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Abstract

The Pleistocene-Holocene transition was a period of severe climatic change throughout North America. Respond-
ing to increasing temperature, decreasing effective moisture, and increasing seasonality, floral and faunal communities
dramatically reorganized as individual species settled into their modern niches. Grasslands expanded on the Plains and
southern pines came to dominate Southeastern forests. Coincident with this environmental restructuring, numerous re-
gionally specific projectile point styles emerged on the Plains and in the Southeast. This study examines one such projec-
tile point style, the San Patrice point. The style includes both lanceolate and notched varieties. Because the “heartland”
has long been thought to lie in Louisiana and eastern Texas, previous researchers have associated San Patrice points with
woodland adapted hunter-gatherers. However, in recent years, more and more San Patrice points have been found on the
Southern Plains. My study investigates San Patrice point distributions and how they occur along the plains-woodland
border of some 10,000 years ago. Projectile point distributions and raw material sourcing support the conclusion that
San Patrice groups did maintain a significant presence on the Plains. Moreover, they adopted Plains-oriented adaptive
strategies, including increased mobility, which differ from the strategies employed by San Patrice groups living in the
nearby woodlands.
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Preface

Number 12 in the Memoir Series of the Oklahoma An-
thropological Society consists of Tom Jennings’ Masters
thesis which he completed at the University of Oklahoma
in 2006. Publishing this thesis was based on several rea-
sons, not the least of which was Tom’s reliance on many
OAS members who provided information on San Patrice
points in their collections. This study does rely on surface
finds from Oklahoma as well as Texas and Louisiana. Sur-
face finds are an important source of information about the
distribution of all kinds of artifacts, especially if the col-
lector has reliably recorded where the artifact was found.
Clearly, as this monograph attests, responsible collecting
can yield notable results.

Tom came to Lee Bement and me in 2005 seeking advice
about a topic for his thesis. For years, I have been appalled
at the lack of interest in San Patrice points. First found in
Louisiana and reported by avocationalist Dr. Clarence H.
Webb (Webb et al. 1971), these distinctive points manifest
attributes that implicated they were affiliated with Paleo-
indians, but at what time was uncertain. Since Dr. Webb’s
study of the John Pierce site’s materials, spearpoints at-
tributed to San Patrice have been reported sporadically in
central Texas (Horn Shelter; Redder 1985) and the Texas
panhandle (Rex Rodgers; Willey et al. 1978). Also, a sig-
nificant number of such points, and associated artifacts,
were recovered at Fort Polk, Louisiana (Anderson and
Smith 2003). However, it was the Big Eddy site in Mis-
souri that reinvigorated Oklahoma interest in these distinc-
tive artifacts. Located in southwestern Missouri, Big Eddy
comprises one of the most important sites studied in the last
20 yeaars for information on early Holocene environments
and human adaptations (Lopinot et al. 2000). The lowest
levels at Big Eddy yielded artifacts attributable to Dalton,
which is not a big surprise given the several Ozark border
sites where Dalton materials comprise the earliest occupa-
tions at those settings. But the significant find at Big Eddy
was a series of San Patrice points, preforms, and bifaces for
making them, all of which seem to be in the same deposit
as the Dalton materials. A radiocarbon date on that deposit
implicates an age of around 10,100 years ago, our first rea-
sonabel chronology for San Patrice.

So, Tom’s inquiry about a Paleoindian thesis topic came
at a propitious moment. New insight on a wide distribu-
tion, and chronology, for San Patrice was emerging, and
I remembered many Oklahoma Anthropological Society
members who had San Patrice points needing documenta-
tion, compilation, and synthesizing. Tom took this poten-
tial project to heart, worked out some realistic questions
that could be answered by surface and excavated finds,
which mostly are projectile points, and began contacting
collectors and museum collection managers in Louisiana,

Texas, and Oklahoma. He has synthesized his findings in
a way that furthers our understanding of hunter-gatherer
groups during the early part of the Pleistocene-Holocene
transition, but he has raised questions that can only be ad-
dressed as we gain more information on the climatic and
ecological changes and the human adaptations during that
transition.

Because many OAS members helped him, a special
effort was made to illustrate San Patrice points from these
individuals’ collections. Given the diverse materials be-
ing utilized by San Patrice makers, and given the important
maps prepared by Tom, it was deemed important to utilize
color illustrations throughout this monograph. It raises the
cost modestly, but conveys much about the making and use
of these often underappreciated artifacts.

Finally, although unavailable to Tom at the time he was
compiling the basic information contained herein, two bro-
ken points from Washita County, Oklahoma, raise the in-
triguing question about technological ties between San Pa-
trice and the somewhat earlier Folsom culture manifest on
the Southern Plains. The points from Cedar Creek (Front-
spiece) are well fluted but have the distinctive constricted
stems of one variety of San Patrice. Until such points are
found in a good context with other parts of the material cul-
ture and are radiocarbon dated, we can only speculate on
the meaning of these technological similarities. But that,
after all, is part of the fun of doing archaeology.

Don G. Wyckoff
Editor: O.A.S. Memoir Series
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Chapter 1
Introduction

This thesis explores San Patrice adaptations across
the plains-woodland border. Recognized as early as 1954
and 1958 (Fig. 1; Suhm et al. 1954; Bell 1958), San Patrice
is a poorly understood and understudied Late Paleoindian
projectile point style in use from approximately 10,400 to
9,000 B.P. (Lopinot et al. 2000). The present study contrib-
utes to our understanding of how these early hunter-gather-
ers adapted to the conditions of the Early Holocene.

The highest densities of San Patrice points and sites
are found in what Story (1990) has termed the “heartland”
of eastern Texas and Louisiana, but the San Patrice distri-
bution spreads from Texas and Oklahoma in the west to
Mississippi in the east and from Louisiana in the south to
Missouri in the north (Gilberti 1995; Ray et al. 1998; Story
1990). The San Patrice style is one of many to emerge
following the end of the last ice age, and it shares similari-
ties with the closely related Dalton style, found north and
east of the San Patrice region (Anderson and Smith 2003).
These new point styles are thought to reflect regionally
specific adaptations of hunter-gatherers settling in to Early
Holocene environments (Meltzer 2002).

With a few exceptions (Johnson 1989; Story 1990),
the majority of San Patrice research has focused on a site-
specific scale. These early investigations laid the founda-
tion for the present study which represents a significant
departure from single site excavations by exploring San
Patrice through a regional perspective. A sample of 198
San Patrice points, from numerous counties in Oklahoma,
Texas, and Louisiana, is analyzed, and research focuses
on the technological transition from lanceolate to notched
projectile point hafting and adaptations across the plains-
woodland border.

Before comparisons across the plains-woodland bor-
der can be made, we must know where this ecotone was lo-
cated 10,000 years ago. Chapter 2 summarizes the current
understanding of Early Holocene environments within the
study area. Dramatic environmental changes, in the form
of gradually increasing temperature, decreasing effective
moisture, and increasing seasonality, occurred following
the last ice age (Bryant and Holloway 1985; Toomey et al.
1993). Responding to the shifting climate, wide scale bio-
logical reorganizations proceeded time transgressively as
individual species reacted according to individual tolerance
limits (Graham and Lundelius 1984). Numerous species
became extinct throughout North America, and many more
moved north in search of cooler climates.

In the study area, grasslands came to dominate the
Southern Plains, and they pushed east of their present lo-
cation during the Early Holocene (Bryant and Holloway
1985). To the east, spruce and oak dominated forests of
the Coastal Plain gave way to encroaching southern pines
(Webb et al. 2004). Pleistocene megafauna, such as mam-
moths on the plains and mastodons in the woodlands, be-
came extinct and were replaced by modern fauna (Graham
and Lundelius 1984).

These environmental changes must have signifi-
cantly impacted early hunter-gatherer adaptive strategies,
and Chapter 3 discusses ethnographic research conducted
among modern foraging societies and how the archaeo-
logical record offers insights into prehistoric adaptations.
Unfortunately, archaeologists cannot directly observe
the prehistoric peoples they study. However, the ethno-
graphic record, through analogy, can provide a starting
point for interpreting past behavior. Substantial diversity
exists among modern hunter-gatherer culture and adapta-
tions (Kelly 1995). Comparative analysis reveals a cor-
relation between the environment and adaptive strategies
(Binford 1980; Kelly 1995). Specifically, mobility varies
with primary biomass (Kelly 1995). Modern foragers liv-
ing in areas of high primary biomass move frequently, but
travel short distances. Groups occupying regions with low
primary biomass move less frequently, but travel greater
distances. Applying this trend to the present study, if San
Patrice populations occupied both the plains and woodland
environments, plains groups should have adopted strategies
involving long-distance mobility, particularly in the Plains
where biomass was lower.

The stone tools and debris from their manufacture
preserved in the archaeological record yield clues to pre-
historic adaptations. Subsistence and mobility strategies
are revealed in the organization of lithic technology, which
includes projectile point style and hafting technique (Nel-
son 1991). Raw material sourcing and projectile point dis-
tributions provide a history of the places foraging bands
visited on the landscape as well as the distances they trav-
eled (Binford 1979; Goodyear 1989).

Chapter 4 describes previous research into the San
Patrice projectile point style. Although the “heartland”
has yet to provide any radiocarbon dates due to the poor
preservation of organics, peripheral sites, namely Big Eddy
(Lopinot et al. 2000), place San Patrice points in early
hunter-gatherer hands from approximately 10,400 to 9,000
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years ago. Two Late Paleoindian point varieties have been
defined, the lanceolate Hope and the notched St. Johns, and
the two are at least partially contemporaneous (Lopinot et
al. 2000). Some describe the San Patrice projectile techno-
logical trend as gradually decreasing haft area beginning
with lanceolate forms and culminating with notched forms.
Finally, technological organization indicates San Patrice
groups were relatively mobile (Anderson and Smith 2003),
but little is known regarding the distances they routinely
traveled.

The current study, outlined in Chapter S, addresses,
among other factors, two primary aspects of San Patrice
adaptations. First, cluster analysis examines the transition
from lanceolate to notched hafting technologies. Second,
projectile point distributions and raw material sourcing
enable investigation of mobility strategies. Both lines of
inquiry compare and contrast sub-samples of projectile
points from the woodlands with those from the plains with
the hope of identifying environmentally-specific adaptive
strategies.

With the theoretical and methodological canvass
tightened, Chapter 6 begins painting a refined picture of
San Patrice adaptations along the plains-woodland bor-
der. Hope variety points differ distinctly from St. Johns
points, indicating the transition from lanceolate to notched
hafting was an abrupt technological shift, but no clear dif-
ferences exist in projectile point distributions across the
plains-woodland border. San Patrice foragers in both en-

vironments made extensive use of locally available stone
tool sources, although raw material sourcing reveals San
Patrice groups living on the plains employed strategies in-
volving long distance mobility. However, a few projectile
points from the woodlands are manufactured on raw mate-
rials from distant sources.

The final chapter places the results from the current
study into perspective with previous San Patrice research.
While others postulate projectile point notching developed
due to changes in spearthrower technology (Morse et al.
1996), an alternative explanation involving the increasing
use of San Patrice points as knives is offered. In addition,
although some characterize San Patrice as a woodland-as-
sociated projectile point (Ensor 1986), San Patrice groups
clearly made significant use of plains resources. Finally,
plains and woodlands foragers developed markedly differ-
ent mobility strategies, and a model of these strategies is
offered.

Achieving a full understanding of San Patrice adap-
tive strategies requires much more research. The results
presented in this thesis are limited to one artifact class, and
therefore must be complemented by future studies exam-
ining the entire tool assemblage as well as debitage from
tool manufacture and maintenance. Hopefully, however,
this thesis provides a starting point and contributes to our
understanding of San Patrice technological and mobility
strategies across the plains-woodland border at the begin-
ning of the Holocene.
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Oklahoma (Blair and Hubbell 1938; Thornbury 1965). The
Quachita Mountains, a series of east-west ranges, average
80 km. wide and reach a height of 365 m. above sea level
(Banks 1990; Thorbury 1965). Open yellow pine forests
mixed with oaks and other trees dominate the region, and
prairie openings occur less frequently than in the Ozark
Plateau (Blair and Hubbell 1938).

Upland ridges are composed mostly of quartz-
itic sandstone while shales characterize drainage valleys
(Banks 1990). Important toolstone located within the
Ouachita Province includes Arkansas Novaculite, Bigfork
Chert, Woodford Chert, and Johns Valley Shale and Silici-
fied Sandstone (Banks 1990; Wyckoff 2006).

Ozark Plateau

Thornbury (1965) divides the Ozark Plateaus into
the Springfield Plateau, consisting of flat interfluve prai-
ries separated by deep valleys, and the Boston Mountains,
an east-west string of rugged topography with even deeper
drainage valleys. The primary rivers draining the plateau
in Oklahoma are the largely spring fed Grand and Illinois
(Blair and Hubbell 1938). Today, oak-hickory forest, with
intermittent open prairie areas, caps the uplands while open
hardwood forests populate the valley floodplains (Blair and
Hubbell 1938).

The bedrock is primarily dolomites and limestones,
and chert occurs regularly in bedrock and on almost all
surfaces in the area (Banks 1990). The Ozarks are an
extremely chert-rich region, and important chert-bearing
formations include Boone/Keokuk, Reeds Spring, Pitkin,
Moorefield, Tahlequah, and Jefferson City, among others
(Banks 1990; Thornbury 1965; Wyckoff 2006). The diver-
sity of cherts present attest to the complexity of the geology
and stratigraphy in the region.

Coastal Plain

The Coastal Plain is a large and relatively feature-
less region which includes streams with large drainage ba-
sins and is characterized by the Mississippi Biotic District
(Blair and Hubbell 1938; Thornbury 1965). The region is
bounded sharply by the Quachitas in the north, but blends
gradually into the Osage Plains in the west (Blair and Hub-
bell 1938). Cypress swamps occur along drainages, and
sweetgums, oaks, and pines grow in floodplains and on pre-
viously cleared land (Blair and Hubbell 1938).

The Coastal Plain is the most lithic-poor (Banks
1990), and poorly studied, region in the study area. Two
primary geologic sources of lithic materials are the Ca-
tahoula and Manning Formations (Banks 1990; Brown
1976). The region does contain lithic materials in the form
of gravels carried by major rivers with headwaters in chert-
bearing formations (Banks 1990; Wyckoff2006). The Ant-
lers Formation, consisting of Cretaceous sands and gravels
in southeastern Oklahoma, contains knappable cherts and

silicified sandstones (Banks 1990; Wyckoff 2006). In ad-
dition, lag deposits of Ogalalla gravels occur in uplands
and washing out of drainages. Although the gravels consist
primarily of petrified woods, various cherts, and quartzites,
Edwards chert cobbles have also been carried east of the
Edwards Formation (Banks 1990; Byrd 1971; Menzer and
Slaughter 1971). While some uncertainty remains regard-
ing the eastern extent of these gravel deposits, it now ap-
pears they extend well into eastern Texas, and they may be
related to similar gravels in Louisiana (Banks 1990; Trask
2005). Finally, Heinrich (1984) documents several addi-
tional lithic sources occurring in western Louisiana, includ-
ing Eagle Hill Chert, “gravel chert,” Fleming Gravel Chert,
and Fleming Opal. Unfortunately, tracing these various
gravel cherts and quartzites in the Costal Plain region to a
specific source location proves incredibly difficult.

At this juncture, I would like to briefly discuss the
“gravel chert” which corresponds to the local gravels uti-
lized by San Patrice occupants of the John Pearce site (Webb
et al. 1971) in northwestern Louisiana (Heinrich 1984) in
greater detail. These cherts are opaque and range in color
from brown to orange to dark yellow. Gravels outcrop in
Pleistocene and Holocene stream sediments, but the precise
origin of these cherts and the extent of the gravel bearing
formation remains a mystery (Heinrich 1984). However,
Larry Banks and Don Wyckoff (personal communication
2006) suspect they may be associated with the nearby Ant-
lers Formation of southeastern Oklahoma.

One potentially important feature relating to these
gravel cherts is the propensity for projectile points made
from them to exhibit reddening of the tips or ears (Fig. 5).
Several points from the Wolfshead site (Duffield 1963) and
the John Pearce site (Webb et al. 1971) have red ears or
tips, but neither report makes mention of this phenomenon.
Michael Collins (personal communication 2005) has sug-
gested heating associated with the insertion or removal
from a mastic-laden haft might redden the tip and ears.
Alternatively, reddening might occur during heat treatment
of chert cobbles prior to flint knapping (Griffing 1994). A
cobble from a protohistoric site in northwestern Louisiana
displays similar reddening around its edges. However,
more research is needed to determine whether this redden-
ing is a natural feature of the gravel cortex or the result
of heating. Experiments conducted to test if or how these
gravel cherts react to heating could reveal significant infor-
mation on the San Patrice point hafting process or the size
of cobbles knappers selected for point manufacture.

Summary
Clearly, great physiographic and biotic diversity ex-
ists within the study area today. However, hunter-gather-
ers moving through the area 10,000 years ago encountered
markedly different environments. The following section
summarizes our current understanding of the climatic and
biotic changes occurring within the study area as the last
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To the east, Webb et al. (2004) used fossil pollen
data to construct time series pollen maps. They note that
large biome changes took place between the Last Glacial
Maximum and today with a major reorganization occur-
ring 14,000-9,000 B.P. The Southeast was drier than today
prior to 10,000 B.P. and then became wetter with southern
pines replacing oaks after 8,000 B.P. Records at individual
sites indicate, “rapid vegetation responses to abrupt climate
changes... [occurred] nearly as fast as the climate changes
that caused them” (Webb et al. 2004:469).

The pollen sequence from Ferndale Bog in southeast-
ern Oklahoma reveals a gradual increase in aridity follow-
ing the Pleistocene (Bryant and Holloway 1985; Holloway
1994). Palynological and faunal evidence from Missouri
point to a gradual drying trend following the last ice age
(McMillan and Klippel 1981), and the presence of prai-
rie and edge species in faunal assemblages suggest forest
openings in Jllinois and Missouri were a regular occurrence
by the Early Holocene period of 10,000-8,500 B.P. (Purdue
and Styles 1987). Stable carbon isotopic evidence from the
Big Eddy Site in southwestern Missouri indicates an Early
Holocene warm/dry interval occurred from 11,200-10,100
B.P. (Hajic et al. 2000). The plant community became C4
dominant (70-80%) by 10,400 B.P., and rebounded to 50-
60% C4 by 9,800 B.P. (Hajic et al. 2000). According to sta-
ble carbon isotopes of speleothems in the Ozark Highlands
of southern Missouri and northern Arkansas, this rebound
constituted a rapid early Holocene (9,500-8,200 B.P.) cli-
matic return to cooler and moister conditions (Denniston
et al. 2000).

In their work on inland dunes in southern Louisiana,
Otvos and Price (2001) document three episodes of eolian
activity and multiple phases of dune development and acti-
vation. Significantly, 10,560-7,900 B.P. was a major eolian
interval in which again climate change was abrupt. Further,
dune records indicate the modern regional climate did not
begin to develop until the middle Holocene in this area.

Seasonality

Shifting seasonality may be the most significant fac-
tor differentiating the Pleistocene from the Holocene. For
modern biotic communities, species diversity correlates
positively with decreased climatic variability (MacArthur
1975). When compared with modern biotic communities,
the degree of species diversity in disharmonious Pleisto-
cene communities attests to less variable climate and de-
creased seasonal extremes (Graham and Lundelius 1984).
Late Pleistocene disharmonious faunal assemblages at-
test to paleocommunities reflecting environments that no
longer exist today (Graham and Lundelius 1984; Webb et
al. 2004). Species that are allopatric today coexisted in
Late Pleistocene environments, and there are no modern
analogues for these communities (Graham and Lundelius
1984).

The onset of the Holocene continental climate with
greater seasonal extremes resulted in a reorganization of
species distributions (Graham 1987). These changes, how-
ever, were not at the community level, but were species-
specific (Graham and Lundelius 1984). Reorganization
proceeded time-transgressively with individual species re-
sponding according to individual tolerance limits (Graham
and Lundelius 1984; McMillan and Klippel 1981). Criti-
cally, the, “individualistic response of each species reduced
the predictability of the composition and structure of the
new communities” (Graham and Lundelius 1984:243).
Predictability varies inversely with the magnitude of envi-
ronmental change.

Minimal seasonality characterized the late Pleisto-
cene and was followed by maximum seasonality from the
terminal Pleistocene through the middle Holocene (Toom-
ey etal. 1993). These changes included not only the forma-
tion of distinct summers and winters, but also shifts in the
seasonality of precipitation (Toomey et al. 1993). While
many species eventually settled into their modern biotic
niches, many others became extinct. The majority of these
extinctions occurred between 10,000-12,000 B.P. (Graham
and Lundelius 1984). Mammalian extinctions included
species of all sizes, from rabbits to mammoths (Graham
and Lundelius 1984). Species within a multitude of adap-
tive zones and trophic classes became extinct (Graham and
Lundelius 1984). These changes were particularly signifi-
cant on the Great Plains where the faunal resources shifted
from an abundant and evenly dispersed distribution during
the Pleistocene to a less abundant and more patchy distri-
bution in the Holocene (Bamforth 1988).

The Prairie-Forest Border

An important question for this thesis is where the
prairie-forest border lay during San Patrice times. While
a number of San Patrice sites are located in areas that are
today woodlands, this may not have been the case 10,000
years ago. Palynological and faunal evidence indicates that
grasslands expanded east considerably at the end of the
Pleistocene. Based on the presence of prairie and edge spe-
cies in faunal assemblages, forest openings in Illinois and
Missouri were a regular occurrence by the Early Holocene
period of 10,000-8,500 B.P. (Purdue and Styles 1987), and
the prairie border in Missouri moved east by 8,500 years
ago (Baker and Waln 1985). Similarly, the spruce forest
dominance in northeastern Kansas ended 11,500 years ago,
and the region became prairie-dominated by 9,900 B.P.
(Baker and Waln 1985). Evidence from Central Texas also
points to an eastward grassland expansion which replaced
extant woodland communities (Bousman 1998a; Graham
and Heimsch 1960; Larson et al. 1972).

Ferndale Bog, located in southeastern Oklahoma,
provides the best dated evidence to date of how far east
grasslands expanded following the Pleistocene (Fig. 6).
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Around 12,000 years ago the area consisted of open wood-
lands with an herbaceous and grassy understory (Holloway
1994). Between 12,000 and 10,000 years ago, arboreal
pollen decreased dramatically as grasslands began to domi-
nate.

Although the full extent of the eastern grasslands
expansion in the study region remains a mystery due to
the lack of refined environmental data from Louisiana and
southern Arkansas, data from Texas and Oklahoma along
with climatic reconstruction models (Prentice et al. 1991;
Webb et al. 2004) provide clues how far grasslands extend-
ed 10,000 years ago. Figure 7 displays where this border
likely lay in the Early Holocene. The prairie-forest border,
however, is not a distinct edge on the landscape. The line
thus merely approximates, for heuristic purposes, where
a predominance of grasslands became a predominance of

woodlands.
Summary

The study area contains a diverse selection of phys-
ical and natural environments. Afier the end of the last
ice age, the Early Holocene climate became increasingly
continental resulting in dramatic biotic reorganizations,
including the eastward expansion of grasslands, and the
formation of new floral and faunal communities. In addi-
tion lithic resources, while present in every physiographic
region, occur at specific diverse locations on the landscape
and vary significantly in quality and accessibility. Having
reconstructed, in broad terms, the environmental condi-
tions which San Patrice populations faced, I now turn to
developing a theoretical perspective to help predict how
San Patrice groups likely adapted to living in these settings
and how different adaptations manifest themselves in the
archaeological record.

3
;’S
&£
<& DATES
6751 608P
5005175
11,805:*145

0 50
L 3

I?O%

Figure 6. Summary pollen sequence from Ferndale Bog, Atoka County, Oklahoma. Adapted from Bryant and

Holloway 1985:Fig. 6.
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Chapter 3:
Theoretical Perspective to This Study

This chapter outlines the theoretical perspective which
will be relied upon for the analyses presented in Chapter
5. The focus is on hunter-gatherer adaptation, specifically
mobility and subsistence strategies. The concepts of mo-
bility, how people move across the landscape, and subsis-
tence, what they eat, are intimately related and are critical
for understanding hunter-gatherer societies.

I begin with general models for predicting hunter-
gatherer behavior, followed by a summary of how adaptive
strategies are reflected in the lithic technologies employed
by foraging groups. 1 conclude by discussing the informa-
tion we can learn from studying projectile points, the focus
of this thesis. Projectile points alone cannot tell us every-
thing we wish to know about hunter-gatherer lifeways; they
are but one piece, a sensitive one, of the puzzle. Studying
projectile points can inform us, however, about technologi-
cal organization which in turn informs us about specific
adaptive strategies.

Hunter-Gatherers

The importance of understanding hunter-gatherer mo-
bility has long been recognized in archaeological research
(Beardsley et al. 1956; Binford 1980; Boyd and Richerson
1985; Eder 1984; Harris 1978; Jochim 1981; Kelly 1983;
Sahlins 1972). Mobility, the way people move across the
landscape and how often, has significant social conse-
quences (Binford 1980; Kelly 1992). While mobility has
been conceptualized in different ways (as a continuum or
as discrete analytical categories), most definitions acknowl-
edge the importance of behavior (Kelly 1992). Degrees of
mobility correspond to environmental adaptations, cultural
conceptions of the landscape, and social organization and
interactions (Binford 1980; Jochim 1981; Kelly 1992; Sah-
lins 1972; Shott 1989b). Thus, understanding mobility is
critical to understanding cultures.

Unfortunately, current archaeological techniques do
not allow us to travel back in time to observe Paleoindians
first-hand. We must therefore turn to the ethnographic re-
cord for insights into how these first Americans lived. How-
ever, as Kelly (1995) discusses, it is important to recognize
the limits of ethnographic analogy. No isolated, untouched
hunter-gatherer societies exist today; all have in one way or
another been impacted by contact with the industrial world.
Moreover, the world is constantly changing. The environ-
mental and cultural conditions affecting modern foragers

are distinct from those which impacted prehistoric societ-
ies. Finally, we must exercise caution when interpreting
patterns identified through ethnographic research. Mod-
ern hunter-gatherers are not necessarily optimally adapted
to the environment in which they live, and assuming they
are can lead to incorrect expectations regarding prehistoric
adaptive strategies (Bettinger 1991). In spite of these and
other drawbacks, ethnographic analogy provides a useful
starting point for thinking about and understanding prehis-
toric hunting and gathering groups.

Ethnographic research reveals great diversity among
hunting and gathering societies (Kelly 1995). A variety
of cultural, technological, and historical factors influ-
ence hunter-gatherer behavior and produce much of this
diversity (see articles in Crothers 2004). However, an-
thropologists have long recognized correlations between
environment and adaptation and have spent considerable
effort trying to determine when and how environmental
conditions shape hunter-gatherer subsistence and mobility
strategies (Binford 1980; Eder 1984; Harris 1978; Jochim
1971; Kelly 1983; Winterhalter and Smith 1981). Bet-
tinger (1991) reviews the development of hunter-gatherer
theory with an eye towards the processes through which
hunter-gatherers adapt to various environments. Two of
the more widely applied theories are evolutionary ecology,
(e.g. Winterhalter and Smith 1981) which emphasizes the
biological survival and reproduction of systems, and cul-
tural inheritance, which stresses the non-genetic transmis-
sion of behavior through social interaction (e.g. Boyd and
Richerson 1985). While investigating these and other theo-
ries remains important for understanding foraging societ-
ies, the present study is concerned with the end product, the
behavioral adaptations, rather than the processes by which
they develop.

Binford (1980) sparked renewed interest in the subject
of hunter-gatherer adaptations when he used ethnographic
data to link settlement strategies with differences in effec-
tive temperature. Essentially, effective temperature pro-
vides a measure of the average temperature and average
duration of the growing season in a given region (Bettinger
1991). As effective temperature increases, so does the
length of the growing season and the temperature during
that period. Thus, effective temperature directly measures
plant productivity and indirectly measures animal produc-
tivity.
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Kelly (1995:121) included another variable, primary
biomass, which he defines as, “the total amount of standing
plant matter in an environment.” Among modern hunter-
gatherer groups, a correlation indeed exists between prima-
ry biomass, effective temperature, and mobility (Bettinger
1991; Binford 1980; Kelly 1995). In general, the frequen-
cy of residential moves increases with primary biomass.
Additionally, as effective temperature decreases, a proxy
measure for increasing resource patchiness, hunter-gather-
ers travel farther with each move. An inverse relationship
exists between how often hunter-gatherers make residential
moves and the distance traveled per move.

Modern ethnographic data also show a relationship
between subsistence strategies and the environment. As
Kelly (1995) notes, dependence on gathering varies di-
rectly with effective temperature and primary production
(the yearly net plant production). Predicting reliance on
hunting is less straightforward due to other factors such as
trade or the availability of aquatic resources. However, in
areas of low primary productivity and few aquatic resourc-
es, hunting becomes a major subsistence strategy (Kelly
1995). In particular, the scarcity of edible plants in grass-
land environments, such as the Great Plains, forces groups
occupying those habitats to depend primarily on hunting
(Bamforth 1988; Kelly 1995).

Applying these patterns to the current study area, we
should expect that groups living in the deciduous wood-
lands, with greater primary biomass and primary produc-
tion, frequently moved short distances, exploited a variety
of plant resources supplemented by hunting. In contrast,
groups occupying the more patchy plains environments
moved less frequently, but covered more territory per move
as they focused comparatively more on hunting.

Having developed predictions regarding subsistence
and mobility strategies within the study area, I now turn
to the archaeological record. The settlement strategy em-
ployed by a foraging group is reflected in the material
culture left behind. The organization of lithic technology
reflected in the stone tools and knapping debris recovered
from archaeological sites yields clues regarding mobility
patterns.

Lithic Technology

Stone tools and the debris from their manufacture are
often the only materials preserved in sites dating to the
Paleoindian period. While lithics cannot inform us about
every aspect of hunter-gatherer culture, understanding
technological organization provides important information
regarding adaptive strategies. Nelson (1991:57) defines
the study of technological organization as one concerned
with, “the selection and integration of strategies for mak-
ing, using, transporting, and discarding tools and the mate-
rials needed for their manufacture and maintenance.”

As Nelson (1991) notes, technological strategies bal-
ance cultural concemns with environmental constraints, and
thus, several lines of behavior can be investigated. Multi-
ple adaptive problems affect technological strategy, includ-
ing the time available for tool production, the costs of tool
manufacture, the requirements of mobility, and resource
availability.

Two technological strategies have commonly been
identified as indicators of corresponding mobility strate-
gies: curation and expediency. For Nelson (1991:62), cu-
ration is, “a strategy of caring for tools and toolkits that can
include advanced manufacture, transport, reshaping, and
caching or storage.” Curated technologies are prepared in
anticipation of insufficient resources at the time of tool use,
and curation includes manufacturing tools in advance or
preparing and transporting cores for later tool manufacture
(Nelson 1991).

Mobile toolkits should minimize transport cost while
ensuring maintainable and functional tools are readily
available (Bleed 1986; Kuhn 1994). Additionally, trans-
ported tools should be multifunctional or/and resistant to
breakage (Kuhn 1994; Shott 1989b). Multifunctional tools
keep weight down by eliminating the need to carry mul-
tiple, single purpose tools; minimizing transport weight
is important because, “every kilo of tools or raw material
people carry with them means one kilo less of food, cloth-
ing, or shelter” (Kuhn 1994:428-9).

In contrast, expediency is a strategy that anticipates
sufficient access to raw materials and tool manufacturing
time (Nelson 1991). For Parry and Kelly (1987:301), “[a]n
expedient technology is a wasteful one” utilized when raw
material is in abundance. Expediency occurs when ac-
tivities are anticipated to occur near raw material sources.
Long occupation duration or regular use of a raw material
outcrop also favors an expedient strategy (Nelson 1991),
and expediency also allows flexibility to quickly adapt a
toolkit to unforeseen opportunities (Bement, personal com-
munication 2006).

The importance of transport cost increases directly
with mobility (Kuhn 1994). Decreased mobility reduces
concerns about tool weight and tool use-life (Bleed 1986;
Kuhn 1994; Shott 1989a). Thus, optimizing tool function
and manufacture time become primary foci of expedient
technologies (Bleed 1986; Kuhn 1994; Parry and Kelly
1987). Designs that optimize manufacturing cost should
include the use of easily accessible raw materials, less
elaborate tool forms, and decreased manufacturing stages
(Shott 1989a). Because expedient toolkits are not trans-
ported long distances, the number of single purpose tools
and the weight of individual tools are of secondary con-
cern.
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Because curation and expediency strategies cope with
scales of mobility, curated and expedient technologies vary
as greatly as hunter-gatherer mobility strategies. Curation
and expediency represent opposite ends of a continuum.
Different foraging groups exercised different levels of cu-
ration and developed alternative strategies for conserving
toolstone (Wyckoff 1999). Indeed, the use of curated or ex-
pedient technology could vary within the same group from
season to season, year to year, or in different aspects of the
same toolkit (Hofman 2003). As such, identifying curated
and expedient technologies provides only a relative mea-
sure of mobility when two or more sites or foraging groups
are compared. While the study of technological organiza-
tion provides insight regarding how mobile hunter-gatherer
groups were, it cannot tell us how far they moved. Raw
material sourcing begins to answer this question.

Raw Material as an Indicator of Mobility

Lithic raw material outcrops are located in specific,
non-moving places on the landscape (Goodyear 1989). Of-
ten, locations of tool use do not coincide with locations of
raw material outcrops. Curation increases the use-life of a
tool allowing for the conservation of raw materials (Shott
1989a). Thus, curation is a strategy to ensure sufficient
raw materials are on hand for manufacturing tools as popu-
lations move across the landscape (Bamforth 1986; Kelly
1988; Nelson 1991), and curation should vary directly with
mobility (Shott 1989b).

‘While transport costs surely influence curated tech-
nologies (Kuhn 1994), Bamforth (1986) argues curation
relates more directly to raw material availability. As ac-
cess to raw materials is restricted, either through resource
depletion or through behavioral choices such as mobility,
curation should increase. Thus, curation strategies may
differ significantly within a single society as groups move
further from raw material sources. Highly mobile popula-
tions may exhibit characteristics associated with expedient
technology when these groups pass through areas of raw
material abundance (Parry and Kelly 1987).

Curation strategies involving raw material conser-
vation often maximize tool use-life. Transportable tools
should show extensive evidence of use, wear, maintenance,
recycling, and depletion (Goodyear 1989; Nelson 1991;
Shott 1989a, b). Further, “a preponderance of small re-
sharpening flakes, a high index of thickness to length for
a tool class, and the occurrence of especially steep retouch
within a tool class are indicative of extended toolkit use-
life” (Nelson 1991:75).

Raw material sourcing provides a means of measur-
ing how far mobile populations traveled utilizing a curated
technology (Binford 1979; Goodyear 1989). As noted,
stone sources occur in specific locations. Often, stone from
an individual outcrop possesses unique physical and chem-
ical signatures. As such, when archaeologists encounter a

particular stone type, the distance from the outcrop location
to the artifact recovery location can be calculated, provid-
ing a gross estimate of how far the foraging group traveled.
It should be noted, however, that projectile point replace-
ment and discard is largely a function of the number of
hunting episodes and resharpening events a given point has
undergone (Bement 2002; Buchanan 2006; Hofman 1991).
Thus, the straight line distance calculated from raw mate-
rial source to projectile point recovery location likely rep-
resents only a portion of the actual distance traveled since
procurement.

Caution must also be exercised when interpreting the
presence of an artifact of extralocal stone at an archaeo-
logical site. The occurrence of exotic raw materials may
not be the result of direct procurement from the source
location; indirect procurement, such as through exchange,
is an equally likely explanation (Bamforth 2002; Meltzer
1989). Thus, the distances calculated through raw mate-
rial sourcing may merely indicate range rather than actual
distances traveled for direct procurement (Kelly 1992). In-
deed, Meltzer (1989) identifies only two scenarios in which
archaeologists can confidently identify the method of stone
acquisition:

1) stylistically distinct artifacts, not typically present
in similar regional assemblages, manufactured from
exotic stone were likely acquired through exchange;
2) an assemblage containing tools manufactured
solely of extralocal material reflects direct procure-
ment by highly mobile groups.

Outside of these two conditions, raw material sourcing
alone cannot distinguish between direct vs. indirect pro-
curement. Determining the relative mobility of prehistoric
hunter-gatherers requires combining raw material sourc-
ing with other indicators of mobility such as technological
organization. Having outlined the information which can
be gleaned from studies of lithic technology, I now turn to
the artifact class this thesis is concerned with: projectile
points.

Projectile Points:
Clues to Hunter-Gatherer Adaptations

A projectile point’s primary function is to take down
game, and to achieve this goal, it must meet certain func-
tional requirements. A projectile point can be broken down
into two primary components, the blade and the base (Fig.
8). The blade is the business end; it performs the piercing,
cutting, and tearing. The base is the portion hafted to the
spear.

The blade’s functions are to open a hole wide enough
for the shaft to pass through and to inflict cutting damage on
internal organs, and balancing these two functions necessi-
tates a compromise in certain design features (Friis-Hansen
1990; Frison 1991; Howard 1995). A wider, thicker blade
may tear a larger hole, but drag reduces penetration (Friis-
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Figure 8. Illustration of a projectile point showing the blade and

base elements.

Hansen 1990). A narrow tip angle increases penetration, but
points which are too narrow and thin will break when they
hit bone (Cheshier and Kelly 2006; Friis-Hansen 1990).
While these functional requirements impose certain limita-
tions, enough leeway exists to allow considerable stylistic
variation (Ahler and Geib 2000; Friis-Hansen 1990).

As noted, the base connects the point to the spear or
foreshaft. Hafting presents significant obstacles. The haft-
ing assembly, consisting of the shaft, adhesive, and wrap-
ping material, add mass and greatly increase friction which
can impede penetration (Frison 1991; Howard 1995). This
problem can be alleviated via a number of strategies, and
two of the most prominent in North American prehistory
are projectile point fluting and notching (Fig. 9).

Fluting of lanceolate points, achieved by removing a
flake(s) from the base of the point in the direction of the tip,
provided a slightly concave surface for effective bonding
and reduced bonding mass (Ahler and Geib 2000; Howard
1995). Notching allowed hafting to move inside the lateral
edges of the blade, reducing friction and bonding mass;
however, this design decreases the cutting efficiency of the
blade somewhat and may reduce durability (Cheshier and
Kelly 2006; Howard 1995).

Because a certain degree of leeway exists for producing
functional blade and haft designs, and because certain ele-
ments can be manipulated with minimal effect on function
(Wiessner 1983), hunter-gatherers throughout prehistory
and history developed unique, culturally specific, projec-
tile point forms. Although these differences are sometimes
subtle, their presence allows archaeologists to distinguish
between projectile points made by distinct foraging groups.
Once these groups have been identified, we can begin to
ask how they differ adaptively and culturally.

Returning to the questions of mobility and subsistence
strategies, the presence of a projectile point in an assem-
blage cannot alone prove how mobile a given society was;
both mobile and sedentary groups used projectile points for
hunting. As noted, determining relative mobility requires
a complete understanding of lithic technological organiza-
tion, among other lines of evidence. Projectile points can,
however, reveal some information regarding overall mobil-
ity strategies.

The distribution of a projectile point type across the
landscape provides a gross potential estimate for the territo-
rial range of a foraging society (Hurst 2006; Meltzer 2002).
While individuals surely did not mark their territories by
dropping points along the border, point style distributions
approximate the limits within which everyday subsistence
activities occurred. The size of a territory thus corresponds
to the maximum distance a foraging group could have trav-
eled on a regular basis.

Projectile points also provide data on how far groups
traveled. As noted, raw material sourcing of lithic arti-
facts, including points, generates information regarding the
distances hunter-gatherers traveled to procure toolstone.
Moreover, because projectile points are curated, they can
be very helpful in reconstructing movement patterns among
multiple raw material outcrops across the landscape (i.e.
Bement 2002; Buchanan 2002; Hofman 2003).

Projectile point reuse can reveal information on adap-
tive strategies. Highly resharpened points or numerous
points recycled into other tools after breakage reflect a need
for curation (Wyckoff 1999). In some cases, it may even
be possible to calculate the expended and residual utility of
resharpened points which, when combined with raw mate-
rial data, facilitates the reconstruction of population move-
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subsistence reveals how San Patrice populations dealt with
the challenges these environments presented.

Distribution and Chronology

The San Patrice “heartland” appears to be Louisiana
and eastern Texas (Jeter et al. 1989; Story 1990). The dis-
tribution spreads east into Mississippi and north into Okla-
homa, Arkansas, and Missouri (Jeter et al. 1989; Gilberti
1995; Ray et al. 1998; Story 1990). A few San Patrice sites
have also been found on the plains to the west in Texas
and Oklahoma (Hester and Newcomb 1990; Hughes and
Willey 1978; Hurst 2006; Redder 1985). However, San
Patrice points occur mainly in the heavily wooded Gulf
Coastal Plain. Story (1990) identifies two primary concen-
trations, one in northeastern Texas below the Sulphur River
. and the other in central east Texas from the Angelina to the
Sabine Rivers. Projectile points from sites to the west are
thought to represent forms from San Patrice populations
who moved beyond their woodland homeland and onto the
plains (Story 1990).

Stratigraphic associations from key sites (Fig. 10) such
as Wolfshead in eastern Texas (Duffield 1963) and John
Pearce in northwestern Louisiana (Webb et al. 1971) as well
as a number of sites in the Fort Polk area of west-central
Louisiana (Anderson and Smith 2003) place San Patrice in
arelative chronological position between early Paleoindian
cultures such as Clovis and later, Archaic, cultures. Un-
fortunately, no San Patrice sites have been securely dated
within the “heartland” because of the poor preservation of
organic materials. All radiocarbon dates, therefore, come
from sites in the periphery, and the temporal relationship
between these sites and the “heartland” remains uncertain.

Rex Rogers, a bison kill site located in Briscoe County
in the Texas panhandle, represents the westernmost San Pa-
trice site recorded to date (Hughes and Willey 1978). Bi-
son bone apatite yielded a date 0of 9118 + 83 BP (SMU-274)
(Speer 1978). However, the site was highly eroded, and
the presence of Plainview points raises questions regarding
with which cultural complex the bison bones are associ-
ated. A bison petrous bone from the nearby Howard Gully

site, also a bison kill, in southwestern Oklahoma yielded
a date of 10,214 + 55 BP (NZ-21229) (Hurst 2006). In
contrast to Rex Rogers, excavations at Howard Gully have
produced San Patrice points in clear association with the
bison remains. Thus, the 10,200 BP radiocarbon date more
confidently documents the period of San Patrice occupa-
tion on the western plains.

Evidence from two central Texas sites, Kincaid rock-
shelter in the Sabinal Valley of Uvalde County (Collins et
al. 1988) and Wilson-Leonard in Williamson County (Col-
lins 1998), also supports a Late Paleoindian chronological
placement. The Wilson-Leonard specimens were recovered
from sediments accumulating between 8,400 and 10,000
BP (Bousman 1998b). However, retrieval of a number of
other Late Paleoindian points from the same stratigraphic
unit (Unit I in Fig. 11) prohibits more precise dating of the
San Patrice component.

Horn Shelter No. 2 is another central Texas rockshel-
ter site and is located along the Brazos River in Bosque
County (Redder 1985). Excavators recovered San Patrice
points from Strata 5F and 5G (Fig. 12). Stratum 5G yield-
ed four radiocarbon dates (Watt 1978): 9,500 + 200 (Tx-
1830), 10,030 + 130 (Tx-1998), 9,980 + 370 (Tx-1722),
and 10,310 £ 150 (Tx-1997). In addition to the large error
associated with each of these dates, Horn Shelter No. 2,
like Wilson Leonard, is not a single component site. Both
strata yielding San Patrice points also possessed material
from other Paleoindian cultural complexes.

The Big Eddy site in southwestern Missouri is the most
well-stratified San Patrice site yet uncovered (Lopinot et al.
1998, 2000; Ray et al. 1998). The stratigraphic integrity
of the site has been established through geomorphological
(Hajic et al. 1998) and refitting (Stackelbeck 2000) analy-
ses. A series of radiocarbon dates in and around the 3Ab
horizon (Fig. 13) place the San Patrice occupation of the
site between 9,800-10,500 BP (Hajic et al. 1998; Hajic et
al. 2000).

San Patrice Zone
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Figure 11. lllustration of the stratigraphy at the Wilson-Leonard Site, Texas. Adapted from Bousman 2004:Figure

2.26.
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temporaneous Dalton varieties (Daniel 1998; Ensor 1986).
For Morse and colleagues (1996), San Patrice points pos-
sess a mixture of lanceolate Dalton and side-notching
traits reflecting an evolutionary relationship between the
two forms. San Patrice shares a number of technological
similarities with Dalton. As noted, some San Patrice points
exhibit beveling, and some consider this the single techno-
logical common denominator linking projectile point forms
within the Dalton horizon (Morse et al. 1996). Finally,
Dalton groups employed a variety of knapping strategies
depending on the size, shape, and quality of lithic material
available (Wyckoff 1999), and San Patrice groups appear
to have utilized the same strategies when faced with similar
circumstances (Ensor 1986; Ray 1998a).

Significant differences do exist, however, between San
Patrice and Dalton technologies. While their territories do
overlap somewhat the San Patrice range lies largely south
of Dalton, and much of that region is devoid of Dalton
points (Lopinot et al. 1998, 2000; Story 1990). San Pa-
trice blades are more leaf-shaped, and initial stage blade
edges extend well beyond the width of the base. As noted,
some San Patrice blade edges were unifacially resharp-
ened, however, most exhibit no evidence of the beveling
so common to Dalton technology. Moreover, Dalton point

Figure 18. Examples of Dalton points and varying degrees
of blade resharpening. All are from Haskell County, Okla-
homa. Adapted from Ballenger 2001.

resharpening was angled perpendicular to the long axis
resulting in a final stage drill-like blade (Ballenger 2001;
Goodyear 1974; Wyckoff 1999). In contrast, San Patrice
reworking occurred perpendicular to the blade, producing
a short, stubby final stage point (Ensor 1986; Story 1990).
The San Patrice toolkit lacks the diagnostic Dalton adze;
likewise, Dalton populations never manufactured Albany
scrapers (Ensor 1986; Story 1990). Finally, although both
complexes are derived from fluted point traditions, San Pa-
trice points were fluted more consistently, and fluting was

achieved via direct percussion rather than pressure flaking
(Lopinot et al. 2000). Taken together, these differences re-
veal San Patrice to be a unique complex, culturally distinct
from contemporaneous Southeastern traditions.

Subsistence and Mobility

Given the location of the “heartland” in the Gulf Coast-
al Plain, most researchers assume San Patrice groups pri-
marily adapted to living in woodland environments (Ensor
1986; Johnson 1989; Story 1990). Ensor (1986) argues that
adaptation to forest environments distinguishes San Patrice
culture from nearby plains big-game hunters. Projectile
point distributions suggest San Patrice bands regularly ex-
ploited resources in more upland settings (Story 1990), and
increasing cultural diversity during this time period may
reflect regional adaptations to microenvironments (Ensor
1986).

Some argue the technological changes which occur
with the emergence of San Patrice and other sub-regional
technological traditions are tied to the shift from hunting
megafauna, which became extinct at the end of the Pleisto-
cene, to smaller game (Anderson and Smith 2003; Morse
etal. 1996). As with radiocarbon dating, poor preservation
of organic materials in the “heartland” greatly hinders re-
search regarding the plants and animals San Patrice groups
regularly consumed, and by analogy with Dalton, exploita-
tion of deer is hypothesized (Jeter et al. 1989). Once again,
however, sites in the periphery provide insight. San Patrice
levels at Horn Shelter No. 2 yielded faunal remains which
included deer, fish, turtle, snake, rodents, rabbits, and bird
(Redder 1985), revealing a broad spectrum diet and ex-
ploitation of both terrestrial and riverine environments.
Whether or not one accepts the association of San Patrice
points with the Rex Rogers bison kill site (Hughes and Wil-
ley 1978), Howard Gully provides clear evidence of San
Patrice groups exploiting plains resources (Hurst 2006).

Precious few studies have investigated the role mo-
bility plays in San Patrice adaptations to these environ-
ments. Although San Patrice populations relied heavily on
local stone tool sources, the presence of a few points of
extralocal high quality cherts in the Fort Polk area implies
a conservation strategy by mobile groups (Anderson and
Smith 2003:359) and “extensive reuse and curation of ma-
terials was indicated during the San Patrice period” (An-
derson and Smith 2003:152). Once more, analogies with
Dalton may provide a starting point for estimating how far
groups traveled. For Dalton populations, “[m]ovements of
peoples over a distance of 150-200 km or more have been
postulated” based on raw material sourcing studies (Morse
et. al. 1996:329). The Big Eddy site appears to be a rendez-
vous location where non-resident San Patrice groups peri-
odically visited Dalton groups in the Ozarks (Lopinot et
al. 1998, 2000). As such, San Patrice bands clearly moved
significant distances beyond their home territory. Lopinot
and colleagues (2000) cannot, however, rule out the likeli-
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hood that lithic materials were exchanged at these gather-
ings. Thus, raw material sourcing from Big Eddy, in their
view, cannot provide definitive information regarding the
distances San Patrice populations traveled.

Summary
The San Patrice projectile point first emerged around
10,400 BP and may have remained in use as late as 9,000
BP. Points occur in greatest densities in the woodlands of

eastern Texas and western Louisiana, but they also occur
on the plains to the west. Two primary varieties of San
Patrice points have been defined, a lanceolate form and a
notched form, and these appear to represent opposite ends
of a continuum reflecting decreasing hafting area. While
less mobile than earlier Paleoindians, technological orga-
nization and raw material sources implicate San Patrice
groups maintained a high degree of mobility as they ex-
ploited woodland resources in the Gulf Coastal Plain re-
gion.
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Chapter 5
Methods

As discussed in the previous chapters, the Early Holo-
cene environment differed markedly from that of the Pleis-
tocene. For the current study, the most important aspect
of the changing environment is the eastward expansion of
grassland habitats. Current evidence indicates the plains-
woodland boundary was considerably east of its present day
location. While the majority of known San Patrice sites are
situated well within the woodlands, a few sites occur firmly
in the plains. Thus, groups of San Patrice hunter-gather-
ers apparently exploited, at least minimally, two distinctly
different environments. Based on ethnographic analogy,
populations living on the plains should employ adaptive
strategies distinct from those in the woodlands. The meth-
ods employed in this thesis are designed to address several
questions regarding San Patrice adaptations and projectile
technology along the plains-woodland border:

1. In terms of projectile point hafting technology, are
significant differences evident between lanceolate
and notched San Patrice points?

2. How intensively did San Patrice groups exploit plains
environments? Further, do technological strategies, spe-
cifically blade resharpening as evidenced by projectile
point distributions or blade beveling and serration, differ
across the plains-woodland border?

3. Do mobility strategies, as evidenced by raw mate-
rial procurement, differ across the plains-woodland
border?

To help answer these questions, a sample of 198 San

Blade Width Blade Length

Base Length

Ve
;S >

.." Base Width
!

Basal Concavity

Figure 19. Measurements recorded in this study of San
Patrice points.

Patrice projectile points, which includes artifacts from
Wolfshead (Duffield 1963), John Pearce (Webb et al. 1971),
Horn Shelter No. 2 (Redder 1985), and several Fort Polk
area sites (Anderson and Smith 2003) as well as a number
of specimens recovered by avocational archaeologists, is
analyzed. The data recorded for each point consists of a se-
ries of metric measurements selected to document variation
in blade and base size and shape. These variables, all mea-
sured in mm, are maximum Thickness, total Length, Blade
Length, maximum Blade Width, Base Length, maximum
Base Width, and basal Concavity (Fig. 19). In addition,
two ratios, Blade Length / Blade Width and Base Length /
Base Width, approximate the blade and base shape, respec-
tively. Any evidence of beveling or serration of the blade
is also noted.

The comparative lithic collection at the Oklahoma
Archaeological Survey aided in the identification of lithic
material source for each point. Don Wyckoff (Sam Noble
Oklahoma Museum of Natural History), Michael Col-
lins (Texas Archeological Research Laboratory), and Pete
Gregory (Northwestern State University) also assisted with
raw material classification. Sources are grouped into seven
broad categories defined by Banks (1990) and described
briefly in Chapter 2: the Ozarks, the Ouachitas, the Flint
Hills, Antlers gravels, Edwards, Alibates, and other gravel
cherts, quartzites, and petrified woods.

Provenience information is also presented for each
specimen. Location data for points recovered from exca-
vated sites are obviously quite precise. However, for some
of the surface collected points, only the county of origin is
known. For consistency, therefore, the provenience infor-
mation for all specimens is restricted to the county level.
The projectile points in the present sample come from a
number of counties in Oklahoma, Texas, and Louisiana
(Fig. 20). Ishould stress that the composition of the sample
reflects a desire to have roughly equal numbers of points
from the western and eastern portions of the study area.
As such, the number of points from each individual county
in no way reflects the intensity of San Patrice occupation
within that county.

Hafting Technology
The San Patrice projectile point type has been broken
down into two main varieties: Hope and St. Johns (includ-
ing Brazos), and current evidence shows these varieties
were at least partially contemporaneous (Anderson and
Smith 2003; Lopinot et al. 1998, 2000). They were manu-
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tic tool that should be used with some degree of caution.
Although the goal is to identify distinct clusters, clear dif-
ferences do not necessarily exist in the data. This can pose
a problem for k-means clustering in which the number of
clusters is not always obvious. In such circumstances,
cluster analyses can impose inappropriate structure on ar-
chaeological data. Thus, care must be taken to ensure clus-
ters reveal real patterns. Finally, it should also be noted
that cluster analysis cannot detect all patterns present in a
given data set. Computer algorithms have limits, and the
results of any analysis should be combined with other re-
search methods.

If carefully employed, however, cluster analysis can
be an extremely powerful tool whose primary advantage
for the current study is the removal or at least minimization
of the subjectivity so integral to many typological analyses.
Applying multiple cluster methods provides one means for
alleviating some of the problems associated with cluster
analyses (Baxter 1994). The present study first employs
hierarchical clustering in order to determine the number
of clusters present in the data. Once determined, all sub-
sequent analyses utilize the k-means method. The kappa
statistic was used as a measure of agreement to evaluate
the similarity of the two clustering techniques. A small
sub-sample of the San Patrice points analyzed in the pres-
ent study have been previously assigned to one of three
Late Paleoindian varieties, Hope, St. Johns, and Brazos.
Comparing this sub-sample to the generated clusters tests
the accuracy of the clustering method. Because San Pa-
trice point blades frequently exhibit evidence of resharp-
ening (Anderson and Smith 2003; Brown 1995; Duffield
1963; Gilberti 1995; Griffing 1994; Johnson 1989; Story
1990; Webb et al. 1971) clusters are defined using only
point Thickness and the haft variables Base Length, Base
Length/Width ratio, and Concavity. If distinct metric dif-
ferences exist between the hafting regions of Hope and St.
Johns points, cluster analysis will help reveal them. Follow
up comparisons consider blade variables.

Comparison to Dalton

Many researchers have noted the similarities be-
tween San Patrice and Dalton projectile points (Anderson
and Smith 2003; Ensor 1986; Morse and Morse 1983). To
determine whether significant differences exist in hafting
techniques, cluster analysis is again utilized. Ballenger
(2001) presents data on a number of Dalton points from
eastern Oklahoma. The first 50 complete Dalton points
presented from the Billy Ross locality are compared to the
San Patrice points from the current study. No points from
the Billy Ross sample show evidence of notching. The
primary focus, therefore resides in the differences between
Dalton and Hope variety points. Unfortunately, Ballenger
(2001) did not record basal concavity, so cluster analyses
consider only Thickness, Base Length, and Base Length/
Width ratio. Although not explicitly recorded, Dalton point

Base Length is calculated by subtracting blade length from
the total length.

Technological Comparisons of San Patrice Points
from the Plains and Woodlands

Given the presence of many San Patrice sites within
the Coastal Plain region, researchers traditionally assume
San Patrice points are associated with woodland adapted
hunter-gatherers (Ensor 1986; Johnson 1989; Story 1990).
Although sites occur on the Plains (Hester and Newcomb
1990; Hughes and Willey 1978; Hurst 2006; Redder 1985),
little is known about San Patrice interactions beyond for-
est environments. The current study examines projectile
point distributions and raw material sources to shed light
on adaptations across the Early Holocene plains-wood-
land border as reconstructed using palynological evidence
from Oklahoma and eastern Texas (Bousman 1998a; Gra-
ham and Heimsch 1960; Holloway 1994; Larson et al.
1972) and climatic reconstruction models (Prentice et al.
1991; Webb et al. 2004). To this end, projectile points are
grouped by county into Woodland and Plains categories
(Fig. 21). Counties in the Woodland group lie well east of
the plains-woodland border in a fully forested Late Pleisto-
cene environment. These include counties located within
the “heartland” as defined by Story (1990). Plains coun-
ties are those which lie west of and adjacent to the plains-
woodland border in grassland or grassland-woodland eco-
tone Late Pleistocene environments.

If San Patrice groups routinely exploited plains en-
vironments, projectile point distributions should include
numerous counties and extend well into the plains. More-
over, familiarity with plains resources should be reflected
in lithic material choice. If San Patrice hunter-gatherers
regularly lived on the plains, alternative adaptations associ-
ated with living in open grasslands, namely increased mo-
bility, should be evident. These adaptations should differ
significantly from the strategies of woodland groups (Kelly
1995). Comparing raw material use and the distribution of
lanceolate vs. notched points and the percentage of beveled
points across the plains-woodlands border should reveal
such strategies.

Plains and Woodland Mobility Strategies

As noted, raw material sourcing can provide clues
to the distances hunter-gatherer groups traveled (Binford
1979; Goodyear 1989). Ray (1998a:226) defines three cat-
egories of lithic resources: local, nonlocal, and exotic. Lo-
cal resources, occurring within 10 km of a given site, are
those which hunter-gatherers had access to daily. Nonlocal
resources require more than 1 day and less than 10 days to
procure and occur between 10 and 100 km from a site. Ex-
otic resources require significant effort to obtain and occur
greater than 100 km from a site. The present study adopts
these definitions with one caveat. Ray’s (1998a) local and
nonlocal categories are grouped together, and hereafter the
term “local” applies to this grouping. For analytical pur-
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Chapter 6
The Results

This chapter presents analyses of 198 San Patrice
projectile points recovered from a variety of locations
through out the Southern Plains and Eastern Woodlands
with the goal of improving our understanding of Early Ho-
locene adaptations. Emphasis is placed on exploring the
transition from lanceolate to notched hafting technology as
viewed from changing projectile point base forms. Sub-
sequent analyses test potential differences in San Patrice
adaptive, technological, and mobility strategies across the
plains-woodland border.

Hafting Technology
Analyses of San Patrice hafting technology begins
with hierarchical clustering. Although data was collected
on 198 points, broken bases on 48 specimens resulted in
missing data in at least one category. Cluster analysis is
performed on the remaining 150 San Patrice points.

Exploratory hierarchical clustering (using Base
Length, Thickness, Concavity, and Base Length / Width
ratio) reveals two primary clusters and one single outlier,
easily visible in the cluster dendrogram (Fig. 35). Of the
previously typed San Patrice projectile points, Hope vari-
ety points dominate the smaller of the two clusters which
consists of 30 specimens. The larger cluster, numbering
116 points, contains St. Johns and Brazos variety points as
well as a few Hope points.

Based on these results, the subsequent k-means
cluster analysis is limited to two clusters. All 150 points
are grouped into one of two clusters, including the outlier
which hierarchical clustering identified. The hierarchical
method and the k-means method grouped a few specimens
differently. However, a high level of agreement exists be-
tween the two clusters (Table 1).

Given the similarity between the two clustering
methods, all subsequent analyses utilize only the clusters
generated via the k-means method. Clusters 1 and 2 consist
of 34 (including the outlier identified by the hierarchical
clustering method) and 116 projectile points, respectively
for a total of 150 points. Comparing the generated clus-
ters to the sub-sample of 47 projectile points previously
assigned to the Hope, St. Johns, and Brazos varieties facili-
tates renaming of the clusters. All St. Johns and Brazos va-
riety points group into Cluster 2 (Table 2). The majority of
Hope variety points fall into Cluster 1. Although these re-
sults are not statistically significant due to the small sample
size of previously typed projectile points, the clusters can
be confidently renamed. For the remainder of this thesis,
Cluster 1 has been renamed the Hope Cluster. Cluster 2 has
been renamed the St. Johns Cluster.

As mentioned in Chapter 5, k-means clusters are de-
fined using four variables, Thickness, Base Length, Base

Table 1. Comparison of Hierarchical and K-means clusters of San Patrice Points.

K-Means Cluster
1 2 Total
Hierarchical Cluster 1 30 0 30
2 3 116 119
Total 33 116 149
Kappa (Measure of Agreement) 940

Table 2. Comparison of Previously Typed San Patrice Varieties to the Generated

K- means Clusters.

K-Means Cluster
1 2 Total
Hope 11 4 15
Variety St. Johns 0 28 28
Brazos 0 4 4
Unspecified 23 80| 103
Total 34 116 | 150
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Figure 35. Hierarchical clustering dendrogram of San Patrice and Dalton points. Previously typed point labels: sj, St.
Johns; h, Hope; and B, Brazos. Specimen numbers correspond to Appendix A.
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ness, Base Length, and Base Length / Base Width ratio.
Three primary clusters emerge from the dendrogram (Fig.
47). The two largest clusters consist of 144 and 56 projec-
tile points, and the third cluster contains only 4 points.

Comparing these generated clusters to the 48 San Pa-
trice points and the 50 Dalton points previously typed by
archaeologists decisively displays the inability of cluster
analysis to distinguish between these two projectile point
styles (Table 4). Although Cluster 1 contains all St. Johns
points, 53% of Hope points and 32% of Dalton points are
grouped in Cluster 1.

Summary of San Patrice Variation

Cluster analyses reveal distinctions between lanceo-
late and notched San Patrice points facilitating the classi-
fication of all suitable points into two clusters, Hope and
St. Johns. The average size and shape of the blade and
base attest to the discreteness of the two clusters. While
some exists overlap between the Hope and St. Johns clus-
ters for certain variables, base length and base shape dis-
tinguish between them. The distinctiveness of Hope and
St Johns projectile point bases reflects a shift from lanceo-
late to notched hafting technology. The transition did not

progress simply as the result of gradually decreasing haft
area, rather, the shift in projectile point hafting strategy was
abrupt.

Interestingly, the Hope Cluster consists of only 34
projectile points, 23% of the 150 points suitable for com-
parison. Such a small percentage suggests Hope variety
San Patrice points were either in production for a much
shorter temporal duration than St. Johns points or, if pro-
duced over the same time period, San Patrice groups manu-
factured them in much lower numbers. Notched hafting
replaced lanceolate hafting as the dominant projectile point
technology employed within the study region.

Finally, cluster analysis failed to differentiate be-
tween San Patrice and Dalton projectile points. The main
problem stems from the Dalton recharpening process,
which differs from the San Patrice trajectory (Fig. 46).
As Dalton points undergo multiple resharpening events,
the base length frequently gradually decreases (Ballenger
2001). Consequently, cluster analyses grouped final stage
Dalton drills with notched San Patrice points. It is pos-
sible that including other measures not considered in the
present analysis, such as those associated with the lateral

Table 4. Frequencies of Typed and Untyped Projectile Points in Each Hierarchical Cluster.

Projectile Point Variety / Type Total
St.
Untyped | Dalton | Brazos | Hope Johns
Hierarchical 1 88 16 4 8 28 144
Cluster 2 18 31 1 6 0 56
3 0 3 0 1 0 4
Total 106 50 5 15 28 204

Figure 46. Top: generalized Dalton resharpening trajectory (adapted from Ballenger 2001 :Figure 7). Bottom:

AIATN

even more generalized San Patrice resharpening trajectory.

Generalized depiction of Dalton point reuse and stages



48 The Results

Figure 47. Hierarchical clustering dendrogram of San Patrice and Dalton points. Previously typed point labels: sj, St.
Johns; h, Hope; B, Brazos; and D, Dalton. Specimen numbers correspond to Appendices A and B.
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base edges, may help resolve the issue. In the end, how-
ever, distinguishing between the two closely related pro-
Jectile point forms requires taking the full range of unique
morphological and technological traits into account (Ensor
1986; Johnson 1989; Story 1990).

Investigations across
the Plains-Woodland Border
Having described the uniqueness associated with
lanceolate and notched San Patrice projectile points, the
remaining investigations shift focus to adaptations along
the plains-woodland border. Projectile point distribution
and raw material sourcing shed light on the intensity of San
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Patrice occupation. Differential use of Hope and St. Johns
points or differential unifacial projectile point resharpen-
ing across the plains-woodland border may reflect environ-
mentally specific adaptations. Finally, raw material sourc-
ing contributes to an understanding of San Patrice mobility
strategies.

Distribution

The overall distribution of projectile points analyzed
for the current study indicates a substantial presence in
plains settings by San Patrice hunter-gatherers (Fig. 48).
Based on the current information regarding Early Holocene
environments in the study area (as discussed in Chapter 2),
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Table 5. Frequencies of Hope and St. Johns varieties of San Patrice Points from Plains and

Woodlands Settings.
Region Total
Plains | Woodlands
K-Means Hope Count 10 24 34
Cluster
(V) 0 0
Row % 29.4% 70.6% | 100.0%
Column % 19.6% 242% | 22.7%
St. Johns Count 41 75 116
1) 0 0
Row % 35.3% 64.7% | 100.0%
Column % 80.4% 75.8% | 77.3%
Total Count 51 99 150
Row % 34.0% 66.0% | 100.0%
Column % 100.0% 100.0% | 100.0%
Likelihood Ratio Chi-Square 517

Table 6. Frequencies of Unifacially and Bifacially reworked San Patrice Points Recovered
JSfrom Plains and Woodland Settings.

Region Total
Plains Woodlands

Count 60 105 165

Bifacial Row % 36.4% 63.6% | 100.0%

Type of ooumn | g7.0% 81.4% | 833%
0

Retouch Count 9 24 33

Unifacial Row % 27.3% 72.7% | 100.0%

OC/O"I“mn 13.0% 18.6% | 16.7%

Count 69 129 198

Total Row % 34.8% 65.2% | 100.0%

S"lumn 100.0% | 100.0% | 100.0%
0

Likelihood Ratio Chi-Square 309
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Table 7. Frequencies of San Patrice Points Made from Local and Non-Local Raw
Materials in the Plains and Woodlands.

Region Total
Plains Woodlands
Raw oeal gﬁinfy 65 109 174
Material Colurmn 37.4% 62.6% | 100.0%
Source o 79.3% 94.0% | 81.8%
Exotic ggin‘t)/ 17 ; 1
Column 80.6% 19.4% | 100.0%
o 20.7% 6.0% | 18.2%
Count
82 116 198
(V)
fotal légﬁ’l n/l"n 41.4% 58.6% | 100.0%
o 100.0% 100.0% | 100.0%
Fisher’s Exact .003

Table 8. Destinations and Distances of Exotic Raw Material Transport. Woodland
Counties are Bold-Faced.

Destination County Distance from

Source (# of specimens) Outcrop (km)
Ozark Mtns. Caddo, LA (2) 350
Blaine, OK (2) 285
Choctaw, OK (1) 175
Marshall, OK (2) 240
McCurtain, OK (3) 160
Ouachita Mtns. Caddo, LA (3) 175
Tensas, LA (1) 370
Hunt, TX (1) 130
Rusk, TX (1) 215
Alibates Kay, OK (1) 165
Edwards Caddo, OK (2) 280
Jackson, OK (1) 240
Marshall, OK (3) 285

Washita, OK (1) 330
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Table 9. Average Distance from Exotic Raw Material Source Outcrops for
the Plains and Woodlands and P-value of T-test for Equality of

Means.

Std. p-
Region N Mean | Deviation | value
Plains 17| 2344 62.2| .463
Woodland 7| 258.5 93.08
Summary mental region.

Analyses of a sample of nearly 200 projectile points
contribute new knowledge on San Patrice technological,
adaptive, and lithic procurement strategies. Clustering
identified distinct differences in the base size and shape of
Hope and St. Johns points, indicating the transition from
lanceolate to notched hafting was an abrupt technological
shift. As the distribution of lanceolate and notched points
in the woodlands equals that of the plains, the conditions
sparking the technological shift are apparently unrelated to
the exploitation of plant and animal resources in these re-
gions. Likewise, unifacial blade resharpening, in the form
of beveling or serration, does not correlate with environ-

The overall distribution of projectile points indicates
San Patrice populations regularly inhabited plains environ-
ments, and the use of lithic sources such as Alibates and
Edwards demonstrates familiarity with plains resources.
The paucity of Texas flints moving to the woodlands sug-
gests these groups stayed on the plains. Finally, in terms
of raw material procurement, San Patrice groups living on
the plains acquired exotic raw materials more often than
groups in the woodlands. However, bands living in both
environments focused primarily on local raw material pro-
curement.
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Chapter 7
Conclusions

The Pleistocene-Holocene transition from 14,000 to
9,000 B.P. was a period of dramatic climatic change. As
the last ice age came to a close, temperatures gradually
warmed, effective moisture declined and, perhaps the most
important change, seasonality increased (Bryant and Hol-
loway 1985; Fredlund and Tieszen 1997; Graham 1987;
Toomey et al. 1993; Webb et al. 2004). The shifting climate
resulted in dramatic biotic reorganizations which proceed-
ed time-transgressively as individual species responded to
unique tolerance limits, with notable species becoming ex-
tinct (Graham and Lundelius 1984). Grasslands gradually
came to dominate the Southern Plains while spruce and oak
forests of the Southeast yielded to southern pines (Bryant
and Holloway 1985; Webb et al. 2004).

On the heels of this wide scale environmental reorga-
nization, numerous regional projectile point styles emerged
throughout North America (Anderson 1996; Anderson and
Smith 2003; Ellis et al. 1998; Meltzer 2002; Morse et al.
1996). The replacement of Early Paleoindian projectile
point styles has been linked to the extinction of Pleistocene
megafauna and the settling of populations into smaller,
defined territories. The present study takes a closer look
at one sub-regional projectile point style, the San Patrice
point, which first emerged around 10,400 years ago and
perhaps persisted until 9,000 B.P. Returning to the hypoth-
eses outlined in Chapter 3, the results offer new insights
into the adaptive strategies of San Patrice populations liv-
ing along the plains-woodland border.

Hafting Technology

Some researchers argue that emergent Early Holo-
cene projectile point styles, including San Patrice, in the
Southeast are characterized primarily by a trend of gradual-
ly decreasing haft area (Morse et al. 1996). Cluster analy-
ses of San Patrice projectile points refine our understanding
this process by identifying distinct differences between the
lanceolate Hope variety, points and the notched St. Johns
variety points. These results are significant not for sim-
ply distinguishing between lanceolate and notched points,
a task few archaeologists would find difficult. Rather,
the discreteness of the Hope and St. Johns projectile point
clusters reveal marked differences between lanceolate and
notched hafting techniques. The technological shift was
abrupt.

Unfortunately, data on the precise chronological rela-
tionship between Hope and St. Johns points remains sparse
due to the poor preservation of datable material in the San
Patrice region. However, both varieties were recovered at

similar depths at the Big Eddy site (Lopinot et al. 1998,
2000), and they consistently occur in the same stratigraphic
levels at Fort Polk area sites (Anderson and Smith 2003).
The stratigraphic associations of Hope and St. Johns points
indicate San Patrice groups simultaneously employed both
lanceolate and notched hafting technologies. San Patrice
thus represents another example, in addition to the Pack-
ard site which dates to around 9,800 B.P. (Wyckoff 1985,
1989), of Early Holocene groups manufacturing and using
more than one projectile point form on the Southern Plains
and their eastern border. The nearly 4:1 dominance of St.
Johns points over Hope points in the current study sample
suggests lanceolate hafting was a comparatively short-lived
phenomenon. Once San Patrice groups adopted notched
hafting, the shift was final and long-lasting.

One question yet to be answered is what drove San
Patrice groups to cease making lanceolate points and begin
employing notched hafting technology. Social forces may
have triggered this transformation. The discovery in north-
western Oklahoma of a 10,500 year old bison skull with a
zigzag painted in red ochre provides a rare glimpse into the
ritual of one early foraging society (Bement 1999). It also
highlights how painfully little we know about Paleoindian
culture. Bradley (1993) argues that art and ritual occupied
integral roles in the Paleoindian projectile point manufac-
turing process.

As Wiessner (1983) shows, style also plays an im-
portant role in the structure of social relationships between
modern hunter-gather groups. Hurst (2006) builds on the
concept of style and social identity and argues the emer-
gence of numerous Early Holocene projectile point forms
reflects the development of territories associated with eth-
nically defined social boundaries. Viewed in this light, the
shift from using Hope to St. Johns points among San Pa-
trice hunter-gatherers could result from either intentional
or passive cultural identification mechanisms. However,
the use of notched hafting by numerous historically unre-
lated hunter-gatherers throughout the Holocene suggests
the technology is more than just a social phenomenon.

As noted, the emergence of Early Holocene pro-
jectile point styles has been linked to increasing popula-
tion throughout North America and the settling of popu-
lations into regional habitats (Anderson 1996; Anderson
and Smith 2003; Meltzer 2002). Changes in projectile
point technology are therefore viewed as responses to re-
gionally specific adaptations by hunter-gatherers shifting
subsistence focus from Pleistocene megafauna to smaller
game (Anderson and Smith 2003; Ensor 1986; Morse et al.
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1996). Specifically, Morse and colleagues (1996) suggest
the development of notched projectile points corresponds
to the appearance of the atlatl or a significant advancement
in spearthrower technology.

I now add a second possible explanation, one which
focuses on the projectile point itself rather than spear-
throwing technology. The argument rests on two important
factors. First, Early Holocene hunter-gatherers throughout
the Southeast began using projectile points as more than
just projectiles. Intensive blade resharpening reflects the
widespread use of points as hafted knives (Ellis et al. 1998;
Morse et al. 1996). Use-wear analysis supports the conclu-
sion that San Patrice points were used both as projectiles
and as knives (Kay 2000).

The second key factor is raw material procurement
strategy. San Patrice hunter-gatherers are the first in the
study area to extensively utilize local gravel sources to
manufacture projectile points (Anderson and Smith 2003;
Hillman 1985; Story 1990). The use of cobbles required
developing new lithic reduction strategies (Anderson and
Smith 2003; Ray 1998a). I contend cobble use may also
have altered hafting technology. Cobble size limits pro-
jectile point size (Duffield 1963; Ensor 1986; Jeter et al.
1989). As San Patrice groups increasingly used points as
knives rather than projectiles, manufacturing strategies
likely began to emphasize the conservation of blade length.

As such, a cobble-based lithic technology favors notched
points over lanceolate points to maximize knife blade
length (Fig. 51). In addition, notching may provide a haft
advantage over lanceolate forms when the implements are
used as knives (Bement 2006, personal communication).
However, determining whether notched hafting arose due
to cultural processes, alterations in spearthrowing technol-
ogy, or efforts to maximize blade length on hafted knives
requires a much greater understanding of the chronology
and organization of San Patrice hafting technology.

Technological Strategies along the
Plains-Woodland Border

The distribution of projectile points reveals a sig-
nificant San Patrice presence on the plains. San Patrice
groups exploited resources along the plains-woodland bor-
der and also moved well into the open grasslands. The use
of plains lithic sources such as Alibates and Edwards cherts
and the execution of bison kills (Hughes and Willey 1978;
Hurst 2006) demonstrate considerable familiarity with
plains resources. We must, therefore, continue to examine
what effects the presence of San Patrice and other groups
on the Plains may have had on each other (Johnson 1989;
Wyckoff and Bartlet 1995).

No significant differences exist between the distribu-
tion of lanceolate vs. notched points or the distribution of

Notched

Potential Blade Length

Lanceolate

Figure 51. Hlustration comparing potential blade lengths between notched and loan-
ceolate varieties of San Patrice points when limited by cobble size.
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points with beveled blades across the plains-woodiand bor-
der. Two explanations may account for these similarities.
First, San Patrice groups living on the Plains may have
primarily exploited resources in riparian settings similar
to those encountered in the woodlands and thus employed
similar technological strategies. Second, if San Patrice
groups indeed made full use of plains resources, alternative
technological strategies may be reflected in tool classes
other than the projectile point. Investigating these possi-
bilities requires studying the entire San Patrice toolkit.

Mobility Strategies along the
Plains-Woodland Border

Raw material sourcing yields important clues to San
Patrice adaptive strategies. Results from the current study
agree with others in showing San Patrice groups readily
utilizing local raw material sources regardless of quality
(Anderson and Smith 2003; Duffield 1963; Griffing 1994;
Johnson 1989; Lopinot et al. 1998, 2000; Redder 1985;
Story 1990; Webb et al. 1971), and local raw material usage
dominates the “heartland.” Such a lithic procurement strat-
egy has significant adaptive consequences for mobility and
exchange. The option of using local sources, when neces-
sary, greatly increases freedom of movement. Groups no
longer need to incorporate forays to high quality outcrops.
As a result, while San Patrice bands took advantage of high
quality lithic sources when in the neighborhood, such as
at Big Eddy (Lopinot et al. 1998, 2000; contra Goodyear
1989), toolstone acquisition likely only minimally impact-
ed mobility patterns.

San Patrice groups living in the woodlands appar-
ently made little effort to consistently acquire higher qual-
ity raw materials from the nearby Ouachitas to the north or
the plains to the west. While population growth throughout
southern North America likely increasingly forced groups
to reduce their territory sizes, thereby restricting access to
high quality raw material sources, the paucity of projectile
points manufactured on exotic toolstones reflects minimal
emphasis on the acquisition of high quality flints either
directly or through exchange. However, the presence of
a few projectile points made from distant sources in the
Ouachitas and Ozarks indicates woodland bands may have
infrequently traveled north or come in contact with north-
ern bands.

Raw material sourcing reveals significant differences
among populations living on the plains. Plains groups ac-
quired exotic raw materials more frequently likely reflect-
ing increased mobility in the more open grassland environ-
ment. Mobile hunter-gatherers visited nearly every high
quality lithic outcrop in the region, however, plains groups
still focused primarily on local raw material sources.

These results, when combined with recent research
at the Big Eddy site in southwestern Missouri (Lopinot et

al. 1998, 2000), sharpen our understanding of San Patrice
mobility strategies across the plains-woodland border. Raw
material sourcing and subsistence data (Hughes and Willey
1978; Hurst 2006; Redder 1985) indicates plains groups
transported plains stones to a variety of locations through-
out the region in pursuit of plant and animal resources.

Although woodland groups utilized exotic raw ma-
terials less frequently, woodland mobility patterns appear
similar. San Patrice populations within the “heartland”
rarely traveled long distances, but when they did the dis-
tances were great. Evidence from Big Eddy, a tremendously
unique site, sheds light on this pattern. The site apparently
represents an aggregation location where one or more San
Patrice bands traveled potentially hundreds of kilometers
north to visit other Paleoindian groups (Ray 1998b). Main-
tenance of social relations and exchange likely motivated
the rendezvous. Expanding the Big Eddy model, the few
examples of northern raw materials in Louisiana may result
from similar journeys through the Ouachitas and Ozarks
for the purposes of social interaction.

Thus, the San Patrice mobility pattern appears to
mirror trends seen throughout the Plains and Southeast
(Anderson 1996; Anderson and Smith 2003; Ellis et al.
1998; Meltzer 2002; Morse et al. 1996) of decreasing terri-
tory size during the Early Holocene (Fig. 52). While their
movements were certainly not purely circular, Figure 52
illustrates a general pattern of movement across the plains
and woodlands intersecting a number of lithic source areas.
Raw material sourcing suggests San Patrice bands occu-
pied at least three distinct territories. A fourth may have
existed in the Arkansas area. San Patrice bands occasion-
ally left these territories, traveling 200 km or more for the
purposes of exchange and social interaction. Importantly,
San Patrice groups living on the plains rarely interacted
with woodland groups and vice versa. Social interaction as
evidenced by exotic raw material movement occurred in a
north-south pattern.

Using raw material sourcing to examine the mobility
patterns of prehistoric hunter-gatherers is an exceedingly
difficult task (Meltzer 1989; Bamforth 2002). In the end,
it may not be possible to distinguish between San Patrice
territories. However, if we are to have a chance, much
more research is required, particularly in the void between
Louisiana and Missouri. While San Patrice sites occur in
Arkansas (Jeter et al. 1989), little is known regarding the
San Patrice presence along the eastern faces of the Ozarks
and Ouachitas. San Patrice points manufactured on Ozark
cherts have been recovered in northern Louisiana, central
Oklahoma, and now southwestern Missouri (Lopinot et al.
1998, 2000). The movement of Ozark cherts south, west,
and north suggests the area may yield unique information
regarding San Patrice exchange practices and the main-
tenance of social relationships with each other as well as
neighboring cultures such as Dalton.
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Appendix A

San Patrice Point Data
Key:

NWS = Northwestern State University
FP = Fort Polk

P = Private

H = Horn Shelter No. 2

TARL = Texas Archeological Research Laboratory
SN = Sam Noble Oklahoma Museum of Natural History
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G = Gravel outcrop H= Hope
OZ = Ozarks SJ= St. Johns
OU = Ouachitas B=Brazos
AL = Alibates
AN = Antlers gravels y=yes
E = Edwards n=no
FH = Flint Hills
Coilection Sp. # County Raw [ Variety Total Blade Blage | Thick-| Base| Base| Con- Beveled
NWS 1 Caddo, [A 8 3I§. 2%% %QB %iﬁ WHE 5%9 MH y
NWS Z Taddo, LA G W5T| 876  2254| 48] 1455| 5.5 181 y
W 3 Taddo, LA G B3I NB7| 1815 447 735 n
NWS 7 Taddo, [A 0Z W51 W75 22.08| 386| 1343 576 295 n
WS 5 Caddo, (A G . 09]  1996] 4.8 847 n
NWS 5 Caddo, LA G Z687| 365 2613|499 77 n
NWS 7 Natchitoches, LA G 05| 2854 2215] 5.46| 195| 649] 192 Y
WS 5 De Sofo, [A ] 08| 2886 1794 419| 1549 6.2 y
NWS 7 De Sofo, LA G 18. 031 2035 428 2094 855 372 n
NWST 10 Taddo, LA 0Z 5I35] 4209 2783 47| 1792] 9.28] 447 n
WS T Taddo, [A G W75 BB DA 432 23| 137| 4% n
NWS| 12 Taddo, [A G 03| 2789  R87| 663| 3083 1294 292 y
NWS| 13 Taddo, LA G o735 2064 B 4 5.7 y
NWS[ 14 Tensas, LA OU 098|142 89| 449] 1783 671 21 n
NWS[ 715 Taddo, LA G 334 26.19 96| 5.77| 1854 7. 196 n
NWST 16 Caddo, [A G ; TI08| 2054 428] 1617] 685 214 n
NWS{ 17 Caddo, [A G T263| B85  2195] 5.31| 1675 678 166 Y
NWS| 18 Caddo, LA G 2667 1883|465 893 n
WS 1 Taddo, LA G 3. 19563 04| 78] 71| 1145 206 n
i) Caddo, LA G 64| 1953|2399 47| 1881 1011|305 n
NS o TCaddo, LA G 54| 2243 2147 558 1011 n
N 7 Taddo, LA G 35567 : 2086 507 824 n
WS 23 TCaddo, [A G BT B2B| A 554| 1986 694 0 n
WS A Caddo, LA G 3B 3355 5 28 1907|826 207 n
WS 5 Taddo, LA ou T B34 556] 6.71| 2457] 1663| 665 y
NWS Taddo, [A G 35.05 2065| 353] 1652 681|306 n
WS 27 Caddo, LA G 355] 2814 04| 462] 1549] T4 Y
NWS Taddo, [A oU /5 2182 53| 1806] 702| 186 n
WS DO Caddo, [A G 5681|4151 3024 5.36 153 n
NWS[— 30 Caddo, [A G a0; 2477 2811 648 2567| 16091 5.1 n
WS 31 Taddo, (A 0U 3154 536 541 n
WS 32 Taddo, LA ] 3533 269  30.42| 646| 2867 1904| 551 n
NWST 33 De Sofo, LA G N5 WA BA| 675 03] BT 414 n
U De Sofo, LA G 3732 1907 3203 5.8 1825 n
WS 35 De Sofo, LA G 3549]  2883| 2288| 552| 18.06] 666] 3.20 Y
NWS De Sofo, [A G 333 18A6|  2503| 658] 19.17] 1884 567 y
NWS| 37 De Sofo, LA G W36 2145|  23.76] 500 ]l n
WS % De Sofo, LA G BRI 08T B8I| 63| 24| 15| 39 n
WS 39 De Sofo, LA G 07| 2281 7 557 716 n
NWS[ 40 Caddo, [A G 3172 2152 489 182[ 7O1| 279 n
3] Taddo, LA G 7/ N6 19.78] 361 713 n
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NWS 42 Caddo, [A G 32.71 18.52 491 1/.56 6.84 345 n

NWS 43 Natchitoches, TA G 2849 19.02 24.34 36/ 21.22 947 n

NWS 44 Natchitoches, [A G 19.62 19.52 6.42 11.04 n

NWS L Rapides, LA G 374 2446 21.18 557 18.93] 1294 2.35 n

NWS ~ 46 Caddo, LA G 331 18.57 23.3 5.33| 2069 1454 423 n

NWS 47 Catahoula, LA G 33.05 2343 4971 1712 8.1 2.19 n

NWS| 48 Caddo, [A G 411 30.76 2767 5.08 ] . 10.34 3.19 n

NW3S Natchitoches, [A G 40.77 — 2649 1.01] 23. 16.43 .82 n

NWS 30 Caddo, [A G 32.26 22.02 6.06 | § 933 2.32 n

NWS 51 Rapides, LA G 3298 20.04 437 7.2 84 2.62 n

NWS LY Rapides, LA G 40.12 29.64 2249 533 10.48 n

NWS 53 Rapides, [A G 36.84 16.37 32.09 TA| 26.78| 2047 433 n

NWS L) Caddo, [A G 20.95 21.32 2028 5.4 2184 8.63 2.3 n

NWS 55 Franklin, LA G 4589 38.01 21.52 0.87| 17.76 £ 192 n

F B on Sg'sia' o685 7 31118 gg 32 0

E 3 zgé i —> A égg for :

£ S 3 3‘3 21 22 gg' .78 n

F éyzg XTI A G A G A A I i

F 61 atchitoches, LA G 32. 17.18 15.94 .32 16.34 n

8% '“‘% §§»§é 2303 6%83 % AR e 2

i o4 Natchitoches, LA G . . 2;; .29 .41 31.57 n
EP

i —Verath o — — R AR R ;

FP ¢ 1) i X ) KWX] i

P Washita, [¢] 40.02 30. .82 2.161 17./5 9. 3.02 n

P 69 Washifa, OK| AL 4945 38.99 27142 846 2141] 1047 5.6 n

P 70 Washifa, OK AL .21 36.53 | . 0.18| 2047 968 295 y

P 71 ~Washila, OK E 3789 2083 438 1999 1493| 246 n

P 12 Washila, OK G 3476 2395 437 9.01 n

H 73 Bosque, TX E B] 54.19 43.19 2837 649 11 n

H 73 Bosque, TX E B 2814 559 8.09 n

H 0 Bosque, [X E B 6208 D107 3293 8 I% 23551 1108 379 n

H 16 Bosque, TX E B| 52.04 43.32 19.73 9. n

H 4 Bosque, TX E B| 69.65 01.04' 2826 7.7 8.61 n

H 18 Bosque, E B] 50.75 X 094 | 24.79] 1554 n

H B : g; §E 248 3.02 n

H 81 gosaue. E % gg gg 2200 (75 1924 1 69 g%% a

82 ulsa, [#) . . 25.82] 6. 1.9 n

| 83 Tulsa, OK AL 1.3 3541 25.91 94| 2327 1589 491 y

P 84 Tulsa, OK FH 30.69 | 29.38 23.1 6.28 10.31 n

P Tulsa, G 5476 4./8 26.06| 4.89| 1958 646 3.65 n

P 86 — Wagoner, 07 49.97 39.22 2223] 53| 2077 107 5.3 n

P 8/ Kay, FH 68.50 f 24.M1 6.68 10.94 n

P ] Caddo, OK E 19.24 03.92 33.67 1.22 233| 1532 3.8 n

P Sequoyah, 0Z 3484 19.88 26.75 82| 26.15] 14. 6.25 y

P 90 Haskell, oU 2174 14.16 23.25 o./1| 21.58] 1358 3.91 y

P o1 Marshall, OK G 455 35.76 | 256| 6.68 984 y

P 92 Marshall, AN 43.01 26.25 | 2535 113 16.76 n

P 93 Marshall, OK ouU 30.2 26.62 442 2141 4.03 n

P 94 Marshali, OK E 25.56 18.32 23.87 393 20.65 8.24 3.92 n

P 95 Marshall, 074 4238 22621 4713] 15. 103 1. n

P 9% Marshall, E 40.26 33.17 2040 4.32] 1804 7.09 1.73 n

P 97 Marshall, OK [074 33.68 2567 | 2006 4.34| 1497] 801 2.18 n

P 98 Marshall, OK G 24.48 21.83 0.6/ 11.44 n

P 9 Marshall, OK AL 2843 2047 7.96 n

P 100 Choclaw, G 37.09 30.05 23.51 596 1709 7.04 1.712 n

P 101 Choctaw, OK AN 34.92 22.29 499 n

P 102 Choctaw, OK AN 2853 17.03 2072 485 2259 1144 38 n

P 103 Choclaw, OK AN 30.77 22.2 22.74 .19 20.63 8.97 3.38 n

P 104 Choclaw, OK AN 33.25 21.81 19.08] 456] 16.25 544 1.97 n

P 105 McCurtain, OK (024 10.75 2.61 2295 424 16.52 814 2.22 n

P 106 Choctaw, OK 0Z 34.01 2093 4,03 179 1.37 3.6 ]

P 107 McCurtain, OK AN 36.19 75.88 25.28 2,15 2293| 10.31 3.72 y

P 108 McCurfain, OK AN 4126 35.95 24.41 3.921 14421 531 3.04 n

P 109 McCurtain, OK (074 52.34 41.84 2819 588| 2279 10.5] 455 n

P 110 Blaine, OK| 0Z 43.77 3256 26.33 581 20.06] 11.21 491 y

| 11 Blaine, OK [024 58.16 43.13 2996 8.35[ 2947| 15.03 3185 n

P 112 Haskell, OK (074 35.84 27101 237 682 19.17] 883 1.97 n

| 113 Haskell, OK 0Z — 40,16 2917 6.15| 27.36] f 6.19 n

P 114 Haskell, OK 0Z 42.26 30.87 23971 519 19.011 T1. 3.83 n

P 115 Haskell, OK CU — 30.28 21.03 649| 1856 1445 3. n

P 116 Mclnfosh, OK AL 35.89 236 483 n

P 117 Mclnfosh, OK Oou 3283 2647 2242 452 164o| 6.36 1.69 ]

TARL 118 San Augustine, TX G A 2643 23.16 137 22.23] 14.02 3 n

JARL 119 G agag ?S? 1913 975 117 n

TARL 120 gan éugus{me, % G H %8;9 %g X . 14.58 n

R e :

B 23 HI 1945 1 19.78 571 1964 17 1 n
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] T
: ol 5 V[ 31
ARL 21 San Augustine, G SJ| 32.22 D 11 2.34 9.19 2.04 y
TARL 128 San Augustine, TX G SJ| 40.06 kiK 1857 5.82 836 n
TARL 129 San Augustine, TX G SJ 30.7 2413 5.86 10.41 n
TARC| 130 San Augustine, TX G SJ| 305 2223 558 913 n
R 5 3 3 18472 206 322 ¥4 Bg_ 34 n
R Vi 3 19 1197 1_8.8_8 4 [¢] ; g 3.02 y
L 33 an Augustine, 1X G SJ| 20.37 20. 6.34| 1834 O. 1.73 n
: % 29 4_9_ 3 L n
R O (1 24 1 n
R 29 2053 1 Vi 2 10,76 2 n
R 43 1 /_§§ [ 1/ K] Vi y
R S 4 1 199 051 K] n
R 3 S 1 2 20.% 1/ 3 n
RL S5an Augustine, G SJ| 24.75 19. 18.08 . 2. n
S R T LIS RIS e
RL 44 an Augustine, G SJT 243 71%88 18.0 K] 9. n
TARL 145 San Augustine, TX G SJ 27 20.61 T706[ 451 6.39 n
TARL| 146 San Augusfine, TX G SJ 3017 2206 439 1347 n
TARL 147 San Augustine, TX G SJ| 2457 15.85 17.81 4.15 8.72 n
R —— R R B ¥
R 3 .19 gg 24 2139( 17 n
R m e 27 %_ :%ﬁ'& i} V4 )
R Au ¢ % b3 3,3 2113 9 83 y
o, LA G 89 16.98 17.39 2. 21.12 8.41 n
P 194 Hunt, TX oU 365 25.11 22.78 826 2134 1169 484 n
Pl 1% Fannin, TX G 39.62 2459 2586 10.37| 2392 1503| 4.08 n
P 190 Fannin, TX G 2807 12.57 2013 b.o| 19.34 195 4.19 n
P 157 Hunt, TX G 32.86 22.01 20.74 7.03 10 n
P 158 Angelina, TX G R 20.82 25.73| 5.38| 2185 7.4 3.87 n
P 159 Angelina, TX G 28.61 20.72 2385 402( 1894 789 415 n
P 1 Cass, IX G 22.41 371[ 16.65 5.98 2.1 n
P 161 Fannin, TX [¢] 39.16 30.54 26.21 595| 23.73 8.62 1.7 n
P 104 Montgomery, TX G 40.33 3144 2454 5.35| 229 883 328 n
P 163 Sabine, LA G 24728 5.88| 2441 11.56 2.43 y
P 164 Fannin, TX G 3B.77| 30.19 22.61 68| 20.25| 852 1.49 n
P 165 Cass, 1x G 40.46 33.34 22171 4.09] 1641 112 196 n
P 166 Hunt, TX G 20921  3.72| 1833] [/./8 3.85 n
P 16/ Hunt, TX G 19.74] 446 16.9| 6./2 2.7 n
SN 168 McCurfain, 0U 25.52 21161 504 10.73 n
SN 169 Marshall, OK G 20.12 17.52 485| 19.67 1.19 1.08 n
SN 170 McCurtain, OK [e74 18.41 11.91 37| 15.76 6.5 2.59 n
SN 171 McCurtain, OK Oou ~20.53 17.24 25.87 477 19.02 9.29 217 n
R 2 H 48 19,/ 0211 3137 213 401 n
R 3 H 2122 0.() 21 gg i K] Qg n
ARL 4 Anderson, 1X G H X 21.714 0.0 19. 3.62 2.1 n
TARL 175 Wood, 1X G H[ 30.99 219 5.92| 2185] 1559 2.46 y
R [0 An i) 37 2 1511 2212 480 7997 3 3.9 n
R Il c 22 { %9_ _g.ga 12.01 557 202 n
R 8 ¢ %8%; 2233 L 327 n
7 m’%‘m o, OK L y 21 0.2 502 7. n
P 1 Caddo, OK E 44.12 3226 5.72 0.47 17.7 86| 4.83 y
P 181 Marshall, OK G 31.04 23.29 19.99 46] 18231 7751 249 n
P 182 Marshall, OK G 465 | 39.91 2135 405 15.74| 669| 2.23 n
P 183 Marshall, OK G 45.18 23.63 5871 19.17] 13.07 0.29 y
P 184 Marshall, O G 2582 18.34 17.92 369 1593 748 254 n
P 185 Marshall, OK G . 21.01 499] 19.22 1.33 2.85 n
P 185 Marshall, OK G 27.87 1943 582 172| 828 3.01 n
P 187 Marshall, OK G 31.97 20.48 25.66 565 21.29| 11 5.15 n
P 188 Marshall, E 20.61 2538 5941 26.05] 11.38 0.37 n
P 189 Jackson, E 50.46 421 X 5.64 8.36 n
P 180 Kay, OK FH LN 33.95] 26.42 52| 2237 1082 4.78 n
P 191 Kay, OK AL 3455 ~25.45 232 6.55 219 95 3.87 n
P 192 Kay, OK G /77| 2832 24761 ©17] 2044 11.45] 3. n
P 193 Dallas, TX G 254 0.99( 21.92 9.09 447 y
P 194 Rusk, TX [0]V) 19.21 12. 208 453 19.85 6.33 2.28 n
P 195 Navarro, TX [¢] 21.34 14385 20.54 3.83[ 17.62 6.49 2.23 n
P 1% Dallas, TX G 7549 1496  17.25| 566] 1506] 1053 1. v
P 197 Nacodotches, TX G 51.05 40,02 2158 5341 2078 11.04 3.8 y
P 198 Rusk, TX G 23561 15.62 1849 031 17.07 7.99 1.37 n
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Appendix B

Dalton Point Data

Adapted from Ballenger (2001)

Key:

I = Impact fracture
S = Snap fracture

B = Burin-like fracture

OZ = Ozarks
OU = Ouachitas
KC = Flint Hills

Spec# | Length | Base | Blade | Blade | TRick | Breakage Raw Notes
1 91.7 W%_W__nﬁs | M'%efal Ear missing
3 980 240 255 | 700 838 0Z
4 614 240 24T 450 84 ou
5 70.5 228 231 540 72 0Z
6 53.3 201 203 35.0 65 T 0Z Ear missing
9 69.7 19.4 19.1 4.0 15 (074
10 685 19.7 19.0 58.0 1.5 [0}
12 4.2 230 2.7 38.0 15 0z
14 606 194 18.1 4/.0 0.6 4
10 1015 258 24.1 860 0.5 074
17 789 57 | 238 63.0 1.8 (074
2 110.0 210 18.0 8/.0 8.8 ou
24 044 200 17.5 ~ 500 9.0 [074
27 I4E; 233 194 57.0 70 0Z
[ 2B 67.5 223 189 55.0 6.8 oU
33 995 25.0 200 480 8.0 (4
& [ 667 219 16.7 490 80 0Z
[~ 35 598 25 195 430 75 0U
[~ 38 73 05 BT | 350 | 78 [0} Spokeshave
40 58.0 240 18.3 40.0 6.8 04
47 753 230 174 62.0 6.7 0Z
42 525 240 173 0 7.1 0Z
43 56.0 52 18.4 010 1.0 24
44 96.5 230 16.8 40.0 79 (04
46 99.3 250 18.0 770 8.2 | 4
49 84.1 242 16.8 0/.0 8.3 4
30 136 250 17.2 99.0 8.1 [074
51 604 212 187 470 6.5 ou
92 449 21.1 14.4 31.0 6.5 S [074 Tip missing
4 455 19.1 12.8 30.0 2.9 [074
9 63.0 19.8 13.2 3.0 6.9 (074
[~ 56 56.0 255 170 ~36.0 55 OU
Y4 64.7 232 15.2 450 8.2 [o0)
58 636 178 1156 190 116 (074 Awl




Appendicies

L) 62.0 271 17.7 50.0 1.7 ou
61 4738 200 127 31.0 6.0 S ouU Ear missing
62 56.9 VN 15.8 45.0 6.5 (024
63 474 223 13.7 31.0 2.5 074
64 456 | 268 | 161 210 75 0Z
[~ 66 457 225 133 300 6.0 (074
| 68 450 216 125 330 6.2 0Z
70 40.3 210 12.0 290 6.0 074
L4} 434 221 124 30.0 0.8 ou
73 35.9 175 92 180 6.7 S 0Z Tip missing
7 427 191 10.7 26.0 539 [024
I(] 68.0 283 14.8 010 0.5 ouU
78 443 239 122 30.0 65 0Z
79 35.2 204 104 250 6.9 07
81 400 228 114 38.0 7.3 (074
82 58.2 213 105 470 66 oU Awl
83 416 2538 125 23.0 7.0 (074
84 518 1707 94 400 55 0Z
K 504 218 10.2 36.0 6.8 0Z
— 86 447 228 107 35.0 56 (074
87 50.6 237 110 38.0 5.2 ou
) —35.7 20.0 9.2 9.0 [:X:] | 0Z Tip repaired
[~ 89 (1] 217 100 50 0Z Al Tefit
90 415 226 10.3 240 IA4 [074 Tip repaired
91 31.0 225 10.2 7.0 Ou Tip & ear missing
92 9/.3 23.7 10.7 410 0.5 (074
93 39.5 16.9 16 2.8 (024 Awl, lIp & ear missing
94 33.4 21.3 9.5 0.8 [074 Awl,ip missing
[ 95 61.6 18.0 [£:] 40.0 [A [oX4
[ 95 910 195 8.2 48.0 54 [074 Awl
97 37 210 88 53 S [o74 Awl
[ 98 989 209 8./ 450 6.3 [o74
99 385 23.2 9.6 290 15 ou
100 61.5 249 10.3 90.0 1.5 ou
101 45.0 20.3 8.4 340 7.1 [074 Awi
102 40.0 26.2 10.8 250 5.0 [024
103 42 270 1.0 55 ou Tip & ear missing
104 4.9 2.3 8.9 370 5.8 [074
— 105 34.2 220 8.8 220 1.5 074
— 106 | 40.2 20.3 8.0 6.5 B ou Awl
10/ 46.2 218 8.5 30.0 2.6 [024 Awl
[~ 108 66.6 248 95 50.0 7.0 0Z
109 415 25.2 9.5 240 6.9 [8}4)
110 60.3 250 9.2 430 66 (024 Ear missing
11 723 284 50 56.0 74 (074 Awl
11z 473 240 87 39.0 6.1 0Z
113 52.3 264 50 40.0 6.6 0Z Awl
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114 355 51 8.5 220 6.8 B [e74
115 20.6 17.0 X4 380 6./ ou
116 40.0 241 1.4 — 280 .7 074
17 23.7 23.2 1.0 0.1 S 074
118 46.0 23.3 6.7 36.0 6.2 [674 Awl
T | 498 26.0 6.6 390 0.8 ou
120 36.5 216 54 210 5.0 [074 Awl
121 290 210 210 0.8 [074
122 30.9 219 3.6 20.0 6.5 074
123 418 234 109 6./ S oU Awl
124 4.4 16.9 93 420 1.4 OU Awl

[— 125 | 328 20.0 6.2 .4 S8 74

[ 126 | 25 26.1 20.3 6.0 024
127 291 33.0 0.2 Ou

[ 128 | 30 232 206 70 )z} o0 Both ears missing
129 243 25.7 55 S 0Z Tip missing
130 280 | 218 5.3 | o0 Tip missing
131 KC Severely reworked
132 31.8 216 0.8 | [o}V) Tip missing
133 30.0 S [o10) Base
134 24 | [074 Base
135 230 0Z Base

208 (074 Base












