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LITHIC TECHNOLOGY: MEASURES OF PRODUCTION,
USE, AND CURATION

The life history of stone tools is intimately linked to tool production, use,
and maintenance. These are important processes in the organization of
lithic technology, or the manner in which lithic technology is embed-
ded within human organizational strategies of land use and subsistence
practices. This volume brings together essays that measure the life his-
tory of stone tools relative to retouch values, raw material constraints,
and evolutionary processes. Collectively, they explore the association of
technological organization with facets of tool form such as reduction
sequences, tool production effort, artifact curation processes, and retouch
measurement. Data sets cover a broad geographic and temporal span,
including examples from France during the Paleolithic, the Near East
during the Neolithic, and other regions such as Mongolia, Australia, and
Italy. North American examples are derived from Paleoindian times to
historic period aboriginal populations throughout the United States and
Canada.

William Andrefsky, Jr., is a professor of anthropology at Washington State
University. He is the author of more than 100 articles and books, including
Lithics: Macroscopic Approaches to Analysis.
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PREFACE AND ACKNOWLEDGMENTS

In 1968 George Frison introduced the notion of artifact transforma-
tions as a result of use and resharpening. This “Frison Effect,” as it has
come to be called, on stone tools can be viewed as the life histories
of individual tools. Such life histories are intimately linked to tool
production, use, and maintenance. This collection of chapters grew
from presentations at a symposium entitled “Artifact Life-Cycle and
the Organization of Lithic Technologies” that took place at the 71st
Annual Meeting of the Society for American Archaeology in 2006.
The focus of that symposium and this volume is upon the relationship
between the manner in which humans organize their lithic technology
and the life history of lithic tools.

Researchers interested in lithic technological organization realize
the importance of artifact life histories in understanding the intrica-
cies of tool form and shape as they relate to production strategies for
those tools. In an effort to better understand those relationships, lithic
analysts (including contributors to this volume) have explored lithic
reduction sequences, chaı̂ne opératoire, tool curation, tool produc-
tion effects, retouch measurements, and the role of lithic raw mate-
rial as these relate to lithic technological organization and stone tool
life history. A great deal of imaginative and compelling research has
occurred since the Frison Effect was first recognized, and this collec-
tion of papers provides a fresh new look at all of these topics from
both a methodological and a theoretical perspective.

I would like to thank all of the participants of the original sym-
posium for their participation. For various reasons, not all symposium
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xii PREFACE AND ACKNOWLEDGMENTS

participant chapters are included in this volume. Also, as chapters
were reviewed, revised, and adjusted, some chapters gained authors
and some authors contributed different written research. This blend
of chapters captures opinions and ideas about lithic technology from
some of the most respected scholars in the field today, but it also
includes research from many young new researchers who will one
day guide the field of lithic technology. It was a joy to bring this
group together under a single cover. My best wishes go to all volume
contributors and symposium participants.

I must also thank the team of editors and production staff from
Cambridge University Press and their associated collaborators. In par-
ticular I thank Publishing Director Beatrice Rehl and her editorial
assistant Tracy Steel for managing this book project. The produc-
tion manager for Aptara, Inc., Maggie Meitzler, helped me navigate
through the technical challenges of today’s high-tech world of pub-
lishing. William Stoddard was a fabulous copy editor. Lastly, I thank
the Cambridge University Press peer reviewers for making important
comments on the original draft.
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part one

INTRODUCTION, BACKGROUND,
AND REVIEW





1 william andrefsky, jr.

AN INTRODUCTION TO STONE TOOL
LIFE HISTORY AND TECHNOLOGICAL
ORGANIZATION

It is relatively easy for most people to understand differences in life his-
tories with organisms such as dragonflies and mollusks, because these
organisms undergo dramatic morphological transformations during
their life histories. However, if we did not know that glochidia living in
the gills of fish were the larval phase of mussels, we might classify them
as totally different organisms because of their different appearance and
different habitat. However, biologists have followed the life histories
of these and countless other organisms and have demonstrated the
metamorphoses that have taken place. Archaeologists working as tax-
onomists do not have the benefit of observing the life histories of
stone tools. We find and record artifacts in a static state. However,
as a result of replication experiments, renewed ethnographic observa-
tions, and detailed lithic analytical strategies, it has become apparent to
researchers that lithic tools often undergo a series of transformations
from the time they are produced or drafted into service until the
time they are ultimately discarded. Such transformations relate to all
manner of social and economic situations of the tool users. Tools are
sharpened when they become dull. They are reconfigured or discarded
when they are broken. They are modified to suit a certain task in a
certain context. Their uses are often anticipated and they are produced
in anticipation of those uses. These and countless other examples of
tool transformations can be characterized as part of the life histories
of lithic tools.

Lithic tools are dynamic in their morphological configurations
because of these life history transformations.

3



4 WILLIAM ANDREFSKY, JR.

A flake blank originally used as a meat-slicing knife with an acute
edge angle may be transformed due to dulling and edge resharpening
into a tool that contains a serrated edge used for sawing. This tool
can be intentionally chipped and shaped into a projectile point and
mounted into a shaft for use as a dart. A single specimen can undergo
one or more such transformations during its life history. Such life
history transformations not only change the tool form but may also
change the tool function, and both formal and functional changes are
often associated with forager land-use practices. In this manner, the
life histories of stone tools are intimately linked to the organization of
stone tool technology.

Lithic technological organization has been defined in a number of
different and yet similar ways (Andrefsky 2006; Binford 1973, 1977;
Kelly 1988; Koldehoff 1987; Nelson 1991; Shott 1986; Torrence 1983).
In all cases, it refers to the manner in which humans organize them-
selves with regard to lithic technology. Because foraging societies are
most often associated with lithic technology, most studies of lithic
technological organization deal with forager adaptive strategies. In this
context, the manner in which lithic tools and debitage are designed,
produced, recycled, and discarded is intimately linked to forager land-
use practices, which in turn are often associated with environmental
and resource exploitation strategies. I consider lithic technological
organization a strategy that deals with the way lithic technology (the
acquisition, production, maintenance, reconfiguration, and discard of
stone tools) is embedded within the daily lives and adaptive choices
and decisions of tool makers and users.

An important component of lithic technological organization con-
cerns the life histories of stone tools. Below I review some of the ways
that technological characteristics of lithic artifacts relate to their life
histories. I then provide a brief review of the assembled papers in
this volume, which address many of the reviewed concepts, such as
measuring retouch, recognizing curation, using lithic raw material
variability, and understanding tool transformations.

REDUCTION AND REDUCTION SEQUENCES

The life histories of stone tools are often associated with the reduction
of stone tools. Because stone tools are produced by reduction or the
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removal of stone from a nucleus or objective piece, it is easy to equate
stone tool life histories to the unidirectional reduction of stone – the
farther an objective piece is reduced, the farther the specimen is in its
life history. Some of the early thinking in this area can be attributed
to William Henry Holmes (1894), who coined the term lithic reduc-
tion sequences. Stone tool reduction sequences have traditionally been
associated with stone tool production phases, stages, or continua. This
is particularly true of North American bifacial technology, where the
trajectory of reduction begins with raw material acquisition and ends
with notching, fluting, or final sharpening of the tip and edges (Calla-
han 1979; Shott 1993: 94–6; Whittaker 1994: 153–61). Investigators
not only examine lithic tools for evidence of reduction sequences
but also focus on detached pieces (debitage and debris) in an effort
to gain insight into tool production activities (Ahler 1989; Amick
and Mauldin 1989; Andrefsky 2001; Bradbury and Carr 1999; Carr
and Bradbury 2001; Kalin 1981; Odell 1989; Pecora 2001; Rasic and
Andrefsky 2001). Other studies of lithic debitage have examined the
source of variation in debitage characteristics in an effort to link
those characteristics to broader issues of technological practices. For
instance, a series of studies have examined the relationship of debitage
striking platform angles to original flake size and production technol-
ogy (Cochrane 2003; Davis and Shea 1998; Dibble 1997; Dibble and
Pelcin 1995; Pelcin 1997; Shott et al. 2000).

The literature on lithic reduction sequences as it relates to techno-
logical organization is sometimes complicated by confusing terminol-
ogy. When talking about the manufacture of “tools” using pressure
or percussion flaking methods, I use the term “production.” I use the
term “reduction” when talking about the removal of detached pie-
ces from cores. In this sense, “reduction” refers to the process of flake
removal for the acquisition of detached pieces and “production” refers
to the process of flake removal for the purpose of making, shaping, or
resharpening a tool. So cores are “reduced” and tools are “produced.”
I use the term “retouch” as a generic descriptor for removing detached
pieces from an objective piece. Essentially, retouch is the process by
which flintknappers produce tools and reduce cores.

The recent literature dealing with lithic reduction sequences is not
far removed from the concept of chaı̂ne opératoire. Some researchers
claim the chaı̂ne opératoire concept “comprises a much wider range
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of processes than do the English terms reduction sequences or even
lithic tool production” (Simek, 1994:119; see also Audouze 1999;
Eren and Prendergast, this volume). Inizan and colleagues suggest that
chaı̂ne opératoire includes the processes from the procurement of raw
materials, through the stages of manufacture and use, and including
discard (Inizan et al. 1992; Sellet 1993). Other archaeologists challenge
the notion that chaı̂ne opératoire is more encompassing than the con-
cept of “reduction sequences” (Shott 2003). This chapter is not the
appropriate venue to explore this discussion. My general opinion is
that both concepts are substantially the same thing, and that both are
inclusive of the larger issues of procurement, manufacture, use, mainte-
nance, and discard. Furthermore, both concepts are embedded within
the larger issues of human land use related to environmental, social,
and historical contexts (Andrefsky, this volume; Bleed 1986; Clark-
son 2002; Eren et al. 2005; Hiscock and Attenbrow 2003; Hiscock
and Clarkson, this volume; Nowell et al. 2003; Pecora 2001; Wilson
and Andrefsky, this volume). It is for these reasons that regardless of
the terms used, the production of tools and the reduction of cores
are central to an understanding of lithic technological organization.
Lithic retouch, whether it relates to tool production or maintenance,
or the acquisition of blades and flakes, has much to do with the con-
texts of human land use, and for this reason, understanding reduction
sequences and chaı̂ne opératoire allow us to better understand lithic
technological organization and the life histories of stone tools.

As lithic analysts begin thinking about the place of stone tools
within the framework of life histories, we envision tools in multiple
contexts. Stone tools are produced, used, maintained, reconfigured,
discarded, reused, discarded, and ultimately discovered by archaeolo-
gists and others. These multiple contexts expand our understanding of
stone tool reduction from simply the production contexts of tools to
a more inclusive understanding of maintenance contexts. Retouch of
stone tools not only includes the production stages of tool manufac-
ture, but also includes the chipping of tool edges after use to resharpen
or reconfigure the specimen (Brantingham and Kuhn 2001; Flenniken
and Raymond 1986; Hiscock and Attenbrow 2003; Morrow 1997;
Nowell et al. 2003; Tomka 2001). Recent investigations have shown
that some stone tool types such as flake knives have no separate produc-
tion and use phases. Such tools are retouched as needed, resulting in



AN INTRODUCTION TO STONE TOOL LIFE HISTORY 7

morphological transformation during the process of use and resharp-
ening (Clarkson 2002; Dibble 1987; Rolland and Dibble 1990). Other
stone tool types such as projectile points have very discrete produc-
tion and maintenance phases; they are not used or maintained until
after they have gone through a formal production process (Andrefsky
2006; Hoffman 1985; Shott and Ballenger 2007). Even though stone
tools such as projectile points undergo morphological transformation
in both the production and use phases as a result of retouch, the pro-
duction phase is not a good measure of tool use. Such differences in
tool types have important implications for measuring reduction as a
proxy for curation.

ARTIFACT RETOUCH AND CURATION

In the 1970s Binford (1973, 1979) introduced the curation concept to
hunter–gatherer archaeology. Shortly afterward archaeologists began
exploring, discussing, and dissecting this concept in some detail (Bam-
forth 1986; Bleed 1986; Chatters 1987; Close 1996; Gramly 1980;
Nash 1996; Odell 1996). One reason the curation concept gener-
ated so much discussion was Binford’s complicated way of using the
term. In my opinion, it was complicated because he did not pro-
vide a strict definition and instead used the term in association with
a number of interesting ideas. For instance, Binford discussed cura-
tion in the context of artifacts being transported from one location to
another in anticipation of tasks to be completed at the new location
(1973). As a result, some archaeologists associated curation with trans-
ported tools (Bettinger 1987; Gramly 1980; Nelson 1991). Binford
also linked curation to efficiency of tool use. Bamforth’s (1986) paper
on technological efficiency and tool curation expanded this concept
to include five aspects of tool curation: (1) production in advance
of use, (2) implement design for multiple uses, (3) transport of tools
to multiple locations, (4) maintenance of tools, and (5) recycling of
tools. The notion of tool production effort was added to the defi-
nition in the form of complex tools, or tools with haft elements or
complex flaking patterns (Andrefsky 1994a; Hayden 1975; Parry and
Kelly 1987). Nash’s review of the curation concept concludes that the
term is ill-defined but already embedded in the literature. He says
(Nash 1996:96), “In the absence of such standardization, we should
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drop the term from the archaeological literature all together.” Odell
(1996: 75) concludes that for the term “curation” to be useful, “the
most parsimonious usage would retain those elements associated with
mobility and settlement, and discard the ones associated with tool
conservation.”

Some of the early lithic analytical practitioners of the curation
concept contrasted “curated tools” with “expedient tools” (Andrefsky
1991; Bamforth 1986; Kelly 1988; Parry and Kelly 1987). “Curated”
tools were often recognized as having extensive retouch and “expe-
dient” tools were recognized as having very little retouch. This sim-
ple way of viewing retouch on tools was sometimes superposed on
Binford’s model of hunter–gatherer land use, with foragers being
residentially mobile and collectors being residentially sedentary or
semisedentary. “Curated” tools were often associated with foragers
and “expedient” tools were often associated with collectors. This kind
of stone tool classification is still popular in the literature. However,
most lithic researchers now realize that this one-to-one relationship is
not realistic and stone tool configuration is influenced by many other
factors, such as raw material availability, shape, and functional con-
siderations (Andrefsky 1994a; 1994b; Bamforth 1991; Bradbury and
Franklin 2000; Kuhn 1991; Tomka 2001; Wallace and Shea 2006).

Many early studies of stone tool curation viewed curation as a
type of tool. I find the curation concept workable in the context of
technological organization if it is recognized as a process associated
with tool use rather than a tool type. I refer to it as a process reflecting
a tool’s actual use relative to its maximum potential use (Andrefsky
2006, this volume; Shott 1996; Shott and Sillitoe 2005). Importantly,
then, curation is a process related to tool use. Curation is not a tool
type. There are no curated tools, but only tools in various phases
of being curated from very low use relative to maximum potential
use to very high use relative to maximum potential use. In this way,
curation can be measured from low to high, allowing investigators to
plug curation into models of human organizational strategies and into
the life histories of tools.

For these reasons, it is important to understand that some tools
have a production phase discrete from the maintenance phase. Because
retouch occurs in both production and maintenance phases, retouch
in and of itself may not be a good proxy for curation. Tool curation
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deals with tool use. Some forms of tools are retouched extensively
and never used. As such, they have not undergone curation, even
though they are extensively retouched (Andrefsky 2006; Hoffman
1985). This suggests that measures of retouch and reduction must
be intimately associated with characteristics such as artifact type and
potential artifact function, and even with extramural agencies such as
lithic raw material abundance and quality. The collection of papers in
this volume demonstrate the importance of these various contextual
influences on retouch measures and show how retouch relates to
processes such as curation, human land use patterns, and lithic tool
functional differences.

HUMAN ORGANIZATION AND LITHIC RAW
MATERIAL SELECTION

Another factor that influences lithic technological organization and
the life histories of stone tools is lithic raw material availability, abun-
dance, form, and quality. These aspects of lithic raw materials play an
important role in the length of time and detail with which a tool is
prepared, used, and maintained. Anthropologists studying tool makers
and users long understood the importance of lithic raw material avail-
ability and abundance to those tool makers and users (Gould 1980,
1985; Gould and Saggers 1985; O’Connell 1977; Weedman 2006).
The distribution and availability of lithic raw materials are undeni-
ably important in stipulating how humans manufactured, used, and
reconfigured stone tools. Because lithic raw materials can often be
provenanced, they provide robust information about the circulation
of stone, and by inference, the circulation of people across the land-
scape. This fact alone makes lithic raw material an important resource
for gaining insight into human land use and mobility patterns and
relating those to lithic technology. Recent archaeological research has
directly linked lithic raw materials to tool production and core reduc-
tion technologies (Brantingham and Kuhn 2001; Roth and Dibble
1998) to artifact functional effectiveness (Brantingham et al. 2000;
Hofman 1985; Sievert and Wise 2001), to retouch intensity on tools
(Andrefsky, this volume; Bradbury et al., this volume; Kuhn 1991,
1992; MacDonald, this volume), and to aspects of risk management
(Baales 2001; Braun 2005).
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Information gained from lithic raw materials regarding source loca-
tion, shape, size, durability, and abundance has increased our under-
standing of stone tool technological organization. Important in this
growing knowledge is the fact that lithic raw materials do not play a
deterministic role in human organizational decisions, but rather act as
one of many factors in how tool makers and users decide to produce,
maintain, and discard stone tools.

DISCUSSION

Shott and Nelson (this volume) provide a detailed review of the collec-
tion of papers in this volume. I will not repeat their insights here, but
instead discuss the multiple linkages among the different papers that
bring this volume together into a new synthesis of artifact life histories
and lithic technological organization. However, first I must emphasize
that the collection of papers covers a broad geographic and tempo-
ral span of aboriginal tool maker data. Three papers cover examples
from French data sets spanning the Paleolithic. Two papers deal with
Near Eastern data during the Neolithic. North American examples
are derived from Paleoindian times to historic period aboriginal pop-
ulations, and from the east coast to the central plains to the west coast,
and from Canada to the arid southwest. Other papers touch upon
data from Mongolia, Australia, and Italy. The collection of papers as
a group illustrate the importance of artifact life history analysis in
understanding technology and human organizational strategies.

In the past several decades, lithic artifact production and use exper-
iments have been beneficial in helping researchers understand tool
production debris (Amick et al. 1988; Andrefsky 1986; Carr and Brad-
bury 2004; Kuijt et al. 1995; Titmus 1985), reduction sequences (Ahler
1989; Bradbury and Carr 1999; Magne 1989), and artifact function
(Bradley and Sampson 1986; Geneste and Maury 1997; Odell and
Cowan 1986; Shea 1993). Several papers in this volume continue the
trend of using experiments to generate empirical data for compari-
son and interpretation of excavated assemblages. Eren and Prendergast
(this volume) use a series of retouch experiments to assess various
reduction indices. They show that different indices actually measure
different aspects of tool retouch. Wilson and Andrefsky (this volume)
conduct experiments to show that biface production is analytically
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separable from biface maintenance after use, and that bifacial retouch
related to production is part of the tool’s life history but has nothing
to do with the curation of the biface. Quinn et al. (this volume) use a
suit of experiments to assess retouch on awls and drilling tools. Their
results suggest that retouch measures should be designed for specific
tool types and assemblage contexts to be most effective for infer-
ring aboriginal behaviors. Bradbury et al. (this volume) use extensive
experimental data to isolate raw material influences and hammer type
influence in the reduction process. They suggest that lithic raw mate-
rials can be partitioned into three broad categories relative to retouch
intensity. That is, lithic raw material fracture properties can effectively
be segregated into three gross kinds of raw material as opposed to
the hundreds and thousands of varieties that exist in chipped stone
technology.

Technological organization has been intimately linked to studies
of lithic raw material abundance and availability (Ammerman and
Andrefsky 1982; Andrefsky 1994b; Daniel 2001; Knell 2004; Larson
and Kornfeld 1997) and of suitability for various tool tasks (Amick
and Mauldin 1997; Bradbury and Franklin 2000; Ellis 1997; Knecht
1997). Several of the volume contributions focus specifically upon the
influence of lithic raw material variability on retouch mechanics or
retouch measures. The Bradbury et al. paper (this volume) directly
explores the role of raw material type in the flake removal process.
MacDonald’s paper (this volume) explores raw material abundance
and quality as it relates to tool design strategies. His results suggest that
aboriginal tool makers and users selected raw material types for their
functional qualities. Andrefsky’s paper (this volume) uses XRF analysis
to locate raw material sources and relates source distances to aspects of
tool retouch, resharpening, and discard within the circulation ranges
of the tool makers. Harper and Andrefsky (this volume) use lithic
raw material analysis to help tease out the life histories of dart points
to show how they are recycled in later period occupations in the
American southwest. Similarly to Andrefsky’s study, Clarkson’s paper
(this volume) uses raw material diversity to address issues of artifact
provisioning and tool stone transport.

Artifact function has always been an important factor in under-
standing stone tool morphology. Archaeological evidence (Dixon et al.
2005; Elston 1986; Kay 1996; Truncer 1990) and ethnographic analogy
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(Greaves 1997; Kelly and Fowler 1986; O’Connell 1977; White 1968)
have unquestionably linked tool edge design and tool form to various
functions. Several of the papers included in this volume demonstrate
the importance of retouch extent and intensity to functional prop-
erties of stone tools. Hiscock and Clarkson (this volume) show that
reduction of flake tools has much to do with tool form and size and
ultimately that reduction state has implications for tool functional
interpretations. MacDonald (this volume) shows that stone tool func-
tion influenced lithic raw material selection for production of various
tool types. Harper and Andrefsky (this volume) use various retouch
measures to make a case for the function of recycled dart points as cut-
ting tools and not as projectiles after the introduction of the bow and
arrow. Quinn et al. (this volume) demonstrate that artifact function is
a critical parameter for selecting or developing a retouch index.

Recently artifact retouch indices have been developed as proxy
measures for artifact curation (Davis and Shea 1998; Eren et al. 2005;
Hiscock and Clarkson 2005; Shott and Ballenger 2007). Several papers
in the volume explicitly test or apply a series of retouch indices or
measures to better understand the variability in those indices and the
effectiveness of those measures for dealing with curation and forager
land use practices. The Eren and Prendergast paper (this volume)
initially compared three retouch measures (Clarkson 2002; Eren et al.
2005; Kuhn 1990) in an effort to determine which measured tool mass
loss most effectively. They found that retouch was more complicated
than they originally anticipated and that each index was effectively
measuring different kinds of retouch. Ultimately they dissected var-
ious measures to show sources of variability for each retouch index
and devised a new display technique to integrate the various indices.
Clarkson’s paper (this volume) applied the Kuhn index (1990) and the
Clarkson index (2002) to an excavated tool assemblage in an effort
to link tool morphological transformations to changes in social and
environmental conditions. Wilson and Andrefsky (this volume) apply
Clarkson’s index (2002) to a lithic assemblage from North America
and find that the measure is effective for recognizing retouch after
use, but it is not effective for measuring retouch on tools that are
heavily flaked before use (such as bifaces). As a result, they explore
several new techniques for separating production retouch from use
retouch. These findings are very similar to Blades’s study (this volume),
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which partitions stone tool production and retouch after use to form a
model of “assemblage retouch.” In addition to these papers, MacDon-
ald, Hiscock and Clarkson, Andrefsky, Prentiss and Clarke, Harper
and Andrefsky, Quinn et al. (all this volume) either apply an existing
retouch index or develop new measures to assess retouch.

In the past few years, lithic analysts have been attempting to apply
evolutionary approaches to understanding variability in stone tool
assemblages (Bamforth 2002; Bamforth and Bleed 1997; Collard et al.
2005; Elston and Brantingham 2002; Ugan et al. 2003). Several papers
in the volume add to this effort and attempt to bring various evolu-
tionary approaches into interpretations of artifact life histories. Prentiss
and Clarke (this volume) argue that foragers may employ a complex
repertoire of inherited technologies in their standard resource gather-
ing activities, and that they also must respond to contingencies, some-
times making alterations to specific tools or creating situational tools
to serve in particular circumstances. They suggest that artifact vari-
ability is part of a human adaptive response and therefore undergoes
selection. Goodale et al. (this volume) also suggest that evolutionary
approaches can be used to more effectively understand technological
systems. Their study links optimality theory to core reduction strate-
gies by scaling lithic reduction to the concept of diversity. Goodale
and company model raw material availability and raw material quality
to the ratio of tool producers to tool users, suggesting that diversity
of production techniques is a reflection of these three factors. Much
like Prentiss and Clarke’s study, Clarkson’s paper (this volume) doc-
uments technological change over a long span of time. Clarkson’s
study integrates retouch intensity to artifact recycling, raw material
selection, and provisioning tactics in an effort to show how aboriginal
populations adapted to changing land use patterns. His study goes a
step farther by plugging his recognized lithic artifact changes into the
social and economic components of risk management and symbolic
engagement.

SUMMARY

Archaeologists use stone tools as cultural and temporal markers. Stone
tools are also used to infer aboriginal tasks based upon functional
information gathered from such tools. These same tools are embedded
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within aboriginal land use practices and lifeways and, as such, can
provide information related to such contexts. As I have stated before
(Andrefsky 2005:245),

It should be obvious to the reader that prehistoric lithic arti-
facts were made, used, modified, and discarded in cultural
contexts unlike any that exists today. Things that were inti-
mately linked to prehistoric activities and tool uses, such as
making the tool or searching for the lithic raw material, were
probably common chores conducted before an activity was
undertaken. Integrating the production of a tool into the
process of its use, and then task completion, are all parts of a
whole, and differ significantly from modern task accomplish-
ment.

These contexts represent the human framework for the organization
of lithic technologies. Understanding stone tool life histories allows
researchers to better integrate stone tool assemblages into models of
technological organization.

The collection of papers assembled in this volume focus upon the
role of stone tool life history within tool makers and users organi-
zational strategies of lithic technologies. In particular, these papers
show that tool life histories can be mapped by retouch analysis. How-
ever, it is clear that retouch is conducted in complicated ways directly
related to the complicated life histories of stone tools. These assembled
papers not only demonstrate and explain new techniques for assessing
retouch, but also evaluate existing techniques and reveal important
associations between retouch characteristics and tool form, function,
production, use, and discard and specific situations in which these
stone tools are associated.
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2 michael j. shott and margaret c. nelson

LITHIC REDUCTION, ITS
MEASUREMENT, AND IMPLICATIONS:
COMMENTS ON THE VOLUME

Some years ago one of us wrote, “A glance at a chipped stone tool is
enough to see that stone is a subtractive medium” (Shott 1994: 69).
The statement bordered on a truism but was worth making in any
event. Flakes, the small pieces of stone struck from larger objective
pieces, were the subject then; the context was their abundance and
diversity as generated in the production, use, and resharpening of
tools. Flake analysis makes no sense without understanding the places
that flakes occupy in the reduction process.

But the reductive quality of stone also informs the analysis of objec-
tive pieces themselves, not least finished tools. Accordingly, tools also
are a legitimate subject of reduction studies. A deceptively profound
truism worth stating once is worth rephrasing: a glance at a chipped
stone tool is enough to see that it was reduced from a larger piece. But
the restatement itself requires elaboration. Trivially, tools were reduced
from larger objective pieces in the process of production. No one has
doubted this since archaeologists demonstrated human agency in the
production of stone tools. Yet many tools were further retouched by
resharpening, and so continued to experience reduction during use.
This is the “reduction thesis” (Shott 2005), which archaeologists did
not always appreciate in the past.

This book is a milestone in the development of reduction analy-
sis. Originating in pioneering studies such as Hoffman’s (1985), until
recently reduction analysis was conducted in isolation by few archae-
ologists. Clarkson and Lamb’s (2005) recent collection demonstrated
its value, mostly in Australian flake-tool assemblages. This collection
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broadens the scope of reduction analysis even farther in geographic and
analytical terms. It is about equally divided between North American
case studies on the one hand, and Eurasian and Australian ones on the
other. North America abounds in bifaces, and their analysis naturally
figures more prominently here than elsewhere. Combined with the
earlier Australian work, this collection demonstrates that reduction
was a truly global process of broad relevance to lithic assemblages, if
ever this was doubted.

Here we discuss the importance of reduction analysis in the broad-
est terms. Then we comment upon chapters separately, and finally we
discuss some issues that the book’s scope and nature engage.

ESTABLISHING THE THEORETICAL IMPACT:
TECHNOLOGICAL ORGANIZATION AND RETOUCH

This treatment of retouch of prehistoric tools, in its broadest sense, is
embedded in the study of technological organization (Binford 1979;
Nelson 1991). An emphasis on examining the organization of the
acquisition of materials, the production, transportation, use, reuse,
and discard of tools, and the byproducts of tool manufacture grew
from dissatisfaction with debates about the attribution of utilitarian
function or style to explain tool form (e.g., Binford 1973; Binford
and Binford 1966; Bordes and de Sonneville-Bordes 1970). One of
the greatest benefits of an organizational approach to technology is
that it allows clearer connections to understanding organization in the
economic and social domains of human societies (Andrefsky 1994;
Arnold 1987; Bamforth 1991; Bleed 1986; Carr 1994; Johnson and
Morrow 1987; Kelly 1988; Parry and Kelly 1987; Shott 1986, 1989b;
Torrence 1983, 1989).

The concept of “curation” has been central to studies of tech-
nological organization (Bamforth 1986; Binford 1979; Nelson 1991;
Parry and Kelly 1987; Shott 1996a). Shott (1996a: 267) has provided a
concise and operational definition of curation of tools as “the degree
of use or utility extracted, expressed as a relationship between how
much utility a tool starts with – its maximum utility – and how much
of that utility is realized before discard” (see also Shott 1989a: 24 and
1995). Curation can involve preparation of tools and cores, transporta-
tion of those tools and cores, and storage and reuse of tools and cores
(Bamforth 1986, Binford 1979; Nelson 1991), and is influenced by the
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distribution of tool stone in relation to the organization of tool use
needs. Stockpiling of materials at regularly used places and transport
of prepared core materials, among other strategies, can ameliorate the
lack of locally available stone. Thus, the study of degrees of cura-
tion aids in understanding the organization of work, the regularity
of site occupation, the organization and frequency of movement, and
resource scheduling.

Reduction and retouch occur at initial manufacture, during use,
and during repair of tools and can therefore yield information about
the organization of those activities and the organization of social and
economic behaviors. For example, the extent of repair and reshaping
of a tool can indicate how long it was curated and possibly transported.
High levels of curation and transport indicate frequent mobility (Kelly
1988; Kuhn 1991; Nelson 1991; Torrence 1983). In addition, the dis-
tribution of the debris from retouch and the discarded retouched tools
indicates the organization of that mobility on the landscape (Andrefsky
2005; Kelly 1988; Nelson 1991). But as Wilson and Andrefsky note
in this volume, “retouch amount . . . is a result of several complicated
factors that must be considered before it can be applied to measure
artifact curation.”

In this volume, several aspects of land use are the focus of analysis
of stone tool retouch. Andrefsky is interested in circulation ranges
and provisioning strategies by pithouse occupants at Birch Creek in
southeast Oregon, examining retouch in relation to the distribution of
obsidian source materials. Blades examines Old World and New World
cases to identify nodes in subsistence–settlement systems based on the
characteristics of the retouch on tools at different sites. MacDonald
is concerned with the tradeoffs between curation and expediency in
a “toolstone-deficient” environment, which he sees as important to
understanding risk-minimizing behavior and mobility at the Skink
site in West Virginia and the surrounding region. Prentiss and Clark
address different aspects of mobility though analysis of retouch. Pren-
tiss and Clark assess mobility and subsistence strategies in their exam-
ination of retouch on tools from pithouse villages in Interior British
Columbia.

All of the authors agree that understanding how and why retouch
varies is essential to higher-order interpretations. “Concepts of reduc-
tion, retouching, and resharpening are only important so far as they
provide information on the more complex concepts of prehistoric
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behavior, curation, and tool use-life” (Eren and Prendergast, this vol-
ume). The authors of the chapters in this volume move us substan-
tially forward in these interpretations through their focus on methods
for recording retouch and interpreting complex relationships among
variables influencing retouch. For many years, Shott (1989a, 1995) and
others (e.g., Kuhn 1991) have pointed to the importance of retouch
studies to the diverse efforts to understand technological organization
in varied contexts. This collection answers Shott’s call by refining and
inventing ways to measure retouch (Eren and Prendergast, Quinn et
al., both this volume) and exploring the complexities of the relation-
ships among variables that influence the form, location, and quantity
of retouch: raw material availability (Andrefsky, McDonald, both this
volume), raw material qualities (Bradbury et al., this volume), aspects
of production and repair (Blades; Wilson and Andrefsky, both this
volume), function and use (Goodale et al.; Harper and Andrefsky, this
volume), and reduction sequences (Clarkson; Hiscock and Clarkson,
both this volume). Yet this focus on measurement and methods is
driven by concerns for understanding prehistoric behavior.

TYPOLOGY AND THE REDUCTION THESIS

Typologies arrange an abundance of objects or subjects into relatively
homogeneous groups. They begin with all specimens as one variable
group and ends with types whose members are identical or nearly
so, distinguished from one another by size, shape, material, color, or
other salient characteristics. Biological taxonomy takes this approach
although, of course, it accommodates differences in size and shape
between sexes. Yet it knows that animals and plants change by growth
from birth to maturity, a difference of proportion by size and age.
Difference in proportions as a function of size is allometry, elegantly
described in Thompson’s (1917) classic study. Because the growth
of living things is blindingly obvious, biological taxonomy has no
difficulty accommodating the variation it produces within the types –
taxa – that it defines.

Paleontology, however, lacks direct observation of growth. It has
only fossils, which do not grow or change in any way. Consequently,
paleontology risks confusing the variation in size and form that growth
creates within a taxon with a difference between taxa. It might, for
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instance, mistake the ancient equivalent of a tiger cub for an adult cat.
Fortunately, it has methods to minimize such risks.

Like biology and paleontology, archaeology uses typology to
impose order on the diversity of its subjects. Indeed, typology may be
the favorite pastime of lithic analysts. Traditional typologies, unfor-
tunately, assumed that tools were made for use in quite specific sizes
and forms and that those qualities of tools never changed during their
use. Archaeology, that is, lacks the methods to minimize the risk of
confusing the reduced state of tools with their original design.

THE REDUCTION THESIS

In recent years, however, many archaeologists assimilated the reduc-
tion thesis (Shott 2005), the understanding that retouched tools vary
progressively from first use to discard by decrease in size and change
in form depending on extent and pattern of the resharpening that
they experience. Not all tools are retouched during use, so the reduc-
tion thesis is merely common, not universal. It is amply documented
for many tool types from many times and places around the world
(e.g., Andrefsky 1997, 2006; Ballenger 2001; Blades 2003; Buchanan
2006; Clarkson and Lamb 2005; Dibble 1995; Ellis 2004; Flenniken
and Wilke 1989; Hayden 1977; Hiscock and Attenbrow 2005; Hoff-
man 1985; Kuhn 1990; Sahnouni et al. 1997; Shott and Ballenger
2007; Shott and Sillitoe 2005; Truncer 1990; Wheat 1974) and in
ethnographic sources (e.g., Hayden 1977; Shott and Weedman 2007;
Tindale 1965; Weedman 2002).

Arguably, reduction has greater typological implications for flake
tools than for bifaces. Whether an artifact is a convergent or transverse
scraper, a tula or elouera, can be a matter of degree and pattern of
reduction, not necessarily cultural affinity or age (e.g., Dibble 1995;
Hiscock and Attenbrow 2005). Bifaces are different because they pos-
sess a stem or haft element that rarely changes in use. But points’ blades
and shoulders, and sometimes even stems (Flenniken and Wilke 1989),
can change. With resharpening, length or blade width should decline
while thickness changes little if at all (e.g., Andrefsky 2006; Cresson
1990: Fig. 5; Hoffman 1985; Shott and Ballenger 2007; Truncer 1990).
Depending upon degree and pattern of reduction, those changes
can produce sufficient variation in size and form at discard to make



28 MICHAEL J. SHOTT AND MARGARET C. NELSON

specimens of the same original type seem different (Hoffman 1985).
For instance, “Enterline” Paleoindian bifaces in eastern North Amer-
ica may be “more a result of reworking than of deliberate intent” (Cox
1986: 110), i.e., a reduced version of Clovis or Gainey bifaces rather
than a distinct type. Fluted points at Debert also were extensively
reduced, complicating their technological and typological placement
(Ellis 2004). Similarly, Wheat (1974) demonstrated that the “San Jon”
type was merely a reduced version of Firstview bifaces. Even bifaces
are subject to the typological implications of reduction.

Yet the reduction thesis has implications beyond typology. For
instance, patterns of reduction implicate kinds of use by identifying the
edges or segments of tools that were retouched. Also, degree of reduc-
tion is a measure of curation (Binford 1973; Nelson 1991; Shott 1996a;
Shott and Sillitoe 2005), a theoretical quantity of considerable impor-
tance in lithic analysis, as several chapters here demonstrate. Although
reduction is not identical to longevity, reduction distributions per-
mit archaeologists to calibrate discard rates of different tool types to
common scales, and imply different causes of discard. Reduction and
curation rate are particularly important to models of hunter–gatherer
land use and behavior, for example among North American Pale-
oindians (e.g., Ellis 1984; Kelly and Todd 1988; Shott 1986; Surovell
2003) but elsewhere too, as several chapters here demonstrate. Reduc-
tion distributions that reveal constant discard rates regardless of degree
of curation suggest chance as the cause of discard, whereas those that
reveal discard rate increasing with curation imply attrition (e.g., Shott
and Sillitoe 2005).

On balance, reduction indices do more than just qualify typological
inference; integrated with suitable theory, they reveal and quantify
degree of curation and ground sophisticated behavioral models in
archaeological data. Reduction measurement is a method, but one of
great significance for theory. This conclusion warrants the evaluation
and use of the range of reduction measures described in this volume,
to whose chapters we now turn.

ADDRESSING THE REDUCTION THESIS

Eren and Prendergast’s experimental comparison of several reduction
measures (this volume) legitimately won the award for best student
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paper presented at the 2006 Society for American Archaeology meet-
ing. They define reduction as weight loss. Their estimated reduction
percentage (ERP), essentially a three-dimensional volumetric exten-
sion of Kuhn’s (1990) geometric reduction index, is related to an earlier
reduction measure partly of Eren’s devising (Eren et al. 2005). Com-
parison omits Dibble and Pelcin’s (1995) mass predictor equation and
similar measures. As noted, these measures are somewhat ambiguous,
but Bradbury et al.’s chapter here suggests that flake thickness remains
a useful allometric estimator of original size in most raw materials, and
Blades’s chapter (this volume) demonstrates that measure in use. ERP
emerges as the best general reduction measure, a provisional conclu-
sion that should be further examined in future broader comparisons.
The chapter is a fine example of the sort of controlled comparison
that more archaeologists should conduct, yet its conclusion is not sur-
prising. If reduction is measured by weight, a good proxy for which is
volume, then of course a volume measure such as ERP will perform
better than a geometric one such as Kuhn’s index. As thorough as it is,
the comparison between ERP and IR is not persuasive in all details.
For instance, there seems to be more patterned dispersion (“fanning”)
in Figure 9b than 9d (one outlier there excepted), contrary to Eren
and Prendergast’s statement (this volume). Moreover, the correlation
between the measures in archaeological specimens (their Figure 15c)
seems highly dependent upon two outliers. Respectfully, we disagree
with Eren and Prendergast that their results moot the “flat-flake” prob-
lem merely from the undeniable fact that “different reduction indices
measure different attributes” of reduction. Any two-dimensional geo-
metric measure remains vulnerable to flat-flake bias.

Wilson and Andrefsky (this volume) used invasiveness indices to
measure degree of reduction in experimental and archaeological spec-
imens. Like Andrefsky’s (2006), their study extends to bifaces the
measures originally devised for analysis of retouched flakes. Not sur-
prisingly, indices devised for retouched flakes (e.g., Clarkson 2002) did
not perform well. As a result, they applied a different method devised
by Andrefsky (2006). As a small point, the paper underscores one
shortcoming of such indices: the unequal size of the parsed zones of
each tool, which are treated for computation as equal in size (e.g., Wil-
son and Andrefsky’s Figure 6). Much more importantly, their chapter
is valuable in two respects. First are plots of size measures (area, weight)
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against resharpening that demonstrate greater reduction effects at ear-
lier resharpening stages (Figure 3; see also Morrow 1997). This alone is
a significant observation, which could be enhanced by more extensive
experimentation. Once a substantial experimental data set is com-
piled, archaeologists can better determine which size measure is most
sensitive to reduction effects and may be able to define curves mathe-
matically. This is no mere pedantic matter, but a prospect that might
enable archaeologists to apply mathematical models to the reduc-
tion process to measure it more precisely and to characterize each
specimen’s location on the continuum. In this respect, Wilson and
Andrefsky’s experimental approach can integrate the analysis of biface
reduction attributes with earlier debris studies (Shott 1994: 91–9;
Wilson and Andrefsky 2006). The second original contribution is
Wilson and Andrefsky’s use of ridges or arrises, a functional equiva-
lent of scar count or density. Experiments showed consistent increases
in ridge count up to a possible threshold at five resharpenings. Leave
aside possible sampling questions (e.g., whether any variation should
be expected in zones near the specimen’s center, far from the retouched
edge [Figure 7]). Whether subsequent variation is patterned or merely
random (at a glance, Figure 8 suggests stochastic variation beyond the
threshold), it is no surprise that this variant of resharpening has differ-
ent effects at different points in the reduction continuum. Reduction
is a constant, but its effects can be variable for allometric and other
reasons.

The reduction thesis applied to Australian assemblages casts doubt
on traditional typology owing largely to the work of Hiscock and
his students (e.g., Clarkson and Lamb, 2005; Hiscock and Attenbrow
2005). Australians are particularly strong advocates of Kuhn’s reduc-
tion index, which generally works well to measure reduction in the
retouched flakes common there. As in an earlier study (Hiscock 1996),
Hiscock and Clarkson now apply both the thesis and Kuhn’s measure
to French Paleolithic assemblages, the setting for Dibble’s (e.g., 1995)
statement of the reduction thesis. They properly qualify their view,
acknowledging technology, individual preference, and other factors
besides reduction that contribute to the size, form, and retouch
patterns of flake tools. In this connection, Hiscock and Clarkson’s
treatment of other reduction perspectives becomes something of a
straw man, because reduction alone never was claimed as the sole
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determinant of tool size and form. One interesting result is the high
correlation that Hiscock and Clarkson calculate between Kuhn’s
index and mass loss, contra Eren and Prendergast. Such conflicting
results call for further experimentation, a point to which we return
below. Hiscock and Clarkson conclude, reasonably, that reduction
is one factor among several that determine tool size and form. In
a Paleolithic context, Dibble (1995) argued that Bordean types had
descriptive, not analytical, value (i.e., that they legitimately described
modes in pattern and degree of reduction). Results here suggest that
they have none at all.

Too often, semantic differences obscure substantive affinities
between North American and European approaches. Americans ordi-
narily call the resharpening that tools experience “reduction.” From
his European Paleolithic perspective, Blades (this volume) distinguishes
the reduction of individual tools (“retouch intensity”) from the gross
reduction patterns of entire assemblages or industries (“reduction”).
Despite the semantic distance, the result of different contexts of cus-
tomary use, Blades’s chapter illustrates some strengths of the Euro-
pean approach. Where most contributors emphasize the reduction
of individual tools, he legitimately treats assemblages as his analytical
subjects. Like other Paleolithic archaeologists, Blades measures assem-
blage reduction using flake–core ratios, the size of cores or blanks, and
the amount of cortical cover. He compares measures between North
American and European assemblages, drawing inferences about the
mode or organization of stone acquisition from degrees of assemblage-
level reduction.

The most suitable reduction measure depends upon tool type,
industry, context, and research question. Rightly, Quinn et al. (this
volume) eschew the search for universal measures. Instead, they intro-
duce a new geometric reduction index, a good example of the need
to devise methods and measures that are as diverse as the types and
research problems to which they are applied. Quinn et al.’s “curation
index for el-Khiam points” (EKCI) includes a proper name that ren-
ders it unsuitable for general use. Perhaps Quinn et al. might consider
renaming their measure the “curation index for tip resharpening”
(CITR), the simple “sharpness” (or “tip sharpness”) label that they
use alternatively if briefly, or a suitably generic alternative? The index
could prove valuable in the study of other types such as Folsom bifaces,
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whose tip form and sharpness are implicated in reduction analysis (e.g.,
Ahler and Geib 2000; Buchanan 2006) and generally in evolutionary
studies of biface design and function (e.g., Hughes 1998). As have oth-
ers, Quinn et al. want to estimate the original size of specimens found
at reduced size. Their simple regression of blade axial length upon
thickness (Figure 5) is statistically significant but, as elsewhere (e.g.,
Davis and Shea 1998; Shott et al. 2000) somewhat diffuse. As a result,
it has only modest predictive value. Using it, Quinn et al. (this vol-
ume) fashion an allometric reduction measure that subtracts estimated
original length from reduced length as observed upon recovery. They
rescale the resulting measure when appropriate, but might consider
further rescaling to account for haft size or thickness and the con-
straint it imposes on usable length of stone tools. For instance, North
American Paleoindian flakeshavers were depleted when resharpened
not to the haft, but to a point a centimeter or more above it, because,
as a consequence of haft thickness and kinetics of use, the remaining
exposed length of the tools was too short for the retouched bit to reach
the worked material (Grimes and Grimes 1985). On balance, Quinn
et al.’s (this volume) geometric and allometric measures, validated by
experiments, deserve a place in the toolkit of reduction analysis.

Harper and Andrefsky (this volume) explore the metric correlates
and functional contexts of dart and arrow use. Like others (e.g., Shott
1996b; VanPool 2006), they conclude that darts continued in use – or
at least were recycled for later use – after the introduction of arrow
technology. Unlike others, Harper and Andrefsky (this volume) con-
clude that Pajarito Plateau dart points were recycled principally as
knives, not as projectile tips. As a minor point, it would take Harper
and Andrefsky little time to validate their identification of specimens
as darts or arrows against classification functions (Shott 1997b; Thomas
1978). They cite convincing evidence for the reuse of dart points, and
reason that reuse involved “sawing and cutting” rather than the tipping
of projectiles, because dart points are more extensively reduced than
are arrow points. This logic is reasonable but arguable, for two rea-
sons. First, they measure degree of resharpening indirectly, but might
instead use the direct measures (e.g., invasiveness indices) documented
in other studies, notably in this volume. Second, they assume that dart
points would not undergo resharpening during their use as projectile
tips. Therefore, all resharpening noted on them is attributed to reuse as
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knives. Yet dart points typically are of a size and form that accommo-
dates some amount of resharpening while used on projectiles (see, for
instance, Hunzicker’s [2005] extensive resharpening of experimental
Folsom points used exclusively as projectile tips). Also, as Harper and
Andrefsky state, dart points might have been used simultaneously as
both tips and knives, especially if hafted to foreshafts that themselves
could be detached easily from mainshafts. Use of dart points as knives
neither precludes nor necessarily follows use as projectile tips. There-
fore, Pajarito Plateau dart points may be much reduced not because
they originated as Late Archaic projectile tips and only later were
reused as knives, but because during Archaic or later times they were
reduced in original use. Whatever the case on the Pajarito Plateau,
Harper and Andrefsky’s study (this volume) illustrates the interpretive
value of patterns of reduction in bifaces.

Andrefsky’s chapter (this volume) exemplifies the approach taken
by several contributors to this volume. He uses obsidian distance-to-
source data from the northern Great Basin and reasonable, ethno-
graphically informed threshold values to distinguish local from nonlo-
cal scales of acquisition. Andrefsky’s detailed analysis clearly documents
patterning between distance-from-source and degree of reduction,
measured using his own (Andrefsky 2006) hafted biface retouch
index. Reasonably, he attributes the patterning to supply effects. It
could, however, be influenced by manufacturing cost or other factors.
Although supply patterns well with degree of reduction in some cases,
the relationship is by no means universal, as Ballenger (2001) shows. As
valid as Andrefsky’s (this volume) analysis is, like most such approaches
it nevertheless reduces continuous variables (source distance, degree of
reduction) to dichotomous attributes, a treatment that does not fully
exploit the potential of reduction measures. As small points, Tables 2
and 3 are somewhat underspecified (i.e., several expected values are
less than five) and Figure 8’s bottom-heavy scatter shows consider-
able variation in retouch values at a narrow and low range of distance
values.

MacDonald (this volume) examines the influence of raw-material
quality, abundance, and distribution by comparing the use of Upper
Mercer and Kanawha cherts at Skink Rockshelter. His thesis is that
tool design and curation rate are determined largely by stone abun-
dance and how this varies with distance and time. In this respect,
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MacDonald’s approach resembles that of European Paleolithic archae-
ologists who interpret patterns and degrees of reduction in terms
of material supply. The Paleolithic approach recruits traditional tool
typology to the measurement of reduction. MacDonald uses Andref-
sky’s (2006) invasiveness index along with assemblage measures (even
if assemblage sizes are quite low). The result both links the two levels
or scales of reduction that Blades (this volume) discussed and illus-
trates the value of reduction measures in testing higher-level theory.
MacDonald argues that tools of more-distant Upper Mercer should be
more heavily reduced than those made of nearer Kanawha. Essentially,
he extends the logic of fall-off curves to reduction as a function of
distance. The result confirms his prediction, but the very small sample
size qualifies it. Elsewhere MacDonald, like Prentiss and Clarke (this
volume) and like Clarkson (this volume), equates number of tools
with occupational intensity (e.g., Table 1, showing Late Woodland
tools outnumbering Archaic ones, Woodland “intensity” thus being
higher), which elides both deposition spans (all else equal, admittedly,
Late Woodland deposition span at Skink might be less than Archaic
spans, but this point must be demonstrated) and rates of use and discard.

Bradbury et al. (this volume) examine the effect of raw material
upon reduction, independent of amount of use and resharpening.
This subject is important because many reduction measures, especially
in flake tools, require knowing or inferring original flake size for
comparison to the discarded (and presumably reduced) form. Thus,
Bradbury et al.’s chapter concerns estimation of tools’ original size, not
measurement of their reduction. Although chert sources vary greatly
in mechanical attributes and applications, Bradbury et al. find that a
tripartite division accommodates most variation. If the conclusion is
borne out in further experiments, then lithic analysts need not mea-
sure the precise mechanical properties of each source, which, in any
event, are apt to vary within the source formation (even within the
cobble) depending upon context, degree of weathering, and intrinsic
factors. Instead, analysts may apply Bradbury et al.’s tripartite scale and
thereby reserve precious analytical time and talent for more advanced
tasks. The conclusion has a pleasant implication for the several chap-
ters here that compare assemblages or contexts without controlling
for differences in raw material. One of Bradbury et al.’s most signif-
icant findings is that hammer type has only a slight effect on flake
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allometry and, by extension, reduction. Despite variation by material,
however, platform thickness correlates significantly with flake weight.
(Nevertheless, Bradbury et al.’s Figures 2 and 3 suggest some threshold
above which platform thickness only weakly constrains weight. Fur-
ther results might determine the boundary conditions for the effects
of platform thickness.) This conclusion strengthens the validity of Pel-
cin’s (1996) pioneering research and of reduction measures based on
comparing observed size at discard to inferred original size.

Prentiss and Clarke (this volume) use ratios of tool types within
assemblages to measure reduction. They combine these with reduc-
tion measures of individual tools. Partly, their chapter is an effort to
encompass technological organization (Nelson 1991) within evolu-
tionary archaeology. This intriguing prospect might help invigorate
lithic analysis as it struggles to increase its relevance to broader theo-
retical currents. Although the argument further illustrates the service
that reduction analysis can provide to theory development, it is largely
beyond the scope of present discussion. Prentiss and Clarke’s (this
volume) account of changing patterns of land use, technological prac-
tices, and reduction in the Mid-Fraser valley is one example of the
great breadth of reduction analysis. Their two case studies are widely
separated in time and cultural context, a point that can be ignored
in a heuristic study such as Prentiss and Clarke’s. Their interpretation
is reasonable, but their functional classification groups distinct types
and includes at least one default category (“All other flake tools and
light retouched scrapers”). Also, Prentiss and Clarke equate archaeo-
logical frequency with frequency of ancient use, without considering
the intervening role of use life. It also is unclear if the “sudden shift”
to light-duty tools and heavy reduction at Hidden Falls is an absolute
or proportional change. The complex interactions of activity pat-
terns, occupation span, and use life (e.g., Shott 1997a) urge caution in
attributing change in assemblage composition to one factor only.

Clarkson (this volume) links three reduction measures – core
platform rotation (little known in North America but common in
Australia), Kuhn’s (1990) geometric index, and his own invasiveness
index – to changing scales and patterns of hunter–gatherer land use
in the Wardaman country of northern Australia. As above, a qualified
demurral on the validity of the geometric and invasiveness indices:
they will not work on all varieties of flake blanks and tools. Neither,
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for instance, works well on the hafted endscrapers that are common in
North American assemblages: the geometric index because retouch
is concentrated on the distal edge and these tools have nearly rectan-
gular longitudinal sections that vary as little during resharpening in
t as in T (to use Clarkson’s nomenclature), and invasiveness because
that concentrated retouch consistently affects only one or few zones
so produces little if any change in index values as reduction advances.
Allometric measures are suitable for endscrapers and similar tools (e.g.,
Shott and Weedman 2007). Thus, Clarkson’s chosen indices are not
always the best reduction measures, but they are sensible choices for
the retouched-flake industries that he studied.

A possible complication to Clarkson’s analysis (this volume)
involves artifact (including stone-tool) density as a measure of occu-
pational intensity, which is a composite of population, rate of tool
use, and duration. But the quantity also depends on two factors not
controlled in Clarkson’s treatment. One is sedimentation rate, a geo-
logical matter. The other, however, is rate of discard, which depends
not just on rate of tool use but also on curation. No matter their use
rate, highly curated tools are discarded and so contribute to artifact
density at lower rates than equally used poorly curated tools. Clarkson
measures reduction and links it to curation, but does not link either to
discard rate or, by extension, occupational intensity. He might con-
sider calibrating artifact density to curation rate, which may bear upon
analysis and interpretation. This chapter’s value lies in demonstrating
the relevance of reduction to a range of cultural properties and prac-
tices connected with land use. The reduction thesis may or may not
have “stale” implications for tool typology, but Clarkson clearly shows
that reduction and its measurement are relevant to other issues as well.

Goodale and colleagues (this volume) equate variation in reduction
processes with diversity, and inversely correlate both with efficiency.
They model reduction as a function of material supply, quality, and,
less convincingly, the producer:consumer ratio. This original approach
has uncertain relevance to reduction measurement, and more to the
inference of reduction sequences and their variation. This is less a
criticism than an observation that places the model in a different
analytical perspective. The model begs the question of efficiency, as
though there were a single, unambiguous reduction sequence equally
suitable to a wide range of material supply, core size and shape, and
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contexts, and risks conflating inherent technological variation with
social causes. Also, Bradbury et al.’s chapter suggests that material
quality may be an ordinal more than the interval variable that Goodale
et al. assume. Their several case studies are heuristic examples rather
than detailed analyses.

DISCUSSION

These chapters encompass a wide range of geographic space and
archaeological time, as well as of technological and assemblage con-
texts. Yet they cover only a narrow range of subsistence and land use
because most chapters study hunter–gatherer assemblages. Although
hunter–gatherers made, used, and curated stone tools, nearly all pre-
historic people used stone tools. Thus, concern with reduction and
curation analysis should be broadly relevant.

Archaeologists used to, and perhaps still do, compile fall-off curves
to map the use or discard of tool stone across landscapes. Generally,
they expected such curves to fall off either rapidly or gradually, but in
any case to fall off as a regular function of distance. This assumption
not only ignores the possibility of transport over long distance but also
emphasizes entropy among the factors that determine rates of use and
discard. In effect, it assumes that ancient people did not organize their
stone consumption, but, in fact, allowed circumstance to disorganize
it. A strolling child who eats cookies from a bag scatters crumbs in his
path. As he walks, first he eagerly gobbles handfuls of cookies. Many
crumbs fall behind him. As his appetite wanes, he eats fewer cookies
and so trails fewer crumbs. There is little organization to the child’s
cookie consumption, and the result is a cookie-crumb fall-off curve
similar to many tool stone curves. It is unreasonable to suppose that
ancient people could do no better than a hungry child with a sweet
tooth, that their technologies were governed chiefly by the entropy
of declining supply with distance from source. This view ignores
the reality that ancient people did organize their technologies and
manage tool supply with their land-use practices to prevent supply
of materials and appropriate tools from inexorably decreasing with
distance from sources of stone. Distance-to-source arguments also
engage a scale problem when similar degrees of reduction occur with
different distances from sources.
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A universal reduction measure equally suitable to all assemblages
and tool types is a chimera. Land-use practices and the organization
of tool use in relation to these practices are highly variable and some-
what context-dependent, particularly with regard to stone availability.
Tools, even their stone parts alone, are complex objects. Reduction
alters different parts of tools to different degrees, introducing further
complexity. Add to this the different purposes of various analyses and
the suitability of various reduction measures to different kinds or parts
of tools, and the complexities increase again. No single measure will
serve all analytical purposes. Accordingly, in recent years we have
witnessed a dramatic increase in the number of reduction measures
proposed for various types of stone tools, and in the development and
testing of those measures, as this volume shows. This collection is a
major contribution both to the array of reduction measures and to
reduction measurement generally, extending its analytical breadth and
the range of assemblages to which reduction measurements are applied.
All of this work is a testament to the importance of the reduction thesis
and its accommodation to the great diversity of stone-tool types.

Many reduction measures are inevitable, and perhaps even desirable
to some extent. No doubt still more will be devised, and then tested
with experimental and archaeological data. Yet too many measures
hamper comparison and broad application. Beyond new measures
themselves, we see several urgent tasks that confront reduction analysis.

The first challenge concerns our concepts of appropriate or rel-
evant dimensions or characteristics. Perhaps only weight is both a
measure of size and a unitary character that is measured in only one
way. So simple a dimension as length can be parsed by component or
orientation (e.g., total, axial, blade, stem). There is no universal length
measure suitable for all purposes, nor should there be. Instead, differ-
ent measures record different aspects of reduction. Most reduction
measures are calculated from orthogonal dimensions (e.g., maximum
length, maximum width) or ratios among them. Orthogonal dimen-
sions are perfectly legitimate and have the added virtue of wide use.
Yet they reduce complex wholes to (usually) a few linear dimen-
sions. They are no more a full description of tool size and design
than are stick-figure caricatures adequate depictions of the human
form. Archaeologists should consider measuring two-dimensional or,
ideally, three-dimensional form and size using attribute schemes such
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as Buchanan’s (2006) that are more detailed and therefore better
approximations of actual size and form.

Second, as work advances in the development of new reduction
measures, the need for their comparative evaluation and integration
grows acute. We need well-controlled experiments that apply differ-
ent measures to the same specimens. Several specimens of the same
type can be fashioned, and then repeatedly dulled and resharpened.
At each resharpening stage, variables such as dimensions, mass, and
edge angles sufficient to calculate several reduction measures can be
recorded and compared for their validity and accuracy in estimating
degree of reduction. But other reduction measures may be devised in
the future. Because specimens continue to experience reduction in
size and change in shape at each resharpening, it is not always possible
to make observations necessary for new reduction measures from the
same original specimens. Size and form at, say, second resharpening
are lost once specimens are resharpened a third time, and so on. To
control comparisons among the number of measures, which is apt to
grow, accurate casts of each specimen should be made at each resharp-
ening episode to serve as archival controls for the later testing of even
further reduction measures.

Third, archaeologists must determine each measure’s fidelity to
underlying causes and patterns of reduction. Lithic analysts might
emulate paleodemographers, who confront similar problems in using
several estimates of age at death in skeletal populations (Shott
2005:120). In a comparative study, Meindl et al. (1982: 75–6) cal-
culated an average of several independent estimators’ values weighted
by each one’s score on the first component of a principal-components
analysis of all estimators. They interpreted this quantity as an aggregate
estimator, and found that estimators varied in their correlation with
it. All estimators were not equal. Although archaeologists have begun
to compare reduction measures (e.g., Clarkson, this volume; Eren and
Prendergast, this volume; Hiscock and Clarkson 2005), much more
must be done.

Finally, this collection shows that archaeologists understand the
connection between reduction as a physical process and curation as
a behavioral one. Yet some archaeologists continue to treat curation
as a qualitative state or condition that sometimes stands opposed to
the equally qualitative condition of “expediency.” Reduction and



40 MICHAEL J. SHOTT AND MARGARET C. NELSON

curation both are continuous processes; curation is no more a qualita-
tive state than is “shortness.” People do not ask, What is your short-
ness? They ask how tall you are. Archaeologists should not ask, Was
this tool curated? They should ask, How much was this tool curated?
Both curation and height are continuous variables. Simple height mea-
surement makes that point with respect to height; reduction measures
and distributions make the same point with respect to curation.

CONCLUSIONS

Reduction is integral to determining the form of used stone tools, just
as are stylistic and functional aspects of design. No one doubts that size
and form can be measured, nor that their measurement and analysis
bear on many archaeological questions. No less is true of reduction.

Reduction is also a key aspect of the organization of stone tool
use. Access to suitable materials, movement, resource scheduling, and
work group composition, among other aspects of land use, can be
understood through analysis of stone artifacts, including the reduction
process.

This volume is the latest and among the best of recent reduc-
tion research. It marks the growing maturity of these approaches and
their expanding scope. The volume also demonstrates the relevance of
reduction analysis to more than typology; it includes curation distribu-
tions, land-use patterns, and most broadly technological organization.
Its chief conclusion is unambiguous: stone-tool analysis makes no sense
without understanding the places that tools occupy in the reduction
process.
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COMPARING AND SYNTHESIZING
UNIFACIAL STONE TOOL
REDUCTION INDICES

Abstract
Intensity of stone tool reduction has important implications for under-
standing hominid behavior, tool use and modification, mobility, and
cognitive ability. There are a variety of reduction indices available to
the lithic analyst. While each has strengths and weaknesses, differ-
ent index values obtained on the same stone tools do not necessarily
correlate with each other. Significantly different interpretations of an
assemblage may be made depending on the analyst’s choice of reduction
index. In this paper we demonstrate this point by presenting different
reduction indices calculated for both an experimental assemblage and
a sample from the La Colombière Perigordian assemblage. Addition-
ally, this paper presents models for combining different indices in order
to better understand retouch and resharpening on unifacial stone tools.

INTRODUCTION

Archaeological quantification allows comparison between groups or
attributes of artifacts that may otherwise be difficult to understand.

We would like to thank William Andrefsky, Jr., for inviting us to present this paper
in the symposium “Artifact Life-Cycle and the Organization of Lithic Technologies”
at the seventy-first Society for American Archaeology (SAA) conference in San Juan,
Puerto Rico, and for including it in this volume. Thanks to Ofer Bar-Yosef, Manuel
Dominguez-Rodrigo, David Meltzer, and C. Garth Sampson for their support and
suggestions for the presentation of this paper. Thanks to Michael Shott, David Meltzer,
William Andrefsky, and the 2006 SAA Student Paper Award committee for comments
and suggestions that greatly improved this paper. Thanks also to Peter Hiscock, whose
informative and kind suggestions in San Juan motivated the reanalysis of Kuhn’s index
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Additionally, it can organize and simplify data, as well as reveal hid-
den patterns in the archaeological record. Although quantification of
unifacial stone tool retouching and resharpening has received con-
siderable attention over the past twenty years (e.g., Andrefsky 2006;
Clarkson 2002; Davis and Shea 1998; Dibble 1995, 1998; Dibble and
Pelcin 1995; Eren et al. 2005; Hiscock and Clarkson 2005; Kuhn 1990,
1992; Pelcin 1998; Shott 2005; Shott et al. 2000; see also Clarkson,
Hiscock and Clarkson, Quinn et al., all this volume), there remain
several unresolved issues. Attempts to measure the abstract concept of
“reduction” from a flake or blade blank have become ever more com-
plex. Indices sometimes correlate reduction with different stone tool
attributes that change through retouching or resharpening: retouch
invasiveness, edge thickness, or volume loss. Other times, reduction is
defined as mass or weight lost from a blank (Pelcin 1998) – in these
cases different variables act as proxies for mass loss.

At the beginning of this study, our goal was to determine which
reduction index most accurately measured mass loss. We applied three
reduction indices – Kuhn’s (1990) index of reduction (IR), Clarkson’s
(2002) index of invasiveness (II), and Eren et al.’s (2005) estimated
reduction percentage (ERP) – to the same replicated assemblage of
scrapers that served as the control assemblage. We also applied the
indices to an archaeological assemblage from the Upper Paleolithic
site of La Colombière in France. However, as we proceeded with
our analysis, we began to develop an altogether new understanding of
tool reduction. In particular, we began to gain a new appreciation of
the ways in which the use of reduction indices was influencing our
perception of the reduction sequence.

Though we discovered that some reduction indices did, indeed,
gauge mass loss better than others, we also learned that “reduction” is

in this paper. We would like to thank Diana Loren, Ofer Bar-Yosef, and the Peabody
Museum of Archaeology and Ethnology for providing the La Colombière Assem-
blage. Finally, one of us (Eren) would like to thank Mustafa Eren, Kathleen Eren, and
Nimet Eren for support and financial assistance.
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Department of Anthropology at Harvard University; the Department of Anthropol-
ogy at Southern Methodist University; and the Department of Archaeology at the
Cleveland Museum of Natural History. Thanks to Think Computer Corporation for
technical/computer assistance.

Any mistakes or shortcomings in this paper are our own.
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too complex an idea to be simply defined by one variable, whether that
variable is edge thickness, scar invasiveness, or volume loss – or going
further, whether any of these variables can be used as a proxy for mass
loss. Through the presentation of an experimental analysis and the
analysis of an archaeological assemblage, we will demonstrate that the
use of different reduction indices on the same assemblage can actually
produce differing results (graphically and quantitatively) as to how
“reduced” that particular assemblage is. Although this result on its own
has major theoretical implications for how an archaeologist interprets
a lithic assemblage, what we also intend to suggest with this analysis
is that reduction cannot simply be described by a single variable,
and perhaps a combination of variables would more accurately depict
“reduction.” We feel that a multiple-index approach to reduction
encompasses the complexity of the term much better than any single
index on its own.

Some scholars may question why our analysis does not include the
application of the mass predictor equation (Dibble and Pelcin 1995).
First, time and space constraints permit only the presentation of three
reduction indices in this paper. Second, many scholars (Davis and
Shea 1998; Dibble 1998; Pelcin 1998; Shott et al. 2000) have shown
that the mass predictor’s applicability is dependent on raw material
type. Third, even when raw material type is accounted for, the mass
predictor has been shown to be inaccurate in its calculation of a
retouched tool’s original mass. Nevertheless, despite its drawbacks,
the mass predictor model is extremely valuable and may potentially
contribute significantly to the understanding of blank retouching and
resharpening.

THE ERP, IR, AND II

Three reduction indices used here, and a brief explanation of each
is in order. The first reduction index used in this experiment is the
estimated reduction percentage (ERP, Eren et al. 2005) (Figure 3.1).
Unlike most retouching indices, this approach treats artifact size and
shape in three, rather than two dimensions. The ERP method quan-
tifies volume loss due to retouch/resharpening relative to the original
unmodified blank by reconstructing the original volume of a modi-
fied blank, thereby allowing a realistic percentage of volume loss to be
calculated. In an experimental test, the ERP quantified overall mass
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figure 3.1. Estimated reduction percentage. (a) Imaginary triangles with sides D1,
D2, D and area A are constructed onto the cross section of a unifacial stone tool,
with the variables described in the text; (b) the area of each triangle is calculated and
averaged; (c) The averaged area is then multiplied by the length of retouched edge,
L, to get the volume missing from the tool (Eren et al. 2005: 1193, 1195).

52



COMPARING AND SYNTHESIZING RETOUCH INDICES 53

(a)

(b)

T

t
D

a∠

T1

T2

T3

t3

t2

t1

figure 3.2. Index of reduction. (a) Measurements required for calculating Kuhn’s
(1990) index of reduction (Eren et al. 2005: 1192); (b) demonstration of how the index
of reduction changes as retouching progresses (figure from Hiscock and Clarkson 2005:
1016).
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loss better than other reduction indices (Eren et al. 2005). To measure
volume lost due to retouch, the volume of debitage removed from a
unifacial tool is found with the reduction equation (RE),

V = L
D2

2
(sin2(a )cot(b ) − sin(a )cos(a )),

where b is the dorsal plane angle, a is the retouched edge angle, D is the
retouch length, and L is the length edge retouched. The value V esti-
mates the volume of debitage removed from a unifacial tool (Volume-
EstimatedDebitage). To calculate the percentage of volume loss, called
the estimated reduction percentage (ERP), in relation to the original
unmodified blank, one has to measure the volume of the retouched
tool by putting it in water and measuring the volume displacement
(VolumeRetouchedPiece). This enables one to solve the equation

VolumeEstimatedDebitage
VolumeEstimatedDebitage + VolumeRetouchedPiece

.

The second reduction index used in this experiment is the index
of reduction (IR, Kuhn 1990) (Figure 3.2). Kuhn’s (1990) equation
for the IR,

IR = (D) sin(a )

T
,

quantifies the ratio of the maximum medial thickness of the unifacial
tool (T) to the vertical thickness of the flake at the retouch termi-
nations (t). Trigonometry equates t with the depth of retouch scars
D multiplied by the angle of retouch a. Kuhn (1990) shows that as
edges are progressively retouched, the IR increases in value. Though
Kuhn (1990) in his experiments never used the IR to quantify tool
mass/weight loss, Hiscock and Clarkson (2005: 1021, 1022) suggest
that Kuhn’s IR “is strongly positively related to log(%weight loss)” and
that it is “a robust indicator of the extent of reduction when retouch-
ing patterns are suited to the calculation of the index”. They also note
that the IR is not linearly scaled and should be calibrated if it is to
indicate weight lost from a specimen accurately (Hiscock and Clark-
son 2005: 1019). However, Eren et al. (2005) demonstrate that without
calibration the IR does not gauge mass or volume loss accurately. Fur-
ther, data presented below cast doubt on the accuracy of the IR for
gauging mass loss, even with calibration. For this experiment average
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values of a and D were calculated and used in the equation (D)sin(a),
which was then divided by the single medial thickness value T.

The third reduction index used in this experiment is the index
of invasiveness (II, Clarkson 2002) (Figure 3.3). Dividing a stone tool
into 16 segments (8 segments on both the dorsal and ventral sides) and
two zones (an outer zone and an inner zone), Clarkson (2002) assigns
a score to each segment according to the invasiveness of retouch. A
score of 0 is assigned to a segment exhibiting no retouch. A score
of 0.5 is assigned to a segment exhibiting retouch invading only the
outer zone. A score of 1 is assigned to a segment exhibiting retouch
invading the inner zone. The scores are then summed to give a total
figure for the invasiveness of the stone tool. Dividing this sum by the
number of segments gives a result ranging between 0 and 1. Clarkson’s
formula for calculating the Index of Invasiveness is

Index of Invasiveness = �Ss/16,

where �Ss is the summed total of segment scores (Clarkson 2002: 68).
Clarkson correlates his index with weight loss and retouch blows on
the basis of experimental work. He notes that the II is not linearly
scaled and should be calibrated if it is to indicate weight lost from a
specimen accurately.

As shown above, each index is correlated with mass/weight lost.
Researchers using each index argue for the importance of mass/weight
loss for understanding the reduction concept (Clarkson 2002: 74; Eren
et al. 2005: 1191; Hiscock and Clarkson 2005: 1020). Clarkson (2002:
74) goes so far as to call percentage weight lost from a specimen an
“absolute measure of reduction.”

EXPERIMENTAL ASSEMBLAGE

The experimental assemblage consists of 49 blanks knapped by Eren
using hard hammer direct percussion. (Due to a typographical error
that was discovered after we completed our analysis, we eliminated one
artifact from our original sample of 50.) The amount and location of
unifacial retouch on each specimen differed substantially, resulting in
a diverse assemblage. Summary data of the unmodified blanks are pre-
sented in Table 3.1, whereas reduction data are presented in Table 3.2.
Box plots of the ERP, IR, and II values are shown in Figure 3.4.
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figure 3.3. Index of invasiveness. (A) Method for constructing the sixteen segments
(a) and the inner and outer zones (b) required for calculating Clarkson’s (2002) index
of invasiveness (figure from Clarkson 2002: 67); (B) demonstration of how the index
of invasiveness is applied to a stone tool (figure from Clarkson 2002: 68).
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Table 3.2. Summary statistics of
experimental assemblage reduction data

ERP II IR
n 49 49 49

mean 0.08 0.13 0.49
sd 0.04 0.05 0.10
min 0.02 0.06 0.27
q1 0.05 0.09 0.42
med 0.08 0.09 0.49
q3 0.11 0.19 0.55
max 0.21 0.25 0.73
range 0.19 0.19 0.46
iqr 0.06 0.09 0.14
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figure 3.4. Experimental assemblage box plots of the IR, ERP, and II (n = 49).
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Table 3.3. Experimental assemblage correlations of each reduction index with
the others and with the actual percentage mass lost (n = 49)

Percentage
ERP IR II actual mass lost

ERP 1.0000 – – –
IR .4997 1.0000 – –
II .4202 −.0883 1.0000 –
Percentage actual mass lost .7308 .2200 .3549 1.0000

The means, medians, and ranges differ drastically between each reduc-
tion indices, though the ERP and II are more similar than either is
to the IR. Based on Figure 3.4 alone, it is apparent that, if using a
single reduction index in isolation, a researcher may draw different
conclusions on how “reduced” or “exhausted” the lithic assemblage
is. Despite the differences among them, if the IR, II, and ERP are
each attempting to calculate the amount of material removed from the
tool, one might expect some degree of overlap among the reduction
indices, whether calculations are based on two dimensions (in the case
of IR and II) or three (in the case of ERP). However, the side-by-side
box plots show large differences between the indices in terms of their
medians and ranges.

A better means of comparison among the indices is correlation.
For example, a heavily reduced scraper should have a high degree of
reduction whether calculated by IR, II, or ERP, so we expect these
three indices to move in tandem. However, correlations among these
indices (Table 3.3, Figures 3.5–3.7) are generally weak, with the excep-
tion of a moderate correlation between the IR and ERP (r = 0.49).
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figure 3.5. Experimental assemblage corre-
lation between the ERP and IR (r = .4997).
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figure 3.6. Experimental assemblage cor-
relation between ERP and II (r = .4202).

Interestingly, given that the box plots showed the ERP and the II to
have closer medians and ranges than either has to the IR, the correla-
tion between the ERP and II is quite low. This indicates that although
the ERP and II ranges appear similar at first, in fact, when each spec-
imen is analyzed individually the ERP and II calculate very different
values.

The ERP, IR, and II were then compared to the actual percentage
of mass lost. Mass loss was calculated by measuring a specimen’s mass
on a scale before and after retouching and then subtracting the values.
The correlations between the ERP, IR, and II and percentage mass
lost are shown in Table 3.3. It is evident that the ERP gauges mass lost
better than either the IR or the II, which supports the conclusions of
Eren et al. (2005). Yet this does not mean that the IR or II is obsolete.
On the contrary, as will be discussed below, each index is responding to
different aspects of reduction, resulting in variability among indices.
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figure 3.7. Experimental assemblage cor-
relation between IR and II (r = −.0883).
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Table 3.4. La Colombière tool types present in the
sample (n = 113)

Type n Percentage

Retouched blade 44 38.93%
Backed blade 33 29.20%
Retouched flake 17 15.04%
End scraper 11 9.73%
Borer 5 4.42%
Retouched core trimming element 2 1.77%
Retouched core tablet 1 0.88%

The best way to examine this variability is by comparing indices
calculated on individual tools. Because the archaeological assemblage
has a higher diversity of tool types than the experimental assemblage,
we turn to our analysis of it.

ARCHAEOLOGICAL ASSEMBLAGE

The archaeological assemblage consists of the Perigordian unifacial
stone tools from La Colombière (LC), France. Excavated on multi-
ple occasions since the 1870s, La Colombière is a rock shelter with
multiple components. In 1948 Harvard University professors Hallam
L. Movius, Jr. and Kirk Bryan (Movius and Judson 1956) identified
these components as Neolithic, Magdalenian, and Perigordian. The
Perigordian assemblage consists of a variety of unifacial stone tools,
such as scrapers, notched pieces, and backed blades. Summary data for
the La Colombière assemblage are presented in Tables 3.4 and 3.5.

Table 3.5. La Colombière fragmentation
types present in the sample (n = 113)

Fragmentation n Percentage

Complete 54 47.79%
Distal 34 30.09%
Mid section 15 13.27%
Proximal 10 8.85%
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Table 3.6. Summary statistics of La
Colombière assemblage reduction data.

ERP II IR
n 110 113 113

mean 0.1272 0.1103 0.5979
sd 0.1260 0.0668 0.2575
min 0.0008 0.0313 0.2296
q1 0.0288 0.0625 0.4065
med 0.0885 0.0938 0.5997
q3 0.1943 0.1563 0.7188
max 0.6207 0.3750 2.2482
range 0.6199 0.3438 2.0186
iqr 0.1655 0.0938 0.3123

The ERP, IR, and II were calculated for the LC assemblage (Ta-
ble 3.6). As shown in Figure 3.8, the range of variation in each of
these indices is much higher than that in the experimental assemblage.
As in the experimental assemblage, each index’s median and range are
significantly different from the others. Differences are also reflected
by the low degree of correlation the reduction indices have with each
other (Table 3.7). As noted above, we expect the indices to move in
tandem for a specimen that is highly reduced. Yet this is not the case,
as two of the three correlations are quite low. An important exception
exists: the apparently high correlation between the IR and ERP. This
is negated by a distinct J-shaped pattern in the plotted data, with
a fanning pattern in the residuals of regression analysis (Figure 3.9).
These patterns show that there is a nonlinear relationship between
these indices: as the two-dimensional IR increases on individual tools,

Table 3.7. La Colombière assemblage correlations
of each reduction index with the other

ERP IR II

ERP 1.0000 – –
IR 0.6688 1.0000 –
II 0.2266 −0.04210 1.0000

Note. ERP-IR, n = 110; ERP-II, n = 110; II-IR, n = 113.
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figure 3.8. La Colombière assemblage box plots of the ERP, IR, and II
(n = 113). Specimens measuring greater than 1 with the IR are specimens
where the retouched areas are thicker than the medial thickness.

the three-dimensional ERP increases by much more, creating wide
discrepancies between the two indices on heavily reduced tools.

Box-plots of individual tool types’ reduction data show the same
patterns as the experimental and archaeological assemblages (Table 3.8,
Figures 3.10–3.14). Medians and ranges for each reduction index on
each tool type differ drastically. Yet the comparison of different tool
types provides interesting results.

The backed blades (Figure 3.10) and borers (Figure 3.11) are one
such example. The IR and ERP for the backed blades have higher
values than the IR and ERP for the borers. However, the borers have
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figure 3.9. Scatterplots of IR versus ERP, with regression lines (a, c) and residuals
of regression analysis (b, d), for the experimental assemblage (“EX”) (a, b) and the
La Colombière archaeological assemblage of 55 complete tools only (“LCC”) (c, d).
Fanning residuals (d) in the archaeological assemblage, in contrast to the experimental
assemblage (b), suggest that the relationship between ERP and IR in the archaeological
assemblage is nonlinear: as IR increases slightly, ERP increases greatly, suggesting that
IR may not be as effective as ERP on heavily reduced tools. Specific traits of the
outlying tools may be influencing this pattern.

a higher II value than the backed blades’ II value. If each reduction
index measures the same variable (e.g., mass/weight loss, or, alter-
natively, simply “reduction”), there would be a major discrepancy.
However, when each index is understood to measure a different vari-
able, the result makes sense: backed blades would be expected to have
an exhausted edge (which would give a high IR value) and a lot of
mass would be removed (which would give a high ERP value). How-
ever, from a dorsal viewpoint, backing is not invasive (which explains
the low II value). On the other hand, a borer only requires a small
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Table 3.8. La Colombière reduction data medians and ranges of each tool type

Core
Backed End trimming Core Retouched Retouched
blades scrapers Borers element tablet blade flake

n 33 11 5 2 1 44 17

IR med 0.72 0.74 0.33 0.56 0.59 0.48 0.59
IR range 0.66 0.80 0.45 0 0 0.53 2.01
ERP med 0.24 0.15 0.04 0.06 0.08 0.04 0.05
ERP range 0.59 0.27 0.07 0 0 0.23 0.39
II med 0.09 0.06 0.16 0.06 0.03 0.09 0.09
II range 0.16 0.31 0.13 0 0 0.34 0.22
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figure 3.10. La Colombière backed blades’ box plots of the ERP, IR, and II.
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figure 3.11. La Colombière borers’ box plots of the ERP, IR, and II.

pointed section on a specimen. This would result in little overall mass
lost (shown by the low ERP value), an edge that was not exhausted
(shown by a low IR value), and retouch that was somewhat invasive
on the functioning part of the tool (shown by the II). Comparisons
such as the one above can be made between any of the tool types
presented in Table 3.8.

Some researchers looking at Table 3.5 may question our use of
reduction indices on broken tools. For this reason, we have provided
Figure 3.15, showing differences in reduction values between complete
and broken LC assemblages. Although there are some differences, the
point of our paper is further confirmed: whether the indices are used
on a complete specimen or a broken one, they still show divergent
medians, ranges, and values.
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figure 3.12. La Colombière end scrapers’ box plots of the ERP, IR, and II.

ANOTHER LOOK AT THE IR

After the symposium “Artifact Life-Cycle and the Organization of
Lithic Technologies” at the 71st Society for American Archaeol-
ogy Conference in San Juan, Puerto Rico, informative and helpful
conversations with Peter Hiscock regarding how lithic analysts employ
Kuhn’s (1990) IR inspired us to briefly reanalyze the experimental
assemblage.

Kuhn (1990) uses the equation (D)sin(a) to estimate t. He estimates
t at three points along a tool’s edge. Then he divides t by T, which is
calculated as a single value recorded at the blank’s longitudinal mid-
point (Kuhn 1990: 587). In our analysis, we followed Kuhn’s (1990)
methodology, which in the experimental assemblage resulted in a low
correlation (r = .2200) between IR values and percentage mass lost.
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figure 3.13. La Colombière retouched blades’ box plots of the ERP, IR, and II.

Peter Hiscock suggested that we apply his own “average Kuhn reduc-
tion index” (Hiscock and Attenbrow 2005: 60) to our experimental
assemblage. Hiscock and Attenbrow’s (2005) methodology differs from
Kuhn’s (1990) methodology in that multiple T values are recorded at
each point where D and a are calculated. So instead of

IR = ((t1 + t2 + t3)/3)/T,

Hiscock and Attenbrow calculate:

IR = (t1/T1 + t2/T2 + t3/T3)/3.

This second formula was used to calculate the IR on the experimental
assemblage. The values, median, and range are shown in Table 3.9.
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figure 3.14 La Colombière retouched flakes’ box plots of the ERP, IR, and II.

When compared to Kuhn’s original methodology (Table 3.9, columns
2 and 3), it appears that the equations’ results do not differ too dras-
tically (in terms of precision, rather than accuracy). Next, the average
Kuhn reduction index values were correlated with percentage mass
lost. This correlation (r = .5160) is stronger than the original calculated
correlation (r = .2200), but still not nearly as strong as the correlation
between the ERP and percentage mass lost (r = .7308). As noted
above, it must be stressed that the experimental assemblage was quite
diverse regarding how much retouch was applied to each specimen as
well as where that retouch was applied on each specimen. The lower
correlation values (when compared to Eren et al. 2005) seen in this
paper involving actual mass lost (for both the IR and ERP) might be
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figure 3.15. Box plots show the means and ranges for the index of reduction (IR),
estimated reduction percentage (ERP), and index of invasiveness (II), calculated on
the La Colombière (LC) Upper Perigordian assemblage of 113 retouched pieces.
Here, the results are separated into groups of broken (n = 58, LCB) and complete
(n = 55, LCC) tools.

due to the challenge posed by the experimental assemblage’s diversity.
If anything, this may show that all indices are lacking somewhat when
applied to diverse assemblages.

Interestingly, when the average Kuhn reduction index values recor-
ded from the experimental assemblage are calibrated to a logarithmic
scale as Hiscock and Clarkson (2005) suggest, the correlation to per-
centage mass lost is even lower (r = .5033). The IR values calculated
from Kuhn’s original methodology were also calibrated to a logarith-
mic scale, with no improvement in correlation with percentage mass
lost (r = .1828).
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Table 3.9. Data comparison between Kuhn’s (1990) original
index of reduction original methodology and Hiscock and
Attenbrow’s (2005) average Kuhn reduction index

IR (Hiscock and
Attenbrow 2005) IR (Kuhn 1990) Difference

n 49 49 na

mean 0.53 0.49 0.04
sd 0.12 0.10 0.02
min 0.30 0.27 0.03
q1 0.43 0.42 0.01
med 0.53 0.49 0.04
q3 0.60 0.55 0.05
max 0.85 0.73 0.12
range 0.55 0.46 0.09
iqr 0.23 0.14 0.09

These results are peculiar. One must wonder why Hiscock and
Clarkson (2005: 1021) found such a high correlation between the IR
and mass/weight lost (r = .933, with Log transformation), whereas in
two separate tests (Eren et al. 2005; this paper), we failed to repeat their
results. Examining the different experimental methodologies may pro-
vide a clue. Sample sizes for both methodologies are statistically robust:
Hiscock and Clarkson begin with a sample of 30 flakes, whereas we
begin with a sample of 50 blanks. Additionally, both Hiscock and
Clarkson’s unretouched sample and our own demonstrate variability
in original blank size, mass, and linear variables (length, width, thick-
ness). However, the experimental methods diverge when it comes
to blank modification. In their experiment, Hiscock and Clarkson
retouched each flake multiple times on one lateral edge until they
were exhausted, recording the average Kuhn reduction index at each
“retouching event.” We, on the other hand, retouched each flake
once: retouch varied on each flake in intensity and location (one lat-
eral edge, two lateral edges, a distal and lateral edge, etc.). We believe
that herein lies the discrepancy. It is already known that the IR can
increase with mass loss (Kuhn 1990). Thus, if a flake is retouched
multiple times on a single edge, then a particular amount of mass
loss will occur at each retouching event. In this specific scenario, the
dependent variable, the IR value, has nowhere to go but up. In other
words, by analyzing only modification on one lateral edge, all Hiscock
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figure 3.16. Graph from Hiscock and Clarkson (2005:1020) depicting the
relationship between the average Kuhn reduction index and percentage weight
lost. The oval encircles data points representing blanks with 6–7% weight lost.
Notice, despite the similar values in weight lost, that the range of the oval
(represented by the arrows) is quite large.

and Clarkson show is that IR can increase with weight loss, not that
it must. Measuring the IR on the same flake at successive retouching
events might be driving their correlation.

Nevertheless, although methodological differences may produce
differences between Hiscock and Clarkson’s results and our own, even
when dealing with a single lateral edge, the strong correlation between
the IR and mass lost suggested by Hiscock and Clarkson is undermined
by their Figure 5 (Hiscock and Clarkson 2005: 1020, reproduced here
in Figures 3.16 and 3.17). The oval in Figure 3.16 encircles their data
points, representing blanks that have lost about six to seven percent
of their original weight. As indicated by the arrows, these blanks
give IR values ranging from 0.3 to 0.8, despite the fact that these
blanks have lost similar amounts of weight. Alternatively, the oval in
Figure 3.17 encircles their data points representing blanks that possess



COMPARING AND SYNTHESIZING RETOUCH INDICES 73

P
er

ce
nt

ag
e 

of
 o

rig
in

al
 w

ei
gh

t l
os

t

100

50

10

5

0.5

0.1
0 0.2 0.4

Average Kuhn reduction index

0.6 0.8 1.0

1

figure 3.17. Graph from Hiscock and Clarkson (2005: 1020) depicting the
relationship between the average Kuhn reduction index and percentage weight
lost. The oval encircles data points representing blanks with an average Kuhn
reduction index of about 0.8. Despite the similar reduction values, the data
points range from about 6–7% weight lost to almost 50% weight lost.

an IR value approximating 0.8. Despite similar IR values, these blanks
have lost anywhere from six percent weight to almost fifty percent
weight! We wonder if this sort of variability would be even greater
if more than one edge were retouched and each blank were only
retouched once. Thus, we are forced to disagree with Hiscock and
Clarkson (2005: 1020) when they state, “it is reasonable to assert that,
at least in single margin reduction of the type experimentally tested,
the percentage of weight lost could be reliably predicted from the value
of the Kuhn Reduction Index that can be measured on specimens.”
If the IR were a “robust” indicator of “progressive loss of weight
from a retouched flake worked on a single lateral margin” (Hiscock
and Clarkson 2005: 1020), then it would be good to know what
specific weight loss amount equaled what specific IR value, and visa
versa.
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Blank 1

a)

b)

c)

t t

Blank 2

figure 3.18. Illustration of scenario one from the text. Despite having the same IR
value, blank two has lost more mass (as represented by the black space). From a dorsal
viewpoint (c), the retouch on blank one appears much more invasive.

Why is the IR a poor indicator of mass loss? Shott (2005) and
Eren et al. (2005) already provide some examples. However, two more
hypothetical cases dealing with retouch on a single lateral edge are
presented here.

(1) Imagine two blanks, similar in mass and morphology (Figure
3.18a). The first blank is retouched on a single lateral edge with
feather retouch, while the second blank is backed on a single lateral
edge (Figure 3.18b). Yet, if the thickness at the retouch terminations t
is the same on each blank, the IR value for each blank will be equal,
despite the fact that the backed blank has lost more mass. (If the II
is employed, the blank with the feathered retouch will have a higher
II value than the blank with the backed retouch (Figure 3.18c). This
quantitatively differentiates the morphology of two similarly exhausted
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a) b)

figure 3.19. Illustration of scenario two from the text. The large square in “a” has
retouch scars (represented by the rectangles) on only one part of its lateral edge. If the
rest of the lateral edge is retouched, as shown in “b,” the IR value will not change
despite more mass being lost.

edges (i.e., two edges with the same IR value, or in other words, the
same edge thickness t).

(2) Imagine one blank with retouch on only 50% of a single
lateral edge (Figure 3.19a). This retouch has an IR value of 0.6. If
the rest of the lateral edge is retouched and exhausted to an IR value
of 0.6 (Figure 3.19b), then the IR for the blank will remain at 0.6
despite the fact that even more mass was lost. Of course, even more
difficulties arise regarding the IR and mass lost if the two hypothetical
scenarios are combined in some fashion (as is likely to be the case in
the archaeological record).

The reanalysis presented in this section supports the original analy-
sis of the experimental and archaeological assemblages presented above
and suggests that the IR should not be used as a proxy for mass (or
weight) lost due to retouch. Yet, as demonstrated in the archaeological
assemblage above, and as will be explained below, the IR still plays an
important part for understanding reduction.

DISCUSSION

The concepts of reduction, retouching, and resharpening are only
important insofar as they provide information on the more complex
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concepts of prehistoric behavior, curation, and tool use-life (e.g.,
Bamforth 1986; Binford 1973; Nash 1996; Odell 1996; Shott 1989,
1995). Curation, as explained by Bamforth (1986) and Odell (1996),
involves production, design, transportation, recycling, and mainte-
nance of tools. Even if researchers agree with Odell’s (1996: 75)
omission of tool conservation from the definition of curation (focus-
ing instead on mobility and settlement), retouching and resharpening
would still play an important role in understanding how prehistoric
groups move across landscapes and settle in certain environments.

Determinants of use-life (Shott 1989: 17–19) might be seen to
covary with different stages of tool reduction. Additionally, analysis
of how reduced certain tools are indicates the time, effort, and man-
ufacturing cost of producing those tools, which in turn is directly
proportional to the tools’ use-life (Shott 1989: 20). As Eren et al.
(2005: 1200) note, reduction indices do not portray the life histories
of stone tools, only the end results of those life histories. However,
looking at the end of a life history might indicate how long that
life actually was. This is an important contribution, because use-life
probably is best expressed as a function of time (Shott 1989: 10).

Shott (1995: 67; 2000) states that the degree of tool-using behav-
ior of interest to archaeologists registered in archaeological specimens,
such as curation and use-life, can be determined only when stone tools
are properly quantified. The data above are presented to illustrate a
single point: though supposedly quantifying the same concept (i.e.,
reduction, specifically retouching/resharpening by mass loss), differ-
ent reduction indices provided drastically different values, means, and
ranges, even for specimens of the same type category. We hope that
this analysis helps to clarify the proper role each index plays in the
quantification of lithic reduction. Though each index has its own
weaknesses, the ERP index is best suited for estimating how much
overall mass has been removed from a specimen, because the variable
quantified by the ERP, volume, is directly proportional to mass. In
two separate experiments (Eren et al. 2005 and this chapter), the ERP
has quantified mass loss better than the IR and the II. The IR should
be used for understanding issues dealing with edge exhaustion. The
ratio the IR uses, that of the retouched edge to the spine of the tool,
is ideal for quantifying this attribute. Finally, the II should be used for
answering questions dealing with scar invasiveness, another varying
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ERP

IR

II

figure 3.20. A possible tri-index approach: retouched blades (innermost triangle);
backed blades (outermost triangle); retouched flakes (central triangle).

result of tool reduction. In this sense, studies that argue that one index
is better than another (Eren et al. 2005; Hiscock and Clarkson 2005)
are really arguing that one index is better than another at quantifying
a single variable of reduction, not reduction itself.

Because each reduction index measures a different aspect of reduc-
tion, different questions should be posed and analyzed with each index.
Further, combining reduction indices can portray differences in over-
all assemblages or individual tool types. For example, Figures 3.20
and 3.21 demonstrate one way that a tri-index approach might be
portrayed (though there may be better ways to do so). These fig-
ures show that differences in tool categories can be depicted clearly.
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Yet illustrating differences among tool types is not the only value
a tri-index approach might have. Comparisons of lithic assemblages
manufactured from local and foreign raw materials may show inter-
esting patterns dealing with how different aspects of retouching and
resharpening interact depending on distance. Different raw material
types might be another aspect that would be interesting to analyze
regarding the interactions between how much mass was removed,
where, and how.

Though the tri-index approach is valuable, it is also somewhat
limited in its static nature. Although it can clearly and precisely depict
stone tool types and assemblages as they are, it does not explain or
portray how they came to be. Dynamic approaches for understanding
lithic technology, such as the chaı̂ne opératoire (e.g., Sellet 1993), can
provide different information than looking at typological end products
or metric measurements alone. Six major analytical categories exist
within the lithic chaı̂ne opératoire:

(1) Procurement (e.g., direct, indirect)
(2) Core reduction (e.g., core preparation, blank removal, core reprepa-

ration)
(3) Tool reduction (e.g., blank or tool modification through retouch and

resharpening)
(4) Transport (e.g., quarry to site, base camp to kill site)
(5) Use (e.g., cutting, scraping, shooting)
(6) Discard (e.g., exhaustion, breakage, cache, interment)

During the life history of a stone tool, these categories do not occur
in any rigid order, but instead may interact in a fluid manner, per-
haps depicted best by Conard and Adler (1997). Categories (2) (core
reduction) and (3) (tool reduction) make up the reduction sequence. On
many occasions, lithic analysts have successfully reconstructed category
(2). Well-known examples include Levallois blank production (e.g.,
Bar-Yosef and Dibble 1995, Van Peer 1992), prismatic blade produc-
tion (e.g., Collins 1999), and even small flake production (Dibble and
McPherron 2006). Category (3) has not yet been successfully recon-
structed in such a dynamic fashion. Yet, in the same way that general
reduction sequences such as Levallois blank production or prismatic
blade production are modeled, a dynamic understanding of unifacial
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ERP

IR

II

figure 3.21. A possible tri-index approach: end scrapers (gray); borers (black).

stone tool retouching and resharpening processes might be possi-
ble through the construction of “retouch-tion” sequences. Below,
this new methodology is introduced that combines three reduction
indices into a single model for assessing how unifacial stone tools
change through retouching and resharpening.

The basic principle of this methodology is as follows: because dif-
ferent reduction indices measure different aspects of retouching and
resharpening, they can be manipulated and arranged so that a retouch-
ing sequence for an “average” or “common” unifacial stone tool in an
assemblage can be illustrated. A methodology for constructing lithic
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Table 3.10. Hypothetical ERP, IR, and II values discussed in the text

0% 0–5% 5–10% 10–15% 15–20% 20–25%
ERP mass lost mass lost mass lost mass lost mass lost mass lost

Sample size 10 14 26 29 28 8
Averaged IR values

(right lateral edge)
0 0.11 0.20 0.43 0.74 0.80

Averaged II values
(right lateral edge)

0 0.13 0.05 0.35 0.04 0.19

Average IR values
(left lateral edge)

0 0 0 0 0 0.49

Averaged II values
(left lateral edge)

0 0 0 0 0 0.47

Note: Scrapers are grouped into increments of mass lost, provided by the ERP calculation. The IR and
II values are recorded on multiple edges (presented here are the right and left lateral edges) and then
averaged in each grouping, so a mean IR or II value is calculated for scrapers with 0–5% mass lost, 5–10%
mass lost, etc. By knowing these averaged values, it may be possible to visualize the evolution of a scraper
edge as mass is lost, as depicted in Figure 3.22.

retouching sequences for unifacial stone tools of the same type cate-
gory might progress as follows:

(1) Using the ERP, quantify mass loss on each uniface in an assemblage.
(2) Arrange the unifaces from least mass loss to most mass loss. It may be

helpful to group the unifaces by increments of 5% or 10% mass loss.
(3) Quantify edge exhaustion and retouch invasiveness by applying the

IR and II, respectively, to each uniface at different edge points (i.e.,
distal end, lateral edge).

(4) Analyze how edge exhaustion and retouch invasiveness change as
mass loss increases. By analyzing the unaveraged sixteen II segments,
it is possible to see at what point during the retouching sequence
(i.e., at what mass loss increment) particular sections of a stone tool
are retouched or resharpened. Additionally, by applying the IR to
different sections of a stone tool, it is possible to understand how
quickly or slowly edge exhaustion takes place at that particular point
as mass continues to be lost.

In sum, looking at a single tool type at different mass lost incre-
ments might provide a general sequence for how that type was
retouched over time.

Table 3.10 and Figure 3.22 provide a hypothetical interpretation of
the retouching sequence. Suppose we are presented with 115 unifacial
tools of the same type category. By applying the ERP to each uniface,
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0% Mass Lost 0-5% Mass Lost 5-10% Mass Lost

20-25% Mass Lost15-20% Mass Lost10-15% Mass Lost

figure 3.22. A hypothetical “retouching sequence” portrayed by cross sections of
unifacial tools as described in the text and Table 3.10.

we can determine the mass lost. Once this is known, the unifaces can
be grouped into categories of mass lost (Table 3.10). Next, IR and
II values are recorded on one edge and averaged within each group
(Table 3.10). For example, the 14 unifaces in the 0–5% Mass Lost
category have a mean IR value of 0.11 and a mean II value of 0.13
on their right lateral edges. Once these averages are calculated for
each category, visual depictions of the numbers (here shown in cross
section) can be constructed (Figure 3.22):

� The 0% Mass Lost category shows no edge modification.
� The 0–5% Mass Lost category has only slight modification, as evi-

denced by the small IR and II values. This may be indicative of
rejuvenating a cutting edge.

� The 5–10% Mass Lost category has greater edge modification. The
IR increases with retouch, but the II decreases as the edge angle
becomes steeper. At this stage the tool’s function may involve rough
scraping, woodworking, or heavy-duty cutting.

� Stronger retouch blows increase both the IR and II values in the
10–15% Mass Lost category. A cutting edge may again be desired at
this stage.

� The IR increases dramatically in the 15–20% Mass Lost category, but
the II decreases. This stage in the retouching sequence may indicate
that scrapers were backed so that the opposite edge could be used for
cutting.

� Finally, the 20–25% Mass Lost category shows only small increases in
the IR and II values. This may illustrate a “last gasp” of the modified
edge before the tool is discarded or another edge is used. Notice that
it is only at this final stage that the left edge exhibits modification.
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By applying the retouching sequence methodology to a unifa-
cial stone tool assemblage, other dynamic questions can be addressed
regarding how unifacial stone tools change with mass loss:

� At what point (at what mass loss category) in a tool’s life history does
basal thinning occur?

� Are there particular retouching strategies for extending the life of a
stone tool?

� Which sections of a stone tool are modified first? Are edges exhausted
simultaneously or one at a time in sequence?

� How is a “retouch-tion” sequence affected by lithic procurement
distance or raw material type?

� When does heat damage occur in the life history of a unifacial stone
tool?

� Do specific tool types depend on particular amounts of mass loss,
edge exhaustion, retouch invasiveness, or some combination of all
three?

� How are metric measurements affected as mass is lost, as edges are
exhausted, or as retouch invasiveness varies?

� During the life of a uniface, when is the edge angle acute (perhaps
for cutting or slicing) and when is it steep (perhaps for backing or
scraping)?

Although it is understood that each uniface is probably not reduced
in exactly the same way, a retouching sequence would attempt to
understand how a “common” or “average” uniface changes with mass
loss. Retouching sequences from different sites or layers could then be
compared against distance, raw material, or other factors. Additionally,
reasons for tool discard might be possible to assess: was a tool discarded
because of size, mass lost, edge exhaustion, scar length, or some other
factor? A retouching sequence is currently being constructed for the
unifacial stone tool assemblage from the Paleo Crossing Site, Ohio
(Eren 2005).

CONCLUSIONS

The results of this paper have three important implications. First, when
researchers decide to quantify retouching and resharpening processes,
they should decide which questions they wish to ask and choose an
appropriate reduction index, because each index measures different
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aspects of reduction. Second, for the reasons just stated, comparison
of data using one reduction index to data using another index is
not possible because each index measures different variables. Third,
published data dealing with stone tool retouching and resharpening
should be carefully reexamined, and, if used for reference, carefully
cited because conclusions might differ with the application of a dif-
ferent index.

We hope that this paper has shown that reduction should not be
understood or measured as simply mass lost, but instead as a complex
concept that also includes how and where on a specimen that mass has
been removed. We encourage others to continue experimenting with
reduction indices. Simple models combining and calibrating the results
from different indices hold promise for quantifying and describing
lithic assemblages in great detail and in dynamic fashion, which will in
turn allow for succinct, useful, and, perhaps, standardized presentations
of lithic data around the world.
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4 jennifer wilson and william andrefsky, jr.

EXPLORING RETOUCH ON BIFACES:
UNPACKING PRODUCTION,
RESHARPENING, AND HAMMER TYPE

Abstract
Measuring retouch amounts on stone tools has been helpful for under-
standing human organizational strategies. Multiple retouch indices
geared toward assessing retouch amounts on flake tools and unifaces
have been developed, but few have been developed to evaluate retouch
exclusively for bifaces. For this study, a retouch index was developed
and evaluated on an experimental assemblage of bifaces. It is shown
that reduction activities on bifaces may create extensive amounts of
retouch that are contingent upon a number of factors from both the pro-
duction and resharpening events that must be taken into consideration
before understanding a biface’s life history.

INTRODUCTION

Tool curation has been defined as the relationship between a tool’s
potential utility and its actual usage (Andrefsky 2005; Bamforth 1986;
Shott 1996), or its “life history” (Eren et al. 2005). This curation
concept has been linked to studies of hunter–gatherer organizational
strategies in understanding issues of land use, economy, and, mobility.
For stone tools, retouch amount has been used as an effective measure
to assess the degree to which a tool has been curated (for discussion of
curation see Andrefsky 2006; Barton 1988; Binford 1973, 1979; Blades
2003; Clarkson 2002; Davis and Shea 1998; Dibble 1997; Nelson 1991;
Shott 1989, 1996).

86
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However, assessing retouch amount may not be as universal as we
might initially believe. We define retouch as the deliberate modifi-
cation of a stone tool edge created by either percussion or pressure-
flaking techniques (Andrefsky 2005). As such, retouch takes place in
the beginning production stages of a tool as well as in the subsequent
episodes of resharpening and reshaping of a tool’s cutting edge. There-
fore, we would expect the amount of retouch to progressively increase
throughout the production and the use-life of a tool. To evaluate
retouch in terms of degree of curation, analysts have created indices
that quantify retouch for comparisons of stone tools.

Previous retouch measures have been effective for different kinds of
stone tool forms. Barton (1988) and Clarkson (2002) measure retouch
on flake tools based upon progressive use of the original flake blank.
Kuhn (1990) measured retouch on scraper edges. Andrefsky (2006) and
Hoffman (1985) measured retouch on hafted bifaces (see also Eren and
Prendergast; Hiscock and Clarkson; Quinn et al., this volume). We
feel that North American bifaces represent a different tool type than
some bifaces from other parts of the world. Bifaces are stone tools
that have two surfaces (or faces) that meet to form an edge around
the entire perimeter and usually have flake scars that extend from the
edge to the midline of the surface (Andrefsky 2005). North American
bifaces tend to undergo a production phase and a subsequent use-life
phase (Callahan 1979; Whitaker 1994). In some areas of the world,
bifaces are produced from flake blanks as a result of their being used
and resharpened extensively (cf. Clarkson 2002). However, we feel
that some bifaces do not become bifaces as a result of this use and
resharpening process. We feel that some bifaces are shaped by extensive
retouch before they are even used. Some bifaces, particularly those
in parts of North America, are extensively retouched during their
production phase, and thus, the retouch amount on the biface has
little or no meaning with regard to curation. We suggest that retouch
indices should be specifically tailored to different kinds of tools and
that we need to consider the differences between bifacial production
and bifacial resharpening after use.

To gather information on biface retouch, we conducted a series of
production and use experiments attempting to replicate bifaces sim-
ilar to those recovered from Chalk Basin, a chert quarry workshop
area on the Owyhee River in southeastern Oregon. Our experiment
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systematically gathered attribute information from both the bifaces
being produced and used and the debitage resulting from the experi-
ment.

THE EXPERIMENT

Our experimental study involved the production of three “quarry
bifaces” made from high-chipping-quality chert. Information on each
biface was recorded after six arbitrary production and use-life events.
The first two events were arbitrary production events and the last four
were associated with resharpening episodes after tool use events. When
the biface was reduced by approximately half of its starting weight
during the production process, we arbitrarily stopped and collected
debitage shatter for that production event. Resharpening episodes
occurred when the edges of the biface were retouched enough so
that it could be used as a tool with a cutting edge around the entire
perimeter. The biface edges were then dulled and resharpened again
to create a series of resharpening episodes of each biface.

One of the authors performed all of the flintknapping over a
drop cloth using either a hard hammer or a soft hammer percussor,
while the other author recovered and numbered each flake as it was
removed. All production and resharpening were done with percussion
flaking (no pressure flaking). The greatest number of flakes collected
was from the first production event, which yielded an average of
twenty-nine flakes per biface. This makes intuitive sense, because the
biface was reduced by the greatest amount during this episode. The
smallest number of flakes collected was from the first resharpening
event, with an average of 12 flakes collected for each biface. The
resharpening events had the greatest amount of variability amongst all
three bifaces. The average number of flakes collected for each biface,
after the first resharpening event, was nineteen flakes per event. The
cores chosen for the experiment were all roughly the same shape and
size (approximately weighing 1,000 g each). However, one biface had
about twenty more flakes removed from it during the experiment than
the other two bifaces. This was due to the presence of material flaws
that had to be removed in order to maintain an effective cutting tool.

After each event, all of the shatter was collected and the biface was
photographed and measured. For consistency, all of the measurements
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were done by just one of the authors throughout the experiment.
Initially, all three bifaces were reduced using a quartzite hard hammer
to remove most of the cortex from the objective piece. After the first
half-life, a siltstone hard hammer and a soft hammer (i.e., antler billet)
were used to shape and thin the bifaces. Gradually, throughout the
experiment, the percentage of hard hammer flakes decreased whereas
the percentage of flakes made by a soft hammer increased.

DEBITAGE PATTERNS WITH BIFACE PRODUCTION
AND RESHARPENING

In a previous study (Wilson and Andrefsky 2006), we explored the
variability found in debitage characteristics between biface production
and biface resharpening events from the experiment. From 256 prox-
imal flakes analyzed, we found that debitage characteristics were sig-
nificantly associated with differences in production and resharpening
events. Metric variables sensitive to these different retouch activities
include maximum length, width, thickness, weight, and platform area
(maximum platform width multiplied by maximum platform thick-
ness) (Table 4.1). Nominal attributes that were sensitive to retouch
activities were platform type and presence of cortex.

Using platform types previously defined (Andrefsky 2005), we
found that flakes made from biface production exhibit more flat
or cortical platforms than flakes made during resharpening events
(Figure 4.1). Most of the flakes also had dorsal cortex and have a smaller
width-to-thickness ratio, heavier weight, and larger platform area
(Table 4.1).

In contrast, flakes that are the by-products of resharpening events
tend to have more complex and abraded platforms. The flakes pro-
duced from resharpening events also weigh relatively less, with a
smaller platform area, and have a higher width-to-thickness ratio.
Even though the two comparative groups in the debitage study did
have some overlap, the average sizes of the two groups were signifi-
cantly different.

Given the results of differences noted in the debitage attribute
analysis, we could expect to see a positive correlation between flake
weight and platform area, and also between flake weight and width-
to-thickness ratio. Intuitively, if the weight increases, there should
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Table 4.1. Comparison of attributes recorded from proximal flakes

Attribute Max Min Mean Std. deviation

Production Weight (g) 99.5 0.7 12.784 15.935
Width (mm) 93.8 1.5 41.245 16.635
Length (mm) 113.1 4.6 42.132 17.916
Thickness (mm) 26.9 2.8 7.870 4.222
Platform width (mm) 58.8 7.4 19.499 10.622
Platform thickness (mm) 16.1 1.0 5.852 3.085
Platform area (mm) 946.7 7.4 133.822 138.801
Width to thickness (mm) 15.37 0.48 5.8859 2.5206

Resharpening Weight (g) 5.3 5.3 1.193 1.054
Width (mm) 44.4 7.2 18.736 7.054
Length (mm) 65.2 8.5 24.315 11.237
Thickness (mm) 7.5 0.7 2.308 .873
Platform width (mm) 20.5 2.1 8.363 3.729
Platform thickness (mm) 5.3 0.4 1.892 .852
Platform area (mm) 91.2 1.7 17.603 15.556
Width to thickness (mm) 22.50 3.85 8.6019 3.0650

Platform Types (Andrefsky 2005)
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figure 4.1. Platform types identified on proximal flakes.
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figure 4.2. Platform area of proximal flakes plotted against their weight.

also be an increase in platform area, given that bigger flakes usually
have larger platforms, and there should also be a decrease in the
width-to-thickness ratio, assuming that the more a flake weighs the
larger it should be in size, which is expressed as a ratio. Figure 4.2
displays a scattergram that shows a strong and significant (R2 = .4671,
F = 94.979, p < .001) relationship between increasing flake weight and
platform area with production flakes. From the resharpening episodes,
flakes clustered together around the lower weights and smaller platform
areas. This relationship was not as strong (Pearson’s r = 0.336) as with
production flakes but was still statistically significant (R2 = .1151,
F = 18.027, p <.0005).

When flake weights were plotted against the width-to-thickness
ratio, it appeared that the weight of the flake increased as the ratio
began to decrease (Figure 4.3). On closer examination, however, this
was a significant (R2 = .0403, F = 6.781, p = .010) but weak correla-
tion for resharpening flakes. For the production events, there was an
insignificant relationship between the variables, where only 0.7% of
the variance could be explained (R2 = .0074, F = 0.880, p = .350).
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figure 4.3. Width-to-thickness ratio of proximal flakes plotted against their weight.

These correlations have shed light on how the weights of production
and resharpening flakes relate to platform area and width-to-thickness
ratio. There is more variation between the groups in regards to size
(width to thickness) and weight, in comparison to the stronger cor-
relation with weight and platform area (i.e., as the weight of the flake
increases, so does the platform area for production and resharpening
events).

GENERAL BIFACE PATTERNS OF PRODUCTION
AND RESHARPENING

Based upon results gathered from our debitage pattern study, we
expected that biface size, shape, and flake removal patterns would
also reveal differences between retouch associated with production
and retouch associated with resharpening. When graphed, it is appar-
ent that all three bifaces show a continual decrease in both surface area
and weight throughout the use-life events (hereafter called use-life
events) (Figures 4.4 and 4.5). This is what would be expected given
the fact that the use-life events follow a reductive process, resulting in



EXPLORING RETOUCH ON BIFACES 93

Production Resharpening
400

350

300

250

200

150

100

50

0
0

S
u

rf
ac

e 
A

re
a 

(c
m

2 )

1 2 3 4 5 6

Biface 1

Biface 2
Biface 3

Use-life Event

figure 4.4. Total surface area of the bifaces throughout the experiment.

progressively smaller bifaces. However, these data also suggest that the
biface use-life events 1 and 2 are responsible for the greatest amount of
size reduction and that biface size reduction is significantly less during
the resharpening events (3–6).

This pattern is clear when we graph the amount of surface area lost
during each use-life event. Even though the amount of total surface
area of bifaces progressively decreased during the use-life events, the
amount of surface area lost stabilized after the production events 1 and
2 (Figure 4.6). Essentially, the resharpening events (3–6) show very
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figure 4.5. Weight of each biface after each event throughout the experiment.
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figure 4.6. Surface area lost for each biface throughout the reduction sequence.

little lost surface area; the average surface area lost for each biface is
roughly 50 cm2, compared to about 200 cm2 lost during production.
This pattern also suggests that there may be some observable differ-
ences in biface characteristics between production and resharpening
events. However, lost surface area is only effective for discriminating
such events in a controlled experimental setting. It is not possible to
effectively use such a measure on excavated assemblages, because sur-
face area lost can only be calculated based upon knowing the original
size of the biface. However, like the change in debitage attributes, it
does suggest that other biface characteristics might help assess differ-
ences between production and resharpening events.

RETOUCH INTENSITY

Other studies have shown that retouch intensity has been an effective
measure of curation on stone tools (Clarkson 2002; Eren and Pren-
dergast, this volume, Quinn et al., this volume; Hiscock and Clarkson
2005; Kuhn 1990). We suggest that bifaces have a unique produc-
tion life and use life and thus, retouch amount has to account for
these two phases of a biface life cycle. To assess our assumption, we
applied Clarkson’s (2002) index of invasiveness to our experimentally
produced bifaces.
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figure 4.7. Illustration of Clarkson’s (2002) grid used to calculate his index of inva-
siveness with numbered squares on each side of the biface. The gray areas on the
biface figure indicate the midpoint between the midline of the biface and the edge.
Flake scars originating from the edge that do not reach the midpoint would receive a
0.5 and flakes that extend past the midpoint would score a 1 for that segment.

Each side of the biface was partitioned into eight equal segments
(cf. Clarkson 2002), each one accounting for 12.5% of the total area
(Figure 4.7). After a reduction event, each segment was given a score
of either 0, 0.5, or 1. Segments exhibiting no retouch would receive
a score of 0. If the flake patterning was evident but did not reach
the midpoint area of the artifact, defined as the arbitrary line from the
midline of the biface to the edge, that square would have a value of
0.5. A score of 1 was given to squares where retouch extended from
the edge of the biface and past the midpoint area. The scores from
each square were added up and then divided by 16 for the average
retouch amount, which was the index of invasiveness score. If the
invasiveness score was close to 0, the biface would be considered to
exhibit little to no retouch. When the invasiveness score approached
1, the tool is classified as being completely retouched.

We found that retouch amount using this technique is not sensi-
tive to resharpening after the production phase. Using this index, the
bifaces were scored as heavily retouched after the second use-life event
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figure 4.8. Results of applying Clarkson’s index of invasiveness (2002) to our exper-
imental bifaces.

(Figure 4.8). One of the bifaces even reached a value of one (maxi-
mum retouch amount) after the first use-life event. This is interesting
because we know the bifaces were never used. However, the index
reveals a maximum level of retouch and subsequently a maximum level
of curation. This suggests that the index of invasiveness may not be a
good indicator of bifacial retouch as it relates to curation, and also that
bifaces are produced, used, and resharpened differently than artifacts
such as flake tools (cf. Andrefsky 2006). The outcome of this method
is not surprising, as Clarkson (2002: 72) does warn about the potential
shortcomings of the index of invasiveness when applied to artifacts
that have been “fully retouched.” Clarkson’s index was intended for
application to bifacially retouched flakes.

RIDGE COUNT RETOUCH INDEX

Clarkson’s index of invasiveness does not adequately segregate biface
production from biface resharpening after use. These two use-life
events are important in measuring retouch on bifaces. One of the
things that intuitively appear to be occurring on the surface of
our experimental bifaces is a progressive increase in the number of
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figure 4.9. The analysis grid adapted from Clarkson (2002) and used to count ridges
systematically for our study. The squares on the biface are 1 × 1 cm in size and
indicate the locations where ridge counts were analyzed throughout the experiment.

flake removal scars from early production events to final resharpening
events. To explore flake removal scar counts, we developed a retouch
index based upon a sample of the flake removal patterns found on the
surface of each biface. The average number of ridge counts was used
as a proxy for flake removals to derive this index.

To test this retouch index, we collected biface data after each biface
use-life event (weight, maximum length, width, thickness, and flake
ridge count). The flake ridges were recorded in a systematic way that
involved scanning the biface at a high resolution (600 dpi) and then
sampling the bifacial surface image using Deneba’s Canvas 8 drafting
program. The analysis of each biface image was partitioned using Chris
Clarkson’s grid for evaluating retouch invasiveness, which partitioned
each side of the biface into eight segments. Once the grid was digitally
superimposed on the biface, six 1 × 1 cm squares were drawn on the
biface and positioned in the same location after each use-life event
(Figure 4.9). Three 1 × 1 cm squares were sampled on each face of
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Biface 2 After Production

figure 4.10. Image of one of the analysis squares from one of the experimental
bifaces, showing how flake ridges were counted.

the specimen. By using a standardized size (1 × 1 cm) box, the same
amount of surface area was evaluated from the beginning production
stages through the usage and resharpening episodes, regardless of biface
shape.

Dorsal flake ridges, or arrises, were counted in each of the sampled
boxes. Dorsal ridges were defined as the raised areas that form between
the intersections of flakes that were removed from the biface (Fig-
ure 4.10). Flake ridges that form as a result of platform preparation,
which were present around the biface edge, were not included in
this analysis. Flake ridges were identified with the aid of a magnifica-
tion lens (16×) and by examining the scanned image of the biface. By
using the scanned image of the biface to supplement the analysis, it was
easier to determine the number of ridges present in the analysis square
by focusing in on a particular grid and by adjusting the brightness and
contrast of the image. Because the biface surface is not smooth, chang-
ing the brightness and contrast levels of the image allowed particular
ridges to become more pronounced with different combinations of
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figure 4.11. Average ridge count for each biface throughout the experiment.

light and contrast. The ridges identified on the scanned image were
checked on the actual biface to ensure that the lines observed were
not biface fissures or ripple marks but actual flake ridges. Once the
number of ridges for each square was confirmed, all six ridge counts
were added up and divided by six. This resulted in an average ridge
count for each biface after each use-life event.

This retouch index was applied to our assemblage of replicated
bifaces, with expectations that there would be significant differences
between production and retouch use-life events, as seen in the deb-
itage data, and in the amount of surface area lost on the experimental
bifaces. The average ridge count associated with each experimen-
tally produced biface use-life event illustrates that the ridge counts
increase throughout all of the use-life events before dropping at use-
life event 5 during resharpening (Figure 4.11). This pattern reveals
some interesting aspects of biface production and resharpening after
use. First, the ridge count measure seems to work as an effective tool
to assess use-life events from the beginning of the production cycle
through the fourth use-life event, and retouch seems to increase as
each use-life event increases. However, this progressive pattern ends
at use-life event 5, where there is a drop in the retouch index. We
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figure 4.12. Graph of the percentages of flakes produced by soft and hard hammer
percussion.

also see that the retouch progression is not markedly different between
biface production and biface resharpening, as noted in the debitage
data.

Since this was not what we had expected, we began exploring
our experimental data to determine what might account for the ridge
count drop at use-life event 5. One immediate pattern discovered
was that the type of hammer used during the replication experiments
gradually changed from hard hammer percussion to soft hammer per-
cussion as the bifaces were progressively retouched. Other studies
also suggest that hammer type and density can be important for flake
removal (Andrefsky 2007; Cotterell and Kamminga 1987; Dibble 1995;
Hayden and Hutchings 1989). Figure 4.12 charts our experimentally
derived use-life events against the relative proportion of hard and soft
hammer percussion used to remove flakes. The first three events are
primarily hard hammer percussion; this changes to approximately 42%
during event 4 and down to 2% during event 5, and then it goes back
up to close to 30% during event 6. The steep drop in hard hammer
percussion from events 3 through 5 and the subsequent rise at event 6
mirrors the ridge count pattern, and suggests to us that the ridge count
index is sensitive to the type of hammer used in biface production and
resharpening technology.
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figure 4.13. Graph of the average ridge count and of the percentage of flakes made
by hard hammer percussion.

To explore this relationship further, we plotted the ridge count
index and hammer type along with the use-life events (Figure 4.13).
The ridge count index for use life events 4–6 is indeed similar to
the relative percentages of hard hammer percussion. However, it is
also apparent that the ridge count index is sensitive to previous flake
removals on the biface. For instance, use-life events 1–3 have high
values for hard hammer percussion, yet the ridge count index shows
a steady increase from less than 1.0 to over 3.3. Essentially, the ridge
count index is increasing as the original nodule is being progressively
worked, even though the there is minimal change in the percussion
technology.

However, we also feel that the ridge count index is related to the
existing flake removal pattern on the biface and not solely associated
with the type of percussion technology used. For example, Biface
2 in event 5 and Biface 3 in event 3 both have steep drops in the
average ridge count (see Figure 4.11). During these particular times of
the experiment, these bifaces had irregular flaws in the material that
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had to be removed in order to continue to use the biface for usage
and resharpening episodes. In doing so, a large portion of the biface
surface was removed, including the previous flake ridges, which may
have greatly affected the number of flake ridges for particular analysis
grids.

SUMMARY AND DISCUSSION

Although incomplete at this point, our analysis shows some interest-
ing trends and potential avenues for further exploration with regard
to retouch on bifaces. First, it appears that retouch on bifaces may
not be the same as retouch on flake tools. Bifaces are retouched
throughout the reduction sequence, even during the production phase.
The biface core has to be reduced in a fashion where the edge is
continually being modified or retouched. Thus, traditional measures
linking retouch amount to curation amount may not be effective for
bifaces, because they may have a high retouch score without ever hav-
ing been used, as illustrated with the application of Clarkson’s (2002)
index of invasiveness.

Second, overall flake removal amount may be a good indicator of
the use life events for bifaces. For instance, our experiment showed
that flake removal patterns of biface surfaces tended to increase as
the biface was progressively used and resharpened. However, flake
removal amount is also sensitive to changes in hammer type. As ham-
mer types change, so does the relative proportion of flake shapes and
sizes, which influences the flake removal pattern found on the biface,
i.e., raw material flaws or “problem areas.” The hammer type used,
soft hammer versus hard hammer, is an idiosyncratic choice that is not
a constant. Depending on the skill and technique of the flintknapper,
different types of hammers will be used to address or reduce the objec-
tive piece into the desired form. The goal of the various flintknappers
may be the same but the technique/method will vary from person
to person and possibly from stone tool to stone tool (even when the
same type of stone tool is being made). This means that flake removal
patterns on bifacial surfaces may be effective for interpreting reduction
only if hammer type is held constant or can be accounted for in some
other way.
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Finally, it is also apparent from our data that flake removal amount is
not sensitive to changes in biface production events vs. biface resharp-
ening events. Even though these events are clearly visible with debitage
characteristics, they are not evident from the surface of bifaces, because
the flake removal pattern of bifacial surfaces is produced by a series
of multiple technological factors. As previously discussed, these can
include flintknapper skill and technique, raw material quality, hammer
type, and reduction strategy.

In summary, retouch indices created for flake tools may not be
suitable for understanding curation strategies for bifaces. As noted in
several other papers in this volume, retouch is particular to different
tool types (Andrefsky; Eren and Prendergast; Quinn et al.) and to
different tool functions (MacDonald). Retouch does not always equate
to tool curation. Retouch is a technique used to shape a tool within
the context of tool production, use, and resharpening. All of these
contexts must be considered in attempting to quantify tool curation.
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Abstract
In this chapter we present a study of flake retouching on one level of
the Combe Grenal, located in the Black Perigord of France. We use
the results to reflect on existing explanations of Middle Paleolithic tool
production and diversity. Our evidence indicates the nonstaged and
multilinear character of implement production and the apparent impor-
tance of blank form in influencing the pattern of retouch distribution
and intensity. This inference implies that models of the implement
classes, as stages of reduction, are not a viable depiction of the retouch-
ing technology represented in Layer 21. Instead, our reconstruction of
scraper retouching demonstrated that each of Bordes’s implement types
has multiple histories of retouching. Some implements received little
retouch, whereas others were intensively retouched; retouch sometimes
changed a specimen to such an extent that the type into which it was
classified was altered, whereas other specimens remained typologically
stable even though they received additional retouch. The possibility
that different specimens belonging to a type had different histories is
a reason that typological groups may make poor analytical units for
many technological questions.
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INTRODUCTION

Questions of artifact reduction have been central to a number of
high-level debates in Paleolithic archaeology. In particular, there have
been extensive discussions about whether the traditional practice of
analyzing retouched flakes by classifying them into a number of nor-
mative categories, called implement types, is valid or problematic,
and whether those types represent tools of distinctly different designs
or arbitrary divisions in sets of morphologically variable objects. As
the traditional “building blocks” for interpretations of Paleolithic life,
inferences about these issues have underpinned the different explana-
tions for the Mousterian facies and the opposing claims about whether
Neanderthals conceived of a large number of tool designs or not (see
Binford 1973; Binford and Binford 1966; Bordes 1972; Dibble 1984,
1988a; Dibble and Rolland 1992; Mellars 1996; Rolland and Dibble
1990). These debates about the nature of economy, technology, and
cognitive states in ancient hominids are both significant and excit-
ing, but they rest on the accuracy and clarity of depictions of arte-
fact patterning and the meaning of morphological and technological
diversity. Although much has been written on the characterization of
retouched flake variability in Paleolithic assemblages, many aspects of
the archaeological patterns remain unresolved.

In this chapter we present a study of flake retouching on one level
of the famous Combe Grenal site, located in the Black Perigord of
France. We use the results to reflect on existing explanations of Middle
Paleolithic tool production and diversity. We note and focus on two
different aspects of published explanations. One is the primacy of
retouch intensity in models explaining morphological diversity, with
some researchers arguing it to be the sole significant factor forming
typological variation, whereas other researchers argue that intensity of
retouch is one of many factors creating variation and that others are
often more significant. We discuss these different interpretations below,
in the context of theories about the production of Quina scrapers.

A second aspect of published discussions of Middle Paleolithic
typology is ideas on how the intensity of retouching is related to
different implement types. Many researchers have described the rela-
tionship as being one of two schemes, which we shall call a single
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divergent scheme and a multiple parallel scheme. By the term “sin-
gle divergent scheme” we refer to ideas of retouching that depict
the creation of typological variability as the diversification of a single
reduction pathway, where increased retouching produces new imple-
ment types, either in a series of stages along the pathway and/or in the
form of some branching off the main stem (Figure 5.1a). “Branching”
describes a process in which one typological category gives rise to
two or more typologically distinct categories. By the term “multiple
parallel scheme” we refer to propositions that posit multiple parallel
reduction pathways, with or without some exchange of specimens
between pathways (Figure 5.1b). We note that whereas much of the
existing modeling of Mousterian flake retouching conforms to one
of these two formats, there is also the possibility of a third, previ-
ously little unexplored, scheme that combines features of both single
divergent and multiple parallel schemes. We will call this a “parallel
branching scheme,” and in such an interpretation there are multiple
parallel pathways, some or all of which also produce morphologi-
cal diversity through branching (Figure 5.1c). Although no researcher
believes that every flake in an assemblage or region followed exactly
the same reduction pattern, normative sequences of retouching rep-
resented in these schemes are a device that has been commonly used
to depict reduction processes and develop predictions for quantitative
testing.

Although we have no dispute with the premise of the “reduc-
tion hypothesis,” which suggests that the extent of retouching had
a significant effect on the morphology of artefacts found in many
assemblages, there is no obligation on researchers to accept models
of prehistoric reduction that posit that retouch intensity was the only
factor creating typological diversity, that reduction-related morpho-
logical change proceeded on only a single branching pathway, or that
all specimens belonging to an implement type necessarily represent
only a single stage of retouching and a single retouching process. In
the following analysis of the contribution of retouch intensity to typo-
logical differences, we demonstrate that the construction of morpho-
logical diversity in Mousterian assemblages can be complex: variation
in implements reflects factors other than retouch intensity, retouched
flakes with the same typological form have diverse reduction histories,
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figure 5.1. Schematic depiction of three different reduction schemes.

and reduction-related morphological changes sometimes follow mul-
tiple pathways rather than a single branching pathway. We provide a
framework for this demonstration by examining some of the litera-
ture that deals with the relationship between different types of Quina
scrapers and the extent of retouching that they have undergone.

THE QUESTION OF QUINA SCRAPERS
AND REDUCTION

In English-language literature, one of the most well-known models
for scraper reduction, and an example of the single branching scheme
of implement variation for the Mousterian, was proposed by Harold
Dibble (1984, 1987a, 1987b, 1988a, 1988b, 1995). Dibble hypoth-
esized the transformation of scrapers from one typological class to
another as they received additional reduction. His analysis examined
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figure 5.2. Examples of specimens classified into each of the four scraper classes: (A)
single scraper, (B) double scraper, (C) convergent scraper, and (D) transverse scraper.
All specimens are from Combe Grenal, Layer 21.

the proposition that the extent of reduction was the key factor caus-
ing differences between four implement classes with retouch onto
their dorsal surface: (1) single-edged side scraper with retouch on one
lateral margin (Bordes types 9–11), (2) double scrapers with two sep-
arate retouched edges (Bordes types 12–17), (3) convergent scrapers
which have two retouched edges that touch (Bordes types 8, 18–21),
and (4) transverse scrapers that have retouch across the distal end of
the flake (Bordes types 22–24). Examples of these classes are pro-
vided in Figure 5.2. Dibble hypothesized that these four implement
classes were the result of different amounts of reduction, in which
all specimens began as single scrapers and with additional retouch-
ing were transformed either into transverse scrapers or alternatively
into double and eventually convergent scrapers. This model, schemat-
ically shown in Figure 5.3, positions each of these four classes along
a continuum of greater or lesser amounts of retouch, and reveals the
proposition that there were two branches on which individual scrap-
ers could travel from the same starting point. Dibble (1988a: 49; 1995:
319) suggested that those individual single scrapers that were further
retouched were worked either at the distal end to become transverse
forms or on the second lateral margin to become double/convergent
implements. He suggested that the sequence that any individual spec-
imen followed may have depended on the shape of the flake blank,
with short/broad flakes being worked into transverse scrapers whereas



THE CONSTRUCTION OF MORPHOLOGICAL DIVERSITY 111

figure 5.3. Diagrammatic representation of the staged reduction
model proposed by Dibble (based on Dibble 1987b: 115).

longer, narrow flakes were retouched laterally to become double and
convergent scrapers. However, he argued that much of the variation
between implement classes, and specifically the morphology used to
classify specimens, was a product of differences in the level of retouch-
ing and the length of time they had been used and maintained: single
scrapers had undergone little retouching, whereas both transverse and
convergent scrapers were more intensively retouched (Dibble 1995:
319). In a series of papers he has argued that the smaller average size
of convergent and transverse scrapers, both in absolute terms and rel-
ative to their platform size, is evidence that this model was correct for
Quina assemblages from southwest France and elsewhere. This conclu-
sion has two significant implications for interpretations of Mousterian
variability.

The first implication is that although he believed morphological
variation in Mousterian retouched flakes took the form of a con-
tinuum created by differing extents of edge resharpening, he argued
that traditional typology was valuable, because implement classes rep-
resented coherent stages in the continuum of retouch (Dibble and
Rolland 1992: 11). Dibble (1988a: 52) therefore concluded that his
model reinforced the value of typology by revealing a strong accord
between the extent of utilization and the Bordesian implement types.
He argued that traditional implement types could be employed as a
proxy for the extent of tool maintenance/resharpening in archaeolog-
ical assemblages.

Consequently Dibble developed a series of arguments that the
composition of Mousterian industries did not reflect mental con-
structions of Neanderthals and that implement classes and industrial
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differences were not designed or functionally dedicated, but instead
that differences between the implement classes and industries reflected
differences in the intensity of tool use and by implication the nature of
land use. For instance, Dibble and Rolland (1992: 17) argued that the
production of industries dominated by convergent or transverse scrap-
ers was a consequence of economic practices that encouraged more
intensive tool use, such as the intensive maintenance of tools during
cold paleoclimatic phases in which there were long winter residence
and patterns of settlement based on the interception of migratory
herds, situations in which provisioning of stone for tools could have
proved difficult. They contrasted this with the contexts of industries
dominated by side scrapers (and denticulates), which they hypothe-
sized resulted from less intensive tool and site use that occurred under
milder climatic phases in which the Neanderthal economy was focused
on the pursuit of dispersed, mobile game. The value of these kinds
of interpretations depends on the veracity of the characterization of
traditional implement types as comparable units primarily reflecting
differences in the extent of tool resharpening.

A number of commentaries and further studies have followed the
publication of Dibble’s model, many supporting his argument for the
value of traditional implement types for studies of the extent of imple-
ment reduction (e.g., Gordon 1993; Holdaway et al. 1996). However,
some reconsideration of the factors involved in implement creation
has been offered. The most potent is the proposition that the extent of
retouching is not a function of edge maintenance alone but was often
a reflection of the size and morphology of the flake to which retouch
had been applied. For instance, Dibble (1991: 266), Gordon (1993:
211), and Holdaway et al. (1996) all argued that larger flakes typi-
cally had greater potential for edge resharpening, and consequently in
extensively reduced assemblages those larger specimens received more
retouching than smaller ones. One result of the continued reduction of
larger specimens, but not smaller ones, is that extensively retouched
flakes were sometimes larger when discarded than less extensively
retouched ones made on smaller blanks (Dibble 1991). Although this
proposition has been applied to notched types (e.g., Holdaway et al.
1996; Hiscock and Clarkson 2007), its implications for the interpre-
tation of other implement types and for the value of typology as a
measure of the extent of retouching have received less attention. One



THE CONSTRUCTION OF MORPHOLOGICAL DIVERSITY 113

obvious implication is that the amount of retouching applied to a
specimen cannot be judged by its size (Dibble 1991), a realization
that encouraged the development and growth of several methods for
measuring retouch intensity on Middle Paleolithic tools (see Dibble
1995; Hiscock and Clarkson 2005). However, the existence of a strong
relationship between blank form and retouch has been argued to cre-
ate problems for the interpretation of implement types as reduction
stages.

For example, if retouching is a response to blank form and there
is variation in the size and shape of blanks being retouched, an almost
inevitable reality in most prehistoric contexts, then the amount of mass
removed during retouching may vary substantially between specimens
assigned to any implement type. This appears to be the case in the data
presented by Dibble (1987b: 113) for the La Quina scrapers, which
display extraordinarily high levels of intratype variability in reduction
measures, such as flake area/platform area ratios that show coefficients
of variation of 125% for single scrapers, 49% for double scrapers, 91%
for convergent scrapers, and 182% for transverse scrapers. Although
Dibble still found statistically significant differences between the means
of these four implement classes, the measured variability probably
reflects very great differences in the amount of retouching between
specimens in a single implement class. In such circumstances, the
value of conventional types as units measuring the extent of reduction
may be questioned, and Hiscock (1994) argued that analysts would
be better able to discuss differences in amounts of retouching if they
focused on measuring the manufacture of individual specimens rather
than merely the contrast between types.

Furthermore, Kuhn (1992) has argued that if blank form played
a significant role in the position and amount of retouch on each
flake, this would change how variation between implements could be
explained. In such situations, typological composition is not solely, or
even principally, affected by the intensity of tool use, and so indus-
trial variation may not directly correspond to different patterns of
settlement and mobility. Instead, Kuhn argues, the typological com-
position of an assemblage would reflect the size and shape of available
blanks, which in turn would reflect the form and availability of raw
material and the tactics of core reduction. Although raw material
procurement and core reduction may also be linked to economic
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and settlement patterns, the connection with the abundance of each
implement type would be remote and indistinct. Although Kuhn did
not deny the proposition that intensity of retouch may be an indi-
cator of settlement/mobility systems, he argued that types are not
reliable indicators of intensity of retouch, and that archaeologists will
require dedicated measurements of retouch intensity prior to devel-
oping inferences about land use from lithic artefacts.

Long-term archaeological research in southwest France has yielded
much evidence for the complex articulation of core reduction systems
and the patterns of retouched tools made on the flakes produced in
those systems (e.g., Bisson 2001; Bourguignon 1997; Bourguignon
et al. 2004; Thiébaut 2003; Verjux 1988; Verjux and Rousseau 1986),
reinforcing the possibility that blank form may have an important
role in the construction of morphological diversity amongst Mous-
terian implements. Many discussions of blank-retouch relationships
have posited a simple relationship between flake elongation and the
position of retouch, suggesting that long flakes were often retouched
on their lateral margins, whereas short, wide flakes were often worked
at the distal end (e.g., Bordes 1961: 806, 1968: 101; Mellars 1992; Turq
1989). A number of researchers have argued that the flake blanks on
which single and transverse scrapers were made were very different,
and that regular production and/or selection of flakes with particular
characteristics was a significant factor in the formation of the typo-
logical composition of any assemblage (e.g., Turq 1989, 1992). As a
consequence, Turq (1989) argued that there were clear morpholog-
ical discontinuities in the form of single and transverse scrapers in
the Dordogne, evidence that would not be conformable to Dibble’s
reduction hypothesis. The hypothesized connection of blank form and
systems of core reduction has been also been argued to be evidence
for deliberate and planned acts of selection/production (e.g., Boëda
1988; Turq 1989, 1992).

Some models of the way the morphology of flake blanks strongly
influenced the nature and typological category of implements have
hypothesized that complex interactions between multiple characteris-
tics were responsible for the nature of retouching. An example is Alain
Turq’s proposal that scrapers in Quina industries reflected a regular pat-
tern of blank selection and retouching. He suggested that transverse
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figure 5.4. Schematic illustration of the relationship of blank cross
section and extent of reduction for dorsally retouched Quina scrapers
(after Turq 1992: Figure 6.2).

scrapers, unlike single side scrapers, were made on flakes that were
thick relative to their length and ventral surface area, a proposition
that would account for differences between types in the relationship
of platform and ventral areas, which Dibble (1984, 1987, 1995) had
employed as evidence for different degrees of reduction. Furthermore,
Turq argues that scrapers were typically made on flakes with asym-
metrical cross sections and retouch was located on the flake margin
furthest from the maximum thickness (Turq 1992: 75). In a diagram,
presented here as Figure 5.4, Turq (1992: 77) implied that the potential
for resharpening was related to the asymmetry of each blank selected
for retouching, with symmetrical flakes having little mass removed
before steep retouching came close to reaching the thickest part of
the flake, wereas asymmetrical flakes could have considerably more
mass removed through retouching before reaching the same state.
This proposition linked variation in scraper morphology with blank
form as well as with extent of reduction, implying that flake shape and
blank selection were the proximate factors creating variation in both
the location/orientation of retouch and the amount of mass removed
by retouching on different specimens, and consequently the typolog-
ical category into which each specimen was placed. Such a model
not only contrasts with Dibble’s in the emphasis given to flake form
rather than extent of reduction, but also implies that there may be a
great deal of difference in the extent of reduction of specimens with
similar cross sections and placed in the same typological category.
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Presented in this way, the distinctions between two different mod-
els of Quina scraper variability are clear. On the one hand, Dibble’s
reduction hypothesis, in the form of a single branching scheme, asserts
that traditional typological categories represent different points/stages
along a continuum of greater or lesser amounts of retouch, and the fre-
quency of specimens in each type may therefore be used as a proxy for
the intensity of reduction that an assemblage has undergone. From this
perspective, intensity of reduction is the primary cause of typological
variation, and although differences in flake blanks exist, their effect on
typological variation is minimal. Consequently, typological diversity
through time and space can be directly interpreted as a result of access
to raw material and settlement/economic activities. On the other
hand, what we might call the “blank–retouch interaction hypothesis”
proposes that traditional typological categories represent complex pat-
terns of morphological variation created by several factors, particularly
differences in the distribution and intensity of retouch in response to
blank form. Distinctions between conventional implement types may
therefore have little coherent covariation with intensity of retouch and
should not necessarily be treated as representing different points along
a reduction continuum. This hypothesis implies that the frequency of
specimens in each type may not be a reliable indicator of the intensity
of retouching that an assemblage has undergone and that typologi-
cal diversity through time and space is difficult to directly interpret
in terms of settlement/economic activities. Instead, this hypothesis
asserts that Borde’s typology reflects morphological patterns created
by a constellation of factors including blank form, material cost, and
tool design, as well as amount of use-life/resharpening, and that the
resulting typological patterns are not necessarily sensitive to variation
in the intensity of retouch.

In this chapter we explore the applicability of these two oppos-
ing models to one Quina assemblage, recovered from Layer 21 in
Combe Grenal. Although these models posit slightly different behav-
ioral processes, and are consistent with different analytical practices and
interpretations, they both invoke the extent of retouching as a mech-
anism constructing morphological variation; the two models differ
in the way retouching is articulated to other technological and eco-
nomic factors. We emphasize that there is no reason to expect that one
hypothesis will inevitably be the most appropriate in all situations. It
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is possible for the reduction hypothesis to be correct for some assem-
blages and the blank–retouch interaction hypothesis to be correct for
others. In this way, these opposing models are not competitors in a
search for some ill-defined universal truth, but are actually expressions
of the variable operation of multiple factors that may have created
morphological variation in Mousterian implements. Consequently,
our examination of these two models for Layer 21 at Combe Grenal is
not a test of the general veracity of either model but actually an assess-
ment of what kinds of processes were operating in the Neanderthal
technological system at the time that the layer formed.

OUR APPROACH TO MEASURING THE EXTENT
OF RETOUCHING

Our sample of artefacts for this chapter comes from the French Middle
Paleolithic site of Combe Grenal, excavated by François Bordes (1972)
and now held at the Musèe National de Prèhistoire des Eyzies. We
measured a collection of dorsally retouched flakes from Layer 21,
a level containing a representative Quina assemblage. Technological
cores and unretouched flakes, broken specimens, and a small number
of burins end scrapers, Mousterian points, and a truncated-faceted
pieces were excluded from the analysis. For this paper our sample
consists of 158 specimens representing each of the major typolog-
ical categories: single scrapers (N = 70), double scrapers (N = 23),
convergent scrapers (N = 25), and transverse scrapers (N = 40). The
number of specimens in each of the Bordes type classes is listed in
Table 5.1.

Our analysis of the reduction-relationship of these implement cat-
egories employs two measures of the position of retouching on each
specimen and the amount of mass removed from each flake through
retouching (Figure 5.5). The first is a version of Kuhn’s index of
unifacial reduction (GIUR), a measure we have experimentally veri-
fied (Hiscock and Clarkson 2005, 2007). Our experiments showed
that scar height ratios, taken at multiple points around a retouched
flake, yields an average GIUR value that has a nonlinear relationship
with the mass removed by retouching (Hiscock and Clarkson 2005:
1019). Experimental retouching of flakes demonstrated that there was
a strong log-linear relationship between the calculated Kuhn GIUR
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Table 5.1. Sample of complete retouched flakes
from Layer 21 used in analysis

Implement types N

Single

9. Single straight scraper 42
10. Single convex scraper 28

Double

12. Double straight scraper 13
13. Double straight-convex scraper 6
15. Double convex scraper 3
16. Double concave scraper 1

Convergent

8. Limace 2
18. Straight convergent scraper 2
21. Dejete scraper 21

Transverse

22. Straight transverse scraper 6
23. Convex transverse scraper 33
24. Concave transverse scraper 1

and the percentage of original flake weight lost (Figure 5.6). This rela-
tionship appears to hold irrespective of whether retouching is applied
to the lateral or distal margin (Hiscock and Clarkson 2005) or to one or
more than one edge (Hiscock and Clarkson 2007). For instance, when
we experimentally retouched flakes on one lateral margin, producing
items similar to single side scrapers, there was a strong positive relation-
ship between the index value and the mass removed by retouching
(r = 0.933, r 2 = 0.871). When we experimentally retouched flakes
on two lateral margins, the Kuhn GIUR was still strongly and sig-
nificantly correlated with the proportion of mass lost from each flake
(r = 0.88, r 2 = 0.778). We have argued elsewhere that although vari-
ations in the GIUR/mass-lost relationship occurred as a consequence
of differences in the shape and size of flake blanks, a strong relationship
exists for most flakes that are dorsally retouched, and consequently we
take the Kuhn GIUR to be a reliable measure of the extent of dorsal,
unifacial retouch in most instances, including the specimens discussed
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figure 5.5. Illustration of the measurements of reduction used in this chapter: multiple
values of Kuhn’s (1990) unifacial reduction index and a count of the number of zones
that have been retouched.

in this chapter, irrespective of the nature of the flake blank (Hiscock
and Clarkson 2005: 1022). Furthermore, the high coefficient of deter-
mination (r 2) allows us to use the regression line and 95% confidence
intervals shown in Figure 5.6 to estimate the approximate amount of
mass removed during retouching.

A second measure of retouching, involving a record of the distri-
bution of retouch on the margins of each flake, provides an indication
of the lateral expansion of retouching around the specimen. This mea-
sure complements the Kuhn GIUR, which measures how far retouch
has penetrated into the centre of a flake (Hiscock and Attenbrow 2005:
59). This “retouched zone index” was obtained by observing which
of eight zones, illustrated in Figure 5.5, were retouched. The zones
were defined in terms of five equal divisions of the percussion length,
but with the left and right margins being separated to create eight
locations (proximal, distal, three zones on the right margin, and three
on the left). The face on which scars occurred was not relevant for
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figure 5.6. Relationship between Kuhn GIUR (as 0.05 intervals) and the percentage
of original flake mass lost through retouching (shown with 95% confidence intervals)
in the experimental dataset (Hiscock and Clarkson 2005). Broken line is the regression
line (r = 0.933, r2 = 0.871) published by Hiscock and Clarkson (2005).

this measure, giving retouched flakes values between 1 and 8 zones.
This recording system not only was used to measure the amount of
retouch around the flake margin, but also served as a way to compare
the location of retouch on different specimens.

Other measures of flake retouching, such as the invasiveness index
of Clarkson (2002) or the surface area/platform thickness ratio of
Holdaway et al. (1996), were considered to be of lesser value on
the steeply, unifacially retouched flakes in our sample and are not
presented here. Although we have previously expressed doubt about
the sensitivity of Dibble’s (1987) surface area/platform area ratio as a
measure of reduction, we have calculated this below as a comparison
to published data that have been used to discuss models of Quina
retouch.
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Table 5.2. Descriptive statistics for the Kuhn GIUR, retouched zone
index, and surface area/platform area ratio

Retouched Surface area/
Kuhn GIUR zone index platform area

Single (N = 68) 0.51 ± 0.21 4.52 ± 1.33 18.52 ± 42.31
0.17 – 1.00 1–8 1.0 – 297.4

Double (N = 25) 0.61 ± 0.14 6.28 ± 1.21 11.49 ± 7.88
0.31 – 0.86 2–8 2.9 – 31.2

Convergent (N = 26) 0.66 ± 0.14 6.08 ± 1.67 12.52 ± 24.11
0.39 – 0.91 4–8 1.2 – 105.8

Transverse (N = 37) 0.65 ± 0.21 3.78 ± 1.62 9.11 ± 18.11
0.36 – 1.00 1–6 0.5 – 102.7

Note: Top line is mean and standard deviation; bottom line is the minimum and maximum
values.

THE EXTENT OF RETOUCHING AND IMPLICATIONS
FOR REDUCTION

With these measurements of the amount of retouching, we are able
to evaluate whether the different implement categories (single, dou-
ble, convergent, and transverse scrapers) actually represent clusters of
specimens that have been reduced to different extents, as hypoth-
esized by Dibble. Descriptive statistics for the reduction indices in
our sample, presented in Table 5.2, show a pattern somewhat similar
to that reported by Dibble (1987b: 113) for the La Quina site, and
which he used in support of his reduction model. For instance, the
mean surface area/platform area values are higher for single scrapers
than for double and convergent ones, and transverse scrapers display
the smallest mean; with the means being very similar to those Dib-
ble found at La Quina. This is support for the proposition that, on
average, single scrapers were less reduced than the other three scraper
categories. Average values for the Kuhn GIUR and retouched zone
index could also be used to suggest that single scrapers were less
reduced than double or convergent scrapers, giving support to the
inference of a single-double-convergent sequence of scraper trans-
formations in Layer 21. ANOVA treatment of our data reveals sta-
tistically significant differences between the implement classes in the
Kuhn GIUR (F = 3.224, d.f . = 4, p = .014, with the index broken
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into five groups: 0.01 − 0.19, 0.20 − 0.39, 0.40 − 0.59, 0.60 − 0.79,
and 0.8 − 1.0) and in the retouched zone index (F = 3.365, d.f. =
7, p = .002); but not in the surface area/platform area ratio (F =
0.749, d.f . = 5, p = .588). These statistics all indicate that there is
patterned variation in retouching intensity between the four classes
of implements, at least in terms of the central tendencies for the
classes.

However, the relationship of transverse and single scrapers is not
entirely consistent with the predictions of Dibble’s reduction model.
Differences in mean Kuhn GIUR alone (t = 3.361, d.f . = 103, p =
.001) conform to the predictions of Dibble’s (1987b) model, although
the question of how to interpret the large variation in each class
is discussed below. However, the retouched zone index indicates that
transverse scrapers have significantly less extensively retouched margins
than single scrapers (t = −2.600, d.f . = 64.9, p = .012), which is a
finding not consistent with Dibble’s model, in which the addition of
distal retouch converted single scrapers into transverse ones. These
statistics imply a difference between single and transverse scrapers in
intensity and location of reduction, but not necessarily as sequential
stages, as Dibble argued in the model of his single-transverse sequences.

These data suggest that there are differences between these imple-
ment classes in the average degree of reduction, but such differences do
not, by themselves, constitute evidence of the transformation of spec-
imens from one implement class to another. An examination of the
variation found within each implement class reveals that the archaeo-
logical evidence from Layer 21 does not simply conform to Dibble’s
reduction model. Each of the implement classes displays high lev-
els of variation in the reduction measures. In particular, single and
transverse scrapers show large ranges of reduction indices. For exam-
ple, on single scrapers the coefficient of variation for Kuhn GIUR
is 41% and for the retouched zone index it is 29%, whereas trans-
verse scrapers have a coefficient of variation for the Kuhn GIUR of
32% and for the retouched zone index of 40%. This indicates that
each of those typological groupings contains specimens with very
different levels of retouch. Using the Kuhn GIUR to estimate the
proportion of original flake mass removed through retouching indi-
cates that single scrapers lost 2–66% of their weight, double scrapers
3–30%, convergent scrapers 5–35%, and transverse scrapers 4–66% of
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blank weight. When intensity of reduction is expressed in this way,
it is clear that Dibble’s reduction models, both the single–double–
convergent path and the single–transverse one, do not account for
all of the specimens in Layer 21. For instance, some single scrapers
are extensively reduced; some are more than twice as reduced as any
double or convergent scrapers. The existence of single scrapers with
very high amounts of mass removed through retouching, and that
were not converted into double or convergent forms, demonstrates
that specimens typologically classified as single scrapers were not all
“early-stage,” with only little retouch. Conversely, the existence of
double, convergent, and transverse scrapers with less than 5–10% of
mass removed through retouching, representing the initial creation of
the edge and perhaps one resharpening episode, demonstrates that such
forms were not always more heavily retouched than single scrapers.
Similarly, many transverse scrapers were not noticeably more reduced
than many single scrapers, as might be expected if they were created at
a later stage. However, other transverse scrapers have been extensively
retouched, probably losing more than 50% of their original mass. This
illustrates that the intensity of reduction within each implement class
is highly variable. Further evidence for this within-class variation in
retouching intensity, and its implications, is provided in the following
sections.

SINGLE SCRAPERS

The striking characteristic of single scrapers in Layer 21, besides the
strong pattern of retouch positioned on one lateral margin, is the
great difference in the extent of reduction that different specimens
had undergone. Some of the variation in the extent of retouching is
displayed by the retouched zone index. The majority of single scrapers
were retouched along much of one lateral margin, resulting in retouch
scars in four or five zones (Figure 5.7). However, a few specimens had
retouch restricted to a small portion of the lateral margin, only one
or two zones; and some specimens also had small occurrences of
retouch elsewhere on the flake-blank, in more than five zones. The
distribution of retouch around the flake margin was clearly related to
blank characteristics, such as edge angle, cross section, and distribution
of cortex.
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figure 5.7. Histogram of the Kuhn GIUR values for single scrapers from Layer 21.

As a measure of another dimension of retouch intensity, the Kuhn
GIUR also displays extreme variation. Figure 5.7 shows a histogram
of the abundance of specimens with different levels of the Kuhn
GIUR. Approximately 20% of single scrapers had a GIUR less than
0.3, equating to less than about 5% of the original flake mass removed
by retouching. Most single scrapers had GIUR values of 0.3–0.8,
representing about 5–20% mass loss. Some single scrapers, about 10%,
had GIUR values greater than 0.8, representing retouch that probably
removed from 30% to more than 60% of the original mass. Although
conversion of GIUR values to mass lost through retouching in this
way is only an estimate, it provides a behavioral expression of the large
differences in retouch intensity that are evident on different single
scrapers.

Differences in the extent of retouching on single scrapers are illus-
trated in Figure 5.8, which presents two specimens: one with a small
amount of material removed by retouching and the other with a large
amount. The first specimen is a long flake with a series of small retouch
scars, mostly about 3 mm long, on three zones of the left lateral margin
(Figure 5.8A). The Kuhn GIUR of 0.44 recorded for this specimen,
in association with low unretouched edge angles of 20◦–25◦ in the
retouched zones, is consistent with less than 5–10% of the original
flake mass being removed by retouching. The other specimen (Figure
5.8B) was the remnant of a wide, thick flake that has been extensively
reduced through the removal of large flakes from along the entire right
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figure 5.8. Examples of different levels of reduction on scrapers: A and B = single
scrapers, C and D = transverse scrapers; A and C = little mass removed, B and D =
extensive mass removed. A = single scraper with a Kuhn index of 0.44; B = single
scraper with a GIUR index of 1.00; C = transverse scraper with a Kuhn index of
0.56; D = transverse scraper with a Kuhn index of 0.91.

lateral margin (retouch in five zones). This specimen has a GIUR of
1.00, with the retouch scars having removed the thickest part of the
flake, a pattern consistent with the removal of approximately 45–65%
or more of the original flake mass by retouching. Together these two
illustrations exemplify the different levels of reduction present amongst
single scrapers in Layer 21.

In conjunction with the statistics, these specimens demonstrate that
some single scrapers in Layer 21 were minimally retouched whereas
others were heavily retouched. The heavily retouched specimens, as
indicated by the Kuhn GIUR, typically have retouch scars only on
one lateral margin and had always been single scrapers throughout
the retouching process. The evidence from such specimens shows that
some single scrapers became very intensively retouched but that the
level of reduction did not alter their typological status.

DOUBLE AND CONVERGENT SCRAPERS

Double and convergent scrapers are almost certainly made from single
scrapers that had appropriate sizes and shapes, because one retouched
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margin must logically have been created before the other. The higher
mean and minimum GIUR values for both classes, in comparison to
those for single scrapers, are consistent with that interpretation. How-
ever, the evidence for Layer 21 does not conform to Dibble’s proposed
single–double–convergent sequence of type stages, for two reasons.
The first has already been discussed: single scrapers were sometimes
very intensively retouched and so specimens in that typological class
do not always represent a stage of minimal reduction. This observation
does not negate the conclusion that double/convergent scrapers were
once single scrapers, but it refutes a stage-based model in which the
former specimens are always highly retouched and the latter always
minimally retouched.

Furthermore, for Layer 21, there appears to be little or no differ-
ence in the level of reduction of the double and convergent scrapers.
There is no significant difference between these two classes for either
the Kuhn GIUR (t = −1.271, d.f . = 49, p = .210) or the retouched
zone index (t = 0.496, d.f . = 49, p = .622), and the ranges and dis-
tribution of values are comparable, evidence that all specimens in both
groups show the same levels of retouch intensity. Because convergent
scrapers in this assemblage are not more reduced than double scrapers,
the notion of a double–convergent sequence of reduction is unlikely
to be correct.

Instead, it seems likely that double and convergent scrapers
are made on different flake blanks. A number of features of the
blank are preserved on these retouched specimens and show statis-
tically significant differences between the two classes. For example,
the mean unretouched edge angles of double scrapers are signifi-
cantly lower than those of convergent scrapers (t = −2.138, d.f . =
49, p = .038) and the mean thickness of double scrapers is also lower
(t = −3.218, d.f . = 49, p = .002). These data raise the possibility
that the differences in the relative positioning of retouched edges
in double and convergent scrapers, leading them to be assigned to
different types, primarily reflect dissimilarities in blank form rather
than extent of retouch. Hence it is possible to conclude that many
specimens classified as double and convergent scrapers were reworked
single scrapers, but that many of the convergent scrapers are not more
intensively retouched than double scrapers; the typological distinction
largely reflects the influence of blank form.



THE CONSTRUCTION OF MORPHOLOGICAL DIVERSITY 127

TRANSVERSE SCRAPERS

Transverse scrapers also display large differences in the extent of
retouching. Nearly 60% of transverse scrapers had a GIUR less than
0.6, probably indicating less than 10% mass lost through retouching;
but 20% of specimens had values of 1.0 and probably had more than
40–50% of their initial mass removed. These differences can also be
illustrated using specific implements as exemplars (Figure 5.8). For
instance, Figure 5.8C shows a transverse scraper made on a primary
decortication flake, which has had a series of small retouch scars in
Zone 8, at the distal end. The Kuhn GIUR of 0.56 recorded for this
specimen, in association with a low unretouched edge angle of 34◦ at
the distal end, is consistent with less than 10% of the original flake mass
being removed by retouching. In contrast, another transverse scraper
shown in Figure 5.8D had a series of large flake scars at the distal end,
with retouch removing the thickest part of the flake along one-half
of the edge to give a GIUR of 0.91. This pattern is consistent with
the removal of at least 30–35% of the original flake mass by retouch-
ing. These two illustrations exemplify the different levels of reduction
present amongst transverse scrapers in this layer.

These large differences in retouch intensity between specimens
classified as transverse scrapers may reflect blank form: specimens
with GIUR of less than 0.6 have, on average, significantly smaller
platform thickness (t = 2.604, d.f . = 35, p = .014), flake thickness
(t = 3.252, d.f . = 35, p = .003), and lower unretouched edge angles
(t = 3.618, d.f . = 35, p = .001). Reduction intensity was therefore
probably connected to blank size and morphology, but despite the
great variation in retouch between specimens in Layer 21, in response
to different flake-blanks, retouch intensity did not alter the typolog-
ical status of transverse scrapers. That inference is inconsistent with
the notion that transverse scrapers were once single-side scrapers that
had subsequently had additional retouch added to the distal end, and
instead is evidence that many or all transverse scrapers were probably
always typologically transverse forms.

This conclusion is reinforced by information about the distribu-
tion of retouch around the perimeters of flakes (Figure 5.9). Dis-
tribution of retouch around flake perimeters is not consistent with
all transverse specimens originally being single scrapers. Nearly 50%
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figure 5.9. Histogram showing differences in the dis-
tribution of retouch on specimens classified as single
scrapers and transverse scrapers.

of transverse scrapers have retouch only toward the distal end (<4
retouched zones). These specimens were never single scrapers, and we
conclude that at least half the transverse scrapers began as transverse
scrapers. Those with 4–6 retouched zones may once have been single-
side scrapers that had retouch added to the distal end, or they may
have begun as transverse scrapers that had retouch added to a lateral
margin. Although it is possible that in Layer 21 Dibble’s hypothesized
transformation of single into transverse scrapers sometimes occurred,
the evidence suggests that this was infrequent compared to the com-
mon process in transverse scrapers of beginning retouch at the distal
end and continuing to retouch in that location.

The initiation and maintenance of restricted patterns of retouch,
either at the distal end or on a margin, probably reflects the influence
of blank form. Transverse and single scrapers were regularly made on
different flake blanks. For example, flakes worked transversely are sig-
nificantly thicker (3.021, d.f . = 107, p = .003) and with higher unre-
touched edge angles (2.420, d.f. = 106, p = .017) than those worked
on only the lateral margin. Differences in flake shape and thickness are
hypothesized to have been factors affecting the decision of knappers
to begin working flakes laterally or distally.
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figure 5.10. Illustration of the typological status and reduction
history of flakes retouched to different degrees, using the same
graphical conventions as Figure 5.2.

By definition, retouch on these specimens is concentrated at
the distal end of each specimen, but often extends along some of
one or both lateral margins, particularly in the production of the
large curved retouched edges in convex transverse scrapers. Conse-
quently, although the majority of specimens have retouch in two,
three, or four retouch zones, some specimens have five or even
six zones retouched. The creation of broad, transverse retouched
edges involving retouch across several zones may also be condi-
tioned by blank form. For instance, specimens with less than four
retouched zones have, on the average, significantly smaller platform
widths (t = −2.056, d.f . = 36, p = .045) and higher unretouched
edge angles (t = 2.392, d.f . = 31, p = .023).

A RETOUCHING SCHEME FOR LAYER 21

This evidence already presented is consistent with a retouching scheme
that is more elaborate and less stage-based in nature than the one pro-
posed by Dibble (and shown in Figure 5.2). Our interpretation of
the retouching processes creating the typological scraper groups in
Layer 21 of Combe Grenal is a parallel branching scheme, graphi-
cally represented in Figure 5.10. Most frequently, single-side scrap-
ers were retouched only on one margin for their entire history of
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production and maintenance. Some of those specimens were dis-
carded after only a small amount of retouching, but others were very
intensively retouched on the same margin but remained, in typolog-
ical terms, single scrapers. Some single-side scrapers were retouched
on additional margins to produce specimens classified as either double
or convergent scrapers. Single scrapers were typically converted into
double or convergent scrapers, but there is little evidence for double
scrapers being reworked to form convergent ones. Double and conver-
gent scrapers have comparable levels of retouch, and are not sequential
stages of retouch; they represent alternative strategies applied to single
scrapers with subtly different sizes and shapes. The choice of whether
to continue retouching one margin or to begin working a second,
and in the latter case to retouch parallel or converging edges, appears
to be related to differences in blank form. The precise interaction of
blank form and retouch intensity will be pursued in future publica-
tions.

Retouching of flakes to produce transverse scrapers appears to
have been largely separate to patterns of lateral retouching leading to
single, double, and convergent scrapers (see Figure 5.10). Some trans-
formations of single-side scrapers to transverse scrapers, or the rework-
ing of transverse scrapers into double/convergent scrapers, probably
occurred, but in Layer 21 this was infrequent. Our interpretation
of the evidence is that the majority of transverse scrapers were dis-
tally retouched throughout their “life span” and they had never been
single-side scrapers. Transverse scrapers therefore principally repre-
sent the result of a parallel technological pattern that is separate from,
and constitutes an alternative to, the retouching strategy that created
single-side scrapers.

IMPLICATIONS FOR THE INTERPRETATION AND
ANALYSIS OF MOUSTERIAN VARIABILITY

These interpretations of scraper retouching in Layer 21 of Combe
Grenal carry a number of implications. Evidence presented indicates
the nonstaged and multilinear character of implement production and
the apparent importance of blank form in influencing the pattern of
retouch distribution and intensity. This inference implies that Dib-
ble’s model of the implement classes as stages of reduction is not a
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viable depiction of the retouching technology represented in Layer
21, whereas our reconstruction of retouching processes conforms to
many of the propositions contained in the blank–retouch interaction
hypothesis.

Our reconstruction of scraper retouching in Layer 21 iden-
tified evidence that each of Bordes’s implement types examined
here may have multiple histories of retouching. Some implements
received little retouch, whereas others were intensively retouched;
retouch sometimes changed a specimen to such an extent that the
type into which it was classified was altered, whereas other speci-
mens remained typologically stable even though they received addi-
tional retouch; and so on. The possibility that different specimens
belonging to a type had different histories is a reason that typolog-
ical groups may make poor analytical units for many technologi-
cal questions. In particular, the large variation in retouch inten-
sity observed among different specimens classified in a single type
demonstrates that the Bordes typology is not a reliable system for
measuring retouch intensity. In assemblages such as this, Bordesian
types tend to record the pattern and character of retouch preserved
on flakes at the time they were discarded, but intensity of retouch
cannot be accurately inferred from the type classification alone.
Consequently, studies of spatial and temporal changes in retouch inten-
sity will be more reliable when made on the basis of dedicated and
experimentally verified systems of measurement, such as the Kuhn
GIUR.

As discussed above, there have been extended discussions about the
existence and meaning of an indistinct correspondence in southwest
France between environmental conditions and the lithic “industry”
that was in place, examining the proposition that different indus-
tries reflect different levels of retouch and core reduction intensity as
knappers adjusted their technological practices to suit the prevailing
economic conditions (e.g., Dibble 1984; Rolland 1981; Rolland and
Dibble 1990). However, the coarse relationship between these phe-
nomena has not convinced critical commentators of the reality of a
functional link that would be capable of explaining industrial varia-
tion directly in terms of a connection between climate and intensity
of tool use (e.g., Mellars 1996:343). The analysis we have presented
in this chapter will reopen debate about this question by revealing
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that the typological practices employed to identify different industries
and interpret them in terms of retouch intensity need not be accurate
or sensitive to variations in the level of tool production and mainte-
nance. Consequently it is possible that patterns of typological change,
largely created by other factors, have partly obscured the strong con-
nection between retouch intensity and ecological–economic contexts,
or alternatively that there is little correspondence between reduction
intensity and climatic phases and that typological patterns signal the
operation of some other cultural process. For this reason, instead of
pursuing difficult-to-interpret typological descriptions, we prefer to
directly examine questions of retouch intensity in our future research
through the use of nontypological techniques dedicated to measuring
intensity of retouch/reduction.

Finally, this analysis revealed that the traditional implement typol-
ogy is indeed a complex product of multiple processes and not princi-
pally a signal of differing levels of retouch, even though retouch inten-
sity is undoubtedly one of a number of factors creating morphological
variation between specimens. Our conclusion that at Combe Grenal,
and perhaps for many Mousterian assemblages, there is a strong inter-
action between blank and the nature of retouch also invites con-
sideration of broad questions about the interpretation of implement
patterns. For several decades, a number of debates about how to under-
stand the variation and regularity of retouched flakes in Mousterian
assemblages were polarized between Dibble’s model that morphol-
ogy indicated only the intensity of tool resharpening and the more
traditional hypothesis that regular patterns of implement shape rep-
resent knapping according to a fixed design or “mental template.”
Although our inferred retouching scheme for Layer 21 implies that
sequential transformation of retouched flakes from one implement
type to another, as demanded by the single branching scheme, was
rare, and that instead there were multiple, albeit branching, pathways
of reduction, this need not imply that conventionally defined imple-
ment types represent different preconceived tool designs. Demonstrat-
ing that retouching processes need not involve typological conversions
does not indicate that typological stability during reduction entailed
a specific design. In the instance of Combe Grenal the strong con-
nection of retouch location, form, and extent with blank form may
provide a mechanism for regular and stable implement shapes over the



THE CONSTRUCTION OF MORPHOLOGICAL DIVERSITY 133

reduction process, even if no well-defined, formal design was in place.
Habitual application of production rules to blanks of different shapes
may maintain stability in the appearance and location of a retouched
edge during extended reduction. However, as Turq, Boëda, and oth-
ers have proposed, such production rules connecting blank form and
retouching process to produce regularity in implement form might be
considered a kind of design system for Middle Paleolithic hominids.
Debates on how we should think of goal-oriented behavior in the
Mousterian, and indeed the nature of the technological processes that
were involved and their articulation with economic and ecological
contexts, still require exploration in the quest to understand the con-
struction of morphological diversity in Middle Paleolithic implements.
The evaluation of what constitutes meaningful and valuable units of
measurement, and how they may or may not be connected to tradi-
tional implement types, is not resolved; on the contrary, this discussion
is merely beginning.
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Denticulés. Paléo 15:141–68.
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6 brooke blades

REDUCTION AND RETOUCH AS
INDEPENDENT MEASURES OF
INTENSITY

Abstract
This paper presents the argument that common interpretations of
“reduction intensity” in fact conflate two different and at times inde-
pendent processes. Reduction intensity should be restricted to an anal-
ysis of technological stages of raw material reduction and blank produc-
tion, an overall process commonly referred to as the reduction sequence.
Retouch intensity, by contrast, reflects changes to finished blanks and
technological remnants arising from and related to function and use.
The importance of the distinction lies in the identification of separate
processes that may reveal elements of mobility, settlement pattern,
and social intensification among prehistoric populations. This paper
proposes that intensity should be analyzed in a reduction/retouch
matrix and presents examples of such analyses.

INTRODUCTION

The “reduction thesis” (Shott 2005) has become the most powerful
framework for understanding the most durable material element of
the prehistoric archaeological record. The framework has emerged
from analysis of varied cultural and temporal contexts by numerous
researchers. This research, however, shares a common recognition of
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for his comments on this paper. I also would like to thank my friend and colleague
Jehanne Féblot-Augustins for reading and commenting on an earlier draft of this
paper.
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lithic reduction as a process of continual material removal that may
profoundly affect the shape and size of any stone artifact.

Similarly to other papers in this volume (Andrefsky; Quinn
et al.; Wilson and Andrefsky), this paper will argue that the common
assessment of what is termed “reduction” intensity most frequently
evaluates only one aspect of those effects: retouch or more generally
utilization intensity, that is, changes arising from and related to func-
tion and use. The term reduction intensity will, in the context of this
paper, be restricted to reflections of varying extents of technological
reduction of raw material and blank production within the framework
of the lithic reduction sequence.

This distinction involves more than an attempt at semantic preci-
sion. As will be discussed, reduction and retouch intensities are not
dependent variables, because one reflects the degree of technological
reduction and the other evaluates the extent to which the products
of that reduction were retouched and/or utilized. It is certainly true
that both measures of intensity may mirror the influences of the same
natural or cultural phenomena, which include the following:

� access to raw material
� constraints related to group or individual movement (frequency and

magnitude)
� mobility parameters within the overall settlement system
� specific components (i.e., site type) within the settlement system
� social dimensions (intensification, risk minimization, etc.)
� However, although dimensions of reduction and retouch may mea-

sure

Complementary influences, the important point to consider is that
they should be assessed independently because they may vary inde-
pendently.

Reduction intensity measures the complexity of technological
activity along a continuum of lithic reduction. Measures of reduc-
tion intensity evaluate the extent to which a given lithic material is
fully integrated into the technological structure. Clearly, each raw
material may reflect a different degree of reduction intensity.

Retouch or utilization intensity measures the degree or extent of
retouch or utilization on the raw material blanks that emerge from the
technological action of reduction. Although all technological systems
are oriented to the production of a specific outcome or outcomes, it
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must be recognized that virtually any lithic piece at any technological
stage, even in the most technologically specialized systems, may be
retouched or utilized at least in an expedient fashion.

MEASUREMENT OF INTENSITY

This paper advocates a separation of measures of evaluation rather than
a radical change in the manner in which such evaluations are under-
taken. However, simply incorporating the various measures of what
is herein termed retouch intensity into a unified structure would be a
daunting task. Varying scales of precision and extents of applicability
exist, as recently reviewed by Shott (2005). Such means of evaluation
include geometric measures (Andrefsky 2006; Clarkson 2002; Eren
et al. 2005; Hiscock and Clarkson, this volume; Kuhn 1990; Quinn
et al., this volume), retouch type or extent (Dibble 1987; Movius et
al. 1968), and various measurements focusing on blank allometry or
relative sizes of blank elements (Blades 2003; Dibble and Pelcin 1995;
Grimes and Grimes 1985; Holdaway 1991).

A similar range of variability exists in the evaluation of reduction
intensity. Dibble et al. (1995) have summarized a wide range of data to
argue that as core reduction increases, the degree of core preparation
and number of blanks per core increase (Bar-Yosef 1991; Marks 1988;
Montet-White 1991; Munday 1977), whereas average core size, flake
size, flake platform area, and cortex all decrease (Henry 1989; Marks et
al. 1991; Newcomer 1971; Stahle and Dunn 1982). The use of certain
specific measures should therefore monitor reduction intensity:

� blank-to-core ratio (or flake-to-biface ratio);
� core size;
� blank size;
� amount of cortical covering.

As commonly employed, these measures provide a means of com-
paring two or more assemblages – or two or more raw materials within
the same assemblage. Although the measures themselves generate ratio
or even interval data, the resulting intra-assemblage or interassemblage
comparisons rely on ordinal (i.e., greater or lesser intensity) distinc-
tions. The problem of assigning lithic reduction remnants to discrete
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stages or of evaluation along a reduction continuum has been exam-
ined by Bradbury and Carr (1999).

Other challenges to the measurement or quantification of reduc-
tion intensity arise when separate measures are ambiguous or con-
tradictory, or are not universally accepted as accurate reflections of
reduction (see Eren and Prendergast, this volume, for a detailed dis-
cussion of this issue). Magne (1985) argued that dorsal and platform
scar counts could be effectively correlated with experimental reduc-
tion stages. Some have adopted the Magne stages (Carr 1994), but
Mauldin and Amick (1989) also relied on experimental data to argue
that dorsal scar counts are not reliable indicators of reduction stages.
The utility of a comparison of flake size and cortical covering has
some experimental support (Mauldin and Amick 1989), but the use
of cortical covering alone (Bradbury and Carr 1995; Mauldin and
Amick 1989) or of flake size (Magne 1985) has been criticized.

These various complications and contradictions do not arise from
the intensity dichotomy proposed herein, but do complicate the mea-
surement of intensity. It is important to recognize, however, that these
contradictions at least in part reflect realities of prehistoric technolog-
ical and utilization activities. It is expected that different lithic rem-
nants and products will reflect different rates of retouch, utilization,
or consumption. Repeated occupations within differing settlement
system structures, whether occurring in palimpsest rock shelter con-
texts or in near-surface plow-disturbed zones, may generate confused
and apparently contradictory indications of intensity. The compar-
isons presented below proceed with an awareness of these concerns
and are offered as theoretical possibilities despite being derived from
archaeological examples.

COMPARISONS OF REDUCTION AND RETOUCH

Reduction and retouch intensities may be compared in an X–Y matrix,
with categories 1 through 3 roughly equating with low to high inten-
sities. One of the advantages of such a presentation is its flexible
nature. For example, a given assemblage may be categorized by its
constituent raw material types or by specific elements such as cores,
bifaces, scrapers, and flakes. Various assemblages within a specific site
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or sites within a region may be summarized, but with a consequent
loss of resolution. The latter case, however, does provide an opportu-
nity to evaluate regional components of settlement systems, as will be
illustrated below.

Conversion of intensity evaluations to a numerical scale may be
undertaken in variety of ways. For example, the conversion of the
Magne dorsal scar counts to the reduction intensity scale might pro-
ceed as follows:

0 to 1 scar = 63% of intact flakes = 0.63 × 1 = 0.63
2 scars = 27% of intact flakes = 0.27 × 2 = 0.54
3 + scars = 10% of intact flakes = 0.10 × 3 = 0.30
reduction intensity sum = 1.47 (on scale from 1 to 3)

Alternatively, it may be preferable to express the conversion in
terms of central tendency (mean) and dispersion (standard deviation).
The comparison of mean values alone may mask important differences
in the distributions of flakes within the scar categories that would be
reflected by a measure of dispersion.

This value would, of course, represent only one of several potential
means of evaluating reduction intensity within a given assemblage.
Reduction intensity values may be developed for cores and other
technological pieces using a combination of criteria, including but
not limited to size/weight comparisons, quantity of negative scars,
evidence of platform creation/rejuvenation, and measures of volume.
Retouch intensity may be assessed according to the various measures
discussed earlier in this paper. It is anticipated that researchers would
adopt those measures of reduction and retouch that were most clearly
reflected in the lithic assemblages under consideration.

The application of reduction/retouch comparisons will be
explored herein through four scenarios derived from archaeological
data. The placements of the various data – technological stages, raw
materials, site assemblages – are based on analyses of specific sites or
combinations of sites, except for Example 4. However, the numerical
scale values assigned to these data are not derived from measurement
standards such as that based on the Magne scar count. The examples
therefore represent logically derived but still theoretical presentations.
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Pennsylvania Jasper Quarry
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figure 6.1. A retouch intensity model for a quarry site in Pennsylvania.

EXAMPLE 1: TECHNOLOGICAL SETTING
(PENNSYLVANIA JASPER QUARRY)

The quarry component manifests low intensities of reduction and
retouch (Figure 6.1). Ratios of flakes or blanks to cores are low (due to
larger numbers of cores), cores are large or at least variable in size (i.e.,
are not exhausted), and sizes of waste flakes are large. However, other
dimensions of intensity for the locally quarried material are possible.
The production of “finished” blanks or smaller prepared cores may be
indicated, reflecting higher reduction intensity but still low utilization
intensity.

It is also possible to find a very different pattern reflected in com-
ponents that are more heavily retouched or utilized. Flakes and points
that have been retouched to the point of exhaustion have been found at
quarries. Such pieces in Pennsylvania may be made of locally available
chert or of materials such as argillite from more distant sources. In the
case of the distant materials, the transport of retouched pieces or blanks
that were later retouched – resulting in high reduction and retouch
intensities – would be implied. The presence of heavily retouched and
discarded pieces of locally available materials may suggest cyclical pat-
terns of movement away from and back to the quarry locus. Stewart



142 BROOKE BLADES

(2003: 7) has argued for a temporal distinction in such quarry utiliza-
tion in the Middle Atlantic region of the eastern United States. Earlier
Archaic quarries have discarded tools from diverse quarry locations,
which Stewart interprets as reflecting geographically broad settlement
systems. By contrast, a given later Archaic and Woodland quarry
yields discarded tools of the material from that particular quarry, sug-
gesting more cyclical use of lithic resources, possibly within smaller
territories.

EXAMPLE 2: HABITATION LOCUS (EARLY UPPER
PALEOLITHIC IN FRENCH PÉRIGORD)

These loci were not quarry sites but often were located within a few
kilometers of available chert materials. The dominant local material –
dark Senonian chert – reflected a low blank-to-core ratio in compar-
ison to the other raw materials present (Figure 6.2). Blank sizes were
variable and comparatively few tools exist relative to numerous flakes.
Retouch intensities were variable. Another locally available material –
coarser quartzite – was present as larger pieces, few of which were
retouched.

Materials from distant sources (i.e., more than 30 km in this
instance) were present in limited quantities, with consistently high
reduction intensities but variable retouch intensity. A few highly
reduced cores of Bergerac chert (30 km west) were found. The mate-
rial is present primarily as retouched blade blanks, although the inten-
sity was not necessarily greater than found on the local Senonian
blades. Fumel chert (40 km south) was not found in the form of cores
but as blanks with limited retouch, implying that the more heav-
ily retouched pieces were probably either transported elsewhere or
not recovered in the excavations. Charente chert (100 km west) was
present as retouched pieces and some debitage.

The general pattern indicated is one of increasing intensity of
reduction – but not necessarily retouch – with greater distance
from the source, a classic “down-the-line” distribution that essen-
tially reflects a direct relationship between reduction and retouch or
utilization intensities. Much variation exists in the lithic utilization
patterns during the Upper Paleolithic in Europe, as Féblot-Augustins
(1997, 1999) has thoroughly documented. The reduction/retouch
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Habitation (early Upper Paleolithic, French Perigord)
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figure 6.2. A retouch intensity model for an Upper Paleolithic habitation site.

comparisons should be useful in illustrating directional distributions
in which lithics from greater distances appear in larger quantities and
perhaps in different technological forms than those from sources closer
to specific site loci. Such directional distributions are often correlated
with networks of social intensification.

EXAMPLE 3: SETTLEMENT PATTERN (LATER
PREHISTORIC, SOUTHWEST PENNSYLVANIA
AND WEST VIRGINIA)

The reduction/retouch matrix provides a means of categorizing and
summarizing the various spatial components that modern researchers
regard as constituting a settlement pattern. Transect survey and exca-
vations at the base of Chestnut Ridge revealed aspects of such a set-
tlement pattern for the later Archaic and Woodland periods in south-
western Pennsylvania and northern West Virginia (Figure 6.3). The
survey revealed three site “types”:

� loci focused on secondary reduction of local black chert (high
flake:biface ratios): 36Fa426/T3, 46Mg103 and 104;

� small seasonal? base camps with varied raw materials, more bifaces,
hearths, and storage features: 36Fa 411, 418 Woodland, 418 lower,
and 426/T2;

� numerous very small loci with few or no bifaces and small numbers of
flakes, suggesting special purpose hunting and biface repair stations.
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Settlement Pattern (later prehistory, SW Pennsylvania & West Virginia)
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figure 6.3. A retouch intensity model for a late prehistoric settlement pattern in the
eastern United States.

The matrix comparison of these sites reveals more variability in
retouch intensity than in reduction intensity. Clearly, lower reduc-
tion intensity loci (quarries) are missing elements. Larger base camps,
particularly during the later Woodland, were probably located else-
where, possibly along the Monongahela River to the west of Chestnut
Ridge. The overall pattern has been interpreted as a logistical one in
this highly seasonal environment, but such an attribution of course
raises the question of what sort of reduction and retouch structures
would be expected along the forager/collector continuum.

EXAMPLE 4: FORAGER/COLLECTOR (BASED IN PART
ON CARR 1994)

Numerous attempts to create a framework for utilizing the Binford
forager/collector continuum to interpret archaeological lithic assem-
blages exist in the literature. For example, Carr (1994) has proposed
specific raw material and reduction expectations for forager residences,
collector residences, and collector field camps (Figure 6.4):

� Forager residence: 50% local, 50% distant material; curated technol-
ogy with emphasis on maintenance; distant material bifaces as cores
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Forager/Collector (after Carr 1994)
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figure 6.4. A retouch intensity model for generalized foragers and collectors.

or tools; local materials as expedient tools and replacements for distant
ones.

� Collector residence: 25% local, 75% distant material; curated but
reliable technology; local materials used almost entirely expediently;
task groups have transported distant materials as bifacial cores and
reliable tools.

� Collector field camp: distant material almost exclusively (because
focused on specific task, unable to exploit local materials); technology
also curated and reliable; lithic debris with broken tools and some
evidence tool resharpening (since reliable tools made at times other
than use).

The purpose of the graphic depiction in Figure 6.4 is not to
critique the thoughtful model put forth by Carr, an evaluation of
which Carr himself undertakes (1994). Rather, the intention is to
demonstrate what such a model might look like when evaluated from
the standpoints of reduction and retouch intensities. The expedient
utilization of local materials would suggest a relatively low reduction
input and variable retouch/utilization intensities. Distant materials
would probably reveal greater retouch intensity, particularly when used
as reliable tools by “collectors.” However, the transport of bifaces as
cores would imply lower reduction intensity than would be found in
an assemblage of transported finished tools.
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Table 6.1. Reduction/retouch intensity interpretations

Low retouch Moderate retouch High retouch

High
reduction

Local blanks with
few or no cores,
distant blanks
transported

Utilized blanks, finished
points (varied
materials), few or no
cores occupation locus
with varied procurement

Local points reshaped
(retouch flakes only?),
distant materials (if
present) are heavily
utilized specialized
procurement

Moderate
reduction

Secondary reduction
at/near quarry

Local (at times distant)
material dominance
varied components base
camp

Shorter term base camp
at greater distance
from material
source

Low
reduction

Primary reduction
quarry

Early stage flakes heavily
utilized

Collector assemblages may have somewhat lower retouch intensi-
ties than those deposited by foragers due to greater mobility frequen-
cies of the latter, but such general categorizations are – and should be –
controversial. The special-purpose collector camp had high-intensity
distant material debris from tool use and repair. It is certainly possible,
however, to envision camps with similar intensities of reduction and
utilization of locally available materials in both residential and collector
mobility orientations. One of the primary distinctions in the original
configuration drawn by Binford (1980) lay in the greater diversity of
special-purpose loci created by collectors from a centralized location.

CONCLUSIONS

A very preliminary summary of signatures and interpretations derived
from the reduction/retouch matrix is presented in Table 6.1. The
matrix comparisons serve to isolate those outcomes or manifesta-
tions that would be unexpected, such as pieces with high retouch
intensity in assemblages with overall low intensity of reduction. The
reduction/retouch matrix is particularly useful for interpreting vari-
ous patterns of technological organization reflected in differing raw
materials.

Comparisons of settlement pattern data (i.e., assemblage or site-
level data) are more homogeneous than intra-assemblage comparisons
of raw materials or specific technological categories, but do facilitate
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evaluation of various forager/collector models and in particular serve
to highlight those components of settlement systems that are expected
or anticipated but have not been identified.

The examples offered above revealed that direct relationships
between reduction and retouch intensities are often indicated, which
reflects the realities of prehistoric lithic technology and functional
behaviors. However, deviations from direct variations exist, which
may indicate an incomplete archaeological record but also the tech-
nological and behavioral flexibility that has frequently been observed
in ethnographic settings and that should be expected in prehistoric
adaptations.
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PERFORATION WITH STONE TOOLS
AND RETOUCH INTENSITY:
A NEOLITHIC CASE STUDY

Abstract
A measure of retouch intensity, the EKCI, was devised based upon
function and archaeological context. To arrive at the function of Pre-
Pottery Neolithic A el-Khiam points from the Near East, controlled
experiments were performed to determine the relative density of the
contact material, which could affect use and retouch patterns. It was
shown that el-Khiam points were likely used to pierce and scrape soft
materials such as leather. The EKCI was then devised, measured,
and tested. Experimental replication showed that the EKCI was an
accurate measure of retouch intensity, and application of the EKCI
to the lithic assemblage at Dhra’ reaffirmed the EKCI’s utility for
analyzing PPNA archaeological assemblages. Although this curation
index is effective for el-Khiam points, it may not be applicable to
other hafted point types, which highlights the need for independently
developed measures of retouch that account for the form, function, and
context of the artifacts rather than attempting to generate universal
measures of curation.

INTRODUCTION

Archaeological assemblages from the first farming villages in the
Southern Levant have produced high-quality and large-quantity lithic
data sets that Near Eastern archaeologists rely upon for interpreting
the past. This vast resource of prehistoric knowledge has remained
relatively untapped as a source of understanding individual decision-
making in prehistoric lithic technology, especially from the perspective
of artifact life histories and retouch intensity. Before archaeologists can
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begin to debate life cycles and retouch patterns of lithic artifacts, how-
ever, we must first develop the means of quantifying change in artifact
morphology and assemblage characteristics that are directly linked to
individual decision-making processes. In this study we provide a pre-
liminary exploration of the practice of lithic curation in Near Eastern
Neolithic assemblages, assessing retouch on perforating stone tools
based on form, function, and archaeological context, which can be
used to address issues of economic, social, and technological organi-
zation.

The concept of curation, defined as the ratio of realized to max-
imum utility of lithic artifacts (Shott 1996; Shott and Sillitoe 2005),
has interpretive benefit for understanding lithic technological organi-
zation in the past. Assessing curation requires researchers to identify
the intensity of use of lithic artifacts. Toward this goal, archaeologists
over the past two decades have attempted to create ways of mea-
suring retouch and applying those measurements to archaeological
collections (Andrefsky 2006; Blades 2003; Clarkson 2002; Eren et al.
2005; Kuhn 1990). There are a few baseline assumptions upon which
measures of curation are built. Curation is equated on a one-to-one
basis with postproduction retouch. The key characteristic of post-
production retouch is morphological modification of the artifact. By
quantifying the morphological change of an artifact, researchers gain
a proxy measure of curation. Additionally, the measures of morpho-
logical change should be directly related to postproduction retouch.
Every event of postproduction retouch will change the morphological
characteristics of the artifact, even if in minor ways. It is the job of
the researcher, therefore, to identify and define which morphological
characteristics are changing and then develop a system of record-
ing those characteristics. The resulting documentation system must
be quantified in a way that equates increasing curation to increasing
measurement values. With these two assumptions in mind, measures
of retouch are important tools for discussing lithic curation intensity
and become effective for interpreting archaeological assemblages only
after results of experimental studies provide empirical patterning that
validates their accuracy.

In building any measure of retouch, it is important to take into
account manufacturing techniques, the form and function of the
artifact, and retouch techniques. Indices that attempt to measure
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curation without taking these variables into account can lead to
spurious interpretations based on overstepping the boundaries of
the measurements (Andrefsky 2006; Davis and Shea 1998). Many
archaeologists who are interested in measuring retouch have often
tried to create general indices that can be applied to artifacts with
varying forms, functions, and archaeological contexts. As a result,
universal measures of retouch have been critiqued when they fail
to work for a certain type of tool or a certain assemblage (see Eren
and Prendergast, this volume; Hiscock and Clarkson, this volume;
Wilson and Andrefsky, this volume). Variability in form, function,
and archaeological context should be noted by archaeologists when
they are developing retouch indices, as these variations often dictate
the amount and type of retouch evident on tools. Contextually
specific curation indices account for morphological change in lithic
artifacts based upon select formal and functional requirements of
the artifacts. Among other things, morphological changes in lithic
artifacts are dictated by the form of the artifact, the way in which it
is used, the contact material it is used upon, the temporal and spatial
archaeological setting, and the site type, raw material availability, and
retouch techniques. Different tool types are more effectively measured
for curation with different indices based on the shape of the tool, how
it is used, how it is resharpened, the type of site where it is used, and
the context of that site in the larger spatial and temporal conditions
of the region. Therefore, when attempting to quantify curation in
the archaeological record, we must build contextually specific indices
that actually measure the morphological change of the artifacts being
studied.

This study is designed to quantify the retouch intensity on el-
Khiam projectile points that are found in the Pre-Pottery Neolithic
A period (PPNA) (11,500–10,500 cal. yr. B.P.) in the Southern
Levant. Recent microwear studies performed by Sam Smith from
the University of Reading suggested that these points functioned as
perforators, though microwear patterns were inconclusive with regard
to contact material (Smith 2005). In this study we test a variety of con-
tact materials that may produce different wear and retouch patterns.
Knowing how point morphology is affected by use and retouch tech-
nique is imperative in building measures of curation. Once attributes
of macroscopic wear are defined and related to use, we develop a
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curation index to measure retouch on el-Khiam points. The new
curation index, dubbed the el-Khiam curation index (EKCI), is later
verified through controlled experiments and analysis of the archaeo-
logical assemblage from Dhra’, Jordan.

BUILDING A CURATION INDEX: FORM, FUNCTION,
AND CONTEXT

Materials and Methods

This study examines the lithic assemblage from the Pre-Pottery
Neolithic A period site of Dhra’ Jordan (occupied between approxi-
mately 11,500 and 11,200 cal. yr. B.P.) located in the Jordan Valley 5
km from the southeastern tip of the Dead Sea (Figure 7.1) (Finlayson
et al. 2003; Goodale et al. 2002; Kuijt 1994, 2001; Kuijt and Finlayson
2001; Kuijt and Mahasneh 1995, 1998). From four field excavation
seasons, over one million lithic artifacts were recovered at this early
farming community, including over 800 el-Khiam points (Goodale
and Smith 2001; Goodale et al. 2002). In this study, all of the com-
plete and a nonrandom sample of the broken el-Khiam points from
the 2004 field season were analyzed. These points come from numer-
ous locations and contexts within the site and likely represent much
of the variability in manufacture, use, and discard within the site.

In order to build a curation index, we first assessed the points with
regard to form, function, and archaeological context. For many years,
Near Eastern archaeologists assumed explicit functional attributes of
stone tools based on their morphological characteristics. Due to their
morphology, el-Khiam points have traditionally been classified as pro-
jectile points (e.g., Bar-Yosef and Gopher 1997). Although some el-
Khiam points were undoubtedly used as projectile technology, the
abundance of these points in the residential context of Dhra’, Jordan,
suggests that these points had an additional function. Recently, Smith
(2005) has employed microwear studies to demonstrate that they were
also used as perforators. Based on microwear patterns, it has been
argued that these points were being used to drill beads (Goodale
and Smith 2001; Smith 2005). Building on this previous research, we
conducted a series of controlled experiments to test the efficiency
of el-Khiam points as perforators on hard and soft contact materials
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figure 7.1. Location of study area.
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Possible Uses of el-Khiam Points as Perforators

Drilling Hard Material Puncturing Soft Material

figure 7.2. Illustration of possible uses of el-Khiam points.

(Figure 7.2). Our study uses four lines of macroscopic use-wear evi-
dence, (1) a qualitative estimate of effectiveness in the task, (2) location
of retouch, (3) breakage patterns, and (4) an index of point sharpness,
to assess the effectiveness of el-Khiam points from Dhra’ to perforate
materials of various density and hardness.

The experiment began with the production of an el-Khiam point
assemblage. First, blades were removed from a flint nodule using a soft
hammer indentor made of antler. This nodule was taken from the same
flint source, located 30 m off site, used by the prehistoric occupants
of Dhra’. The blades that had a single dorsal arris, that were twice as
long as they were wide, and that had margins roughly parallel to each
other were selected for making el-Khiam points. An antler tine and a
wooden anvil were then used to shape the blades into thirteen notched
points. Finally, the el-Khiam points were hafted to shafts of willow and
ocean spray wood using mastic and binding. These items replicated
past technologies and binding materials available to PPNA peoples for
creating a strong haft element. Twelve of the specimens were used
in a drilling motion, with three points drilling each of the following
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Macroscopic Wear Evidence

Location of Retouch Breakage Patterns

    Dorsal    Ventral

Sinister SinisterDexter Dexter

Horizontal     Transverse

figure 7.3. Location of retouch and types of breakage for
el-Khiam points.

materials: limestone, malachite, willow, and alder. The points were
used to bore holes into the materials using both a hand drill and a bow
drill. The use-life of the points ended when either the point broke or
the point became useless for the task of drilling. The points were subse-
quently photographed and data were recorded for several macroscopic
use-wear attributes. The data were analyzed using several statistical
techniques, as well as a new index for measuring point sharpness.

Our first assessment of point function and contact material was a
qualitative measure of drilling effectiveness. It was hypothesized that
if these points were being used to perforate hard material, they would
be effective at drilling through hard material such as stone. If the
points did not effectively drill holes in hard materials, then this would
make it unlikely that PPNA peoples used el-Khiam points to drill
stone. Likewise, if the points were effective when puncturing and
scraping soft materials such as animal hides, then there is a possibility
that PPNA peoples were using the points for this task. Estimating
the effectiveness of el-Khiam points in performing perforating tasks,
although important, is somewhat of a qualitative venture. Therefore,
additional quantitative measures were taken into account to compare
the assemblage of experimentally produced points to a nonrandom
sample of points from the archaeological assemblage at Dhra’.

The second assessment measure examines the location of retouch.
Four areas on the tips were examined (dorsal dexter, dorsal sinister,
ventral dexter, ventral sinister) for evidence of flake removals (Fig-
ure 7.3). Manufacturing retouch on the el-Khiam points is almost
universally isolated to one surface (either dorsal or ventral) per margin.
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figure 7.4. Calculation method for the sharpness index.

When there are flake scars on one or both of the two remaining tip
locations, we assume that these flake removals were created by use
rather than production. In an attempt to quantify use-related wear, we
recorded the presence or absence of use-related flake removals for the
experimental and archaeological collections.

Breakage patterns are also important for determining the function
of the points. Variation in perforating actions, the properties of the
contact material, and the application of force can cause the points
to break in different ways. In this study, we look at two types of
breakage patterns, horizontal and transverse (Figure 7.3), in both the
experimental and archaeological collections, to see if the breakage pat-
terns with experimental points used to perforate hard or soft materials
replicate those from the archaeological collection.

The “sharpness index” (Figure 7.4) was developed in response
to concerns raised by archaeologists about the accuracy of exterior
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edge angle measurements (cf. Andrefsky 2005) and was our fourth
assessment measure. In order to avoid the possible pitfalls of measuring
the exterior edge angle, this measure calculates the interior edge angle
to determine the sharpness of a point. The interior edge angle is
calculated at various locations on the points. First, intervals of 1 mm
are taken from the tip of the point to 5 mm from the tip. Each
millimeter, the width of the specimen is taken using a pair of digital
calipers. In order to calculate the interior edge angle, the width at any
given distance from the tip is divided in half. The given distance from
the tip and one half of the width make up two sides of a right triangle,
and using the Pythagorean Theorem, one-half of the interior angle
can be calculated using this equation:

tan φ = Opposite side (one half of the width)/ Adjacent side

(distance from the tip).

This angle measure is doubled in order to determine the entire
interior point angle (see Andrefsky 1986 for a similar calculation for
flake curvature). In order to standardize the index from a range of
0 to 1, the interior angle is divided by 180 degrees (the maximum
potential angle of the tip). Points that score high on the sharpness
index will have the most acute interior angles, whereas the points
that score lowest on the sharpness index will have interior angles that
are high, with a maximum value of 180 degrees. The expectation
is that the sharper the point, the more acute the interior angle, and
conversely, the duller the point, the more obtuse the interior angle.
The sharpness index, combined with efficiency, retouch location, and
breakage patterns, provide the basis for evaluating the contact material
of perforating el-Khiam points.

Results

For drilling the different materials, the most obvious qualitative assess-
ment was the efficiency of the points. The el-Khiam points were able
to bore holes in the willow, alder, and limestone with relative ease,
whereas the malachite proved to be a more formidable material, but it
was still possible to bore a hole. Although the flint was able to penetrate
these materials, the perforations were much wider and shallower than
those perforations observed on the ground stone beads at Dhra’. The
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figure 7.5. Schematic illustration showing results of experi-
mental and excavated mean perforation values.

perforations on the archaeological specimens are too deep and narrow
for the flint points to have been used to drill them. The most telling
evidence is the ratio of perforation depth to perforation width. To
explore this further, we compared these results to the width and depth
of perforations in beads from Dhra’. In the archaeological sample from
Dhra’, barrel-elliptical beads had a depth-to-width ratio of 9.32:3.79
(mm), whereas the experimental perforations in hard material had a
reversed depth-to-width ratio of 6.80:8.28 (mm) (Figure 7.5).

Our experiments showed that the points were effective tools for
puncturing holes in leather pieces of varying thickness and stiffness.
Additionally, the points were effective in scraping activities due to the
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Table 7.1. Retouch and breakage patterns on Dhra’ and experimental
assemblages.

Use-related retouch Breakage pattern

Present Absent Transverse Horizontal

Hard material 11 1 4 0
Soft material 1 8 0 11
Dhra’ sample 3 39 5 50

relatively steep edge angle that the manufacturing retouch created.
As long as the points kept a sharp tip, it was an effective tool for
puncturing leather. Importantly, the scraping edge continued to be
efficient throughout the use-life of the tool. Unfortunately, compar-
isons between experimental perforations and archaeological perfora-
tions in leather are unachievable due to limited preservation of organic
materials at Dhra’.

The damage patterns on el-Khiam points used to perforate hard
materials are different from those found in the archaeological col-
lection from Dhra’ (Table 7.1). Experimental work shows that the
Dhra’ sample tends to conform more closely with retouch patterns
produced from working soft materials as opposed to hard materials.
The points at Dhra’ rarely have use-related flake removals, whereas the
experimental hard-material perforators have a high rate of use-related
flake removals (Fisher’s exact p < .0001). The points that were used to
puncture leather exhibited very low rates of use-related flake removal,
which is not surprising due to the physical properties of the soft mate-
rial. Whereas the points used to drill hard material were very different
from the archaeological assemblage at Dhra’, the use-related retouch
on the experimental leatherworking points and the Dhra’ points was
similar (Fisher’s exact p = 1). These data suggest that the use-related
damage that occurred on the archaeological points was not severe
enough to produce use-related retouch. In sum, the data suggest that
PPNA peoples were using the points on a material that would not
produce severe use-wear.

Our study of experimentally produced breakage patterns indicates
that the experimental points used to perforate stone and wood were
different from the points found at Dhra’ (Table 7.1). All four of the
points that broke during drilling hard contact material had transverse
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fractures. This is significantly different from the Dhra’ assemblage,
where the breakage patterns of a random sample of 55 broken points
were predominantly horizontal (Fisher’s exact p = .0003). Again, this
evidence undermines the hypothesis that the archaeological points
from Dhra’ were used to perforate stone or wood. On the other hand,
the breakage patterns of tools used to perforate soft materials were not
significantly different from the breakage patterns in the sample from
Dhra’ (Fisher’s exact p = .5802). Although the breakage patterns do
not support the use of el-Khiam points to perforate hard materials, the
data do suggest that the points could have been used for perforating
soft material, such as leather. In addition to variation based on contact
material, the specific action that caused the fractures played a role
in the breakage patterning within the experimental assemblage. The
points that were used to drill stone and wood broke transversely more
often, which may be a result of their use in hand drills and bow drills.
The rotational torque placed on the points caused this type of fracture.
The horizontal breaks in the leather-puncturing experimental assem-
blage were not a result of rotation, but rather of a failure in the point
while being pressed straight into the material with little lateral rotation.

Finally, the sharpness of the used tip is important for determining
contact material. The wood and stone drilling points all had signifi-
cantly lower sharpness index values at each 1-mm interval from the
tip than the archaeological specimens (Figure 7.6a). Additionally, there
is little statistical difference between the sharpness of archaeological
points and the points used to perforate leather at 1 and 5 mm from
the tip. As a whole, the leatherworking points are distributed along
with the points from Dhra’ at the high end of the sharpness index,
whereas the stone drilling points are distinctly duller (Figure 7.6b).
The measure of sharpness using the interior angle did show that the
archaeological samples were much sharper when they were discarded
than the points used to drill stone, and were as sharp as the points
used as leatherworking implements. This is important, as people were
probably not inclined to resharpen their points immediately prior to
discarding them. The damage sustained by drilling the two types of
stone and two types of wood was visibly, and quantifiably, more severe
than the use damage seen on the archaeological specimens. Likewise,
the damage on the leatherworking points was visibly, and quantifiably,
similar to the retouch patterns on the archaeological assemblage.
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These data reveal that the el-Khiam points were not used to drill the
ground stone beads or any other hard material at Dhra’, and it is likely
that these tools were not used to drill hard materials at other PPNA
sites. The large number of points found at Dhra’ (Kuijt 2001; Kuijt
and Finlayson 2001) indicate that points were being used in multiple
ways in addition to their possible utility as projectiles. The experi-
mentally replicated assemblage of leatherworking el-Khiam points has
produced data that are very similar to the archaeological collection in
terms of retouch location (only manufacture retouch), breakage pat-
tern (more horizontal breaks), and sharpness index (did not dull). The
el-Khiam design is good for puncturing, with its sharp tip, as well as
for scraping, due to the steep edge angle of the retouch. Additionally,
the microwear analysis that suggested that the el-Khiam points were
used as perforators noted the direction of striations (perpendicular to
the edge and concentric around the tip) (Smith 2005), which could
also be produced by rotating the point while perforating soft materials
such as leather.

This study used controlled experiments to assess the effectiveness
of el-Khiam points as perforating tools. The macroscopic wear, the
efficiency of the tool in drilling, and the breakage patterns indicate
that el-Khiam points were not used on hard materials such as stone and
wood. The possible use of el-Khiam points as perforating implements
on soft material such as leather, however, is supported by the experi-
mental data generated in this study. All of this work on defining the
function and contact material of tools is very important if archaeolo-
gists are to move past morphological classification systems and toward
reconstructions of past behavior. The results of these experiments were
useful in placing el-Khiam points within their functional context. The
character and pattern of wear on the points conform to our expecta-
tions of tool use. Thus, it is now possible to derive and apply a measure
of tool retouch that is consistent with the context of el-Khiam form
and function.

MEASURING RETOUCH

Before settling on one curation index, we evaluated numerous existing
measures, such as Kuhn’s (1990) measure of retouch of unifacial stone
tools and Clarkson’s (2002) index of invasiveness for unifacial tools.
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Sharpness Index Results - Stone Drills vs. Dhra' Points
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Sharpness Index Results - Leather Perforators vs. Dhra' Points
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figure 7.6. Sharpness index results comparing Dhra’ points to experimental points
for drilling stone (A) and for drilling leather (B).

These indices, however, were often inaccurate due to the form, func-
tion, and context of the points at Dhra’ necessitating the development
of a new index to record curation of el-Khiam points. Conceptu-
ally, the el-Khiam curation index (EKCI) estimates the original size of
newly manufactured el-Khiam points based on an attribute that is pre-
served on manufactured points. Estimating original flake size is not a
new concept in lithic analyses (Dibble 1998; Dibble and Pelcin 1995;
Dibble and Whittaker 1981; Pelcin 1996, 1998; Shott et al. 2000).
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Although there has been considerable debate about the accuracy of
estimating original flake size (Davis and Shea 1998), most of the esti-
mates of original flake size are based on platform characteristics, which
can be difficult to measure and consistently replicate (Andrefsky 2005).
The EKCI, however, utilizes blade thickness, which is preserved on
the el-Khiam points even when they are heavily retouched.

The El-Khiam Curation Index

In order to estimate original blade size for the el-Khiam points, a
nonrandom sample of fifty-eight pieces of unmodified debitage from
the site of Dhra’, Jordan, was analyzed to test predictability of blade
length based on blade thickness. We selected blades, pieces of debitage
that are twice as long as they are wide, from various contexts at the
site to provide a representative sample of blades in the Dhra’ lithic
assemblage. These blades were chosen based on specific morphologi-
cal characteristics (straight dorsal ridges, minimal blade curvature, and
margins and distal ends with feathered terminations) that PPNA peo-
ples likely used to select el-Khiam point preforms. First, the thickness
of the blade was taken below the bulb of force, as this is often removed
during el-Khiam point manufacturing. Second, the maximum length
perpendicular to the striking platform was recorded for each blade.
These attributes were then plotted against each other (Figure 7.7)
and the best-fit linear regression line was calculated. The regression
equation is

Estimated Length = 11.8 × (Thickness) + 7.4.

This relationship between length and thickness is strong, and as a
result, we can be confident that our estimates of original blade length
are fairly accurate (F = 84.569, d.f. = 1, p < .0005, r2 = .602).
Although the relationship between the estimated original blade length
and the actual length of points is a statistically viable way of measuring
retouch (F = 5.552, d.f. = 2, p = .011), the practicality of this
measure is questionable. Due to the fact that el-Khiam points were
hafted, as seen with their notching elements, estimates of the potential
usable portion of the points must not include the length of the blade
that is covered by the haft element. As a result, the original blade
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Estimated Length = (11.8 * Thickness) + 7.4
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figure 7.7. Regression analysis showing estimation of blade length based upon
thickness values.

length estimation requires some tweaking to provide an estimate of the
usable bit length. The el-Khiam curation index (EKCI) is calculated
by quantifying the amount of bit that is lost through use and retouch
(Figure 7.8). In this index, by subtracting the hafted portion of the
blade (from the top corner of the notch to the base) from the estimated
original blade length, a measure of bit length is devised:

Estimated Bit Length = Estimated Blade Length − Haft Element.

To calculate the amount of used bit length on a point, the max-
imum length of the point from the tip to the base is recorded (Fig-
ure 7.8a). As with the estimated bit length measurement, the haft ele-
ment length (from the top corner of the notch to the base) is subtracted
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from the length of the point. The resulting number is the length of
the bit that has not been removed:

Unused Bit Length = Total Length − Haft Element.

Because curation is the relationship of realized to maximum poten-
tial, the EKCI is the ratio of realized to maximum potential. To calcu-
late this index, the unused bit length is subtracted from the estimated
bit length, which is the length of the bit that has been removed by
retouch (Figure 7.8b). This number is then divided by the maximum
potential bit size, here represented as the estimated bit length:

EKCI = (Estimated Bit Length − Unused Bit Length)/

Estimated Bit Length.

The resulting number is the EKCI value (Figure 7.8c), ranging
from a minimum amount of curation (0) to the maximum potential
of the hafted el-Khiam point being realized (1). Due to possible slight
errors in estimating the original blade length, some points can score
in negative numbers based on this equation. In these rare cases, the
value is rounded up to the lowest possible curation score of 0.

Experimental Verification of the El-Khiam Curation Index

To determine whether or not the EKCI actually quantifies retouch
intensity, a number of experiments were conducted. A sample of el-
Khiam points was initially manufactured and hafted to wooden han-
dles. The EKCI for each point was measured prior to the points
being used. Once these measurements were recorded, each point
was used to perform a variety of leatherworking activities ranging
from puncturing to scraping. Once the working edge of the points
became dull or the tip of the bit snapped during use, the points were
pressure-flaked to rejuvenate the edge as well as to resharpen the tip.
After resharpening, the EKCI measurements were taken again. This
process was repeated once more, giving a total of three EKCI mea-
surements for each point, which accounts for two retouch events. A
total of ten points were used to perform leatherworking experiments
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The El-Khiam Curation Index (EKCI)
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figure 7.8. Schematic illustration showing method of calculating the el-Khiam index
(EKCI).

in this fashion. Some of the experimental points were not resharp-
ened as many times as others due to snapped bits that could not be
rejuvenated.

The experimentally reduced assemblage had significant variation
in the EKCI, with retouch values increasing with each subsequent
stage of reduction (F = 6.657, d.f. = 2, p = .005). The EKCI value
for each point increased each time it was retouched (Figure 7.9).
Although none of the points have EKCI values that approach 1, this is
to be expected from the nature of the measurements. For a score of 1,
all of the bit must be removed, yet maintaining a tip is impossible once
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figure 7.9. Experimental verification of the EKCI.

the available bit length is removed. As these data show, the EKCI is
an effective measure of retouch intensity on el-Khiam points that are
used for functions that produce minimal macroscopic use-wear, such
as leatherworking.

RETOUCH AND THE DHRA’ EL-KHIAM POINTS

A sample of el-Khiam points was taken from the 2004 excavation
season at Dhra’. In all, forty-two complete el-Khiam points were
included in the sample. The EKCI was calculated for each of these
specimens (Table 7.2). Based upon the EKCI values, the archaeolog-
ical points at Dhra’ were discarded at various stages of their use-life,
with unfinished points scoring low on the EKCI. Other points being
discarded with nearly half of the usable bit length removed did appear
intensively retouched (Figure 7.10). None of the discarded el-Khiam
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Table 7.2. Raw data from experimental assemblage

Estimated Haft Bit Estimated EKCI
Lab ID Length Thickness blade length length length bit length value

4876 36.97 1.93 30.17 13.86 23.11 16.31 0.000
4303 33.41 1.67 27.11 9.75 23.66 17.36 0.000
4458 40.40 2.28 34.30 15.01 25.39 19.29 0.000
4467 48.09 2.76 39.97 9.16 38.93 30.81 0.000
4737 37.18 2.48 36.66 8.97 28.21 27.69 0.000
4736 31.16 2.02 31.24 8.13 23.03 23.11 0.003
4829 43.53 3.07 43.63 20.98 22.55 22.65 0.004
5068 31.45 2.11 32.30 10.19 21.26 22.11 0.038
4711 25.38 1.65 26.87 6.51 18.87 20.36 0.073
4446 39.29 2.99 42.68 14.04 25.25 28.64 0.118
4332 31.02 2.29 34.42 7.97 23.05 26.45 0.129
4369 29.81 2.29 34.42 7.25 22.56 27.17 0.170
4296 22.94 1.78 28.40 5.50 17.44 22.90 0.239
4452 32.46 2.73 39.61 11.75 20.71 27.86 0.257
4974 27.93 2.39 35.60 6.57 21.36 29.03 0.264
4554 32.71 2.71 39.38 14.85 17.86 24.53 0.272
5046 29.27 2.57 37.73 7.00 22.27 30.73 0.275
4625 30.69 2.67 38.91 10.16 20.53 28.75 0.286
5167 32.25 2.85 41.03 10.49 21.76 30.54 0.287
4747 28.85 2.53 37.25 8.10 20.75 29.15 0.288
4866 24.01 2.08 31.94 5.68 18.33 26.26 0.302
4386 40.05 3.86 52.95 11.09 28.96 41.86 0.308
4996 23.36 1.98 30.76 6.80 16.56 23.96 0.309
5125 26.29 2.36 35.25 6.90 19.39 28.35 0.316
4787 24.01 2.01 31.12 10.09 13.92 21.03 0.338
5143 18.88 1.64 26.75 4.56 14.32 22.19 0.355
4650 23.13 2.20 33.36 5.89 17.24 27.47 0.372
4456 19.41 1.77 28.29 4.53 14.88 23.76 0.374
4531 23.87 2.30 34.54 6.19 17.68 28.35 0.376
4523 27.15 2.70 39.26 7.18 19.97 32.08 0.377
4565 37.93 4.11 55.90 8.48 29.45 47.42 0.379
4951 32.70 3.44 47.99 8.21 24.49 39.78 0.384
4529 23.60 2.27 34.19 6.74 16.86 27.45 0.386
4325 25.86 2.53 37.25 9.54 16.32 27.71 0.411
4392 17.72 1.61 26.40 5.65 12.07 20.75 0.418
5194 29.05 2.61 38.20 16.49 12.56 21.71 0.421
4401 30.01 3.05 43.39 11.99 18.02 31.40 0.426
4877 18.45 1.82 28.88 5.94 12.51 22.94 0.455
4992 26.02 2.68 39.02 10.91 15.11 28.11 0.463
4433 18.03 1.84 29.11 5.40 12.63 23.71 0.467
5070 26.34 2.74 39.73 11.41 14.93 28.32 0.473
5035 18.68 1.76 28.17 8.21 10.47 19.96 0.475
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points scored over .5 on the EKCI, suggesting that the points were not
retouched as much as they might have been. Because the settlement
of Dhra’ is located within 30 m of a large flint source, the abundance
of raw materials may have allowed the people at Dhra’ to discard their
points with usable bits remaining. The tasks for which the points were
used, as fine tools associated with leatherworking, likely necessitated a
sharp and narrow tip that would have been difficult to maintain when
the bit became short.

It is important to note the differences between the EKCI values for
the archaeological points and the experimentally produced points. The
measurements for the experimental sample averaged .36, .48, and .59
at the first, second, and third retouch stages, respectively, whereas the
Dhra’ assemblage averaged .27 with no values over .47. The variation
of these measurements seems to be attributable to the differences in
skill of the researchers when compared with the skill of the PPNA
el-Khiam point manufacturers in maximizing the amount of usable bit
from a given blade during the primary manufacturing stage. Although
the exact values from the archaeological points cannot be used to
correspond with specific reduction events from the experiments, the
EKCI values do accurately differentiate points throughout their use-
life at Dhra’.

DISCUSSION

Among other things, this study shows that measures of curation may
not be universally applied to all tool forms. Other researchers have
noted this as well (Andrefsky 2006; Clarkson 2002; Eren and Prender-
gast, this volume; Wilson and Andrefsky, this volume). One universal
truth in studies of retouch intensity, however, is the fact that all mea-
surements of curation must conform to how the tool morphology
changes through use and retouch, which is guided by the artifact’s
form, function, and context (MacDonald, this volume).

One consequence of researchers independently developing cura-
tion indices that are context-specific is the problem of comparing
artifacts or assemblages with varying contexts. One simple way of
doing this is to quantify our curation indices in a standardized way. We
have followed work by Kuhn (1990), Clarkson (2002), and Andrefsky
(2006; this volume), among others, that quantifies curation between
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figure 7.10. Examples of Dhra’ points with low and high EKCI values.

the values of 0 and 1. We also realize that not all indices are created
equal, and there may be distributional differences in the indices that
do not fit a normal bell curve from 0 to 1. In these cases it is up to the
author to explain the expected range of variation in the assemblage.
For example, it is impossible for the EKCI to have a value of 1, as
this would mean the entire bit was removed. El-Khiam points with
their entire bit removed are not considered complete points, though
values of 1 are possible with other curation indices (e.g., Andrefsky
2006). If authors are explicit with the expected ranges between 0 and
1 and how they correspond with low and high retouch intensity, we
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can start to compare retouch on artifacts that have little, if anything,
to do with each other in terms of form, function, or context.

Lithic analysts can compare el-Khiam points that served as perfora-
tors at PPNA sites to side scrapers at Mousterian sites to hafted bifaces
that were used as knives at sites in North America. Using a common
language, ranging from low to high retouch intensity, researchers can
then look to other variables to explain possible similarities and differ-
ences in retouch intensity, such as raw material availability, site type,
and transport costs. The important thing to remember, however, is that
each of those artifact types must have retouch intensity measured and
tested with an independent index that is context-specific, rather than
one index being used to measure all of them. Just because measures of
curation must be developed for specific forms, functions, and contexts
does not mean that we cannot compare retouch intensity on artifacts
that vary in any of these attributes. This is a quantitative matter of
scaling different measures from low to high so that such measures are
comparable across different tool forms and different indices.

CONCLUSIONS

Based on the form, function, and archaeological context, we were
able to devise a measure of retouch intensity, the EKCI, that provides
a tool for researchers working in the Near East on PPNA assemblages.
In order to better understand the function of el-Khiam points, con-
trolled experiments were performed to determine relative density of
the contact material, which could affect use and retouch patterns. It
was shown that el-Khiam points were likely used to pierce and scrape
soft materials such as leather. The EKCI was then devised, measured,
and tested. Experimental replication showed that the EKCI was an
accurate measure of retouch intensity, and application of the EKCI to
the lithic assemblage at Dhra’ reaffirmed the EKCI’s utility for ana-
lyzing PPNA archaeological assemblages. This study has introduced a
baseline technique with which future work can be compared using a
standardized retouch intensity measurement. Although this curation
index is effective for el-Khiam points, it may not be applicable to
other hafted point types, which highlights the need for independently
developed measures of retouch that accounts for form, function, and
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context of the artifacts rather than attempting to generate universal
measures of curation.
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EXPLORING THE DART AND ARROW
DILEMMA: RETOUCH INDICES AS
FUNCTIONAL DETERMINANTS

Abstract
Measuring retouch location and intensity on hafted bifaces is shown
to be an effective technique for assessing artifact function. Unlike other
areas of North America, where dart technology is replaced by arrow
technology, Coalition Period occupations on the Pajarito Plateau of
New Mexico contain both hafted biface forms used simultaneously. A
stylistic analysis of dart points shows that hafted biface forms found
in Coalition Period contexts were recycled from Middle and Late
Archaic surface scatters. Furthermore, retouch location and intensity
show that Coalition Period dart points were used for cutting and
sawing activities and not as projectile technology.

INTRODUCTION

In the American Southwest, and throughout North America, dart-
sized hafted bifaces identified as projectile points, normally associated
with sites dating to the Paleoindian and Archaic time periods, are reg-
ularly found on sites dating to the past thousand years (cf. Kohler 2004;
Turnbow 1997). Late period points were likely small and designed to
be attached to the smaller arrow foreshaft. Although researchers have
noted the presence of dart-sized points in settings where the bow
and arrow were likely used, few have addressed the question of the
context of manufacture or use of these larger hafted bifaces. In the
Northern Rio Grande, the presence of Scottsbluff, Jay, Bajada, and
other large dart points dating to the Late Paleoindian and Archaic in
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Coalition and Classic period sites rarely elicits more than a description
as a “curated” item or “heirloom,” or as a knife replicating an older
style. Are older styles of hafted bifaces being replicated by these later
peoples as a component of a dart technology contemporaneous with
the bow and arrow? Or are they being recycled and scavenged from
Archaic sites to fulfill some functional or ritual requirements?

We contend that, rather than signaling the use of dart technol-
ogy during the Ancestral Pueblo period, some large hafted bifaces
recycled from Archaic sites served as cutting or sawing tools, fulfill-
ing a need for Ancestral Pueblo people not filled by expedient flake
tools. This study assesses technological variability on one of these
hafted biface forms from the Pajarito Plateau in an attempt to explain
the occurrence of this ancient dart form at later period Pueblo sites.
Metric measurements of eighty-three large corner-notched projectile
points, both complete and fragmentary, from Late Archaic and Ances-
tral Pueblo sites were compared to identify any differences related to
function.

HAFTED BIFACES ON THE PAJARITO PLATEAU

The Pajarito Plateau in north central New Mexico (Figure 8.1) has a
long and varied history of use, beginning approximately 10,000 years
ago, evidenced by isolated finds of Paleoindian spear tips ( Jolly 1970).
This study focuses on the Late Archaic and Ancestral Pueblo periods.
The Late Archaic period dates to between 800 B.C. and A.D. 600.
During this period, prehistoric people followed a seasonal cycle of
movement based upon the availability of plant resources within a num-
ber of elevation and vegetative zones. Archaic camps were loci of both
hunting and gathering activities (Vierra and Foxx 2002). Dart points
during this time period were produced as a result of very refined bifa-
cial technology. Contracting stem and large corner-notched projectile
points dominate the point assemblages, exhibiting beautiful bilateral
symmetry, thin cross sections, and even flaking patterns. Those types
have been identified across the North American West, and in the
Southwest they are primarily associated with Late Archaic mobile
foragers.

The Ancestral Pueblo period incorporates both the Northern Rio
Grande Coalition and Classic Periods (Wendorf and Reed 1955). The
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figure 8.1. Project location, primarily within Bandelier National Monument (from
Kohler 2004).

Coalition period (A.D. 1150 to 1325) is characterized by increasing
sedentism and larger communities. Initially organized around indi-
vidual households, homesteads made way for larger plaza pueblos as
migrants, likely from the San Juan basin, moved onto the Pajarito
Plateau (Kohler and Root 2004). Population peaked during the Late
Coalition and began to decrease slightly during the early stages of
the Classic period, dating to between A.D. 1325 and 1600. While
population decreased, communities increased dramatically in size.
Where there had once been dozens of small communities across
the Pajarito Plateau during the Coalition, by the Late Classic most
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had been abandoned and the occupants moved into a handful of
extremely large towns along the western bank of the Rio Grande
(Kohler et al. 2004; Preurcel 1990). Hunters during this time period
were utilizing the bow and arrow, and the associated projectile points
were small side-notched forms, similar to those found throughout the
West prior to Euro–American contact. They were created from small
flake blanks, with the final shape often related to the shape of the orig-
inal flake blank rather than a purposeful choice by the maker of the
projectile tip.

In addition to small side-notched points, Coalition and Classic
period sites also include a wide variety of larger points (Figure 8.2),
which, upon first glance, would appear to be dart tips based upon
stem width dimensions (Christenson 1986; Corliss 1972; Shott 1996).
Only a few researchers have tried to identify the reasons behind the
presence of these types of hafted bifaces in later contexts. Point types
that would normally date to a period much earlier than the rest of
the assemblage are normally listed as intrusive or as curated items,
but rarely are these assumptions scientifically tested. Three possible
theories to explain the presence of these points in later contexts have
been identified in previous literature:

(1) The presence of large corner-notched points represents multiple
occupation sites, with pueblos built on top of Archaic lithic scat-
ters.

(2) Ancestral Pueblo people replicated the large corner-notched form for
use as dart points or knives

(3) Ancestral Pueblo people collected old points when encountered to
be reused as dart points or knives, or as items of ritual significance.

Because excavations in the region have found Archaic points in
good stratigraphic contexts within Ancestral Pueblo sites associated
with Coalition and Classic period deposits (e.g., Kohler and Root
2004; Turnbow 1997), the presence of older projectile point forms
does not appear to represent multiple occupations.

Second, perhaps Ancestral Pueblo people, recognizing the effi-
ciency of bifacial hafted tools, replicated the large bifacial corner-
notched form for use as dart points or knives. If large hafted bifaces
were being manufactured by Ancestral Pueblo people, then we would
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figure 8.2. Top row: small side-notched projectile points. Bottom row: large corner-
notched projectile points.
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expect that evidence of this manufacture would be found in the form
of bifacial thinning flakes, bifacial tools, and bifacial cores. However,
little evidence currently exists for a thriving biface technology during
this time. Bifacial thinning flakes are extremely rare within the lithic
database created from the Bandelier Archaeological Survey Project in
the middle of the study area (Harro 1997). Only 1.4% of all debitage
identified was described as originating from bifacial reduction (Head
1999). The amount of reduction taking place likely would not account
for the number of Archaic points recovered in Ancestral Pueblo sites
(Kohler et al. 2004). In addition, only 9% of all formal tools were
identified as bifacial in form. Tyuonyi Annex, a small structure adjacent
to the Classic Period pueblo of Tyuonyi at the bottom of Frijoles
Canyon, excavated in 1988, had a much higher frequency of biface
thinning flakes in its assemblage than any other Ancestral Pueblo
site, at 6.6% of the total assemblage, and may represent a locus of
projectile point manufacture; however, the rest of the assemblage is
dominated by expedient flake tools and amorphous cores (Kohler et al.
2004). In regions such as Black Mesa, Arizona, researchers have found
that, with increasing sedentism, bifacial technology tends to decrease,
whereas expedient core technology increases. However, during both
mobile and sedentary periods, neither bifaces nor expedient flake tools
ever leave the assemblages (Parry and Christenson 1986). Tyuonyi
Annex may represent specialist manufacture of projectile points, but
the amount of reduction taking place at that site could not account
for the number of Archaic style points recovered in Ancestral Pueblo
sites (Kohler et al. 2004). Given these data, it is extremely unlikely
that the large corner-notched projectile points were being created by
Ancestral Pueblo people.

We contend that large corner-notched projectile points were
picked up from old sites or as isolated artifacts and reused during later
times. This type of reuse is not unknown in the ethnographic and
archaeological records in the American Southwest. Recycled projec-
tile points could have had some form of ideological meaning to Ances-
tral Pueblo people. Early and Middle Archaic points have been found
as parts of ritualistic items such as shamans’ wands (Thomas 1976)
and pendants (Haury 1975) during these later time periods. Points
were also collected by Pueblo people for use in medicine bundles.
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Midwives would use older points as items of power, grinding them to
help with labor (Hill 1938).

Evidence for use as a cutting or sawing tools, or as projectile
points, can also be found in archaeological records. Use wear stud-
ies have shown that projectile points may have multiple uses as both
hunting weapon tips and knives (Ahler 1971; Andrefsky, this volume;
Truncer 1990). Excavation of a contact-period Jicarilla Apache camp-
site in Northeastern New Mexico unearthed a Large Corner-Notched
hafted biface that had been reused (Gunnerson 1969). Although the
majority of both surfaces was covered by a thick patina, retouch scars
along both blade margins had patina removed along the edges, showing
that these points were deposited on the ground surface long enough
to gain a patina, and were reworked following collection by mobile
Apaches (Gunnerson 1969). The late 19th-century Navajo believed
that projectile points are physical representations of lightening, and
would collect points from old sites for reuse (Hill and Lange 1982). In
one source, physically creating an arrow point for use in hunting was
taboo, and those that were actually made by Navajo were only used
during rituals. Navajo men would collect projectile points any time
they were found and then rehaft them onto new shafts (Hill 1938;
Gunnerson 1959).

ANALYSIS

If the large corner-notched projectile points were being collected by
Coalition and Classic period people and used as cutting tools, rather
than ritual items, there should be some evidence of that use on the
tools themselves. Large hafted bifaces were likely multipurpose tools,
used as both projectile points and as knives (cf. Ahler 1971; Andrefsky
1997; Kay 1996; Truncer 1990) by Late Archaic people. Such tools are
deposited into the archaeological record as a result of being lost when
used as projectiles. Large points used as cutting tools may have been
purposely discarded by Late Archaic people when they were worn.
Ancestral Pueblo people would have needed only enough blade for
a cutting tool, and could have then picked them up and recycled
them for additional use. If the tools continued to be used for cutting
or sawing actions, we would expect there to be a greater amount
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Table 8.1. Retouched versus unretouched, large corner-notched and
small side-notched (χ 2 = 13.2907, d.f. = 1, p = .0003)∗

Retouched Unretouched Row total
Large corner-notched 26 (15) 47 (58) 73
Small side-notched 36 (47) 192 (181) 228
Column total 62 239 301

∗Expected values in parentheses.

of retouch and wear on the reused points, representative of a longer
use life.

The large corner-notched projectile points used in this analysis
derive from surface contexts on the Pajarito Plateau in North-central
New Mexico. Most were collected during the Bandelier Archaeologi-
cal Survey Project, a large-scale five-year survey conducted from 1987
to 1992 at Bandelier National Monument (Powers and Van Zandt
1999). In addition, a smaller collection of points from surveys con-
ducted at Los Alamos National Laboratory, north of Bandelier, was
also included. Because of small sample size during the Classic Period,
points from the Classic and Coalition periods were merged and ana-
lyzed as a single sample.

FUNCTION OF LARGE CORNER-NOTCHED POINTS

If hafted bifaces were being used as both projectile tips and cutting
tools, we would expect to see evidence of resharpening of the blade
edges in order for the tool to function efficiently in both realms.
If, on the other hand, the tool only functioned as a projectile tip,
there should be less retouch to resharpen the edges. In other words, if
large corner-notched points were recycled as sawing and cutting tools
during the Ancestral Pueblo period and not as dart points, whereas
Small Side-Notched were used primarily as arrow points, we would
expect to see a significant difference in how the large corner-notched
points and small side-notched arrow points were maintained during
this period. When the frequencies of retouched and unretouched
points by point style are reviewed, this expectation appears to be met.
Table 8.1 compares the frequency of retouch on small side-notched
and large corner-notched hafted bifaces. Clearly the smaller arrow
points were less often retouched than the large corner-notched points
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(X2 = 13.2907, d.f. = 1, p = .0003). This suggests that large corner-
notched points functioned in such a way that retouch was required
during their use-life. On the other hand, retouch was not as frequently
found on the edges of small side-notched points. We suggest that the
small arrow point was used as the primary projectile weapon (but
occasionally as a cutting tool) and the large corner-notched point was
used primarily as a cutting and/or sawing tool.

However, if these points were picked up from Archaic sites by
Ancestral Pueblo peoples, retouch seen on the large corner-notched
points could originate from multifunctional use and subsequent
retouch during the Archaic period just as easily as it could from
the Ancestral Pueblo period. If there is a functional difference in large
corner-notched points between the two periods, patterns in met-
ric attributes of large corner-notched points from the Archaic and
Ancestral Pueblo periods should differ significantly. If large corner-
notched points from Ancestral Pueblo contexts were used solely as
cutting tools and not as projectile points, because Ancestral Pueblo
groups had adopted bow and arrow technology, we would expect to
see differences in blade shape because of resharpening. During the
Archaic, projectile points were multipurpose tools, but any retouch
had to allow for continued use as a projectile point. The Ancestral
Pueblo likely had no such constraints, and retouch would reflect only
their use as cutting implements.

If, on the other hand, points were being collected for ritual pur-
poses, there should be no difference in the morphology of large
corner-notched points. If a point is included in a medicine bag or
placed within a shrine, there should be no reason to retouch the
edges, as it is not being used for cutting, slicing, or piercing. There
should therefore be no difference in metric attributes related to ritual
use.

A comparison of morphological characteristics of the two data
sets (one from the Archaic and the other Ancestral Pueblo) relies
on the assumption that prior to retouch, both data sets would be
morphologically identical. If large corner-notched points were being
retouched as a response to use in a cutting or sawing motion, then
haft element attributes should not be affected. In order to achieve a
sturdy haft, the hafting material would cover both the stem and lower
portions of the shoulders, and would therefore not be retouched while
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figure 8.3. Types of retouch on large corner-notched projectile points.

still hafted. T-tests were run evaluating the differences in haft length
(p = .1620), neck width (p = .2106), shoulder width (p = .3926), and
basal width (p = .7452) of large corner-notched points from Archaic
and Ancestral Pueblo settings, and found that there is no significant
difference between the two data sets. Therefore, it is likely they come
from the same population, and perhaps were manufactured during the
Archaic period.

When hafted bifaces are used to cut or saw, the blade element often
becomes narrower due to resharpening of the dulled edges, and the
blade length often becomes shorter due to resharpening of tips that
have been broken (Andrefsky 2006). Figure 8.3 shows examples of
large corner-notched projectile points with evidence of resharpening.
If our assumptions about large corner-notched points from Ancestral
Pueblo sites are correct, both the blade lengths and the blade midpoint
widths should be significantly shorter in Pueblo period sides than in
Archaic ones. When the blade midpoint width and blade length values
were compared, it was found that there was a significant difference
between the two sets of data.

Differences in the blade midpoint width values, defined as the
blade widths measured halfway between tip and tang, represent vary-
ing amounts of retouch placed on large corner-notched points. If they
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figure 8.4. Distribution of blade midpoint width by period for large corner-notched
points (t-test F = 6.178, d.f. = 28, p = .0194).

were being used more intensely as cutting utensils during the Ances-
tral Pueblo period, we would expect these tools to be retouched
more often to resharpen their edges. This would result in narrower
blade midpoint width values during the Ancestral Pueblo period than
during the Archaic. When the blade midpoint width values were com-
pared between the two periods, large corner-notched points collected
from Ancestral Pueblo sites were significantly narrower at the blade
midpoint than those collected from Archaic settings (Figure 8.4; F =
6.178, d.f. = 28, p = .0194). Retouch was not taking place low on the
blade, as evidenced by comparable shoulder widths between periods,
but was narrowing the blade where the most pressure would be placed
in cutting motions.

If large corner-notched hafted bifaces are being used as knives
rather than as projectile tips, the length of the blade should decrease
in size as well. The blade length may decrease due to resharpening
on one or both blade edges, along with the blade midpoint width. In
addition, broken blades that would normally be discarded as unusable
projectile tips during the Archaic might be resharpened into useable
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figure 8.5. Distribution of blade length by period for large corner-notched points
(n = F = 6.780, d.f. = 27, p = .0150).

cutting tools during the Ancestral Pueblo period. Blade length values
between the two periods varied significantly, with blade lengths much
shorter during the Ancestral Pueblo periods than those dating to the
Archaic (Figure 8.5; F = 6.780, d.f. = 27, p = .0150). Archaic people
discarded large corner-notched points once the blade was broken past
a certain point. Ancestral Pueblo people may have found utility in
these broken blades, resharpening them well below what was useful
for Archaic people.

If large corner-notched projectile points were being used as knives,
why would Ancestral Pueblo people have felt the need to collect them
from old sites, when tool production was overwhelmingly expedient
in nature? During the Ancestral Pueblo period, stone tool production
and creation of arrow points were taking place within habitation sites
(Pueblos), whereas nonhabitation sites such as field houses had lesser
amounts of tool production (Head 1999). If large corner-notched
points fulfilled the need for efficient stone tools in locations where tool
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production was not taking place, then there should be a difference in
the distribution of large corner-notched points and small side-notched
points by site type. Although large corner-notched hafted bifaces were
found throughout the Ancestral Pueblo Coalition and Classic periods,
they were more frequently found at nonhabitation sites such as field
houses, artifact scatters, and water control features than at longer-term
habitation sites (Figure 8.6). The distribution of large corner-notched
points from Coalition and Classic periods stands in contrast to that
of small side-notched arrow points, which tend to be found more
frequently in the habitation sites and ritual spaces such as kivas and
shrines. A chi-squared test of the distribution of large corner-notched
and small side-notched points comparing habitation and nonhabita-
tion sites during the Ancestral Pueblo period found that the differences
seen are statistically significant and are not a result of random sampling
(Table 8.2; χ 2 = 32.017, d.f. =1, p < .0001). Based upon this distri-
bution, it is likely that large corner-notched and small side-notched
hafted bifaces were being used in different manners associated with
the different site activities or functions. Bifacial reduction was rarely
taking place during the Ancestral Pueblo period, and only a few indi-
viduals may have had the skill or knowledge to create large bifacial
tools. Large corner-notched points may have fulfilled the requirement
of maintainable and reliable cutting tools at nonhabitation sites, where
raw materials for expedient tool production would have been limited.
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Table 8.2. Projectile point type by site type (χ 2 = 32.017, d.f. = 1, p < .0001)

Habitation Special activity Ritual Row total

Large corner-notched 27 42 0 69
Small side-notched 158 63 5 226
Column total 185 105 5 295

DISCUSSION AND CONCLUSIONS

Expedient core technology appears to have been the cornerstone of
the Ancestral Pueblo lithic technological organization (Arakawa 2000;
Head 1999). Bifacial reduction was rarely taking place during the
Coalition and Classic, and only a few individuals may have had the skill
or knowledge to create large bifacial tools. The presence of large
corner-notched projectile point tips does not fit with this picture
of a lithic tool kit made up of expedient flake tools and small side-
notched projectile points created from small flake blanks (Head 1999).
As projectile points became smaller through time, they would have
become less efficient as cutting tools (Christenson 1986, 1987; Fischer
1989).

Our analysis clearly shows that large corner-notched hafted bifaces
were much more heavily retouched during the Coalition and Classic
periods than during the Archaic periods. This was apparent from
retouch expressed as a function of blade width and blade length.
Such retouch has been linked to tool use as cutting or sawing utensils
(Andrefsky 2006). We have also shown that these large hafted bifaces
were more heavily retouched than the contemporaneously used small
side-notched hafted bifaces, suggesting different functions for the tool
forms during the Coalition and Classic periods. These trends suggest
that Ancestral Pueblo people did not make large hafted bifaces to fulfill
processing needs related to cutting and sawing. Instead, they used
flake tools as knives for cutting and processing, and when available,
they recycled and scavenged large hafted bifaces from Archaic sites to
complete their cutting and processing requirements.

Others have shown that Ancestral Pueblo peoples were expedient
tool makers and that even hafted biface forms such as small arrow
points were made quickly. Our review of debitage suggests that large
hafted bifaces were not produced on Ancestral Pueblo sites, and instead



EXPLORING THE DART AND ARROW DILEMMA 189

were probably recycled in completed form from Archaic contexts.
Finally, because our study shows that these recycled dart points were
used by Ancestral Pueblo people as cutting and sawing tools, we
believe that dart and arrow projectile technology were not simultane-
ously in use during the Ancestral Pueblo times, as others have hypo-
thesized.
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PROJECTILE POINT PROVISIONING
STRATEGIES AND HUMAN LAND USE

Abstract
The classification of projectile points in North America often empha-
sizes the shape and size of the haft element and not of the blade
element. Emphasis on the haft element in classification is an advis-
able strategy because the blade element morphology and size tend
to change during the use life of the specimen. This is exactly why
the characteristics of projectile point blade elements such as retouch
amount, size, and shape are useful for inferring characteristics of tech-
nological organization. Variability in retouch amount and location on
projectile point blade elements is shown to be directly associated with
prehistoric hunter–gatherer land use patterns.

INTRODUCTION

Hafted biface provisioning strategies (production, consumption, dis-
card) have been shown to be directly related to artifact function and
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assess geochemical characterization of the hafted bifaces used in this study. I thank
Lisa Centola and Eren Wallace for sampling the obsidian specimens. The staff of the
University of Oregon, Museum of Natural History was generous with their time and
help in characterizing and sharing information from the Paulina Lake site – thanks
especially to Tom Connolly and Dennis Jenkins.
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processing requirements for various tasks (Ahler 1971; Churchill 1993;
Ellis 1997; Frison 1991; Hester and Green 1972; Odell and Cowan
1986; Tomka 2001; Truncer 1988). However, others have shown that
hafted biface provisioning strategies are also directly related to human
land-use practices and raw material availability (Andrefsky 1994, 2005;
Daniel 2001; Flenniken and Wilke 1989; Greaves 1997; Hoffman 1985;
Kelly 1988; Sassaman 1994; Tankersley 1994). This is particularly true
of hunting and gathering populations, which often leave residential
base camps for extended periods of time to acquire resources outside
of a one- or two-day spatial range. Such tool makers and users must
be equipped with an adequate supply of hafted bifaces while on the
move or they must have the ability to resupply their tool kits while
away. The known locations of lithic raw material sources within the
hunter–gatherer circulation range will influence how the travelers pro-
vision their tool kits and ultimately consume and discard their tools.
In this paper I explore the role of land-use practices on hafted biface
provisioning strategies based upon the characteristics of hafted bifaces
recovered from a hunter–gatherer residential site.

One of the challenges of linking human land-use practices to lithic
technology is the difficulty of gathering independent data on the cir-
culation range(s) of the aboriginal populations responsible for produc-
tion of archaeological assemblages. If we knew where and particularly
how far tool makers and users have circulated across the landscape we
might be able to more confidently assess these circulation patterns in
hafted biface provisioning tactics. Fortunately, XRF analysis of obsid-
ian in hafted biface form provides accurate information on tool stone
source locations. These source locations can be used as proxy data for
circulation ranges and allow comparison of hafted biface retouch and
provisioning trends based upon human land-use practices.

SITE CONTEXT AND OBSIDIAN SOURCES

This study examines hafted bifaces from a residential base camp in
southeastern Oregon. The site contains obsidian from eleven known
obsidian source locations and several unknown source locations as well.
This site (Birch Creek, 35ML181) has a house pit village occupation
and a pre–house pit occupation along the Owyhee River (Figure 9.1).
The pre–house pit occupation is dated to between 5315 and 4865 B.P.
(Beta 142362), and the house pit occupation ranges in age between
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figure 9.1. Birch Creek site location.

4030 and 2335 B.P. (Beta 130362, 130363, 165497). The house pit and
the pre–house pit occupation had the same kinds of adaptive strate-
gies, based upon stone tool composition, recovered faunal remains,
and raw material acquisition (Andrefsky et al. 2003; Centola 2004;
Wallace 2004). For approximately 3,000 years the site location was
used (perhaps intermittently) as a winter season residence camp. Dur-
ing that course of time, not only were the same lithic raw material
sources used, but those sources were used in exactly the same rela-
tive amounts (Wallace 2004). Additionally, site occupants during this
course of time made the same relative amounts of chipped stone and
ground stone tool types (Centola 2004; Cowan 2006). These patterns
of stone tool use and lithic raw material selection suggest there was a
great amount of continuity in hunter–gatherer adaptive strategies over
a long period of time.

Over 200 hafted biface specimens were recovered from the two
occupations at the Birch Creek site (Andrefsky et al. 2003). In an effort
to understand hafted biface provisioning strategies, only the obsidian
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figure 9.2. Birch Creek site hafted biface frequency and distances to obsidian source
locations.

hafted bifaces that had been successfully linked to a known source
location were analyzed in this study (n = 52). Chert and obsidian
hafted bifaces without a known source location were not included in
the study because they could not provide reliable information about
circulation range. Figure 9.2 shows the frequency of hafted bifaces used
in the study, along with the obsidian sources and the distance from
each obsidian source to the residence camp. These data reveal some
interesting patterns associated with regional circulation of aboriginal
stone tool makers and users occupying the Birch Creek site. Notice
that the closest obsidian source is 32 km away and the most distant
source is 130 km away. Also notice that there is a fairly wide gap in
obsidian source distances between the Gregory Creek and Owyhee
sources. The Gregory Creek source is 48 km from the Birch Creek
site and the Owyhee source is 76 km distant. In general, the obsidian
sources less than 40 km from the Birch Creek site were used to make
most of the hafted bifaces found at the site. The farther the obsidian
source was from the residential site, the less often it was used to make
hafted bifaces. Interestingly, 30–40 km is ethnographically within the
normal daily one-way circulation range of Paiutes in the Great Basin
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Table 9.1. Impact damage on hafted
bifaces by obsidian source (χ 2 = 8.945;
d.f. = 1; p < .0005)

Impact damage

Obsidian source Yes No

Near 33 9
Distant 3 7

area (Fowler 1982; Kelly 1964). Distances greater than about 40 km
are often included in the hunter–gatherer foraging ranges but are often
greater than two days’ travel time to go out and return to camp.

If we partition the obsidian sources into near and distant sources
based upon the two-day travel range of Great Basin hunter – gatherers,
we have a near group of obsidian sources between 32 and 48 km (Skull
Creek, Venador, Coyote Wells, Sour Dough Mt., Barren Valley, Indian
Creek Butte, Gregory Creek) and a distant group of obsidian sources
between 76 and 130 km away from the site (Owyhee, Timber Butte,
Bretz Mine, Eldorado).

HAFTED BIFACES AND IMPACT DAMAGE

Impact damage on hafted bifaces is potentially a very important
information-laden characteristic. Not only does it suggest the function
of the hafted biface as a projectile, but also it reveals information about
the context in which the hafted biface was used. When archaeologists
recover hafted bifaces with impact damage, it suggests that tool makers
and users were in a situation that allowed them to discard the damaged
tool – presumably to be replaced by another projectile tip. Under what
contexts are impact-damaged hafted bifaces discarded and replaced?
And what are the circumstances that lead some tool makers and users
to resharpen hafted bifaces that have impact damage?

Table 9.1 shows an interesting and highly significant relationship
between these two obsidian source distances and impact damage on
hafted bifaces. Hafted bifaces from distant sources tend to have no
impact damage and hafted bifaces from near sources tend to be associ-
ated with impact damage (χ 2 = 8.945; d.f. = 1; p < .0005). I suggest
that this pattern is not necessarily related to artifact function. In other
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words, distant obsidian and near obsidian made into hafted bifaces do
not have different functional properties. I suggest that they are both
used as projectile tips and as cutting tools. I also suggest that distant
obsidian in hafted biface form shows significantly less impact damage
because those specimens were made and used at locations greater than
1–2 days’ distance from the residence, and when those specimens were
damaged by impact fracture they were replaced and/or resharpened in
the field. This stands in contrast to closer proximity obsidian in hafted
biface form, which was not replaced or resharpened in the field, but
instead was brought back to the residence and replaced as needed
from obsidian gathered within a day’s journey or cached directly at
the residence site.

Aboriginal tool makers and users elected to retool at the residence
site if they were within a day or two of the residence site when their
hafted bifaces were damaged. However, if they were more than a day or
two from the residence site, they elected to discard or resharpen their
hafted bifaces while in the field. Of course, the discarded specimens
would not be found at the residence location because they would have
been discarded while away from the residence. However, the hafted
bifaces with impact damage that could not be replaced in the field
would potentially show signs of being resharpened or reworked.

If this hafted biface provisioning scenario is correct, we would
expect to see hafted bifaces made from distant sources have more
retouch evidence than those from near sources. To assess this expecta-
tion, I tabulated hafted biface data based upon the presence or absence
of retouch on the blade element. Not all hafted bifaces in the study
contained blade elements, because some were only base elements
when discarded. Retouch was identified as present if the blade ele-
ment showed twisted beveling, noticeably irregularly shaped lateral
margins, or significantly shortened blade length from the mean blade
length for that style (Andrefsky 2006; Ballenger 1998; Hoffman 1985;
Nowell et al. 2003).

Figure 9.3 shows examples of hafted bifaces with configurations
of retouch and also shows examples of impact-damaged specimens.
Some specimens were snapped as a result of impact damage. The top
specimens are examples of hafted bifaces that have resharpened blades
with irregular margin profiles and with twisted beveling. The lower
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figure 9.3. Examples of hafted bifaces with resharpening evidence and impact
damage.

right specimen is an example of a hafted biface with impact damages
that was resharpened to produce a usable tip after the impact damage.

Table 9.2 shows the frequency of retouch presence and absence for
all hafted bifaces with blade elements and for hafted bifaces that show
no impact damage. In both cases retouch is significantly associated
with distance from obsidian source location (χ 2 = 10.602; d.f. = 1;
p = .001 and χ 2 = 9.679; d.f. = 1; p = .005, respectively). Also note
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Table 9.2. Retouch on hafted bifaces by obsidian source

Retouch

Obsidian source Yes No

All hafted bifaces (χ 2 = 10.602; d.f. = 1; p = .001)

Near 11 30
Distant 7 1

Hafted bifaces with no impact damage (χ 2 = 9.679; d.f. = 1; p = .005)

Near 2 7
Distant 7 0

that 100% of the distant hafted bifaces that showed no impact damage
had evidence of resharpening. Only one of the distant hafted bifaces
that had impact damage was not resharpened or discarded in the field.
I suggest this specimen was kept because the impact damage caused
its base to fracture, but there was enough of the specimen remaining
that it could have been recycled in a pinch (Figure 9.4). Obviously it
was discarded once the travelers reached the residence camp, the Birch
Creek site. The other specimen is an example of a hafted biface base
after impact damage. Specimens of this type were not included in the
assessment of retouch because no blade remains for use as a cutting
tool.

Certainly some hafted bifaces made of near obsidian sources are
resharpened and brought back to residence camp. I think this relates
to hafted bifaces as multifunctional tools. Not only are they used as
projectile tips (as is evident with the impact damage), but they are also
used as cutting tools (even the smaller ones). Given that these tools are
multifunctional in character, it is not unreasonable to see resharpening
on lateral margins. However, the extent to which hafted bifaces are
resharpened, particularly those that break from impact damage, has
much to do with how far the travelers are from their residence camp
and their tool provisioning needs while away.

Another implication of this hafted biface provisioning strategy is
that we would expect that hafted bifaces made at the residence camp
would be manufactured from nearby sources of obsidian that was
gathered as needed or cached at the site. Such production detail should
be apparent from debitage and other retouched pieces. Table 9.3 lists all
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figure 9.4. Birch Creek site obsidian hafted bifaces with impact damage.

nonbifacial obsidian that was sourced at the residence camp. All of the
production debris originates from the nearby source areas. No distant
obsidian in debitage form was sourced from the site assemblage. This
does not mean that there was none – only that of the sixty-one
nonbifacial specimens sourced, all were from obsidian sources within
a day or two of the residence site. This too supports the hafted biface
provisioning scenario outlined above.

RESIDENCE CAMPS AND QUARRY CAMP LOCATIONS

The hafted biface provisioning strategy anticipates different kinds of
hafted bifaces based upon distance and retouch patterns at residence
camps versus quarry locations or camps away from the residence area.
Unlike the hafted biface pattern of retouch and impact damage found

Table 9.3. Production debitage and tools by obsidian source

Obsidian Proximal Flake Cores and
source flakes shatter retouched flakes

Near 36 20 5
Distant 0 0 0
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at the Birch Creek site, I would expect that quarry locations would
contain few complete hafted bifaces, and those that were complete
would have evidence of extensive resharpening because of use. I would
also expect that quarry locations would have a relatively high frequency
of hafted bifaces with impact damage that were discarded at the quarry
during retooling efforts. Such a retooling scenario at quarry locations
has been suggested in the archaeological literature before (Binford
1977; Gramly 1980; Hess 1999; Hester and Shafer 1987).

Unfortunately I do not have data collected from the raw materials
source areas used by the inhabitants of the Birch Creek site. However,
the Paulina Lake site in central Oregon is interpreted as a camp adjacent
to a quarry area where aboriginal tool makers and users came to
primarily replenish their tool kits (Connolly 1999), which is what I
would also expect of quarry areas used by inhabitants of the Birch
Creek site.

Figure 9.5 shows the frequency of hafted bifaces discarded at the
Paulina Lake site from various source locations. This distribution is
surprisingly similar to what was found at the Birch Creek site. In
general, the closer obsidian sources were used to produce most of the
hafted bifaces. Obsidian sources more than approximately 40 km from
the site tended to have considerably fewer hafted bifaces represented
in the collection.

However, the pattern of impact damage on hafted bifaces is con-
siderably different at the two locations. The residence site at Birch
Creek showed a significant relationship between sources and lack of
impact damage. The quarry camp at Paulina Lake shows no such
trend. Table 9.4 shows that almost all hafted bifaces at Paulina Lake
have impact damage regardless of how far they are from the site. Note
the very different impact damage pattern of hafted bifaces from the
Birch Creek Site.

As predicted, residence camps and quarry camp locations have
different hafted biface production, consumption, and discard patterns
based upon foraging patterns and land-use strategies. These combined
data suggest that hafted biface discard and use (including retouch)
have much to do with the known availability of lithic raw materials as
foraging hunters and gatherers make their way on short and long forays
from their residence locations. These data show that hafted bifaces tend
to have their use lives extended through retouch in contexts where
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figure 9.5. Numbers of hafted bifaces and distances to obsidian source locations from
the Paulina Lake site.

foragers are some distance from their residence camps and are not able
to retool at quarry locations. When foragers are closer to residence
locations they tend not to retouch their hafted bifaces while in the
field, but instead bring those damaged hafted bifaces to their residences
for retooling.

Table 9.4. Impact damage on hafted bifaces by
obsidian source

Impact damage

Obsidian source Yes No

Paulina Lake site (χ 2 = 0.264; d.f. = 1; p > .500)

Near 23 6
Distant 27 5

Birch Creek site (χ 2 = 8.945; d.f. = 1; p < .0005)

Near 33 9
Distant 3 7
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SOURCE DISTANCES AND RETOUCH INTENSITY

If the provisioning scenario is correct, we should see one more pat-
tern in the hafted biface data related to retouch. The hafted biface
provisioning strategy described above suggests that at residence loca-
tions we should find hafted bifaces with progressively less retouch
amount as obsidian sources get progressively closer to the residence
location, and that more retouch should be found on specimens that
are progressively farther away from the residence location. So far we
have only examined retouch based upon presence or absence values
as determined by blade irregularities and shortening. These measures
do not assess progressive retouch values.

There are many techniques for measuring retouch amount on flake
tools such as scrapers and knives (Blades 2003; Clarkson 2002; Davis
and Shea 1998; Dibble 1997; Dibble and Pelcin 1995; Eren et al. 2005;
Kuhn 1990; Morrow 1997; Shott et al. 2000). However, there are very
few techniques available for measuring retouch amount on hafted
bifaces (but see Hoffman 1985). The technique used to assess retouch
amounts on hafted bifaces in this study has been explained and tested
elsewhere (Andrefsky 2006), but it is worth briefly describing here
to better understand hafted biface provisioning strategies at the Birch
Creek.

The hafted biface retouch index (HRI) computes the overall
amount of retouch along the lateral edges of the blade elements on
hafted bifaces. In this case retouch is defined as secondary chipping
along the edge that is found over the original or previous flake scars.
In most cases secondary retouch is applied to the cutting edge in an
effort to straighten the cutting surface or to renew the dulled margins.
The HRI is measured only on the blade and not the haft element of
the specimen. The blade element is partitioned into sixteen segments
(eight on each face of the specimen). Each segment is assessed with
a value based upon the appearance of edge resharpening within the
segment. Segments that are dominated by flake scars originating from
the bifacial edge and extending to the midline or beyond are given a
value of zero. A value of zero is also given to those segments where
the original flake scars do not extend to the midline, but instead meet
flake scars that originate from the opposite margin. Essentially both
cases represent original tool trimming without resharpening and are
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figure 9.6. Example of a hafted biface with a calculated HRI value of 0.5312.

each given a value of zero. Segments where the entire edge contains
resharpening flake scars, or flake scars that do not extend to the mid-
line or to flake scars originating from the opposite lateral margin, are
given a value of one. Segments that contain roughly equal amounts of
retouch flake scars and flake scars that extend to the midline are given
a value of 0.5. Both sides of the biface are assessed in this manner for a
total of sixteen segments. The HRI is then calculated as the sum of all
section scores divided by the total number of sections (sixteen). Figure
9.6 shows an example of a side-notched hafted biface with a HRI of
0.5312. In this case the total value of all segments is summed to 8.5.
This value is divided by the total number of segments (16) to arrive
at 0.5312 for the HRI. Because the blade element for hafted bifaces is
partitioned into sixteen segments and each segment is scored with a
standardized value (0, 0.5, or 1.0), all hafted bifaces can be compared
to one another with the HRI regardless of the sizes of various blade
elements. By dividing the total score of all segments by the number
of segments, the HRI values are theoretically standardized from “0”
(no retouch) to “1” (completely retouched).
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figure 9.7. Calculated HRI values for distant and near obsidian in hafted biface form.

The HRI values for bifaces from near and distant sources were
calculated and plotted on Figure 9.7. As expected, HRI values are
generally lower for hafted bifaces made from relatively closer obsid-
ian sources. This again supports the proposition that hafted bifaces
used on foraging trips farther away from the residence camps will be
drafted into service for longer use lives by resharpening the specimen
(even those that have been damaged by impact). Shorter foraging trips
(within 40 km) result in the damaged biface being brought back to
the residence for discard and replacement by locally available obsidian.
These bifaces tend not to be resharpened.
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figure 9.8. Calculated HRI values for obsidian at different distances from the Birch
Creek site.

Also, given our provisioning scenario, we would expect to see
a progressively greater amount of retouch based upon distance from
sources. Figure 9.8 plots HRI values against distance from the Birch
Creek site. With some dispersion around the linear regression, there
is still a positive and significant association of retouch intensity and
obsidian source locations (F = 29.865; d.f. = 1; p < .0005). Again,
hafted bifaces made from distant sources tend to have greater resharp-
ening values than hafted bifaces made from near sources.

DISCUSSION AND SUMMARY

Hafted biface configuration and use-life modification have been
directly associated with artifact functional requirements. Hafted bifaces
have been found in the archaeological record attached to arrow and
dart shafts (Dixon et al. 2005; Elston 1986). This evidence, along
with impact damage on specimens (Odell and Cowan 1986; Truncer
1990), use wear analysis (Greiser 1977; Kay 1996), and ethnographic
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analogy (Kelly and Fowler 1986; Witthoft 1968), has clearly linked
hafted biface forms to functional properties of the artifact. However,
in this study I have attempted to relate the production, consumption,
and discard of hafted bifaces to issues outside of those specifically
related to artifact function. I have shown that hafted bifaces are pro-
duced and consumed within a context of adaptive strategies, and
it is these human organizational parameters that influence the final
disposition and to a certain extent the final configuration of hafted
bifaces.

Yes, impact damage on hafted bifaces suggests that the specimen
was used as a projectile. Yes, marginal resharpening of hafted bifaces
suggests that the specimen was used as a cutting tool. But why are some
hafted bifaces discarded after being damaged by impact and others
resharpened and reused? What are the conditions and contexts under
which tool makers and users choose to resharpen a damaged hafted
biface instead of replacing it? I have argued that human organizational
strategies are critical for understanding hafted biface provisioning.

In this particular case, I have shown that lithic raw material prox-
imity plays an important role in hafted biface retouch and/or discard.
Foragers circulating in their resource range greater than two days
distance will tend to retool if they opportunistically or intentionally
encounter usable tool stone. This is evident at quarry camps such as
Paulina Lake, where almost all hafted bifaces are damaged and dis-
carded. If they do not encounter usable tool stone while on distant
journeys, they will tend to resharpen and draft hafted bifaces into a
longer service life. This is evident from the hafted biface assemblage
at the Birch Creek site, where distant raw materials in hafted biface
form show significantly more retouch and reconfiguration than hafted
bifaces made from locally available raw materials.

The impact damage and resharpening trends evident from this
study are not necessarily universal to all forager residence camps. The
production, resharpening, and discard patterns of hafted bifaces from
the Birch Creek site assemblage are unique to the Birch Creek site.
Other sites with the same kinds of resource availability may show
the same trends. However, artifact provisioning strategies are sensi-
tive to human organizational contexts, and any particular site loca-
tion may have a different context of use. It is important to remem-
ber that lithic artifact patterning, whether it is hafted biface impact



PROJECTILE POINT PROVISIONING STRATEGIES 211

damage or debitage size distributions, does not fit universal behavioral
expectations. The reason we do not have a one-to-one fit between
lithic artifact distributions and human behavior is that lithic technology
is highly influenced by human organizational strategies, including raw
material availability, aboriginal adaptive practices, and environmental
constraints. This complicated association of human adaptive practices
and lithic technological strategies is the very reason lithic artifacts are
useful for interpreting aspects of human organizational strategies. In
the case of the Birch Creek site, we can understand why some hafted
bifaces were resharpened and discarded at the site when others were
simply discarded upon breakage when we know something about the
circulation range of Birch Creek occupants via source location studies
of tool stone.
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THE ROLE OF LITHIC RAW MATERIAL
AVAILABILITY AND QUALITY IN
DETERMINING TOOL KIT SIZE, TOOL
FUNCTION, AND DEGREE OF
RETOUCH: A CASE STUDY FROM
SKINK ROCKSHELTER (46NI445),
WEST VIRGINIA

Abstract
Analysis of lithic artifact data from Skink Rockshelter (44NI445)
in central West Virginia indicates that stone quality and availability
were important in determining how Native Americans differentially
utilized tools at the site. In turn, tool function influenced lithic raw
material selection. Although local Kanawha chert was clearly preferred
for projectile point and biface manufacture, nonlocal Upper Mercer
chert was preferred for flake tool use. Skink Rockshelter lithic data
do not support the original hypothesis of the paper, that expedient
flake tool use would increase at the expense of curated tools in the
Kanawha chert primary source area. Instead, individuals curated the
comparatively high-quality Upper Mercer chert stone tools to the site
and continued to use and retouch them, rather than replace them
with tools produced from the inferior, but abundant, Kanawha chert.
Curation of Upper Mercer flake tools, as well as projectile points,
resulted in their markedly reduced sizes and higher hafted biface
reduction index (HRI) measures compared to the local Kanawha
chert tools.

I would like to thank Bill Andrefsky for inviting me to participate in the Society
for American Archaeology symposium in San Juan, Puerto Rico, in 2006. The
current paper is a revision of the paper presented at that symposium. Excavations
at Skink Rockshelter were funded by Alex Energy, Inc., of Summersville, WV. GAI
Consultants in Pittsburgh, PA was my employer during the Skink Rockshelter project
and I owe them – especially Ben Resnick, Jon Lothrop, and Diane Landers – a debt of
gratitude for their support and friendship between 1999 and 2006. Brent Shreckengost
was field director during the excavations at Skink Rockshelter in the winter of
2002–3; the crew included Lisa Dugas, William Hill, Jon Boilegh, Damian Blanck,
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INTRODUCTION

Although overlooked in most prior studies, retouch of stone tools is an
important component of the wider technological organization strategy
of mobile hunter–gatherers. Even though retouch is the main focus
of this paper, the ultimate goal is to better understand the means by
which hunter–gatherers achieved success in life with the help of stone.
In that regard, retouching stone tools is but one facet of a broader risk-
minimizing strategy for reducing the chance of failure and controlling
future success, given uncertain future travel and subsistence realms.

This paper focuses on how lithic raw material availability and qual-
ity affect the degree of retouch on stone tools and overall toolkit size.
The main hypotheses are that lithic raw material availability and quality
were key factors in determining the size of the tool kit and the extent
of tool retouch. In toolstone-rich settings, the size of curated tool kits
and the degree of tool retouch may decrease in favor of expedient tool
production using locally abundant lithic raw materials. In toolstone-
deficient environments, increased curated toolkit size and increased
tool retouch likely reduced the risk of tool depletion during forager
travel. These hypotheses on retouch versus replacement decisions are
tested utilizing stone tool data from Skink Rockshelter (46NI445), a
multicomponent, stratified rockshelter in uplands of Nicholas County,
West Virginia, as well as from assorted other case studies.

ORGANIZATION OF LITHIC TECHNOLOGY

The lithic technological organization literature is rife with examples
showing the relationship between lithic raw material type and forager
mobility and settlement patterns (Andrefsky 1994a; Bamforth 1986;
Binford 1979; Nelson 1991). Andrefsky (1994b) showed that prehis-
toric Native Americans of the Columbia Plateau and elsewhere used
local lithic raw materials when they were of high quality, workable
morphology, and moderate to high availability. Archaeological sites

and Steve Brann. David L. Cremeens provided crucial insights into site formation
and geomorphology during the interpretation of Skink Rockshelter soils and stratig-
raphy. I am also indebted to the University of Montana, Missoula, Department of
Anthropology for providing resources during the completion of this paper.
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figure 10.1. Schematic three-tier model of hunter–gatherer travel patterns.

in regions such as these invariably will contain high percentages of
these local lithic raw materials. In the current paper, local lithic raw
materials are defined as those occurring within bedrock or secondary
deposits within 5–15 miles of a given archaeological site.

At the opposite end of the spectrum, if local lithic raw materials are
scarce and/or of low quality, then foragers will curate higher-quality
lithics with them in their travels. Archaeological sites in these areas will
thus contain substantial amounts of these moderate- to high-quality
lithic materials from 30 or more miles distant, considered here to be
semilocal and nonlocal based on distance to source (Figure 10.1).

Applying previous models of forager mobility (Binford 1983;
Mandryk 1993; Sampson 1988), I have suggested elsewhere that
hunter–gatherers generally organize themselves within a three-tier
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figure 10.2. Location of archaeological sites discussed in text.

mobility realm – local, semilocal, and nonlocal – given various subsis-
tence and social factors (MacDonald and Hewlett 1999; MacDonald
et al. 2006) (Figure 10.1). Given the uncertain travel realms, hunter–
gatherers moved freely in and out of these three mobility realms
according to their needs, whether somatic or reproductive.

By identifying the sources of trace lithic raw materials at sites,
archaeologists can better understand hunter–gatherer travel and trade
patterns within the semilocal and nonlocal realms. For example, many
Folsom-period (ca. 10,900 to 10,200 B.P.) sites in the northern plains of
North America yield very small quantities of lithics from sources 100–
300 miles distant (MacDonald 1999). However, at the Bobtail Wolf
Site in western North Dakota (Figure 10.2), the high-quality local
lithic raw material, Knife River flint, was utilized to produce all types
of tools (e.g., flake tools, bifaces), whereas other local and semilocal
lithics were utilized comparatively sparingly, and nonlocal lithics from
distant sources are rare to nonexistent (MacDonald 1999; Root 2000).
This example supports Andrefsky’s (1994a, 1994b) supposition that
locally available lithic materials will be used for all types of lithic
tool production activities when the materials are abundant and easily
accessible.
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figure 10.3. Skink Rockshelter, West Virginia. View south.

Another Folsom site in the plains – Shifting Sands in West Texas
(Hofman et al. 1990) – also exemplifies Andrefsky’s lithic technological
organization predictions, but from the opposite end of the spectrum.
At this site, nearly the entire lithic assemblage is composed of nonlocal
lithic raw materials – Edwards chert – with lesser amounts of local and
semilocal materials. Because local and semilocal lithics were scarce and
of low quality, Edwards chert was imported by Folsom foragers in this
toolstone-deficient environment.

SKINK ROCKSHELTER BACKGROUND

Of course, many parts of the world – such as central West Virginia –
fall in between these two extremes of lithic raw material use. Within
the heart of the Kanawha chert primary source area, GAI Consultants
investigated Skink Rockshelter during the fall and winter of 2002–3
(MacDonald 2003) (Figures 10.3–10.4). In contrast to Knife River
flint in the northern Plains and Edwards chert in the southern Plains,
Kanawha chert is generally considered to be a low- to moderate-
quality lithic raw material in the Middle Atlantic and Appalachian
regions of eastern North America. This dark gray marine flint is a
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figure 10.4. Location of Skink Rockshelter (46NI445), Nicholas County, West
Virginia, in relation to regional lithic raw material sources.

member of the Pennsylvanian Kanawha Formation and occurs in an
approximately 1,000-sq. mi. basin in parts of Boone, Kanawha, Clay,
Nicholas, Webster, and Fayette Counties, West Virginia (Reger 1921:
227; Reppert 1978: 3).

Although it is of generally low quality, Kanawha chert is neverthe-
less abundant and occurs in knappable form across the primary source
area, as well as in secondary sources throughout alluvial drainages to
the west and north. Because of its widespread availability, the stone
was used throughout prehistory and is found in high percentages at
sites in the primary source area and vicinity in central and western
West Virginia (MacDonald and Cremeens 2005).

Excavations at Skink Rockshelter recovered nearly 30,000 lithics
from two horizontally stratified occupations (Figure 10.5; Table 10.1).
The southern portion of the shelter contained evidence of multiple
occupations during the Early Archaic (ca. 9,000–7,000 B.P.) and Late
Archaic (ca. 5,500–3,800 B.P.) periods, whereas the northern portion
of the shelter contained Late Woodland (ca. 1,500–1,000 B.P.) arti-
facts. The contrasting use of space at the shelter during the respective
occupations was likely due to differential infilling from rock fall and
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Table 10.1. Skink Rockshelter artifact summary by component

Component∗ Debitage Biface Uniface Core Other Pottery Total %

Archaic 4038 12 5 18 0 0 4073 13.7
LW 22853 69 44 91 5 41 23103 77.7
Buffer 2547 7 5 5 0 1 2562 8.6
Total 29438 88 51 114 5 42 29738 100.0
Percent 99.0 0.3 0.2 0.4 0.01 0.1 100.0 –

∗Archaic includes Early and Late Archaic artifacts (9,000-3,800 BP); LW includes Late Woodland
artifacts (1,500-1,000 BP); Buffer Area includes artifacts from test units separating the two
horizontally stratified Archaic and Late Woodland components.

colluvium (MacDonald and Cremeens 2005). As reflected in Table
10.1, Late Woodland period (77.7% of artifacts) Native Americans
used the site comparatively more intensively than their Early and Late
Archaic period (13.7% of artifacts) counterparts.

Although the Late Woodland and Archaic site occupants differ-
entially utilized space within the rockshelter, their lithic raw material
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figure 10.5. Differential use of space over time at Skink Rockshelter.
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use patterns were extremely similar (Figure 10.6). Because Kanawha
chert is widely available, but of fairly poor to moderate quality, other
semilocal and/or nonlocal materials were expected to occur in some
quantity at Skink Rockshelter. As indicated in Figure 10.6, Upper
Mercer chert from eastern Ohio occurs in fairly high percentages
during both the Archaic (21.9%) and Late Woodland (24.6%) occu-
pations, suggesting patterned movements and lithic raw material use
in this region over much of the Holocene (MacDonald et al. 2006).

Upper Mercer chert derives from the Upper Mercer limestone
member of the Lower Pennsylvanian system within Coshocton, Perry,
and Miskingham counties of east central Ohio (Kagelmacher 2000). At
their most proximate point, Upper Mercer chert primary sources are
more than 85 miles northwest of Skink Rockshelter (see Figure 10.4).
However, secondary sources of cobble Upper Mercer chert are likely
present in far eastern Ohio and, perhaps, in western West Virginia,
perhaps within 60 miles of the site. Although the current paper focuses
on retouch of stone tools at Skink Rockshelter, MacDonald and Cre-
meens (2005) and MacDonald et al. (2006) provide additional details
regarding lithic raw material sources and their differential use at Skink
Rockshelter during the respective Archaic and Late Woodland occu-
pations.
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RESULTS

Analysis of stone tool data provides insight into the differential use
of Kanawha and Upper Mercer cherts at Skink Rockshelter during
the Archaic and Late Woodland occupations. Given its role in the
curated tool kit, nonlocal Upper Mercer chert should have a higher
ratio of retouched to utilized flakes, whereas the opposite would be
expected for the local Kanawha chert. Upper Mercer chert tools were
likely curated to the site and preserved in the tool kit via retouching,
whereas Kanawha chert tools are more likely to appear as expedient
utilized flake tools because of their simple replacement with widely
available materials (Andrefsky 1994a; Bamforth 1986).

As shown in Figure 10.7, twenty-three Upper Mercer retouched
flakes were recovered compared to only seven utilized flakes, for a ratio
of 3.29:1 for the entire site assemblage. For Kanawha chert, eleven
retouched flakes and eight utilized flakes were recovered, for a ratio
of 1.38:1 for the entire site assemblage. Thus, as predicted, retouched
flakes are more common for Upper Mercer than for Kanawha chert.
However, unexpectedly, Upper Mercer chert from 60–90 miles north-
west was arguably the preferred material for all flake tool use, including
utilized flakes. Given its abundance in the landscape, Kanawha chert
was predicted to dominate the flake tool assemblage; however, as these
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data show, the nonlocal Upper Mercer chert (n = 30 flake tools) was
selected for flake tool use more frequently than the local Kanawha
chert (n = 19 flake tools). As confirmed for several other sites dis-
cussed in this volume (Bradbury et al.; Goodale et al.), tool function
heavily influenced the lithic raw material selection of individuals at
Skink Rockshelter.

The effects of retouch and hafted-biface reduction can also be
factored into the evaluation of lithic raw material use variability and
toolkit composition at Skink Rockshelter. Using methods defined in
this volume and elsewhere (Andrefsky 2006), the hafted biface retouch
index (HRI) was calculated for diagnostic Late Woodland and Archaic
projectile points recovered from Skink Rockshelter (Figure 10.8). The
formula utilized in the analysis is HRI = ∑

Si/n, where S is the sum
of retouch indexes for the 16 projectile point segments (n). Because it
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is assumed that they traveled a longer distance within the foragers’ tool
kits, the Upper Mercer chert projectile points should have a higher
HRI than points produced from locally available Kanawha chert.

The Skink Rockshelter projectile points (Figure 10.8) were largely
produced from Kanawha chert (n = 12), with a comparatively small
number of points produced from nonlocal Upper Mercer chert
(n = 3) and semilocal Hillsdale chert (n = 1). At its most proxi-
mate point, Hillsdale chert is found approximately 30–40 miles east of
the project area near Lewisburg in Greenbrier County and near Mill
Point in Pocahontas County (see Figure 10.4) (Brashler and Lesser
1990: 199).

For the purpose of increasing sample size, the nonlocal and semilo-
cal chert projectile points (n = 4) are grouped in this analysis. As
predicted, the mean HRI for the Upper Mercer and Hillsdale chert
projectile points is 0.578, compared to only 0.453 for Kanawha chert
points (Figure 10.9). These HRI data support the hypothesis that
projectile points produced from nonlocal (Upper Mercer chert) and
semilocal lithic materials (Hillsdale chert) were curated and retouched
more extensively than their counterparts produced from local materi-
als (Kanawha chert).

Another measure of comparative lithic raw material use and tool
retouch is size variation, including simple measures of weight and
dimension. Although detailed measures of retouch, such as HRI and
other indices discussed in this volume (Clarkson; Eren and Prender-
gast; Quinn et al.), are more precise measures of retouch, dimensional
and weight measures can be used as supplemental measures of lithic
tool reduction.

Given the increased distance to their sources and accompanying
higher degree of retouch, we should expect that tools produced from
semilocal and nonlocal lithic raw materials – such as Upper Mercer
chert at Skink Rockshelter – will have generally reduced sizes com-
pared to their counterparts produced from local materials, such as
Kanawha chert in this case.

In confirmation of these predictions, Upper Mercer retouched
flakes are smaller on average – 2.8 g versus 13.8 g – than Kanawha
chert retouched flakes, suggesting their curation in toolkits for more
extended periods (see Figure 10.7). For utilized flakes – flake tools
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chert and Upper Mercer/Hillsdale chert projectile points, Skink Rockshelter.

used for expedient tasks showing no signs of retouch – Upper Mercer
chert tools weigh 1.47 g versus 5.13 g for Kanawha chert tools.

Thus, individuals at Skink Rockshelter in central West Virginia
continued to use and retouch Upper Mercer chert flake tools, gener-
ally to the point where they were no longer useful and were discarded
at the end of their use lives. In contrast, Kanawha chert flake tools
occur in reduced quantities, despite the material’s local abundance.
As would be expected, Kanawha chert tools generally were discarded
much earlier in their use-life history, as revealed by their larger masses
and decreased use-wear and retouch indexes compared to the nonlocal
Upper Mercer chert artifacts. Native Americans at Skink Rockshelter
gave preferential treatment to Upper Mercer chert for daily-task activ-
ities, retouching flake tools to the point of exhaustion before using
Kanawha chert. Tool function clearly influenced the differential use
of Upper Mercer and Kanawha cherts at the site.

As would be expected, the increased curation distance and the
accordingly higher degree of retouch and reduction resulted in sig-
nificantly smaller stone tools (e.g., utilized flakes, retouched flakes,
bifaces, and cores) for Upper Mercer (mean stone tool weight = 4.94)
compared to Kanawha chert (mean stone tool weight = 8.49) (Fi-
gure 10.10; also see Figure 10.7). In turn, stone tools produced from
the nonlocal Paoli and Flint Ridge cherts from more than 100–130
miles west (see Figure 10.4) occur in comparatively low mean weights
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figure 10.10. Differential size of stone tools based on distance to lithic
material source, Skink Rockshelter.

(4.44 and 3.88 g). As reflected in Figure 10.10, regression analysis
shows a strong and significant negative relationship between distance
to source and mean stone tool weight for these four lithic materials
at Skink Rockshelter (F = .004; d.f. = 3; r2 = .99; t-stat = 12.254;
p = .001). As with stone tools, the entire class of debitage should
also be expected to vary by size measurements given the fall-off from
distance to source, with the assumption being that the tools traveling
the longer distances will be smaller due to retouch and reduction and
produce accordingly smaller debitage. In this regard, mean weight for
debitage is 0.58 g for Upper Mercer chert and 0.85 g for Kanawha
chert. Debitage produced from the nonlocal Flint Ridge and Paoli
cherts weighs less than 0.5 g each. As Figure 10.11 shows, regression
analysis indicates a significant and strong relationship between distance
to source and mean flake size for the five materials with known source
locations in relation to Skink Rockshelter (F = .03; d.f. = 4; r2 =
.83; t-stat = 6.045; p = .009).

SUMMARY AND CONCLUSIONS

The main hypotheses of this paper were that, in toolstone-rich settings,
the size of the curated toolkit and the degree of tool retouch will
decrease in favor of expedient tool use using abundant local lithic
materials. However, analysis of data collected at Skink Rockshelter in



THE ROLE OF LITHIC RAW MATERIAL 229

R2 = 0.8344

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

1.

0 50 100 150

Di

M

Linear (distance to source
(miles) mean flake weight (g))

 

Flint Ridge  Chert   

 

R2 = 0.8344

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

0 100 150

Distance to Source (miles)

M
ea

n
 F

la
ke

 W
ei

g
h

t (
g)

distance to source (miles)
mean flake weight (g)

Kanawha 
Chert 

Hillsdale  Chert 

Paoli  Chert 

UpperMercer Chert 

figure 10.11. Differential flake size based on distance to source, Skink Rockshelter.

the heart of the Kanawha chert primary source area in central West
Virginia suggests that other factors also contribute to tool kit size and
degree of retouch.

Results of excavations at Skink Rockshelter indicate that Upper
Mercer chert flake tools are more abundant than Kanawha chert flake
tools, even though Kanawha chert is far more abundant at the site as a
whole due to its local availability. Apparently, tool function influenced
lithic raw material selection for Native Americans at Skink Rockshel-
ter. As shown in Figure 10.12, although Kanawha chert represents 68%
of all artifacts at the site, as well as 50% of bifaces, it represents only
37% of unifacial tools. In comparison, Upper Mercer chert represents
only 24% of artifacts and 34% of bifaces, but nearly 60% of flake tools.

These stone tool data reflect a significant difference in lithic raw
material use based on tool function and tool type (χ 2 = 8.24, d.f. = 1,
p < .005); as such, they do not support one of the original hypotheses
of the paper, as reviewed above, that Kanawha chert would dominate
all stone tool categories due to its ubiquitous availability near Skink
Rockshelter. As discussed above and elsewhere (MacDonald and Cre-
meens 2005; MacDonald et al. 2006), these patterns of lithic raw
material and tool use emerged during the Early Archaic period and
continued until the Late Woodland period at Skink Rockshelter, sug-
gesting patterned Native American land use and lithic technological
organization for much of the Holocene.
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Overall, the Skink Rockshelter data clearly indicate that raw mate-
rial quality was important in determining how Native Americans dif-
ferentially utilized tools at the site. In turn, tool function affected raw
material selection for daily-task activities, with individuals selecting
nonlocal Upper Mercer chert for flake tool use and locally available
Kanawha chert for biface manufacture. As Andrefsky (1994b) suggests,
simple abundance of a given lithic material does not guarantee its use
for all activities. As reflected by data from Skink Rockshelter, the
overall quality of the lithic material will significantly affect stone tool
production activities at a given site.

As such, Skink Rockshelter lithic data also do not support another
of the original hypotheses of the paper, that expedient flake tool use
would increase at the expense of curated tools in the Kanawha chert
primary source area. Instead, individuals curated the comparatively
high-quality Upper Mercer chert tools to the site and continued to use
and retouch them, rather than immediately replacing them with tools
produced from the inferior, but abundant, Kanawha chert. Curation
of the Upper Mercer tools resulted in their markedly reduced sizes
and higher HRI measures compared to the local Kanawha chert tools.
Accordingly, the size of the curated tool kit (sixty Upper Mercer
chert stone tools) was very similar to that of the locally produced
tool kit (sixty-three Kanawha chert stone tools). These data refute the
hypothesis that the size of the curated tool kit would be reduced due
to the local availability of Kanawha chert. The preference for Upper
Mercer chert in daily-task activities influenced curation strategies of
site occupants.

Data from Skink Rockshelter effectively reveal the impact of lithic
raw material quality and tool function on tool-production and lithic
raw material–selection decisions of prehistoric Native Americans in
central West Virginia. Although its low quality did not dissuade users
from producing bifaces and projectile points from Kanawha chert,
individuals clearly believed they could not completely rely on the
inferior material for use as retouched and utilized flakes in other daily-
task activities. Instead, Native Americans carried stone tools produced
from Upper Mercer chert to Skink Rockshelter to minimize the
risks of relying upon the low-quality Kanawha chert. Tool function,
thus, significantly altered lithic raw material curation patterns. As is
typical of hunter–gatherer populations (Torrence 1989), such risk-
minimization efforts likely cost little, but provided ample comfort to
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individuals with uncertain travel plans and even more uncertain access
to high-quality lithic raw materials.
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RAW MATERIAL AND
RETOUCHED FLAKES

Abstract
Lithic analysts are often criticized for not engaging in theory building
and for conducting particularistic studies. Such particularistic stud-
ies can be linked to theory through an organization-of-technology
approach, which has great promise. However, concepts often employed
in the approach, such as curation, need further refinement to become
operationalized. One way to accomplish this for flake tools is to
develop a method for measuring the amount of tool resharpening.
One method is to determine the original flake mass and compare this
to the mass of the recovered tool to determine the amount of realized
use life. Here, a series of experiments in producing retouched flakes
using various raw materials and two reduction modes were conducted
by two flintknappers to determine how these variables influence the
prediction of flake mass. Analysis indicates that raw material type is
important for estimating original flake mass, but a tripartite division
of quality may be sufficient to account for the variation. No significant
differences are evident between the two knappers. Equations used to
calculate original flake mass from retouched flakes must be derived
with a consideration of raw material.

We would like to thank Bill Andrefsky for inviting us to participate in the SAA session
at which this paper was originally presented and for his efforts in seeing the project
through to publication. Comments by the discussants and one anonymous reviewer
aided the revisions, but we are responsible for any errors.
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INTRODUCTION

A decade ago, George Odell discussed the “particularism” that was
apparent in lithic studies and the need to link these studies to theory
and to prehistoric behavior (Odell 1996a: 2–3). This is something of
an echo of the characterization of lithic analysis made by David Hurst
Thomas a decade prior as “in danger of chasing rainbows rather than
providing archaeology with the theory so obviously lacking” (Thomas
1986: 247). Instead of following the ten-year cycle of berating lithic
analysts, we are pleased to say that the development and use of an
organization-of-technology approach is one way to link lithic studies
to theory and prehistoric behavior, as well as being in touch with
some mainstream archaeologies and avoiding the chasing of rainbows.
Further, the particularistic studies engendered by this approach fit the
conception of “normal science” (sensu Kuhn 1962) and are moving
lithic studies forward methodologically and in terms of understanding
the complexity of lithic assemblage formation. In this vein, detrac-
tors recognize the utility of case studies that employ an organiza-
tion-of-technology approach (e.g., Clark 1999; Torrence 1994). For
Robin Torrence, “analyses of technological organization are here to
stay because they provide data relevant to the goals of North American
archaeology” (Torrence 1994: 123). John Clark states, “I find much
in Stone Tools (an edited volume with clear ties to an organization
of technology approach, if not always explicitly recognized) to be
enthusiastic about” and describes individual chapters as “interesting,
innovative, and useful” (Clark 1999: 127–30).

This does not mean that advances in the theoretical underpinnings,
conceptualization, and application of an organization-of-technology
approach are unnecessary. Rather, we would argue that they are vital
for the continued utility of the approach and that something of a
“scientific crisis” (sensu Kuhn 1962) exists in terms of employing an
organization-of-technology approach in answering the myriad ques-
tions asked by lithic analysts, particularly those interested in social
questions. There are a number of detractors of an organization-of-
technology approach (Simek 1994; Torrence 1994) and the state of
theory-building in lithic analysis more generally (Clark 1999). We dis-
agree with some specifics of their critique, although we find others on
target. We have confidence that progress can be made as analysts push
and pull at an organization-of-technology approach in its application
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to understanding the complex suite of behaviors that contributed to
the formation of the archaeological record.

Jan Simek, in an overview of a volume dedicated to an
organization-of-technology approach, calls for “dialogue between
Americans and Europeans” concerned with “integrating lithic studies
into their wider social and economic contexts . . . experimental repli-
cation in the service of model building . . . and refitting” (Simek 1994:
120). The European chaı̂ne opératoire method is contrasted by Simek
with the American concept of “reduction sequence,” and the latter
is found wanting. This is not the proper comparison, as the chaı̂ne
opératoire should be measured against the framework of the orga-
nization-of-technology approach, as thoughtfully diagrammed by
Nelson (1991). Nelson’s (1991: 59) diagram of an organization-of-
technology approach mirrors the chaı̂ne opératoire as described by
Simek and is the proper equivalent to chaı̂ne opératoire, not the more
limited reduction sequence. In the diagram, artifact form and artifact
distribution are at the base and one moves up a level to design and
activity distribution, respectively. In combination, these allow investi-
gation of technological strategies and subsequently of social/economic
strategies. Environmental conditions top the diagram and this demon-
strates the close relationship between social/economic strategies and
the environment. With other means of reconstructing past environ-
ments, lithic analysts are in the position of working from both ends of
the diagram to understand social/economic strategies.

Simek (1994: 119) is right in pointing out that “where the notion of
chaı̂ne opératoire differs significantly from reduction sequence [emphasis
added] is that tool use is also part of the concept.” However, an
organization-of-technology approach, which is much broader than
reduction sequence, as defined by Nelson (1991) and repeated by Carr
(1994a), does encompass stone tool use, it is part of “activity distribu-
tion” in Nelson’s diagram, and stone tool use data are employed by
Odell (1994) in his case study. Reduction sequence appears as some-
thing of a straw man in this case and is easily shown to be inadequate.
Finally, the chaı̂ne opératoire is lauded by Simek (1994: 119), because
“lithic technology is seen as embedded in other aspects of economic
and social behavior,” which is obviously Nelson’s goal and that of
many others who employ an organization-of-technology approach.
In this regard, Shott (2003) suggests that chaı̂ne opératoire and reduc-
tion sequence may differ in semantics but not in substance and are
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essentially the same concept. Strangely enough, one area of significant
difference between the two approaches involves the extension of the
chaı̂ne opératoire by some French prehistorians into the “cognitive
realm,” but Simek (1994: 120) is cautious not to expand on this, as he
considers it to “go rather far beyond the data.” This cognitive realm
is likely what Clark (1999) would want to see lithic analysts further
explore as he calls for employment of praxis theory as an alternative
to the evolutionary ecological theory upon which some studies of
technological organization are based.

Robin Torrence’s critique of the contributions to the same vol-
ume mainly revolves around a perceived lack of theory-building. The
normal science air of the set of case studies made “some concepts
appear to have become embedded within the normal procedure of
lithic analysis and are no longer questioned” (Torrence 1994: 123).
We agree that concepts in organization-of-technology studies need to
be questioned and, perhaps more importantly, clarified and refined.
For example, key concepts such as curation, expediency, reliable, and
maintainable are too often used in disparate manners (see discussions in
Hayden et al. 1996; Nash 1996; Odell 1996a). It should be noted that
Clark (1999: 130) sees a major strength of evolutionary ecology, and
by extension of an organization-of-technology approach, as its being
“fairly easy to operationalize.” Unfortunately, lithic analysts have not
realized complete agreement and clarity in a basic concept such as
curation, as recognized by Clark (1999: 127). If these represent the
easy concepts to operationalize, much work remains for lithic analysts
employing an organization-of-technology approach and especially for
those employing praxis theory.

Torrence (1994) is correct that archaeologists employing an
organization-of-technology approach have generally been unengaged
in theory-building at the highest level, but like Clark recognizes utility
in the studies conducted. We accept this criticism and point to the rel-
atively short use of the approach and only hope the baby is not thrown
out with the bath water, but rather allowed to further develop. If an
organization-of-technology approach does not reach its full potential
upon maturity, certainly lithic analysts will turn to new paradigms.

Clark (1999) is the most recent critic of the organization-of-
technology approach discussed here, and again, the lack of theory-
building is the key problem, but more specifically the reliance on
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evolutionary ecology as opposed to praxis theory. For Clark, praxis
theory makes humans into “agents” as opposed to “automatons” and as
agents they act “meaningfully and purposefully in a meaningful world”
(Clark 1999: 131). In our opinion, the inclusion of social strategies as a
key aspect in Nelson’s diagram demonstrates the potential for consid-
ering social aspects in organization-of-technology studies. However,
we must agree that the potential has not been generally realized.
Perhaps Charles Cobb has come closest in his “rethinking the organi-
zation of technology” (Cobb 2000: 70–82). Cobb does not think that
organization-of-technology studies must do away with their method-
ology, but rather that these studies should “be placed in a context
that systematically links lithic analyses with other realms of material
culture and more holistic research questions – particularly questions
that address the organization of labor” (Cobb 2000: 83). We are not in
the position to judge whether Cobb’s specific questions regarding the
organization of labor fit with Nelson’s diagram or with Clark’s call for
the employment of praxis theory. Certainly studies of technological
organization must not all fit with Nelson’s heuristic model, but we
believe there is room for such accommodation. Carr and Bradbury
(2006) have gone as far as modifying Nelson’s original diagram to
more explicitly detail aspects of the life cycle of a tool, and other such
explications would likely enhance its utility. Two final points made
by Clark are his criticism of the term “middle range theory” and
his correct assertion that that building theory can occur from “care-
ful assembly of minute observations of artifact traits” is “fallacious”
(Clark 1999: 132–3). We agree with both points and have attempted
to situate our own work in Schiffer’s (1988) theoretical framework,
which more explicitly outlines the place of middle range theory and
its relationship to high-level theory.

After this discussion of organization-of-technology studies, one
might wonder how we could employ such an approach that is in the
apparent “state of becoming” that we described, and at our paradoxical
characterization of the approach as both in normal science and scien-
tific crisis. An organization-of-technology approach has had successes
and continues to be applied (Andrefsky 1994; Bradbury 1998; Carr
2005; Kelly 1988; Shott 1989b), expanded (Cobb 2000), and refined
(Carr and Bradbury 2006). We consider this a healthy sign, but agree
that it must continue to be applied in particularistic ways so that
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concepts are operationalized, its utility is measured against the archae-
ological record, and it is linked to theory. Further, an organization-
of-technology approach needs to continue to be expanded, especially
in consideration of the importance of social aspects and strategies, and
its advocates must engage more explicitly in theory-building at all
levels. Here, we do not address all of these issues, but rather attempt
a particularistic study to better our understanding of curation and the
reconstruction of flake tool use life.

CURATION

The concept of curation, introduced by Binford (1973), has received
considerable attention and is often used by analysts employing an
organization-of-technology approach (e.g., Carr 1994b; Kelly 1988;
Nelson 1991; Shott 1989a). However, it is clear that the term cura-
tion is used in multiple ways and encompasses a variety of dimensions
(e.g. Andrefsky; Eren and Prendergast; Hiscock and Clarkson; Quinn
et al., all this volume). Odell (1996a) examines five aspects of curation
and the manner in which each aspect can be operationalized with
archaeological materials. The aspect of interest for this study is tool
maintenance. Odell (1996a: 60–62) states that “to maintain a tool is
to resharpen it” and that examining retouch on a “specific subset of
the assemblage” is one means of measuring tool maintenance. If we
can devise a method for determining the amount of resharpening,
then we can better understand the curated nature of specific tools, as
reflected by tool maintenance. Continued refinement of the concept
and specification of its various aspects are needed, but operationaliza-
tion of tool maintenance allows one measure to be successfully applied
to understanding prehistoric behavior.

For retouched flake tools, especially scrapers, there is a consid-
erable literature regarding the determination of the amount of tool
resharpening as a mean of indicating the amount of use-life that
has been realized. Prehistoric stone tool users made decisions about
when to discard a tool, and knowing its potential remaining use life
given a particular environment can shed light on the social and eco-
nomic strategies employed by that user. A variety of means have been
employed to measure the degree of resharpening of flake tools, from
characterizing the amount of retouch as “no retouch, light retouch,
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medium retouch,” etc. (Nash 1996: 90–91) to Kuhn’s (1990) geomet-
ric index and from employing equations to predict original flake mass
(Dibble and Pelcin 1995; Pelcin 1998) to using experiments in deter-
mine how much edge is lost when a scraper is resharpened (Morrow
1997). Harold Dibble has long investigated the continued reduction
of retouched flakes – examining implications for traditional typolo-
gies (Dibble 1984), developing a “scraper reduction index” (Dibble
1997), and deriving formulae to estimate original flake size (Dibble
and Peclin 1995). Michael Shott (1995) asked the provocative question
“How Much is a Scraper?” as a means to explore the amount of tool-
using behavior represented by individual scrapers in an assemblage. He
employed ethnographic and ethnoarchaeological data to estimate the
number of resharpening flakes struck from scrapers in a Paleoindian
assemblage and in combination with flake debris data demonstrated
that much of the use and resharpening of end scrapers occurred at
other sites. In conclusion, he calls for a “program of experimenta-
tion” involving the production of resharpening flakes and the stone
tools from which these were struck.

This call for experimental work was answered both by those con-
ducting highly controlled experiments and those engaged in freehand
knapping experiments. The experiments of concern here are those
addressing whether platform variables can be used to accurately pre-
dict flake mass. Platform variables are the focus because many flake
tools recovered from the archaeological record retain those variables,
and thus allow estimation of flake size despite being reduced. Impor-
tantly, the use of this approach is not restricted to end scrapers, but
is applicable to a wide range of flake tool forms. This is a worthy
endeavor because if the original size of the flake can be determined
from platform variables, then we can gain a sense of the amount of
tool use life expended and a measure of curation.

HOW MUCH FLAKE TOOL RESHARPENING WOULD A
LITHIC ANALYST MEASURE, IF A LITHIC ANALYST
COULD MEASURE FLAKE TOOL RESHARPENING?

We would answer this query with a question of our own, “Is the stone
tool made of low-, medium-, or high-quality raw material?” That is,
simple relationships may not exist between attributes measurable on
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flake tools and the amount of resharpening. Knapping modes and lithic
raw material type may need to be controlled in attempts to develop
equations for predicting original flake size in the service of measuring
flake tool resharpening. Here, we review previous studies and then
use data from freehand flintknapping experiments to examine the role
played by the knapper, knapping mode, and raw material type.

In an examination of fracture mechanics, Dibble and Pelcin (1995)
examined the effects of the mass and velocity of the percussor on the
resulting flake mass. In their highly controlled experiments, glass pane
cores were held at specific angles and ball bearings were dropped onto
the cores to produce flakes. They developed a formula for predicting
flake mass based on platform thickness and exterior platform angle.
Other authors have more recently examined the original equation
(e.g., Davis and Shea 1998; Shott et al. 2000) and suggested other
measures.

Davis and Shea (1998) tested the hypothesis that flake mass could
be predicted using platform thickness and exterior platform angle
by conducting experiments designed to be analogous to the use and
curation of Paleolithic stone tools. Obsidian flakes were modified for
use as handheld tools in woodworking and butchery tasks. These tasks
were not actually conducted, but rather the edges were dulled using an
abrader and then the flakes were resharpened. Davis and Shea used the
Dibble and Pelcin formula and found that, although predicted original
sizes of many flakes approached their empirical values, many estimates
were moderately low and several were extremely high. They attribute
these results to differences in materials knapped and in experimen-
tal design – that is, highly controlled experiments versus actualistic
knapping. In addition, they note the importance of platform width in
affecting flake mass. Platform width was held constant in Dibble and
Pelcin’s (1995) experiments, but is practically impossible to control in
freehand reduction.

In his response, Pelcin (1998) suggested that the equation derived
for plate glass flakes may not be appropriate for use with other mate-
rials. However, he disputed the conclusion that platform width influ-
enced flake size, instead being a threshold variable. To predict original
mass, Pelcin advocated experiments to calibrate relationships with
various raw materials and derivation of separate equations for flakes
produced by bending initiation or soft hammer reduction and those
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produced by conchoidal initiation or hard hammer reduction. Subse-
quently, he added theoretical platform thickness as a variable useful in
some equations.

More recently, Shott et al. (2000) attempted to extend this approach
to other experimental assemblages that included not only flakes suit-
able for tools, but also those that span the reduction process. It was
determined that none of the various equations were acceptable models
for these assemblages. This is no shortcoming of any assemblage or
equation, merely recognition that the conditions present in Pelcin’s
highly controlled experiments do not occur elsewhere. They suggest
the need to refine the equations and to calibrate predictions to various
tool stones and knapping modes.

Hiscock and Clarkson (2005) conducted the freehand reduction of
thirty flakes as a means to assess Kuhn’s geometric index of reduction
and other quantitative methods for determining how much retouch
has been applied to flakes. Their experiment involved “highly variable
blank forms reduced in a standard way by unifacial retouching one lat-
eral margin” (Hiscock and Clarkson 2005: 18). They found that Kuhn’s
geometric index of reduction performed well, especially as compared
to other indices that “performed very badly, such as Dibble’s (1995)
surface area to platform area index which explains as little as 6.7%
of variation.” Although a quick perusal of this study may leave the
reader with the notion that flake size cannot be accurately predicted
from platform variables, formulae for predicting flake mass developed
in the studies discussed above were not part of the comparison. Before
Kuhn’s geometric index of reduction is employed exclusively by ana-
lysts, further work is needed to examine the utility of equations for
predicting flake mass under various experimental conditions.

EXPERIMENTS

In a preliminary attempt to address Dibble and Pelcin’s suggestion that
flake mass can be accurately predicted based on platform measurements
(Carr and Bradbury 2005), one of us produced sixty-eight flakes from
seven raw materials. Our results indicated that there were differences
that could be attributed to raw material type; therefore, no single
equation could be derived that could be applied to all of the materials
examined.
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figure 11.1. Examples of flakes produced during the experiments, along with the
two percussors used.

To further examine this issue, we added to our original study by
conducting a second series of flintknapping experiments using the
same seven raw materials, but included two knapping modes and two
knappers. From lowest to highest quality, the materials used in these
experiments were Kanawha, Kaolin, Fort Payne, Ste. Genevieve, Flint
Ridge, and Cobden cherts and obsidian (Figure 11.1). These materials
were selected because they exhibit considerable variability in what
might generally be referred to as knapping quality. Kanawha is a coarse,
grainy chert, whereas Cobden and Flint Ridge are of much higher
quality. Obsidian has properties similar to those of the plate glass used
by Dibble and Pelcin (1995) in the original work referred to here and
was chosen by Davis and Shea (1998) for their experiments.

In our experiments, flakes were removed by one of two knapping
modes, hard hammer or soft hammer percussion, and one of two
knappers (APB and DRC). Both knappers used the same quartzite
hammer stone for the hard hammer reduction and the same antler
billet for the soft hammer reduction. To lessen the possible effects
of internodule variability, both the hard hammer and the billet were
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Table 11.1. Flake summary data

Material Knapper Hard Hammer Billet

Kanawha 1 9 10 19
2 9 11 20

Kaolin 1 3 4 7
2 5 7 12

Fort Payne 1 7 9 16
2 0 4 4

Ste. Gen. 1 5 5 10
Flint Ridge 1 4 3 7
Cobden 1 5 8 13

2 0 9 9
Obsidian 1 13 6 19

2 9 10 19

total 69 86 155

used to remove flakes from the same nodule. For example, flakes were
removed from a nodule of obsidian with the hammerstone and flakes
from the same obsidian nodule were removed with the antler billet.
In addition, both knappers removed flakes from the same nodules. For
raw materials for which more than one nodule was used, each knapper
removed flakes from each of the nodules with both the hard hammer
and the billet. In all cases, an attempt was made to produce a flake
that could be used as an expedient tool or a blank that could be used
for further reduction. Flakes that were part of the initial experiment
were included here. To increase the sample size, the second knapper
produced flakes from several of the raw material types representing the
range of material quality (Kanawha, Kaolin, Cobden, and obsidian).
Additional flakes were also removed by the first knapper.

A total of 155 flakes was included in the analysis (Table 11.1).
For material type, the number of flakes ranges from 7 to 39 and they
are essentially split for knapping mode, with 69 hard-hammer flakes
and 86 billet flakes. The first knapper (APB) removed a total of 91
flakes and the second knapper (DRC) removed the remaining 64.
The variation in numbers for knapping mode, knapper, and material
is largely the result of the restriction in using the same nodule for
each material throughout. For each flake, the following variables were
recorded: weight, exterior platform angle, platform depth, platform
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figure 11.2. Flake measurements recorded, after Dibble and Pelcin (1995).

thickness, platform length, flake length, maximum thickness, knap-
ping mode, and raw material (Figure 11.2). Exterior platform angle
and platform thickness were used in Dibble and Pelcin’s (1995) orig-
inal formula to predict flake mass. Subsequent to that formulation,
Dibble (1998: 612) argues that “If the goal is to determine the amount
of mass loss during reduction, then it is preferable to base the recon-
struction on the basis of whatever measures are available, and not only on
the basis of platform variables” (emphasis in original). He suggests
using flake thickness, as it is not usually affected by retouch, but can
be an indicator of mass. The other variables recorded are those that
have been used in various studies or are thought to have some relation
to flake mass. To lessen bias from interobserver error, all measure-
ments were recorded by just one of us. Finally, it should be noted that
flakes with feather, hinge, and step terminations were included in the
analysis.

RESULTS

As an initial exploration of the data, we graphed each variable against
flake weight and saw similar plots in that there is a relationship
between each variable and flake weight. For example, platform thick-
ness (Figure 11.3) has a general linear relationship with flake weight.
However, graphs of individual raw materials show a variety of slopes
for a given variable (Figure 11.4). Our previous analysis suggested that
raw material differences can have an effect on the accurate prediction
of flake mass. Also, it should be noted that the graphs of the present
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figure 11.3. Platform thickness by weight, differentiated by percussor.

data set suggest the possibility of three outliers in the upper right.
All three are hard hammer flakes of obsidian produced by the same
knapper, which are very large (between 500 and 900 g).

One of the goals of the current analysis was to further exam-
ine material differences. In addition, we added a second knapper to
explore potential differences that relate to variation in knapper. Flake
counts were also increased to allow an examination of percussor (hard
versus soft hammer) differences. If percussor and knapper differences
are negligible, then equations can be derived for various raw materi-
als recovered from archaeological sites. If such differences cannot be
controlled for, then alternative methods may be needed.

For this examination of the data, we used the general linear model
in SPSS to examine potential influences of knapper, raw material, per-
cussor, and various interactions between the variables. We examined
exterior platform angle and platform thickness, as both variables were
used in Dibble and Pelcin’s (1995) original model. For exterior plat-
form angle, it was determined that knapper had no effect (F = 0.966,
p = .328). However, percussor (F = 5.574, p = .02) and material type
(F = 3.99, p = .01) did have an effect. There was also an interaction
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figure 11.4. Platform thickness by weight, differentiated by material type.

between percussor and material (F = 2.247, p = .087). Similar results
were seen when the three obsidian outliers were removed. The main
difference was that there was no interaction between percussor and
material.

For platform thickness, we again found no differences between
knappers (F = 0.01, p = .92), but did find differences between mate-
rials (F = 5.274, p = .002) and percussors (F = 19.634, p < .001). An
interaction between knapper and percussor was also found (F = 3.833,
p = .053). Similar results were seen when the three obsidian outliers
were removed. The main difference was that there was no interac-
tion between percussor and knapper. A possible interaction between
knapper, material, and percussor was seen (F = 2.989, p = .055).

The above results suggest that differences due to knapper are neg-
ligible. However, there are observable differences in raw material and
possibly percussor. Such results are not too surprising given the design
of the experiment and other flintknapping experimental results.

Ignoring these differences for now, we utilized the entire assem-
blage of seven raw materials, two knapping modes, and both knappers
to examine the usefulness of platform thickness and exterior plat-
form angle in predicting original flake mass. These two variables were
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Table 11.2. Results of regression analysis
using platform thickness and exterior
platform angle as independent variables

Material R2 Std error

All cases .439 78.5804
Kanawha .563 33.1065
Kaolin .635 26.0835
Fort Payne .185 24.3136
Ste. Gen. .451 26.485
Flint Ridge .9 3.1507
Cobden .128 64.6893
Obsidian .462 135.741

regressed on flake weight. R2 for the model was .439 and the ANOVA
results indicated that the relationship was significant (F = 59.543,
p < .001). Slightly better results were obtained when the three pos-
sible obsidian outliers noted above were removed (r 2 = .46). These
results indicate that platform thickness and exterior platform angle
provide some information on flake mass. However, the amount of
variation explained is not particularly large. That is, other factors need
to be considered to explain the remaining variation.

To further explore the relationship between raw material and the
two variables, a separate regression analysis was performed for each
individual material (Table 11.2). The r 2 values vary widely; ranging
from a low of .128 for Cobden to a high of .9 for Flint Ridge. The
ANOVA results do not indicate a significant relationship for Cobden,
Ste. Genevieve, or Fort Payne. We note that one possible outlier
(a hard hammer flake) existed in the Cobden sample. With this flake
removed, the r 2 value was .333 and the ANOVA statistics (F = 4.492, p
= .026) indicate a significant relationship. Although we do not want to
make too much from these small sample sizes, clearly raw material type
must be considered in making predictions of flake mass. Interestingly,
our assessment of quality does not correlate with the R2 value when
these two variables are used.

Following in this same line of investigating specific raw material
types, a stepwise method was used to determine the best predictor
variables for each raw material type (Table 11.3). That is, we wanted
to see if certain variables were consistently chosen by statistical means
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Table 11.3. Results of the regression analysis using a stepwise
method to find variables

Material R2 Std error Variables

Kanawha .808 21.9593 max thk, plat depth
Kaolin .914 12.6348 max thk, plat len
Fort Payne .807 11.8326 max thck, flk len
Ste. Gen. .711 17.9831 max thick
Flint Ridge .845 3.4957 Ex angle
Cobden .823 29.172 Max thk, plat depth
Obsidian .708 99.9854 max thk, flk length

as the best predictors of flake mass for different raw materials. They
were not, though maximum thickness was chosen for five out of the
seven material types. Of the six predictor variables, only platform
thickness was not chosen for any of the raw materials, and exterior
platform angle was only chosen for one raw material. Importantly, the
lowest R2 value is .708 for obsidian, which means in each case that
well over half of the variation is being explained by the chosen variable
or variables, with five explaining more than 80% of the variation in
the data.

Given that the ANOVA analysis indicated possible percussor effects
in addition to raw material effects, we reran the regression analyses
and separated the four main materials by percussor. Separate regression
analyses were conducted for hard hammer and billet flakes (Tables 11.4
and 11.5). The results are mixed when compared to the analysis that
included both percussors. That is, with obsidian, the r 2 for the billet
model is higher than that of the mixed model, whereas that for the
hard hammer model is lower. The opposite is seen with Kanawha
chert. For Kaolin, the hard hammer model is essentially the same as
the mixed model, but the soft hammer model is lower. For Cobden,
the hard hammer model is slightly higher than the mixed model, but
the billet model is lower. Given these results, and the difficulty in
distinguishing between hard hammer and billet flakes, it would be
best to use the mixed model in archaeological cases.

To investigate the possibility of separating the raw materials into
groups of similar quality, we reran the regression analyses using all
materials. Kanawha was considered low-quality. Kaolin, Fort Payne,
and Ste. Genevieve were considered medium-quality. Cobden and
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Table 11.4. Results of the regression analysis on hard hammer
flakes using a stepwise method to find variables

Material R2 Std error Variables

Kanawha .861 24.556 max thick, plat thick
Kaolin .909 17.9215 Max thick
Cobden .857 52.2298 flake len
Obsidian .698 38.2199 Max thick, flk len, plat len

Flint Ridge were considered high-quality. Obsidian was considered
as its own group. The results of these analyses indicate that combin-
ing raw materials creates relationships similar to those when the raw
materials are considered individually (Table 11.6). That is, it might be
possible to combine raw materials of similar quality in an analysis of
archaeological materials.

SUMMARY AND CONCLUSIONS

For the experiments presented here with the specific goal of producing
flakes for tool use, knapper influence on flake mass is negligible, but
the type of material knapped is a significant factor for predicting flake
mass from the variables used. The use of percussor appears negligible
in our experiments. However, other studies with a greater number of
knappers using a variety of percussors would do much to refute or
strengthen these observations. This preliminary study is good news
for the investigation of resharpening via predicting original flake mass,
because controlling for knappers with an archaeological assemblage
would be tenuous at best. Additionally, the determination of whether
a flake was produced by a hard or soft hammer remains a difficulty
(see similar results in Redman 1998). Our results suggest that hard

Table 11.5. Results of the regression analysis on billet
flakes using a stepwise method to find variables

Material R2 Std error Variables

Kanawha .697 14.3698 max thick
Kaolin .709 5.6688 plat thick
Cobden .704 15.1069 max thick
Obsidian .795 27.6 max thick
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Table 11.6. Regression analysis with materials broken into four groups

Material R2 Std error p Variables

Low .808 21.9593 <.001 max thk, plat depth
Medium .856 13.4195 <.001 max thick, flk len, plat len
High .812 26.7951 <.001 max thick, plat depth
Obsidian .708 99.9854 <.001 max thk, flk length

and soft hammer flakes can be considered together in the equations.
The data presented here indicate that application of equations to pre-
dict original flake mass for archaeological materials will have to be
developed based on experiments conducted with either the same raw
material used by the prehistoric knappers, or a very similar quality raw
material. If several materials are combined as one, then some means
of testing whether this is justified or not will be needed. Alternatively,
one could select complete, unretouched flakes from the archaeologi-
cal assemblage and develop equations based on these materials to be
applied to the retouched archaeological materials. Separate equations
would be needed for each raw material in the assemblage, or at least
very similar raw materials combined as one.

The concept of “curation” as related to stone tool design, as
opposed to what we do with our collections of excavated artifacts, was
introduced to archaeologists over thirty years ago by Binford (1973).
This concept has received considerable attention since this time and
has played a role in how archaeologists make inferences about human
behavior at specific prehistoric sites and across regions (i.e., Bamforth
1986; Carr 1994b). However, there is disagreement over the usage of
this concept and the use of design principles in general (Hayden et al.
1996). Our work with tool maintenance here is not meant to solve
these problems, but does demonstrate that with continued method-
ological refinement, tool maintenance can be accurately measured and
used as a means to monitor one aspect of curation. Knowing that one
assemblage has tools with an average of 5 g lost whereas another has
an average of 10 g lost of that same material allows comparisons with
considerations given to the overall organization-of-technology frame-
work. For example, if each of these sites is located in the same envi-
ronment, then the difference in the amount of resharpening is likely
due to either social or economic reasons. Perhaps the site showing
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a greater amount of resharpening (1) was occupied longer; (2) was
part of a different settlement pattern; (3) evidenced greater amount of
processing so more resharpening of tools; or (4) was affected by a com-
bination of these and other factors. In addition, different raw materials
would need specific consideration with regard to how quickly each
dulls in different tasks and how much mass is lost in resharpening.

Although such specific research appears to be far removed from
prehistoric human behavior, such details are critical if we are ever
to reach the promise of a scientific archaeology. There is too much
we still do not know about the complexities of lithic assemblage
formation. If all of our time is spent at higher levels of theory-building
or criticizing lithic analysts for not building theory, we will not advance
our understanding of prehistoric technology or of lithic assemblage
formation.
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LITHIC TECHNOLOGICAL
ORGANIZATION IN AN
EVOLUTIONARY FRAMEWORK:
EXAMPLES FROM NORTH AMERICA’S
PACIFIC NORTHWEST REGION

Abstract
The organization of lithic technology as a field of study prescribes
ecological explanations for variation in the ways that people made,
used, and transported stone tools. Although these models go far in
providing insight into the economic rationale behind lithic production
and use systems, they do not emphasize the historical and evolutionary
nature of change in stone tools. The paper offers an approach to
integrating ecological and evolutionary views of lithic technology. Two
case studies from North America’s Pacific Northwest region seek to
illustrate how change in aspects of chipped stone tool retouch patterns
corresponds with shifts in local subsistence tactics, despite socioeconomic
stability on the higher organizational scale.

INTRODUCTION

In 1994, Jan Simek gently chided archaeologists seeking to recon-
struct and explain the organization of lithic technology for failing
to integrate Darwinian evolutionary thinking into their models. This

We thank Bill Andrefsky for inviting us to contribute this paper. Field work at the
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comments. Figures 12.1 and 12.8 were created by Nathan Goodale.

257



258 ANNA MARIE PRENTISS AND DAVID S. CLARKE

came at a time when evolutionary thinking in archaeology was begin-
ning to be visible as a significant new paradigm in American archae-
ology (e.g., O’Brien and Lyman 2003b). Archaeologists interested in
evolution have since offered methodological and theoretical advances
spanning elements of material culture such as pots and projectile points
(O’Brien et al. 1999) to change in entire systems or packages of cul-
tural behavior (Spencer 1995). Yet research into the organization of
lithic technology has typically remained comfortably in the realm of
ecology and its search for general principles. Although this work has
at times been very sophisticated (e.g., Kuhn 1994) its reliance on ecol-
ogy as the explanatory framework has not yet led to a comprehensive
evolutionary theory of stone tools.

Archaeologists interested in the organization of lithic technology
typically seek to explain variation in production, use, and transport
of lithic tools, often in the light of mobility regimes, subsistence
resource conditions, and access to lithic sources (Andrefsky 1994, this
volume; Bamforth 1986; Binford 1979; Shott 1987; Torrence 1989).
They generally argue that economic logic will strongly dictate the tac-
tics chosen and that these can be predicted using general theoretical
models often based (implicitly or explicitly) on the microeconomic
logic of optimal foraging theory (e.g., Binford 2001). Although these
models go a long way toward helping us to understand the economics
of human decision-making, they do not always fully explain the evo-
lutionary/historical processes that give rise to variation in chipped
stone tools (Simek 1994). The fundamental issue is that humans act
within a cultural framework defined by past history. Consequently,
technological decisions are made within parameters defined by cul-
turally designated modes of operation (operationalized by some lithic
technologists [e.g., Close 2006] as chaine opératoire). Yet change does
happen, varying in scale from tactical shifts in tool retouch patterns
to reorganization of production accompanying grander changes on
higher socioeconomic scales (e.g., a hunter–gatherer group’s annual
mobility and subsistence strategy). In this paper we provide a frame-
work in which we can examine variation in stone tool manufacture,
use, and maintenance in its ecological and historical/evolutionary con-
text. Our intent is to outline an approach within which to consider
relationships between human decision-making as tied to membership
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within larger evolutionary structures and also as a consequence of local
ecological contingencies.

To help accomplish this, we provide two case studies from the
Pacific Northwest region of North America in which changes in lithic
tool manufacture and retouch occurred within stable socioeconomic
strategies. First, we examine the effect of changing environment on
a technological system, focusing on the Early Holocene expansion of
microblade-using peoples from interior Alaska to the central North-
west Coast. Here we argue that although the basic economic system
moved relatively intact, variation in seasonal resource conditions had
significant effects on prevailing approaches to some stone tool pro-
duction and use systems. Although this example provides insight into
broad changes in technological repertoires, current data do not per-
mit precise measurement of historical rates of change. This is primarily
due to having a relatively small sample of sites with adequate dating
from such an extensive landscape. We can get a closer look at rates of
change from our second case study, which examines change in patterns
of tool retouch at a late prehistoric village located in interior British
Columbia. In this case, we can recognize rapid shifts in preferred tool
types and patterns of retouch tangential with changes in predation and
associated mobility patterns. By combining evolutionary and ecolog-
ical ideas, we are able to offer new ideas about change and stability in
these lithic tool manufacturing and use regimes.

THEORETICAL ISSUES: LITHIC TECHNOLOGICAL
ORGANIZATION IN AN EVOLUTIONARY FRAMEWORK

Archaeologists have long studied lithic tools as markers of variability in
human socioeconomic systems (e.g., Binford and Binford 1966). Mea-
surement of variability in tool manufacture, form, use, and resharp-
ening provides insight into such cultural practices as mobility strategy,
subsistence behavior, and elements of social organization associated
with the organization of labor. In recent years some archaeologists
(e.g., O’Brien and Lyman 2003b) have argued that tool designs can be
better understood as targets of a Darwinian selection–like process that
gives rise to histories of particular forms. It has even been shown that
this can be modeled using the method and theory of cladistics (O’Brien
and Lyman 2003a). Although this is an important development, we
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cannot abandon our knowledge that lithic tools also represent parts of
more complex cultural systems. If they are parts, they may be affected
by changes on higher scales of integration, rather than simply existing
in isolation as competitive entities in and of themselves.

As argued by Eldredge (1985), evolution occurs on multiple
genealogical scales. In biology we recognize the evolution of genes,
organisms, and even species. In cultural contexts we must also recog-
nize change in a range of entities of varying degrees of complexity
(Eldredge 2000). Chatters and Prentiss (2005; Prentiss and Chatters
2003) have described a simple hierarchical model linking informational
(or genealogical) and behavioral (ecological or phenotypic) elements
of culture. In the genealogical framework, culture is best understood as
a complex information system ranging from simple traits to integrated
packages of traits. Resource management strategies (RMS) are com-
plex packages of integrated information that define organized behav-
ior associated with acquiring, distributing, and consuming food and
nonfood resources (Chatters and Prentiss 2005). Although all human
groups operate within and, in essence, possess an RMS, it is proba-
bly impossible for any single person to possess the total information
associated with an RMS (Bettinger 2003). Consequently, the RMS is
an emergent character (e.g., Vrba and Eldredge 1984) visible only on
the scale of organized activities associated with human groups. Indi-
viduals inherit and otherwise come to possess enough information to
contribute to their respective groups within this matrix.

The RMS is expressed through behavioral manifestations termed
tactics by Chatters and Prentiss (2005). Integrated behavior or tac-
tics among hunter–gatherers takes the form of such things as food
acquisition and processing behaviors, group movements, and techno-
logical activities. Fortunately for archaeologists, tactics, being pheno-
typic, leave fossil remnants in the archaeological record, including food
remains, portions of houses, and stone tools and flaking debris. Anal-
ysis of the archaeological record of these items permits archaeologists,
using middle range theory (e.g., Binford 1977, 1981), to recognize
key dimensions (or substrategies) of a given community’s RMS (e.g.,
mobility and foraging strategy, scheduling, technological organization,
and social organization as it pertains to resource distribution). As tac-
tics involve energy exchange, greater and lesser degrees of success are
possible, and consequently it is here that natural selection can act to
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effect change, stasis, or extinction in resource management strategies
(Prentiss and Chatters 2003).

The formation of variability in artifacts in the archaeological record
therefore results from transmission of information, practice of orga-
nized behavior coded by that information, and in the long term,
feedback (selection) on the human individual and group engaging
in that behavior. Variation may occur due to other factors as well,
including such things as errors and innovations (e.g., Eerkens and
Lipo 2005). Hunter–gatherers may employ a complex repertoire of
inherited (learned) technologies in their standard resource-gathering
activities, yet, as argued by Binford (1978), they also must respond
to contingencies, sometimes making alterations to specific tools or
creating situational tools to serve in particular circumstances. We can
imagine that in rare situations, the solving of dramatic contingencies
could trigger rapid and major changes in scheduling, resource pro-
curement strategies, and ultimately entire RMS, in a process Prentiss
and Chatters (2003) term niche reorganization. However, far more
typically, technology will evolve in such a manner that it helps to
preserve a standard of living for its human users, but also has the effect
of preserving or, put another way, maintaining cultural stasis at the
higher RMS level. We provide two examples of the latter process in
the following case studies.

THE NORTHWEST MICROBLADE TRADITION

The expansion of microblade-using groups from Alaska down the
Northwest Coast (Figure 12.1) during the terminal Pleistocene
and early Holocene provides an excellent example of variability in
lithic retouch tactics under changing ecological conditions. Although
archaeologists have associated the North Coast Microblade tradition
(e.g., Matson and Coupland 1995) with the Denali Complex of
interior Alaska and Diuktai culture of northeast Siberia (Ackerman
1992, 1996; Carlson 1998; Matson and Coupland 1995) due to strong
typological similarities in microblade cores, burins, and bipointed or
leaf-shaped bifaces, there is not total agreement regarding the cul-
tural origins of the similarly dated southern coastal manifestation
known as Old Cordilleran. Matson and Coupland (1995) argue for
a link to Clovis-derived interior cultures, presumably on the basis
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of geographic proximity, coupled with frequent bifaces and little evi-
dence for microblades. However, Chatters et al. (2006; see also Carlson
1998), demonstrate that coastal and interior (e.g., Cascade phase) Old
Cordilleran manifestations are strongly similar to early Alaskan com-
plexes on the basis of lithic tool manufacture (bifaces, microblades,
heavy-duty woodworking tools), settlement, and subsistence tactics,
as well as human craniofacial morphology. For the purposes of this
paper, we agree with Chatters et al. that the Old Cordilleran pattern
is so different from the earlier Paleoindian Stemmed Point or Pro-
towestern tradition (e.g., Cressman 1977) that it can only reflect a
replacement of these populations on the southern coast and interior
by populations originating to the north in Alaska, as marked by the
Denali Complex and North Coast Microblade tradition.

Although data from much of the greater Pacific Northwest
and interior Alaska remain relatively sparse (Fedje et al. 2004; Mason
et al. 2001), it is possible to recognize at least a rudimentary pattern
of mobility, subsistence, and technological organization employed by
members of this greater Northwest Microblade tradition (we combine
Clark’s [2001] Northwest Microblade tradition and Dixon’s [2001]
Northwest Coast Microblade tradition). Denali complex populations
were relatively sparse and apparently highly mobile, as indicated by
transport of nonlocal lithic raw materials (Mason et al. 2001). Living
in a terminal Pleistocene and early Holocene landscape with gener-
ally dry conditions with intense summer storms, fluctuating cold and
warm periods, and highly patchy game distributions (Mason et al.
2001), the Denali Complex favored settlement tactics that emphasized
relatively short-term occupation of small to larger residential camps,
often on river terraces, but rarely in rockshelters (Mason et al. 2001;
Yesner 2001). As reflected at sites such as Dry Creek (Powers and Hof-
fecker 1989) and Onion Portage (Anderson 1988), Denali peoples may
have periodically aggregated in larger groups. It is also possible that
some of these places were frequently reoccupied. Although subsistence
tactics are not very well understood (Mason et al. 2001), sites such as
Broken Mammoth hint that Denali peoples may have taken a flexible
approach to a seasonally variable, immediate-return diet incorporating
resources spanning fish, waterfowl, and small rodents, but also includ-
ing large numbers of caribou and likely sheep, elk, and bison (Yesner
2001). Denali peoples continued to employ a lithic technological
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figure 12.1. Map of the Northwest Coast.

organization that probably evolved in North China, Mongolia, and
eventually Siberia (Diuktai), emphasizing production of composite
weapons and other tools using modular parts such microblades and
variously shaped bifaces and unifaces (Hoffecker 2005). Burins were
frequently manufactured to aid in production of hafts for microblades
and other uses. This technological strategy was clearly designed to
help its users overcome contingencies associated with life in a cold
but highly seasonal interior environment and also to increase the like-
lihood of success in hunting using “overdesigned” (e.g., Bleed 1986)
and modular tool/weapon systems.

Although it is not clear how Denali peoples moved to the northern
Northwest Coast, it is clear that by about 10,000 B.P., some of these
groups had made the move south. Some, such as Fedje et al. (2004),
suggest that the first arrivals may not have been microblade users and
perhaps were derived from some other nonmicroblade culture (e.g.,
the Nenana complex). However, the sample of sites from the early



264 ANNA MARIE PRENTISS AND DAVID S. CLARKE

Northwest Coast is very low and sampling error could be a possibil-
ity. Archaeologists should also recognize that there is similar variation
in interior Alaskan Denali sites and that not all have microblades
(Mason et al. 2001). We suggest that the sum total of early northern
Northwest Coast tools still substantially reflect Denali-style technolo-
gies (e.g., leaf-shaped bifaces in some contexts [Richardson Island,
Namu]; wedge-shaped microcores and burins elsewhere [Hidden
Falls, Ground Hog Bay 2]). This basic technological package is sub-
stantially replicated in Old Cordilleran sites, with a continued pres-
ence of leaf-shaped bifaces and microblades (the latter in reduced
numbers).

Resource conditions on the Northwest Coast were obviously sub-
stantially different from those of interior Alaska. Limited research
into marine productivity during the early Holocene suggests extreme
variability but overall high productivity between 7000 and 9000 B.P.
(Tunnicliffe et al. 2001). Terrestrial environments on larger islands and
the mainland likely also offered a wide array of resources under gen-
erally dry conditions (Fedje et al. 2004). Salmon numbers, however,
may have been substantially reduced during this era due to dry condi-
tions, particularly on the interior (Chatters et al. 1995). Seasonality was
not extreme (possibly less so than today) and winters were relatively
mild, placing little pressure on mobile groups to anticipate shortages
between seasons.

Upon arrival in this generally rich environment, early groups
appear to have maintained their settlement tactics, focused on fre-
quent, and sometimes long-distance (e.g., Andrefsky 1995; Prentiss
and Chatters 2003), moves and relatively short stays in small camps
located on ridges or beach fronts overlooking water. With the occa-
sional exception (e.g., On Your Knees Cave [Dixon et al. 1997]),
rockshelters and caves were very rarely used. Predictably, subsistence
was dramatically diverse, with evidence for use of a variety of terrestrial
fauna, anadromous resources such as salmon, various inshore shellfish
and fish, and deep-water resources such halibut (Carlson 1998; Fedje
et al. 2004; Matson and Coupland 1995). However, there remains
no firm evidence for food storage at any site throughout the region
pre-dating around 5000 B.P. (but see Cannon and Yang 2006). In
essence, the residentially mobile, non-storage-oriented Denali RMS
had moved south, remaining structurally intact, but varying at some
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Table 12.1. Northwest Coast and interior Alaska site
locations

Site Specific location General location

Dry Creek Nenana Valley Interior Alaska
Namu Fitzhugh Sound Coastal British Columbia
Hidden Falls Baranof Island Southeast Alaska
Milliken Lower Fraser Canyon Southwestern British

Columbia

tactical levels associated with altered resource types and changes in
seasonal access.

CHANGE IN RETOUCHED LITHIC TOOLS

In order to better understand technological aspects of the Denali RMS
expansion, we examine change in lithic tool frequencies across a series
of sites spanning from the Denali through the Old Cordilleran cul-
tural complexes. We accomplished this by selecting a sample of sites
with unmixed and reasonably dated early components that also have
large and adequately described lithic assemblages in order to obtain
geographic representation spanning from interior Alaska to southern
British Columbia and from ca. 10,500 to 6500 B.P. These strict criteria
provided us with only a limited number of site components, including
Dry Creek Component II (eastern Beringia at ca. 9,300–10,600 B.P.)
(Powers and Hoffecker 1989), Namu Components Ia and Ib (north-
ern Northwest Coast at ca. 8000–10,000 B.P.) (Carlson 1996), Hidden
Falls, Component 1 (northern Northwest Coast at ca. 8600–9500
B.P.) (Davis 1989), and the Milliken’s (central Northwest Coast) Mil-
liken (ca. 8000–9000 B.P.), Mazama (ca. 7000–7500 B.P.), and Gravel
(ca. 6700–7300 B.P.) components (Mitchell and Pokotylo 1996). The
Milliken components are identified elsewhere in the paper as A (Mil-
liken), B (Mazama), and C (Gravel). Plotting tool frequencies by tool
forms and functional categories permits us to gain some insight into
changes in lithic retouch tactics as reflected in the data from these sites
(Tables 12.1 and 12.2).

First we divided lithic tool assemblages into three functional classes
on the basis of functional analysis, ethnographic descriptions of similar
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Table 12.2. Northwest Coast and interior Alaska site data

Hunt/ Light Heavy Microblade Shaped tool Uniface Biface
butcher duty duty index index index index

Dry Creek 0.23 0.32 0.45 0.9 0.65 0.11 0.23
Namu 0.48 0.18 0.34 0.1 0.5 0.16 0.44
Hidden Falls 0.01 0.89 0.1 0.02 0.12 0.07 0.01
Milliken A 0.11 0.79 0.1 0.03 0.17 0.06 0.11
Milliken B 0.19 0.56 0.25 0.02 0.18 0 0.19
Milliken C 0.03 0.62 0.34 0 0.07 0 0.04

tools (e.g., Teit 1900), and studies in design theory (e.g., Hayden et al.
1996b). Shaped bifacial projectile points and knives (as opposed to
lightly retouched flake edges) were placed into the group we term
hunting tools most effectively applied to killing and butchering ani-
mals. Larger, steeply retouched unifacial scrapers and bifacial drills
and boring tools were classified as heavy-duty and assumed to be
more commonly associated with applications to hard materials such
as wood or antler. All other flake tools and lightly retouched scrapers
(e.g., end scrapers) were classified as light-duty and generally associ-
ated with tasks linked to processing of softer plant and animal materials
(hides, bark, etc.). None of these classes include microblades, as these
are not generally retouched tools, though they can be associated with
hunting and light-duty activities.

Plotting the data for our site sample suggests a potentially high
degree of tool production/use variability in the earliest groups, but
ultimately major shifts away from the Denali pattern (Figure 12.2).
Early Namu is little different from Dry Creek, whereas Hidden Falls is
more typical of the pattern common to later occupations further down
the coast. The primary change at Hidden Falls comes in the sudden
shift toward high frequencies of light-duty tools and the dramatic
reduction in hunting and heavy-duty tools. Although this could be
partially due to changes in resources now requiring nets and baskets
rather than spears and heavy knives, we suggest that it probably also
reflects differences in annual access to lithic raw materials. Denali
groups had to carefully plan across the long term to maintain access
to toolstone, whereas coastal groups generally had more ubiquitous
access to lithics. This does not mean that some finer raw materials were
not transported (e.g., Mt. Edziza obsidian) or that some places were
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figure 12.2. Plot of functional artifact classes associated with
early sites in Beringia (Dry Creek) and on the Northwest
Coast.

not bereft of lithic sources (Namu); just that lower grade materials are
widespread on the coast, and in the Early Holocene, there were not
the same seasonal constraints on access.

These conclusions are further supported by data regarding the
persistence of particular tool forms. The use of microblades declined
precipitously as groups moved south on the Northwest Coast, so
that by the time of the latest Milliken occupations, no microblades
at all were in use (Figure 12.3). This does not mean that no more
microblades were made or used in the region. Chatters et al. (2006)
document Old Cordilleran microblade use on the Columbia Plateau
between 8000 and 5000 B.P. Recent research at the Maccallum site
in the Lower Fraser Valley of southern British Columbia documents
microblades associated with a late (ca. 5000–6000 B.P.) Old Cordilleran
context (Lepofsky and Lenert 2005). However, microblade use was
certainly infrequent in the south at the later dates. Formal shaped
tools (tools other than lightly retouched and/or used flakes) declined
in tandem with microblades (Figure 12.4). This was primarily due
(with the exception of Namu) to a decline in specific unifacial scraper
forms (Figure 12.5). Bifaces fluctuate less predictably (Figure 12.6).
We return to the bifaces in our discussion section.

We consider it likely that the Denali RMS, with its strong focus
on shaped modular tools, arrived intact on the Northwest Coast
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figure 12.3. Plot of microblade index (total microblades divided by total lithic
tools and microblades) for early sites in Beringia (Dry Creek) and on the North-
west Coast.

sometime shortly after 10,000 B.P. Lithic technologies changed as
some local groups experimented with new preferred technologies to
meet the new conditions, producing the more variable early pattern.
We can imagine that selective forces could have subsequently nar-
rowed the range of variation, generating the well-recognized North
Coast Microblade tradition and Old Cordilleran cultural complex. In
essence, the stable later pattern was preceded by a short-lived period
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total unifaces and other tool forms) for early sites in Beringia
(Dry Creek) and on the Northwest Coast.

of diversification, in this case, as groups found themselves in a new
and more benign environment without the previous harsh penalties
for mistakes in experimentation. However, this experimentation did
not drastically affect mobility and subsistence strategies (despite many
specific resource changes). Indeed, it probably permitted them to
maintain their familiar socioeconomic package. Thus, although the
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evolutionary process created some change at the scale of technological
organization, it failed to precipitate new RMS. Indeed, it more likely
worked to maintain stability in a way similar to that described by some
evolutionary biologists (e.g., Leiberman and Dudgeon 1996). Major
change was not to come until between 3500 and 4500 B.P., when the
forager RMS of the Northwest Microblade users was replaced on the
Northwest Coast by populations with collector strategies (Chatters and
Prentiss 2005). It had declined at least two millennia earlier in Alaska
with climate change (Mason et al. 2001) and replacement by groups
with new strategies moving in from the west (Sumnagin [Ackerman
1992; Mason et al. 2001]) and southeast (Paleoindian [Dixon 2001]).

Although these data do have implications for understanding the
evolutionary process, they are vague on specific rates of change. They
hint at rapid adjustments, as indicated at Hidden Falls, but specifics are
currently difficult to reconstruct without more excavated sites. To gain
some appreciation for how rapidly major technological changes of this
nature (retouch tactics) can occur within in situ cultural systems, we
now turn to the winter village collectors of the Canadian Plateau in
the Late Prehistoric period.

COMPLEX HUNTER-GATHERERS OF THE MIDDLE
FRASER CANYON

Housepit villages such as the Keatley Creek site (Figure 12.7) of the
Middle Fraser Canyon in southern British Columbia were occupied
by large groups who were very likely ancestral to today’s Stl’atl’imx
(Lillooet) peoples. Throughout the history of each village (ca. 1800–
200 cal. yr. B.P.), occupants relied upon a winter village collector
RMS (Hayden 1997; Prentiss et al. 2003, 2006). Lithic resources were
relatively abundant within a 20-mile range of both villages. Patterns
of access to these sources probably did not change much over time
(Hayden et al. 1996a). Keatley Creek knappers maintained a stable
technological repertoire of lithic tools centered on unifacial and bifa-
cial tool production from small transported block cores (Hayden et al.
1996b).

Despite stability in many areas, subsistence tactics did change dur-
ing the lifespans of the Mid-Fraser villages. The detailed chronology
of Housepit 7 at Keatley Creek provides us with the opportunity
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to hold RMS constant again and yet to still assess changes in tool
retouch tactics and to address with greater precision rates of change.
Recent research at Keatley Creek indicates that after its emergence
by ca. 1600 cal. yr. B.P., the village went through a significant sub-
sistence transition at ca. 1200 cal. yr. B.P. (Prentiss et al. 2006). Faunal
data suggest that prior to this time village subsistence centered on
salmon. However, after 1200 cal. yr. B.P., mammals were increasingly
added into the diet. Deer element frequencies change from a nearly
complete carcass transport pattern in the earlier period to one of selec-
tive transport featuring primarily limbs (especially lower limbs) in the
later period. Plant remains also suggest frequent use of more distant
higher elevation resources after 1200 cal. yr. B.P. Prentiss et al. (2007)
suggest that this pattern reflects local resource depression requiring
subsistence diversification and that more frequent and longer-distance
logistical mobility excursions occurred during the post–1200 cal. yr.
B.P. period.

There are two probable proximate causes for this subsistence tran-
sition. First, it is well known that Eastern Pacific productivity declined
rapidly at this point (Tunnicliffe et el. 2001), causing declines in salmon
in the Columbia (Chatters et al. 1995) and very likely in the Fraser.
Second, human populations in the Mid-Fraser had probably peaked
at ca. 1200–1300 cal. yr. B.P., with concomitant pressures on local
resources. It is likely that it was this pattern of economic stress that
led to the famous Keatley Creek abandonment by ca. 800 cal. yr. B.P.
(e.g., Hayden and Ryder 1991; Kuijt 2001). The site was not clearly
occupied again as an aggregated village.

CHANGE IN RETOUCHED LITHIC TOOLS

The lithic tool assemblage from Keatley Creek was derived from tools
collected during excavations of the Housepit 7 rim (e.g., Prentiss
et al. 2003) (Figure 12.8) in the 1999, 2001, and 2002 field seasons.
We chose all tools from the Early Housepit 7 strata reflecting the early
period (ca. 1600–1250 cal. yr. B.P.) associated with intensive salmon
use and the Rim 4 strata (ca. 1150–980 cal. yr. B.P.) associated with
the later subsistence diversification process. Assemblages from both
contexts consisted entirely of chipped stone tools (no ground stone).
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Table 12.3. Keatley Creek data (R = richness; D = Shannon diversity index;
J = Pielou’s evenness index; N = sample size for scrapers only)

Hunt/ Light Heavy Scraper Retouch
butcher duty duty index index R D J N

Early Housepit 7 0.33 0.22 0.44 0.7 0.039 3 .8 1.09 10
Late Housepit 7 0.43 0.24 0.33 0.44 0.046 7 1.6 1.89 55

We relied on several measures of variability in stone tools from Keatley
Creek (Table 12.3).

In order to explore general trends in chipped stone tool produc-
tion and use, we examined variation in the three functional classes
defined above. During the earlier (lower-mobility and more salmon-
dependent) period, lithic tools are most commonly classified as being
designed for heavy-duty/woodworking activities, and most of these

figure 12.8. Stratigraphy of Housepit 7 at the Keatley Creek site.
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figure 12.9. Plot of functional artifact classes from Housepit 7 strata.

are heavy-duty retouched scrapers (Figure 12.9). Hunting and butch-
ery and light-duty tools occur in slightly lower numbers. After 1200
cal. yr. B.P., the assemblage is dominated by more frequent hunt-
ing/butchery tools and somewhat reduced numbers of heavy- and
light-duty items (Figure 12.9). Although not dramatic, these patterns
make sense if we assume that, all things equal, tool frequencies reflect
major subsistence-related tasks. Mid-Fraser salmon fishing required
large wooden dip nets, wooden platforms for fisherman, wooden fish
traps, and long wood/bone/antler fish leisters (pronged fish spears)
(e.g., Romanoff 1992). Preparation of these tools occurred within
winter villages and undoubtedly required a wide array of heavy-duty
lithic tools. Consequently, the greater the role of salmon fishing, the
more frequent heavy-duty tools should be.

To provide a closer look at retouch behavior, we examined vari-
ability in retouch patterns, using three additional data sets. There is
no significant difference in frequencies of shaped unifaces and bifaces
versus unshaped flake tools (χ 2 = 2.8, p > .1, d.f. = 2). This is prob-
ably a by-product of extreme stability in the underlying structure of
the winter-village collector RMS and the lack of change in annual
access to lithic raw materials. However, there are interesting changes
in retouch patterns on scrapers. We calculated a ratio of scrapers with
single retouched edges to all scrapers (single, double, convergent, alter-
nating, end, etc.) as an initial indicator of general degree of retouch
among scrapers, under the assumption that single scrapers would be
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the least intensely modified forms. The single scraper index declines
between the early and later period, suggesting a shift away from a
focus on single scrapers to a wider range of retouch patterns in the
later period (Figure 12.10). This conclusion is supported by diversity
indices suggesting that no matter how it is measured (richness, Shan-
non index, evenness using Pielou’s J), the late scraper group is more
than twice as diverse (Table 12.2). Then, using methods outlined by
Carper (2005), we calculated a ratio of retouch area to total area for all
chipped stone scrapers. This index measures variation in the degree
of invasive facial flaking on each stone tool. Generally speaking, the
more invasively flaked the higher the index score. The data suggest
that as scraper form diversified, the degree of facial flaking increased
slightly and became much more variable (Figure 12.11). Although
these results are anticipated by differences in sample size between the
early and later deposits, we suggest that they also make sense in light
of theoretical expectations regarding relationships between mobility
and tool manufacture. Groups reliant on more frequent long-distance
moves associated with specific resource targets in patchy environments
are expected to produce a wider range of more formally shaped or
extensively modified lithic tools (MacDonald, this volume; Parry and
Kelly 1986).
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Subsistence and logistical mobility regimes did have important
impacts on patterns of Mid-Fraser stone tool production and use.
Keatley Creek peoples used a wider range of retouched scrapers,
along with a variety of shaped hunting and butchering tools, under
conditions of subsistence diversification and, likely, more frequent and
geographically extensive logistical mobility. In contrast, under condi-
tions of reduced logistical mobility and specialization in subsistence,
these people had been rewarded by a reduction system that tended
to produce more examples of simple single-edge scrapers and fewer
examples of hunting/butchering tools. We suggest that the Mid-Fraser
complex hunter–gatherers shifted technological priorities in order to
solve economic contingencies while, as in the case of the Northwest
Microblade tradition, effectively preserving their basic way of life (e.g.,
RMS).

The rate of change in retouch tactics appears to have been high.
A period of around 100 years separates the Early Housepit 7 strata
from that of the late period. This suggests that the transition required
a maximum of perhaps three generations. However, if the decline in
salmon documented elsewhere (Chatters et al. 1995) occurred rapidly,
as hinted in some paleoecological studies (e.g., Finney et al. 2002),
the shift to a tool strategy less tied to sedentary fishing and more
to logistically mobile broad-spectrum collecting may have been sub-
stantially quicker, perhaps much less than a generation. This implies
that even within a stable technoeconomic regime, ecologically linked
contingent technological decisions may have rapidly and permanently
affected tool retouch tactics in this village. Extending these conclusions
to our Northwest Coast case study, we can imagine that Denali com-
plex and early Northwest Coast Microblade tradition peoples could
have operated in much the same way, rapidly solving contingencies as
needed, and thus producing an archaeological record conforming in
many ways to predictions of the organizational theorists.

DISCUSSION

As a field of research, the organization of lithic technology has offered
substantial contributions toward development of explanatory (usually
ecological) understanding of variability in lithic technology. Many of
our results (this study) are anticipated by the organizational models.
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Residentially mobile hunter–gatherers in seasonal environments with
annually variable access to lithic resources tended to use more carefully
shaped tools that were often highly transported (e.g., Binford 1979).
Holding mobility constant, the prevalence of situational tools rose as
annual risk of access to lithic sources declined (e.g., Andrefsky 1994).
Sedentary winter-village groups relied on small flake cores, probably
obtained and stockpiled during the warm season (e.g., Parry and Kelly
1986). However, as anticipated by Simek (1994), there is still variation
in our data that seems to confound the predictions of the organizational
models. For example, why did a package of technologies (e.g., large
leaf-shaped bifaces and microblades), originally designed for optimal
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performance on the cold steppes, taigas, and tundras of East Asia,
persist on the more temperate Northwest Coast for over 4000 years?
Surely there were more nearly optimal technological alternatives!

In this chapter, we have sought to explore this problem by inte-
grating evolutionary thinking into the organization of lithic tech-
nology. We argued that although variability in lithic assemblages is
a consequence of the kinds of optimal situational and anticipatory
decision-making favored by most ecologically minded modelers, it is
also the product of long histories of technological learning (informa-
tion transmission), decision-making (phenotypic action), and feedback
(e.g., selection). Thus, lithic technological regimes are by-products of
evolutionary history and cannot be fully understood without consid-
eration of this dimension.

We argued that the knowledge associated with lithic technology,
when viewed from an organizational and evolutionary perspective,
could be viewed as a substrategy within a community’s greater resource
management strategy. Successful application of that knowledge would
serve ecologically to maintain a stable energy management system for
the human population, although it might also, from a genealogical
standpoint, prevent breakdown and extinction or change at the RMS
level (similar to the impact of stabilizing selection in biological con-
texts). Consequently, we recognize variation in application of lithic
reduction tactics often directly tied to historically contingent decisions
and contexts, but also constrained by past history.

When examined from this standpoint, the Northwest Microblade
tradition can be viewed as reflecting a complex cultural lineage with
its evolutionary origin in the Upper Paleolithic of interior East Asia
(Yesner 2001). As the originally Asian RMS moved on to the coast
and further south, its basic structure or Bauplan did not change; yet,
as also recognized in the Mid-Fraser case study, users shifted food har-
vest and lithic reduction tactics to fit the new resource configurations.
Consequently, there were some major changes in the frequencies of
some forms of tool production and retouch. Yet ancient technologi-
cal hallmarks such as microblades and biconvex bifaces were retained.
Were they vestigial? Could they have persisted merely as markers or
symbols of group membership but without a significant functional
contribution linked to the specific design? This seems unlikely, given
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the great span of time and the incredibly wide geographic range
associated with these groups. If these were significant group/ethnic
markers, within-group transmission processes should have generated
greater between-group stylistic variation (e.g., Boyd and Richardson
1985, 1987) during that time span. Another possibility could be that
these technologies evolved as critical parts of the strategy, integrated
in such a way that loss could be critically damaging, much like loss of
a key piece of anatomy in an organism. In other words, they became
locked (sensu Gould 2002) in place through a selective process that
designated them as the tools for acquiring specific resources (specifi-
cally some larger mammals) during an annual hunting and gathering
cycle. If they served primarily as parts of hunting and butchering
tool kits, then their frequency should have declined as group diets
became substantially more marine in orientation. Yet their persistence
could still be linked to their role in providing terrestrial resources.
This hypothesis seems to have some support in the microblade data
in particular (Figure 12.3). However, bifaces fluctuate widely (Figure
12.5) in numbers, suggesting that some other factor may have played
a role in their persistence. If biconvex or leaf-shaped bifaces evolved
within a hunting society, probably assuming roles as highly reliable
tools for killing and butchering large mammals, then their continued
persistence at fishing sites, sometimes in large numbers (Namu and
Milliken, for example) is indeed perplexing. We offer two alternative
possibilities. First, it is possible that, despite obvious formal shaping
(e.g., targets of a reduction process per Kelly [1986]), these tools had
always been designed for flexibility in actual application, perhaps asso-
ciated with contexts where a high degree of resource processing was
required. If this is the case, then there would be no surprise in find-
ing them at kill/processing sites in Beringia and fishing sites on the
Northwest Coast (e.g., Namu and Milliken). However, and in par-
tial contrast, we also suggest that, following, these tools, originally
designed for game processing, may have been coopted as fish process-
ing knives, particularly associated with warm season salmon harvests.
Thus, their persistence is not entirely explained through simple adap-
tation; exaptation (sensu Gould and Vrba 1982) may have played an
important role. This could have set the stage for the emergence of
the first (similarly shaped) ground slate knives/points (Matson and
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Coupland 1995) after ca. 5000 B.P. during the subsequent period of
major cultural changes in the Pacific Northwest (Chatters and Prentiss
2005).

Lithic technology can play a critical role in the rarer incidents of
radical cultural change – the kind that produce new RMS, as in the
emergence of collectors on the Northwest Coast (Prentiss and Chatters
2003), the development of agricultural societies in the Near East (Bar-
Yosef and Meadow 1993), or some Paleoindian to Archaic transitions
(e.g., Andrefsky 2004). Major RMS changes typically involve radical
shifts in the nature and scheduling of food (and other resources) pro-
duction and distribution tactics, which are typically associated with
reorganized labor patterns (Chatters and Prentiss 2005). Lithic tools
can, of course, play a critical role in this process. Stylistic alterations
can also occur during periods of radical change as groups develop new
social and ideological formations marked by new learning tactics (e.g.,
Bettinger and Eerkens 1999) and applications of new symbolic mark-
ers of identity and ideology (prestige technologies [Hayden 1998]
and symbolically loaded hafting and flaking patterns such as fluting
[MacDonald 1998]). However, as this paper has shown, functional
and stylistic change probably occurs even more often during the long
periods of RMS stability characterizing many cultural histories. If
simple frequencies of lithic tools measured using functional and stylis-
tic typologies are an ambiguous marker of major change, then how
can lithics contribute? We suggest that the answer still lies, at least
in part, in some of the original thinking of the organizational theo-
rists (e.g., Torrence 1989) who emphasized gaining an understanding
of tool design, production systems, and scheduling as integrated into
broader socioeconomic systems. However, if we are ever to build a
truly comprehensive model, these concepts must be revisited now in
an evolutionary framework. Chapters in this volume (e.g., Goodale
et al.) suggest that this process is already under way.
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CHANGING REDUCTION INTENSITY,
SETTLEMENT, AND SUBSISTENCE IN
WARDAMAN COUNTRY, NORTHERN
AUSTRALIA

Abstract
The reduction of stone materials to produce functional tools has formed
a vital part of hunter–gatherer technology and land use in Australia
for at least the past 45,000 years. Measuring reduction is therefore
a vital component of understanding past technology and behavior in
Australia, and requires that we develop effective procedures for quan-
tifying reduction for all classes of materials. In this paper, a range of
reduction measures are presented for cores, flakes, and different kinds
of retouched flakes. These are used to determine the extent to which
varying levels of reduction intensity have shaped assemblage compo-
sition through time. Changing artefact reduction is tied to systems of
land use and provisioning over the past 15,000 years by examining
fluctuating occupational intensities, raw material movement, scaveng-
ing and recycling of artefacts, and technological diversity. Changes
in all of these dimensions of past behavior are linked to Holocene
climatic fluctuations and the onset of intensified El Niño/Southern
Oscillation (ENSO) events in the past 3,500 years.
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INTRODUCTION

It is now widely held that differences in extent of reduction condition
can explain a great deal of the variation observed within and between
lithic assemblages. We need no longer debate this proposition given
the numerous published quantitative, substantive and rigorous demon-
strations that this is unequivocally the case in many times and places
(Andrefsky 2007; Blades 1999; Clarkson 2002, 2005; Dibble 1987,
1988, 1995; Gordon 1993; Hiscock and Attenbrow 2002, 2003, 2005;
Hiscock and Clarkson 2005a, 2005b, this volume; Holdaway 1991;
Wilson and Andrefsky, this volume). It is now the job of archaeology
to explore in detail what changing reduction intensity might mean
in terms of changing mobility, subsistence, ways of dealing with risk,
and cognitive capacity, different strategies for conserving and extend-
ing the use life of tools, and the relationships between reduction and
functionality of tools. These are all avenues of research begun on a
theoretical level long ago, but only recently have the methodological
tools caught up with our intellectual forays into these areas.

This paper presents methods for examining changing levels of core
reduction, stages of flake removal, and levels of retouch intensity that
will be used to explore major changes in mobility and land use, the
organization of technology, technological investment, and the exten-
sion of artefact use life in Wardaman Country over time. These changes
are argued to stem from varying levels of economic risk and climatic
instability in this part of northern Australia since the terminal Pleis-
tocene, and also to show broad parity with proxy measures of popula-
tion size and occupational intensity over time. Fluctuations in reduc-
tion intensity are further linked to alterations in the provisioning of raw
materials from local and exotic sources, changes in raw material selec-
tion, and changes in implement design that suggest that people sought
greater functional specificity, as well as longer periods of functionality,
from their tools around the mid-Holocene. These changes in mobility,
tool design, and provisioning can be linked to changing world views
and systems of symbolic engagement with places, as seen through
periods of intensive artistic activity and the caching of valued objects

Aboriginal community – Bill Harney, July Blootcher, Lilly Gin.ginna, and Oliver
Raymond – for generously supporting my research in their country.
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in rockshelters. The emerging view is one of cultural dynamism and
constant change and innovation in this part of northern Australia.

THE MANY FORMS OF ARTEFACT REDUCTION

Core Reduction

The reduction of stone must begin with cores (Hiscock 2007), yet few
sophisticated schemes for the analysis of reduction intensity among
cores exist. Here a set of observations are made on an assemblage of
cores from Wardaman Country using the number of platform rotations
as a guide to reduction intensity (Clarkson and O’Connor 2005).
Number of core rotations is plotted against various morphological
features of cores in Figure 13.1. A consistent series of transformations
takes place in the morphology of cores, confirming the utility of the
number of core rotations as a measure of core reduction intensity in
this region.

First of all, the number of scars found on cores increases with
each rotation, as does the percentage of platforms that have more
than one conchoidal scar, resulting from the use of a previous core
face as the new platform (Figure 13.1A). The percentage of scars
found on the core showing step and hinge terminations also increases
as core rotation proceeds, as does the minimum external angle of
the last platform used on cores. The use of overhang removal also
increases steadily throughout the remainder of the reduction sequence.
Overhang removal was presumably used to strengthen the platform to
better receive the forceful blows required to remove flakes from smaller
cores with increasingly high-angled platform edges.

In contrast to these increasing trends, cortex diminishes rapidly
in the early stages of reduction, indicating that more surface material
was removed prior to the first rotation than at any stage subsequent
to it (Figure 13.1B). This idea is supported by the rapid reduction in
the weight of cores over the first few rotations. Platform size and the
length of flake scars also decrease as rotations increase in number. As
length decreases, so too does the elongation of flake scars. Finally, the
used portion of the platform edge first increases and then decreases as
the viable platform perimeter decreases. This is no doubt largely due to
irregularities, left on the core face and platform by previous rotations,
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figure 13.1. Changes in core morphology over the reduction sequence.

that restrict flaking to certain areas, but may also reflect decreasing
control over force variables that allow successful flake detachments.

Flake Production Stages

Flakes can also be ordered into reduction stages according to the nature
of the platform surface, and changes in flake morphology examined
as the reduction process progresses confirm directional trends in these
features. The four platform types used to order flakes are cortical plat-
forms, representing the first stages of core reduction, platforms formed
from a single conchoidal flake scar, representing early to middle stages,
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figure 13.2. Changes in flake morphology as reduction continues.
Reduction stage is measured using four platform types: cortical,
single conchoidal, multiple conchoidal, and bipolar. Changes in
morphology include (A) % dorsal cortex, (B) mean weight, (C)
platform area, and (D) frequency of overhang removal as platform
angle increases.

platforms with multiple conchoidal scarring, representing later stages
of freehand percussion, and crushed bipolar platforms, representing
the last stage of the reduction continuum.

Figure 13.2 tracks the sorts of changes in flake characteristics that
accompany each stage of reduction as inferred from platform surface
type, including reductions in cortex, mean weight, and platform area
that are consistent with the changes seen in core reduction above.

Retouch Intensity

Retouched flakes are most commonly the subject of detailed reduction
analyses. A wide range of techniques have been proposed in recent
years (Andrefsky 2006; Eren and Prendergast, this volume; Hiscock
and Clarkson 2005a, 2005b; Quinn et al., this volume), but many
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figure 13.3 The index of invasiveness (from Clarkson 2002).

remain untested in terms of their performance as absolute measures of
reduction (i.e., in terms of the percentage of original mass lost from
specimens). Two procedures that have been tested in recent years offer
a means of measuring flake reduction for two very different forms of
retouching (see Clarkson 2002; Wilson and Andrefsky, this volume).

The first of these is a procedure for measuring flake reduction
using estimation of retouch scar coverage (Clarkson 2002). This “index
of invasiveness” (II) calculates intensity of retouch by estimating the
extent of retouching around the perimeter of a flake as well as the
degree to which retouch scars encroach onto the dorsal and ventral
surfaces. This index has since been modified by Andrefsky (2006) to
measure further reduction of artefacts that are already fully bifacial.
The index is calculated by conceptually dividing an artefact into eight
segments on each face. Each segment is then further divided into an
inner “invasive” zone, ascribed a score of 1, and an outer “marginal”
zone, ascribed a score of 0.5. Scores of 0 (no retouch), 0.5 (marginal),
or 1 (invasive) are allocated to each segment according to the maximum
encroachment of scars into one or other of these zones (Figure 13.3).
The segment scores are then totaled and divided by 16 to give an
index between 0 and 1. Experimental evidence indicates a strong
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figure 13.4. The geometric index of unifacial reduction (GIUR).

and significant positive relationship exists between the index and the
number of retouch blows and the percentage of original weight lost
from flakes, which is linear when the percentage of original mass lost
is square root transformed.

In assemblages with only unifacial retouch, alternative measures of
reduction may be more appropriate, such as Kuhn’s (1990) index of
reduction. Kuhn’s (1990; 1995) “geometric index of unifacial reduc-
tion” (GIUR) is a fast and sophisticated quantitative measure of flake
margin attrition. The GIUR calculates the ratio between retouch
height and flake thickness, expressed as a figure between 0 and 1
(Figure 13.4). Although it is theoretically sensitive to variation in
the cross-sectional shape of flakes (and particularly “flat flakes” – see
Dibble 1995), recent independent experimental testing has revealed
that the GIUR is a robust and reliable measure of dorsal unifacial
reduction that is linear when the percentage of original weight lost
from specimens is log transformed. The GIUR has been shown to out-
perform most other measures of unifacial reduction currently available
(Hiscock and Clarkson 2005a, 2005b).

The II can therefore be measured on all retouched flakes (but
is best suited to assemblages with invasive bifacial retouch), whereas
the GIUR can be used to measure unifacial dorsal retouch. When
the GIUR is used to measure marginal unifacial “scraper retouch”
and the II is used to measure invasive bifacial retouching, the two
indices give almost identical results in terms of the rate at which
both indices increase relative to the percent of original mass lost from
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figure 13.5. Comparison of the performance of the index of invasiveness (II)
and the geometric index of unifacial reduction (GIUR) from experimental
specimens. When transformed using different mathematical procedures (log
and square root), the two data sets provide much the same results in terms of
rate of index increase for percentage of original mass lost.

flakes. The results of this comparison are shown in Figure 13.5. There
is total overlap in the results of both indices, and a linear regression
analysis returns a very high Spearman’s product–moment correlation
coefficient (d.f. = 897, r 2 = .794, F = 3445, p < .005), indicating
that 79% of mass lost is explained by one or other of these indices. In
combination, they therefore offer the potential to measure reduction
in much the same way but on flakes reduced using quite different
retouching methods. When used appropriately (i.e., when the GIUR
is used to measure unifacial marginal retouch and the II is used to
measure bifacial invasive retouch), these techniques provide a powerful
means of quantifying retouch intensity on assemblages that contain
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retouched implements produced using varied reduction techniques.
These two measures of retouch intensity will be employed in this
manner below.

THE WARDAMAN COUNTRY SITES

To examine changing reduction intensity over time in Wardaman
Country, assemblages of cores, flakes, and retouched flakes from four
rockshelter sites in Wardaman Country were analyzed to determine
if parity exists in changing levels of reduction intensity, and what
effects this change might have on assemblage form. The four sites
chosen for analysis are Ingaladdi, Garnawala 2, Jagoliya, and Gordolya,
all sandstone rockshelters located within ca. 20 km of each other
around 250 km south of Darwin (Figure 13.6). These rockshelters
have been excavated by various archaeologists over the past 30 years
and the results published in a series of reports (Attenbrow et al. 1995;
Clarkson 2004, 2007; Clarkson and David 1995; Clarkson and Wallis
2003; David 1991; David et al. 1990, 1992, 1994, 1995; McNiven
1992; Mulvaney 1969). Regression analysis of dated charcoal from
sites shows that linear methods provide the best fit between depth
and age data. Linear regression allows the basal ages of sites to be
determined at ca. 10,000 cal. yr. B.P. for Ingaladdi, ca. 15,000 cal. yr.
B.P. for Gordolya, ca. 6,500 cal. yr. B.P. for Jagoliya, and ca. 13,000
cal. yr. B.P. for Garnawala 2 (see Clarkson 2004, 2007 for details).
Only the last 10,000 years of technological change are examined in
this paper, as sample size can be too small before this time.

TECHNOLOGICAL CHANGE AND REDUCTION
SEQUENCES IN WARDAMAN COUNTRY

Large stone artefact assemblages were recovered from excavations at
each rockshelter (more than 10,000 artifacts) and these showed enor-
mous technological diversity and the use of a wide range of raw
materials. Analysis of the sequences at these sites shows continuous
technological change from first occupation to the present, involv-
ing the gradual introduction of new retouched forms such as points,
tulas, burins, burrens, and lancet flakes, along with other implements
such as grindstones and axes, as well as declining emphasis on on-site
core reduction and scraper production (Clarkson 2004, 2007). Broad



figure 13.6. The location of Wardaman Country and the sites mentioned in the text.
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figure 13.7. Summary of major technological changes in Wardaman Country
during the Holocene.

technological changes observed at these sites are summarized in Figure
13.7. The various retouched implements graphed in Figure 13.7 rep-
resent distinctive production and retouching strategies, and do not
represent stages of a single reduction sequence, though some exchange
between sequences is likely. Reduction sequences have been deter-
mined for these implements using quantitative analysis of changing
artefact morphology as retouch increases, and analyses of this material
have been presented elsewhere (Clarkson 2002, 2004, 2005, 2006).
A summary of typical reduction sequences for Wardaman retouched
implements is provided in Figure 13.8, illustrating the distinctive stages
and end products that result from these separate reduction pathways.

OCCUPATIONAL INTENSITY

Before exploring changing reduction intensity, it is useful to first
examine changing discard rates at rockshelters in Wardaman Country
that might reflect changes in frequency of visitation, the size of visiting
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figure 13.7 (continued )

groups, length of stay, or regional population size more generally. This
helps place changing reduction intensity within the context of chang-
ing land use practices. Figure 13.9 plots the changes in pooled stone
artefact discard rates for all four rockshelters over the past 10,000 years.
Numbers of complete flakes greater than 2 cm in length are also plotted
to determine to what extent fragmentation or small debris size might
be partly driving the trends. Weight of bone from one shelter with a
large and well-preserved faunal assemblage (Gordolya) is also plotted
as a proxy measure of the amount of animal food consumed in shelters
through time. Weight of charcoal and burnt earth is also plotted to
give an indication of the frequency and intensity of firing conducted
in the shelters through time. The quantities of these materials all cor-
respond closely, indicating peaks in discard at 1,500 and 7,000 cal. yr.
B.P., perhaps pointing to periods of increased occupational intensity
at these times. Fragmentation and other taphonomic processes do not
appear to have had a serious effect on artefact numbers.

The first of the distinct peaks in artefact discard coincides with the
“early Holocene optimum” or a period of warm, wet, and very stable
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figure 13.8. Typical reduction sequences for common retouched artefacts in War-
daman Country, determined from quantitative analysis of changing flake morphology
as indices of reduction intensity increase (see Clarkson 2004, 2006). (A) Unifacial
points, (B) bifacial points, (C) unifacial scrapers, (D) burins, and (E) tulas.
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figure 13.9. Changing levels of artistic activity in sites as frequency of site visitation
and the nature of land-use changes over time.

climatic conditions. At this time, population or visitation frequency
to rockshelters appears to have increased as foragers enjoyed favorable
conditions. The trough between the earlier and later peaks coincides
with the onset of an intensified El Niño Southern Oscillation (ENSO)
climatic regime, resulting in heightened interannual variability in rain-
fall, with recurrent periods of extreme drought and flood and overall
much reduced effective precipitation (Gagan et al. 1994, 2004; Haberle
and David 2004; Kershaw 1995; Koutavas et al. 2002; McGlone et al.
1992; Nott and Price 1999; Schulmeister and Lees 1995). This was
likely a period of increased economic risk in Wardaman Country of a
kind not experienced since people first occupied the region after the
Last Glacial Maximum, giving rise to a likely demographic response
in the form of reduced population size and site visitations. The second
peak in discard rates takes place in the late Holocene. El Niño events
decreased in severity markedly around 1,500 years ago (Schulmeister
and Lees 1995), and populations appear to have visited sites more fre-
quently or in larger numbers. The past 1,000 years saw diminishing
use of the landscapes again as El Niño settled into its modern pattern,
with very high interannual variation still characterizing the region
today (Dewar 2003).
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REDUCTION INTENSITY

We can now examine changes in technology against this backdrop
of oscillating occupational intensity. Figure 13.10 plots pooled mean
reduction intensity for the four rockshelter sites through time, showing
changes in core reduction (Figure 13.10a), flake production stages
(Figure 13.10b), and levels of flake retouch intensity (Figure 13.10c).
Changes to these indices of reduction are superimposed over changing
artefact discard rates for the region. Changes in the reduction intensity
at rockshelters in Wardaman Country show the inverse of fluctuations
in stone artefact discard through time, with reduction peaking when
artefact discard is lowest. The nature of changes in reduction intensity
is almost identical for each artefact class and each index of reduction,
with the exception of retouched flakes, which retain high levels of
reduction after the second peak in stone artefact discard at 1,500 cal.
yr. B.P.

Changes in reduction intensity are reflected in typological changes
in the region that coincide with shifts up and down the reduction
intensity scale for each reduction sequence. The earliest peak in reduc-
tion intensity, prior to the 7000 cal. yr. B.P. peak in artefact discard,
coincides with high frequency of what are commonly called “steep
edge” scrapers, “discoids,” and “double side and double end scrap-
ers,” which generally represent heavily reduced scrapers. Between
the peaks in reduction intensity a new suite of reduction sequences
appear, and reduced forms of scrapers, points, tulas, and burins appear
at this time. Thus, we see at this time a peak in burrens – or heavily
reduced scrapers that typically appear after 5,000 cal. yr. B.P. Highly
reduced bifacial point forms are also most common after 4,000 cal.
yr. B.P. Tulas are also at their most reduced after 4,000 cal. yr. B.P.,
with “slug” forms most common between 2,500 and 2,000 cal. yr. B.P.
Burins also reach their most reduced stages between 3,000 and 2,000
cal. yr. B.P., with cases of between nine and twelve spalls removed from
burins at this time. In some cases, these more reduced forms represent
vast extensions of the viable use life of artefacts, with late stage bifacial
points, for instance, extending point reduction by up to 60% more
mass loss than that which can be taken from unifacial points. Tula
slugs also represent incredible reduction of up to 80% of the original
mass of implements, indicating that periods of high retouch intensity,
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figure 13.10. Three measures of artefact reduction plotted
against changes in artefact discard. (A) Numbers of core rota-
tions, (B) percentage of late stage flake platforms, and (C) mean
retouch intensity for either the GIUR or the index of invasive-
ness.
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particularly between 2,000 and 4,000 years ago, witnessed incredible
levels of implement exhaustion, presumably reflecting strong pressures
to curate retouched implements. Bipolar cores and bipolar flakes are
also most common during periods of high reduction intensity, reflect-
ing the extension of core reduction into the last stages of core reduction
sequences.

Fluctuations in reduction intensity probably reflect several aspects
of the organization of technology. The first of these is the intention
to extend the reduction of raw materials to get more use from arte-
facts before they are discarded. This could reflect shortages of raw
materials at sites, limited access to replacement stone due to unpre-
dictability of past and future movements (Kuhn 1995; Nelson 1991),
or attempts to recoup the manufacturing costs of implements that
require significant investments in time and materials to make (Clark-
son 2004; Ugan et al. 2003). In all cases, periods of increased reduction
intensity point to increased demands on the technological system to
keep tools and cores functional longer. It is argued here that the
peaks in reduction intensity seen between peaks in artefact discard
(interpreted as increased occupational intensity) reflect periods of
high mobility when the opportunities to reprovision with replace-
ment raw materials were reduced, and where long use-life artefacts
were desirable due to longer periods between provisioning. Inter-
estingly, the new retouched implements that appeared over the past
5,000 years are highly retouched, standardized forms that were no
doubt hafted in most cases. Investment in these implements would no
doubt have been far greater than in the simpler retouched flakes that
were dominant before 5,000 years ago, and hence sustained high levels
of retouch intensity after 3000 cal. yr. B.P. may partly reflect the need
to recoup the cost of manufacturing these specialized and standardized
items.

ASSEMBLAGE DIVERSITY

Toolkit diversity probably reflects a number of important features
of past subsistence and technological systems. For instance, different
levels of toolkit diversity are often argued to reflect limits on trans-
portation capacity as well as different forms of mobility employed
by human groups. The technological literature commonly associates
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low diversity, multifunctional toolkits with high residential mobil-
ity, whereas high diversity toolkits are typically associated with high
levels of task specificity and time-limited foraging typical of logisti-
cal mobility (Binford 1979; Bleed 1986; Shott 1986; Torrence 1986).
Toolkit diversity cannot be measured directly, as “tools” cannot easily
be differentiated from “non-tools” in archaeological contexts without
conducting use-wear and residue studies. However, it may be possible
to measure diversity in this study by counting the number of reduction
sequences in existence in Wardaman Country at any one time. Figure
13.7 showed the temporal occurrence of each of the major reduction
sequences found in Wardaman Country over the past 10,000 years.
Diversity can be seen to increase gradually between 10,000 and 4,000
years ago, and then more dramatically after 4,000 cal. yr. B.P.

One way that this trend may be interpreted is as a gradual shift
from greater residential mobility (where fewer, perhaps more multi-
functional tools were employed) to logistical mobility (where many
specialized tools were employed) through time. This shift can proba-
bly be linked to increasing patchiness and a rise in mobile/clumped
resources as rainfall became more variable in the past 5,000 years.
Increasing the number of specialized tools in the tool kit would pre-
sumably have reduced time-stress and subsistence risk by increasing
the efficiency of tools as well as the chances of successful resource
capture in more time-limited encounters with resources in patchier
and less productive environments.

ARTIFACT RECYCLING AND TRANSFORMATION

Another dimension of reduction intensity is the transformation and
recycling of artifacts. This practice might give an indication of changes
in technological versatility and the use of situational gear (Binford
1979, 1980; Nelson 1991). Situational gear can be important in ensur-
ing successful resource capture when replacement tools fail or are
unavailable, and a rise in the frequency of its use may point to an
increase in time-limited foraging, and increased constraints on the
transported supply. In this case, scavenged flakes with fresh retouch
over old weathered surfaces and broken implements that have been
recycled or repaired through retouching of the break are considered
likely to be one archaeologically visible form of situational gear.
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figure 13.11. Frequency of artifact reuse as a possible indicator of
the use of situational gear. (A) Frequency of retouch over broken
edges and (B) flakes with fresh retouch scars over old weathered
surfaces.

Figures 13.11A and 13.11B show the percentages of these kinds of
implement recycling in sites through time. There is a clear increase in
retouched implement scavenging before 8,000 cal. yr. B.P. and after ca.
4,000 cal. yr. B.P. (Figure 13.11B). This suggests that situational gear
only became important at times of greater subsistence stress associated
with fluctuating climate and aridity, presumably as mobility, risk, and
time-limited foraging increased.
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figure 13.12. Changes in mean raw material richness and transport
for all four sites. (A) Raw material richness (number of raw material
types/sample size) and (B) proportions of local and exotic raw materials.

RAW MATERIAL SELECTION AND TRANSPORT

If raw material diversity reflects the number of locations (or patches)
visited by foragers, as it is often argued to do (Binford 1980; Brant-
ingham 2003; Gould and Saggers 1985; MacDonald, this volume),
then changes in raw material richness (i.e., number of types of raw
materials/sample size) may provide a measure of the diversity of places
and stone sources visited, and hence the overall level of mobility and
of foraging range. As seen in Figure 13.12A, raw material richness is
highest during periods of lower stone artifact discard, suggesting that
mobility and patch visititation are also highest at these times.
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Changing procurement patterns can also be explored by examin-
ing the changing proportions of local (< 10 km) versus exotic stone
(> 10 km) over time. Following initially high proportions of exotic
stone, local stone dominates the assemblage from ca. 9,000 cal. yr.
B.P. until around 4,000 years ago, after which a huge increase in the
use of exotic stone takes place. This likely indicates that people were
travelling over much greater distances in the past 4,000 years than
any time previously. Furthermore, these raw materials are typically of
much higher quality than the locally available quartzites at most sites,
and are mostly represented by cherts and chalcedonies. This suggests
that people tried wherever possible to procure and retain high-quality
raw materials after 4,000 cal. yr. B.P., perhaps to meet the higher
demands on artifact performance and maintenance after this time
(Goodyear 1989). If raw material procurement was embedded, then
foragers must have been more mobile to have encountered these more
distant, higher-quality raw materials more regularly. If procurement
was organized into specialized visits to quarries, the pattern likely
indicates greater investment in long-distance journeys to procure
higher-quality materials.

PROVISIONING AND TECHNOLOGICAL
ORGANIZATION IN WARDAMAN COUNTRY

The organization of technology prior to the first peak in occupa-
tional intensity at 7,000 cal. yr. B.P. in Wardaman Country appears
to indicate high reduction of cores, and the use of high frequen-
cies of exotic stone for the manufacture of highly reduced scrapers.
Raw material richness, as a proxy measure of patch visitation, and
the frequency of exotic raw materials, as a measure of foraging range,
both indicate high mobility and long-range foraging prior to 7,000
cal. yr. B.P. Technological diversity, however, remains low, suggesting
that few if any specialized implements were being manufactured at
this time. The signature for this early period appears most consistent
with low-diversity provisioning of individuals with small cores and
retouched flakes (Kuhn 1995). This combination of portable artifacts
and indications of high-frequency, relatively long-range mobility is
what would be expected of a highly residentially mobile system of land
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use, where resources tend to be stable and evenly spaced rather than
mobile and clumped (Clarkson 2004, 2007; Horn 1968; Smith 1983).

An apparent reversal in land use and provisioning practices takes
place around 7,000 cal. yr. B.P. This coincides with a major peak in
stone artefact deposition, which is argued to reflect an increase in
occupational intensity. Reduction intensity decreases for cores, flakes,
and retouched flakes at this time, as does the proportion of exotic
raw materials and raw material richness. The proportion of larger,
lightly reduced cores in the assemblage increases, and the proportion
of retouched flakes declines (Figure 13.7). This combination of fac-
tors points to reduced range and frequency of mobility, an increase
in stockpiling of sites with raw materials from local sources as well as
a reduced range of distant sources, and a discontinuation of artefact
scavenging and recycling. The strategy is clearly what Kuhn (1995)
calls “place provisioning” – one that is most suited to more regular
movements within the landscape, where the types and frequency of
subsistence opportunities can be predicted. In the context of greater
predictability of use and lower residential mobility, the peak in occupa-
tional intensity also suggests an increase in people visiting the shelters,
more frequent visitation, longer visitations, or an overall increase in
population density such that all forms of site use are intensified. This
period of intensive and predictable occupation of shelters coincides
with increased rainfall and reduced interannual variability. These are
exactly the sorts of conditions under which we should expect popula-
tion growth and technological strategies to emerge that take advantage
of higher resource abundance and more predictable availability of food
and raw materials.

After 5,000 cal. yr. B.P., there is a change in technology back
toward the higher levels of reduction that existed in the initial period of
occupation. However, the nature of technological strategies employed
after 5,000 cal. yr. B.P. appears to differ from that of those employed
earlier on. Standardized retouched implements begin to make their
appearance from 5,000 to 6,000 cal. yr. B.P., including bifacial points
and late reduction stage scrapers (identified as burrens), and raw mate-
rial richness and the proportion of high-quality exotic stone increases
again. Cores begin to drop out of the record and the size of artefacts
begins to decrease markedly.
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The rate of change intensified at 3,000 cal. yr. B.P., including
a marked increase in technological diversity, and a big increase in
the use of what is likely situational gear. Reduction intensity and
the extension of reduction potential also peaks between 2,000 and
3,000 cal. yr. B.P., with the most reduced stages of many retouched
implement forms (i.e., bifacial points, tulas, and burins) and the end
points in core reduction (i.e., bipolar cores and flakes) peaking at this
time, and then declining soon after. Edge-ground axes, arguably the
most extendable and most costly implements to produce, also make
their first appearance at this time. The rise in diversity represents a far
greater investment in technology in terms of time and labor that can
only have been recouped through the extension of artefact use-lives.
The greater attention to design and standardization of form at this
time was no doubt targeted at increasing the efficiency of tools in
performing particular tasks and may also have aided in reducing the
risk of subsistence failure by increasing capture rates for mobile prey
(as in the case of points) and reducing handling times (as in grindstones
and tulas), while also building in an element of flexibility through the
transformation and recycling of tool-bits to guard against potential
technological shortfall (in the case of burination and the reworking of
broken artefacts).

Frequent hafting was almost certainly a key element in techno-
logical change after 5,000 cal. yr. B.P., as seen in the diminution
of implement forms and an increased concern for standardizing the
dimensions of implements (see Clarkson 2004, 2007). Standardization
and the use of invasive retouching and bifacial reduction over this
period also likely improved the maintainability of tools, by allowing
the use of interchangeable forms within costly, predesigned hafts, and
by ensuring that problems in implement geometry (such as steep edge
angles and the accumulation of step and hinge terminations) could
be overcome through careful invasive flaking across the surfaces of
implements (Macgregor 2005).

The nature of technological change over the period from 5,000 to
1,500 cal. yr. B.P. can be characterized as a shift from place provision-
ing toward an extreme form of individual provisioning, where very
little besides small, standardized, and highly retouched implements
was manufactured. Rates of diverse patch visitation were high, as was
the long-distance import of raw materials, implying that mobility had
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greatly increased over this period. The increase in toolkit diversity,
on the other hand, could point to higher logistical rather than resi-
dential mobility. This implies that resources may have become more
mobile/clumped after 5,000 cal. yr. B.P. (Smith 1983), and that longer,
dedicated foraging trips under increasingly time-limited circumstances
were required after this time. The rise in risk reduction strategies after
5,000 cal. yr. B.P., such as increased maintainability of toolkits, use
of higher-quality raw materials, and increased diversity and increased
effectiveness of tools, points to a period of increased subsistence risk
at this time. Climatic data indicate that interannual variability peaked
between 3,500 and 2,000 cal. yr. B.P. The change in technology toward
pronounced individual provisioning points to the use of mechanisms
that evolved to cope with decreased certainty of access to resources
such as food, water, and stone and increased logistical mobility to rec-
oncile the differences between the location of people and fluctuating
resources. Interestingly, Fitzhugh (2003) predicts that foragers facing
less than minimum subsistence returns are more likely to invest in
technologies that enhance capture rate of larger, high-ranked prey,
but as these are driven to decline, the focus should shift to hardier,
and more reproductively stable r-selected species. The appearance of
points after 5,000 cal. yr. B.P., and around the time of intensified cli-
matic variation, may represent an instance in which foragers attempted
first to improve success rates in hunting larger, higher-ranked game
such as macropods, but were also led to improve handling times for
more reliable, lower-ranking resources such as seeds (as represented by
a later rise in the frequency of grindstones) once high-ranked game
became depleted.

The final phase of technological change takes place after 1,500
cal. yr. B.P., at which point a second peak in stone artefact discard
occurred. This last period also witnessed a decline, though not a
total disappearance, in the frequency of some reduction sequences
producing highly retouched implement forms. Raw material richness
and the proportion of exotic materials decreased, and therefore
so presumably did the level of logistical mobility. The fact that
most technologies persisted throughout this last period, however,
suggests that changes back toward a system of lower mobility and
increased abundance and predictability of resource availability after
this time were likely to be minor in comparison with the complete
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system change that took place around 7,000 cal. yr. B.P. This is
understandable given that interannual variation in rainfall continued
to the present day, and that despite a reduction in overall amplitude,
oscillations are still capable of producing regular floods and droughts.
Subsistence risk therefore likely remained high right up until the
arrival of Europeans, and many of the technological and social
strategies set in place after 5,000 cal. yr. B.P. for coping with risk,
unpredictable resource abundance, and increased mobility appear to
have continued to some degree until historical times.

New technologies and implement forms, such as large Leilira
blades and serrated pressure retouching, also appear in the past 1,000
years (Figure 13.7). Leilira blades are ethnographically known to have
been traded over large areas and are dated in Wardaman Country to
the past 330 years. The appearance of serrated pressure retouch in
the past 1,000 years may also indicate interregional contacts with the
Kimberley region at this time, as this technique is common (although
in undated contexts) in that region, but appears always to have
been rare in Wardaman Country. Kimberley points are also a well-
documented exchange item, traded over many hundreds of kilometers
in the recent past. The emergence of both of these new systems of
manufacture and exchange may signify ongoing, albeit altered, social
networks for the purpose of (among other things) social storage and
ensuring access to resources in bad times (Cashdan 1985; Myers 1982).

CHANGING WORLD VIEWS AND SYMBOLIC
ENGAGEMENT WITH PLACE

Given these changing levels of occupational intensity and therefore vis-
itation frequency and familiarity with rockshelters as domestic places,
it is significant that ochre deposition peaks in these sites at times of
least occupational intensity (Figure 13.9). This suggests that places
were more intensively decorated and maintained when visited less fre-
quently, perhaps indicating that they acquired greater significance in
ritual activities that required privacy to perform restricted activities
and store powerful ritual items without fear of loss or exposure to
unsuitable eyes.

Major changes in rock art styles have also been documented in
Wardaman Country that coincide with the changes in land use and
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occupational intensity documented above. These include an early
dominance of engraved rock art prior to 3,000 years ago (David et al.
1992; Mulvaney 1969; Watchman et al. 2000), followed by a change to
the use of large figurative art panels (perhaps around 3,000 years ago)
(Watchman et al. 2000) coincident with infrequent and highly mobile
use of rockshelters, and finally the creation of large striped anthro-
pomorphs and other changes in rock art styles in the last 300 years
(Attenbrow et al. 1995; David 2002), coincident with the appearance
of Leilira trade blades and Kimberley points.

It is not surprising that major readjustments in land use and
engagement with landscape should be marked by equivalent changes
in other spheres of human life, such as world views, ritual, and art.
David (2002) has recently argued, for instance, that ontology – or the
system of meaning and preunderstanding with which people interpret
the world and their own place in it – is fundamentally shaped by our
relationship to and experience of landscape, material objects, and other
people, such that a change in any one of these variables will likely also
result in a change in systems of belief and preunderstandings about
the world. Such changes in worldview are likely signaled by major
alterations in land use and the experience of places based on frequency
and nature of use, and are expressed in Wardaman Country, among
other things, through changing rock art styles and frequency of artistic
activity.

SOCIAL STORAGE AND THE SPREAD OF
NEW TECHNOLOGIES

In concluding this analysis, it is tempting to try to explain why many of
the new retouched technologies only became common in Wardaman
Country in the mid to late Holocene, despite their appearance in
other parts of Australia much earlier. One possibility is that increasing
subsistence risk after 5,000 cal. yr. B.P. (with the onset of height-
ened ENSO-driven variability) led people to begin to establish forms
of social storage through risk reduction reciprocity with neighboring
groups. Such social networks may have brought the inhabitants of
Wardaman Country into contact with new technologies developed in
many parts of Australia that were successful in reducing risk in partic-
ular ways in particular regions. Their early appearance in Wardaman
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Country in low numbers around 5,000 cal. yr. B.P. might therefore
represent a slow trickle of technological information across kinship
and linguistic boundaries, but culminating in an efflorescence in use
of these new technologies once economic risk intensified around
3,000 years ago.

CONCLUSIONS

This study has worked hard to incorporate state-of-the-art measures
of retouch and reduction intensity into broad-based reconstruction
of changing Holocene land use and society in Wardaman Country.
Although the study draws heavily on hunter–gatherer theory devel-
oped in processual and behavioral archaeologies, as well as evolutionary
ecology as a means of relating technological changes to optimal subsis-
tence and mobility strategies (each of which arguably requires further
testing and clarification in its own right), the data nevertheless stand
on their own as a compelling record of major technological change
that points to human responsiveness to changing social and environ-
mental conditions, however they are interpreted. This study hope-
fully demonstrates the potential to move beyond stale debates about
the potential for reduction to dramatically alter implement form, to
interpretations of reduction data that are behaviorally and culturally
meaningful. Such studies provide an opportunity to illustrate ways to
reconnect lithics with social and economic theory after many decades
of unproductive culture-historical research, and perhaps even position
lithics as an important or even primary evidential source for much of
human evolution. Studies of Australian lithic reduction and land use
are particularly relevant to global lithic studies because they provide an
opportunity to examine one component of hunter–gatherer diversity
among fully modern populations that have been relatively indepen-
dent of technological and economic developments in Eurasia. This is
of great importance for understanding the independent evolution of
technology and the diversity of hunter–gatherer responses over vast
time-scales.
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LITHIC CORE REDUCTION
TECHNIQUES: MODELING
EXPECTED DIVERSITY

Abstract
We define diversity in core reduction systems as the degree of deviation
from the most efficient means to proceed from the start to the end
product exhibited in a given core reduction system. Because lithic
core reduction systems are often characterized along a continuum of
high or low degree of diversity, some archaeologists have suggested that
assemblage diversity is linked to raw material availability and quality.
In this paper we provide a model that predicts when humans would
favor less systematic core reduction techniques as opposed to those that
are more systematic. The model incorporates three factors influencing
diversity in core reduction techniques: raw material availability, raw
material quality, and the ratio of producers to consumers. We provide
the model and then estimate where several case examples from different
archaeological contexts fit within the expectations. This allows us to
generate hypotheses about the relationship of producers and consumers
who manufactured the assemblages.

We extend our thanks to William Andrefsky, Jr., for inviting us to be a part of his
organized symposium at the 71st Annual Meeting of the Society of American Archae-
ology in San Juan, Puerto Rico. Additionally, his editorial comments have significantly
improved the quality of the paper. We also thank the discussants Margaret Nelson
and Michael Shott and several anonymous reviewers for their helpful comments and
critiques regarding our arguments presented here. We also thank Diane Curewitz,
who provided very helpful technical edits to the final draft of this manuscript. As
always, any omissions or flaws in logic are completely our responsibility.

317



318 NATHAN B. GOODALE ET AL.

INTRODUCTION

The process of lithic core reduction is often described as systematic
(nearly uniform) or unsystematic (highly variable) (Bleed 2001; Brant-
ingham et al. 2000; Root 1997). For example, some core reduction
systems represent human interaction with raw materials that are much
more prone to knapping error and failure rates, whereas others appear
to follow very specific chains (for an example of each, see Bleed 1996,
101–2). Core reduction systems that are highly uniform usually have
less/little sign of rejuvenation due to knapping error, whereas other
systems are almost cyclical in nature, indicated by a series of rejuvena-
tion events and techniques that compensate for knapping error and/or
raw material failure.

Some core reduction systems are described on a continuum (Shott
1996), ranging from nearly uniform (low diversification) at one end of
the axis to unsystematic (high diversification) at the other. Diversity
represented within a particular reduction system is likely the result
of interaction between human behavior (e.g., social organization or
knapping skill) and raw material quality and availability. Subsequently,
we equate the diversity in reduction techniques to the degree of devi-
ation from uniformity.

Some goals have a potential single most efficient solution. For
example, there is always the opportunity to maximize the usefulness
of lithic raw material by constraining the reduction sequence to a
small degree of diversity around the optimal operation chain. Many
times, however, goals can be achieved with less efficient strategies that
could produce a high degree of deviation from the optimal operation
chain. In light of this, we define diversity with respect to core reduction
systems as the degree of deviation from the most efficient means to
proceed from the start (such as the selection of a cobble to the setup
of the core) to the end product (tool blank production) exhibited in
a given core reduction sequence. Efficiency is quantifiable with time,
energy, and raw material use in relation to the production sequence
(Costin 1991: 37). For the purposes of this paper, we are only con-
cerned with the end product of core reduction (tool blanks), not the
subsequent negotiations of tool production and maintenance.

Debitage assemblages demonstrate how diversity in core reduction
systems is a byproduct of human decision-making processes. Some
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extraneous factors, such as raw material availability and quality, con-
dition human decision-making with regard to core reduction strate-
gies. Although previous models indicate that the relationship between
core reduction techniques and raw material quality and quantity is
important, often the relationship between these two variables does
not anticipate or fit the diversity that is present in the archaeological
assemblage (Andrefsky 1994; Brantingham et al. 2000). This suggests
that other variables are influencing the system. One additional variable
that can help to explain these situations is the ratio of producers to
consumers in the given society.

Drawing upon optimality theory (Foley 1985), we develop a pre-
dictive model of core reduction systems that focuses on three aspects
influencing the diversity represented in core reduction techniques: raw
material availability, raw material quality, and the ratio of producers to
consumers. After presenting the model, we turn to several case studies
from different archaeological contexts. The case studies demonstrate
the continuous relationship between the three variables of interest.
This approach departs from previous analyses that use a discontinuous
approach or hold several variables constant. This allows us to cap-
ture greater subtleties than would have been acknowledged through
applying discontinuous or static approaches. The utility of the model
is two-fold: (1) it explains the variance in lithic diversity measures not
captured in previous analyses and (2) it provides a method for estimat-
ing the producer:consumer ratio in particular archaeological contexts.

OPTIMALITY THEORY AND LITHIC REDUCTION

Natural selection has the consequence of optimizing design features
for individual gene propagation (Krebs and Davies 1997). Design fea-
tures that optimize somatic interests (e.g., access to resources such as
food and space) have the potential to be converted into individual
reproductive success (Krebs and Davies 1997; Smith and Winterhalder
1992). Where resource access is highly competitive, and variation in
strategies solving for a particular goal exists, selection should favor
the strategy that can solve the problem with the least cost in rela-
tion to the other strategies present (Foley 1985). The rationale is that
organisms have limited energetic budgets. Individuals that solve partic-
ular adaptive problems efficiently can divert energetic surpluses into
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reproductive or other somatic interests (Kaplan et al. 2000). This is
not to say that humans (or other organisms) are optimally adapted to
their environment; rather, natural selection tends toward the optimal
solution given the range of available phenotypes present in the envi-
ronment (Foley 1985; Smith and Winterhalder 1992) and contingent
on their evolutionary history (Prentiss and Clarke, this volume).

Humans are a cognitively and behaviorally plastic organism (Flinn
2005), suggesting that selection pressures have favored a human phe-
notype that can adaptively respond to fluctuating social and ecological
pressures (Flinn 1996). Additionally, humans are at times aware of
diminishing returns that are the product of certain strategies. This
allows individuals to adjust investment accordingly (Kaplan and Lan-
caster 2000). Thus, humans will generally pursue behavioral strategies
(for specific goals) that tend to optimize opportunity costs within
specific socioecological settings (Smith 2000).

The degree to which optimization is likely to occur is depen-
dent upon the selection pressures surrounding a particular resource
(Foley 1985). For resources characterized as having a large impact
on fitness (i.e., resources associated with strong selection pressures),
individuals can achieve greater fitness returns by selecting strategies
that focus attention on the attainment of that resource (Hames 1992;
Winterhalder 1983). As a result, optimization of strategies to attain
that resource is a likely outcome. Conversely, when a resource has
a limited effect on fitness (i.e., resources associated with low selec-
tion pressures), selection could tend toward optimization; however,
due to the limited energetic budgets of individuals, selection should
favor phenotypes that divert their time and energy to the acquisition
of other resources that do have high fitness outcomes (Hames 1992;
Winterhalder 1983). As a consequence, satisfactory solutions become
viable and diversity in strategy sets becomes tolerated for resources that
have limited effect on fitness. Winterhalder (1983) provides a graphical
model that demonstrates the conditions favoring decisions to invest an
additional unit of time and energy into a focal activity (conditions of
limited energy) or to divert these scarce resources into other activities
(conditions of limited time).

For human populations that rely on lithic resources for access to
food or other somatic interests, the nature and access of lithic resources
impacts survivorship. Lithic resources approximate a zero-sum game
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(when one individual accesses the lithic resource, it represents a loss for
other individuals in the population). When the lithic resource is pro-
portionally present at high density compared to a hypothetical popula-
tion, the depletion of the lithic resource may seem inconsequential to
individuals within the populace. Thus access to the lithic resource can
be conceptualized as having low fitness consequences, as there is little
competition. Alternatively, when a lithic resource exists at proportion-
ally low density in comparison to a hypothetical population, its deple-
tion is consequential. Therefore, it can be characterized as having high
fitness consequences, as it is likely to be under intense competition.

Optimality reasoning would lead one to conclude that when use
of a lithic resource is highly competitive, strategies for converting the
lithic resource into a usable end product will be constrained, with
the likely solution (or solutions) being the most economical given the
range of possible solutions in the environment. A possible outcome
is that only a few individuals might specialize in production from
the resource, while other individuals consume the few types that are
created. If a resource is quickly being depleted, individuals may better
redirect their time and energy into other goals or somatic interests. The
rationale is that not everyone can effectively engage in an economic
enterprise where there are constraints on the resource.

Alternatively, for a lithic resource under low selection pressure,
optimality reasoning indicates that strategies for converting the lithic
resource into a usable end product will diversify. The rationale is that
individuals can maximize opportunity costs by not investing heavily
in the manufacture of the resource, but investing in some other arena
where high selection pressures exist. Thus, satisfactory solutions are
likely to emerge with the manufacture of lithic products. Because the
cost of accessing and manufacturing the lithic resource is low, many
individuals can access and manufacture its products with few negative
repercussions. As a result, a greater proportion of individuals may act
as both producers and consumers of the end products.

IMPORTANT PARAMETERS IN CORE REDUCTION
DIVERSITY

Arguably, diversity is largely dependent on human decisions in relation
to availability, quality, and the ratio of producers to consumers. We
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now provide our understanding of how this system operates and define
the variables presented in our model.

Modeling Diversity and Raw Material Availability

A number of studies argue that there is a link between raw material
availability and the constraints on technological design and conformity
(Beck et al. 2002; Kuhn 1996). Raw material availability can be mod-
eled as the kcal/hr expended to procure and transport the resource.
This would equal the distance one has to travel to the source and the
size of the package (Beck et al. 2002).

The simplest function between diversity and availability is a linear
relationship, where diversity is zero when availability is zero. In this
situation, when availability increases, diversity also increases at a con-
stant rate. A slightly more realistic function shows diversity increasing
as the square root of availability (a). In other words, the function
shows a curve where diversity increases drastically with changes in
low availability. The slope is less extreme as availability approaches the
maximum, but is still increasing (Figure 14.1):

d (a ) ∝ √
a . (14.1)

Modeling Diversity and Raw Material Quality

Researchers (Andrefsky 1994; Brantingham et al. 2000; Kuhn 1996)
have argued that raw material quality affects the degree of diversity
in reduction sequences and raw material breakage patterns (Amick
and Mauldin 1997). Raw material quality is quantifiable along several
dimensions: (1) percent crystallinity, (2) average crystal size, (3) range
in crystal size, and (4) abundance of impurities (Brantingham et al.
2000: 257). All four aspects influence fracture mechanics. As noted by
Brantingham et al. (2000: 257), “Regardless of quantity, poor quality
rocks usually lead to informal technologies.” This, however, is not
always the case, and systematic reduction sequences have been found
in association with poor-quality raw materials (Brantingham et al.
2000).

Raw material quality can also be shown on a continuum. The
lowest-quality material would hypothetically be the lowest quality that
could still be manipulated by a flintknapper. The highest quality would
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figure 14.1. Functional relationship of diversity (d ) to availability (a).

be comparable to a raw material with very low percent crystallinity,
on average small crystal size, a small range in crystal size, and low
abundance or zero impurities.

We hypothesize that the relationship between diversity and quality
is more complex than a simple linear function. Although more data
are needed to specifically model this relationship, especially given that
it is highly contingent on specific sites and raw materials, the function
we used is presented in Figure 14.2 and equation (14.2). With this
equation, we propose that diversity scales as an exponentially decreas-
ing function of quality. From this perspective, diversity is highest (or
unity) at lowest quality (q = 0, the lowest-quality material that can
actually still be knapped), and diversity decreases as q increases to the
maximum (q = 1, the highest-quality material). It is further hypoth-
esized that at low qualities, diversity falls rapidly as q increases, but at
higher qualities (smaller grain size, smaller density of inclusions, etc.),
diversity does not change nearly as rapidly. The simplest function that
meets these criteria is a decaying exponential, where the parameter α

controls the rate of the falloff and e is equal to the base of the natural
logarithms (e ≈ 2.718):

d (q ) ∝ e−αq (14.2)

In our model we utilize α = 3 as an arbitrary starting point. With
further detailed analysis of raw material quality from a given archaeo-
logical context, an explicit estimate of α could be obtained.



324 NATHAN B. GOODALE ET AL.

0 0.2 0.4

D
iv

er
si

ty

Quality
0.6 0.8 1

0.2

0.4

0.6

0.8

1

α = 2
α = 3

α = 1

α = 10

figure 14.2. Functional relationship of diversity (d) to quality (q).

We chose this value for α because it provides an expectation
that diversity will increase substantially with increases in poor-quality
material but will also have a slope that is less steep with higher-quality
material. We also assume that this curve will never reach zero diversity,
because the model is built for a reductive technology (core reduction),
and that human interaction with reductive technologies will always
produce some degree of diversity.

Ratio of Producers to Consumers

The ratio of producers to consumers is a remarkably complicated
variable to explain in mathematical terms. It is not clear how the
relationship between diversity in core reduction systems and the pro-
ducer:consumer ratio would actually pattern under specific condi-
tions. Adopting a conservative approach, we have chosen the simplest
linear model (Figure 14.3). We define µ to be the ratio of producers
to consumers, µ = P/C, where diversity increases at a constant rate
as the ratio of producers to consumers increases. We recognize that
this is largely based on parameters guiding knowledge transmission
in different contexts. However, we believe that this allows a starting
point that we and others can test to model human behavior and the
diversity of core reduction techniques:

d (µ) ∝ P/C. (14.3)
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figure 14.3. Functional relationship of diversity (d) to the
ratio of producers to consumers (µ).

A MODEL OF CORE REDUCTION DIVERSITY (CRD)

The CRD model is based on the three parameters discussed above. In
the following equation,

d (a , q , µ) ∝ µ
√

a e−αq , (14.4)

diversity is proportional to the ratio of producers to consumers (µ), the
square root of availability (a), and the base of the natural logarithms
(e) to the negative power of α times quality (q). The equation is
presented in Figure 14.4. In this plot, quality changes in increments of
.1 in each graphic from 0 (the lowest-quality raw material) to 1 (the
highest-quality material).

This model provides a technique that can estimate the ratio of
producers to consumers (µ). Therefore, we can solve for µ by inverting
the last expression (eq. (14.4)) and writing it as

µ(a , v, q ) ∝ d√
a

e αq . (14.5)

This equation is plotted in Figure 14.5, where availability changes
in each plot by increments of .1 from very costly to attain (a =
0.1) to readily available (a = 1.0). As seen in Figures 14.4 and 14.5,
case examples can be explicitly plotted on the graphs based on the
quantifiable variables: raw material quality, raw material availability,
and diversity in core reduction techniques. If the relationships between
the variables are an accurate estimate of data sets, then one should be
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figure 14.4. Plot of equation (14.4), where quality is decreasing by increments of .1
in each graph. Case examples discussed in text are labeled as (1) MMP = Mongolian
Middle Paleolithic (Brantingham et al. 2000), (2) Dhra’ = Dhra’ Early Neolithic
(Goodale et al. 2002), 3) PPNB = Middle Pre-Pottery Neolithic (Wilke and Quintero
1994), and (4) Paleo/E&M A/ LP = Paleoindian, Early and Middle Archaic, Late
Prehistoric (Root 1997).

able to approximate the ratio of producers to consumers in a given
community. We have plotted several cases in Figures 14.4 and Figures
14.5 where we would expect them to be a best fit in the model.

CASE EXAMPLES

To evaluate the potential utility of this model, we now explore several
case studies from different archaeological contexts around the world
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that reflect different occupational histories. Each case is plotted in
Figures 14.4 and Figures 14.5 for reference. Cases act as working
hypotheses about the ratios of producers to consumers reflected by
the given assemblages. Each case provides the quality, availability, and
diversity reflected in each assemblage, allowing an estimate of the
producer:consumer ratio.
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Near East Early Neolithic

The early Neolithic Site of Dhra’, Jordan, exhibits a very large lithic
assemblage composed of over one million pieces of debitage, tools, and
cores (Finlayson et al. 2003; Goodale et al. 2002). The lithic assemblage
is so large that a specific study of lithic core reduction techniques has
been difficult. However, we have observed debitage elements that
can provide the basic and most efficient means of how Pre-Pottery
Neolithic A (PPNA) knappers produced the final product or tool
blanks. We have also observed a number of diagnostic by-products
that suggest that the knappers at Dhra’ had to overcome a number of
production errors and raw material failures.

The knappers at Dhra’ primarily exploited one type of raw material
(although there is some variability in the assemblage, the use of other
nonlocal raw materials equates to less than 1%). The raw material, flint,
is found in an outcrop approximately 50 m from the site (Goodale
et al. 2002). It can be described as medium-quality, with small to
medium crystallinity, but with frequent impurities and random planes
subsequent to the formation processes.

In the case of Dhra’, the raw material is readily available with
low procurement and transport costs and is characteristic of medium
quality. As shown in Figure 14.6, the debitage indicates that there were
often circumstances where the knappers at Dhra’ adjusted for knapping
error and raw material failure. This likely facilitated a situation where it
was not necessary for any knapper at Dhra’ to be highly proficient and
also allowed anyone in the community to participate as both producer
and consumer. In this example, we see highly available raw material, a
medium quality that we would approximate at .6 in our model, and a
high degree of diversity in the core reduction system, where knappers
often had to negotiate production errors or raw material failure. The
hypothesis is that Dhra’ is best characterized as reflecting a high ratio
of producers to consumers.

Near East Middle Neolithic

During the Middle Pre-Pottery Neolithic, something quite differ-
ent appears to happen in terms of uniformity in core reduction
sequences. We see the advent of a highly systematic type of core
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reduction referred to as the naviform technique (Quintero and Wilke
1995). This type of core reduction has more specific operational chains
(Wilke and Quintero 1994) that were hypothetically selected for under
the social requirement for standardized long and straight blade tool
blanks (Quintero and Wilke 1995). Naviform core technology uti-
lized specific, high-quality raw material, which was not locally avail-
able (Quintero and Wilke 1995: 20). The naviform technique allows a
higher degree of control over blade morphology than was previously
possible with other core reduction technologies (such as that exhibited
in the Dhra’ assemblage). In comparison to the early Neolithic knap-
pers at Dhra’, who were producing highly variable products, middle
Neolithic naviform producers were able to maximize the end product
in the form of long and thin blades. Quintero and Wilke (1995) note
the important manner in which knappers prepared their naviform
cores with a consistent length of 12–15 cm and a width of 1.5–3.5
cm. They go on to suggest (1995: 26) that the socioeconomic condi-
tions that accompanied the development of specialized blade-making
flourished with demographic and economic growth. This would also
hypothetically correlate with a greater degree of roles in the commu-
nity, where select individuals were rewarded for flintknapping skills.
Our hypothesis is that the process of naviform core reduction is char-
acterized by expensive raw material acquisition, high quality, and a
low degree of diversity, emphasizing a low producer:consumer ratio.

Mongolia Middle Paleolithic

Brantingham et al. (2000) provide a very interesting case of core reduc-
tion techniques from the Middle Paleolithic of East Asia. The raw
material primarily exploited at the site is locally available and is on
average of very poor quality. There are a few examples of core reduc-
tion that appear highly unsystematic, where the knappers negotiated
the failures of the raw material, producing highly diversified core
reduction techniques. However, they focus on another example of
reduction technique that appears highly systematic and demonstrates
that knappers focused on the most efficient chain that the raw material
would allow. Brantingham et al. (2000) are unsure why this strategy
was favored. Based on our model, we suggest that the highly uniform
core reduction technique is representative of a low ratio of producers
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to consumers and that select individuals in the community paid the
cost to learn how to negotiate the poor-quality material. Our hypoth-
esis for the highly systematic core reduction technique is representative
of poor quality and highly available raw material with a low degree of
diversity, emphasizing a low ratio of producers to consumers.

North America Paleoindian to Late Prehistoric

Drawing on the Paleoindian to Late Prehistoric occupations of the
Benz site in North Dakota, Root (1997) makes a compelling argu-
ment linking the ratio of producers to consumers to the efficiency
of biface production. The site contained several “features” composed
of clusters of lithic debitage that “likely mark the places where indi-
vidual knappers made tools (Root 1997: 35).” The knappers at the
Benz site exploited locally available and abundant high quality Knife
River Flint. In his analysis, Root (1997: Table 7) provides estimates
for the number of tools made in each feature by dated occupation. He
concludes that the periods of highest efficiency are the Cody Com-
plex and Late Archaic occupations. In opposition, the Paleoindian,
Early and Middle Archaic, and Late Prehistoric occupations have the
lowest scores for efficiency in biface reduction. This is an interesting
pattern and we suggest that it may be linked with fluctuating social
systems and changes in the ratio of producers to consumers through
time. Root (1997: 42) also suggests that in the periods of highest
efficiency, knappers were producing bifaces for exchange in the area,
which was likely negotiated by shifts in social organization enabling
an expansion of the number of community roles. In essence, Root’s
hypothesis (1997: 42) is similar to ours by suggesting that participation
in production and consumption was no longer equal.

DISCUSSION

The case studies presented highlight the flexibility of human behavior
negotiating the constraints of resources (or lack thereof) and the ability
of humans to produce a range of diversity in reduction techniques.
This range of diversity may be predicated on a number of factors,
including how humans interact with their social and natural envi-
ronments. Natural selection has favored a human phenotype that is
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behaviorally and cognitively flexible (Flinn 1996). Humans are aware
of strategies that produce diminishing marginal returns on invest-
ment (Kaplan and Lancaster 2000). As a result of these propensities,
humans can alternate strategies toward specific goals as social and envi-
ronmental circumstances fluctuate (Kaplan and Lancaster 2000). The
cost–benefit structure of engaging in any economic activity is shaped
by the level of skill required for involvement and the competitiveness
of the particular context (Kaplan and Lancaster 2000). This structure
helps negotiate whether an individual engages in the production of a
lithic core reduction technology or spends time and energy in other
arenas. Linked to this is the availability of resources in the environ-
ment, the quality of the resources available, and the number of other
individuals already engaged in the enterprise. The balancing of these
three conditions affects the diversity (or lack thereof) in production
techniques. If competition is high, costs will be high to engage in
the economic activity, which leads to fewer individuals engaged in
production. As a result, the diversity of lithic reduction techniques
will be constrained. However, if competition is low, costs in engag-
ing in the economic activity will be low, leading to more individuals
engaging in production. As a result, diversity in reduction techniques
should expand. Since researchers can estimate lithic availability, indices
of lithic quality, and indices of diversity in reductive techniques, it is
possible to extrapolate the producer:consumer ratio (at least in terms
of our general model).

When lithic quality is low, availability of resources is low, and
diversity in technique is low, one can expect a low ratio of producers
to consumers. This is due to the fact that poor-quality resources require
a greater degree of skill to manipulate in an efficient manner. To gain
such a high degree of skill, one must go through a learning process.
The time and energy required to learn such a technique would have
been high. In an environment such as this, a tradeoff is present: (1)
does one invest the time and energy in learning the lithic reduction
craft; or (2) does one allocate energy into other arenas where time and
energy produce greater returns from investment. In an environment
of high stress, the strategy of learning lithic reductive techniques may
be frequency-dependent. In other words, as the number of individuals
learning and investing in lithic reduction techniques increases and the
quantity of the resource decreases, the value of the time and energy
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expended on the craft decreases. Human behavior should be sensitive
to this relationship, and people will hypothetically tend to allocate
their time and energy into other arenas where they may receive a
greater return on investment. Consequently, few producers will be
favored in proportion to the number of consumers.

A high ratio of producers to consumers is consistent with condi-
tions where lithic quality is high, availability is high, and diversity in
reduction technique is high. This is due to the fact that the resource
is relatively inexpensive (in terms of energy expended for access and
in terms of investment required for learning how to manufacture the
resource). With low costs, there is less incentive to invest heavily
into learning skills associated with the lithic technology. As a result,
more individuals are likely to be producers. Included in this expan-
sion of the individuals in the production phase may be a younger age
bracket, which also shapes the level of diversity witnessed in reduction
techniques. As argued by Bock (2005), younger individuals have less
motor control (which is a function of time involved in the production
of the craft), resulting in greater degree of variability in production
techniques within and between individuals.

CONCLUSIONS

Understanding the social, economic, and technical constraints for dif-
ferent chipped stone reduction pathways helps us examine differences
in human behavior. The ability to estimate the producer:consumer
ratio contributes toward this goal. It deals with a question that has been
associated with studies of craft specialization throughout the study of
anthropological archaeology (Costin 1991). The model and mathe-
matical estimate focus on several independent, nonconstant parame-
ters that scale along a continuum rather than holding several of them
as static (for example, Beck et al. 2002).

Although we have not directly tested the model, we have presented
case studies as hypotheses. By adding a third variable that is articulated
with a well-supported principle in evolutionary analyses (optimality),
it is possible to explain some of the diversity in the archaeologi-
cal record. As an example, it explains the anomalous occurrence of
low diversity despite low quality and high availability in the Mid-
dle Paleolithic of Mongolia. In future studies, if we can determine
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the relationship between population size and the producer:consumer
ratio, we may be able to directly test this relationship.
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