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2. Technological Organization and the Structure of
Inference in Lithic Analysis: An Examination of Folsom
Hunting Behavior in the American Southwest

Daniel S. Amick

Introduction

Many archaeologists have characterized lithic
studies as trivial with a focus on methodological
contributions at the expense of theoretical issues
(Cross 1983; Dunnell 1980; Thomas 1983; Torrence
1989a). However, the publication of a seminal se-
ries of articles on technological organization by
Binford (1983a, 1983b) has resulted in a great deal
of theoretical development in the study of stone
tools (e.g., Bamifurth 1986; Bleed 1986; Keeley 1982;
Nelson 1991; Shott 1986). In particular, the growth
of theory in lithic studies has been encouraged by
the adoption of a perspective that views technol-
ogy as a buffering mechanism for the effects of
subsistence risks (Edmonds 1987; Jochim 1989;
Torrence 1989a, 1989b). One particular danger that
has arisen because of the introduction of theory
into lithic studies that were previously empirical
in character is the failure to consider the relation-
shipoflithicdata to theoretical concepts (Bamforth
1989).

The logical linkage of the conclusions drawn
from observations about lithic artifacts is referred
to as the structure of inference. An explicit linkage
of inferences at each successively higher level of
explanation is needed to strengthen arguments
about past human behavior. This linkage is hier-
archical with complex inferences ultimately
founded on basic reconstructions of stone tool
manufacturing and using behavior. Inferences
about technological organization require more than
the assignment of an artifact class to an organiza-
tional strategy (e.g., Gramly 1980). Little knowl-
edge is gained when a concept such as tool curation
is coopted as a method of inference. This type of
inferential strategyisan attempt at taking a meth-
odological shortcut. Concepts are important for
advancing descriptions about empirical observa-
tions and serve as valuable tools to promote gen-
eral understanding. Methods describe the manner

in which concepts are articulated to provide acco-
rate statements about the organization of past
human behavior. Improvements in the study of
technological organization require a focus on meth-
odological problems rather than conceptualissues.
The greatest difficulty that lithic analysts face
is attempting to accurately address theoretical
issues while avoiding methodological pitfalls. The
accuracy of increasingly sophisticated levels of
inference is necessarily tied to the accuracy of re-
constructions of past behavior and understanding
of depositional history in the archaeological record.
Successively higher levels ofinference must be built
from the ground up and inferential shortcuts must
be avoided if lithic analysis aspire to confront
processual issues in a productive manner. The
relationship between technological organization
and archaeological data is bridged by behavioral
observations. An emphasis on reliable inferences
about behavior is the cornerstone of technological
studies (Bamforth 1991b; Bradley 1991; Collins
1975; Jochim 1989; Kuhn 1991; Nelson 1991; Sheets
1975; Torrence 1989a, 1989b). In order to achieve
reliable inferences about behavior, it is necessary
to build methodologies for diagnosing behavior from
the archaeological record (Sabloff et al. 1987) as
well as test implications from theoretical argu-
ments. It is important to recognize that these in-
ferential procedures are interactive (Binford 1989)
and it is necessary to work back and forth between
each domain to identify and verify patterning.
Several ingredients lead to strengthening in-
ferences about technological organization. An ac-
curate reconstruction of the behavioral context of
tool use is the foundation of organizational stud-
ies. Odell (1980) previously argued for greater
emphasis on behavioral inference in stone tool
analysis. Thiz paper links the call for a more be-
havioral approach in lithic analysis to the theo-
retical goals of organizational studies. In order to
understand technological behavior, it is necessary



Chapter 2 - Amick

to view tools in the dynamic context of use and
diseard rather than static typological classifica-
tions (Bradley 1991:369). While the study of stone
tools is limited by a lack of suitable analogs, it is
endowed with information about behavioral se-
quences. Because stone tool manufacture is sub-
tractive (Collins 1975), the processes which have
gone before are often manifest on the artifact but
equifinality limits the depth of any technological
reconstruction (Keeley 1980),

Technological operations applied in the manu-
facture of stone tools are often discernible and may
reveal a sequence of procedures. Complex ze-
guences such as biface manufacture are especially
valuable sources of data on serial production (e.g.,
Ahler 1986; Amick 1985; Callahan 1979; Johnzon
1989; Young and Bonnichsen 1985). Although evi-
dence of earlier manufacturing processes are some-
times obliterated by later flaking, stone tool analy-
sis provides inferences about the type of blank used
and itz mode of production, and the subsequent
processes of manufacture. The raw material used
to manufacture a stone tool reflects toolstone
sources, procurement activities, and mobility
ranges.

Because the sequence of flake removal and
breakage during manufacture or use is identifi-
able on stone tools, it is possible to identify a se-
guence of behavioral events resulting in loss or
discard. Beckett (1983) reports Folsom points of
non-local stone at Rhodes Canyoninthe San Andres
Mountains of south-central New Mexico. Analysis
of the sequence of events leading to the deposit of
these artifacts provides much more information.
Oneofthese points was manufactured from Chuska
chert which is only available in the Chuska Moun-
tains about 390 km northwest of Rhodes Canyon.
This point was broken by an impact fracture re-
sulting in loss of this midsection fragment which
remained on the surface long enough to aequire a
thin patina. [t is likely that this patina required at
least a few thousand years to develop. This
patinated artifact was then recovered and battered
using the bipolar technique in an attempt to obtain
functionable sharpedged flakes. The flake scars
from the battering are unpatinated.

Interpreting this projectile point in terms of a
behavioral sequence results in a stronger conclu-
sion. The dynamie sequence of breakage and loss
followed by later recycling undermines the static
interpretation of this artifact as accurate evidence
of Folsom occupation at this locality. The recycling
evidence also compromises the significance of the
non-local Chuska chert as a measure of mobility.

10

This example iz not comprehensive because analy-
sis of stone tools in terms of a behavioral sequence
may be conducted at many different levels. None-
theless, placing artifacts within the context of be-
havior helps to avoid the inaccurate concluszions
generated by statie typological analyses.

TheRhodes Canyon exampleillustrates a small
amount of the complexity of behavioral events
between manufacture and discard of a stone tool.
This concept has been expressed in terms of arti-
fact “life-histories” (McAnany 1988); regional “re-
duction trajectories” (Johnson 1989); and the “flow
of stone” through time and across space (Inghar
1991, 1992). These types of analytical approaches
aim to place tools within the context of behavioral
sequences by focusing on the interrelationship of
tool reduction and mobility. Technological dynam-
ies oecur at various seales ranging from regional
landuse to intrasite spatial patterns.

At the SBhifting Sands Site, a Folzom-Midland
bison kill and campsite in western Texas, it has
been suggested that the behavioral sequence of
events at the site conditioned tool using behaviors
{Amick et al. 1989; Amick and Rose 1990; Hofman
et al. 1980). In this case, decisions were made to
conserve or to consume stone tools in the context of
anticipated needs. Shifting Sands appears to rep-
resent a bison kill and butchery event followed by
hideworking, retooling, and other domestic activi-
ties. Flake knives and scrapers used in butchery
arequite large and seem to have been conserved in
anticipation of future tool needs. In contrast, the
stone tools azsociated with domestic activities fol-
lowing the kill and butchery are often completely
consumed. Casual flake tools are small and usu-
ally contain multiple working edges. Endscrapers
are usually exhausted and zeveral are smashed by
radial fracture (Frison and Bradley 1980:97-58) to
produce burin tools. Many heavy butchery tools
were scuttled to reduce transport costs when the
site was abandoned. Thus, this assemblage con-
tains the paradoxical combination of both conser-
vation and consumption of tools. Viewing this as-
semblage in terms of a changing behavioral se-
guence suggests that the perception of toolstone
needs changed from conservation to consumption
during the courze of this oecupation. These percep-
tions may have also depended on individual needs.

The usze of artifact refitting and spatial analy-
sis is often capable of defining the decision making
that conditioned technological behaviors (e.g.,
Cahen etal. 1979). Befitting of resharpening flakes
onto chopping tools at Stewart's Cattle Guard
(Jodry and Stanford 1992), a Folsom killbutchery
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site in south-central Colorado, demonstrates the
utility ofintegrating lithicreduction sequences with
spatial patterning to reconstruct an episode of tool
using behavior. In this case, butchery was con-
ducted in a systematic fashion as work progressed
from one animal to the next, periodically pausing
to resharpen the chopper which was discarded on
the spot after butchery was complete. Although
this example is limited, it provides greater insight
into technological behavior than the simple asso-
ciation of 2 chopper with a bonebed.

Inferences about technological organization
rely on accurate reconstruction of behavior. Be-
haviors related to procurement, design, mainte-
nance, retooling, recycling, conservation, waste,
caching, discard, and scavenging are commonly
invoked in arpuments about technological organi-
zation which makes it necessary to view the ar-
chaeological record in these terms also. Another
useful strategy in the study of technological orga-
nization depends on building appropriate frames
of reference (Binford 1991a) and distinguishing
inferences about parts of systems from inferences
about entire systems. Integration and comparison
oflithic data with other (non-lithic) datasets is fun-
damental to improving the structure of inference
in lithic analysis as well as being essential for
making lithic studies relevant to archaeology.
‘While specialization has the potential to improve
the reliability of our methods, it is crucial that
specialized studies be integrated with our knowl-
edge as a whole. Gifford-Gonzales (1991) has re-
cently emphasized this same position with respect
to faunal analysis.

Folsom Land Use in the American
Southwest

This paper considers the organization of Folsom
hunting behavior in New Mexico and west Texas.
The data used to investigate this problem were
compiled from the firsthand examination of 375
Paleoindian site records and 1005 Folzom-Midland
points, 307 Folsom preforms, and 879 channel
flakes. The site record data were compiled from
files at the Laboratory of Anthropology of the
Museum of New Mexico during July 1991. Artifact
data were gathered from numerous private and
public collections. Folsom land use and hunting
behavior are investigated from several aspects
including large scale distributions of artifacts and
toolstone use, comparison to modern hunter-gath-
erers, patterns of weaponry retooling, off-site ac-
tivities, and variation in weaponry manufacture.

The use of weaponry related artifact classes in
this study reflects some pragmatic constraints in
the large scale study of Folsom settlement and
technology. First, many of the artifact collections
that were used to compile these data contained
stone tools which were diagnostic of other time
periods. The Laboratory of Anthropology holds
records of 86 Paleoindian sites with artifacts diag-
nostic of Folsom occupation. Thirty-six of these sites
represent isolated Folsom point finds and 31 of the
remaining 50 Folsom sites contain multiple com-
ponents. Poinis which are diagnostic of the later
Paleoindian Cody complex are found at 17 of the
Folsom multicomponent sites. Although the
cooccurrence of Folsom and Cody points suggests
aninteresting correspondencein land use patterns,
the mixture of these occupations is especially
troublesome becanse of the numerous toolkit simi-
larities shared by these two cultures (Frison 1987,
1991:125-136; Frison and Bradley 1980; Irwin and
Wormington 1970; Wilmsen and Roberts 1978).
Consequently, it cannot be certain that tool assem-
blages from Folsom sites without secure strati-
graphic control are unmixed with later components.

The only reliable Folsom diagnostics are projec-
tile points, preforms, and channel flakes. Examples
of these artifact types areshown in Figure 1. These
stone tools are related to weaponry which is used
to infer hunting behavior as well as the lithic pro-
curement and maintenance patterns associated
with hunting gear. It remains to be demonstrated
that Folsom and Midland points are not elements
of the same toolkit (see Bradley 1991:373-379 and
Hofman et al. 1990 regarding these arguments),
as aresult, both types are included in this analysis
under the general category of Folsom. Further
evidence of the technological relationship of these
two types is presented later in this paper. Folsom
points are typically distinguished by 2 broad lon-
gitudinal flute on at least one face while Midland
points exhibit similar flaking technology but lack
fluting. These stone points functioned as weapon
tips and may have served as cutting implements.
Folsom preforms are also characterized by fluting
and represent artifacts which were shaped like
projectiles but discarded before completion. Pre-
forms usually represent failures that oceurred
during manufacture, especially during fluting.
Channel flakes are the distinctive byproduct of
Folsom fluting and indicate point mannfacture.

Folsom Site Distributions

It is assumed that differences in Iand use and
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hunting behavior reflect a response to the environ-
mental constraints that define Folsom adaptive
patierns. New Mexico provides an excellent labo-
ratory to address this problem because it contains
a broad diversity of landforms across an area of
46,848 square kilometers. Eastern New Mexico is
included within the Great Plains, southcentral and
southwestern New Mexico are part of the Basin
and Range, northwestern New Mexicois contained
within the Colorado Plateau, and the southern Rocky
Mountains extend into north-central New Mexico.
Evidence of Folsom occupation in the Basin
and Range of New Mexico is restricted to lithic
artifacts. Folsom campsites are known from the
Basin and Range (Judge 1973), but it has gener-
ally been assumed that Folsom hunters are on-
ented toward the Great Plains where numerous

bison killsites are reported (e.g., Hester 1972;
Howard 1935; Sellards 1952; Wendorf and Hester
1962; Wormington 1957). In fact, Folsom adapta-
tions in the American Southwest are considered to
reflect a specialized economy centered on bison
hunting (Irwin-Williams 1977:292; IrwinWilliams
and Haynes 1970:63).

Figure 2 shows the distribution of Folsom sites
in New Mexico according to the records of the Labo-
ratory of Anthropology. This figure includes data
gathered from the 86 Palecindian sites in New
Mexico reported to contain Folsom points (Mid-
land points are not included in these totals). Each
Paleoindian site record was reviewed and scored
according to the reported frequency of Folsom
points. Scores ranged from one to nine using the
following formula: 1=isolates and sites with one

cm

Figure 1. Examples of Midland points (A), Folzom points (B), unbroken channel flakes (C), and failed
Folsom preforms (D). Adapted from illustrations in Bell (1958:26-27) and Perino (1971:62-63).

12
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point, 2=two points, 3=three or four points, 5=five
or six points, T=seven to ten points, 9=more than
ten points.

The recorded distribution of Folsom sites sug-
gests a predominance in the San Juan Basin of the
Colorado Plateau province in northwestern New
Mexico and in the Great Plains region in eastern
New Mexico. Additional concentrations are present
inthe Rio Grande Valley and adjacent basins lying

within the Basin and Range province. Finally, a
scatter of Folsom campsites are reported along the
front range of the Southern Rockies. The apparent
absence of Folsom sites in southwestern New
Mexico is most likely a function of the generally
poor survey coveragein this part of the state (Stuart
and Gauthier 1988:222-226). While the distribu-
tion of Folsom sites is probably biased by uneven
survey coverage and variable land surface erosion,

Figure 2. Distribution of Folsom points in New Mexico from records at the Laboratory of
Anthropology.
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this map suggests that Folsom groups used all of
the major physiographic provinces in New Mexico.

Recent evidence of the use of upland and mon-
tane areas by Folsom and late Palecindian groups
has been noted in the Northwestern Great Plains
and central Rocky Mountains (Frison 1988;
1991:480; Frison et al. 1986; Naze 1986). Success-
ful occupation of these highland areas requires
exploitation of upland game animals (e.g., deer,
elk, and bighorn sheep) and plant resources. Ex-
amination of the Folsom sites recorded in New
Mexico suggests that there iz little evidence of
highland occupations which might relate to alter-
native land use patterns. Figure 3 presents a his-
togram of the number of Folsom sites recorded by
the Laboratory of Anthropology by 1000 foot inter-
vals of elevation AMSL. Although the accurate
assessment of environmental setting depends on
the site location, these data suggest that highland
areas were rarely used by Folsom hunters in New
Mexico.

New Mexico is an uplifted plateau which dips
to the southeast where elevations drop to about
3000 feet AMSL. Forest vegetation is found above

7000 feet and mountain ranges commonly rise
above 10,000 feet with a few extending to 12,000
feet AMSL. The data illustrated in Figure 3 show
that no Folsom sites are found above 8380 feet
AMSL. All of the Folsom sites recorded above 7320
feet AMSL areisolated artifacts. For the most part,
Folsom sites in New Mexico are found in basin,
plain, and foothill settings with elevations reflect-
ing local base level changes. A few small upper
elevation siteg (above 7000 feet AMSL) are clus-
tered in the highland areas south and east of the
San Juan Basin (Broster 1983; Broster and Harrill
1982: Broster and Ireland 1984). Folsom sites are
found between 6000 and 6999 feet AMSL in the
San Augustin, SanJuan, and Estancia Basins, and
the central mountain foothills. Eleven Folsom sites
are recorded between 5000 and 5999 feet AMSL
and these sites are found in the central mountain
foothills and the lower elevations of the San Juan
Basin. Numerous Folsom sites are found between
4000 and 4999 feet AMSL in the lowlands of south-
ceniral New Mexico and the plains of eastern New
Mexico. A few low elevation sites (below 4000 feet
AMSL) are restricted to the plains of southeastern

1D 15

20 25 30 35

Number of Folsom Sites

Figure 3. Histogram of the number of Folsom sites recorded in New Mexico according to elevation.
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New Mexico. The current survey data fail to indi-
cate any notable use of upland areas by Folsom
hunters. It is possible that highland resources are
more limited in New Mexico where mountain
ranges are generally lower in elevation, narrower
and more arid than the central Rockies.

Intensive archaeological survey of Cebollita
Mesa, a tilted tableland in west-central New Mexico
provides the most notable record of Folsom occu-
pation inan upland situation (Broster 1983; Broster
and Harrill 1982). Cebollita Mesa is characterized
by elevations of around 3000 feet AMSL and is
dotted with a series of small ponds. Fifteen Folsom
points (including four Midland points) were col-
lected from the Cebollita Mesa survey. An unusual
characteristic of these points from Cebollita Mesa
is the frequency of thermal fracture and evidence
of reworking into late prehistoric arrowheads. In
order to provide a baseline for comparison, the
evidence of burning and recycling on the Cebollita
Mesa poinis is contrasted with the remaining
dataset of 990 Folsom and Midland points from
low altitude settings throughout New Mexico and
west Texas.

Thermal fractures indicative of severe burn-
ing (e.g., Purdy 1975; Rick 1978) are found on only
4.9% (n=49) of the low altitude sample of Folsom
points compared to 40% (n=6)of the Cebollita Mesa
points. These surface artifacts may have been
burned by forest fires or in the hearth fires of later
occupants. Recyclingisevidentononly 1. 7% (n=17)
of the low altitude points compared to 20% (n=3) of
the points from Cebollita Mesa. Although the size
of the Cebollita Mesa sample is limited, these data
tend to suggest considerable recycling of Paleo-
indian artifacts at Cebollita Mesa. One Folsom
point midsection from Cebollita Mesa was ther-
mally altered and then reworked into a small side-
notched arrowpoint. While the original flake scars
on this point are smooth and waxy, the reworked
flake scars exhibit a sugary texture characteristic
of stone which has been “overcooked” by thermal
exposure. This association of unsuccessful ther-
mal alteration with artifact recycling suggeststhat
later occupants were unfamiliar with the proper-
ties of Paleoindian raw materials.

Closer examination of the Cebollita Mesa
Folsom points sheds doubt on their reliabilityasa
record of Folsom occupation of an upland area. Most
of the Folsom points from Cebollita Mesa are iso-
lated finds or isolates at later component sites.
There is evidence of heavy use of the mesa by later
Pueblo groups which may account for this unusual
pattern of Folsom point burning, recycling, and

discard. Finally, Cebollita Mesa is a well-watered
prairie-parkland rather than a montane forest and
the location of these Folsom points indicates a
hunting pattern focused on waterholes. This pat-
tern does not differ from Folsom land use in nearby
lower altitude situations. While it is doubtful that
Cebollita Mesa contains a secure record of Folsom
occupation in the New Mexico highlands, it is cer-
tain that these data do not offer a different pattern
of Folsom land use.

A recent study of the distribution of Folsom
sites and Folsom points across Texas concluded
that patterning was the result of differential in-
tensity of archaeological investigations rather than
regional differences in Folsom settlement(Largent
and Waters 1990; Largent et al. 1991). Texas con-
tains a variety of physiographic regions but true
montane seitings are rare and the environment
can generally be characterized as prairie-plains.
Although Texas is 2.2 times larger and contains
11.2 times more people than New Mexico, T80
Folsom poinis are reported from New Mexico in
this study compared to 329 reported from Texas by
Largent et al. (1991). Despite several biases which
make direct comparison of these figures difficult,
the trend suggests higher Folsom concentrations
exist in the diverse landscapes which are charae-
teristic of New Mexico.

The total number of Folsom finds in New Mexico
is probably underestimated because many sites
remain unrecorded. However, nearly 81 8% (n=638)
of the Folsom and Midland points reported in this
study were collected along the Rio Grande Valley
between Albuquerque and El Paso. Most of these
artifacts were found by private collectors. In fact,
these investigations suggest that the majority of
Palecindian artifacts from New Mexico are pri-
vately owned. Over 90% (n=708) of the Folsom (and
Midland) points recorded from New Mexico in this
study are currently in private hands, the remain-
ing points (n=72) are stored at museums, univer-
sities, and government agencies.

While it is difficult to obtain an accurate pic-
ture of Folsom distributional patterns, this recon-
struction of the New Mexico data indicates concen-
trations along the Rio Grande Valley and its adja-
cent basins. In general, the distribution of Folsom
materials in New Mexico corresponds with late
Pleistocene grasslands. Cordell (1979:132,
1984:126) has noted that Folsom materialsin New
Mexico are usnally associated with erosional land-
scapes. It is probably significant that most erosion
in the American Southwest was induced by over-
grazing near the turn of this century (Neilson 1986;
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Van Devender 1990). Consequently, the modern
association of Folzsom sites with erosional land-
scapes suggests a previous correspondence with
graszlands.

The distribution of grasslands in the western
half of New Mexico was discontinuous because of
the Basin and Range topography which character-
izes the region. In addition, modern precipitation
patterns indicate decreasing moisture west of the
Great Plains. The desertification of New Mexico
wasunderway by Folsom times and proceeded from
southwest to northeast (Harris 1989; Van Devender
etal. 1984, 1987; Wendland et al. 1987:460). Given
less contiguous grasslands and less effective mois-
ture in the basins of western New Mexico, the dis-
tribution of waterholes and pastures in the Basin
and Range is assumed to have been patchier than
the arrangement on the Great Plains. This greater
patchiness is expected to have reduced the forage
available for grazing animals in the Basin and
Range and may have resulted in smaller and more
mobile bison herds (Bamforth 1988). This differ-
ence in bizon ecology may have affected Folsom
hunting strategies

Context of Terrestrial Hunter
Comparisons

It is currently established by radiocarbon dat-
ing at a number of sites that Folsom occupations
occurred during the Younger Dryas period of the
early Holocene between 10,950 and 10,250 years
ago (Haynes et al. 1992:96). Mean annual tem-
peratures in the grasslands of New Mexico were
about 3 degrees (Celsius) cooler than today based
on paleoclimatic reconstructions of this time pe-
riod (Elias 1990; Van Devender et al. 1984, 1987).
However, climatic seasonality hasdecreasedin the
American Southwest since the early Holocene. Az
a result of the leas equable climates of the early
Holocene, effective temperatures may have been
slightly cooler than today.

Effective temperature (ET) measures the
length of the growing season and the intensity of
solar energy available during the growing season
which in turn reflects environmental productivity
{Bailey 1960) and has been shown to be a useful
tool for comparing hunter-gatherer adaptations
{Binford 1980; 1980). Modern ET values range from
25 degrees Cin tropical latitudes to 8 degrees Cin
the arctic. In New Mexico, the modern ET values
range from 11.6 degrees C in the Sangre de Cristo
Range of the Southern Rocky Mountains to 15
degrees C on the southeastern portion of the South-
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ern Plains (Cordell 1978:Map 2). It is possible that
the ET ranged from 12 to 14 degrees Cin the grass-
land plains and basins of New Mexico during
Folsom occupations. Binford (1920:Table 9) reports
88 historically recorded hunter-gatherer groups
living within this ET range. Plant resource depen-
denceis 30-50% among most of these groups (n=54,
T9%).

This comparison helps to place Folsom behav-
ior within the context of other hunter-gatherers
and predicts that Folsom diet relied heavily on plant
resources. The archaeological record does not sup-
port this prediction based on current knowledge
about Folsom subsistence remains, settlement tech-
nology, and tool inventories (Bonnichsen et al.
1987). Analysis of Folzom behavior from all of these
viewpoints indicates an adaptation focused on bi-
son hunting with other species taken when the
opportunity arose. While it is likely that greater
variability exists within Folsom adaptations, the
evidence for a significant plant component in
Folsom diet (e.g., Kornfeld 1988) remains
undemonstrated.

There is considerable empirieal support for the
assumption that Folsom subsistence is character-
ized by bison hunting. Unfortunately, there are a
lack of relevant modern analogs for terrestrial
hunters in a temperate latitude Historieally re-
corded terrestrial hunters are most commonly
known from high latitudes and are characterized
by logistical mobility and the exploitation of large
territories (Binford 1890:137-139; Kelly 1983:280-
281). While Folsom groups exhibit large territo-
ries, the settlement system is based on residential
rather than logistical mobility (Kelly and Todd
1938). It is useful to consider Folsom within the
context of hunter-gatherera in similar environ-
ments although these cases do not provide direct
analogs.

The bison and elk hunting Crow and Piegan
(Blackfoot) from the northwestern Plains appear
to be the closest analog to Folsom in terms of envi-
ronment and subsistence (grassland bison hunt-
ers), the high frequency of residential mobility, and
high annual mobility (Kelly 1983:Table 1; Binford
1990:Table 12). ET is 13 degrees C for the Crow
and 11.4 degrees C for the Piegan. Settlement and
subsistence patterns for these groups are biased
by reliance on horse transportation and moved
residences 28-38 times per year for a total annual
distance of 640-840 km. Size of the group range is
estimated at 8500 to 61,880 kilometers squared
which reflects the value of horses as a transporta-
tion aid. Settlement organization among the Crow



Folsom Hunting Behavior in the American Southwest

and Piegan differs from the inferred Folsom pat-
tern in that these groups were semi-nomadic and
relied on food storage at winter camps to overcome
inclement weather and seasonal resource short-
falls. In other words, the Crow and Piegan did not
practice a year-round foraging strategy. Seasonal-
ity required the use of logistical strategy during
the winter months.

One group of fully nomadic people (foragers)
who were dependent on terrestrial hunting are
important to mention. The Ona lived as hunters of
guanaco, rhea, and seal in Northern Tierra del
Fuego (ET=59.1). Kelly (1983:280-281) reports that
Ona groups made about 60 residential moves per
year, and although the annual distance of these
moves is unknown, Binford (1990:138) suggests
790 kilometers sqnuared as an estimate of group
range. The Ona are significant because they repre-
sent an exceptional case of “pedestrian hunters
unaided by either pack dogs or draft animals” who
“practice little storage as an overwintering strat-
egy” (Binford 1990:138). In addition, the Ona ex-
hibit a residential mobility pattern characterized
as “forzgers” who move consumers to rezources
while nearly all other hunter-gatherers known from
high latitudes are characterized as “collectors™who
moveresources to consumers (sensu Binford 1980).
The case of the Onaissignificant because as Binford
(1990:139) notes: “(floraging strategies may have
been more common in temperate and cold settings
in the past.”

Based on patterns of raw material movement,
it appears that Folsom residential mobilityis quite
high. It is not uncommon to find raw material in
Folsom assemblages that has moved up to 500 km
from its source (Hofman 1991; Stanford 1991; and
this paper). Since pedestrian routes of travel are
rarely linear, this transport distance is probably
even greater, [t is difficult to know the actual rela-
tionship of this distance to annual mobility, but if
500 km is assumed as a minimum estimate of an-
nual mobility, then Folsom groups rank among the
most mobile of known hunter-gatherers and the
nearesi modern comparisons are fully nomadic or
semi-nomadic hunters of terrestrial game whorely
on transportation aids,

Regional Variation in Toolstone and
Land Use Patterns

Regional Toolstone Patterns

The assemblage of 1312 Folsom-Midland points
and preforms from New Mexico and western Texas

provide a comparison of regional differences in the
use of selected toolstone types. Comparison of the
lithic materials used to manufacture these weapon
tips provides a partial measure of group mobility.
As Ingbar points out in this volume and elsewhere
(1991, 1992), the relationship of toolstone mate-
rizl proportions to settlement mobility may be quite
complex. Although trading of stone may have oc-
curred among Folsom groups, the patterns sug-
gested by Meltzer (1988)tosignify exchange oflithic
material are not foundin these data. Figure 4 shows
the location of the toolstone sources and the rela-
tionship of these sources to the regional study ar-
eas. Four regions are defined which are used to
conirast the Great Plains with the Basin and Range
along the Rio Grande Valley: 1) the Southern Plains,
centered around the Llano Estacade; 2) the
Tularosa Basin, located adjacent to the Rio Grande
Valley; 3) the Jornada del Muerto, located along
the Rio Grande Valley and northwest of the
Tularosa Basin; and 4) the Albuguerque Basin,
located along the Rio Grande Valley and immedi-
ately north of the Jornada del Muerto.

Four distinctive stone types (Banks 1990) are
used to illustrate the relationship of toolstone use
among theseregions. Edwards chertis a high qual-
ity, flinty material which is abundant along the
southeastern margin of the Southern Plains.
Rancheria chertis an elastic cryptocrystallinesilica
which often contains characteristic banding and
fossil inclusions. It is available from various Mis-
sissippian formations in south-central New Mexico
and appears to be concentrated in the mountain
ranges west of the Tularosa Basin and at the south
end of the Jornada del Muerto. Socorro jasperisa
secondary silica deposit found in the volcanic moun-
tains near the northern end of the Jornada del
Muerto. The utility of Socorro jasper is limited by
brittleness which reduces edge strength. Chuska
chert is an opaline stone vsually characterized by
pink color and greasy luster. As a toolstone, it is
hampered by relatively soft edges which are easily
damaged. Chuska chert is found in vein deposits
among altered volcanicrocks in the Chuska Moun-
tains on the west side of the San Juan Basin in
northwest New Mexico.

Table 1 presents a summary of the proportion
of these toolstones among the points and preforms
within each regional study area. The last category
in this table is listed as “various other toolstones”
which includes a residual group. In the Southern
Plains assemblage, the various other toolstones
are largely composed of Alibates agatized dolomite
and Tecovasjasper, two major toolstone sources on
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Figure 4. Location of primary study areas and toolstone sources. Study areas:
A=Albuquerque Basin; J=Jornada del Muerto; T=Tularosa Basin; SP=Southern
Plains. Toolstone sources: C=Chuska chert; S=Socorro jasper; R=Rancheria chert;

E=Edwards chert.

Table 1. Use of selected toolstones among Folsom-Midland points and preforms from the Rio Grande

Valley and Southern Plains.
_ — — —
Region

Toolstone Albuguerque Jornada Tularosa Southern
Type Basin del Muerto Basin Plains
Chuska 13.3% 6.3% 1.0% 0
Chert (n=22) (n=15) {n=5)

Socorro 24% 109% 1.9% o
Jasper (n=4) (n=26) (n=10)

Rancheria 10.8% 28.5% 46.8% 0
Chert (n=18) (n=68) (n=241)

Edwards 0.6% 59% 8.2% 823%
Chert (n=1) {n=14) (n=42) (n=242)
Various Other 73.5% 48.5% 42.1% 17.7%
Toolstones (n=122) (n=118) (n=217) (n=52)
Total Number 166 239 515 204
e —— ——— —— —— —— — —
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the northern margins of the Llano Estacado (Banks
1990). Within the Rio Grande Valley assemblages,
the various other toolstones are probably derived
from the axial gravel deposits known as the Santa
Fe Formation which are found in the terraces along
the Rio Grande. These materials include a diverse
mixture of cherts, jaspers, chalcedonies, silicified
wood, and obsidian from the rock formations of
northern New Mexico and the southern Rocky
Mountains,

Hofman (1991) has recently shown that use of
Edwards chert predominates among Folsom-Mid-
land assemblages from the Southern Plains. The
data from the Southern Plains in Table 1 corrobo-
rates that pattern with 82.3% of Folsom-Midland
points and preforms (n=242) made on Edwards
Chert. The presence of Edwards chert into the Basin
and Range of New Mexico is most significantin the
Tularosa Basin which lies about 500 km west of
Edwards source areas. Folsom assemblages in the
Rio Grande Valley are characterized by the use of
local materials, but 8.2% (n=42) of the Tularosa
Basin points and preforms are made of Edwards
chert. In the Jornada del Muerto which lies about
575 km northwest of Edwards sources. the per-
centage of Edwards points and preforms decreases
to 5.9% (n=14). In the Albuquerque Basin located
about 625 km northwest of Edwards sources, there
i3 a single Folsom point made of Edwards chert
representing 0.6% of the points and preforms.

Three discrete assemblages in the Tularosa
Basin and Jornada del Muerto are distinguished
by unusually high proportions of Edwards chert
among the FolsomMidland poinis and preforms.
These percentages of Edwards chert are 204%
(n=10/34) at the Aleman locality in the southern
Jornada del Muerto, 25% (n=14/56) at the Moody
Tank localityin the Tularosa Basin, and 18% (n=20/
112)at the Tres Hermanos locality (which includes
Moody Tank)in the Tularosa Basin. Noothersingle
locality in the Rio Grande Valley area contains
more than two percent Edwards chert among the
Folsom-Midland points and preforms. As men-
tioned earlier, this clustered distribution of non-
local toolstone has been suggested to indicate the
direct movement of people rather than toolstone
exchange (Meltzer 1988). This evidence indicates
movement into the Tularosa Basin and Jornada
del Muerto by Folsom groups from the Southern
Plains.

On stone tools, the degree of resharpening
provides an estimation of relative use-life (Kuhn
1991; Shoit 1989). Hofman (1991, 1992) has used
the length of Folsom projectile points to estimate

toolkit depletion on the Southern Plains. Resharp-
ening on Folsom points occurs at the tip rather
than the lateral margins, thus, resharpening re-
duces the length of the points. Assuming that
Folsom points are originally made with a specific
length requirement, thereduction in length of com-
plete Folsom points may provide an estimate of
use-life history. Although this assumption may not
hold for individual specimens, it is reasonably
applicable to groups of Folsom points. While the
length of most Edwards points on the Southern
Plains range from about 30 to 50 mm (Hofman
1991, 1992; and data collected for this paper), the
three complete Edwards points in the Rio Grande
Valley do not exceed 25 mm in length. These daia
are limited but appear to reflect an exhausted
Folsom toolkit made of Edwards chert from the
Southern Plains which enters the Rio Grande
Valley near the Tularosa Basin. This exhausted
toolkit may have been replaced with local materi-
als in the Rio Grande Valley.

Table 1 shows that toolstones from the Basin
and Range arenot presentin Folsom artifacts found
on the Great Plains. Although, it should be noted
that Hofman (1990:20) has reported a Folsom point
made of Rancheria chert from Southwestern Okla-
homa. Folsom groups equipped with toolkits made
from Edwards chert are operating on the Plains,
but Folsom groups from the Rio Grande Valley are
not carrying locally produced stone tools onto the
Plains. This pattern suggests that Folsom groups
along the Rio Grande are operating within a sepa-
rate mobility system or that these data referto a
small part of a very large system of land use. Ex-
amination of the patterns of Rio Grande toolstone
use provides some insight into the possible nature
of this land use pattern.

Rancheria chert iz one of the most commonly
used materials in Folsom assemblages in the
Tularosa Basin where it accounts for 46.8% (n=241)
of the points and preforms. Use of Rancheria de-
creases to 28.5% (n=68) in the Jornada del Muerto
and 10.8% (n=18) in the Albuguergue Basin.
Chuska chert use is most common in the Albuquer-
que Basin which is about 200 km from the source
area. However, Chuska chert drops rapidly from
13.3% (n=22) in the Albuquerque Basin to 6.3%
{n=15) in the Jornada del Muerto and 1% (n=5) in
the Tularosa Basin. Socorro jasper occurrence is
highest near its sources in the Jornada de] Muerto
with 10.9% (n=26) and Socorro jasper use declines
rapidly in the Albuquerque Basin to the north with
2 4% (n=4) and in the Tularosa Basin to the south-
east with 1.9% (n=10).
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These patterns of local stone use show signifi-
eant differences from the use of Edwards chert in
the Rio Grande Valley. In the Tularosa Basin,
sources of Chuska and Edwards chert are both
about 500 km away, but Edwards chert is over
eight times more common than Chuska chert
among the Folsom points and preforms. This ex-
ample shows that toolstone materials are differen-
tially transported within the Rio Grande Folsom
assemblages. Use of Edwards chertindicates move-
ment from the Plains into the southern corridor of
the Rio Grande Valley near the Tularosa Basin.
The changing proportions of Chuska chert from
the San Juan Basin in the northwest indicaie that
it probably enters the Rio Grande Valley near the
Albuquerque Basin. Although Chuska chert is used
in the Basin and Range country along the Rio
Grande, its use declines rapidly away from the
Albuquerque Basin.

Socorro jasper shows the highest frequency of
use near its source in the Jornada del Muerto. Use
of Socorro jasper declines dramatically in the Al-
buguerque Basin and Tularcsa Basin which are
located about 100 to 150 km away from the source
area. The relatively rapid decline in Socorrojasper
and Chuska chert use may be related to the infe-
rior edge holding properties of these stones. De-
cline in Rancheria chert use in the Albuguerque
Basin located about 225 km north of the source
area is accounted for by the use of various other
toolstones found in the abundant gravel deposits.
The use of various other materials is highest in the
Albuguerque Basin (73.5%, n=122) and shows a
decrease southward along the central Rio Grande.

Various patterns of Folsom movement along
the Rio Grande Valley are suggested by these dis-
tributions of toolstone. The easy availability of
toolstone throughout the Rio Grande Valley allows
for procurement of stone as needed. Suitable
sources of toolstone (i.e., Edwards chert) are more
restricted on the Southern Plains. Folsom tools
may have been replaced more readily in the Rio
Grande Valley than on the Southern Plains as a
result of these differences in toolstone availability.
Evidence that alesser quality material like Socorro
jasper is rare outside of its immediate source area
supports this observation. In addition, some stone
types in the Rio Grande Valley (like Chuoska) ap-
pear to have been preferred over others (like Socorro
jasper)resulting in transport over greater distances
before discard. In summary, these patterns indi-
cate movement throughout the Rio Grande Valley
but fail to provide substantial evidence of move-
ment onto the Plains from the Basin and Range of

New Mexico. Stanford (1991) has indicated simi-
lar regional patterning in Folsom toolstone nse.

Variation in the Weaponry Retooling

Patterns of point to preform ratios between
regions is used to examine weaponry retooling.
Judge (1973:201-203) classified Folsom sitesin the
Albuguerque Basin with low point:preform ratios
asarmament stations. He noted that these weapon
preparation sites are often located near overviews
and usually served as hunting stands where ac-
tivities focused on final point production. This
patternis contrasted with Folsom basecamps which
contain high ratios of points (especially bases) to
preforms (Judge 1973:199-201). Although base-
camps are characterized by a diverse tool assem-
blage, the weaponry component centers on the dis-
card of broken point bases. Presumably, hunting
weapons are usually equipped with new points at
the armament camps.

Table 2 presents the frequency of weaponry
components recorded for each of the four regional
study areas. The differences in the point:preform
ratios between these regions are related to the
availability of suitable toolstone. As toolstone be-
comes less available, the ratio increases. In the
Albuguerque Basin, the Santa Fe gravels are ubig-
uitous and the point:preform ratio is quite low.
Toolstone sources become increasingly less acces-
sible in the Jornada del Muerto and Tularosa Ba-
sin and the ratios increase. An exceptionally high
ratio of points to preforms is found on the Southern
Plains where toolstone sources are especially rare.
These data are somewhat inflated by the inclusion
of 154 points and no preforms from the Blackwater
Draw area (Broilo 1971; Hester 1972; and private
collections) but the omission of these points still
results in a point:preform ratio that is three to six
times higher than the Basin and Range regions.
Hofman's(1991:342)data from the Southern Plains
show a point:preform ratio of 326:38 or 8.58 which
is similar to these estimates. It should be noted
that the Adair-Steadman Site is a significant ar-
mament locale on the eastern margin of the High
Plains (Tunnell 1977) which may have a low
point:preform ratio but a comprehensive desecrip-
tion of this assemblage is not vet available.

Regional variation in these point:preform ra-
tios suggests that toolstone availability strongly
affects the organization of Folsom weapon retool-
ing. In places like the Albuguerque Basin where
suitable toolstone is widezpread, the replacement
of weapon tips occurs more frequently and the dis-
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tinction between armament stations and base-
camps is diminished. The Tularesa Basin is more
removed from toolstone sources and weapon tips
are replaced at less than half the rate of the Albu-
quergue Basin. In addition, the functional distine-
tion between basecamps and armament stationsis
greater in the Tularosa Basin. For example, the
Lone Butte Site, an armament station situated at
a prominent landmark with a commanding over-
view, accounts for 32.6% (n=43) of the Tularosa
Basin preforms (Amick and Stanford 1993). The
point:preform ratio at Lone Butte is 0.67. Greater
functional differentiation of weapon retooling sites
appears to occur when toolstone procurement is
constrained by mobility patterns.

Constraints from the pursuit of unpredictable
mobile resources while distantly removed from
toolstone sources is expected to result in a techno-
logical strategy of “tool curation” (Bamforth 1986).
Evidence of Folsom weapon retooling is sparse on
the Southern Plains which suggests that lithic
materials were usually conserved. Comparison of
data across different regions demonstrates that
the degree of curatorial behaviorin Folsom weapon
retooling is dependent upon the availability of
suitable toolstone. When toolstone is locally avail-
able, weapon retooling occurs more often at
basecamps and functionally discrete armament
stations are less common. When weapon retooling
depends on the use of transported toolstone, Folsom
technological organization is more curatorial and
Folsom settlement organization iz more special-

ized or logistical.

Off-site Distributions of Folsom
Weaponry

Most of the Folsom artifacts available to this
study were found at site locations which limits
complete understanding of land use strategies.
Ewidence of the off-site component of Folsom land
use activities is provided by a systemartic surface
survey of 991 km? at the Fort Bliss Military Instal-
lation in the Tularosa Basin (Carmichael 1986).
This survey produced 27 Folsom points, two Mid-
land points, and four Folsom preforms found as off-
site isolates or single finds mixed in later compo-
nentsites (Amick 1991; Amick and Stanford 1993).
These isolated finds provide a picture of Folsom
oif-site activities which have not been previously
desecribed.

Most of the isolated points (n=21, 60%) are
distal fragments or complete points. About 83%
(n=29) of the isolated points exhibit impact dam-
age which suggests these Folsom isolates repre-
sent weapon tips that were broken or lost while
hunting. Folsom hunting is usually considered to
focus on killsite locations where small groups of
animals were ambushed (Frison 1991:158-164).
The scattered pattern of these weapon tips indi-
cates that some wounded animals may have es-
caped the ambush killsites and died in the brush or
that stalking of individual animals may have
formed a significant component of Folsom hunting
sirategies. The high ratio ofisolated points to points
from sites (29:19) in the Fort Bliss survey suggests
that unless Folsom hunters were usually unsuoc-

Table 2. Regional frequencies of Folsom weaponry elements.

—
Point:Preform
Region Points Preforms Ratio
Albuguerque Basin 97 /9 141
Jornada del Muerto 167 T2 232
Tularosa Basin 383 132 290
Southern Plains 280 14 20.00

“Folsom artifacts from the Blackwater Draw area contributed 154 points and 0 preforms to this total.
Removal of the Blackwater Draw data changes the point:preform ratio to 9.00.
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cessful, individual stalking strategies rather than
wounded animals are primarily responsible for the
dispersed point tips.

Each Folsom site at Fort Bliss produced atleast
two points or preforms, The projectile points from
these sites contain a high proportion of basal frag-
ments(n=13, 68%)indicating repair of broken hunt-
ing gear at small temporary camps. All of these
bases exhibit impact damage which implies that
they were bound in a foreshaft that was usually
refrieved and returned the campsite. Broken point
fragments were then removed from the foreshaft
and discarded. The Fort Bliss Folsom site assem-
blages exhibit a point to preform ratioof 1.0(19:19)
suggesting that manufacture of replacement points
usually occurred at camps. The ratio of points to
preforms among the Fort Blissisolatesis 7.25(29:4)
which is at least four times higher than Folsom
assemblage data prezented by Judge (1973:202)
from the Albugquerque Basin and almost 50% higher
than any of the localities known in the Tularosa
Basin (Amick and Stanford 1993). Thus, the manu-
facture of points and replacement of hunting gear
usually took place at campsites rather than in the
field.

Although the record of Folsom off-site activi-
tiesislimited, individual kills appear to have been
an important aspect of Folsom hunting in the
Tularosa Basin. Folsom killsites are currently
unrecognized in the Basin and Range of New Mexico
(Judge 1973:43, 66). In contrast, 27 of the 35
Palecindian zites documented by Wendorf and
Hester (1962) on the Great Plains are classified as
killsites. The absence of Folsom killsites in the
Basin and Range of New Mexico may be explained
by hunting behavior which relies less on coopera-
tive ambush of herds and more on culling of indi-
vidual animals.

Manufacturing Variation
Folzsom Fluting and Risk Reduction

Variation in the finishing of points is expected
to reflect situational constraints on Folsom weap-
onry. Successful fluting of Folsom projectile points
requires exceptional skill and the frequency of flut-
ing is compared between regionsin Table 3. These
data show that the cccurrence of fluting is lowest
onthe Southern Plains. Although thereis disagree-
ment about the actual fluting technique used by
Folsom tool makers, itis commonly recognized that
fluting is a risky proeedure that often results in
manufacturing failure (Akerman and Fagan 1986;

Flenniken 1978; Gryba 1988). The cost of manu-
facturing failure is highest when there is a need to
conserve toolstone,

Limited toolstone sources and high mobility
place significant constraints on Folsom groups in
the Southern Plains. These constraints are relazed
in a region where toolstone is widely accessible
like the Albuquerque Basin. Table 3 shows that
the frequency of fluting on both faces of Folsom
points is highest in the Albuguergue Basin. Flut-
ing rates are lower in the Jornada del Muerio and
the Tularosa Basin where toolstone sources are
more distant. The unfluted points in this sample
are characterized by a variety of finishing treat-
ments such as basal thinning, collateral thinning,
and pseudofluting (the use of a flake surface to
emulate a flute). The ratio of fluted to unfluted
points is about 10 times higher in the Albuguerque
Basin than the Southern Plains. In the Jornada
del Muerto and Tularosa Basin, this ratio is about
5 times higher than the Southern Plains.

Subsistence based on the pursuit of herd ani-
mals places severe restrictions on Folsom technol-
ogy due to “resource incongruences” (sensu Binford
1580) between the location of herds and toolstone
sources as well as “fime streszes” (sensu Torrence
1583) between hunting and lithic procurement
activities. Because Folsom fluting requires consid-
erable skill and fluting failure rates are signifi-
cant, the risk of failure increases when toolstone is
not locally available or when the scheduling of
toolstone procurement is subservient to other ac-
tivities. These two conditions which lead to in-
creased risk of technological and subsistence fail-
ure are characteristic of Folsom groups on the
Southern Plains. The less frequent occurrence of
projectile point fluting on the Southern Plains is
viewed as an expectable outcome of risk reduction
behavior by Folsom hunters.

Variation in Poinf Size and Functional
Implications of Weaponry

Consideration of Folsom weapons is important
because weaponry technology strongly affects hunt-
ing behavior (Larralde 1990; Odell 1988:337). An
interesting facet of variation in Folsom projectile
points is the tight uniformity in base width (Judge
1973:164-165, 175-176). This tendency indicates
that the basal morphology of Folsom points was
restricted by a relatively consistent hafting ar-
rangement. The exact nature of this hafting ar-
rangement remains uncertain but experimental
work suggests that a wooden forezhaft which was
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tapered on one end to fit a socketed mainshaft and
notched on the other end to accommodate a stone
point was adequate (Frison 1991:211-212, 293-295).
Mastic and sinew were probably used to bind the
point to the foreshaft It is generally assumed that
Folsom hunters used a spear thrower (atlatl) to
propel these darts (Frison 1991:293-295; Judge
1973:176). Most direct evidence of Folsom weap-
onry is limited to the stone points but Frison and
Zeimens (1980) have reported points made from
long bone splinters found in the Folsom bonebed at
the Agate Basin Site. These bone points which may
have ranged up to 30 em long (Frison and Zeimens
1980:233) reflect some of the diversity in Folsom
Weaponry.

In this study, it was possible to measure base
width on 391 Folsom points and 95% of these mea-
surements donot varymore than 5.1 mm. The mean
base width is 18.1 mm and the median is 18.3 mm.
Figure 5 compares the distribution of base width
measurements between Folsom and Midland points
and shows that the dispersion and central tendency
patterns of these two types are similar, although
Midland bases are slightly narrower. Outside of
the unimodal tendency for uniformity in base width,
the small points indicated by the lefi-hand tail of
this distribuiion are noiable. There are 14 (3.6%)
points with 2 base width of less than 13 mm (two
standard deviations below the mean). Miniature
Paleoindian points are commonly interpreted to

represent toys or ceremonial objects (Bonnichsen
and Keyser 1982; Storck 1991:156-158), but the
small points in this study show evidence of use.
Impact damage is found on half(n=7) of these small
points, of the remaining seven small points, six are
unbroken and one was broken during manufac-
ture by an overshot fracture.

Itis generally assumed at later prehistoric sites
that small points are used to tip arrows propelled
by bows. The occurrence of several small points in
this sample which appear to have served as fune-
tional weapon tips leads to a reconsideration of the
weaponry used to launch Folsom points. Preserved
bows and arrowshafts are known from the Upper
Paleolithic of northern Europe about 8 to 11 thou-
sand vears ago (McEwan et al. 1991) and the use
of stone arrowpoints may be as ancient as 18-20
thousand vears in Europe (Gamble 1986:122, 236-
239; McEwan et al. 1991). Direct evidence of the
bow and arrow in North America does not extend
beyond about 3500 years (Aikens 1970; Webster
1980) and it is generally thought that the bow and
arrow was adopted by prehistoric Americans only
1500-2000 years ago (Blitz 1988; Frizon 1991;
Reeves 1990). Recently, Odell (1988) has suggested
that bow technology may have greater antiquityin
North America than previously believed. At Napo-
leon Hollow, an Archaic campsite in [llinois which
is about 4000 vears old, he identified small flakes
with impact fractures which he suggests were used

Table 3. Frequency of fluting on projectile points by region.

—
One Side Both Sides
Region Unfluted Fluted Fluted Total
Albuguergue 9 15 73 a7
Basin (09.3%) (15.5%) (75.3%)
Jornada del 30 20 117 167
Muerto (18.0%%) (12.0%) (70.0%)
Tularosa 51 56 221 328
Basin (15.5%) (17.1%) (67.4%)
Southern 73 14 54 137
Plains " (53.3%) (10.2%) (39.4%)
Totals 163 105 465 733

*A total of 55 points from the Tularosa Basin and 143 points from the Southern Plains are omitted from

these tabulations due to missing data caused by incomplete recording.
—_—
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to tip arrows.

The proposition that Folsom points are ideal
arrow points was made over 50 years ago by Jim
Browne (1938, 1940), an experienced archer famil-
iar with prehistoric weaponry. Although it is not
possible to determine weapon technology based on
stone points alone, use of the bow and arrow may
account for the size variation among Folsom points.
There are several lines of evidence which suggest
that Folsom hunters may have used the bow and
arrow. First, there is historical precedent for the
use of the bow and arrow in European Paleolithic
technologies. Second, even the smallest Folsom
points in this sample appear to have been used as
projectiletips. The damage patterns on these points
resembles experimentally produced impact dam-
age (Barton and Bergman 1982; Bergman and
Newcomer 1983; Odell and Cowan 1986; Titmus
and Woods 19386).

In addition, the size of Folsom points eompares
well with ethnohistoric arrowpoints, Thomas (1978)
measured 142 stone tips found on arrow and dart
shafts and developed a dizeriminant function which
provided 86% correct classification of the original
sample. The classification function by Thomas

Number of Points

(1978:470) requires measurements of maximum
length, width, and thickness, and neck width
(equivalent to Folsom bage width) and was used to
define arrowheads and dart points using data avail-
able from 80 unbroken Folsom points. Seventyfive
(93.8%) of these Folsom points were classified as
arrowheads while only five (6.2%) were classified
as dart points. This result is provocative but since
Thomas' original sample did not include lanceolate
types, its applicability to Folsom points may be
questionable. Regardless of these limitations, this
classification demonstrates the potential suitabil-
ity of many Folsom points as arrowheads.
Finally, from the standpoeint of hunting behav-
ior and technological organization, there is sup-
port for the view that Folsom hunters used the bow
and arrow. Itis possible that the bow and the atlatl
were used contemporaneously during Folsom
times. Examples of the use of multiple weapon
systems are known from the prehistoric (QOdell
1988:338) and historic records (Larralde 1990).
Eskimo hunters used the atlatl for hunting sea
mammals and birds while using the bow and ar-
row for caribou hunting (Bandi 1969:11). The coex-
istence of two or more weapon systems during
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Figure 5. Histogram of base width measurements from Folsom and Midland points.
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Folsom times is not unexpected under the argu-
ments about technological evolution by Basalla
(1988). He suggests that technological change oc-
curs through selection for variation rather than
invention and diffusion. There is probably diver-
sityin Folsom weaponry that is responding to vari-
able hunting needs. The bow is a relatively simple
device and given the sophisticated nature of Folsom
technology, it is doubtful that the bow was un-
known.

Experimental evidence suggests that the bow
is a superior weapon in most aspects to the atlatl
{Christenson 1986:122; Frison 1991:211-212). In
terms of hunting strategy (see Larralde 1990), the
bow is designed for stealth while the atlatl is a
high-impact weapon. Frison (1991:232-237) has
observed that a primary characteristic of bison
behavior affecting hunting strategyis the tendency
for aggression and unpredictability. As a result,
the use of stealth weaponry like the bow and arrow
has considerable advantage in bison hunting be-
cause it does not require the hunter to reveal him-
self or to make violent movements. It is difficult to
determine the type of weapons used by Folsom
hunters without direct evidence, but this analysis
suggests that Folsom weapon technology remains
an unresolved issue. Consequently, long-term
trends in the size and design of weapon tips may
reflect organizational constraints related to de-
creases in manufacturing time and toolstone avail-
ability rather than weaponry changes (Gamble
1986:246-247).

Conclusions

There is an absence of large Folsom killsites
and campsites along the Rio Grande which indi-
cates an absence of communal hunting. This settle-
ment pattern indicates small-group hunting
(Bamforth 1985) or individual hunting which is
characterized by low archaeological visibility
(Kooyman 1990; Landals 1990). It is likely that
individual or small-group hunting provided the
bulk of Folsom subsistence returns (Driver 1983;
Frison 1991:155; McCartney 1990). This hunting
pattern is accentuated in the Folsom occupation of
the Basin and Range of New Mexico where com-
munal hunting of bison was less profitable because
of the patchy grassland distribution. Folsom tech-
nological organization along the Rio Grande is
characterized by an ever-ready strategy reflected
by persistent maintenance of the hunting toolkit.
This strategy reflects a reliance on opportunistic
game encounters rather than periodic gearing up

aszsociated with planned hunting trips.

Folsom hunting strategies are typically char-
acterized by opportunistic ambush at pond loca-
tions in low dunefields (Bonnichsen et al. 1987).
Although bison is always involved at Folsom
killsites, there is usually some diversity of game
species represented (Bonnichsen et al. 1987) and
species diversity at killsites usually indicates the
efforts of individual rather than communal hunt-
ers (Kooyman 1990:334). McCartney (1990) has
demonstrated that the Cody bonebed at Lamb
Springs in Colorado resulted from repeated use of
an advantageous hunting location. Recent work by
Todd (1987, 1991a, 1991b, Todd et al. 1990) has
indicated that Paleoindian bison kills in the South-
ern Plains exhibit broader seasonality than North-
ern Plains kills which are typically fall and winter
events. Evidence for yvear-round hunting of bison
may indicate that environmental factors outside of
seasonality are conditioning Folsom land use pat-
terns in the Southwest. Large killsites indicative
of communal hunting are found on the Plains which
demonstrates that differences exist between land
use patternson the Plains and the Basin and Range.
These distinctions are also evident in technologi-
cal organization which is responding to the differ-
ential distribution of toolstone as well as subsis-
tence behavior.

Ethnographiccases of highly mobile terrestrial
hunters are characterized by some interesting
evidence that is poorly represented in the archaeo-
logical record. Following Binford’s (1990) recent
analysis of mobility, housing, and environment
among hunter-gatherers, low investment in hous-
ing is common among highly mobile groups. The
use of hides and grasses to produce circular or semi-
circular hutsistypical Although few Folsom struc-
tures are known, circular areas of cleared and
packed earth are known from New Mexico at the
Rio Rancho Site (Dawson and Judge 1969), and
from Wyoming at the Hell Gap Site (Irwin-Will-
iams et al. 1973), the Agate Basin Site (Frison
1982:39-44), and the Hanson Site (Frison and Bra-
dlevy 1980:9) which have been suggested to repre-
sent house floors (Frison 1991:137). The evidence
of Folsom housing is undeniably sparse and ephem-
eral. However, this pattern is predictable in rela-
tionship to ethnographic records of highly mobile
hunter-gatherers. The ethnographic comparisons
suggest that Folsom housing was probably por-
table.

Ethnographic cases of terrestrial hunters with
high mobility ranges are aided by pack animals.
Walker (1982b:291-294) has identified domesti-
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cated dog remains in the Folsom level at Agate
Basin and considering the high mobility of Folsom
groups, itis likely that dogs were used as transpor-
tation aids. Recent papers by Crabtree and
Campana (1987) and Morey and Wiant (1992) pro-
vide reviews of the evidence for dog domestication
by late Pleistocene and early Holocene hunter-
gatherers. Folsom dogs mayhave alsoserved asan
occasional source of meat and hides as indicated by
the cut marks on the dog ulna from the Agate Basin
Site (Walker 1982a:273)

As Binford (1990:138-139) has explained, the
difference between foragers and logistically orga-
nized peoples iz the differential cost of transport.
There iz abundant evidence of the use of trans-
ported toolkits by Folsom groups including strat-
egies aimed at reducing transport costs such as
large bifacial cores (Kelly and Todd 1988), and
gystematic reduction, rejuvenation, and recycling
strategies (Hofman 1991, 1992). Butcheryevidence
from Palecindian killsites suggests that a “gour-
met” strategy is used that focuses on high meat
vielding parts with considerable waste (Todd 1987).
Transport decisions seem to be characterized as
moving consumers to the kill where limited occu-
pation oecurs followed by group movement to the
next kill. This classic form of foraging strategy
{zensu Binford 1980) suggests that Folsom pro-
vides a prehistoric case of highly mobile, terres-
trial hunters engaged in foraging behavior. There-
fore, inferences about Folsom behavior have the
capacity to greatly enrich current understanding
about hunter-gatherer organization because his-
torical documents provide few analogs for this
pattern of land use. One factor that is critical to
maintaining this type of system is a toolkit that
responds to toolstone availability but is designed
to be flexible and transportable.

There are several studies which suggest that
Folsom interassemblage variation is related to
differences in individual toolkit maintenance. Spa-
tial analysis at the Stewart’s Cattle Guard =zite
(Jodry 1987, 1991; Jodry and Stanford 1992) indi-
cates that individuals engaged in retooling of per-
sonal gear at hearthcentered work stations.
Hofman (1991, 1992) has proposed that Folsom
assemblage variation on the Southern Plains re-
flects differences in the system states of individual
toolkits relative to tool using events and toolstone
procurement opportunities. Finally, Bamforth
(1291b, 1991c) has suggested that variation in the
skill levels of Paleoindian flintknappers may ac-
count for some of the differences between assem-
blages.

26

The foraging pattern of small-group hunting is
expectable with the patchy resource structure in
the Basin and Range of New Mexico. Smaller and
less predictable resource patches (in the form of
grassy playas) results in smaller and more mobile
human groups for at least two reazons. First, mo-
bility costs are greater for larger groups (Perlman
1985). Second, data on the relationship between
hunting efficiency (number of animals per hunter)
and hunting party size indicates that smaller hunt-
ing parties are more efficient (Binford 1991b:108).
If resources are less predictable on the discontinu-
ous grassland margins, then subsistence risk in-
creases and technologies respond accordingly. In
this case, the response included persistent toolkit
maintenance while keeping group size small and
focusing hunting strategies on individual Ekills.
Hunting weaponry may haveincluded the bow and
ArTow.

This paper has attempted to expand the un-
derstanding of Folsom technological organization
from the perspective of hunting behavior. It is ar-
gued that organizational studies rely on the link-
age of inferences with theory and that the methods
uzed to make these linkages depend on accurate
behavioral reconstruction. Consequently, this
analyzis has emphasized the context of technologi-
cal behavior. It iz useful to work from artifacts
toward theory as well as from theory toward arti-
facts. This study has used both of these strategies
to explore the relationship of Folsom stone tools to
hunting behavior.
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