"C signature becoming
more negative through time from the deepest levels of the
site to the modern surface. Plants using all three photosyn-
thetic pathways were likely present at 41KM69, though C;
plants were always in the majority, becoming more prevalent
in the Late Prehistoric.
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This chapter discusses diet breadth in Central and South
Texas by examining both plant and animal remains from ar-
cheological sites reported in the literature and recovered from
41KM69. The first part of the chapter discusses the faunal
analysis and the second part of the chapter includes the plant
remains in the context of thermal features. Data relevant to
these studies include feature and faunal data from the litera-
ture, lipid residue analysis of 41KM69 feature rock, ethno-
botanical analysis of 41KM69 feature fill, a feature typology,
and faunal report of the 41KM69 assemblage.

Faunal Resources

One set of responses to changes in the availability of higher
ranked resources might involve changes in the species that
are included in the diet, as well as modification in the way
that extant dietary items are used. As bison re-enter the state
sometime in the Initial Late Archaic, hunter-gatherers likely
narrowed their diets by dropping lower ranked plants and
animals that they pursued during the Middle Archaic. If bi-
son densities fell gradually throughout the Late Archaic, then
a gradual widening of the diet, with the addition of lower
ranked animals, in the Middle and Terminal Late Archaic
likely occurred. That dietary expansion, coupled with inten-
sification on existing resources, should accelerate in the Late
Prehistoric Period. Partly in response to the available data
and analysis constraints, two measures were used to track
diet breadth in fauna. The first of these measures is species or
taxa richness, the second is the ratio of unidentifiable faunal

fragments to identified taxa.

Faunal Resources: Literature Review

A literature search was conducted for faunal data tables of
excavated sites within the 150 km study area (Figure 12-
1) surrounding site 41KM69. Over 60 published sources
were referenced with data incorporated from 17 sites. While
many other sites contained faunal tables, only those reports
that included provenience and temporal associations were
included in this database (Appendix B-6). Often, published
faunal data tables were compiled at the site level without
more specific provenience or temporal information. Some-
times faunal discussion chapters aided assignment of the
faunal data to specific components, but by far the most use-
ful tables to this study were those that included temporal
associations or proveniences that were tied to specific ana-
lytical units or occupations.
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Within the comparative study area, seven sites contain Ini-
tial Late Prehistoric components with faunal remains, three
sites had data from the Terminal Late Archaic, and three sites
from the Middle Late Archaic contained faunal data. Almost
56,000 identifiable fragments were recorded with all but ap-
proximately 1,200 coming from components dating to the
Terminal Late Prehistoric at twelve sites (Table 12-1). Data
from 41KM69 was added to the dataset for the analysis on
taxa richness and degree of fragmentation discussed below.

Faunal Resources: Taxa Richness

The simplest measure of diet breadth is taxa richness.
An increase in species richness signals an increase in diet
breadth while a decrease in number of species present at a
systems level signals a narrowing of the diet breadth. Re-
cently, Tomka et al. (2004c) used taxa richness to identify
some intriguing trends in fauna through time in a number
of selected Central Texas assemblages dating from the Late
Archaic through the Terminal Late Prehistoric. While these
results are encouraging and suggest that it is possible to track
broad shifts in hunter-gatherer subsistence through this sim-
ple measure, a number of complications are present. The first
of these, which is also applicable to our measures of plant
dependence discussed below, is related to potential changes
in mobility systems.

If hunters and gatherers organize their overall mobility sys-
tem in a logistical manner as bison availability becomes re-
stricted in time and space, it is critical that comparisons of
taxa richness focus on similar types of sites. That is, if logisti-
cal sites are more common late in time, and if those sites are
focused on bison procurement, comparisons of taxa richness
between time periods without reference to whether a com-
ponent is a logistical or residential occupation will produce
ambiguous results. Therefore, comparing residential compo-
nents from one period with residential components in another
period, is crucial. To identify logistical and residential com-
ponents this study compares sample size and diversity. The
argument here is that residential components should have a
greater number of animal types for a given sample size than
logistical components as the latter is, by definition, focused
on a smaller number of activities (Binford 1980; Kelly 1995).
Here, the sample size and variety relationship to investigate
changes in faunal assemblages is explored “".

Figure 12-2 presents expectations for changing assemblage
size and taxa variety relationships for a system dominated by
residential foraging (top) and for a system with a significant
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Figure 12-1. 41KM69 and comparative sites used in the diet breadth studies.

logistical component (bottom). Similar plots were construct-
ed for the Middle Late Archaic, the Terminal Late Archaic,
the Initial Late Prehistoric, and the Terminal Late Prehistoric
using a sample of components from throughout the region
dating to the Late Archaic and Late Prehistoric periods (see
Figure 12-1). Archeological reports reflecting these time pe-
riods were reviewed for any examples of a list of 23 different
animal groups (see Table 12-2) that serve as a baseline for
comparison. Sample sizes were noted for each group present,
and in conjunction with an analysis of the 41KM69 data, plots
similar to the Figure 12-2 examples were produced. Those
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fragments that could be placed in a faunal group are listed in
Table 12-3 with their sample size. During periods of bison
abundance, these plots should closely resemble Figure 12-2
(top), while during periods of declining bison, they should
mimic the bottom plot in Figure 12-2. When residential com-
ponents are considered, a wider variety of taxa should be
present during periods of declining bison availability reflect-
ing a wider diet. During the Middle Late Archaic, we would
expect to see more sites with a low ratio of animal types per
NISP as groups follow the same subsistence strategy through-
out the time period. As bison numbers decrease we expect to
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Table 12-1. NISP per Component at Sites with Published Vertebrate Faunal Data

Site MLA TLA ILP ILP-TLP TLP Grand Total
41BN33 7 41 209 257
41CC131 9,611 9,611
41CC312 48 48
41CN19 88 13 101
41CNO95 6 1,598 1,604
41KM16 14,359 14,359
41KM17 0 0
41KR537 25 25
41ME29 205 121 326

41MK9 1 22 1,922 1,945
41MS32 200 200
41RN169 53 11,838 11,891
41TG346 1,285 1,285
41TGY1 531 11,698 12,229
410V351 5 14 19
41UV86 62 62
41ED28 2,043 2,043
Grand Total 761 101 331 22 54,790 56,005
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Figure 12-2. Proposed sample size-variety plots for fauna from
residential foraging systems (top) and logistical systems (bottom,).
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Table 12-2. Groups of Faunal Material Considered in Analysis

Group| Class or Order Members/ Analytical Groups Selected
1 Artiodactyla  |Bison, Bovidae, Bison-Sized, Very Large Mammal
2 Artiodactyla  |Deer, Antelope, Sheep/Goat, Deer-Sized
3 Artiodactyla  |Pecary
4 Carnivora Canis, Dog-sized
5 Carnivora Felidae
6 Carnivora Mustelidae (Skunks, Badgers) and Procyonidae (Racoon)
7 Insectivora Shrews
8 Lagomorphia |Jackrabbit, Rabbit-Sized
9 Lagomorphia [Cottontail
10 Marsupialia ~ |[Opossum
11 Rodentia Beavers
12 Rodentia Gophers, Medium-sized Rodents
13 Rodentia Mice, Rats, Voles, Small Rodents
14 Rodentia Squirrel
15 Aves Turkey, Hawks, Eagles, Large birds
16 Aves Other Birds (Ducks, Quail, Medium and Small Birds)
17 Reptilia Snakes, Lizards
18 Testudines Turtles, Sliders, Tortoise
19 Anura Frogs, Toads
20 Osteichtyes  |Fish
21 Various Mussels, Oysters
22 Various Snails
23 Various Other

see the number of such sites decrease and find more logisti-
cal sites with fewer faunal groups per NISP in the context of
a broadening diet. Terminal Late Prehistoric residential sites
then should show more items per NISP as an indicator of this
broadening diet. At the same time, more logistical sites (as
indicated by fewer faunal groups per NISP) should come into
use as bison are targeted as a scarce resource through time
at these locales. The regional trends incorporated from data
gathered during the literature review are discussed followed
by the trends discerned at 41 KM69.

Regional Comparison of Taxa Richness

Figure 12-3 plots the number of faunal groups (x-axis) against
the number of identifiable specimen per component (y-axis)
to account for any trends simply explained by the nature of
the sample. There is little to no relationship shown here so the
log of each axis was taken and shown in Figure 12-4. In this
transformation, many of the components fall within the 95
percent confidence interval which suggests that the number of
animal types in each sample size is predictable or as expected
in such a sample size. All of the Late Archaic components
(both the Terminal and Middle Late Archaic) fall within the
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95 percent interval except site 41KR537, which falls slightly
below this line. The other six components that fall below this
line are 41CC312, 41RN169, 41KM69, and 41BN33 from
the Initial Late Prehistoric and 41MS32 and 41BN33 from
the Terminal Late Prehistoric. All these components show
a higher number of types than expected given their sample
sizes. We interpret this as an indicator of a broadening diet at
residential foraging sites. All of the components falling above
the confidence interval date to the Terminal Late Prehistor-
ic, though 41KM16 falls along the trend line and 41TG91
falls within the confidence interval. The remaining Terminal
Late Prehistoric components (41CN95, 41KM69, 41ED2S,
41RN169, 41TG346, and 41CC131) have fewer faunal group
categories than expected for the sample size. This pattern
suggests that these represent logistical components used for
specific activities ™2,

We also broke down the analysis between the Late Archa-
ic and the Late Prehistoric. Figure 12-5 shows Middle and
Terminal Late Archaic sites with all components falling at
or very near the 95 percent confidence interval. Figure 12-6
teases out the Initial and Terminal Late Prehistoric compo-
nents, which are less predictable. The same trends are seen
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Table 12-3. Faunal Data and Assigned Group

. # of Groups
Site Component Groups Present NISP
1,2,4,5,6,9, 10,
41BN33 ILP 13 12,13, 15, 17, 41
18, 20
41BN33 TLA 1 2 2
1,2,4,6,8,9, 10,
41BN33 TLP 13 12,13, 14, 17, 209
18,20
1,2,4,6,8, 11,
41CC131 TLP 13 12,13, 15, 16, 18,| 3,994
20, 21
41CC131 ILP 6 31,5,7,1,3,1 48
1,2,4,8,9, 11,
41CN19 TLA 9 13,18, 20 86
41CN19 TLP 18 13
41CN95 TLA 2 2,21 1
41CN95 TLP 3 1,2,21 942
41ED28 TLP 7 L2, 8’29(’) 17, 18, 2,010
1,2,9,12,13, 15,
41KM16 TLP 9 18,20, 23 412
1,2,6,13, 15, 16,
41KM69 ILP 8 18,20 89
41KM69 MLA 5 1,2, 15,16, 20 86
41KM69 TLA 2 2,15 22
41KM69 TLP 6 1,2,9,15,18,20| 729
41KR537 MLA 3 2, 16, 18, 10
41ME29 ILP 2 9,5 4
41ME29 MLA 2 6,7 8
41MK9 TLP 1 21 1,922
41MS32 TLP 7 1,2,4,8,17, 18, 27
20
1,2,4,8,9,13,
41RN169 ILP 8 17,18 53
41RN169 TLP 7 1’2’4’28i13’18’ 11,349
1,2,8,13, 16,17,
41TG346 TLP 9 18,20, 21 1,269
2,4,6,8,9,11,
41TGI1 MLA 15 12,13, 14, 16, 17,| 347
18, 19,20, 7
1,2,4,6,7,8,9,
10, 11, 12, 13, 14,
41TGI1 TLP 20 1. 16, 17. 18, 19, 4,431
20,21,23
410V351 ILP 1 21 5
41UV351 TLP 1 21 14
410V86 ILP 1 2 9
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here as in Figure 12-3. Most of the Toyah interval compo-
nents outside the explained range are above the confidence
interval and can be interpreted as logistical sites or sites with
a narrow range of animal groups represented in the diet. Only
one Toyah interval site, 41MS32, is similar to the Austin
components at the bottom of the chart reflecting a wider diet.

Taxa Richness at 41 KM69

The pattern of changes in diet breadth at 41KM69 is similar
to trends in the regional data (Figure 12-3). The nature of
the faunal assemblages at both Late Archaic components at
41KM69 could simply be a function of sample size and not
explained by other factors such as changes in diet breadth.
However, the Late Prehistoric components at 41KM69 can-
not be explained by the relationship in Figure 12-3. The
Initial Late Prehistoric component falls just under the confi-
dence interval and the Terminal Late Prehistoric component
falls just above it. At the site level then, we suggest that dur-
ing the Austin interval, 41KM69 was not used as a logistical
site since a greater variety of animal types than expected are
present. In the Toyah interval, the faunal types decrease sug-
gesting that the occupants may have shifted their use of the
site to a logistical or task specific organization.

Faunal Resources: Degree of Fragmentation

Unfortunately, the majority of the faunal remains from many
sites in Texas consist of unidentified, broken specimens. To
the degree that these fragments reflect increased processing
of skeletal elements, either for marrow or bone grease, the
fragmentation should be common during periods of dietary
stress, and less common under conditions of abundance. The
ratio of unidentified to identified fragments was used as a
measure of the degree of fragmentation within a faunal as-
semblage. The expectation is that during periods of bison
abundance, fragmentation should be less common, while
during periods of decreasing bison, components should have
more evidence of processing. Depending on the nature of
the component (i.e., logistical vs. residential), fragmentation
should increase throughout the Late Archaic and into the Ini-
tial Late Prehistoric, and the Terminal Late Prehistoric com-
ponents should have the highest ratios. This trend should run
counter to taphonomic processes, which would create more
fragmentation on older components than young ones “**?.

Fragmentation at 41KM69

The ratios of weights for faunal groups 1-14 (the mammals)
to unknown mammals were plotted through time at 41KM69
(Figure 12-7). The highest degree of fragmentation occurs in
the Terminal Late Prehistoric as expected. However, the least
amount of fragmentation occurs in the Terminal Late Archa-
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Figure 12-3. Plot of the number of faunal groups against sample size per component.
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ic, not the Middle Late Archaic as predicted. While we would
expect to see an increase in fragmentation from the end of the
Late Archaic to the start of the Late Prehistoric, we would
also expect the Initial Late Prehistoric fragmentation propor-
tions to be higher than the Middle Late Archaic proportions.

Regional Comparison of Fragmentation

For the regional study, the same ratio weights for faunal
groups were plotted through time as with the site-specific
data from 41KM69. Figure 12-8 suggests that fragmentation
rates through time are not explained entirely by dietary stress.
While the highest ratios of both counts and weights are in the
Terminal Late Prehistoric as expected and the lowest ratios of
both counts and weights are in the Middle Late Archaic and
increase through the Terminal Late Archaic as expected, the
Initial Late Prehistoric does not fit the model. Fragmentation
ratios for this time period decrease before a dramatic increase
in the Terminal Late Prehistoric.

Summary of Faunal Resources Studies

The analysis of the 41KM69 faunal material, along with a
literature review of well-reported faunal assemblages from
sites throughout the region, provided adequate data for sam-
ple size and variety comparisons, comparisons of the number
of taxa reflected in residential components, and comparisons
of the ratios of fragmentation within assemblages. While
potentially complicated by myriad cultural factors, environ-
mental factors, nutritional needs of the population, preser-
vation problems and other variables that are impossible to
control, as well as differences in the diversity of animals
available, these measures proved adequate for this specific
consideration of diet breadth and intensification associated
with animal use from the Middle Late Archaic through the
Terminal Late Prehistoric periods (see Shaffer 2006).

The faunal studies conducted at the site and regional scale
partially support our expectations that diet breadth widened
through time from the Late Archaic to the Late Prehistoric.
Overall, the number of faunal groups increased through time,
though the median value decreases during the Terminal Late
Archaic. Accounting for sample size, the trend is difficult to
explain during the Middle and Terminal Late Archaic periods
as the number of taxa represented can all be explained by the
size of faunal sample. However, a dichotomy appears during
the Terminal Late Prehistoric when the number of logistical
sites increases from the previous Austin interval, where the
faunal diversity appears to be coming from residential sites.
An increase in logistical sites could be an indicator of a wid-
ening of the diet. The fragmentation study did not rule out
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taphonomic effects on the bone assemblages, as fragmenta-
tion rates were highest at the beginning and end of the period
under study.

Plant Resources

Gauging the contribution of plants to the diet is much more
complicated. In part, this complication is related to the poor
preservation of plant remains from open-air sites. There are
likely fewer plant taxa in the earlier periods simply as a func-
tion of preservation. In addition, certain plants (e.g., nuts)
will be over represented in any assemblage. Consequently,
direct measures, such as the number of different plant spe-
cies present in a component are unreliable. As discussed with
changes in faunal remains, there are mobility considerations
that must be acknowledged. While the exploitation of lower
ranked plant resources through a logistical strategy should
not be common given the lower return rates on plant resourc-
es ™? recent work on burned rock middens (see Mauldin et
al. 2003) suggests that components associated with at least
some of these large features may be logistically organized.

While estimating the contributions of plants to the diet using
archeological data is complicated by problems of preserva-
tion and sampling, ethnographic data suggests a strong rela-
tionship between the use of rock in thermal features and plant
processing (see Wandsnider 1997). The research design pro-
posed that different types of rock thermal features are likely
to be used to process different types of plants and suggests
that the frequency of thermal features with rock may serve
as gross proxy indicator of the intensity of plant processing,
while the variety of feature types, defined by feature size and
rock weight, may provide an indirect measure of the variety
of plants represented in the diet of Texas hunter-gatherers.

Many plant resources such as bulbs, roots, and nuts often
contain compounds that are not immediately digestible by
humans. As a result, these classes of plants require extended
cooking times to convert the indigestible starch compounds
to digestible resources. Figure 12-9 (top) shows ethno-
graphically reported minimum cooking times for plant tissue
(Wandsnider 1997). Only millet and acorns require cooking
times shorter than 10 hours. Most roots require between 15
and 20 hours of cooking, and cooking times for sotol, agave,
yucca, and camas bulbs range from a minimum of 17 hours
to nearly 60 hours. In contrast, cooking times for meat tissue
derived from a majority of species require a maximum of five
hours or less (Figure 12-9, bottom). Only medium body size
mammals, such as deer and antelope, may require 7—10 hours
of preparation and only the preparation of bison may take as
much as from 4-20 hours depending on the size of the meat
package cooked. In general, however, small meat packages
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Figure 12-9. Ethnographically reported cooking time for plants (top) and meat
(bottom). Bars show the interquartile range (from Wandsnider 1997).

such as a rack of ribs, meat fillets, and intestines, regardless
of the animal, can be prepared in 1-2 hours or less.

Thermal features without rock are adequate in preparing
foods that require short cooking times and/or are cooked in
containers such as pots (e.g., stews). However, when length-
ier cooking times are necessary, the use of rocks to increase
heat storage and lengthen heat dissipation is commonly em-
ployed (Ellis 1997; Wandsnider 1997). If the interpretation
of the relationship between plant and meat tissue cooking re-
quirements and the length of cooking time required by each
is correct, then many plant resources would be cooked in rock
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facilities, especially in the absence of ceramics vessels. Con-
versely, the majority of meats would be prepared in hearths
with little or no rock. Wandsnider’s (1997) search of the
ethnographic literature revealed a series of case studies that
seem to support aspects of this general relationship. Seventy
six percent (55 of 72) of the facilities used to cook plants con-
tain heated rocks, while in the majority of cases (75 percent)
facilities used to prepare animal tissue do not contain rocks.
Given the ethnographic support for the relationship between
cooking facilities and the cooking of plant or animal tissue,
the number of hearths with rock in a component could serve
as a proxy indicator of the relative importance of plant re-
sources in prehistoric hunter-gatherer diets.
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Clearly, several complications are associated with this proxy.
Obviously, hunters and gatherers can use thermal features in
general, and thermal features with rock in particular, for a
variety of activities, some of which may have little or noth-
ing to do with cooking. Furthermore, cooking may frequent-
ly involve both plant and animal remains. In addition, the
development of ceramics, which allow direct fire cooking,
may make the interpretation of patterns in the Terminal Late
Prehistoric difficult. Finally, the number and size of thermal
features within a given component may be responding to a
variety of other factors. These minimally may include (1)
the size of the area excavated, (2) the size of the inhabiting
population at a location, (3) the level of reoccupation, and (4)
the way that cooking activities are organized (e.g., commu-
nal cooking versus individual household). Despite efforts to
lessen these impacts on the proxy measures, the association
of burned rock features with plant processing is still tenu-
ous. Furthermore, some features with burned rock, especially
those with small quantities of rock, could easily represent
general-purpose activities where a variety of plants and ani-
mals were prepared. Nevertheless, features with significant
quantities of rock are probably associated with long-term
cooking, and, as the ethnographic data demonstrate, long-
term cooking is a requirement for many different types of
plant resources.

In order to correct for differences in the nature of the cooking
activities (communal versus individual food preparation), the
feature size and shape were recorded for each component
at sites in the study region. Calculating feature area from
length, width, and shape data also ameliorated the impact
of differences in the number of inhabitants. This is impor-
tant, as larger populations would likely generate either more
hearths, or larger hearths, relative to smaller groups of hunt-
ers-gatherers. Furthermore, in most cases, data on the size
of the excavation area associated with a given component
was available which allowed a calculation of the number of
rock features per square meter of excavated space, as well
as a measure of the relative amount of that space devoted to
burned rock features. Both of these values should increase as
plants become increasingly common in the diet due to falling
bison densities.

Greater dependency on plants would likely include a greater
variety of plants in the diet. Such expansion may have led to
increased variety in feature types if the plants used required
increased variety of processing techniques. For example, pre-
historic hunters and gatherers might use variable quantities of
rock to generate different quantities of heat in order to pro-
cess specific types of plants (e.g., sotol vs. acorns) or differ-
ent quantities of plants (see Black 2003; Ellis 1997). Feature
variety may then be suitable as a measure of plant variety.
To track this relationship and identify feature types, a feature
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typology of thermal features beyond the presence or absence
of rock was developed from the feature data collected at
41KM69 using area and total rock weight independently, as
well as in a bivariat plot. Flotation analysis and lipid residue
analysis of burned rock (Malainey 2000; Marchbanks 1989;
Quigg et al. 2002) served as independent assessments of the
features types.

The feature typology was based on data recorded from
41KM69 excavations. Additional data was then compiled
from a literature review of sites in the study area (see Fig-
ure 9-15) for the two Late Archaic and two Late Prehistoric
periods to search for data on feature size and rock weight.
The published data allowed examination of trends in feature
types and provided a way to test whether an increased variety
of feature types was present during conditions of diet expan-
sion. In combination with measures of the number of rock
features per square meter of excavated space, and the relative
amount of that space devoted to burned rock features, the va-
riety of feature types provided an adequate measure of plant
dependence both at 41KM69, as well as throughout the study
area, during these time periods.

Plant Resources: Results of Feature Studies

Forty-six burned rock features were recorded during excava-
tions at site 41KM69 (see Table C-1, Appendix C). Generally,
during field excavations, measurements of feature elevation,
length and width were taken, the shape of the plan view was
noted, and a profile was drawn at the line of bisection. This
field data was compiled with provenience information and
temporal association. Additional burned rock analysis of the
thermal features included measurements of individual rock
weight, count, and size. This data was then used to develop
a typology with which to examine other features from sites
across the region (Table C-2). Published site reports from the
study area were reviewed for similar data to create another
spreadsheet listing all the feature data compiled from all the
sites that fit the geographical and temporal parameters of the
study (Table C-3). A description of the typology and the re-
lationship between features and diet across the study area are
discussed below.

Developing a Feature Typology at 41KM69

The development of a feature typology with the 41KM69 data
set was guided by previous work conducted by Ellis (1997)
and Wandsnider (1997). Relying on ethnographic patterns,
as well as characteristics of certain groups of plants, these
researchers suggest that plant resources such as bulbs, roots,
and tubers often contain compounds (e.g., inulin) that are not
easily digestible by humans without extended cooking. As a
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result, these classes of plants require extended cooking times
to convert the indigestible starch compounds to digestible re-
sources. Ethnographically, cooking times for plants common-
ly exceed those for animals, and while rock features are used
to process both plants and animals, rock is disproportionately
more common in plant processing (Wandsnider 1997). The
addition of rock to thermal features will increase heat storage
and increase the length of time over which heat dissipates
from a hearth. Thermal features without rock are adequate for
the preparation of foods that require short cooking times or
foods that are cooked in containers such as ceramics. How-
ever, when lengthier cooking times are necessary, a condition
that correlates with high starch plants, the use of rocks to in-
crease heat storage and lengthen heat dissipation is common
(Ellis 1997; Wandsnider 1997).

The initial distinction suggested by these earlier studies is
between features with rock, and those represented only by
stains. Experimental data measuring temperatures over time
in a series of features with and without rock clearly demon-
strate that the addition of rock does significantly increase heat
storage, and lengthen the time over which high temperatures
are present, when contrasted to features that lack rock (see
Mauldin et al. 1998). Beyond this initial distinction between
features with and without rock, the feature typology further
divides the features with rock into classes of features that
may implicate the types of plants processed. The rock fea-
ture database from the data recovery and testing efforts at
41KM69 contains 38 features with complete data on number
of rock, weight of rock, feature size, and temporal assign-
ment (see Table C-1, Appendix C). While several of these

cases lack data on feature cross-section, these 38 cases form
the core data set for this discussion.

Initially, the focus was on the total weight of rock within a
given feature using the 41KM69 data set. Given the argument
that the addition of rock is related to increasing heat storage
and dissipation times, features with small quantities of rock
will have different storage and dissipation patterns than those
with larger rock weights. Figure 12-10 presents a histogram
of the rock weights at a feature level for the 41KM69 rock
feature data. There are three groups within this distribution.
The first consists of 31 features with overall weights falling
below 15 kg. Four features with weights between 15 and 20
kg represent the second group, and the third group is repre-
sented by three hearths, all of which have weights in excess
of 20 kg.

Not surprisingly, the tri-partied distinction based on feature
weight is closely related to the number of rocks present in a
given feature. For the initial weight group, those with weights
below 15 kg, the average number of rock present is 26.1
(min=6; max=105). The second group has, on average, 53.5
rocks (min= 39; max=78), while the heaviest feature group
averages 115.7 rocks (min=91; max=130).

Figure 12-11 presents a box plot of the areas, in cnt’, for these
three feature weight groups. There is a clear distinction be-
tween the smallest weight group (designated “1.00” in the fig-
ure) and the two larger weight groups. However, there is no dif-
ference in feature size between the two largest weight groups.
Coupled with the patterns in numbers of rock per feature group
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Figure 12-10. Frequency of features by feature weight for 41KM69 dataset.
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Group 3 features having a higher frequency of reuse
relative to group 2 features. Data that does, in fact,
support this suggestion is presented subsequently.

Finally, a consideration of temporal patterns within
the weight groups at 41KM69 is presented. Table
12-4 presents a contingency table contrasting the
occurrence of rock features by feature group for
these four time periods. The table includes stan-
dardized adjusted residuals for each cell. Adjusted
residuals are analogous to Z scores in a normal
distribution such that an absolute value of 1.95 is
statistically significant at the .05 level of probabil-
ity (see Haberman 1973; Everitt 1977). While the
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number of expected cases in many cells is small,
examination of the adjusted residual values in Ta-
ble 12-4 shows one significant value (AR=2.0) for
the feature Group 3 and Terminal Late Prehistoric
period cell. There are significantly more Group

10020

Figure 12-11. Box plots of feature area for the Group 1 (1.00) and Group 2/3

(2.00) features types.

outlined above, the lack of distinction in area between Groups
2 and 3 suggests that Group 3 features have more rock and
more weight present in roughly the same space as the Group 2
features. For rock weight, this concentration can be seen by di-
viding the rock weight of a feature by the area of that same fea-
ture. Features in Group 3 have, on average, 9.9 grams of rock
for every square cm of surface space, almost twice that of the
Group 2 features (5.5 gr/cm’). This higher rock density in the
Group 3 features, both in terms of numbers and weight, should
produce a significant heating advantage beyond that gained by
the addition of rock weights as such. That is, significantly more
and heavier rock in roughly the same space should produce an
added thermal advantage for this third group. However, this
pattern may also reflect differing frequencies of reuse, with

3 features in the Terminal Late Prehistoric than
would be expected given row and column totals.

Additional Considerations: Feature Area and
Rock Size

Group definition by weight and size is problematic because
it does not account for rock size. Therefore, because this
feature study is directly related to food processing, a con-
sideration of each Group in terms of rock density and size
is important as those aspects point to feature reuse and help
refine the typology.

The lightest group (Group 1) consists of 31 features that are
small in size, with an average area of 1,885 cm’. If circular,

Table 12-4. Feature Weight Groups by Temporal Period (significant Adjusted Residual values in BOLD)

Period
Total
MLA TLA ILP TLP
Count 9 6 10 6 31
1 Adjusted
Residual 0 0.3 0.2 -0.5
) Count 2 1 1 0 4
Weight ) Adiusted
Groups juste 1 0.4 0.3 11
Residual
Count 0 0 1 2 3
3 Adjusted
Residual -1.2 -0.9 0.1 2
Total Count 11 7 12 8 38
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this would represent a feature roughly 49 cm in diameter. On
average, about 26 rocks are present, with a weight of 6.19 kg.
These small features could have been used for the preparation
of a variety of different low starch plants, as well as small
packages of meat. The second group of features is over twice
as large (average area = 4,300 cm’) as the first, with roughly
twice the number of rock and almost three times the aver-
age weight (mean = 17.6 kg). The features in this type, along
with features in Group 3, appear to be likely candidates for
the processing of plant foods with moderate or high amounts
of starch (e.g., geophytes). The third group is smaller than
Group 2 (average area = 3,500 cm’), but contains both high-
er weights (mean = 3.36 kg) and numbers of rock (ca. 116
rocks). The distinction between Group 2 and 3 may reflect
differing levels of reuse, rather than different feature types.

Rock size may help support the idea that Groups 2 and 3 dif-
fer primarily as a function of reuse frequencies. As features
are reused, an increasing number of smaller rocks should be
generated as a function of rock breakage and replacement.
While cleaning of features may obscure this pattern, and
while this dataset only includes sizes for rocks greater than
2.54 cm, hearths with few uses should be dominated by larger
rock, while those with multiple uses should have distribu-
tions increasingly dominated by small rocks. To investigate
this, individual histograms of rock distribution with similar
scales and bin sizes for each of the features in Groups 2 and

3 were constructed. An example of a Group 3 feature is pro-
vided in Figure 12-12, while Figure 12-13 provides a Group
2 example.

Comparisons of the two figures clearly suggest that for these
particular features, the Group 2 example is dominated by
rocks in the larger size range (+ 9 cm), while for Feature
3 (Group 3), most of the rock is substantially smaller. The
dominance of rock in the smaller ranges, a pattern consistent
with high frequencies of reuse, is present in both of the re-
maining Group 3 features. Conversely, three of the four fea-
tures in Group 2 have rock distributions similar to the Figure
12-13 example. The lone exception is Feature 36, which has
a distribution pattern between those shown in Figures 12-12
and 12-13.

Figure 12-14 presents a line graph of the percentage of rock
in 1 cm size classes for all Group 2 and Group 3 features. The
Group 2 curve represents 212 individual rocks from all four
Group 2 features (# 36, 42, 45, 48). The Group 3 pattern is
derived from 342 rock measurements for the three features (3,
5, 10) that make up this group. The pattern clearly suggests
that Groups 2 and 3 are unlikely to represent different types,
at least with regard to food processing. The patterns seen in
both overall weight differences, as well as differences in the
number of rock, appear to be a function of differing levels of
reuse. For subsequent analysis, these groups are considered
identical, at least with respect to the typology developed here.
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Figure 12-12. Maximum size (cm) of rock in Feature 3 (Group 3).
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Figure 12-13. Maximum size (cm) of rock in Feature 45 (Group 2).
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Figure 12-14. Rock size percentages for Group 2 (dashed) and Group 3 (solid) features
at 41KM69.
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Burned Rock Midden Group, Feature 1

Three different types of features that may reflect, at a broad
level, different types of food processing activities have been
identified. These are features without rock, small features
with low rock weights (Group 1) and moderate sized features
with rock weights greater than 15 kg, and less than 40 kg. At
41KM69, however, there is a final thermal feature type repre-
sented by Feature 1, a burned rock midden. This feature was
not fully excavated, and so was not included in our discus-
sion up to this point. However, there is some rock size data
from this feature that can be used to explore this final type.

Controlled excavations in Feature 1 at 41KM69 were limited
to a single, L-shaped trench consisting of 12 1-x-1 m units

within the feature. For each unit, field workers recorded the
number of burned rock greater than 1 inch in size, size graded
those rocks in 1 inch increments, and recorded the volume of
FCR less than 1 inch. Unfortunately, the excavation of Back-
hoe Trench 5 during testing may have removed any central
feature. Figure 12-15 shows a plan view and profile draw-
ing of the excavation, and provides a probable outline of the
southwestern quadrant of this large feature. Also identified
in the figure is a probable location of a central feature, the
repeated use of which may have resulted in the overall dis-
tribution of burned limestone and dark sediment that defined
the larger feature. The proposed location of this central fea-
ture relies both on the depth of the staining and rock, as well
as on the break in the underlying Abl and Ab2 soils as seen
in the profile (Figure 12-15). Previous work on burned rock
middens (see Black et al. 1997; Mauldin et al. 2003) suggest
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Figure 12-15. Feature 1 plan and profile drawing.
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Figure 12-16. Burned rock distributional data from Feature 1, 41KM69.
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that the repeated use of a central baking feature over a sig-
nificant time frame results in the large accumulations of fire
cracked rock.

Patterning in rock size in these features can be anticipated
as a result of repeated use, cleaning, and rock replacement
(Mauldin et al. 2003). Figure 12-16 provides a series of plan
views that show distributional data on all rock greater than 1
inch in size (top), the percentage of large (+ 6 inches) rock
(middle), and the total volume of rock less than 1 inch in size
(bottom), in order to consider such patterning relative to the
proposed central feature location.

The top plan view in Figure 12-16 clearly suggest that burned
rock densities near the center of the large feature are sig-
nificantly higher, with the highest densities occurring to the
southwest and southeast of the proposed central feature loca-
tion. The central plan view shows that with regard to larger
rocks, the highest densities are in N34/E25 and N34/E26, and
the distribution of rock less than 1 inch in size shows the
highest volumes in N34/E26. These patterns are consistent
with differential removal of rocks in the range of 1 to 6 inches
from a central feature and replacement of that shattered rock
with larger stone. Such activity would result in a high den-
sity of rock, dominated by 1 to 6 inch stone, forming a ring
around the central feature, as well as an accumulation of both
small (< 1 inch) and large (> 6 inch) sized stones near the
central pit (Mauldin et al. 2003). Given the profile evidence
(Figure 12-15), the rock distributional patters are consistent
with the presence of a small central feature that is repeatedly
used. Flotation results from Feature 1 found several wood
species including oak, walnut or pecan, elm, and woody
legumes. The only edible plant remains found were pecan,
though work elsewhere strongly suggest that these features
are designed to process high starch plants foods (e.g., on-
ion and camus bulbs, sotol and agave hearts) requiring long
term baking for effective human digestion (Black et al. 1997
Mauldin et al. 2003; Dering 2003).

Feature Typology Conclusion

A feature typology was developed using feature data from
excavations at 41KM69 to explore the relationship between
feature type and food processing. The typology could be used
to identify increased use of plants throughout the Late Ar-
chaic and Late Prehistoric as diet expanded to include ad-
ditional lower ranked foods like plants. Recognizing the use
of an increasing number of plant species in the prehistoric
diet is plagued by poor preservation in open air sites on the
Edwards Plateau. The authors suggested that more varied use
of features in terms of size, rock density, and rock size might
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be used as a proxy indicator of a diet expanding to include
plant foods requiring a range of cooking requirements. These
cooking requirements would require different cooking facili-
ties (thermal features) that would be recognizable in the ar-
cheological record. The previous section outlined the feature
typology that originally identified three groups. Group 1 in-
cluded small features likely used for small meat packages and
low starch plants that would require relatively short cooking
times. Groups 2 and 3 included large features likely used for
cooking very large quantities of meat or starchy plants like
geophytes that need long cooking times. A refinement of the
typology examining rock size found that Groups 2 and 3 were
essentially used for the same purposes and the differences
in rock weight merely reflected degree of reuse. These were
combined into one Group referred to as Group 2/3.

The next sections discuss the findings of the lipid residues
found on a sample of feature rock and the identification of bo-
tanical remains in the light fraction of features excavated from
41KM69 and how they support or counter the feature typology.

Lipid Residue Analysis

Three rocks from each of six archeological rock features
and eight experimental samples were submitted to Dr. Mary
Malainey for lipid residue analysis. Lipids are abundant in
plants and animals, and different groups of plants and ani-
mals have fatty acids with different molecular structures.
These varying molecular signatures of fatty acids seem to
be identified in archeological situations (e.g., Quigg et al.
2002). Researchers have developed several broad groups of
plant and animal signatures based on fatty acid composition
of modern plants and animals, and while some overlaps exist,
lipid analysis can sometimes provide an additional clue to
determining the range of plants or animals processed in rock
features at the site.

The experimental data, in combination with the residue re-
sults from features at 41KM69, and the flotation analysis,
were conducted to provide an independent assessment of the
feature typology based on rock weight and size attributes.
Discussion of the modern sample results follows the results
of the archeological sample results. Dr. Malainey’s report is
reproduced in Appendix D.

The Archeological Samples

Burned rock was submitted from six features excavated dur-
ing data recovery at 41KM69: two from the Middle Late Ar-
chaic component (Features 35 and 42), one from the Terminal
Late Archaic component (Feature 49), two from the Initial
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Late Prehistoric component (Features 45 and 47), and one
from the Terminal Late Prehistoric component (Feature 82).
Features 42 and 47 had insufficient lipid residue for analy-
sis, which left one feature from each component available
for analysis, though Feature 49 had “low residue.” All rock
features analyzed were from the Group 1 Feature Typology
except Feature 45, which was from Group 2/3.

All rock samples returned lipid residue analysis consistent
with plants except Feature 82, from the Terminal Late Prehis-
toric. This residue produced results found in large herbivore
products like bison, deer, moose, fatty elk meat, bovines or
cervids, as well as javelina. Feature 45 returned lipid residue
results similar to that found in medium fat level foods and
low fat plants like freshwater fish, terrapin, Rabdotus, mes-
quite beans, corn, and cholla.

These results, though limited in the number of features exam-
ined, support the ethnographic data that most facilities used
to cook plants contain rock because of their extended cook
times. Likewise, large meat packages, such as some of those
described in the Feature 82 lipid analysis would also require
long cooking times (see Figure 12-9). The mixed nature of

the results from Feature 45 having both plant and animal resi-
due is in line with the idea that Group 2/3 features have seen
more reuse than Group 1.

The lipid residue results do not apply to the idea that plant
use intensified during the Terminal Late Prehistoric because
only one feature from each component was tested. There is
no trend in increased use of plants as all samples returned
lipid residues with plant processing, except the one sample
from the Terminal Late Prehistoric.

The Modern Samples

The analysis of lipids from archeological specimens, first
used by Condamin et al. (1976) and recently expanded
through the work of Marchbanks (1989), Skibo (1992), Loy
(1994), and Malainey (2000), is becoming increasingly com-
mon in Texas. However, CAR knows of no blind tests of
the method conducted within the state and therefore devel-
oped samples for such a blind test over the years preceding
this study in order to test samples of a known history. Eight
sandstone samples were submitted from the same parent slab
(Table 12-5). All samples were from the same parent rock

Table 12-5. Experimental Sample Treatment

Lab No. | Sample# | Description Elii)s(i)(si::e Sg)‘ll'(:;e Sample Size (g.)
putt |1 | R dysarec| 18
put2 |2 | HEEA dysarc| 28
puts |3 | MEEE dysarec| 2902
puta |4 R aysasc| %%
DUT 5 5 25?3333 gcl)ltr d;;ga; ;‘55 c 31.484
buried
DUT 6 12 B"ﬂ‘idhi::uvrvater Mesquite yg;i@;}c 41.075
purs |15 [Pkdimaare) Py b TS|
DUT 8 14 BOileldhi;‘u”rvater Prickly Pear yg;i?;sjc 33.348
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and all were heated to 500°C for one hour prior to other ex-
posures. This is to effectively destroy any naturally occurring
residues. Three sandstone samples (#s 12-14) were boiled
in water containing three different plants for two hours then
buried for five years. Sample 12 was cooked with mesquite,
Sample 13 with prickly pear and mesquite, and Sample 14
with prickly pear. To “age” the samples they were then placed
in an oven for one-year exposure to constant (75°C) tempera-
ture and two years exposure to open-air conditions (n=3), and
finally sealed in plastic bags for three years (n=3). In addi-
tion, Sample 4 of the “raw” sandstone was submitted. This
item was not exposed to any residues. Sample 5 was heated
to 500°C for one hour, was not exposed to any plant residues
and not buried. CAR submitted these eight samples as an in-
dependent, blind-test of the utility of lipid residue analysis.

The results from the experimental samples did not iden-
tify residues to a degree relevant to diet breadth research
at 41KM69. The study found low fat content fat residue on
Samples 1 and 2, though no residue was introduced to them.
Sample 3 was found to be blank, consistent with the experi-
mental treatment. Sample 4 was not exposed to any meat or
plant residue and not heated or buried, but results returned
high fat content food like nuts. Low fat content plant resi-
dues were found on Samples 5, 7, and 8. Only Samples 7 and
8 were exposed to plants. The extreme heating of Sample 5
did not serve the purpose of destroying any previous residues
left on the rock prior to the experiment. Therefore, any resi-
dues identified could not with certainty be explained by cul-
tural behavior. Sample 6 was exposed to mesquite and results

suggested it was exposed to unknown plant residues. While
this is true, the level of residue identification is not specific
enough for use in the 41KM69 research domains.

Botanical Remains from Features

Sixty-five flotation samples (143.9 liters) from features ex-
cavated during data recovery were floated at CAR. The light
fractions were submitted to Phil Dering of Shumla Archeo-
botanical Services in order to identify carbonized seeds or
other plant parts that may reflect what items were cooked in
the features.

Dering reports sparse but interesting plant remains in the
samples (Appendix E). Carbonized plant remains were in 31
of the 63 samples, including wood, fiber fragments, seeds,
and nut fragments. Fifteen of the samples Dering finds re-
markable for an open air site on the Edwards Plateau. For
the purposes of the feature study, the edible plant remains
are more useful, though wood types are also discussed in the
archeobotanical report in Appendix E. The surprising finds
include pecan, acorn, yucca fibers, and wintergrass seeds.

Of the submitted light fractions, 15 contained edible plant
remains. Six of these were from typed features. The feature
number, the plant remains, the feature group and the compo-
nent are summarized in Table 12-6. The four Group 1 fea-
tures here contain pecan and wintergrass. These are all from

Table 12-6. Features with Edible Plant Remains

Feature Edible Items Feature Group Component
1 nut ILP
2 Acorn, pecan TLP
16 Acorn, pecan TLA
17 Pecan, yucca TLA
18 Wintergrass TLA
36 Pecan 1 MLA
41 Pecan TLA
47 Acorn 2/3 ILP
52 Yucca ILP
53 Pecan 2/3 ILP
57 Wintergrass 1 ILP
78 Wintergrass, pecan, yucca TLA
82 Pecan 1 TLA
83 Pecan 1 ILP
12, 1.3 Acorn
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the Middle Late Archaic, the Terminal Late Archaic, and the
Initial Late Prehistoric. The two Group 2/3 features contain
acorn and pecan and were both from the Initial Late Prehis-
toric. None of the Terminal Late Prehistoric features returned
edible plant remains from the light fractions which make it
difficult to say that Terminal Late Prehistoric hunter-gather-
ers were intensifying their use of plants during the waning
availability of bison base on this data alone. The identifica-
tion of botanical remains in the light fraction of the 41 KM69
features does little to support or counter the typology, though
it does provide other valuable information rarely found in
open air sites.

Summary and Discussion of Feature Typology

Following early cross-cultural ethnographic work conducted
by Wandsnider (1997; see also Ellis 1997), this study pro-
posed that features with rock are more likely to be used in
plant processing as some plants, especially those with high
starch contents, require significant cooking times to make
them digestible by humans. Furthermore, the study suggested
that the overall weight of rock should provide a proxy for
the thermal characteristics of that feature. Using data from
38 features with rock excavated at 41KM69, along with in-
formation on the burned rock midden (Feature 1) at the site,
three different rock feature types were identified. These are
rock features with overall rock weight below 15 kg (Group
1), rock features with rock weights between 15 and 40 kg
(Groups 2 and 3), and burned rock middens (Feature 1). Cou-

pled with the initial distinction between thermal features with
and without rock, these four different feature types are prob-
ably used to process different ranges of plants and animals.
The study included lipid residue analysis and identification
of botanical remains from the 41KM69 features to refine the
typology. However, neither provided enough data to defini-
tively assign feature Group Types to plant or animal types.

Note that in our previous discussions of the use of burned
rock weights at a feature level as one of several proxy mea-
sures to monitor plant dependence, we did not address the
potential complication of feature reuse. As seen above (Fig-
ures 12-12, 12-13, 12-14, and 12-15), the repeated use of a
feature can result in a significant accumulation of rock that
is not related to a specific processing event. In fact, it is pos-
sible that our Group 2/3 type is simply an under used burned
rock midden. This complicates any simplistic association of
feature types defined by weight with specific plant types.

An additional complication is that details such as rock weight
at a feature level are seldom reported in the literature. As
such, the application of this specific typology in our litera-
ture review is problematic. While the number of rocks within
a feature is sometimes mentioned, size data is generally not
provided. Figure 12-17 attempts a solution to this underre-
porting by focusing on the overall area of the Group 1 and
Group 2/3 feature classes. Area is frequently reported in the
literature or can be estimated from plan view drawings.
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Figure 12-17. Feature area (cm’) by weight groups (1=<15kg, 3=>20kg).
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Figure 12-18. 41KM69 and comparative sites used in the regional thermal feature database.

Using the area estimates (Figure 12-17), identification of
weight Group 1 membership by focusing on an area break
point of 2,250 cm’ is likely to be correct. Of the 31 Group 1
features, 23 (74.2 percent) are correctly placed by reference
to this area cutoff. Only a single case of a Group 2/3 feature
being incorrectly classified as belonging to Group 1 is pres-
ent. However, the characterization of a feature as belonging
to Group 2/3 based on area is more problematic. While cor-
rectly placing six of the seven Group 2/3 cases identified at
41KM609, the area distinction incorrectly assigns eight Group
1 cases as belonging to Group 2/3. In spite of this high rate of
miss assignment, the focus on area, at least for the literature

134

comparison below, is necessitated by the under reporting of
critical feature data, such as rock weight, number, and rock
size, in the study area.

Literature Review of Regional Trends

The literature search was conducted of published excavation
reports within a 150 km radius from 41KM69. This included
over sixty reports from parts of over twenty counties (Figure
12-18). A list of the reviewed reports is listed in Appendix C.
The review began with Kimble County and progressed out-
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ward, to bordering counties and so forth until reaching 150
km. The site inventory and the abstracts of reports for each
county in the study area were reviewed as listed on the Texas
Archeological Sites Atlas as of June 2007 to find sites that
had seen at least a testing level of investigation and had been
reported within the specific time periods in question. TxDOT-
ENV also provided copies of all the reports of archeological
investigations they had contracted or published within the
study area. These TxDOT reports were reviewed along with
all relevant reports housed at UTSA and CAR libraries. The
reports were read for information on thermal features that had
a known temporal association.

Published data on well-dated sites in central Texas is scarce.
Limitations were increased by the nature of the data under
consideration here. Specifically for the typology develop-
ment, data recorded included thermal feature size, nature
of fill, volume, rock type, rock counts, rock weights, and a
solid temporal association. For feature density, reports were
reviewed for the volume excavated from the site in each

component. Therefore, some sites within the space and time
constraints may have been excluded because of poorly re-
corded or under-reported feature and excavation data. Some
of the most extensive excavations were written years after
the team left the field by authors who were not involved in
the excavations. Though such reports have obvious value,
we found they often lack information important to this study.
The feature spreadsheet presented in Table C-2 includes only
those thermal features that could be assigned to one of the
four components defined in the 41KM69 excavations, not all
features recorded at the site.

Four components identified at 41KM69 were targeted during
the literature review: the Middle Late Archaic, the Terminal
Late Archaic, the Initial Late Prehistoric, and the Terminal
Late Prehistoric. Twenty-one sites contained thermal feature
data in one or more of these time periods (Figure 12-18).
Only one site, 41KM16, was used in Kimble County. Fur-
thermore, only one site with well-published data on features
was found in any of the counties bordering Kimble County.

Table 12-7. Feature Counts per Site through Time

Site MLA TLA ILP TLP Grand Total
41BN33 8 34 35 77
41BT6 11 11
41BX1032 1 2 1 3
41CC131 31 31
41CC222 3 3
41CM211 1 1
41CN19 1 3 4
41CN95 1 15 16
41KM16 1 11 12
41ME29 6 6
41MK27 8 2 1 11
41MK9 2 3 4
41MS32 4 11 14
41RN169 1 32 33
41RN3 5 1 6
41TG346 12 12
41TGI1 3 10 13
410UV351 2 1 3
410V60 3 6 8 17
410Ve68 1 1
410V86 7 4 9
Grand Total 19 36 62 165 287
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Most information came from data recovery excavations at O.
H. Ivie Reservoir in Runnels, Concho, and Coleman counties
(Treece et al. 1993a; Treece et al. 1993b).

The results of the literature search are listed in the Table 12-7
below and in the Table C-2. Six sites with 19 features were
included in the Middle Late Archaic dataset. Thirty-six fea-
tures from seven sites were recorded from the Terminal Late
Archaic component. Twelve sites with 62 measured features
fell in the Initial Late Prehistoric component. Fourteen sites
including 165 measured features were recorded for the Ter-
minal Late Prehistoric component. The sites are shown in
Figure 12-18, which also illustrates the sites by component.
Some sites had recorded features from multiple components;
therefore, the same site may be used more than once. For
comparative purposes, feature data from 41KM69 (see Table
12-10) includes 46 features, with 13 in the Middle Late Ar-
chaic, 7 in the Terminal Late Archaic, 16 in the Initial Late
Prehistoric, and ten assigned to the Terminal Late Prehistoric.

An Excel spreadsheet was compiled from the feature data
described in the reports that includes the site number, fea-
ture number, group code from the feature typology, feature
dimensions (length, width, thickness, area), plan view and
cross-section shape, and time period (Table C-2). Other data
included in the spreadsheet when available were radiocar-
bon dates, raw material type, rock counts and weights, the
feature type as reported (e.g., hearth, ash lens, burned rock
concentration), the reported time period, the 41KM69 com-
ponent to which it corresponds, and source information. In
the following sections, this data along with the 41KM69 data
are used to examine the number of hearths with rock per
component to evaluate the relative importance of plant re-
sources in prehistoric hunter-gatherer diets at the regional
and site level at 41KM69.

Regional Features

Table 12-8 provides a preliminary summary of several broad-
er patterns seen in the literature review. For each of the four
temporal periods, the spreadsheet provides the total exca-
vated area, the number of burned rock features not including
burned rock middens, the area of those features, the length
of the time period, the number of burned rock middens, and
the number of thermal features reflected by stains. Note that
the exclusion of burned rock middens is a function of the fact
that seldom is the entire midden excavated. Consequently,
using the total midden area, a figure often estimated based
on a few test units, the amount of space devoted to a feature
will significantly exceed the total excavated area. While the
midden area from Feature 1 was included in the discussion of
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Table 12-8. Summary Data from Literature Review

MLA TLA ILP TLP
Excavated Area (m?) | 697.5 |1,297.01 | 723.41 |1,492.62
N“szZrtSril:“k 17 29 43 69
Area of Rock Features| 5.07 60.23 38.54 49.19
Period Length (Years) 900 350 550 300
Burned Rock Middens 1 0 8 3
Number of Stains 1 7 16 98

the 41KM69 data sets in other chapters, the type of statistical
analysis conducted here necessitates that only features com-
pletely excavated are included in the comparisons.

The initial use of the data in Table 12-8, then, is a consider-
ation of the number of non-midden burned rock features for
each of the four components. Figure 12-19 summarizes these
data. The figure was constructed by standardizing both the
amount of excavated space and the time frame. For example,
reference to Table 12-8 will show that for the Terminal Late
Archaic (AD 350-700), 29 rock features are present within
an excavated area of 1297.01 m’. There is, then, one feature
for every 44.72 excavated meters. Within a 100 m’ area, there
would be 2.24 features. As the time period is 350 years in
length, this yields .0064 features within the standardized area
per year. Similar calculations were made for each period.
Reference to Figure 12-19 clearly suggests that the number
of burned rock features increases throughout the sequence.

Figure 12-20 presents a similar histogram, but focused on the
area covered by burned rock features. The consistent increase
through time seen in Figure 12-19 is interrupted by the Ter-
minal Late Archaic period. Though few in numbers, Terminal
Late Archaic features average over 2.0 m*in area.

Table 12-9 provides summary data on the literature features
using the burned rock portion of the typology developed pre-
viously with the 41KM69 data. Note that in the Terminal Late
Archaic, 19 of 29 total features (ca. 66 percent) fall in our
large burned rock feature group, and there are no burned rock
middens recorded for this period. It may well be the case that
the pattern seen in Figure 12-20 is related to the Table 12-9
distribution. That is, the higher frequency of large Group 2/3
features in the Terminal Late Archaic may be serving the
same role as burned rock middens during other periods. An
examination of ethnobotanical remains from the features in
this regional study may help confirm this.
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Table 12-9. Summary Data from Burned Rock Features in
Literature Review

MLA TLA ILP TLP
Group 1 - small
FCR features 10 10 18 25
Group 2/3 - large
FCR features 7 19 25 44
Burned Rock
Middens 1 0 8 3

Finally, Figure 12-21 considers patterning in non-rock ther-
mal features through time using the procedures outlined pre-
viously for Figures 12-12 and 12-13. There is a gradual in-
crease through time, with a dramatic jump in the number of
such features late in time. This pattern may well be related to
the introduction of ceramics allowing direct fire cooking of a
variety of foods.

Summary of Regional Features

Data compiled from a literature review of excavated sites in
Central and South Texas suggest increased importance on
burned rock features from the Middle Late Archaic through
the Terminal Late Prehistoric and could indicate increased

use of plants in the diet. While the number of recorded fea-
tures rises with each subsequent time period, the area covered
by burned rock features shows a different trend. The Termi-
nal Late Archaic features were larger than those from any
other component though there were fewer of them. This jump
may be explained by the absence of burned rock midden in
this component in the literature and the use of Group 2/3 fea-
tures for similar purposes.

Feature Study at 41KM69

Forty-six thermal features, all burned rock features, were
identified during two phases of excavations conducted by
CAR. These were identified during hand excavations of test
units and larger blocks and during monitoring of Gradall
stripping of the upper and lower terraces between the excava-
tion blocks. Table 12-10 shows the number and total area of
features recorded per excavation area and component. Areas
1-4 were blocks excavated by hand. Upper and Lower Ter-
races refer only to the location of those features that were
identified during Gradall monitoring, though the block exca-
vations also occurred on these terraces.

Individual analysis of the 41KM69 burned rock from forty-
two features was conducted. Some of the larger burned rock
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Figure 12-21. Number of thermal features lacking rock per year for 100 m’ of excavated area at the

component level.
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Table 12-10. Area and Number of Recorded Burned Rock Features within each Component at 41KM69

Areas Excavated Feature Data MLA TLA ILP TLP Grand Total
Feature area m? 0.475 0.471 0.946
Area 1 (42 m?)
# of Features 3 1 4
Feature arca m? 0.529 0.173 0.3 1.001
Area 2 (31 m?)
# of Features 4 1 2 7
Feature area m? 0.449 0.449
Area 3 (66 m?)
# of Features 5 5
Feature arca m? 0.198 1.048 1.28 2.525
Area4 (42 m?)
# of Features 1 2 5 8
Feature area m? 0.136 0.294 0.43
Lower Terrace (105 m?)
# of Features 1 2 3
Feature arca m? 0.899 0.561 10.225 5.021 16.706
Upper Terrace (525 m?)
# of Features 4 4 6 5 19
Total sum of feature area 2.236 1.782 11.953 6.087 22.058
Total number of features 13 7 16 10 46

Table 12-11. Number of Features per Excavated Space in each Component at 41KM69

Excavation Block MLA TLA ILP TLP
Excavated Area 745 661 738 714
Number of Rock Features 13 7 16 10

Area of Rock Features 2.236 1.782 11.953 6.087
Period Length (Years) 900 350 550 300

scatter features were not excavated during Gradall scraping.
This explains the discrepancy between the burned rock mea-
surements of 42 features and the 46 features recorded in the
field. The individual rock analysis includes counts, weights,
and measurements of each rock greater than one inch at the
axis of greatest length for 42 features. After these measure-
ments were made, some of these rocks were sent for residue
analysis as discussed previously.

Table 12-11 provides a synthesis of feature data comparable to
that compiled for other sites in the study area. It is important to
note that all of thermal features at 41KM69 were also burned
rock features. The same trend is apparent at 41KM69 as for the
general region. The number of burned rock features increase
through time (Figure 12-22). However, at 41KM69 there were
no large Terminal Late Archaic burned rock features recorded,
so at this site, feature size increases through time rather than
peaking during the Terminal Late Archaic. Instead, the Initial
and Terminal Late Prehistoric feature areas are nearly identi-
cal, despite excluding the burned rock middens from this data-
set (Figure 12-23). Features used during the Initial Late Prehis-
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toric were slightly larger than those used during the Terminal
Late Prehistoric at 41KM69 (Table 12-12).

Summary

Feature data are surprisingly under reported in the literature,
a fact that clearly hampered the comparative efforts. In ad-
dition, interpretations, as well as the development of the
typology as such, are complicated by feature reuse. Reuse
of burned rock features, whether at the level of burned rock
middens or smaller features such as Feature 3 on 41KM69,
will generate both increased rock weight as well as features
with larger areas. While it is possible to recognize reuse by
focusing on rock size data, the pattern complicates any facile
interpretation.

The feature typology generated with the 41KM69 data set
focused on weight. The initial idea was that different rock
weights would generate different thermal ranges, and that
these ranges may be designed for processing different types
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Table 12-12. Summary Data from Burned Rock Features at 41KM69

MLA TLA ILP TLP
Group 1 - small FCR Features 8 6 6 4
Group 2/3 - large FCR features 3 1 6 4

of plants. Small features (our Group 1 type) seem well suited
for a variety of low starch plants, as well as animals if meat
packages were small, and heavier, larger features (Group 2/3),
as well as the burned rock midden at the site (Feature 1), were
probably associated with longer-term processing necessitated
by higher starch plants. These suggested uses were further
investigated through comparison of flotation results for these
feature groups, as well as lipid residue analysis though nei-
ther were overly supportive due to the small samples.

Rock from four burned rock features, one from each compo-
nent, underwent lipid residue analysis. Each sample returned
plant residues except the Terminal Late Prehistoric Feature
82, which is a Group 1 feature. This feature was found to
have residues consistent with large herbivores.

The botanical remains identified at 41KM69 were interesting
in their rarity at open-air sites in Central Texas but did not
serve to support the feature typology. Only six of the typed
features had identifiable, edible remains. The four Group 1
features from the Middle Late Archaic, the Terminal Late Ar-
chaic, and the Initial Late Prehistoric contained pecan and
wintergrass seeds. The two Group 2/3 features were both
from the Initial Late Prehistoric and contained acorn and pe-
can. None of the Terminal Late Prehistoric features contained
edible plant remains.

The literature review of features produced several interest-
ing trends, including a consistent increase through time in
both the number of burned rock features and the number of
non-burned rock thermal features. The trend in the number of
non-rock thermal features was especially pronounced in the
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Terminal Late Prehistoric. The trend seen in these data sets
was also present in the feature area data with the exception
of the Terminal Late Archaic period. Though few in number,
burned rock features during this period are significantly larg-
er than other periods. Interestingly, no burned rock middens
were noted for the Terminal Late Archaic in the comparative
data set, suggesting the possibility that these larger features
may be playing the same role as burned rock middens in oth-
er time periods.

Examined with the same analysis, features at 41KM69
showed similar trends in the number of burned rock features
across time as the comparative data. However, the data do not
show an increase in burned rock feature area during the Ter-
minal Late Archaic. The trend seems to occur during the Ini-
tial Late Prehistoric instead, when fewer features have a total
area equal to greater numbers of Terminal Late Prehistoric
features. Additionally, all the thermal features at 41KM69
contained burned rock. At 41KM69 as across the region, the
size and number of burned rock features suggest increasing
use of plants in the diet of hunter-gatherers from the Middle
Late Archaic through the Terminal Late Prehistoric.

Note that burned rock middens were not successfully inte-
grated into the discussion. As a group, these features have a
high frequency of reuse, and are not completely excavated
making area comparisons impossible. Nevertheless, this fea-
ture type is common in the Initial Late Prehistoric Period. To
the degree that the general trends in thermal features outlined
here will ultimately serve as a proxy for plant dependence,
the importance of plants in the Initial Late Prehistoric is un-
derestimated by these trends.
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Chapter 13: Assessing Technological Organization and Change
Jennifer L. Thompson, Raymond P. Mauldin, Steve A. Tomka, and Eric Oksanen

In our general hunter-gatherer model presented in Chapter
8, we argued that changes in the relative density of bison
within the area exploited by hunter-gatherers could signifi-
cantly affect not only diet breadth but also tool design and the
organization of tool manufacture and repair strategies. Spe-
cifically, we suggest that possible decreases in bison avail-
ability, a restricted spatial distribution, and increasing fluc-
tuations in bison availability, especially during the Terminal
Late Prehistoric, may have resulted in the intensification of
bison procurement. A shift to a tool kit that was more spe-
cialized, and consequently more expensive to produce and
maintain, may have been part of this intensification process.
In contrast, we expect that more generalized tools that are
less energy intensive to manufacture (i.e., flakes with suitable
working edges) would have been favored by hunter-gatherers
during the Middle and Terminal Late Archaic as processing
requirements were not temporally restricted, did not occur in
bulk, and were dictated more by day-to-day needs. While it is
likely that both specialized and generalized tools would have
been present in any given system, it is our expectation that
the increased costs associated with the production of special-
ized tools would tend to favor their use in situations where
the intensified exploitation of high-ranked resources was
the primary focus of activities. This would especially be the
case if an important component of annual subsistence relied
on resources that were declining in number, were becoming
restricted spatially, and had high year-to-year fluctuations.
Under these conditions, there is a pressure on hunters and
gatherers to acquire large quantities of that resource during
the period of availability (see Bamforth and Bleed 1997). In
contrast, the day-to-day acquisition of resources within a for-
ager system does not lead to intensive energy expenditures
since some resources are procured each day and a failed hunt-
ing or collecting trip can easily turn into a successful one the
next day.

As outcomes of these suggestions, we would expect to find
fewer tools with high manufacture costs and little evidence
of what some have termed gearing up (see Binford 1977,
1979; Bleed 1986) in assemblages dating to the Middle and
Late Archaic. This should shift slightly during the Initial Late
Prehistoric as bison numbers decline and bison are restricted
spatially. A significant portion of the tool kits associated with
Terminal Late Prehistoric hunter-gatherers should consist of
forms that have high manufacture costs as fluctuations in bi-
son populations become common. In addition, signs of gear-
ing up should be more prevalent in Terminal Late Prehistoric
assemblages compared to preceding components.
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Categorizing Tools according to
Manufacturing Costs

To investigate the assumed relationship between tool design
(i.e., energy expended in the manufacture of a tool) and the
changes in bison population densities, the Senior Lithic Ana-
lyst scanned selected lithic assemblages and categorized each
identified tool according to the level of energy that has been
expended for its manufacture and added them to an existing
database. The making of lithic tools is a reductive activity
that leaves evidence of the amount of effort that a knapper
invested in the manufacture process. Specifically, the area
covered by retouch (i.e., flake removals) present on a tool
can serve as a proxy for the level of effort expended in the
manufacture of tools. Here, manufacturing costs are only
those aspects of tool making that include the percussion and/
or pressure flaking of a piece of raw material into a finished
product. That is, the costs of raw material procurement are
not part of the consideration. In addition, we recognize that
the stone portion of the tool often represents only one ele-
ment of a compound tool. Ethnographic studies indicated that
the perishable portion of a compound tool is often the most
expensive portion. Nonetheless, we assume that under cir-
cumstances when tools are manufactured anew rather than
reworked from recycled specimens, there is a correlation be-
tween the level of effort expended in overall tool manufac-
ture and the level of effort that is used in the manufacture of
the stone portion of the tool.

Accepting this assumption, and given the relationship be-
tween the manufacture costs (i.e., generalized versus special-
ized tools) and resource procurement strategies (i.e., residen-
tial versus logistical foragers), we feel assemblages in terms
of stone tool manufacture costs can be a productive research
avenue to identify and differentiate technological organiza-
tion and resource procurement strategies. Specifically, we ex-
pected that during the Late Archaic, when resource procure-
ment occurs on a day-to-day basis, tool manufacture costs on
average would be low given a heavy reliance on generalized
tools and decreased likelihood of curated specimens. Dur-
ing the Initial Late Archaic, this pattern should shift to one
where tools that are more specialized are increasingly com-
mon. By the Terminal Late Prehistoric, when we have argued
that hunters and gatherers may have procured bison through
logistical mobility, and bison populations were increasingly
variable from year to year, the primary emphasis would have
been on the manufacture of specialized tools.
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We assume here that within any tool kit employed by hunter-
gatherers, there may be functionally specific forms (i.e., pro-
jectile points) that may not fit these general expectations since
manufacture costs are conditioned by the degree of depen-
dence of the tool user upon the specific tool (Tomka 2001).
That is, even within residentially mobile foragers, some of
the tools employed will be costly to manufacture because of
the high degree of dependence on this tool to carry out tasks
in an efficient and effective manner. However, at the level of
the entire assemblage, when we compare Late Archaic, Initial
Late Prehistoric, and Terminal Late Prehistoric assemblages,
we expected to find the patterns in tool manufacture costs
outlined above.

Methods

Relying on these assumptions and expectations, the analyst
categorized stone tools from selected assemblages into one
of five manufacture cost categories. From the least energy
expensive to the most expensive these categories are: 1) uti-
lized flakes; 2) marginally retouched items; 3) unifacially
retouched specimens; 4) bifacially retouched forms; and 5)
unifacially and bifacially retouched items with haft elements.
This classification scheme assumes that as the number of
faces being retouched increases, the energy expended during
tool manufacture also increases. As mentioned above, costs
associated with the construction of the haft element add to the
overall manufacture costs of a compound tool ™",

The quantification of manufacture costs depends on compar-
ing the proportions of tools found within each of the five cat-
egories mentioned above. One of these categories, utilized
flakes, is often under-reported in archeological collections.
To address this potential effect on the sample, we selected
a random sample of 500 flakes from each target assemblage
and scanned these specimens for macroscopic or low-power
microscopic evidence of use wear. We used macroscopic pat-
terns of use wear defined by Tringham et al. (1974) to classify
the tools into the task-specific categories (i.e., cutting, scrap-
ing, graving, and perforating). The task-specific data was
used to quantify the relative contribution of specialized ver-
sus generalized tools to individual assemblages (see Chapter
16: Investigating Changes in Mobility).

Items that we could not classify into functional categories
based on macroscopic use wear were subjected to low pow-
ered micro-wear analysis at 50-80-times magnification to
discern the utilized edge and the manner of use or the task
performed with the tool. Items that were still not classified
into a functional category were excluded. Once we quantified
the total number of use-modified tools and their associated
tasks, we estimated the total number of specimens within the
collection by dividing the total number of debitage from the
component/site by the count in each class.
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All other specimens categorized as miscellaneous bifaces,
unifaces, and formal tools in previous analyses of the se-
lected assemblages were classified into functional categories
when possible using the criteria outlined above. Next, each
tool was assigned to one of the five manufacture cost groups
dependent on the degree of retouch that went into their man-
ufacture. The data was entered into contingency tables and
inter-assemblage comparisons made using standard statisti-
cal techniques (i.e., residual analysis).

Results of Manufacturing Cost Analysis

We expected that as bison densities decrease, hunter-gather-
ers might have chosen to intensify their procurement by using
specialized tools. If this were the case, then such behavior
would have left a pattern in the archaeological record. Few-
er specialized tools should have been made during the Late
Archaic and greater numbers of specialized tools during the
Terminal Late Prehistoric Toyah interval.

Table 13-1 lists the 41KM69 tool assemblage by manufactur-
ing cost. The utilized flakes are combined with the marginal
retouched flakes in this discussion to form an inexpensive
tool group but are left separate in the table. In each analytical
unit but the Terminal Late Prehistoric, bifaces were the most
common cost category. Bifaces make up the highest percent-
age of the MLA tool collection with 49 percent. Combined,
the inexpensive tools (marginally retouched flakes and the
utilized flakes) are next at 28 percent followed by hafted
tools at 23 percent. There are no unifacially flaked tools in
the MLA analytical unit. Bifaces are also the most common
tool type of the Terminal Late Archaic at 45 percent, followed
by hafted tools (25.5 percent), retouched/utilized flakes (18
percent) and unifacially retouched tools (11.3 percent). The
Initial Late Prehistoric analytical unit has the same trend at
the MLA with bifacially retouched tools most common at
54 percent followed by marginally retouched/utilized flakes
(21.5 percent), hafted tools (15.8 percent) and unifacially
flaked tools (8.86 percent). Finally, in the Terminal Late
Prehistoric, we see a different trend. Hafted tools were most
common in the TLP likely because of the hafting elements as-
sociated with the large scrapers that contributed to this group.
Bifacially flaked tools and unifacially flaked tools each com-
prised 19 percent of the TLP analytical unit and marginally
retouched/utilized flakes made up 14 percent.

Percentages of expensive tools (unifaces, bifaces, and hafted
tools) from each component are charted in Figure 13-1. We
expected the greatest use of specialized, expensive tools dur-
ing the TLP and the greatest use of expedient, inexpensive
tools during the Middle Late Archaic. While the TLP and the
MLA percentages are as expected, the TLA and the ILP per-
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Table 13-1. Manufacturing Cost Categories of Chipped Stone Tools
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Figure 13-1. The percent of expensive tools vs. inexpensive tools per component at 41KM69.
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centages are not. These time periods show a reversed trend
where a higher percentage of expensive tools are present in
the TLA than in the ILP.

Figure 13-2 shows a breakdown of the percentages of tool
cost categories for each component at 41KM69. When rank-
ing the percentages of each of the five cost groups, our expec-
tations hold for the TLP. This period has the highest percent-
age of hafted tools and the lowest percentage of flake tools. In
the Initial Late Prehistoric, we would expect larger numbers
of specialized tools than in the Late Archaic periods but less
than in the Terminal Late Prehistoric. Though the Initial Late
Prehistoric has the lowest percentage of hafted tools of all the
analytical units, it has the highest percentage of bifaces from
any time period. Overall, we clearly see a trend from general
to specialized tools across the analytical units at 41KM69
with the greatest use of flake tools in the MLA and greatest
use of hafted tools in the TLP, though the trend wavers during
the middle of the time span under consideration.

Regional Comparison

The trends identified at the site level above were compared
to the same data for the larger study area. The regional analy-
sis included tools classified according to manufacturing cost

from a sample of fifteen components on 10 comparative sites
and 41KM69 (Table 13-2). Six components were added to
the database, which already included thirteen components
from other studies.

Comparative sites were chosen based on the descriptions of
components found in literature reviews. Only collections
housed at CAR were selected due to logistical ease and to
keep down costs of the analyses. Nine components from sites
included in the research design were dropped after closer
examination of the available data. For example, 41UV68
(2 components) was originally included but, the collection
housed at CAR was from an earlier excavation that produced
a limited number of artifacts. Artifacts from subsequent work
at the site, which were meant for incorporation in this study,
are housed at TARL. The TLP component from 41BX228
was dropped because the reported proveniences are not spe-
cific enough to locate the analytical units needed for this
study among the curated boxes. The same is true for the
MLA and TLP components of 41BX300. Two components
from 41ED28 (MLA and TLA) and one component from
41MV120 (TLA) were dropped due to the poor integrity of
these assemblages. We were unable to differentiate the Late
Archaic analytical units as first thought.
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Figure 13-2. The percent of tool cost categories per component at 41KM69.
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Table 13-2. Sites and Components for Manufacturing Cost Tool Study

Components Examined during Current Study
41BN33 TLA ILP TLP
41BX300 TLA
41ED28 TLP
41MV120 MLA
Components Used from Previous Studies
41MM341 (AU1) ILP
41MM341 (AU2) ILP
41JW8 TLP
41LK67 TLP
41MC296 MLA ILP TLP
41MM340 (AU2) MLA
41LK201 TLP
41KM69 MLA TLA ILP TLP

Table 13-3 lists all 19 components reviewed and has 14 col-
umns. Specifically, the columns are 1) component 2) tempo-
ral period (i.e. Middle Late Archaic- MLA; Terminal Late
Archaic- TLA; Initial Late Prehistoric-ILP; Terminal Late
Prehistoric-TLP), 3) the debitage count for the component,
4) the number of debitage reviewed, 5) the percent of the total
debitage reviewed, 6) the number of utilized flakes seen in
that review, 7) the estimated number of new utilized flakes
present in the assemblage (based on the percent sampled, the
number of new utilized flakes, and the total debitage counts),
8) the number of utilized flakes observed in the tools, 9) the
total number of utilized flakes (estimated new flakes and
observed flakes), 10) the number of marginally retouched
flakes, 11) the number of unifaces, 12) the number of bifaces,
13) the number of expensive and hafted items, and 14) the
total number of tools.

Table 13-3 shows that on 19 components, a sample of deb-
itage ranging between a low of 437 and a high of 837 items
was scanned for the presence of utilized flakes. The aver-
age sample size reviewed for the 15 components (excluding
41KM69) was 534, which exceeds the target of 500 per com-
ponent. The debitage sample in this spreadsheet represents a
random sample of between 73.38 and 2.44 percent that was
drawn using functions in Excel. The sample operated at the
bag level using lot numbers rather than the level of the indi-
vidual artifact. Consequently, depending on the number of
items in a given bag and on which bag was randomly se-
lected, some variability in numbers were produced, In addi-
tion, note that in a small number of cases, items assigned as
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debitage were, in fact, burned rock or other items. While this
was not frequent, most components had at least a few items
that were not debitage.

We assumed that utilized flakes would be the tool type most
likely overlooked during analysis. We were able to estimate
the number of utilized flakes overlooked (Column 7) by us-
ing the debitage sample size reviewed (Column 4), the num-
ber of utilized flakes discovered in the sample (Column 6),
and the total number of debitage in a component (Column
3). These estimates were added to the utilized items identi-
fied in the tool assemblages (Column 9). Utilized flakes were
not commonly overlooked in most assemblages. Only a sin-
gle utilized flake was found in four components. However,
given the small percentages of debitage reviewed in most
cases, the discovery of a single flake resulted in an estimated
increase of between 3 and 26 utilized flakes at an assemblage
level (Column 7).

Columns 10-14 contain data on five tool categories defined
by level of investment. From the least expensive to the most
expensive, these are utilized flakes, marginally retouched
flakes, unifacially retouched items, bifacially retouched
items, and hafted/highly specialized items. In practice, the
distinction between the two least “expensive” tool categories
(utilized flakes and retouched flakes) proved difficult to make
in many cases. That is, while the classification on a given tool
as not belonging to either a facially retouched or hafted area
was relatively easy, deciding how much damage (e.g., depth



Chapter Thirteen: Assessing Technological Organization and Change

Testing and Data Recovery at 41KM69

Table 13-3. Manufacturing Cost Categories of Comparative Chipped Stone Tools
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of flake scars) to an edge was necessary to qualify as “re-
touched” proved difficult. Note also that in a significant num-
ber of cases, earlier analysts identified items as being used
or retouched that we felt were not tools. While we did not
change those earlier designations, we did not include these
items in our tool summaries presented in the table.

In a small number of cases, projectile points (placed in the
“hafted tool/ specialized” class), found in a component, dated
either earlier or later than that component. In cases where
points dated earlier or later and when that earlier or later

component was present in our sample, the points were simply
counted in the time period where it was thought to have been
produced. When earlier or later components at a site were not
among the components in our initial sample, we simply did
not count the item.

We would expect regional trends in the cost analysis of tool
production to vary with bison densities. Therefore, we expect
greater numbers of specialized tools when bison are scarce
in the Terminal Late Prehistoric than in the Middle Late Ar-
chaic when bison are more abundant. Taken as a percentage
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of total tools per analytical unit, the most common tools dur-
ing the MLA were utilized flakes (35 percent) followed by
bifacial tools (30 percent), marginally retouched flakes (16
percent), hafted tools (16 percent), and unifacial tools (3 per-
cent). Bifacial tools are most common in the combined TLP
assemblages (44 percent), followed by hafted tools (24 per-
cent), marginally retouched tools (16 percent), unifacial tools
(9 percent) and, utilized flakes (7 percent). The ILP trends are
similar to the MLA and the TLP is closest to the predicted
outcome. Here, the greatest percentage of tools is bifaces (32
percent) followed by hafted tools (27 percent), marginal re-
touch tools (21 percent), utilized flakes (13 percent) and uni-
facial tools (8 percent).

Grouping the tools by specialized and expedient groups the
trend shows a near 50/50 split during the MLA, becom-
ing more specialized during the TLA before falling back to
an even split in the ILP (Figure 13-3). The TLP shows the
most specialized toolkit of all the analytical units. As with
41KM69, the overall trend is as expected as the toolkit be-
comes more specialized through time, with the exception of
the ILP.

Documenting Gearing Up

Gearing up represents the manufacture of large numbers of
artifacts in anticipation of future need. Because the artifacts
manufactured are used in bulk procurement activities and
they are made to reduce in-field manufacture needs, usually

gearing up involves the making of large numbers of tools.
Most importantly, the number of tools made is in response
to anticipated needs and failure rates rather than ongoing
needs for tool replacement. Tools manufactured for gearing
up (i.e., future need) contrast with tools manufactured for on-
demand replacement of failed tools. On-demand replacement
involves the manufacture of replacement specimens at the lo-
cation where the tool failed and immediately reintroduces a
needed implement into the systemic context. As a result, the
manufacture of on-demand replacement tools results in the
production of one replacement tool for each use-failed tool. A
successful tool manufacture process will terminate in the pro-
duction of a complete functional specimen that will replace
the use-failed component of the compound tool.

Figure 13-4 presents an example of these anticipated patterns.
The gearing-up locations are in red, while the on-demand re-
placement locations are in blue. Locations at which hunters
and gatherers manufactured tools for anticipated needs (gear-
ing-up locations in Figure 13-4- upper left) will have a higher
percentage of manufacture-failed items than use failed items.
At the location where the activities are conducted (activity
locations in Figure 13-4- lower right), conversely, few manu-
facturing failures will be present, and use-failed items should
dominate the assemblages. The on-demand replacement strat-
egy, conversely, should produce roughly similar percentages
of use-failed items relative to tools that had manufacturing
failures and fall in the center of the graph. The location of the
dividing lines between the various sections of the graph will
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Figure 13-3. Percentage of expensive tools per component across the comparative

sites and 41KM69.
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Figure 13-4. Proposed relationship between breakage patterns and tool production (on-

demand vs. gearing-up) strategies.

depend on a variety of factors (e.g., failure rates, production
trajectories, activity levels). Though we cannot account for
all these factors and we realize that gearing up and replace-
ment activities occurred throughout all the periods, the model
may still be useful for identifying broad trends.

Given the differences in manufacture rates between gearing-

up and on-demand tool replacement, we suggest that com-
parisons of failure rates (i.e., manufacture versus use) within
functionally specific tool classes can be used to identify gear-
ing up. We expect that during the Middle and Terminal Late
Archaic, when resource procurement was more consistently
organized on a day-to-day basis, tool failure and tool manu-
facture for on-demand replacement will result in roughly
similar ratios of manufacture-failed to use-failed specimens
within functionally specific groups (i.e., use and manufac-
ture broken unifaces, knives, etc). That is, they should fall
in the blue region of Figure 13-4. We expect that during the
Initial Late Prehistoric, this pattern would begin to shift as
bison availability declined. During the Terminal Late Prehis-
toric period, the emphasis will be on tool manufacture for
future use resulting in higher ratios of manufacture-failed to
use-failed specimens within functionally specific groups (i.e.,
use- and manufacture-broken unifaces, knives, etc.) at some
locations, and high ratios of use-failed items at other loca-
tions. Terminal Late Prehistoric assemblages should fall in
the red portions of the graph.
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Methods

To search for the presence of gearing up in the prehistoric as-
semblages, we identified use-broken from manufacture-failed
specimens in each functional category. Our identifications of
the causes of failure were based on comparative specimens
and descriptions of the break morphologies of experimen-
tally broken items (Callahan 1979; Crabtree 1972; Johnson
1979, 1981; Muto 1971; Tomka 1986). Failure cause is de-
fined within functionally specific formal tool categories (i.e.,
expensive to manufacture) to allow the identification of what
aspect of the tool kits is responding to gearing up require-
ments. Because only specific resources would be targeted for
bulk procurement during limited periods of availability, it is
possible that only the tools associated with the procurement
and processing of these resources will be manufactured in
advance of actual need. We use contingency tables and bi-
variate plots to analyze these data. This data is from the same
comparative study area outlined in Figure 9-15 and the four
time periods that are well represented at 41KM69.

Results

Table 13-4 lists time periods (Column 2) at 41KM69, and
the total number of tools reviewed for each component (Col-
umn 3). Non-hafted bifaces, projectile points, and hafted
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Table 13-4. Breakage Causes on 41KM69 Tools
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tools were each assessed for typed of break (manufactur-
ing or use). For each of these three groups, the first column
presents the number of tools broken through use, the second
column lists the number broken during manufacturing, the
third lists those items that did not have breaks, and the fourth
column lists those tools where the cause of the break could
not be determined.

Of the 90 hafted tools examined at 41KM69, half (n=45)
are complete or have indeterminate breakage patterns. The
majority of the complete tools are unifaces from the TLP.
Excluding these from the discussion, most tools across all
analytical units at the site are broken from use and not from
manufacture, though these are extremely small samples. Add-
ing the complete hafted tools to the use category and the in-
determinate breakage numbers to the manufacturing column
also results in more breakage from use than by manufactur-
ing. Use breaks hover around 60 percent in the MLA and ILP,
78 percent in the TLP and 89 percent in the TLA. However,
most of the miscellaneous bifaces which are not hafted have
manufacturing breaks. If this group is added to the hafted
sample, the outcome reverses to 60 percent of the tools in
each analytical unit from MLA through the ILP possessing
manufacturing breaks, which suggests the components from
this time period were used more commonly for tool produc-
tion or gearing up than for tool use. During the TLP we see a
shift when approximately 60 percent of the tools were broken
during use, which suggests these tools came from sites where
tool use was more common than tool manufacture. Never do
breakage patterns from 41 KM69 fall in the extreme upper left
or bottom right of the distribution; rather, they hover around
the center of the graph in the on-demand replacement area
until the TLP when breakage shifts toward the gearing up
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portion of the graph with a 60 percent use failure rate. This
can be seen in Figures 13-5 through 13-8 with the compara-
tive sites discussed in the next section.

Regional Comparison

Using the same components assessed during the tool manu-
facturing cost study, we reviewed 446 tools from 10 Late Ar-
chaic and Late Prehistoric components and added them to the
dataset of 906 tools from 9 other components already exam-
ined from other projects. Table 13-5 lists all 19 components
(Column 1) with the same layout as Table 13-4 above. As
with the 41KMG609 tools collection, tools types were grouped
by breakage (from either manufacture or use). Items with no
breaks were grouped as use breaks and, items with indetermi-
nate breaks were grouped as manufacturing breaks.

Once grouped, items were plotted by time period as a per-
centage of the total tools reviewed. Three of the four MLA
components cluster in the center of the graph near the 50 per-
cent manufacture-failure, 50 percent use-related point. One
component (41MV120) falls in the 80 percent manufacture
failure portion of the graph. The three components in the
TLA distribution all cluster in the center of the graph with
41BX300 falling in the exact middle at the 50/50 break point.
The five ILP components all cluster around the 50-60 percent
manufacture-failed area except 41MC296, which is at 70 per-
cent manufacture-failed. The seven TLP components form
three groups. Three between 56-58 percent manufacture fail
rates, three between 42 and 49 percent manufacture fail rates,
and one (41KM69) at a 63 percent use-fail rate, which is the
highest use-fail component in the comparative collection.
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Figure 13-5. Middle Late Archaic tool breakage patterns across
the comparative study area and 41KM69.
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Figure 13-6. Terminal Late Archaic tool breakage patterns
across the comparative study area and 41KM69.
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Figure 13-7. Initial Late Prehistoric tool breakage patterns
across the comparative study area and 41KM69.

In the “Gearing Up” section of the Technological Organi-
zation study, we predicted on demand replacement of tools
with close to a 50/50 between manufacture and use breakage
patterns during periods when bison were relatively abundant
during the earliest period of study, the MLA, and an increas-
ing pattern of gearing up indicated by higher ratios of the
breakage groups through time, the highest being in the TLP
when bison were relatively scarce. We also recognized that
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Figure 13-8. Terminal Late Prehistoric tool breakage patterns
across the comparative study area and 41KM69.

all patterns should be present to some degree throughout the
study period. The graphs in Figures 13-5 through 13-8 show
most components clustering in the center of the graph at the
50 percent break indicating an on-demand replacement strat-
egy. Few components reach percentages above 60 percent
manufacture failure rates (41MC296-ILP, 41MV120-MLA)
or use failure rates (41BN33-TLA and 41KM69-TLP) which
indicate a trend toward gearing up. In these cases, samples
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Table 13-5. Breakage Causes on Comparative Tools
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41ED28 TLP 99 13 34 5 11 17 5 2 3 7 0 1 1
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41KM69 ILP 107 17 46 12 9 7 0 0 3 4 5 3 1
41KM69 MLA 39 6 13 2 5 2 2 0 1 1 0
41KM69 TLA 73 5 31 2 8 20 2 3 0 0 2 0
41KM69 TLP 38 2 7 1 1 0 1 0 2 0 0 21 3
41LK201 TLP 156 10 60 8 6 12 16 20 3 2 4 14 1
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sizes are all under 10 except at 41KM69, where the sample
size is 38. Despite sample size issues, there is not a pattern
of increased gearing up evident on the comparative sites
through time as predicted.

Summary

This chapter presented the data used to investigate technolog-
ical organization from the Middle Late Archaic through the
Terminal Late Prehistoric and the effects of changing bison
availability at both the site level at 41KM69 and across the
comparative region. The first section of the chapter focused
on the cost of manufacturing tools. The second section exam-
ined tool breakage patterns for evidence of gearing up for fu-
ture need versus on demand replacement. As bison numbers
gradually declined from the Middle Late Archaic through the
Terminal Late Prehistoric, we anticipated an increase in tools
that were expensive to produce and increased evidence of
gearing up for bison hunts “?.

Overall, we see a trend from general to specialized tools
across the analytical units at 41KM69 and across the study
area with the greatest use of flake tools in the Middle Late
Archaic and greatest use of hafted tools in the Terminal Late
Prehistoric, though the trend wavers during the middle of the
time span under consideration, specifically during the Initial
Late Prehistoric. The tool kits from Initial Late Prehistoric
resemble the Middle Late Archaic toolkit.

No clear evidence of gearing up was present in the site spe-
cific or the region breakage data either. Assuming a gradual
decrease in bison from the Middle Late Archaic on, we ex-
pected a trend in breakage patterns from low to high ratios
of use and manufacture-failed tools that would indicate in-
creased gearing up. The site-specific data shows a stable rela-
tionship until the Terminal Late Prehistoric, when an increase
in use-failures occurs. At the regional level, this trend is not
supported. Most components keep a low ratio throughout the
selected time periods.
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Chapter 14: Investigating Changes in Projectile Weapons Technology

Steve A. Tomka and Raymond P. Mauldin

In Chapter 9 we argued that bison populations were slowly
decreasing during the Late Archaic and that even once their
densities began to increase again during the Initial Late Pre-
historic bison populations tended to have a relatively restrict-
ed spatial distribution and increased fluctuation in year-to-
year availability. It is our opinion that these changes in bison
availability set in motion significantly changes in weapons
technology during the Late Archaic and that these changes
culminated in the adoption of bow and arrow technology dur-
ing the Initial Late Prehistoric Period. Below we outline this
argument in greater detail and present the result of projectile
point analyses conducted to investigate trends in weapons
technology as manifested in the archaeological record.

The Characteristics of Principal Prey
Species: Bison, Antelope, and Deer

Bison are large animals. They are reasonably slow to fright-
en, are unlikely to react by rapid flight, and have a slow initial
speed. Bulls range from 1,600 to 2,200 lbs (727-1,000 kg),
while cows weigh 700-900 Ibs (318-409 kg). These animals
have well-developed senses of smell and hearing that they
use to detect approaching threats (McHugh 1972:148-149).
While they can detect objects in motion from a distance, bi-
son have poor eyesight, and camouflaged objects may remain
visually undetected (McHugh 1972:149). Bison are frequent-
ly in herds, with herd size influenced by habitat and weather.
On open plains and during inclement weather buffalo often
form closely bunched groups of several hundred individuals
(McHugh 1972:153-154).

Thick hides protect the bodies of bison, and a massive rib
cage offers added protection to vital organs. Measurements
of a sample of five sub-adult bison ribs from the CAR com-
parative faunal collection show that near the proximal articu-
lar end, at the middle, and near their distal ends, they have
a mean thickness of 13.1, 13.9, and 13.5 mm, respectively.
In addition to being quite thick, these ribs are also relatively
wide measuring 20.4, 24.8, and 24.52 mm at the 3 respective
locations along the rib.

Antelope and deer are medium-sized mammals with rapid
flight response and great initial speed. Antelope bucks weigh
between 90-125 lbs (41-57 kg), while females seldom exceed
90 Ibs (41kg). Deer bucks range between 70-200 lbs (32-
91 kg), while does are between 60-90 lbs (27-41kg). While
deer depend on hearing and smell to detect danger (Hiller
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1996:32-39), antelope have excellent eyesight that can detect
approaching threats from long distances on the open prairie
(O’Connor 1961:69-70). Both species have the ability to re-
act to danger instantaneously, with a frightened deer or ante-
lope able to pick up speeds of 30-35 miles an hour in a matter
of seconds (Hiller 1996:32; O’Connor 1961:70). Neither deer
nor antelope have a strong grouping tendency.

Most of the time, deer and antelope are present in small
groups along the forest edge or on the open prairie. Their
bodies are lighter overall and thin skin and more gracile rib
cages protect their vital organs. Measurements of a sample
of eight sub-adult deer ribs from the CAR comparative fau-
nal collection showed that near the proximal articular end,
at the middle and near their distal ends, they have a mean
thickness of 5.25, 3.99, and 3.03 mm, respectively. A sample
of nine sub-adult antelope ribs had the following thickness at
the same loci: 5.07, 4.23, and 2.51 mm. In addition to being
quite thin, the ribs of these animals are narrow. For deer, we
recorded means of 8.2, 10.6, and 14.1 mm at the 3 respec-
tive locations. For antelope, the means were 7.87, 10.02, and
15.5 mm.

The Characteristics of Hunting
Weapons: Atlatl and Bow and Arrow

Atlatl darts generally range in length from 142 (Raymond
1986: Table 2) to 276 cm (Cotterell and Kamminga 1990)
and weigh from 52 to 600 grams (Raymond 1986: Table 2
and Cotterell and Kamminga 1990:168). Replicated darts
propelled by atlatl generally reach initial speeds of 19.4 to 23
meters per second (Bergman et al. 1988: Table 1; Raymond
1986: Table 3). The effective range of the atlatl dart appears
to be between 30-50 yards (Churchill 1993: Table 1.4; Cot-
terell and Kamminga 1990:161-175). The kinetic energy of
darts at impact tends to be relatively high (15.43 joules for a
70 gram dart), due primarily to the weight of the dart.

The dimensions of arrows tend to conform to draw-length of
the individual hunter but tend to range from 53 (21 inches) to
96 cm (38 inches; Van Buren 1975: Table 1) and weigh be-
tween .46 (14 g) to 4 ounces (435 g; Van Buren 1975:84 Table
1). Arrows shot with reproductions of traditional bows reach
flight speeds between 30 to 40 mps (Raymond 1986:Table
5) and even up to 60 mps (Hamm 1989:107; 60# Osage Or-
ange bow). The effective range of the bow and arrow appears
to be around 20-30 yards (Churchill 1993: Table 1.4; Pope
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1918:126), although in some instances, it may reach as much
as 50 yards (Ray 1976; Schambach 1995). The kinetic energy
of arrows at impact tends to be less than that of darts due
primarily to the smaller mass of arrows versus darts. How-
ever, the higher speed of arrows fired from powerful bows
can compensate for lower mass. For instance, a 28-gram ar-
row shot from a 40 lbs bow has a kinetic energy of 12.6 joules
while the same arrow shot from a 50 Ibs English longbow has
a kinetic energy that exceeds that of the 70-gram dart (22.4
joules; Raymond 1986).

While strategy is a critical element in a successful hunt, the
two weapons systems also have some inherent characteris-
tics that provide some advantages and disadvantages to their
users. Christensen (1986:122) identifies several advantages
of bows and arrows. First, the projectile has a higher initial
velocity than the dart. The bow and arrow combination has a
greater accuracy than the atlatl dart due to its higher velocity
and because it is back-sighted. The arrow has a longer effec-
tive range than the dart. The bow and arrow can be easily
employed in wooded areas and cramped situations. A bow
hunter can carry a larger supply of projectiles and arrows and
can fire more rapidly than hunters armed with an atlatl. The
construction of arrows requires less material than the con-
struction of darts. Finally, shooting an arrow affords a greater
degree of concealment that may allow more than one shot at
the prey because it requires less violent movement and ar-
rows can be delivered from a variety of positions.

In contrast, Christensen (1986:122) identifies only three ad-
vantages that may derive from atlatl use. First, it requires
only one hand to operate. Second, it is easier to manufac-
ture and maintain than the bow/arrow. Finally, the darts have
higher impact force than arrows. Two additional factors are
worth mentioning. First, during use, the atlatl experiences
lower levels of mechanical stress and therefore, it is less
likely to fail. Second, once failure occurs, the manufacture of
a replacement atlatl requires less time than the manufacture
of a bow and several arrows using aboriginal tools (Spencer
1974; Mickey Miller, Personal Communication 2006).

Larralde (1990) provides an additional perspective on weap-
ons technology. She divides weapons and projectiles into
three groups based on the manner in which they help immo-
bilize prey: high impact, surgical and low impact weapons.
High impact weapons immobilize prey species through the
impact of heavy and/or multiple projectiles that cause sys-
temic shock and/or the breakage of limbs or joints. Shock
value is derived from projectiles that strike the prey without
opening a wound through the hide or by a combination of nu-
merous high velocity impact wounds that initiate a systemic
shock in the animal. Hunters use surgical weapons to im-
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mobilize game by penetrating their vital organs and arteries.
The projectiles involved are light but are effective when they
injure vital organs. Finally, low-impact weapons immobilize
game by introducing poisons into their bloodstream.

Both arrows and darts can serve as high impact weapons,
since the definition is dependent on prey size. That is, hunt-
ers may use an arrow tipped with a wooden blunt to bring
down effectively a rabbit or squirrel. They may also use a dart
tipped with a blunt to bringing down waterfowl. Blunts have
been consistently found with both dart and arrow mainshafts
(see Guernsey and Kidder 1921: plate 34; Sharrockand Ke-
ane 1962: Figure 12n). This suggests that hunters have used
both weapons to hunt a variety of small prey.

A final consideration related to weapons technology is the
hunting strategies under which the weapons are used. Five
distinct hunting tactics can be identified among hunter-gath-
erers: disadvantage, ambush, approach, pursuit, and encoun-
ter. Disadvantage hunting involves the use of landscape fea-
tures (i.e., lakes, ravines, etc) to prevent or slow the flight
of animals as they are harvested. Ambush hunting involves
the concealment of the hunter and the dispatching of prey as
it passes nearby. Approach hunting involves the stalking of
animals to within weapons range.

Pursuit hunting entails the chasing of a prey until the hunt-
er is sufficiently near it to discharge the weapon. Encoun-
ter hunting represents the taking of prey as the hunter is on
the move. A review of the hunting conditions under which
the two weapons systems are used among historic and ex-
tant hunter-gatherers from throughout the world conducted
by Churchill and Curran (1991) and Churchill (1993) indi-
cates that at least within the number of available cases, atlatl
propelled darts are used on small targets within the context
of encounter hunting (Figure 14-1). However, this pattern
may simply be the result of the absence of large-bodied prey
species within regions where atlatls are used today (see also
Churchill and Curran 1991). In the sample examined, atlatls
were used exclusively in ambush and approach hunting. In-
terestingly, hunters used hand-thrown spears in four hunting
strategies and they were commonly used in disadvantage and
pursuit hunting. In these instances, the spear was used to im-
mobilize medium to large prey (200-350 kg). Hunters use the
bow and arrow in a variety of context and for a broader range
of prey species and body-sizes. However, the mean weight of
the prey against which the bow and arrow was employed was
around 225 kg (Churchill and Curran 1991: Figure 2), indi-
cating that the weapon tended to be used against medium to
large prey. However, it was the hand-thrown spear and thrust-
ing spear that hunters consistently used for the largest and
heaviest of prey.
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Figure 14-1. Relationship between prey body weight, hunting technique, and weapon type.

Based on the characteristics of the weapon systems and prey
species reviewed above, we assume that a correlation exists
between prey size and projectile weight. Other things being
equal, the heavier the prey, the more likely it is that hunt-
ers will use heavy projectiles in an attempt to bring it down.
Other things are not, however, equal. The hunting record (see
Churchill and Curran 1991) and the archaeological evidence
indicates that there are exceptions to this general principle in
that heavy projectiles may, on occasion, be used in hunting
small prey (i.e., blunts on darts and arrows used to immobi-
lize small prey). In addition, hunters may use light projectiles
to bring down heavy prey such as the use of arrows in buf-
falo hunting (McHugh 1972). While the former exception
requires little explanation, the latter is worth considering in
more detail.

Historic hunters have used light arrows fired from bow in
buffalo hunting. During the historic period, the bow and ar-
row was often employed to dispatch animals that were disad-
vantaged and could not flee, and multiple arrows were used
to bring down the target. Other times, while the hunter was in
pursuit of the prey (i.e., mounted hunters), arrows were fired
from close range and with relative precision to damage vital
organs and quickly incapacitate the animal. Again, multiple
arrows were necessary to bring down the animal if the ini-
tial shot missed its target. Approach hunting with camouflage
also was used to insure a closer shot. Better aim and greater
arrow penetration were the advantages of the reduced range.
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Based on the above review of weapon system characteristics,
hunting strategies and ethnographic examination of hunting
practices, it appears that as the body-weight of the prey de-
creases, there is a lessening for the need for close range and
multiple arrows to dispatch the animal. Close range increases
precision in the placement of the projectile but is less neces-
sary as the prey size decreases. It appears that in the small to
medium weight prey classes, it is no longer necessary to dis-
advantage the prey or to place the arrow with surgical preci-
sion because the power of the weapon system and the kinetic
power of the arrow are sufficient to bring down the prey. In
contrast to the speedy and light arrow, the slower but heavier
atlatl dart may be more effective than the arrow. Its increased
effectiveness may derive from its weight. Although a dart
may hit a target slower than an arrow, it will outperform all
but the fastest arrows in terms of kinetic energy when it gets
to the target. Kinetic energy relates to penetration. It deter-
mines how far a projectile will penetrate into the target. Even
more importantly, because the penetration of a solid object
depends on the momentum of the projectile rather than its
kinetic energy, the heavier dart will be superior in terms of
momentum when compared to the arrow.

Having provided these generalizations, how can we assess
whether the arguments put forth have any support in real-life
conditions? To answer this question the author turned to the
bow hunting literature since the hunting of deer and smaller
bodied prey species has a long tradition in modern American.
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As the power of bows increased through the use of modern
technology, bow hunting has been extended to the hunting
of large and very large game animals such as grizzly bear
and elk in North American and cape buffalo and other large
game in parts of Africa. The hunting of these very large prey
species has brought into focus the weaponry requirements
necessary to effectively harvest very large game versus the
medium prey species traditionally hunted with bows and ar-
rows. Specifically, based on the effectiveness of bow hunting
prey of different sizes with modern compounds bows, recom-
mended limits have been defined in terms of arrow momen-
tum for small to very large game species. While a number of
factors affect weapon lethality (including kinetic energy, and
projectile sectional density), the momentum of the projectile
is one of the principal factors that affects projectile penetra-
tion into the body cavity and therefore the likelihood that the
animal will be mortally wounded.

Table 14-1 shows the ranges of arrow momentum by game
animal size category recommended to effectively bring down
a target. It is evident that very large prey species are mor-
tally wounded with arrows that deliver 65 foot pounds or
more of momentum while medium sized prey can be effec-
tively brought down by arrows that deliver significantly less
momentum. Momentum is the product of arrow speed and
mass with mass being calculated by dividing the projectile’s
weight by a gravitational constant (32.2). While these ranges
in projectile momentum have been defined for bow hunting,
they should be equally valid for other weapon systems, such
as the atlatl propelled dart. More importantly, they may be
used as yardstick of the effectiveness of traditional weapon
systems in harvesting distinct prey species.

Surveys of Native American bows and arrows by Mason
(1894), Pope (1923), Hamilton (1982) and others, coupled
with experiments using reproductions of prehistoric bows,
and experimentation with atlatl and dart replicas (Hill 1948;
Hutchings and Biichert 1997) allow us to define the general
characteristics of traditional bows and arrow weapons and
the atlatls and darts. These characteristics are summarized
by several authors including Raymond (1986), Miller et
al. (1986), Bergman et al. (1988), Cotterell and Kamminga
(1990), Van Buren (1975), Hill (1948), and Hutchings and
Biichert (1997). Even more importantly, in a few instances,

Table 14-1. Recommended Arrow Performance
by Game Animal Size

Size of Game Momentum (slug feet/sec)*
Small <24
Medium .25-.45
Large 46-.56

*http://www.eastonarchery.com/store/kinetic_calculator
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these surveys and experiments provide key data allowing us
to calculate the momentum of arrows compared to dart repli-
cas. Even more importantly, in a few instances, these surveys
and experiments provide key data to allow us calculate the
momentum of arrows versus replicas of atlatl darts. Table
14-2 contrasts the momentum of selected arrows and darts.
The three arrows shown in the table are fired by traditional
Apache and Sioux bows and a replica of the Mounds Plan-
tation bow recovered in Louisiana (Webb and McKinney
1975:104-105; Schambach 1995:16-17). The replica long
bow pulls 70 lbs at full draw and represent one of the most
powerful prehistoric bows on record. Data for the faster of
the two darts derives from experiments conducted by Hutch-
ings (Hutchings and Biichert 1997) while the momentum
of the slower dart is calculated based on dart velocities re-
ported in the literature (Raymond 1986:Table 3; Miller et al.,
1986:Figure 1). The calculations show that significant dif-
ferences exist in the momentum of arrows and darts 30-me-
ters down range, the generally reported effective range of
these weapons.

Table 14-2. Momentum Values for Bow/Arrow and

Atlatl/Dart Weaponry
‘Weapon Momentum
Sioux Bow/Arrow 0.1830
Apache Bow/Arrow 0.2448
Mound Plantation Bow/Arrow 0.5000
Slowest Experimental Atlatl/Dart 1.4044
Fastest Atlatl/Dart 2.2521

*Momentum figures calculated from data presented in Hutchings and Buchert 1999

Comparing these momentum values with the recommended
ranges in momentum for prey species of distinct size, it is no-
table that the 28-30 gram arrows fired from traditional bows
do not have the minimum momentum to serve as effective
projectiles against very large prey. Only a 50-gram arrow
shot from the very powerful Mound Plantation bow replica,
has the momentum to be effective against large game. The
50-gram arrow is nearly twice the weight of traditional ar-
rows recorded by Pope (i.e., Apache, Osage, Cree, Cheyenne,
Blackfoot, Sioux, and Tomawata), and the bow replica is sig-
nificantly more powerful than the typical traditional bows
described by Pope and others. It is unlikely therefore, that
traditional bows shooting traditional arrows would generate
momentum figures near or just above those of the Apache and
Sioux arrows. In contrast, the atlatl-propelled dart retains
sufficient momentum to effectively penetrate the body cavity
of very large prey even when launched at a relatively slow
speed of 21 m/sec.

Based on these observations, we suggest that the Atlatl/Dart
system with its slower flying but heavier projectile is well
suited to the hunting of large and very large game species.
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In contrast, the bow and arrow with it lighter but faster pro-
jectile is best suited for hunting medium and small game. In
addition to adequate penetration of medium prey species, the
higher speed of arrows compensates for the increased reac-
tion speeds of species such as pronghorn antelope and deer.
These species react instantaneously to the sound of the bow-
string that travels at about 1100 feet per second, much faster
than the speed of the arrow (approx., 120-150 ft/sec). Projec-
tile speed is less critical with the slower moving large bodied,
and slower to react prey such as bison.

A Model of Weapons Change

In constructing a model of change in projectile point tech-
nology throughout the Late Archaic and Late Prehistoric
periods, based on the previous characterizations, we begin
with the assumption that the atlatl/dart weapons system was
well adapted to the hunting of the larger bodied bison pres-
ent during the Late Archaic. As bison densities decrease over
time, we expect a more frequent reliance on the next lower
ranked prey species, deer and antelope. However, given the
characteristics of the atlatl/dart, this weapons system would
not have been ideal for the medium sized prey. The smaller
and faster deer and antelope required a faster projectile to
compensate for their rapid reactions.

One technological change that could improve flight speed
would be decreased weight. While decreasing projectile
point weight decreases the weight of the overall projectile,
the gains may be relatively small. The weight of a projectile
point typically constitutes a small part of the overall weight of
the projectile. A greater decrease in the overall weight of the
projectile would be achieved by decreasing the weight of the
shaft. The most effective strategy, of course, would be to de-
crease the weight of both the shaft and of the projectile point.
Hunters can achieve decreased shaft weight through at least
two design strategies or combinations thereof: 1) employing
lighter materials (i.e., replacing a hard wood shaft with a cane
shaft), and 2) decreasing the diameter of the shaft. While de-
creasing the length of the main shaft and complimenting it
with a foreshaft (i.e., mainshaft and foreshaft combinations)
may appear to result in a lighter shaft, measurements car-
ried out by Tomka do not support this. Replicas of foreshafts
made of Roosevelt willow (Baccharis neglecta), a species
that was available prehistorically and that grows straight
shoots, consistently weighed more than an equal length and
diameter giant cane (Arundo donax) shaft piece. The solid
wood foreshaft weighed anywhere from 6.5-2.7 grams more
than the cane equivalent dependent on the length and diam-
eter of the foreshaft. The weight difference would have been
even greater if prehistoric hunters used native common reed
(Phragmatis communis) because it has thinner walls than the
giant cane.
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A decrease in shaft weight is difficult to gauge in an archaeo-
logical context given the poor preservation of organic com-
ponents of weapon systems. However, since a decrease in
foreshaft diameter will prompt a narrowing of the projectile
point neck width, it is possible to use projectile point neck
width as a proxy measure of changes in shaft weight as re-
flected by a reduction in shaft diameter. In addition, design
strategy that reduces projectile point weight by reducing both
the weight of the shaft and the projectile point, would be re-
flected in a decrease in projectile point weight over time.

We mentioned earlier that bison populations would have var-
ied across space and time between the Late Archaic and Late
Prehistoric periods. Furthermore, even when present in large
densities, it is likely that bison were not ubiquitous across
the state. As shown in Figure 14-2, McDonald (1981) indi-
cates that the primary range of bison in Texas was limited to
the northwestern part of the state. Reviews of CRM reports
published over the past 35 years suggest that archaeological
sites and/or components with bison remains tend to distribute
across the central part of the state (see Appendix J) perhaps
representing the secondary range of bison in the state. East,
South, and West Texas may not have had large/dense popula-
tions at any time during the 4,000-year sequence.

We anticipate that bison, deer and pronghorn would likely
have been part of most prehistoric optimal foraging diets.
Due to its higher post-encounter return rates, bison would
have been the principal target while encounter rates remained
high. However, we would expect that as bison encounter
rates decreased over time, hunter-gatherer populations would
have regularly targeted medium prey species such as deer and
pronghorn. In addition, because East, South and West Texas
appear to have been outside of the prehistoric range of bi-
son, we would expect that hunter-gatherers in these regions
would have primarily targeted deer and/or pronghorn ante-
lope, where available.

We further expect weapons systems to be designed to be ef-
fective in the procurement of the prey species that constitute
the bulk of the animal protein consumed during the annual
cycle. Also we expect that throughout their primary and sec-
ondary range, when bison were present in high densities over
long periods of time, the weapon system employed by hunt-
er-gatherers would have been tailored to facilitate their ef-
fective procurement. Specifically, the weapon system would
be geared for maximum penetration derived from projectile
weight. However, as the density of bison decreases over
time, and medium species become the predominant prey, we
expect that there would be a modification in the weapon to
make it better suited to the hunting of medium prey species.
The modification we expect under these conditions should
result in an increase in projectile velocity in response to the
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Figure 14-2. Reconstructed prehistoric bison range.

higher reaction speed of medium prey species such as deer
and antelope. Finally, we propose that in regions of the state
where deer or other medium game species were the dominant
prey and bison was infrequently encountered, projectile ve-
locity would have been at a premium at all times.

To investigate how these proposed temporal and regional
trends in weaponry compare to archaeological assemblages
of projectile points, we collected or assembled data on pro-
jectile point neck width and weight from four parts of the
state including central, east, west and south Texas, as shown
in Figure 14-3). There are 93 named dart and arrow points
in these four regions spanning the period between the late
Middle Archaic and the Late Prehistoric.

A sample of points from Central Texas for which data was
collected is shown in Figure 14-4. Because there can be sig-
nificant variability within the same type and between types
falling within a time period, rather than looking at individual
projectile point types, we calculated the mean neck widths
and weights of samples of projectile points spanning the late
Middle Archaic, the first and second halves (early and termi-
nal, respectively) of the Late Archaic and the Late Prehistor-
ic. Also, rather than looking at trends in each region individ-
ually, we combined the point samples into those derived from
regions where bison would have been present (i.e., Central
Texas) and regions that would have been outside of the range
of bison (i.e., such as East, South, and West Texas).
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Figure 14-5 compares the trends in projectile point neck
width documented in the Central Texas samples with those
documented for the other three non-bison regions of the state
combined. No neck width can be measured on the stemless
points of South Texas so they are not included in this figure.
As a result, however, the non-bison regions sample consists
of specimens from sites found in East and West Texas. The
figure shows that in Central Texas, neck width increases
through the early Late Archaic, the period when bison re-
turn to the region. Thereafter, projectile point neck widths
decrease dramatically through the terminal Late Archaic as
medium-sized prey species become a greater proportion of
faunal assemblages. The dramatic decline in neck widths
during the Late Prehistoric period is a direct reflection of the
adoption of the bow and arrow.

In the combined projectile point samples from the East and
West Texas non-bison regions, neck widths decrease from the
late Middle Archaic through the early Late Archaic, at the
same time as bison return to the State. Neck widths remain
relatively steady during the Late Archaic followed by the sig-
nificant drop caused by the adoption of the bow and arrow
during the Late Prehistoric. In other words, in the combined
non-bison regional sample, projectile point neck widths, and
therefore, overall projectile weights, do not appear to respond
to the return of bison into the State.

A closer look at the trends in neck width among Central
Texas projectile points shown in this box plot, Figure 14-6,
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Figure 14-4. Sample of Central Texas projectile points.
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Figure 14-6. Distribution of Central Texas projectile point neck width.

demonstrates that there is considerable range in neck widths
within Middle and Late Archaic projectile points and there is
overlap in the distribution of neck widths over time. How-
ever, a paired T-Test comparison of the means of the four
distributions indicates that they are significantly different at
the .0001 level of significance. Similar ranges and overlaps
in neck widths by sub-period and through time are present in
the individual east and west Texas samples as well.

Figure 14-7 compares the trends in projectile point weight in
Central Texas with the combined non-bison regions. Projec-
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tile point weight data for the non-bison region comes from
collections recovered from East and South Texas. The bison-
present sample consists entirely of points from Central Texas
sites. The figure shows that in Central Texas, projectile point
weights remain virtually identical between the late Middle
Archaic and early Late Archaic as bison return to the State.
However, a dramatic decrease in projectile point weight is
noted between the early and terminal Late Archaic as bison
population densities decrease. A nearly equal drop in projec-
tile point weight is seen between the terminal Late Archaic
and the Late Prehistoric related to the adoption of the bow
and arrow.
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Figure 14-7. Trends in projectile point weight.

In the combined non-bison regions, there is a dramatic drop
in projectile point weight between the late Middle Archaic
and the early Late Archaic, just as bison appear to return
to the state. Projectile point weight decreases only slightly
throughout the terminal Late Archaic followed by a signifi-
cant drop with the adoption of the bow and arrow.

In summary, there are significant changes in projectile point
neck width and weight through time across all four regions.
In Central Texas, where we expect that hunter-gatherer popu-
lations focused on the systematic procurement of bison, pro-
jectile point neck widths and weights, suggestive of heavy
darts, tend to be at their highest during the early Late Archaic
when bison populations are thought to be at their peak. There
is substantial range in neck widths during the early Late Ar-
chaic suggesting perhaps that not all forms were designed for
the effective harvesting of very large prey. Also, we do not
intend to imply that forms that may have been well suited for
bison hunting would not have been used in the procurement
of medium prey species. However, we do suggest that the
design characteristics of the darts, specifically their weight,
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would have affected hunting success rates and that over
time hunter-gatherers would have made design adjustments
to increase hunting success. One such change would have
been the reduction of dart weights to attain increased veloc-
ity faced with the hunting of deer and pronghorn antelope as
bison densities decreased during the terminal Late Archaic.
In East, South and West Texas, where bison densities were
likely low and bison hunting was not a significant adaptation,
trends in projectile point neck widths and weights suggest the
reliance on lighter darts throughout much of the 4,000 year
prehistoric sequence. This pattern does fit our expectations
that the weaponry would be most specifically adapted to the
procurement of medium prey species.

The data investigated in this chapter suggests some intriguing
temporal and regional trends in projectile point and weap-
onry characteristics during the 4,000 year Archaic and Late
Prehistoric sequence. These trends are consistent with the
interpretation that projectile weaponry was undergoing slow
but gradual changes in design in response to the principal
prey species hunted across the state.
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Chapter 15: Investigating Ceramic Development

Jennifer L. Thompson

As stated throughout this document, there are many expla-
nations for the variability seen in the archeological record.
Our proposed research only attempts to explore certain pos-
sible explanations for this variability and does not necessarily
discount other explanations. This is also true of our ceramic
study. Scholars have posited that the rise of ceramics is linked
to sedentism (Smith 1986), increased reliance on cultigens
(Crown and Wills 1995), increased food processing effi-
ciency (Sassaman 1993), and countless other explanations.
Some have suggested that ceramics did not grow out of either
increased sedentism or reliance on agriculture (Barnett and
Hoopes 1995). It should be sufficient to say that pottery has
multiple origins and its first uses differed across geography
and culture. This chapter discusses one of many possible ex-
planations for why hunter-gatherers decided to use certain ce-
ramic technologies and how those would be archeologically
patterned, not how they acquired the technical knowledge.

Situations where groups have limited availability to resourc-
es or process resources in bulk should favor a specialized tool
kit. Increased return rates from the successful procurement
of food should offset the greater cost investment associated
with the production of specialized tools and their mainte-
nance. Conversely, a group should have generalized tool kits
when resources are not restricted and not processed in bulk.
Though both specialized and generalized tool kits are likely
present in any given adaptive system, and because each could
potentially process a range of resources of different ranks, the
increased costs associated with the production of specialized
tools suggests that these would be used more frequently on
higher-ranked resources.

In this context, ceramics are a technological issue rather than
a cultural-historical item. This chapter examines ceramics as
tools in hunter-gathering societies. Examining ceramic ves-
sels as tools in the context of foraging theory provides the
opportunity to explore the conditions under which hunter-
gatherer groups would decide to produce ceramics in the
same manner as exploring the technological shift from darts
to arrows. Using this perspective, we address ceramic devel-
opment in mobile hunter gathering groups in Texas. Specifi-
cally, under what subsistence constraints would ceramic tech-
nology arise in the material culture?

Some have argued that ceramic production is absent from
mobile societies (see Arnold 1985). High breakage rates dur-
ing transport across long distances would increase costs as-
socia