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Chapter 1
Use—Wear and Residue Analysis in Archeology

Nuno Bicho, Joao Marreiros and Juan F. Gibaja

1.1 Introduction

In October 2012, the University of Algarve organized the International Conference
on Use—Wear Analysis—USE-WEAR 2012. To our surprise, over 100 researchers
from all continents traveled to Faro and presented an incredible array of papers,
now in press (Marreiros et al. in press). One main aspect became clear during the
meeting: the field was growing at a very high rate, seen by the large number of very
young researchers, many working in their MA or Ph.D.s, and thus attesting the clear
and unequivocal increasing interest in use-wear and residue analysis. The conse-
quence of this fact was bipolar:

1. A new scientific institution was constituted during the meeting—the Associa-
tion of Archaeological Wear and Residue Analysts (AWRANA) aiming to bring
together experts in the research dealing with the analyses of functional and modi-
fication of all archeological artefacts, including lithics, faunal remains, metals,
and ceramics among others. One of the responsibilities of this new association is
to organize a periodical conference following the general lines of that of Faro;

2. The need of a handbook on use—wear and residue analysis, since those pub-
lished volumes on the topic are mostly geared for presenting research results
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2 N. Bicho et al.

or, more rarely, to publish new technological or methodological developments
in the field. The young researchers present in the Faro meeting, in general, felt
that there was a need for a manual with basic information on many aspects of
theory and method and, if possible, with specific information on how to analyze,
a hands-on approach, so young students could either alone or supervised by their
professors, start use—wear and residue analysis.

Following our own feelings and to fulfill this gap, we contacted a series of re-
searchers, both at the meeting and outside, and started to put together the present
Handbook of Use—Wear and Residue Analysis in Archeology, that Springer swiftly
accepted to publish after the traditional formal review process.

1.2 The Setting

The success of this volume (hopefully to take place ...) will most likely due to the
fact that prehistoric tools and implements are one of the most important and most
common types of evidence for the study of ancient populations. Historically, the
function of objects has been of high interest within archeological research in spite
of the fact that only in the last couple of decades, use-wear studies became increas-
ingly prevalent in the field. Actually, they became an emergent approach in archeo-
logical studies, as mentioned above.

Use-wear analyses have been focusing on different approaches to the study of ar-
cheological data. Despite the technological and functional perspective on use-wear
studies, archeologists use these types of data to infer about and discuss broad topics
of prehistoric living activities. Thus, these sources of diverse information are used
necessary to solve local, regional, and global issues, from the simple identification
of functions of individual tools up to the reconstruction of prehistoric economic
systems and, therefore, of socio-cultural transformations within and between com-
munities.

Since Semenov’s pioneering work on functional interpretation in mid twenti-
eth century, during the last decade experimental tests, macro- and microwear, and
residue analyses have grown to become used as important methods to recognize
diagnostic evidence of prehistoric human technology. Functional analysis is based
on the study and observations of physical alterations made on the active areas and
edges of tools made and used by human populations. It is based on methodologi-
cal principles that are in turn based on experimental observations. From functional
analyses, different types of use-wear evidences can be identified and recorded from
tool surfaces (e.g., hunting projectiles, domestic tools, or residue traces). Thus, the
initial development of use-wear studies was characterized mainly by methodologi-
cal questions. During that phase, three main avenues were present: (1) the studies
were carried on different raw materials and activities based on experimental repli-
cations and ethnographic data, (2) the uses of different types of macro- and micro-
scopic approaches, and (3) the development of terminology. Such diversity of data
had from very early received full attention on and thought to have great potential for
archeology data gathering and interpretation.



1 Use—Wear and Residue Analysis in Archeology 3

On this onset, methodological approaches led to the development of new and
different methods and techniques in this archaeological discipline. The major em-
phasis was on the identification of diagnostic wear traces for tool functionality. This
perspective led to the use of experimental activities, based mostly on experimental
analogy as a proxy for tool functionality. At the same time, during the methodologi-
cal development, the use of use-wear studies became more common and different
chronologies and materials, such as different lithic and osseous raw materials were
included under the larger umbrella of use-wear studies.

It has been said by various experts that use-wear literature, aiming at different
methods and techniques, has three main problems: (1) It is very scarce, mainly fo-
cusing on one specific type of tool, worked raw material, or chronological context,
(2) It is highly disperse, and (3) It is outdated, with questions concerning methods
and techniques in use-wear analysis used in the initial phase of the discipline and,
therefore, focuses on preliminary and incipient approaches.

As mentioned above, the initial great expectation on functional analysis led spe-
cialists to apply those methods to their research, and methodological consolidation
was sometimes overlooked. With time, use-wear studies became more common and
started to be applied to general aspects of general past human behavior.

This effort led to the development of new, complex, and specific methods and
techniques in order to solve specific problems facing different types of tools and
worked materials. Thus, the aim of this volume is to present new methodological
references on the topic, and highlight and describe the important role of method-
ological and technological approaches within use-wear studies. Therefore, the focus
is placed on presenting an updated compilation of the most important methods (e.g.,
experimental and ethnographic tests), techniques (e.g., microscope and photograph
techniques, and modern quantitative methods in use-wear analysis), tools (e.g., sili-
ceous and nonsiliceous materials, and osseous materials), and materials (e.g., resi-
due analysis) developed and improved during the recent years by use-wear experts.
This handbook, thus, is intended to be a methodological reference for use-wear
analysis researchers, students, and forthcoming specialists.

1.3 The Organization of the Volume

The volume is organized in 11 chapters (the present introduction and 10 chapters
on various topics). Marreiros et al. focus on the history of use—wear and residue
analysis. They detail the aspects of the origin and development of specific method-
ology for use-wear and residue analysis, give a few examples, and set the pace for
the following chapters.

Gonzalez et al. describe the importance that Ethnoarcheology has in functional
analysis, from the theory to the method, based on various ethnographic examples
from many regions around the world, including, North America, Asia, and Africa.
They focus on three main aspects: tool production and use, technical processes, and
production contexts.



4 N. Bicho et al.

Chapter 4 deals with the use-wear in chert materials. Gibaja and Gassin give a
wide narrative with many examples on how to analyze flint tools, the method, and
possible interpretations, using examples from the Paleolithic to the late Neolithic of
Europe and Africa. Clemente-Conte et al. follow on the same path in Chap. 5, but
focusing on non-flint raw materials.

Veerle Rots, in Chap. 6, describes in great detail the issue of prehension and haft-
ing in stone tools and how to detect those functions through the use-wear. The dif-
ficulties are clearly discussed as well as the problems related to data interpretation.

In Chap. 7, Laure Debreuil and colleagues describe the techniques for analyzing
use-wear on Ground Stone tools. This topic is still in its beginning, but with the
continuous expansion in recovery of early materials, will be one of the most im-
portant areas of use-wear and residue analysis for prehistoric settings. These tools
frequently present different traces than those found in other types of materials (i.e.,
flint stone tools), but when analyzed properly, they can be very informative about
early subsistence strategies.

The following three chapters discuss the use—wear found on less common ma-
terials: bone (Marina Evora), metal (Carmen Gutiérrez Séez and Ignacio Martin
Lerma), and ceramic (James Skibo). The study of these materials is relatively recent
compared to the analysis of stone raw materials and these chapters describe the
methodological possibilities, with various practical examples, of extending traceol-
ogy to other materials other than the traditional stone tools.

The final chapter (Chap. 11) by Langejans and Lombard focuses on the analysis
of microresidues. This method is also relatively new and some researchers agree that
it is best practice to combine it with use-wear. The authors describe various meth-
odological applications as well as some results from various practical examples.

Many other topics could have been included in this volume. We hope, however,
that the present set of chapters, giving detailed information on methods, equipment,
observations, use-wear characteristics and, finally, on critical analyses on data and
on interpretation make an interesting and suitable volume for those interested in
use-wear and residue analysis.



Chapter 2

Macro and Micro Evidences from the Past:
The State of the Art of Archeological Use-Wear
Studies

Joao Marreiros, Niccollo Mazzucco, Juan F. Gibaja and Nuno Bicho

2.1 Introduction

Since very early, functional interpretations on prehistoric tools revealed large inter-
est and investment, becoming an emergent method in the archaeological research.
In fact, the first reference to functional interpretations on archeological lithic tools
was made during the late nineteenth century and beginning of the twentieth by
research of John Evans (1897), John Spurrell and Morse Pfeiffer (1912), Cecil
Curvew (1930), and Denis Peyrony (Peyrony 1949), mostly focusing on the analy-
sis of macro-wear traces and fractures identified in the surface of lithic prehistoric
tools.

Following these initial efforts, during the 1930s, Sergei Semenov research focused
on the observation of physical alterations on the active areas of lithic and bone tools
made and used by prehistoric human populations. Starting with the pioneering work of
Semenov, (Semenov, S. 1957) resulting in his Ph.D. dissertation “Pervobitnoya Tekh-
nika” (i.e., prehistoric technology), new methods were introduced in functional studies.
Based on experimental observations, use-wear analysis became an important proxy to
identify and classify wear traces that allow functional interpretations. From a theoretical
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point of view, Semenov’s work follows the Marxist perspective that characterized the
Russian archeology during the twentieth century (Trigger 1984, 2006). According to this
theoretical agenda, the technological characterization of archeological artifacts was seen
as a fundamental proxy to understand the economic and social organization of the past
populations. This techno-functional approach shows no distinction between the history
of tool production and the human record, from which the main goal was to understand
the origin and function of the first tools used by humans, allowing the reconstruction of
human technological evolution (Childe 1936, 1942; Clemente et al. 2002; Klejn 1982;
Longo et al. 2005; Phillips 1988).

Semenov’s research, first published in Russian, was translated and presented
to the Western Europe during the 1960s (Semenov 1964). The introduction of Se-
menov’s methods in the Western world is associated with the emergence of the New
Archeology (e.g., Binford 1962). Following this idea, the New Archeology agenda,
emergent from the American anthropological school, placed emphasis on the use of
a tool as a result of a specific task made by humans (Schiffer 1975), resulting from
an environmental and cultural stimulation (Hayden and Kamminga 1979; Shiffer
1976). Thus, according to this interdisciplinary approach, the archeologist is seen
as a social scientist, whose main concern is to infer about human technological,
economic, and social behavior and organization reflected on the function and use
of tools. Therefore, use-wear analysis was seen as one of the keys to interpret the
archeological record as a clear indicator of human behavior (Sterud 1978), and an
essential proxy for the reconstruction of social and cultural human behavior and
organizatiomn (Redman 1973).

During the initial phase, use-wear studies were developed from Semenov’s work
and characterized mainly by methodological questions, with three main concerns:

1. The studies were carried out on different raw materials and activities, test-
ing distinct variables used on experimental replications, blind tests and eth-
nographic data (e.g., Bamforth 1986; Keeley and Newcomer 1977; Odell and
Odell-Vereecken 1980; Shea 1988)

2. The use of low power magnifications, mainly focused on macro traces (i.c., edge
damage) and fractures resulting from tool use kinematics (Brink 1978; Broad-
bent 1979; Kamminga 1982; Nilsen and Dittemore 1974; Hester and Heizer
1973; Hester and Shafer 1975; Rosenfelid 1971; Sonnenfeld 1962), although
some studies start introducing micro approaches (Hayden 1979)

3. Thereview of the terminology of the discipline and its methods. Since Semenov’s
work, use-wear studies have developed new analytic methods, improving the
accuracy in the identification and record of use-wear traces on archeological
tools and functional interpretations.

In this scenario during the last decades, use-wear disciplines were characterized by the
development of numerous methodological agendas, mainly focusing on experimental
studies (Anderson 1999; Buc 2011; Fischer et al. 1984; Hodgskiss 2010; Odell and
Cowan 1986; Pétillon et al. 2011; Shea et al. 2001), blind tests (Alvarez etal. 2011;
Evans and Donahue 2005; Odell and Odell-Vereecken 1980; Wadley and Lombard
2007), identification and quantification (e.g., Grace et al. 1985; Gonzalez-Urquijo
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and Ibanez-Estevez 2003; Vardi et al. 2010; Stevens et al. 2010) of all different kinds
of use-wear traces and residue remains on different materials such as lithics, bone,
shell and ceramic, among others (e.g., Hardy 1998; Langejans 2010; Lombard 2005;
Lombard and Wadley 2009; Wadley et al. 2004). Such multi-approach of use-wear
and residue analysis led to the development of specific and complementary tech-
niques in order to improve a clear and solid background to the interpretation of tech-
nology, resource exploitation and settlement patterns from different chronological
and geographical contexts that characterized human prehistoric behavior.

2.2 Functional Studies vs. Typology and the Beginning
of the Use-Wear Studies in Western Europe

Experimental and ethnographic data allow the use of analogy between the observed
artifacts and archeological tools. The French ethnographic approach, led by
Leroi-Gourhan (1964 ), had a significant contribution to lithic studies. Lithic tools,
such as endscrapers, sidescrapers and burins were categorized due to their morpho-
logical similitude with observed tools, as indirect evidence (e.g., Vila 2002). In this
debate, the relation between typology and functionality was early explored, during
the construction of the so-called descriptive lithic typology, whose classification is
based on the technological and morphological attributes, from which functional in-
terpretations were made, assuming that only the retouched pieces were used as tools
(Sonneville-Bordes 1954; Sonneville-Bordes and Perrot 1953, 1954, 1955, 1956).

As mentioned above, during the first decades, functional interpretation of lithic
tools was marked by an exciting discussion and criticism to Semenov’s work. Fran-
cois Bordes and Semenov themselves played one of the main debates focusing on
the methodological aspects of how to analyze functionality and the evolution and
reconstruction of human technology from lithic assemblages (Bordes 1969; Bordes
and Sonneville-Bordes 1970; Semenov 1970).

Refusing the classical typological classification, Semenov’s perspective was that
the functional attribution based in a simple analytical description with no direct
evidences of use was erroneous (Semenov 1970). On the other hand, according to
Bordes, the so-called functional types should not be only based on use-wear analy-
sis. However, Semenov argued that “[...] typology assumes an important role in
archeology [...], however, Paleolithic studies should not be limited by typological
classification. Researchers show enquiry about function and use of human old stone
tools. Thus, Paleolithic studies need a paleoethnographic and paleotechnological
reconstruction of the past human societies” (Semenov 1970, p. 123). Therefore,
according to Semenov, functional studies, combined with typological categories,
allow a broad and complete interpretation of the lithic technology, reflecting prehis-
toric human socio-economic patterns.

From a functional perspective, the definition of lithic tool refers to a lithic ar-
tifact that was used to modify other material, independently from the raw mate-
rial, morphology and presence or absence of retouch, and, therefore, according to
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Semenov’s perspective, this can only be directly tested using use-wear analysis.
Due to these debates, during the last decade functional studies have focused on this
dichotomy between retouched tools and functional interpretations: (1) the presence
of retouched is not diagnostic to tool use, since tools without retouch show wear
traces, (2) the used edge is not always the tool active area but the handle edge, (3)
several tools had multi-functions, showing different active areas associated with
different uses. This approach focusing on several topics on lithic technological stud-
ies led to a new interpretation on different lithic morph-types and technological
strategies (e.g., Bicho and Gibaja 2006; Gassin 1996; Gibaja and Palomo 2004;
Ibafiez and Gonzalez 1996; Igreja 2005; Moss 1983; Plisson 1985).

2.3 The Definition

Use-wear and residue analysis refers to the study of wear traces on the edges and/or
surfaces of objects caused by use (e.g., Fullagar and Matherson 2013; Odell 2004).
Although with some initial skepticism, use-wear studies revealed to be one of the
most important disciplines to interpret site and artifacts function in the archeologi-
cal research (Grace 1996, Stafford and Stafford 1983). As mentioned above, the
initial phase of use-wear research was marked by several methodological and theo-
retical debates including the methods, terminology, and its definition. In fact, the
terms traceology, functional analysis or use-wear and residue analysis, commonly
used today, were adopted only in the last decades. Associated with the emergence
of the Marxist agenda, the term fraceology or traceological analysis (e.g., Levitt
1979), praises the concept of wear traces and characterizes the mechanical char-
acter responsible for the formation and modification of tool edges and surfaces, as
main indicator of the tools’ function (Semenov 1964). Thus, during the 1970s of the
twentieth century the terms use-wear analysis and functional analysis were intro-
duced and globally embraced during the “Conference on lithic use-wear analysis”
held in Vancouver (1977).

Since the 1990s the use-wear research has brought in new methods characterized
by new technological techniques, microscopic systems and software, and include
the investigation of different materials such as residues (e.g., Christensen et al.
1992; Fullagar 1993; Thomas 1993). In this scenario, parallel to the technological
novelties, different types of archeological contexts, chronologies, and raw materi-
als were analyzed, such as lithic (e.g., chert, quartzite, quartz, obsidian), organic
(e.g., bone, ivory, antler and shells), ceramic, and metallic tools (e.g., Anderson-
Gerfaud 1980, 1981, 1983; Barton and White 1993; Bertrand 1999; d’Errico and
Giacobini 1985; d’Errico 1993; Evora 2007; Donahue 1988; Gonzalez and Ibafiez
1994; Gonzalez and Ibafiez 1993; Lemorini et al. 2005; Lammers-Keijsers 2008;
Moss 1983; Plisson 1985; Sidéra and Legrand 2006; Semenov 1964, 1981; Unger-

Hamilton 1988; Villa and d’Errico 2001).
Recently, this multidisciplinary approach in use-wear studies was expressed dur-
ing the International conference on use-wear analysis 2012 held in Faro, Portugal.
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The meeting was marked by contributions from all different use-wear topics, such
as theory and methodology, archeological artifacts, and residues analysis (Marreiros
et al. in press). As a consequence of this approach the Association of Archeological
Wear and Residue Analysts (AWRANA) was established. Aiming to bring together
specialists in archeological research who deal with the analysis of artifacts to study
function and modification, the association extends to all aspects of wear, modifica-
tions, and residue in different artifact materials (Fullagar and Matherson 2013).

2.4 Methods and Techniques

As mentioned above after the introduction of Semenov’s contribution, the first
use-wear studies were mainly characterized by low power magnifications simply
replying Semenov’s methodology using a stereomicroscopy (low-power approach,
5% to 60x, generically <100x). These observations focused mainly on attributes
such as edge angle and profile, edge damage, and diagnostic fractures (Brodbent
and Knutsson 1979, 1981; Kamminga 1982). According to the classification and
distribution of these attributes on artifact edges and surface, the observations using
low-power method revealed a huge difficulty to identify in detail some traces, since
this approach makes possible only the preliminary identification of the nature and
hardness of the worked materials and type of movement (Grace 1996; Keeley and
Newcomer 1977; Odell and Odell-Vereecken 1980). This procedure led to a strong
criticism on Semenov’s methods, and many authors considered the methodology
inappropriate to clearly identify diagnostic wear traces associated with a specific
worked material. Today we know that these assumptions were likely related to:
(1) the use of reduced focus microscopes and (2) the absence of an experimental
program. After all, according to Semenov observations, functional studies should
identify different types of diagnostic stigmas using both low and high magnifica-
tions using an experimental background reference (Semenov 1964).

The high-power approach was introduced by Lawrence Keeley (1980) that ini-
tially used a reflected light microscope (10x to 400x). According to Keeley, the
high-power method, allows, not only to distinguish the degree of hardness of the
worked material, but at the same time identify and classify different types of mate-
rial (e.g., hide, wood, bone, antler, etc.; Keeley and Newcomer 1977). In the 1970s,
the publication of “Technique and methodology in microwear studies: a critical re-
view” (Keeley 1974), shows that use-wear analysis requires a quantification method
of the diversity development and distribution of micro-wear traces, of which one of
the most important is the polish formation (Vaughan 1985).

According to this new methodological protocol, the high degree of observation
on high magnification almost eclipsed the low power approach, claiming that di-
agnostic polishes rendered macro observations of surface and edge fractures. How-
ever, the polish formation was not clear and its analysis shows some difficulties
associated with: (1) distinct materials producing distinct polishes and (2) how to
quantify those distinctive polishes.
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Nevertheless, the debate between low and high power microscopy continued
over the last decades, mainly considering the advantages and limitations of both
approaches. As a result of this debate, during the Uppsala conference in 1989
(Graslund et al. 1990), several papers focused on the low and high magnification,
consensually showed that both methods were complementary and not alternative for
clear functional interpretations (Odell 2001; Olausson 1993). These two approaches
and their proposes were categorized: (1) macroscopic observation (low magnifica-
tions), using a stereoscopic microscope, allows the identification of macro-wear
traces (e.g., edge damage and diagnostic impact fractures) and detect the area that
should be analyzed using microscopic observations (high magnifications); and (2)
microscopic method, that allows a detailed observation, identification, and record
of micro-wear traces in the tool edges and surfaces, not visible using only macro-
scopic approach (e.g., striations and polish formation).

In sum, the combination of both approaches marked the beginning of a new
integrated methodology, although the debate on standardized criteria and quanti-
fication methods for all different micro-wear traces is still today one of the main
methodological debates in use-wear studies. Therefore, during the last decades the
effort has been to develop standardized criteria (i.e., methods and terminology) for
an objective use-wear analysis. This became even more relevant during the 1980
and 1990s, since one of the main goals of use-wear studies was to identify and quan-
tify different wear traces associated with all possible different processes (i.e., use,
fractures and postdepositional; Grace 1996) and raw materials (e.g., different types
of lithic rocks: chert, quartz, quartzite, and obsidian; Yamada 1986). These studies
show that the configuration of distinct categories of wear traces, such as formation,
distribution, extension, and morphology, were influenced by a large range of vari-
ables (Akoshima 1987), for which the experimental tests became the main reference
for testing hypotheses (e.g., Anderson-Gerfaud 1988; Josht 2006; Odell 2001).

Initially, the polish formation was described based on simple visual character-
ization. However, this method had several problems, since the identification of dif-
ferent polishes were subjective and not clearly quantified (Mansur 1983; Vaughan
1985).

One of the main debated topics during the last decades within use-wear studies
is to create standardized criteria of quantification for wear traces. At the same time
Yamada (1986) and Bradley and Clayton (1987), using the macroscopic analysis
of chert microtopography argued that different raw material compositions influ-
ence the wear-traces formation. Akoshima (1987) argued that wear-traces analysis
should record and measure shape and distribution of different macro- and micro-
traces (number, shape, distribution, extension, and termination). Experimental tests
and the creation of quantification methods must play an important role in use-wear
studies. According to this idea the creation of a recording method built a quantifying
basis for functional interpretation, grounded on recording differences during the
formation of wear traces, material hardiness, and movement.

Thus, during the last decades use-wear studies focused on developing several
quantification methods and specific software, from which the main goal was to
identify the origin, classification, and agents responsible for the polish formation
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process on the micro-topography of tool surface. Following these questions, the
meetings “Technical aspect of micro-wear studies on stone tools” (Ungrath et al.
1986) and “Le geste retrouve” (Anderson et al. 1993) marked the impulse on the
interpretation and quantification of polish formation. This debate was followed by
several projects such as the “Fast expert system” and “Image processing software”
(Grace 1996; Grace et al. 1985; van den Dries 1994), interferometry (Dumont
1982), image analysis (Grace et al. 1987; Vila and Gallart 1993; Gonzalez-Urquijo
and Ibafiez-Estevez 2003) or atomic force microscopy (Kimball et al. 1995), and re-
cently scanning electron microscopy (SEM; Debert & Sherriff 2007; Mansur 1983)
and lase scanning confocal microscope (LSCM; Evans and Donahue 2008; Evans
and Macdonald 2011).

At this moment, the methods used in use-wear and residue analysis follow four
main observation techniques: optical microscope, that includes (1) macroscopic
(low power) and (2) microscopic (high power) magnifications, (3) scanning elec-
tron microscope (SEM), and (4) laser scanning confocal microscope (LSCM).

2.4.1 Optical Microscope

As mentioned above, the most common technique used on use-wear and residue
analysis is the light-sensitive optical microscope method, including macroscopic
(low power) and microscopic (high power) magnifications. Low power use-wear
analysis is usually referred as stereomicroscope analysis using magnifications be-
tween 4-10x. In this apparatus, the artifact is illuminated by reflective light that
could be placed in different angles, enabling shadow effect. In this procedure, all
edges and surfaces of the artifact are systematically analyzed, in order to analyze
and record small fractures and features, as well as to select the areas for microscope
observation (e.g., Kamminga 1982; Odell and Odell-Vereecken 1980, 1981, 2004;
Tringham et al. 1974). On the other hand, the high power technique consists the
use of a metallurgical microscope at higher magnification with incident light per-
pendicular (90°) to the material surface. In order to distinguish, classify, and record
different wear traces, such as polish, the high power magnification (50-400%) is the
most successful technique. As mentioned above, the combination of both magnifi-
cations allow a more complete analysis, and during the last decades researches have
used both techniques in order to improve methodological approaches (e.g., Grace
1996; Clemente and Gibaja 1998; van Gijn 1998; Rots 2002).

2.4.2 Scanning Electron Microscope (SEM)

The SEM uses a stream of electrons controlled by magnetic or electric fields in-
stead of light illumination projection. This lightning method allows SEM to produce
an image at higher magnification, resolution, and depth of field than a traditional
metallographic microscope (Del Bene 1979; d’Errico and Moucadel-Espinet 1986;
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Hay 1977). However, the use of the SEM technique when applied to archeological
analysis has several limitations, mainly regarding to (1) price, since it is an expen-
sive technique, whether buying or renting SEM apparatus, (2) sampling, the SEM
analysis is limited to the object volume, and (3) time, due to the necessary time
required for sample preparation, when using acetate peels, and analysis. Thus, SEM
technique, even being very efficient, is most of the times limited to specific ques-
tions and small sample sizes.

2.4.3 Laser Scanning Confocal Microscope

The laser scanning confocal microscope technique consists on an image formed
by the conjugation of images of reflected light from distinct focal planes. In other
words, this technique creates an image multifocus image in real time. LSCM al-
lows observations ranging between 25-800x magnification (e.g., Debert and Sher-
riff 2007; Derndarsky and Ocklind 2001; Evans and Donahue 2008; Mansur 1983;
Shanks et al. 2001; Scott et al. 2005, 2006). The LSCM florescent technique devel-
oped for biomedical research during the 1980s, have been used in the archeological
research to illustrate and model (topography) the texture of the analyzed object
surface, allowing to a more detailed wear quantification. Contrary to the SEM tech-
nique, the LSCM, although expensive, is similar to the traditional metallurgical
microscope, with no limitations regarding to sample size and time of use (Evans
and Donahue 2008).

2.5 Methods

As previously shown, during the last decades use-wear and residue analysis have
developed different and complementary methodological approaches and techniques
to a more detailed and complete analysis of all type of wear traces. This section
consists on a brief description of wear traces commonly recognized on lithic tools.
Traditionally use-wear analysis is organized in two main categories: macroscopic,
including edge damage and diagnostic impact fractures, and microscopic traces,
referring to striations, polish, hafting traces, and residue remains.

2.5.1 Macroanalysis

2.5.1.1 Fractures

As mentioned above, macro wear analysis focuses on the identification and clas-
sification of fractures. The origin and formation of fractures is the results of edge
retouched or edge damage resultant from a use of a tool in a specific task. Attributes
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such as distribution, quantity, and classification are assumed as reflex of various
sources responsible for their origin and formation: raw material (e.g., chert, quartz-
ite, quartz), hardness, resistance, and nature of the worked material (e.g., bone, ant-
ler, wood), edge angle of the tool, angle of tool to the material, period of time of
use, and direction and/or movement of use (e.g., scraping or cutting; Adams 1989;
Broadbent 1979, 1981; Grace 1996; Hayden 1979; Hubercome 1992; Kamming
1982; Odell 1981, 2001; Odell-Vereecken 1980; Risch 1995; Semenov 1964; Tring-
ham 1975).

Experimental tests and macro observation show that nature and formation pro-
cesses of such fractures might be related to various natures and variables. Such
complexity and unpredictability indicate that different macro traces were not clearly
diagnostic of a specific material and/or use. Nevertheless, experimental work has
shown that specific uses and/movements are responsible for a specific origin and
distribution of fractures in tools. As an example, regarding to lithic tools, longitudi-
nal movements (e.g., cutting) result in macro and micro fractures in the ventral and
dorsal surface of the tool. From transversal movements (e.g., scrapping), macro and
micro fractures are concentrated in the surface of contact between the tool and the
worked material, and the formation of these stigmas occur normally in the opposite
surface to this contact. The distribution is perpendicular to the used edge and show
low variability regarding to shape and extension than the cutting movement (e.g.,
Odell and Odell-Vereecken 1980; Trigham et al. 1974). Also, circular or semicircu-
lar movements (drilling or incision), produce fractures in all the edges of the contact
surfaces.

2.5.1.2 Classification

The classification of edge damage commonly used in use-wear studies is organized
according to the morphology, distribution, position, and termination of the small
fractures along the edges (Anderson-Gerfaud 1981; Akoshima 1987; Grace 1989;
Gutiérrez 1990; Gonzalez and Ibanez 1994; Hayden 1979; Kamminga 1982; Keeley
1980; Odell 1975; Odell and Odell-Vereecken 1980; Tringham et al. 1974; Unger-
Hamilton 1988). Morphology is organized by semicircular, circular (half-moon),
triangular, quadrangular, trapezoidal, and irregular forms. The continuity or dis-
continuity between the micro fractures characterized the distribution of the edge
damage, while the position refers to the formation of small fractures, which is typed
as isolated, aligned, or superimposed. The termination categories indicate the distal
end morphology of the micro fractures, described as regular, reflected, stepped, and
oblique (90°).

Experimental tests have shown that such morphologies are likely related to type
of movement and the resistance/hardiness of the worked material. Thus, for exam-
ple, it is generally accepted that working soft material (butchering or fresh vegetal
material) creates semicircular shapes, and hard materials triangular and trapezoidal
(bone or antler). Although some researchers argue that the duration of the work,
rather than the worked material, led to the formation of triangular or trapezoidal



14 J. Marreiros et al.

shapes (Akoshima 1987). Experimental studies and functional analysis, macro and
micro wear, allow the identification of diagnostic impact fractures associated with
projectile activities (Bergmann and Newcomer 1983; Bradley 1982; Bradley and
Frison 1987; Frison and Bradley 1980; Fischer et al. 1984; Geneste and Plisson
1986, 1990, 1993; Lombard 2005; Lombard et al. 2004; Odell and Cowan 1986;
O’Farrell 1996, 2004; Shea et al. 2002; Villa and Lenoir 2006). These fractures are
categorized in two main groups: (1) macro impact marks, diagnostic fractures, and
striations, and (2) micro hafting and prehension traces, polish and organic residues
(i.e., resin or mastic).

2.5.2 Microanalysis

2.5.2.1 Striations

Striations consist linear grooves present in the tool surface resulting from the abra-
sive contact between the tool and the worked material or abrasive materials on one
or both surfaces (Semenov 1964, 1981). The distribution and intensity (depth) of
the striations were classified in different categories: (1) dark background, as an ob-
served thin dark line, (2) smooth background, characterized by a bright line, and (3)
grooves, that consists on a series of parallel grooves and perpendiculars to orienta-
tion of the striation (Keeley 1980; Mansur 1983). This classification has been seen
as a reflex of different shapes and resistance of the tool and/or worked material.
Following this idea, d’Errico (1985) suggests three different types of striations: (1)
protuberant, (2) comet-like, and (3) stretch.

Vaughan in “Use-wear analysis of flaked stone tools” (1985) suggests a third
type of classification: deep, superficial, and direction indicator. Deep striations are
continuous grooves in the tool surface; superficial grooves are characterized by a
succession of punctual linear striations present in a small area that have not deep
penetrated in the surface; the direction indicator striations clearly indicates a di-
rection of a certain movement. Although, the data from striation analysis do not
present enough data, mainly because striation might be caused by postdepositional
disturbance, and the interpretation of tool functional rarely are exclusively based on
the striation analysis.

2.5.2.2 Polish Description and Formation

The origin and formation of polish has been one of the most complex and debated
topics in the methodological agenda of use-wear studies. From early on, the paper
“Technique and methodology in microwear studies: a critical review” from Keeley
(1974) states that the main focus of the use-wear studies was the quantification of
the development of wear polish formation.
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It was commonly assumed among researchers, that distinctive polishes are as-
sociated with specific worked materials, and hence the classification and quanti-
fication of the polish formation became one of the fundamental questions to be
addressed in functional analysis (e.g., Dumont 1982). However, according to some
authors the definition and origin of the polish formation had never been precise and
objective, and huge criticism was expressed by Grace et al. (1985, 1987). In fact, the
formation and distribution of polish is influenced by several variables, some of them
not related to its use, including different postdepositional processes such as water,
temperature, and other abrasive agents might influence the formation of micro-wear
traces and polish (van Gijn 1990; Moss 1983; Vaughan 1985). On the other hand,
polish reflects tool’s natural characteristics, such as surface micro topography and
hardness, and/or raw material texture (Bradley and Clayton 1987; Grace et al. 1993;
Keeley 1978, 1980). Other important variable that influences the development of
micro-wear traces is the duration and pressure of each action, according to Grace
the polish made by the same material but that took different durations and pressure
may show significant differences (Grace et al. 1993).

Following that critical view, many researchers developed a matrix analysis based
on the different polish characteristics and classifications that were identified during
its formation stages (Hubercome 1997; Vaughan 1985). However these attempts
were confused and offered many details and low objectivity, making such charac-
terization more difficult.

Types such as smooth-pitted polish, terraced-bumpy polish, stuccolike or gently
undulating glow and pit-depression valleys, were not that accurate, and therefore
some researchers argued that this typology introduced by Keeley needed to be re-
viewed and refreshed.

In fact those researchers argued that the analysis of polish is associated with
the analyst experience of archeological and experimental materials. Distinguish
polish from different materials and movements are easier than make a complete
description. Thus, it is important that all researchers have a comparative reference
assemblage, experimental materials, and a photographic collection. New technolo-
gies, such as image editing software and GIS software started playing an important
role to quantify and describe micro-wear traces, making possible the comparison of
data from different sources. One of these specific polishes results from the hafting
of a tool with a handle. Prehensile wear or hafting traces is still a debated topic in
use wear studies (Collin and Jardon-Giner 1993; Keeley 1982; Moss 1983). Many
points of this debate are related with all the variables within this process: handle
material, used tool and type of adhesive materials, resin, and other organic materi-
als. According to Grace (1993), some of those supposed hafting traces are the result
of the tool production process and therefore misclassified. Frequently, hafting is
recognized by indirect evidences, such as tool morphometry, functionality, other
wear traces, and mainly its distribution on the tool surface. The hafting process
is associated with different types of wear traces: polish, striations, edge rounding,
and micro striations. However such observation and identification is difficult since
much of these traces may be attributed to other factors including technological pro-
cess, trampling, and postdepositional processes.
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This debate was expressed during the meeting “Technical aspect of microwear
studies on stone tools” in 1985 (Owen and Unrath 1986), with the introduction of
methodological approaches as the silica-gel theory, deposition model and abrasive
theory, as proxy to impulse the research on the polish formation process (Anderson-
Gerfaud 1980; Grace 1990; Kamminga 1979; Meeks et al. 1982; Levi-Sala 1993;
Witthoft 1967; Yamada 1993; Yamada and Sawada 1993). The main aim was to
determine the origin and formation of distinctive polishes and its association with
different various materials. Using image-editing software, Grace (1996; van der
Dries 1994) created the “Fast expert system” that could identify and use 33 vari-
ables during the polish formation and therefore identify the material worked and its
movement.

Thus, it is clearly important that the analysis should focus on all available data,
through the different analyzing methods, and not be based only on one single type
of wear trace.

2.5.2.3 Hafting Traces

From the early Semenov’s work, those archeologists mentioned that morphology and
wear traces indicate that many lithic tools were possibly hafted (Keeley 1982; Odell
and Odell-Vereecken 1980, 1981, 1994; Owen and Unrath 1989; Semenov 1964;
Stordeur 1987), however, hafting and prehension were never intensely explored,
and researchers focused on the thought to be working edge. The main argument
was that, even if hafting produce wear traces, the contact would be minimal and
traces associated with this movement would be not clearly diagnostic to a reliable
interpretation, easily confused to any type of minimal result of use of postdeposition
modification. Recently, thanks to the experimental works of Rots (2003, 2010),
new data has been acquainted, that realized systematically and relying both on mi-
croscopic evidences and residues analysis, as well including ethnographic sources.

2.5.2.4 Residue Analysis

During the first phase of use-wear studies, the residue analysis was a separated
approach from functional interpretations (Grace 1996). While use-wear analysis
concerns the use of the tool, residue studies consists the identification of organic
or inorganic residues present on the artifact (Fullagar 1993; Fullagar and Mather-
son 2013; Haslam 2006). The preservation of such organic results from: (1) heat-
ing processes caused by the intense contact and friction between the tool and the
worked material; (2) water in the worked material; (3) high percentage of silica in
chert tools; (4) the acidity and abrasive particles in some organic materials (Hardy
and Garufi 1998; Hardy 2004; Levi-Sala 1986; Lombard 2008; Loy 1983, 1993;
Thomas 1993; Fullagar 1998; Shanks et al. 2001). The identification of residues,
under favorable conditions of preservation is possible with the analysis of embed-
ded remains in micro fractures, cracks, and micro-striations, or stuck (adherent) to
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the surface (Haslam 2006; Langejans 2010; Longo et al. 2005; Wedley et al. 2004;
Wedley and Lombard 2007). Thus, it focuses mainly on blood and muscular tissue
(Gernaey et al. 2001; Hohberg et al. 2009; Tuross et al. 1996), amid (Barton 2007,
Lu 2003, 2006), lipids and fat acids (Evershed et al. 2001), animal (bone, scales,
collagen or hair) remains (Jans et al. 2004), plant remains and microfossils (phyto-
liths, pollens, etc.), and pigments (Blanchette 2000).

From the methodological perspective the residue analysis is organized in three
techniques: (1) optical incident light macro, (2) microscopic observation, and (3)
the observed residue remain is removed for detailed analysis. The identification
of the residue remain is made using polarized light microscopy and analysis, de-
pending on the type of remain, may include different techniques, such as a simple
biochemical or a spectroscopic analysis.

In residue analysis there are many problems regarding postdepositional con-
tamination from surrounding sediments, organic remains not related to the use of
the artifact, and excavation or postexcavation handling of the artifact (Evans and
Donahue 2005; Grace 1989, 1996). Furthermore, residue analysis has been used as
a complementary method to use-wear studies and functional interpretations in order
to interpret the function of archeological tools. Its potential replies properly in the
integration and confirmation of macro- and micro-wear data, with the possibility of
further specifying the type—or included the species—of the worked material. How-
ever, functional interpretations based exclusively on residue observation should be
avoided, as extremely dangerous and still unreliable.

2.6 Postdepositional, Collecting, and Sampling Artifacts

One of the main issues of use-wear analysis is the preservation and alterations
of wear traces in archeological tools resulting from the postdepositional process-
es during the formation of the archeological record. From early on, John Evans
and George Escol Sellers recognized that several natural processes could produce
fractures on lithics tools similar to those generate by human handling (Baesemann
1986; Kamisnka et al. 1993; Levi-Sala 1986, 1993; Mazzucco et al. 2013; Geneste
and Plisson 1986; Plisson and Mauger 1988). From this assumption, during the first
decades of the development of use-wear studies, several studies show the existence
of similarities in wear traces from natural postdepositional processes and human
use (Keeley and Newcomer 1977). Factors such as postdepositional alterations and
trampling among others might cause significant alterations on tools edge and/or
surface such as edge damage, fractures and surface polish, and striations.

During the last decades, experimental tests have tried to replicate postdeposi-
tion processes (soil deposition, movement and transport, erosion and trampling) and
identification and classification of associated wear traces (e.g., Burroni et al. 2002;
Evans and Donahue 2005; Levi-Sala 1986). From these essays, even for similar to
use wear traces (macro observation), the stigma resulting from the action of these
processes show a random distribution, resulting on isolated and disperse marks (mi-
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cro observations), that may modify or destroy the use wear evidences (Vaughan
1985).

Resulting from postdepositional processes, the colored or gloss patina, consists
in the deposition of various minerals present in the surrounding soil, water and/
or rocks, resulting in the oxidation and corrosion of the tools surface (Anderson-
Gerfaud 1980). Other type of postdepositional alteration is the so-called /uster or
miscellaneous luster (Gijn 1990). Caused by various natural and mechanical post-
depositional processes, this process consists of luminous and lustrous effect distrib-
uted in all directions and all over the tool surface (Longo et al. 2001).

Likewise, one of the most important issues in use-wear analysis is the state of
preservation of the archeological materials. Besides all the postdepositional pro-
cesses during the archeological site formation, the recovery (e.g., contact with metal
trowels, metal polish), cleaning (abrasive cleaning materials or acids), storage (fre-
quent contact between materials), and analysis of archeological assemblages (e.g.,
metal caliper) may cause surface and edge alterations and therefore interfere with
the use wear analysis.

Thus, the use of correct methods and conditions (including the appropriate
equipment) after recovering the archeological materials is fundamental to preserve
all data available. As a result, during the past years many researchers have held to
this methodological process in use-wear studies as follows:

1. Wash and rub the archeological materials must be done with the use of soap and
water with hands avoiding any abrasive material.

2. When necessary, due to the presence of concretion or soil remains, the tools
should be emerged in a solution of water and hydrochloric acid (5-10%) for
not more than 1 or 2 min, or emerged only in water using an ultrasonic cleaner.
Finally, during the macro and microscopic analysis, in order to remove wear
grease from handling, the artifact surface is cleaned using cotton imbued with
petroleum.

2.7 Final Remarks

This chapter focuses on the historical background of the theory and methodological
background of functional studies. Since Semenov’s systematic research, use-wear
and residue studies had focus on the observation, identification, and interpretation
of different evidences of use in archeological tools in order to understand human
technological and socio-cultural behavior.

One of the main statements in use-wear and residue analysis is that different
variables (i.e., raw materials, worked material, movement) are responsible for dif-
ferent kinds of relict macro- and micro-wear traces, requiring occasionally specific
analyzing methods.

Although as discussed above, functional studies are complex, wear traces
undoubtedly associated with numerous variables, requiring a constant method-
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ological and technological improvement. This has been clear from the last decades
of research, during which functional analysis have focused on different research
topics. Therefore, during the last decades, functional analysis was marked by the
development of theory, method, and techniques in order to infer prehistoric tools
functionality. This methodological agenda effort to improve systematic criteria to
clear identify, classify, and interpret all different wear traces, while the development
of specific techniques, such as several macro and microscopic approaches (e.g.,
SEM and LSCM) focuses on specific question related to specific variables.
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Chapter 3
Ethnoarchaeology and Functional Analysis

J. Gonzalez-Urquijo, S. Beyries and J.J. Ibafiez

3.1 Introduction

Actualist approaches including experimentation and analogies from ethnographic
sources are the two main ways to generate rules of inference in the study of prehis-
toric tools. Ethnographic sources have been used since the beginning of the disci-
pline in the nineteenth century. Comparisons with contemporary technology or eth-
nographic references lie at the base of the names applied to most types of prehistoric
stone tools in typological classifications; names like scrapers, burins, borers and so
on (Brézillon 1971; Trigger 1989). Deductions about tool use were made through
the formal resemblances between ethnographic and archaeological implements.

In the mid-twentieth century, archaeological research strongly rejected the use
of analogies. This attitude was due to the excesses of some arbitrary comparisons
made out of context and mistrust towards historicist approaches to parallels be-
tween modern primitive societies and prehistoric communities.

After the 1960s, the use of ethnoanalogies returned, through the means of eth-
noarchaeology. In this new framework, greater trust was placed in the pertinence of
comparisons between past and present groups who displayed common elements in
their ecological conditions, level of technological development or socio-economic
organisation. In the widely cited (Ascher 1961; Spriggs 1977; Wylie 1985) words of
Clark (1953) it would be possible to compare the cases of populations ‘at a common
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level of subsistence (...) existing under ecological conditions which approximate
those reconstructed for the prehistoric people under reconstruction’. In addition,
critical criteria for a more pertinent use of analogies have improved, in terms of
their validity and relevance. They are now based on structural comparisons (rela-
tional analogies, sensu Wylie 1985) rather than formal analogies. The consensus on
the risk of direct analogies is widely accepted and also a consensus exists on the
limitations of transcultural rules, which are judged to be better used as sources of
hypotheses than as interpretative keys.

The use of ethnoarchaeological references in connection with functional analysis
began with the pioneering work of Semenov (1964), who in the very introduction of
his work noted the importance of ethnographic information and, at the same time,
its limited and biased nature. Ethnoarchaeological information can be used both to
create the rules of inference and to interpret the results of archaeological functional
analysis (Owen and Porr 1999; Beyries and Petrequin 2001; Terradas 2005). In
reality, as Owen pointed out (1999), analogies from ethnographic sources form the
basis of most of the experimental programmes, and therefore, they also lie at the
base of the resulting reconstructions of use. When an experimental programme is
being planned, the tasks to be performed must be defined. To do this, in the first
place, the archaeological record should be taken into account as this may suggest
the kind of tasks that might have been carried out at the archaeological site being
studied. Thus, for example, the finding of bones with butchery marks indicates that
this work was carried out at the site. However, many tasks involving perishable
substances leave few evident signs in the deposit, such as working wood, hide or
plants. Ethnographic examples not only suggest ideas about what kind of tasks were
performed but also about how they were done (such as hand movements made and
types of hafting).

In certain cases, ethnoarchaeology itself can act as a form of experimentation.
The work performed in ethnographic contexts can be observed and documented,
and the tools used can be collected in order to study the use-wear marks. This has
been done, for example, for hide-crafts in Siberia and Canada, or for the use of
pebbles to work with ceramics in the Canary Islands (Beyries 1999; Rodriguez
et al. 2000).

In fact, the comparison between evidence from experimentation and ethno-
graphic sources in general—or ethnoarchaeology in particular—is quite common.
Although the importance of having experienced workers reproduce the tasks in-
volved in the experiments has been noted—as this may change the characteristics of
the marks (Beyries 1993)—few studies have combined both approaches (Altinbilek
etal. 2001; Anderson 2007).

In general terms, experimentation is able to deal with and monitor tool charac-
teristics (raw material, weight, dimensions, shape) and the variables defining the
activity (movement, kind of substance worked, duration).

By the observation of ethnographic contexts we are able to study the same as-
pects, although it is often impossible to monitor the variables. However, ethno-
graphic observation can explain a vast array of other questions. These aspects
include the sequence and duration of the work, the working area, tool management,
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the know-how used, the gender, age and skill of the user, seasonality and socio-
economic background (Owen 1999; Beyries et al. 2001; Beyries 2008). These also
include other significant points, like production objectives, product management,
the existence of other tasks or stages involved and/or avoided in the production,
access to or ownership of tools, the reasons for the distribution of labour, the social
condition of the workers, the ideological, symbolic and narrative context of the
technical work, just to cite some of the most obvious.

In reality, this is the potential framework because the ethnographic record is,
in fact, limited and often imprecise (Owen 1999). Ethnographic data to which we
normally have access have not been provided by ethnographers interested in the
techniques, but by social anthropologists interested in aspects of the social and
ideological organisation of the populations they are studying. Consequently, very
rarely is information recorded with details of the working process or the substances
worked. This limits the use of the information by archaeologists in general and by
functional analysts in particular. Similarly, the ethnographic collections held by mu-
seums tend to be poorly or incorrectly documented (Terradas et al. 1999). Ethnohis-
torical sources, about ancient contacts or classical sources (Rodriguez 1999; Barris
and Totelin 2000), are equally of limited use and restricted application. In contrast,
ethnoarchaeological data is of a better quality as it specifically records aspects that
derive in immediate interpretations. However, for the case studied here, the infor-
mation is limited or partial because few modern or sub-modern human groups still
knap and use chipped stone tools (cf. Brandt 1996; Beyries 1999).

3.2 Information from Ethnographic Sources

3.2.1 Tools

Ethnographic sources have provided a great deal of information about tool types
and the relationship between tools and particular tasks. We have referred to the
role this information has played even in giving names to the tools. Important de-
tails have been obtained about substantial aspects of tool functions and methods of
hafting (Albasini-Roulin 1987; Mansur-Franchomme 1987; Weedman 2006), the
conservation of residues (Kimura et al. 2001; Rots and Williamson 2004) and the
use of specific implements like cobble-stones and mortars (Rodriguez et al. 2006).
The abundance of this information does not mean that it should not be handled with
care as seen in some cases.

One of the problems derives from the number of different functions or function-
ing which can be carried out by tools that are at least apparently very similar. The
seminal study by Sigaut (1991) about the variable functions that knives can be put
to is just one example. The same study highlights how the morphology of the ob-
jects or tools, seen out of context, does not provide any clues to the functions they
were given. In Sigaut’s words, they are the riddle objects filling the back rooms
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Fig. 3.1 Einkorn (Triticum
monococcum) harvesting
directly by hand in northern
Morocco

of ethnographic museums when they become separated from the documentation
explaining their context.

Ethnographic observations of tools clearly show the limits of analogical infer-
ences (Owen 1999) which mistaken references sometimes lead to. The analogies
should not only be morphological because formal resemblances are rarely enough
to deduce functional similarities. A clear example is that of the bitter manioc graters
in the low Tropics of South America. Modern ethnographic sources show the use of
quartz microliths inserted in wooden shafts for processing these edible roots. The
findings of similar microliths in ancient archaeological contexts has suggested the
deduction that these were used for similar tasks. This deduction is highly significant
because manioc is a cultivated plant and can therefore be used to interpret the pres-
ence and expansion of early agriculture in these regions. However, the study of the
residue on the archaeological artefacts has consistently shown that the archaeologi-
cal quartz microliths found at sites in the Orinoco Valley were used to process a
large number of plants, but not manioc (Walker and Wilk 1998; Perry 2005).

Ethnographic references, however, are able to give access to invisible technolo-
gies: tasks performed with perishable implements that are rarely found in archaeo-
logical deposits, or which are performed without any kind of implement. One of
these is cereal harvesting. Despite being always associated with the use of sickles,
harvesting can also be carried out with wooden pincers (as in the Province of Astur-
ias, North Spain; Ibafiez et al. 2001) or directly by hand, as we can see in northern
Morocco (Fig. 3.1) or among the Bedouin (Simms and Russell 1997). However,
some tools are also invisible to ethnographers, who do not mention them either
because other tools attract their attention more or because they are used in technical
and social contexts they do not observe. A striking example is that of the Yamana in
Tierra del Fuego. Most of the ethnographers’ accounts mention the tools made from
obsidian or glass, especially the projectile points, but hardly cite the tools made
from local raw materials and used in domestic contexts. Archaeological excavations
of occupations contemporary with those observed by ethnographers in the late nine-
teenth and early twentieth century show that the real tools differ widely from those
described in ethnographic sources (Clemente 1997; Terradas et al. 1999).
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Fig. 3.2 Hide working
with lithic tools in northern
Morocco

3.2.2 Chaines Opératoires and Technical Processes

Ethnographic observations have contributed a vast literature to understand the tech-
nical processes carried out by hunter—gatherer groups and farmers with ways of life
comparable with those of prehistoric groups.

The most basic information refers to the techniques used in the procurement and
manipulation of resources, for example, about hunting techniques (Frison 1978;
Churchill 1993; Hughes 1998; Ellis 1997; Hutchings and Briichert 1997; Petre-
quin and Petrequin 1990; Lupo and Schmitt 2003), butchery techniques (Fisher
and Strickland 1989; Beyries 1993), hide-working (Gusinde 1931/1982; Clark and
Kurashina 1981; Beyries 1999; Rodriguez 1997, 1999; Ibafiez et al. 2002), wood-
working (Carneiro 1979; Keeley 1983; Kamminga 1988), work in stone (Roux
1999), crafts in plants (Ibafnez and Gonzalez Urquijo 2002) and so on.

In addition, ethnography provides significant information about production ob-
jectives, such as the characteristics of the products sought, like the shape, size and
number. This information is crucial when the technical processes are used to trans-
form perishable products of which no evidence is normally found in the archaeo-
logical record (Speck 1937; Silvestre 1994; Holl 2003).

It also informs about the reasons for technical variability. In the well-studied case
of hide-working, the variability may be due to the type of animal skins (fish or mam-
mals, of different sizes), the objectives of the production (careful work or not), the
production organisation (domestic or specialised work, female or male), which is in
turn connected with the economic goal (self-consumption, trade) and social value
(Fig. 3.2). Some studies give particular technical details that may be strategic in the
performance of a task and later in their detection and identification during use-wear
analysis. The use of specific equipment (tools and handles) has been described in con-
nection with particular task conditions. For example, the Gamo people in Ethiopia use
scrapers of different sizes to work hide, depending on the type of animal the skin came
from, mainly on the size of the animal (cattle vs. sheep/goat; Weedman 2006). How-
ever, other nearby groups use scrapers of different sizes depending on the processing
stage, large scrapers at first and small ones in the final phases (Brandt 1996).
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Another example is the interpretation of the use of scrapers at the Uil site, based
on an ethnographic reference obtained by studying American and Asiatic groups
(Athapaskan, Interior Salish and Koriak; Beyries et al. 2001; Beyries 2008). Here,
based on the wear patterns on the edges of the tools, it was possible to determine
the procedures followed to process the hides (fixing the tool, type of haft, etc.), as
well as the type of hide being worked (fine like that of roe deer or reindeer, or thick
like that of elk).

The same note of precaution should be sounded for the technical processes as
for the tools. Some technical processes are invisible to ethnographic sources (cf.
Clemente 1977) and can lead to mistaken models. Rodriguez (1999) has noted the
considerable contradictions between ethnohistorical sources and archaeological
evidence in the case of pre-Hispanic populations in the Canary Islands. Written
sources describe the high level of technical development in hide-working, with spe-
cialisation, complex processes and high-quality products, whereas archaeological
research has shown the extension of domestic work with more expedient process-
ing. In this example, the bias clearly lies in the European narrators’ interest in a cer-
tain type of product: elaborate leather goods that became the object of trade during
the period of contact.

From the anthropology of techniques comes another basic contribution: the
theoretical developments associated with the concepts of technical process and
chaine opératoire (Coudart and Lemonier 1984). These concepts have succeeded
in arranging work sequences within a structure of different tasks, and furnish them
with technical, economic and social meaning.

A technical process consists of an arranged succession of tasks (the chaine
opeératoire) which gradually brings the raw material to the form and characteristics
of the final product (Pelegrin et al. 1988). Each of these stages or links in the chain
of tasks consists of a number of technical acts. These acts are certain movements
and individual actions carried out by the worker.

The data provided in the first place by functional analysis, referring to the action
of'a tool on a substance being worked, consist of these technical acts. In this respect,
the actions inferred by functional analysis do not achieve their full meaning if they
are not related with those that preceded and followed them, in the context of the
chaines opératoires and technical processes they belong to (Ibafiez and Gonzélez
Urquijo 1996). Ethnographic sources, together with experimentation and the deduc-
tions based on archaeological evidence, help to construct models of general techni-
cal processes, chaine opératoire and technical acts, with their variations, just as we
might find them among prehistoric populations.

In many cases, these models must be generic and comparative. This is due to
several reasons: the vastness and variability of known technical behaviour, and at
the same time, (a) the limited and biased nature of the archaeological record; (b) the
existence of many activities carried out without tools or with tools that are not pre-
served in the archaeological record; (c) the limitations of functional analysis itself,
in the precision of the determination of kinematics and above all in the type and
state of the worked substances. Consequently, the technical processes are usually
reconstructed in their more general aspects, by attempting to locate the main stages
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in processing such as the procurement, transformation (roughing out, extraction of
the blank, shaping and finishing) and repair/maintenance. With a good ethnographic
and experimental background, this reconstruction of the technical processes is ap-
proached through the information obtained by use-wear observation, like the type
and state of the worked substance, the tool kinematics, the association of activities
in a single tool, the length of the active zones and the tool shape, the specificity of
the implements and the active zones, the intensity of use and the variation and asso-
ciation of activities in an assemblage. To give an example, intense scraping on hard
substances, like bone, antler and wood (Clark and Thompson 1954; Campana 1989;
McGrath 1970; Hayden 1977; Kamminga 1988) form part of the object shaping
stage, while many of the perforation and fine engraving tasks belong to the finishing
stage (Ibafiez and Gonzélez Urquijo 1996).

3.2.3 Production Context

This is the aspect where ethnographic information is able to provide a more im-
portant reference background as it can reach the live contexts in which tasks are
performed. This perspective shows the relationships of technical activities with
environmental conditions or other spheres of economic, social and ideological be-
haviour. Many instances exist of the use of ethnographic or ethnoarchaeological
examples.

Some of these relationships are simple but possess great heuristic power. Beyries
(1999, 2008) shows that some characteristics of hide-processing, like the worker’s
position and how the hide is placed, are correlated with the type of group mobil-
ity (nomad or sedentary). The worker-hide position is reflected in tool shape, with
the use of convex edges among mobile groups and straight edges among sedentary
groups. In fact, this correlation is also observed in the archaeological record, where
tools with convex active edges, like end-scrapers, are more common in the Upper
Palaeolithic and Mesolithic, in contrast with more frequent straight edges in the
Neolithic.

The classic studies by Binford (1977) and Tomka (1993) have provided informa-
tion about tool management and the cycles of circulation and discard of tools. Based
on observations made of Nunamiut eskimos and Australian Alyawara, Binford in-
troduced the concepts of ‘curated’ and ‘expedient’ to describe two typical strategies
for tool management among hunter—gatherers, or the ‘drop’ and ‘toss’ concepts to
explain the distribution of manufacturing waste and use, as they differ according to
whether the hunter—gatherers’ camp is more or less stable and/or specialised.

Brandt’s study (1996) of the Konso in Ethiopia is a good reference for the man-
agement of lithic waste by sedentary populations. Manufacturing waste and frag-
ments generated by use and repair in areas where children sometimes go are cleaned
up and discarded in safe areas outside. However, the waste created while shaping
the pieces for hafting, which is carried out around the fire, is left in the same place,
as the children are forbidden to go near the fire. The spatial distribution of tasks
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and the management of waste are different in other groups. Among the Gamo, the
place for hide-working, is a specialised area within the compound, which is only
visited for this purpose. Repair flakes and used end-scrapers are abandoned in the
work-area.

Some ethnographic studies (McGrath 1970), and above all ethnoarchaeological
research (Binford 1978; Yellen 1977; Gould 1977; Kelly 1995) have been used
to determine residential mobility patterns in hunter—gatherer groups. An important
role is played in these models by the association between the types of substances
that are processed and the phases in the tasks, and the type of settlements and ter-
ritorial mobility strategies. This information has succeeded in giving meaning to the
data from functional analysis and finding answers to this kind of question in diverse
contexts (Plisson 1985; Ibaiiez and Gonzalez Urquijo 1996; Philibert 2002).

In some examples of complex relationships, the type of processing applied de-
pends on or is connected with a wide range of environmental, economic and social
variables. One of these is harvesting cereals, as shown by a comparative study of
wheat harvesting techniques in regions of the Iberian Peninsula and North Morocco
(Ibafiez et al. 2001). In this activity, the use of tools or the type of tool depends on
the environmental conditions, the kind of cereal, the objective and scale of produc-
tion. This in turn is influenced by social conditions (role of cereal production, field
size, workers’ skill, and so on). Thus, in the north of the Iberian Peninsula, factors
like cool wet summers, crops of dressed wheat, lack of interest in storing the straw,
and production on a domestic scale allow the use of alternative tools to sickles, such
as the wooden pincers that only separate the ears with the grain. In North Morocco,
the interest in gathering long straw stems, which are used as roofing material, means
that the whole plants are gathered by hand, rather than using a sickle. However, in
the south of the Iberian Peninsula, interest on grain and hot dry summers force the
use of intensive forms of harvesting, with sickles. The suitable time for harvesting
without the grain falling from the ears is reduced to just a few days.

Ethnoanalogical sources inform about major aspects of the social conditions of
labour, apprenticeship (Fig. 3.3) or the social division of labour, by sex (Murdock
and Provost 1973; Vila and Ruiz 2001; Weedman 2010), by social identity (Brandt
et al. 1999; Weedman 2006), by economic condition (Ibafiez et al. 2001) and so on.
At a general level, ethnographic literature has been able to reconstruct some well-
known trans-cultural rules through the observation of coincidences in the ways of
organisation of hundreds of hunter—gatherer groups (Murdock 1967; Testart 1986;
Keeley 1988; Hawkes 1993; Marlowe 2005; Kusimba, 2005; Hill et al. 2011).

Other detailed studies have succeeded in determining some examples of the or-
ganisation of labour in farming communities and its links with the ways that tools
are used. In southern Ethiopia, Brandt (1996) showed that crafts in general and
hide-working in particular, among the Konso, Gamo and Wolayta, are low social
status work, carried out by marginalised groups. In these extremely complex societ-
ies, with castes and rules of avoidance, in some cases the work is carried out only
by women (among the Konso), in others by men (the Gamo), and in some cases by
both men and women (the Wolayta). In North Morocco, in the Jbala region, hide-
working is a male activity (Ibafiez et al. 2002), but we find a plurality of technical
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Fig. 3.3 Apprenticeship of
reed craftwork in northern
Morocco

processes linked to different organisation of crafts within the same society. When
the scale of production is domestic, the whole equipment, tools, tasks and final
products are simple. However, when specialised crafts workers are involved, more
complex processing includes leaving the hides to soak in tanning liquids for a pe-
riod of time. These craftsmen work part-time and combine this work with other
country labour. Although they are not excluded socially as described for the groups
in Ethiopia, in general they are poor peasants who live in marginal areas and who
resort to craft working to obtain extra farm products, in which they are deficient,
often by bartering.

In another ethnoarchaeological study, Roux (1999) sought regularities in the
work carried out by modern bead-makers in Khambhat, in order to determine the
level of skill of the craftsmen and their productivity. This information was used to
study the organisation of labour in the Harappan period in the Indus Valley. Based
on the estimates about the beads produced in the Harappan period, the author de-
duced that there must have been few expert craftsmen and that they would also take
part in other kinds of labour, and therefore they would have worked part-time. This
intermediate deduction allowed the final conclusion that during this period, a social
class of craftsmen still had not developed, and that they worked at the service of
elite.

Finally, ethnoarchaeology has also developed interesting associations between
the ideological context and social or group identity in connection with tool use
(Petrequin and Petrequin 1988; Brandt et al. 1996; Sillitoe and Hardy 2003;
Weedman 2010).

3.3 Conclusions

Ethnoanalogical sources (ethnographic, ethnohistorical and ethnoarchaeological
studies) have provided a series of structural reference points for functional analysis.
Functional interpretations could not be conceived without the contribution of these
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sources. They determine much of the design of experimental programmes and ulti-
mately frame a large part of technical, economic, social and ideological conclusions
that are reached through the functional results.

These sources do not provide pristine data or direct rules of inference. However,
they are often able to rule out some of the hypotheses and restrict the range of pos-
sible explanations. On the other hand, these data can be used to open new debates,
reconsider old results and propose reasoned responses to some of the questions that
are raised.

We are aware of the limitations of ethnographic and ethnohistorical sources, full
of prejudice and limited and biased descriptions, as well as the problem with ethno-
archaeological information, based on modern groups with a long history of contact
with societies on a level of technological development different from prehistoric
groups. Another danger in the use of these sources by prehistorians has been called
‘positive inference’, and consists of searching through the wide ethnographic record
to find confirmation for a hypothesis, and leap upon it, making an abstraction of the
context of comparison. We have learnt that it is necessary to explore the full range
of comparative options offered by the record. This is a strategy that usually enriches
the formulation of hypotheses and the interpretation of the results (cf. Owen 1999;
Beck Kehoe 1999). The goal is not to find an ethnographic analogy for an archaeo-
logical functional inference, but an analogical reference framework in which coin-
cidences and variations are equally important and expressive.

In this context, ethnoanalogical sources are able to improve our understanding
of various significant aspects connected with the use of prehistoric tools. We have
focussed on the references they provide to understand the tools themselves, to re-
construct the technical processes in which they play a part or to furnish an economic
and social background to the tasks documented in the archaeological record. How-
ever, these are not the only aspects to which they can contribute. In the introduc-
tion we have also mentioned other aspects of behaviour, like tool management, the
know-how put into practice, user sex, age and skill, seasonality, production objec-
tives, product management, possession or ownership of the tools, reasons for the
division of labour, social conditions of the workers, and the ideological, symbolic
and narrative context of technical activity.
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Chapter 4
Use-Wear Analysis on Flint Tools. Beyond
the Methodological Issues

Juan F. Gibaja and Bernard Gassin

4.1 Use-Wear Analysis and Flint Tools. Questions
and Methods

Since the onset of use-wear studies of lithic assemblages, many researchers have
focused their analyses on flint tools mainly because:

1. Within archaeological lithic assemblages flint is the most represented raw mate-
rial, mostly from Middle and Upper Palaeolithic contexts;

2. Flint lithology is the most studied lithic raw material by specialists;

3. Wear alterations in flint elements are most diagnostic since modifications occur
in very different traces and within few minutes of work.

Fortunately, during recent years researchers started looking at other raw materials
such as obsidian, quartz, quartzite, etc. (Clemente et al. this volume).

Since the origins of the use-wear analysis discipline, methodological questions
were always one of the most important issues for researchers, for which huge im-
provements have been made in technical advances in the field of computer science,
microscopy technology and photographic record. Parallel to these technological
advances, continuous improvements have been made on the identification of wear
trace diversity, such as postdeposition processes, using several experimental blind
tests.

Therefore, the use of different microscope types to observe wear traces must
be one of the most important methodological issues (Marreiros et al. this volume).
During the 1970s and 1980s there were two opposed perspectives regarding the
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different types of microscopes that should be used. One perspective argued for the
use of stereoscopic equipment with low magnifications, while the other used the
metallographic microscope with high magnifications. Currently, most researchers
use both types of equipment together since both approaches complement the avail-
able data. Nevertheless, there is a small number of researchers using scanning elec-
tron microscopy (SEM) (Martinez 2005) or, more recently, laser confocal micros-
copy (Ibanez et al. 2014). Although the degree of details that can be observed on
wear traces with SEM microscopes has increased considerably, it has not yet been
proven that this technology presents a more accurate diagnostic of the worked mate-
rial or even a more precise approach to activity evidences. This type of microscope
has not been widely used by all specialists, mainly because of its high cost and the
time it requires to prepare the pieces to be analysed.

Like in any other archaeological speciality, the results from the use-wear analy-
sis depend greatly from the preservation conditions of the materials. In contexts
where archaeological materials are well preserved and have been perfectly recov-
ered, treated and stored, the data obtained will be excellent. However, before start-
ing the analysis we should start with an assessment of the material’s condition and
predict the possible outcome in terms of preserved data.

The nonrandom distribution of wear traces (chipping, rounding, polish and stria-
tion) on a tool’s surface allows us to determine the used edge areas. The distribution
patterns of wear traces lead us to identify the movement made during the activ-
ity: parallel or perpendicular to the edge or on the central axis of a pointed tool
(a projectile or a tool used to pierce through rotary movement). For this purpose,
the use-wear analyst observes the orientation of the striations, the chipping distribu-
tion (unifacial, bifacial or alternating), the polish and edge rounding asymmetry. On
linking the wear traces observed on the archaeological tools with those obtained
from experimentation regarding the same activity, it is possible to identify, with
more or less accuracy, the worked material. We observe the morphology, size and
number of edge damage scars, the extension and distribution of the micropolish, its
microtopography, morphology and frame, the striations’ morphology, number and
distribution (e.g. Plisson 1985; Gonzalez and Ibanez 1994; Van Gijn 1989; Gassin
1996). In the next section, we use two archaeological case studies to illustrate to the
reader what we have explained.

4.2 Functioning and Function: Lithic Tools
and the Chaine Opératoire Concept

Use-wear observations interpreted on the basis of experimental references (see
above) allows us to determine the “functioning” of the tools: what is the active area
during work, in what position was the tool during use, which movement was used
and what the worked material was. Thus, we will reserve the term function to refer
to more developed data, supported by archaeological record and technological data
(Sigaut 1991). It is not only to understand how the tool was used but also to know at
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the same time more precisely to what stage it belongs within the chaine opératoire
sequences.

4.2.1 Abrasive Wear Traces: From Hypothesis to the Proposed
Functionality

During the past decades, researchers have characterized wear traces from non-
woody plants, mainly from work done on certain plants such as cereals (wheat and
barley), fern, rush or reeds. Such characterization could not ignore other factors that
influence the wear traces generated by contact with nonwoody plants, such as: (1)
the place where plants are cut, (2) the use of other materials, (3) whether they were
picked fresh or not, (4) whether harvested plants had been planted on land previ-
ously prepared for cultivation etc. Nevertheless, as a general definition, cutting non-
woody plants, especially cereals, usually causes edge bifacial chipping associated
with slight edge rounding, and a much extended micropolish with flat morphology
and compact frame which develops up to the central arises on the dorsal face of the
blades or flakes. Within the polish there are numerous striations of different shape
and size, mainly if the cut is made from plants near the ground (Gibaja 2003).

When we analysed the flint tools of various Neolithic sites from northwestern
Spain and southeastern France, however, we note that other than the pieces with
clear wear traces of cereals, there are pieces with edges showing traces related to
cutting plants associated with other traces made by the contact with some abra-
sive material. This duality is reflected by an intensive abrasion, abundant striations,
plant polish modified by some abrasive material and edge rounding together with
chipping.

Our experimental data base did not allow us to determine the origin of these wear
traces. Until then this type of traces had been associated by other researchers with
cutting dry skin, with or without abrasive materials, with craft activities in which
they touch the clay used in pottery work, with the extraction of sand blocks or with
the cereal threshing.

Among this set of tasks, the cereal threshing caused the most similar traces, but
they were infinitely more developed. For this reason we decided that we should
indeed think of an activity related to processing cereals, which simultaneously cuts
edge stems and contacts with a mineral such as the ground.

We conducted two types of experiments: (1) cutting cereals near the ground so
that there was a continuous contact between the flint tool and the ground and (2)
cutting the stems above the ground to separate the ear and/or the root, in order to
get stems with certain measures. These experimentations gave satisfactory results.
The presence of traces associated with abrasive contact was identified on the tool
ends that had come into contact with the ground surface when used to cut the stems
near the ground. When we cut the stems on the ground to separate parts, these traces
were present all over the entire edge. In summary, our experiment showed that these
types of tools with such wear traces were used routinely to process cereals after the
cutting process.
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4.2.2 Scraping Flint Tools, from Functioning to Function

Flakes and blades used for scraping soft mineral substances have been identified
in numerous Chasséen (Middle Neolithic) archaeological sites in the region of
Provence, France (Grotte de I’Eglise supérieure, Baume Fontbrégoua, Grotte G and
Villa Giribaldi).

Experimentation with tools used to scrape the walls of ceramic vessels has al-
lowed us to interpret the traces generated by this activity and distinguish between
two ways of scraping (in positive and negative modes) (Fig. 4.1: 1-2). Other factors
that influence wear traces characteristics are the moisture of the clay and the fine-
ness of the temper.

Experimental data allowed us to determine that the vessel walls were scraped in a
positive way when the clay was drying up (the consistency was leatherlike). On the
basis of a comparison with the production of modern potters or the reproduction of
experimental ceramic vessels, similar to those made during the Neolithic period, we
propose that these tools were used for the wall thinning and/or the bevelling of the
lips, after shaping, when the clay was still drying (when clay was moist enough to pro-
duce regular chips when scraping, but was sufficiently dry/rigid to prevent twisting).

The functional analysis of numerous burins from Chasséen archaeological sites in
the south of France shows that most of them are used with the lateral edges to scrape sil-
ica-rich plants like reeds (Fig. 4.1: 3-4). The face in front of the movement (rake face)
is always the burin-negative facet; it is concave and the working angle with the mate-
rial is lower than 90° (negative rake angle); the opposite face (flank face) is the ventral
face of the blade; it is plane or convex and the clearance angle is very low. The rake
face bears a very bright and very invasive polish with a compact linkage of polished
area and a snow-melting microtopography without any striation or linear indicator. The
polish on the flank face is not invasive; it is very smooth and bright with striations and
linear indicators almost perpendicular to the edge but always slightly oblique.

These burins are used to scrape silica-rich vegetal branches or stems for the
removal of thin chips, for instance during a finishing work, like final shaping of
arrow shafts.

4.3 Lithic Production Systems

Lithic functional studies and technological analysis play an important role together
to understand lithic production systems.

Experimental piece (B. Gassin). Scraping clay pottery with a positive cutting (or rake) angle. The
polish is rather symmetric on both faces; 3: Auriac P. IV, (Carcassonne, Aude, France). Middle
Neolithic. Burin with a dissymmetric plant polish, interpreted as the result of scraping siliceous
plants with a negative cutting (or rake) angle; 4: Experimental piece (B. Gassin). Scraping green
reeds (Arundo donax L.) with a negative cutting (or rake) angle. The polish on the rake face (on
the left) is different (snow-melting appearance and invasive polish) from the one on the flank face
(on the right)
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Fig. 4.1 I: Grotte G, (Baudinard, Var, France). Middle Neolithic. Blade with an invasive polish
on both faces, interpreted as the result of scraping pottery still wet during the drying process; 2:
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4.3.1 Understanding a Production: Products and Waste

The use or nonuse of certain lithic tools reflects the knappers’ intentions, allowing
to distinguish between first-intention products and waste products.

A technological and functional analysis of lithic industries from the Neolithic
age in Provence (Courthézon-Le Baratin and Nice-Giribaldi) shows that, either in
parallel or within the laminar chaines opératoires, there are stages of knapping of
little flakes from direct percussion.

In the archaeological site of Baratin, thick flakes were extracted and retouched
using hard hammers during the configuration and final phase of the blade cores
exploitation. In Nice-Giribaldi, flakes were imported and modified using bifacial
retouch with soft stone hammers.

The retouched flakes are generally described as shaped tools (denticulated tools
resulting from Clactonian notches, thick scrapers, bifacial pieces from percussion),
but they must be seen as simple technical processes that are implemented so as
to knap little flakes designed to be used as tools within the context of a domestic
production (Fig. 4.2: 1, 2, 5, 6, 8). The tools obtained through such processes play
a specific part in the technical system: they are used for short durations and in a
restricted number of functions (scraping wood, grooving bone at Le Baratin; scrap-
ing and grooving bone, cutting soft materials at Giribaldi), which contrasts with
the more intensive and varied uses of blades. At Le Baratin, the “retouched” by-
products (denticulated and thick scrapers) are never used with the retouched parts
(Fig. 4.2: 3, 4, 7), but, at Giribaldi, some bifacial pieces are used to scrape, groove
or bore bone, or to cut soft materials.

In other archaeological sites the use-wear analysis shows that the flakes from
bifacial retouch were not first-intention products. During the Late Neolithic from
Motte aux Magnins, French Jura, V. Beugnier’s study shows that bifacial retouch
flakes were not used and can be considered as waste products (Beugnier 1997).
Thus, flakes extracted during the configuration of handaxes in the Mousterian of
Acheulean tradition, studied by Claud (2008) were used in an occasional and op-
portunistic way, while the final handaxes, due to their edge morphological charac-
teristics and easier edge resharpening, were used for butchering and wood working.

In the final Middle Palaeolithic lithic assemblages from El Kown, Syria, blade-
lets extracted from what was becoming the proximal part of Levallois blades or
flakes, were initially interpreted as preparation elements for the extraction of Lev-
allois flakes and blades; however use-wear analysis (Boeda and Bonilauri 2006)
showed that they were first-intention products, hafted and used for butchering.

4.3.2 Design of the Tools

Use-wear studies allow us to understand the functional dimension of the tool’s
design, by identifying the active areas, their morphology and way of function-
ing. For example, the burins from Southern Chasséen culture were used to scrape
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Fig. 4.2 [ and 2: Giribaldi (Nice, Alpes-Maritimes, France), Early Middle Neolithic. Flakes from
bifacial debitage. /: scraping bone; 2: sawing or incising bone; 3—8: Le Baratin (Courthezon, Vau-
cluse, France), Early Neolithic. 3, 4, 7: notched or denticulated flakes, retouched by direct percus-
sion with hard hammer. Used zones are not on retouched sides. 5, 6, 8: used little flakes (“retouch”
flakes) for scraping wood (5 and 6) and piercing soft stone or pottery (&)

(Fig. 4.1: 3), using the edge between burin facet and ventral face, stiff vegetal ma-
terial with high silica content (Gassin 1996). Instead, burins from the Late Upper
Palacolithic from Northern Iberian Peninsula were used to work bone and antler:
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Fig. 4.3 La Grange (Surgeres, Charente-Maritime, France). Late Mesolithic. Scraping with a neg-
ative rake a vegetal material. The rake face is the retouched one (on the /eff). 200x

grooving using the burin tip, scraping with the burin facet, scraping and cutting
with the non-retouched lateral edges. Instead, from the same chronological and geo-
graphic area, the carinated burins were not tools, but were used as cores for bladelets
extraction, and these products were modified as backed projectiles elements (Ibaiiez
and Gonzalez 2006a). In the Late Mesolithic industries from western Europe, VII-
VI millennium cal BC, notches on blades were produced to scrape with a negative
rake angle different materials (e.g., wood, vegetal material, bone) (Fig. 4.3).

4.3.3 Studying Lithic Assemblages and Raw Material
Management

Lithic assemblages from the Neolithic archaeological sites often present debitage
products extracted from different reduction sequences and raw materials. Local raw
materials are sometimes represented with debitage products from all the chaine
operatoire sequences; exogenous raw materials are frequently present as “ready-to-
use” blades or preconfigurated nucleus. Thus, there is evidence for various produc-
tion cycles of blanks: imported blades show evident traces of long-time use, were
frequently transported between sites, and edges were modified and recycled; at the
same time, flakes and blades extracted within the campsite were used in an expedi-
ent way. Such contrast in lithic managements is well documented during the Middle
Neolithic in Grotte de I’Eglise supérieure, France, or Franchthi, Greece (Perlés and
Vaughan 1983), and such data are responsible for the onset of the “raw material
management” concept.
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4.4 Exchanges and Interactions

We present two case studies that clearly show how use-wear analysis is an impor-
tant discipline for the debate and hypotheses related with raw materials and ideas
exchange and spread, or population movements.

4.4.1 Spreading and Exchange

An integrated approach, through lithic technology and use-wear analysis, is a way to
understand long-distance diffusion networks of lithic products. One can investigate
the diffusion of these products, from raw material sources up to remote consuming
sites, by integrating their position in the chaines opératoires of the productions, the
level of know-how implemented by the producers, and the circumstances of their
use and management.

During the Middle Neolithic, the stone tool production in flint from the western
Provence was massively diffused in several cultural spheres: the Southern Chas-
sey culture in the south of France, the Montbolo and Sepulcros de Fosa cultures in
northeast of Iberia. Taking into account the proportion and the absolute quantity of
these imported products, we can distinguish several impact zones:

* A production area, in the immediate vicinity of the extraction sites of raw mate-
rial, with places of local production, where the bédoulien flint represents the
totality or at least a very high percentage of the lithic tools.

* A vast zone of massive diffusion, where numerous receiving or consumer sites
comprise a majority of imported bédoulien flint, up to 300 km to the west or the
east.

* A remote zone, in the northeast of Iberia, at a distance of more than 400 km,
where the production of “melado” flint (most of them bédoulien flint) has an
unequal distribution: while abundant in funeral contexts (Bobila Madurell, Sant
Quirze del Vallés, Barcelona), they rarely occur on settlement sites (Ca n’Isach,
Palau-Savardera, Girona). Moreover, the products in “melado” flint, far from
decreasing in quantity from the Pyrenees in the north towards the south, are
concentrated in the Vallés region. It is possible to distinguish differences in the
management methods used (intensity of use, resharpening and recycling, ranges
of uses of the productions) according to the technological categories of the dif-
fused products and according to the region.

At la Combe (Caromb, Vaucluse, France), situated at the head of the diffusion net-
works only a few kilometers from the sources of raw material, where cores were
shaped out and the débitage of blades took place, the majority of the used blades
were used by the non-retouched edges, and there was no maintenance or recycling
of the blades by retouch.

The management of blades in unheated bédoulien flint within the area of mas-
sive diffusion can be described through the example of sites from Provence and
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Languedoc. At the Grotte de I’Eglise, in Provence, the majority of imported blades
were used in several different zones, both untreated edges and retouched edges,
whereas the bladelets obtained by pressure on imported heated flint and the flakes
from local or from imported flint, mainly knapped on the spot, are in their vast ma-
jority used without retouch (Fig. 4.4). It appears that the retouch was frequently a
way of resharpening or of recycling blanks first used untreated. The imported blade
products are primarily characterized by their extreme functional multipurpose.

Some patterns of local circulation of imported blanks have been highlighted in
Languedoc and Roussillon sites. The functional spectrum of the site of Auriac near
Carcassonne supports the hypothesis of a bladelets (knapped by pressure after heat
treatment) redistribution site: the bladelets have a low intensity of use, and there is
no indication of agriculture or craft activities (Torchy and Gassin 2011).

At the cave of Montou, in a Montbolo context, it has been shown, by the pres-
ence of cores in a terminal phase of production and by a few small flakes that the
bladelets in heated flint were produced on the spot. These bladelets (approximately
15% of the lithic industry) probably concern the end of the débitage, the cores
having already been the object of earlier debitage in other places. The concept of
intermittent debitage has been proposed (Léa 2005). There would be a circulation of
cores within a local territory, with phases of debitage when necessary, according to
the needs linked to the tasks to which the occupants of the site devote themselves.
In this specific case, the bladelets were used to cut plants and soft animal material.
Likewise, the blades in bédoulien flint, resharpened, transformed and recycled to
the extreme, are at the end of the cycle of use and show a long and complex chronol-
ogy of uses. Only the last uses of these blades would be related to the occupation
of the site, and thus with its function. They were used before retouching to collect
plants, and after retouching to scrap and split plant stems and for the production of
pottery. The blades in unheated bédoulien flint and the cores in heated bédoulien
flint would belong to some mobile equipment, which the users took with them
during their cycles of exploitation of the territory (Fig. 4.5).

In northeast Iberia, in the zone of the furthest diffusion, and outside the cultural
context associated with the production of these blades, one notes a marked invest-
ment in funeral rituals. The presence in some burials of Bobila Madurell of unused
blades that present connections between them, suggest that in these cases the aims
of the lithic production was the obtaining of products to accompany the buried
corpse (Gibaja 2003).

Differences in the position of the sites in the diffusion network can be demon-
strated: one can oppose the cemetery of Bobila Madurell, where there are cores and
most blades are used non-retouched, and where the narrowest blades are less used
than the large blades, to the cemetery of Cami de Can Grau (Granollers, Barcelona),
where there are not cores and the majority of blades were used already retouched
and where there is a high use of all the blades, including the narrowest (Gibaja
2003). Bobila Madurell could be a redistributing site, controlling the diffusion, and
Cami de Can Grau could be a consuming site.

During the Final Neolithic, use-wear studies on chert tools from Grand Pres-
signy, France (knifes and blades) distributed in a vast territory, show the presence
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Fig. 4.4 Differences in the management of imported products in the Grotte de 1’Eglise. /: Non
heated bédoulien flint. Used to cut vegetal (used zone 5), then retouched in burin, and used to
scrape vegetal (used zones /—4); 2: Non heated bédoulien flint. Scraping hide with both sides;
3: First used to scrape hide (used zone 5), and then used and rejuvenated as a burin to scrape
vegetal; 4: Nonheated bédoulien flint. Cutting vegetal (used zone /), then retouched and scraping
hide (used zone 2). Scraping hide with the other side (used zone 3); 5—14: Heated bédoulien flint.
Bladelets used in butchering. (Gassin 1996)
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Fig. 4.5 Intermittent debitage of heated cores and curation of imported nonheated Bédoulien
blades in Montou cave. (Lea 2005; Gassin et al. 2011)

of different status according to the distance from production areas. Such knifes and
blades have high durability, are used as harvesting tools and later modified and
recycled for other activities (e.g. scrapers for working hide, lighters) (Beugnier and
Plisson 2004). In the Netherlands, the knifes found in burials show wear traces sug-
gesting that they were frequently removed from and put back in a leather sheath:
they were maybe sheathed and unsheathed to be shown during ceremonies (Van
Gijn 2010).

These questions, related with social organization, are also present in archaeo-
logical PPNA and PPNB contexts in the Near East (Astruc et al. 2003; Ibafiez and
Gonzalez 2006b)
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4.4.2 Agricultural Techniques and the Neolithization in the
Occidental Mediterranean

The morphology of lithic tools, the way of using them and the technological pro-
cesses used to produce such tools, are associated with technical traditions that rep-
resent one of the most diagnostic identity elements within human populations. The
study of geographic and chronological distribution of these technological traditions
allow us to infer cultural changes, contacts and diffusion. One of the most important
and diagnostic composite tools for the first Neolithic farmers is the sickle. Such
importance is illustrated when in the absence of direct evidence for agriculture, such
as carpological data, the presence of sickle elements is used as an indirect evidence
for agriculture in some archaeological sites.

Recently, a group of researchers started a research project that focuses on the
knowledge of the first Neolithic sickles in the Occidental Mediterranean territory,
in order to identify differences, such as shape and technological production system
among sickles, between different geographic areas (Ibafiez et al. 2008; Gassin et al.
2010; Gibaja et al. 2010).

At the moment all data seem to indicate the presence of different types of sickles
regarding to the presence or absence of lithic elements, nature of these lithic com-
ponents and hafting design. In summary:

* In southern Iberian Peninsula, Andalucia and Valencia, and Portuguese Es-
tremadura Neolithic sickles were composed by small blades insert in a diagonal
position in the hafting and create a denticulate line.

* In the northwestern Iberian and southeastern France, larger blades and flakes
were used in a parallel position to the haft.

* In central Iberian Peninsula, and also present in the archaeological site of La
Draga (Girona) and southeastern France, data show the presence of sickles com-
posed by a medium-size blade insert in diagonal position.

* In northern Iberia and southeastern France the analysed data show the presence
of abrasive wear traces, which means that these tools were used in sickles to cut
cereals near the ground (cf. supra).

* In the Cantabrian region, although other evidences might show the presence of
agricultural activities, there is no evidence of sickle lithic tools. These data led
us to believe that the used techniques do not leave any evidence in the archaeo-
logical record (i.e. cereals were gathered by hand or by using a wood tool called
“mesorias”).

Such technotypological differences among sickles between different geographic
areas are not associated with differences regarding the cereal species; however, at
this moment, the carpological data are still uneven (Fig. 4.6). This has led us to
argue that perhaps such geographic distribution of sickle typology in the Iberian
Peninsula and France are associated with the introduction of Neolithic agriculture
through two separate ways: a northern one through the French coast and a southern
one from northern Africa. Currently, in order to answer to these questions we start
working on Neolithic contexts in Italy and northern Morocco.
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Fig. 4.6 Morphology of the sickles from Neolithic sites (VI-Vth millennium cal BC) in Western
Mediterranean

4.5 Approaching Economic and Social Organisation
Using Use-Wear Analysis

One of the most important aims in use-wear analysis is to know which activities
were made on the campsite, and to write about some aspects of social organization.
In this part we present some interesting case studies.

4.5.1 Activities Made Within Archaeological Site

In the Upper Palaeolithic, the Dordogne French region shows high human occu-
pation during the Solutrean technocomplex. From all the published literature for
the Solutrean in this region, we focus on the research carried out by J.M. Geneste
and H. Plisson on the relationship between morphotechnology and functional stud-
ies on Solutrean lithic projectiles from four archaeological sites: Combe Sauniére,
Placard, Fourneau du Diable and Pech de la Boissiére (Plisson and Geneste 1989;
Geneste and Plisson 1993).
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One of the interesting use-wear results is related with the fragmentation of the
projectile points and the representation of these fragments in the different sites.

The experimental data compared with archaeological observations on points
from these assemblages showed that these tools were used as projectiles (although
no definite criteria were found to distinguish between bow and arrow or propellant
atlatl), and that the degree and the characteristics of the fracturing were linked with
factors like the skeletal part of the prey with which the point was in contact, raw
material used to produce the points, the weight and length of the points and how
these weapons were hafted.

In these sites, the proximal parts of the points were more numerous than the
distal fragments. Their interpretation was that the shafts were saved, together with
the proximal part of the broken points, which were damaged when the contact be-
tween the projectile and the animal bone or any other hard material occurred. The
broken tool was extracted from and replaced by a new projectile in the campsite.
The hunted animals were transported and butchered in the campsite. Some distal
fragments of the projectile points were extracted from the animals and discarded in
or near the settlement. Thus, the site was not only used for hunting activities, but at
the same time was a place for processing and consumption of the prey after hunting,
and where the projectiles were made and repaired. Other studies about palaeolithic
sites function involve the whole lithic industry (Ibafiez and Gonzalez 1996).

Another example is the use of spatial analysis in different Neolithic sites. The
main goal linking spatial analysis and use-wear studies is to identify and locate
tools and activities within the site. The tools distribution within the site allows us to
identify possible areas associated with distinct activities.

In the site of Chalain (France) this approach shows the existence of working
areas within the site related with working bone (Beugnier 1997). Opposed to that
in the site of Khirokitia (Cyrus) or Motte-aux-Margins (France), the spatial distri-
bution shows a homogeneous pattern, and there is no clear evidences for different
working areas (Beugnier 1997; Astruc 2002).

From a broader perspective, the use-wear analysis contributes to define sites
with different functionality within a geographic area: hunting activities, places as-
sociated with farming activities, workshops, burials and other handcraft works.

4.5.2 The Living and the Dead. Tools for Production, Goods for
Reproduction

It is evident that one of the most debated topics in archacological discussion is asso-
ciated with the social and symbolic world during prehistory. The comparative study
of domestic and burial contexts is one of the most important ways to understand
social organization (Fig. 4.7). An example is the use-wear studies done on tools
from the most important northeast Iberian Neolithic cemeteries (Bobila Madurell,
Cami de Can Grau or Sant Pau del Camp). These burial practices are so important
during this period that this culture was called “Cultura de los Sepulcros de Fosa”
by Bosch Gimpera at the beginning of the twentieth century. These structures are
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Fig. 4.7 Individual graves in the cemetery of de Can Gambus 1 (Sabadell, Barcelona, Spain).
Photographs from J. Roig y J.M. Coll (Arrago S.L.)

graves mainly made for one individual, male, female or juvenile, which are as-
sociated with different objects deposited as accompaniment: lithic and bone tools,
beads, ceramic vessels, faunal remains etc. (Gibaja 2003).

Thus, use-wear analysis focuses on the associations of objects and on the func-
tion of lithic tools regarding age and gender of the individuals. The use of statistical
analysis allow us to argue that some individuals had an important asset composed
by numerous objects of high quality (some of the lithic raw materials from those
tools are from other geographic areas such as southeastern France, Alps or Sar-
dinia). Nevertheless, there is a regular distribution of such tools related to the in-
dividual’s gender and age. Among the most characteristic tools there are the axes,
cores and projectiles (point and geometric arrowheads) associated with adult or old
male individuals.

Regarding the functionality of the lithic tools, we observed that males were as-
sociated with tools used for butchering and projectile arrowheads, and females with
tools used for hide working. Children usually were associated with beads, although
some adults (male or female) sometimes got beads too. Blades and a few flakes
were not associated with any gender or age category. Finally, one of the most im-
portant tasks for the community subsistence, farming, is associated with tools de-
posited in graves with all individuals.

Such differences in burial accompaniment may be explained by social differ-
ences between families and individuals: among the community some people had
access to different goods; differences in the deposits according to the gender could
reflect differences in activities devoted to males and females. Males and females
had different quotidian tasks.



4 Use-Wear Analysis on Flint Tools. Beyond the Methodological Issues 57

A lot of objects or tools were specifically produced in order to be used as funer-
ary deposits, or left as gifts in the individual graves without showing signs of wear,
because of brief use or resharpening, in a perfect working order. A good example
is the prismatic cores which were exploited to extract big blades used as gifts in
the individual graves, as well as axes showing perfect preservation, geometric and
pointed arrowheads, and bone awls. So these tools pass from a use-value in the
production sphere to status of goods for social reproduction in a symbolic sphere.
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Chapter 5

Use-wear Analysis of Nonflint Lithic Raw
Materials: The Cases of Quartz/Quartzite
and Obsidian

I. Clemente Conte, T. Lazuén Fernandez, L. Astruc
and A. C. Rodriguez Rodriguez

5.1 Introduction

Ever since the beginnings of traceology as a scientific method of analysis, the raw
material was seen to be one of the most influential variables in the formation and de-
velopment of use-wear marks (Semenov 1957). This is not only the consequence of
differences in the mineralogical composition of each rock, as other characteristics
such as granulometry, cementation and position of the different minerals, mineral
structure, type of fracture and hardness are also influential (Hayden 1979; Clemente
Conte 1997; Rodriguez Rodriguez 1997; Astruc et al. 2001). Thus, the degree of
homogeneity and heterogeneity of the different rocks used as raw material for the
manufacture of different implements also influences the specific characteristics of
the use-wear marks.

The marks that form on the edges and surfaces of tools, whatever the raw ma-
terial is, are generally always the same: macro- and microscars, rounding/blunt-
ing of the edges, striations and micropolish. In all cases, the equipment used to
observe the stone tools is the same: a binocular magnifying glass (up to 90X) to
observe the number of edges used and the nature of the traces (if they are found
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on one or both faces, the characteristics of the scarring etc.) and a metallographic
microscope (between 100 and 500X) to analyse the specific features of the mi-
cropolish generated by working each kind of raw material. In certain cases we
may use other types of microscopes, e.g. scanning electron microscopes (SEM)
to analyse surface compositions or for residue analysis, or confocal microscopes
to analyse surface roughness, areas of polish and so on. However, the form and
appearance of the traces may vary, depending on the raw material used for the
implements. Therefore, polish which is glossy on flint may be matt on other raw
materials such as obsidian. There are traces like those known as corrosion for
quartz crystals in quartzite (Clemente Conte 1997; Clemente Conte and Gibaja
Bao 2009; Gibaja et al. 2009; Leipus 2006; Leipus and Mansur 2007) or the
similar “corrosion” that is even more evident in obsidian, while it is practically
nonexistent in flint.

This means that the use-wear marks on each rock, and other raw materials from
animals (bone, antler, shells, etc), may exhibit specific traits and these should be
interpreted and determined through the use of different magnifications, the applica-
tion of certain filters and optical prisms, and so on (See H. Plisson’s paper in this
volume, and Plisson and Lompr¢ 2008; Gyria and Plisson 2009).

In this chapter we are going to describe the specificities of the use-wear marks
that can be seen both in heterogeneous rocks like quartzite, and in homogeneous
rocks such as obsidian.

5.2 Tools Made from Quartz (T.L.F.)

Quartz is a ubiquitous mineral. Its formation is generally associated with hydro-
thermal phenomena, and it outcrops in veins. It is found in two varieties, as hyaline
or automorph quartz (rock crystal) and a milky or xenomorph quartz. It may be of
different colours depending on the impurities it contains. Unlike other rocks with
a similar composition (flint, jasper, chalcedony), quartz is macrocrystalline, rather
than cryptocrystalline (Huet 2006; Ballin 2008; Driscoll and Menuge 2011). Also,
unlike rocks such as quartzite, in quartz the crystals are joined together without any
type of cement, although it may contain impurities and fluids trapped between the
crystals (Kamminga 1982). It hardly ever displays exfoliation, and therefore the
fractures are conchoidal, although the boundaries between crystals and the planes
of weaknesses generated during the formation or tectonic pressure suffered by the
veins may disguise them.

Although quartz crystals are extremely hard and resistant—more than flint or
any other rock used in prehistory for chipped implements (cf. Huet 2006)—their
aptitude for knapping and use depends precisely on the joints between the crys-
tals. There is a great variability, but some good-quality quartz blocks provide as
sharp and efficient edges as the best rocks. Counterintuitively, several studies have
pointed out the great potential of quartz tools for cutting tasks (Bracco and Morel
1998; Huet 2006; Knight 1991).
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5.2.1 Experimental Programmes

Quartz has sometimes been thought of as inappropriate for functional analysis due
to its irregular fracturing pattern, its surface texture, its high reflectivity and hard-
ness (Sussman 1985). Probably for this reason, few functional studies and experi-
mental programmes have been reported in scientific literature.

In the experimental field, the most significant contributions have been made by
Sussman (1985, 1988) and Knutsson (1986, 1988a, b), who used SEM and optical
microscopes for their observations.

Knutsson’s work provided a model for quartz deformation based on mechanical
and abrasive phenomena, and the solution and precipitation of silica. In this author’s
opinion, wear in quartz is more complex than in flint and therefore more informa-
tive (Huang and Knutsson 1995).

In this model, polish is produced by the contact with substances rich in silica
and by the abrasion and precipitation of this mineral. Sussman (1985, 1988) links
the appearance of polish with working wood, antler and bone, and it is restricted to
the high zones of the microtopography. However, the best-developed polish would
be caused by working with plants, with notable variations depending on the resis-
tance of the stalks and the humidity level. Some phenomena produced on the sur-
face of the polish or the crystals, like pits, appear due to contact with substances rich
in calcium (bone, horn and shells) and are the consequence of the selective solution
of crystalline silica in the most vulnerable parts of the structure, such as fractures
and intercrystalline boundaries (Knutsson 1988a).

Sussman (1985) also notes the appearance of more marked rounding (identifi-
able with both optical microscopes and SEM) with certain kinds of tasks, especially
scraping dry hide with additives.

Fracturing is the basic and most common evidence of use due to material fatigue,
because of the lesser tensile and compression resistance of quartz (cf. Tallavaara
et al. 2010). Striations are associated with microfractures because these free small
quartz particles chafe the crystalline layer. Sussman (1988) links the presence of
comet-shaped striations with working bone and antler. Knutsson (1988a) finds that
the presence of fractures and striations hidden beneath a layer of amorphous silica
coming from depressed areas is a characteristic of wood working.

In this model, the adhered residue of the worked substances would be deposited
in areas of least friction and would tend to build up volume on the surface. Their
persistence in time and even after cleaning the lithic artefacts would be explained
by the adhesive covering created by the solution of quartz particles during the use
(Knutsson 1986; Fullagar 1986).

5.2.2 Possibilities and Limits of Functional Analysis in Quart;

The possibility of functional analysis in quartz has raised some doubts (Sussman
1985) because of the lesser development and different characteristics of such
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diagnostic marks as polishing, in comparison with those found on flint. How-
ever, quartz shares marks of similar characteristics (flaking, striations and round-
ing), as well as additional kinds of alterations, such as the figures of corrosion.
In addition, it seems to conserve the marks comparatively better than quartzite,
and above all, than flint; at least in old cave deposits (Lazuén et al. 2011). Flint
seems to be more vulnerable to chemical alterations that cause surface solution
(cf. Huang and Knutsson 1995), which is especially significant in assemblages
of older chronologies. It has been suggested that use-wear marks in quartz might
benefit from a slight chemical solution, which heightens the traces, as some of
them might be hidden by layers of redeposited silica. This is what K. Knutsson
has chosen to call the “quartz paradox” (Knutsson 1988a, b). In fact, a specific
study by Derndarsky and Ocklind (2001) explored the possibility of detecting
striations and fracture cones in subsurface layers of the objects with fluorescent
tincture and the use of confocal microscopy. They achieved certain success in the
application to the identification of marks on objects from deposits with postdepo-
sitional alterations.

Few specific studies have been made about the alterations produced on the quartz
surface, apart from some references to eolic alteration (Knutsson and Lindé 1990),
and some of the chemical attacks mentioned above (Knutsson 1988a, b). However,
in some of the archaeological series the existence of an alteration known as “soil
sheen” has been observed (Levi-Sala 1996), which would be the result of chemical
and mechanical action within the sediment itself, favoured by soil acidity (Lemorini
2000; Plisson and Mauger 1988). In quartz, this phenomenon is seen basically in
the appearance of striations in disordered directions, with very variable lengths and
widths, and other types of corrosion on the crystal surfaces (Lazuén et al. 2011).

5.2.3 Applications in Archaeological Assemblages

Few functional studies have been made on quartz assemblages. In 1975 Broadbent
and Knutsson carried out a first study of remains from Neolithic sites in northern
Europe, with a binocular magnifying-glass. From the early 1980s onwards, R. Brad-
ley extended the observations with metallographic microscopes to identify the types
of wear described by L.H. Keeley for flint. She achieved the first results in the study
of the Scottish Neolithic site of Tougs, where the author succeeded in concluding
that un-retouched implements were used above all in scraping tasks (Bradley 1986).

Part of the functional studies on quartz has focused on sites in northern Eu-
rope, where it is the most abundant raw material. At the Neolithic site of Bjurselet
(Sweden) a total of 26 quartz objects with clear use-wear marks were employed
mostly for cutting but also to make grooves, to perforate and scrape (Knutsson et al.
1988). Derndarsky and Ocklind (2001) published the study of two samples of quartz
endscrapers from the Swedish Neolithic sites of Gérviksudden and Gérdselbédcken,
with limited results partly due to the postdepositional alterations suffered by these
assemblages.
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Another part of the studies has been applied to European, African and Asian
Palaeolithic sites. Some of the first applications were undertaken at Lower Palaco-
lithic sites like Olduvai (Sussman 1987) and L’ Aragé (Pant 1989). In 1995, Huang
and Knutsson published a study of three small collections from early to late Middle
Palaeolithic sites in China. The assemblages had suffered a high level of alteration,
and only four objects conserved determinable use-wear marks. At the French site
of Payre, a functional study undertaken with SEM included some quartz tools. The
results showed that these tools would have been used to saw, scrape and work with
meat, although use-wear marks were only seen on three artefacts (Moncel et al.
2008).

H. Plisson’s functional analysis has also succeeded in determining whether cari-
nated objects from the Gravettian level at Lapa do Anecrial were used as cores or
endscrapers (Almeida et al. 2007). The absence of use-wear marks proved that these
objects were used to obtain bladelets.

Perhaps one of the clearest proofs of the efficacy of quartz as a lithic implement
in Prehistory is its association with the manufacture of hunting weaponry. This is
the case of the quartz and rock crystal segments from the Howiesons Poort layer in
Sibudu Cave (South Africa). Evidence of hafting and use with animal substances
was identified through the study of microresidue (Delagnes et al. 2006) and impact
fractures (Lombard 2011). In Europe, the use of quartz hunting points has been
documented at the site of Cova Eirds, an early Middle Palaeolithic site. In this level,
where quartz is the dominant raw material, it has also been possible to document
primary butchery tasks, the preparation of wooden objects and scraping dry hide
(Lazuén et al. 2011).

Another field where studies of quartz tools are especially relevant is that of later
prehistory in Oceania, where the research has been based mostly on the analysis
of residues conserved on the edges (Fullagar 1986). A recent study of a collec-
tion of tools from three Lapita sites (after 3000 bp) in Vanuatu Archipelago has
shown that quartz flakes were used to engrave wood, pierce shells and scrape hides
(Kononenko et al. 2010).

5.3 Function of Quartzite Implements (I.C.C.)

5.3.1 Methodological Aspects for the Microscopic Analysis
of Heterogeneous Rocks

As flint is the raw material most commonly used by prehistoric societies to manu-
facture part of their tool kit, it has always been allotted more study time, at least in
the countries where functional analysis was first applied and developed. Although
some researchers maintained an interest in determining the function of imple-
ments made from other rocks, like quartz, obsidian, basalt or quartzite (Semenov
1957; Greiser and Sheets 1979; Beyries 1982; Plisson 1985, 1986; Knutsson 1988;
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Sussman 1988 etc.). They have only been given close attention in recent decades,
particularly in those geographical regions where these raw materials are more abun-
dant or where flint is practically inexistent (e.g. Clemente Conte 1997; Rodriguez
Rodriguez 1997; Mansur 1999; Gibaja et al. 2002; Leipus 2006; Leipus and Mansur
2007).

In our case, in earlier studies we have noted the various problems that arise
when heterogeneous rocks are analysed under the microscope. We agree with the
descriptive definition that Leipus and Mansur (2007, p. 183) give of these rocks:
“In this context, we use the term ‘heterogeneous raw materials’ for those formed by
a generally micro or cryptocrystalline matrix of variable composition and crystals
included within that matrix. ...en the case of heterogeneous materials, matrix and
crystals react differently and in consequence microscopic use-wear analysis should
focus on different criteria from those used to analyse ‘homogeneous’ raw materials.
This approach involves a mixed analysis in which the alterations produced on the
matrix and on the fracture surfaces of the quartz crystals are analysed in a comple-
mentary way”’. Thus we have described the use-wear marks observed on both the
matrix and the crystals of our experimental specimens made from raw materials
such as quartzite and rhyolite (Clemente Conte 1995/2008, 1997; Clemente Conte
and Gibaja Bao in press; Gibaja et al. 2002). That is why in this work we want to
emphasize two methodological aspects enabling the determination of the kinemat-
ics carried out with the implements and the approximate hardness or abrasiveness
of the worked materials.

But before discussing these topics, we would also like to make a brief comment
about another methodological aspect. We are referring to the necessity of approach-
ing the analysis of these rock types from another viewpoint, as we believe they
should be examined and recorded with a greater magnification than used for rocks
with a more homogeneous surface, such as flint, obsidian and hyaline quartz, for
example.

The result of the mineralogical composition of heterogeneous rocks is the dis-
tinctly irregular topography of their surfaces. This means that, in general, only the
highest points in the microtopography are in direct contact with the material being
worked. Therefore, the micro use-wear traces are formed in much smaller areas
than in homogeneous rocks. In addition, the traces do not form or develop in the
same way in the matrix as in crystals, and consequently, in order to observe spe-
cific features of the wear traces we need to use greater magnifications (Clemente
Conte 1997; Gibaja et al. 2002; Mansur 1999; Mansur and Lasa 2005; Leipus 2006;
Leipus and Mansur 2007). Whereas for flint it is normal to use 10X and 20X lenses,
which with 10X eyepieces result in magnifications of 100 and 200 times, we pro-
pose that these should at least be doubled for the analysis of heterogeneous rocks. If
an optical duplicator is fitted between the microscope lenses and the eyepieces, we
shall also be able to obtain images with a double magnification.

In general, micropolish is more highly developed on the surface of the quartz
crystals than on the matrix. But this is not the only modification they undergo, as
they may also be fractured, cracked, splintered, striated, rounded, smoothed, pecked
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11X

Fig. 5.1 a Dry hide scraping use-wear traces on a quartz sidescraper from Cova Eirds, metallo-
graphic microscope 200X. b The same area at 500X. ¢ Wood scraping use-wear traces on a quartz
sidescraper from Cova Eirds, 200 X magnification. d Percussion traces on the distal end of a quartz
denticulate from Cova Eirds. Stereomicroscope 11X

or corroded (Clemente Conte 1995/2008; Gibaja et al. 2002). All these alterations
may or may not occur at the same time on the same edge. Thus, in a small area of
the edge we may find several crystals together and each one may have a different
appearance. For instance, one crystal may present a diagnostic polish; another may
have microcracks in one of its sides; yet another may be “corroded”; and a fourth
could have clear technological marks (e.g. waves, hackles etc.), with sharp edges
which give it a very fresh appearance, as it had just been knapped.

Whereas in homogeneous raw materials the micropolish develops and is distrib-
uted over wider surfaces, in the case of implements made from heterogeneous raw
materials it is located in small surface areas, first over the surface of a few crystals,
and then if the working time is longer, also over the matrix (except when extremely
abrasive materials are worked, such as leather or minerals and rocks, as then the
crystals tend to be removed and the microwears develop on the rock matrix). For
this reason, we propose observing the quartz crystals one by one, as if each of them
was a whole edge. The analysis of the different modifications they have undergone,
as well as the location and distribution of some marks on their surfaces, can indicate
attributes in relation with the kinematics used and with the hardness and abrasive-
ness of the worked material (Fig. 5.1).



66 1. Clemente Conte et al.

5.3.2 Kinematics Indicator Marks

Most microwear specialists believe that striations and/or linear marks are the
features par excellence that most reliably reflect the implement kinematics (e.g.
Semenov 1957; Keeley 1980; Mansur 1982; Plisson 1985; Gonzalez Urquijo and
Ibafiez Estévez 1994). In the rock types that we are dealing with, these striations as
such only appear on the surfaces where micropolish has developed, or in some crys-
tals, and are not as common or frequent as in homogeneous materials. The scratch-
es, just as in the case of other raw materials, are positioned parallel to the edge in
longitudinal cutting actions and oblique or perpendicular to the edge in transversal
actions, as can be seen in Figs. 5.3a, fand 5.4c.

In addition to the striations, other traces provide information about the ki-
nematics made with the implement. Thus, for instance, the situation of the mi-
croscarring with respect to the sides of the crystals also varies according to the
kinematics produced with the tool. In transversal and unidirectional actions they
are mainly on the edges of the crystals nearest to the active edge and are oriented
parallel to it. In contrast, with longitudinal actions they are located on the edge
of the crystals that are oriented perpendicularly to the edge, on one of them
when the action is unidirectional and on two of them when it is bidirectional
(Fig. 5.2b, ¢)—in the case of longitudinal actions, especially with materials of
medium-high hardness, some scarring may occur on the side nearest and parallel
to the edge, just as in transversal actions. This is due more to the direct pressure
of the worked material on the side of the crystal than to the kinematics of the
tool. On occasions, some crystals are completely fractured as a consequence of
the use of the tool and, and if they do not suffer any other alterations, present a
fresh surface with clear technological features—waves, hackles etc.—as is the
case of the example in Fig. 5.2e. These technological features may also indi-
cate where the force was produced in connection with the kinematics and which
caused the fracture of the crystal.

Sometimes, both the sides and edges of the crystals are rounded and take a cer-
tain orientation according to the implement kinematics. This is positioned in the
same way as the micro-scarring that we have described above. For example, in
Fig. 5.2a, c, it can be seen that both crystals indicate a longitudinal cutting ac-
tion. This effect is even more pronounced when the micro-polish is well-defined
(Fig. 5.3). In addition, certain features appear on the surface of some micropolish-
ing that can indicate the movement that the tool has made. For example, in the case
of the bone micropolish (Fig. 5.3a, b, ¢) a series of “microcracks” can be seen ori-
ented in the opposite direction to the kinematics that were made. In this case, they
are oriented parallel to the edge in the case of transversal actions and perpendicular
to the edge in the case of longitudinal actions. Also in the case of bone, “grooves”
and/or elongated depressions may occur with an orientation coinciding with the
movement made (Fig. 5.3b).
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Fig. 5.2 Alterations observed in crystals at 400X magnification. a Corrosion, oriented rounding
of edges and striations resulting from sawing fresh pine-wood, 30’. b Smoothed crystal splintered
on one side indicating a longitudinal action, same experimental implement as the previous photo-
graph. ¢ Smoothing and rounding of a crystal with cracks on one side, indicating a longitudinal and
bidirectional action sawing fresh box-wood for 30°. d Corrosion, rounding and striations resulting
from cutting fresh bone, 10°. e “Fresh fracture” of a crystal which had previously been smoothed
by scraping fresh box-wood, 30’. f Striations on a micro-polish surface resulting from scraping
fresh pine-wood, 30’
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Fig. 5.3 Surfaces, crystals and matrix with micropolish, all at 400X magnification. a and b
Micropolish resulting from scraping fresh bone, 30°. ¢ Micropolish with striations resulting from
sawing fresh bone, 10°. d Micropolish resulting from cutting fresh box wood, 30’. e Micropolish
of matrix resulting from scraping dry hide, 30°. f Micropolish resulting from scraping fresh box
wood, 30’

5.3.3 Use-wear Indicating the Hardness/Abrasiveness
of the Worked Material

Normally, in microwear analysis of homogeneous raw materials, the scarring pro-
duced on the edges of the implements has been considered a good indicator of the
hardness of the worked material and is sometimes the main object of the analysis to
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Fig. 5.4 Aspect of corrosion on crystals, all photographs at 400X magnification. a Cutting meat,
30’. b Scraping fresh skin, 30°. ¢ Cutting fresh skin, 15°. d Scraping dry hide, 30°. e Cutting fresh
pine-wood, 30’. f Scraping fresh bone, 30’

determine the use (Tringham et al. 1974; Odell 1983 etc.). In the case of quartzite
and heterogeneous rocks, the scarring of the edge is not as clear as in the other rocks,
as it is less frequent and smaller in size. This depends, however, on the degree of co-
hesion of the grains and the type of fracture they display. Nevertheless, the scarring
is more noticeable on edges that have worked hard materials than on those that have
worked softer ones, in the same way as the action is reflected in their distribution, as
occurs with other raw materials. In any case, as we have noted in previous publica-
tions (Clemente Conte 1995/2008, 1997; Clemente Conte and Gibaja Bao in press;
Gibaja et al. 2002), we agree with M. Leipus and M.E. Mansur in this respect when



70 1. Clemente Conte et al.

they state that: “In general, the degree of cohesion among grains in the materials
and their tenacity means that the edges tend to become rounded through the loss of
grains rather than through fracture” (Leipus and Mansur 2007, p. 186).

Regarding other types of alterations affecting the surfaces of the quartz crystals
through their use, we would like to clarify certain aspects related with what we call
“corrosion” (Fig. 5.4).

We have given this name to the aspect of crystals as a result of the loss, disap-
pearance or solution of part of their original surface. This corrosion may take sev-
eral forms:

» Isolated. They are “hollows” of various sizes and shapes that are generally
positioned towards the inner part of the crystals. When they are small- or me-
dium-sized, we describe them as “pecked”; and when they are large, as is more
common if hard materials are worked, we call them “large extractions”.

» Continuous. This occurs on the periphery and edges of the crystals as the conse-
quence of continuous pecking, wholly or almost wholly destroying the original
surface. It usually occurs when very abrasive materials are worked and is also
a good indicator of the kinematics produced with the implement. This effect is
called “continuous breakage”.

The photographs in Fig. 5.2 show several aspects displayed by crystals altered by
“corrosion” after working various kinds of material. Thus, when they have worked
soft materials of animal origin (meat, fresh skin), the corrosion appears as abundant
small-sized pecking, with spherical shapes and clear bases (as if silted up), which
give the crystal a generally rough appearance (Fig. 5.4a, b, c). In contrast, in imple-
ments that have worked harder and more rigid materials, such as wood and bone,
the pecking is larger, generally irregular in shape and with a dark base (Figs. 5.2d
and 5.4e, f); and in some cases, if the bone and wood is hard or dry, they increase in
size to become “large extractions” (Fig. 5.4f).

If very abrasive materials, like dry hide, are worked, the crystals are affected by
the phenomenon we have called “continuous breakage”. This mainly affects the
periphery of the crystals and consists of the disappearance of the crystal through
corrosion, uncovering the matrix where the micropolish develops. Normally, this
modification is located on the sides of the crystals nearest the edge and is located on
one of the sides, as we have seen above for striations and rounding, depending on
the kinematics of the implement (Fig. 5.4d).

It is common to find corrosion on the crystals of archaeological materials that
have undergone some type of postdepositional alteration. Heterogeneous raw ma-
terials are usually more resistant to these types of alterations than homogeneous
kinds, and this fact can be verified in the artefacts from a same site. Corrosion
is practically the only alteration that is detected, but whereas in the experimental
materials it is practically limited to the area of the active edge, when it is a post-
depositional alteration it is seen in other parts of the surface. The appearance of
this “corrosion” may vary depending on the kind of sediment in which it occurs.
In the same way, poor storage, transport and treatment of the lithic artefacts by the
research team may also produce these alterations (Figs. 5.5 and 5.6).
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100X

200X

Fig. 5.5 a Cutting fresh hide (goat) for 20 min. Patches of abrasion and a few short narrow stria-
tions. b Scraping dry hide (deer) for 10 min. Very rounded edge and long striations. ¢ Scraping
ochered-cured wet hide (goat) for 40 min. Very rounded edge, severe abrasion, slight polish and
some narrow striations. d Scraping resin (dragon tree blood) -cured dry hide (goat) for 40 min.
Rounded edge with severe abrasion, polish and both shallow and rough-bottomed striation.
e Scraping soaked bone for 45 min. Patches of grainy polish and short striae. f Sawing fresh bone
for 5 min. Abrasion, little patches of grainy polish and some striations

5.4 Obsidian Tools (L.A. and A.R.R.)

Obsidian is a silica-rich volcanic glass (use-wear analysis on tools made of vol-
canic raw materials such as basalt, phonolith or rhyolith are not mentioned in this
paper—Keeley 1981, Rodriguez Rodriguez 1993b, 2009, Clemente Conte 1997,
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Fig. 5.6 a Cutting barley for 150 min. Rounded edge, polish and striae. b The same tool. A detail
of the edge and scales with polish and striae (shallow, rough-bottomed and intermittent). ¢ Sawing
fresh softwood for 30 min. Polish and very dense intermittent striation. d Whittling dry hardwood
for 60 min. Polish very restricted to the edge, attrition and short striations. e Scraping soft lime-
stone for 20 min. Heavy and regular abrasion, rough-bottomed and deep striations. f Boring shell
(columbella rustica) for 5 min. Intense attrition and some linear components

Toselli et al. 2002—mneither is research on the manufacture of obsidian prestige ob-
jects—Astruc et al. 2011). Because of its glassy texture, it is thus one of the most ho-
mogeneous rocks with a very low mineral content, less than 5% in volume (Poupeau
et al. 2007). Intra- and intersource variations are well known and concern colours,
banding, amount of spherulites, mineral contents, geochemical compositions, mag-
netic properties and Raman structures (Feinberg et al. 2009; Bellot-Gurlet et al. 2010).
Variations in raw material physical and chemical properties determine the surface
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topography of the knapped tools, the mechanical behaviour of the artefacts under
specific constraints due to use or postdepositional damages (i.e. etching, brittleness,
abrasion, striation, development of “polishes’). Consequently, as in the case of flints,
the variability of obsidian as a raw material has to be taken into account when use-
wear analysis is concerned. Wear attributes will develop in a different way on differ-
ent kind of obsidians.

5.4.1 Experimental Programmes

The first analyses of obsidian artefacts on the basis of consistent experimental research
were conducted by Semenov (1972) and his students from the Experimental-Traceo-
logical Laboratory at St. Petersburg (Arazova 1986). The reference book for obsidian
use-wear analysis has been published by L. Hurcombe: “Use Wear Analysis and Ob-
sidian: Theory, Experiments and Results”. The author presents an experimental pro-
gramme of 169 tools (Hurcombe 1992, pp. 132—133) that have been used for different
motions on diverse worked materials (wood and soft plant treatment, butchery, meat
and fish processing, and animal material such as skin, hair, bone and antler. Dam-
ages due to manufacture of tools (hard and soft hammer technique, pressure flaking)
and chemical and physical damages are also investigated. Setzer (2004) focused on
a low-power approach and presents an experimental corpus of 80 tools used follow-
ing different motions on various worked material. The author brings a quantification
of the edge attrition of these tools, which are made of Sardinian obsidians of dif-
ferent origins. More recently, N. Kononenko provides a comprehensive analysis of
experimental and archaeological study of use-wear and residues on obsidian artefacts
from Papua New Guinea (2011). The experimental corpus includes 292 tools used on
palms, soft and hard woods, nonwoody plants, fish, chicken and human skin, shell and
clay. The experiments are highly documented with 225 colour plates.

The relation between obsidian tools and the activities in which they are employed
has been further explored with two experimental programmes. The first focused
mainly on hide processing on the basis of the ethnographic knowledge of A. Rodri-
guez Rodriguez, and, on bone and antler treatment with the help of two bone tool
analysts, R. Christidou and A. Legrand. The second dealt with the question of the
efficiency of sickles (manufactured with flint or obsidian inserts) during harvesting
(experiments took place in 2009 Kizilkaya, Cappadocia (Astruc et al. 2012)).

5.4.2 Possibilities and Limits of Use-wear Analysis
on Obsidian Artefacts

Volcanic glasses are sensitive to postdepositional damage depending notably on the
soil composition, water content and thermal variations. Major scarring, edge and
surface rounding and smoothing, scratches and abrasion features and gain in opacity
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can be observed. Microscopic fracture and microscopic dissolution of the surface of
the obsidian are the most specific behaviour of the raw material when postdeposi-
tional damages are concerned. These latter two phenomena can be associated on the
same tools causing in some cases very severe fractures of the edge. It is not rare that
alterations underline the presence of striation (see experimental tools in Hurcombe
1992, PI. 109-110 and archaeological ones in Astruc 2011).

The four main wear attributes are scarring, striation, smoothing/abrasion and
polish. As obsidian is a highly brittle material, scarring is developed in most cases
on used implements after a short time of use. Nevertheless, in very well-preserved
contexts, some archaeological tools used to cut or shave soft animal tissues did not
exhibit macroscopic scarring. Types of scars are identical to other raw materials
as they were formerly described in the Ho Ho Classification (Hayden 1979). Stri-
ation also develops quite rapidly. Thus, after short time of use even on soft materi-
al, the tool motion can in general be observed. Linear components and striae show
a larger variability of morphologies than on flint tools. The formation of striations
has been studied by Mansur (1982) on flint tools and for obsidian artefacts by
Corruccini (1985) and Hay (1977) and discussed by Hurcombe (1992, pp. 57-58)
who distinguishes: sleeks (ribbon-like smooth-bottomed trough, Mansur 1982),
roughed bottom striations (rough bottom trough, Mansur 1982), intermittent stria-
tions, fernlike striations, crescent crack rows and flaked linear fractures.

Abrasion features on the surfaces (i.e. exfoliation, comets) and smoothing of the
edge are easily developed too, following models which are relatively similar to what
is observed on flint: during contacts with grit, soil (while harvesting for instance,
work of mineral material such as soil, clay, soft or hard rocks, treatment of hide, no-
tably. As scarring is relatively important whatever the type of contact is, smoothing
occurring after a stabilization of the edge is probably less common than for flint tools.

Experiments have demonstrated that polishes are developed on obsidian tools.
They are in general less visible as the surface of the obsidian is highly reflective.
Experience in use-wear analysis of flint tools is therefore recommended to locate
the areas showing the polish, in general perceptible by slight changes in surface
microtopography, striation or abrasion feature. Parameters used when other kinds
of raw materials are concerned such as the “trame”, the limit or the extension of
the polish, are in general difficult to observe. Nevertheless, the identification of
polishes is possible. Its identification is usually easier looking at abraded places or
analysing the microtopography changes at the very edge or in relation to scarring.
Highly identifiable is the polish produced while cutting siliceous plants such as ce-
reals or reeds. When well developed, the general morphology of the wear is in these
cases really similar to that seen on flint tools.

The definition of the polish is again in question. Hurcombe proposed following
Anderson (1980) and Fullagar (1991) that polish could be explained by the colloidal
silica theory (exchange between the colloidal surface of the obsidian and the silica
bodies of the plants). Ongoing research in tribology (science of wear) and nanorhe-
ology is being conducted to attain a better understanding of the wear processes on
obsidian. This domain of research is based on numerous questions and to solve them
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is a difficult task. The current studies demonstrate that striation will depend nota-
bly on the worked material, the speed and load during the contact, and reveals the
ductile and brittle behaviour of the glass. Further questions asked are the following:
does striation affects the obsidian or a transformed layer (additive or not?) formed at
the surface of the tool? Can polishes be described as transfer layers? If it is the case,
what is the behaviour and degree of adherence of these layers?

5.4.3 Use-wear Analysis on Obsidian Tools in Different
Archaeological Contexts

Various research projects have been conducted on obsidian tools in different geo-
graphical and cultural contexts. They are still insufficiently developed. Compiling
the literature, it is obvious that the work done on each obsidian procurement area
and diffusion zone is scarce. Analyses on Neolithic sites conducted in western Medi-
terranean contexts are the most common (Hurcombe 1992; lovino 1996; Tykot et al.
2006; Setzer 2004) together with Eastern Mediterranean (Vaughan 1981; Vaughan
and Perles 1983), Near-East (Ibafiez et al. 2007, 2008), Anatolia (Altmbilek and
Iovino 2001; Anderson np; Anderson 1994; Anderson and Formenti 1996; Astruc
et al. 2008; Ataman 1988; Caneva et al. 1996) and Cyprus (Astruc 2011). In the
Caucasus, several Palacolithic, Neolithic and Chalcolithic assemblages have been
analysed (Arazova 1986; Badalyan et al. 2010; Kazaryan 1993). In Africa, the re-
search is relatively scarce and focused on recent archaecological periods, such as
the Later Stone Age on the coast of Eritrea or the Prehispanic period in the Canary
Islands (Beyin 2010; Rodriguez Rodriguez 1993a, 1998, 1999). A long-term tradi-
tion of studies exists in America, starting with the analysis of artefacts from the
Meso-American civilizations (Lewenstein 1981, 1991; Aldenderfer and Kimball
1989; Aoyama 1993, 1995) but the whole continent is now involved (Mansur-Fran-
chomme 1987, 1988; Kay 1996). Following the work of R. Torrence who had a tre-
mendous impact on obsidian researches, the recent PhD of N. Kononenko on Papua
New Guinea (2011) added to this patchy literature one of its best methodological
and archaeological applications.

To conclude, it can be said that the observation of wear attributes (scarring, stri-
ation, smoothing, polish) on obsidian tools, like for artefacts made of other raw
materials, can lead to diagnostics on the function of the implements. The observa-
tions have to be combined in three dimensions, taking into account the raw material
variability. As polishes are less perceptible on obsidian surfaces it is likely that the
detail in diagnostic would be less important when obsidian tools are concerned.
Experiments are in any case highly needed to reinforce our methodology, using raw
material identical to the archaecological material, and, relying on well-defined and
adapted protocols.
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Chapter 6
Keys to the Identification of Prehension
and Hafting Traces

Veerle Rots

6.1 Introduction

After the pioneering years (Keeley 1980; Odell 1980; Semenov 1964), use-wear
analysis has gradually developed towards a valued method within prehistoric
research for identifying stone tool use. Prehensile wear (i.e., wear resulting from
the friction with the hand or hafting arrangement during use) enjoyed less attention
in the early days, aside from some notable exceptions (Odell 1981, 1994; Owen and
Unrath 1989; Stordeur 1987a), largely due to the less explicit wear patterns that
were assumed to result from the friction between a stone tool and its haft. Recently,
prehensile wear gained renewed interest partially because hafting became an impor-
tant element in discussions on the behavioural capacities of early humans (Ambrose
2001, 2010). At the same time, a more systematic examination of prehensile wear
resulted in the definition of traits that allow a distinction between hand-held and
hafted stone tools as well as the identification of the hafting arrangement used (Rots
2003, 2004, 2010).

Aside from the importance of being able to determine which tools were used
hafted, an adequate examination of prehensile wear is also an essential part of any
microwear analysis for other reasons. Firstly, it is necessary to understand all forms
of wear that may be visible on a tool surface in order to understand the variability
in trace features and to be able to attribute each trace to a correct cause. Secondly,
it is essential for understanding the tool as a whole. The prehensile part is an un-
dividable part of the tool; whether or not a handle was present determines how a
stone tool was used and manipulated, how much pressure could have been exerted,
etc. Finally, the presence or not of hafted tools within an assemblage has important
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consequences for adequately understanding a site and its context, as well as broader
technological evolutions and human behavioural capacities (Ambrose 2010).

In this article I present a summary of the results from the methodological work
that was performed on prehensile wear (Rots 2002a, 2010), including the main
distinctive traits that allow the identification of hand-held and hafted stone tools
in the archaeological record. For details regarding the importance of being able to
identify hafted stone tools in archaeological assemblages I refer to Rots (2003).

6.2 Experimental Program

In order to be able to examine whether prehensile wear actually forms and whether
it is sufficiently recurring in its formation and characteristics, a large-scale experi-
mental program was set up. Attention was focused on the formation process of
prehensile wear and on the variables influencing this process. Aside from being able
to determine if, for instance, hafting wear forms during use and hardly during the
hafting process itself, it was also possible to confirm that prehensile wear has suf-
ficiently distinctive traits to distinguish it from wear resulting from other causes. It
also proved recurring in its formation. Different dominant and secondary variables
could be identified. Dominant variables consist of a tool’s use and hafting mode and
have a significant influence on the formation process of prehensile wear; secondary
variables consist of a tool’s morphology, its raw material, etc. and cause only minor
variations on the trace pattern.

The experimental reference collection consists of about 600 hafted stone tools
(e.g. Rots 2002a, 2010). Various hafting arrangements (juxtaposed, male, with
bindings or with resin, etc.) and various hafting materials (wood, bone, antler, etc.)
were used; tools were used in different craft activities for various use durations (for
details, see Rots 2010). In addition, experiments with hand-held stone tools were
performed, as well as specific experiments concerning various production methods,
transport activities, fractures, etc. The current experimental reference set contains
more than 1700 experimental pieces and it is still continuously expanding. This
reference set is considered to be sufficiently large to understand the variability in
trace formation following different trace causes, and to understand the variability in
prehensile wear formation and patterning.

6.3 Prehensile Wear: general features

The systematic experimental program resulted in the proposition of a number
of traits that allow distinguishing between different forms of prehensile wear
(Table 6.1). The observation of a clear boundary in the wear traces between the
used and hafted portion is an important argument for identifying hafted use. This
boundary may consist of varying wear traces such as a suddenly differing polish,
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Table 6.1 Microscopic wear traits that allow the distinction between hand-held and hafted tools

Trace attribute Prehension Hafting
Wrapping ‘ “Real” handle

Boundary between use and prehensile part

Presence Absent Yes (best observable | Yes (best observable

on edges) on edges)

Polish No boundary Abrupt start of limited | Abrupt start of poten-
(far intrusion towards | polish tially different polish
working edge) (differs in distribution,

extension, etc.)

Scarring No boundary Abrupt start of differ- | Abrupt start of differ-

ent kind of scarring ent kind of scarring:
generally larger and
more uneven in size
(at limit often distinct
patch)

Bright spots No boundary Potential boundary Frequent boundary

Striations Rare, no boundary Rare, potential Rare, may mark haft

boundary boundary

Trace distribution

Characteristics Unequal over both Equal (but boundary | Equal (but boundary
edges may be oblique) may be oblique)

Macroscopic

Importance Rare Intermediate Frequent

Gloss If present: general Absent If present: spots,
gloss, but more intense patches, streaks
in some zones than in
others

*Location All over tool, largely | Absent Restricted tool portion,
independent of partially dependent on
microtopography tool morphology and

microtopography

Scarring Small, more or less Intermediate Larger, generally
evenly sized uneven in size

Microscopic

Most important Polish (also scarring) | Polish = rare, also Polish, scarring and

trace(s) scarring bright spots

Polish

Polish morphology Corresponds to use Depends on hafting Depends on hafting
polish material material

Number of polishes One: use = prehens ion| 2 or 3: use + wrapping| Depends on arrange-

(all polishes) (+ prehension polish | ment: 2 or 3: use

when incomplete + haft (+ bindings/
wrapping) wrapping/resin)

Polish location

All over tool

Restricted well-
defined zone

Restricted well-
defined zone

Scarring

Scar morphology

Dominantly scalar,
sliced, nibbling

Dominantly scalar,
sliced, nibbling

Varied: often scalar,
also trapezoidal,
sliced (with varia-
tions), crushing,
superposition
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Trace attribute Prehension Hafting
Wrapping “Real” handle
Scar termination Tends to be smoother | In between Tends to be more
abrupt (i.e. for haft
contact in particular)
Bright spots
Bright spot No real bright spots, | Rare, generally small | Frequent, can be very
characteristics but well-developed large
polish spots
Bright spot Integrated in polish Potentially with scar- | Often with scarring =
associations ring, often isolated very significant
Striations
Hafting striations Insignificant Insignificant Insignificant
Striation orientation | Varied Insignificant Partially depends on
action undertaken
Striation associations | None Potentially with Very significant
scarring when associated with
scarring
Rounding Frequent rare Rare

an abrupt start of larger scars or a sudden scar concentration, often in association
with what has been termed bright spots (Rots 2002b) or striations, etc. Given the
important pressure that may be exerted on hafted stone tools in the area around the
boundary, due to a lever effect, the traces in this zone are often better developed
than in the remainder of the hafted part. In the case of hand-held tools, such a clear
boundary is not observed; the transition between the used and hand-held portion is
more gradual.

Another important factor that needs to be taken into account when examining
haft boundaries is the fact that worked material particles may accumulate near the
haft boundary. Following the friction during continued use, a distinct polish concen-
tration may form just above the haft boundary. Its characteristics are determined by
the worked material particles and are independent of the hafting arrangement aside
from the fact that some arrangements may allow an intrusion of worked material
particles due to which this polish could extend somewhat beyond the haft bound-
ary. This was, for instance, observed for male split hafting arrangements fixed with
bindings and used to hoe earth (Rots 2010).

6.3.1 Prehension Wear

Prehension is here defined as manual grasping without any intermediate wrapping
or other material. Any traces that result are thus the consequence of the friction be-
tween the naked hand and the stone tool during use. Previous studies have already
suggested that this friction only causes limited wear formation, mainly consisting
of a light meat-like polish (Owen and Unrath 1989). In the experiments, scarring
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Fig. 6.1 Prehension polish determined by worked material: a on the ventral medial left edge
of exp. 22/59, used to groove wood for 1 h (200 x); b on the ventral proximal right edge of exp.
19/3C, used to groove dry antler for 2 h (200 x)

Fig. 6.2 Explicit prehension
polish on the ventral proxi-
mal right edge of exp. 19/3C,
used to groove dry antler for
2h (200%)

and polish were identified as the main traces that form as a result of hand-held use.
While the scar presence and characteristics are quite systematic for all hand-held
tools and are only determined by factors as the presence of retouch, etc. the forma-
tion of prehension polish is different. The dominant variable in the formation of
prehension polish proved to be the activity that is performed, more in particular the
worked material. The more “dust” comes off the worked material during use, the
more this dust will quickly cover the hands and the more friction polish will result.
This implies that the worked material actually determines what kind of prehension
polish is produced (Fig. 6.1a, 6.1b).

In the case of “dusty” materials, such as antler, bone, schist, etc. the prehension
polish is very similar to the use polish. Morphologically, it largely shows the same
characteristics, only its distribution and extension do not correspond to what is ex-
pected for use-wear. In some cases, it can be so well-developed that confusion may
arise if one is not aware that prehension may result in such explicit polish forma-
tion and if the distribution is not critically evaluated (Fig. 6.2). More in particular,
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Fig. 6.3 Prehension polish
that can be confused with
transversal use motion on the
ventral proximal right edge
of exp. 19/3C, used to groove
dry antler for 2 h (200 x)

Fig. 6.4 Limited prehension
polish from direct finger
contact (“meat”-like polish)
on the ventral medial right
edge of exp. 12/6, used for
cutting wet snake hide for
45 min (200 x)

I would expect that confusion is sometimes possible with a transversal use mo-
tion (Fig. 6.3). One could therefore wonder whether certain tools with multiple use
zones, located on the extremity and lateral edges (e.g., of blades) and for which two
use motions were identified, were in reality not just hand-held tools of which the
extremity was used while the polish on the lateral edges is actually a well-developed
prehension polish.

In the case of “clean” activities, such as hide working without abrasives, wood
working, etc. little dust from the material worked covers the hands during use and
thus the prehension polish that may form is mainly caused by the friction with the
flesh of the hands. It remains limited and it can be classified as a kind of meat pol-
ish (Fig. 6.4).

As a consequence, wear evidence from tool use necessarily needs to be included
in the analysis when one wants to reliably identify prehension wear. The main traits
of prehension wear are summarised in Table 6.1.
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Fig. 6.5 Different haft-

ing arrangements: (/eff) a
juxtaposed hafting in which
the stone tool is fixed on a
wooden haft with bindings;
(right) a wrapping with
leather bindings

Tecm

2cm

6.3.2 Hafting Wear

Hafting wear includes all wear resulting from the friction with an intermediate mate-
rial, be it a wrapping of some sort, a handle or materials used for fixing the stone tool
in or on a handle (Fig. 6.5). In terms of the degree of friction that may occur between
the stone tool and its hafting arrangement during use, arrangements involving an ac-
tual handle will potentially cause more friction than wrappings. The handle functions
as a lever, which puts a lot of stress on the stone tool unless a glue of some sort is used.

The hafting trace formation process proves to be determined by different vari-
ables and again, tool use is an important factor. A tool’s motion determines the dis-
tribution of hafting traces over the hafted part. A percussion motion (hoeing, axing,
etc.) results in a more or less even distribution over the whole hafted part. A scrap-
ing or grooving motion results in better developed hafting wear in the area around
the haft boundary and on the most proximal part as a result of the lever effect of the
handle during use. A drilling or perforating motion results in a distinction between
a well-developed polish on the central part of the tool (i.e., dorsal ridges mainly)
and scarring on the lateral edges. The material worked determines the intensity of
the hafting traces. The more resistant the material worked, the better developed the
hafting traces. As a result, hoeing wood results in better developed hafting traces
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Table 6.2 Microscopic wear traits that allow the distinction between different hafting modes

Trace attribute Juxtaposed Male split hafting| Male hafting Wrapping
hafting
Polish
Number of Two: haft + Two: haft + One: bindings One: bindings;
polishes bindings bindings sometimes two:
prehension polish
Polish frequency | Haft =bindings | Haft > bindings | Only haft Only bindings (>
prehension polish)
Polish cf. usewear cf. usewear cf. usewear cf. usewear
morphology
Opposition Dorsal versus Centre tool versus| No opposition No opposition
ventral edges (only with butt:
prehension polish)
Concentration Ventral contact: | Dorsal medial Dorsal ridges, None
haft polish most proximal & | ridge, bulb medial edges,
haft boundary ventral butt
Concentration Dorsal contact: | Edges None No real
binding polish dorsal ridges concentrations
Scarring
Scar morphology
*Sliced Present Present Absent (excep- | Present
tion: perforating,
drilling)
*Crushing Poor Poor High Poor
Morphological detail
*Sliced into | Present Present Absent (excep- | Present
scalar scars tion: perforating,
drilling)
Scar initiation
*Straight into | Present Present Absent (excep- | Present
curved tion: perforating,
drilling)
*Curved Present Present Absent (excep- | Present
tion: perforating,
drilling)
*Twisted Present Present Absent (excep- | Present
tion: perforating,
drilling)
Scar termination
*Snap Present Present Tends towards Present
“rare”
*Feather Present Present Tends towards Present
“rare”
*Hinge Tends towards Tends towards Present Tends towards
“rare” “rare” “rare”
*Step Tends towards Tends towards Present Tends towards
“rare” “rare” “rare”
*Vertical Present Present Tends towards Present
“rare”
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Trace attribute Juxtaposed Male split hafting| Male hafting Wrapping

hafting

*Superposition Tends towards Tends towards Present Tends towards
“rare” “rare” “rare”

Scar size Not distinctive Not distinctive Not distinctive Not distinctive

Scar depth Not distinctive Not distinctive Not distinctive Not distinctive

Scar intrusiveness

*Intrusive Present Present Tends towards Present

scars “rare”

Scar definition

Not distinctive

Not distinctive

Not distinctive

Not distinctive

Scar distribution

*Alternating | Tends towards Rare Present Absent
“rare”
*Bifacial Absent Absent Present Absent
*Continuous | Rare Rare Present Rare
Scar pattern
*Crushed Rare Rare Present Rare
initiations
*(Inverse) Present Present Absent Present
skewed saw
pattern
*Clear Rare Rare Present Rare
intrusion/
notch
Scar Moderate Moderate High High
interpretability

Fig. 6.6 Haft types:
a Juxtaposed hafting; b male
hafting; ¢ male split hafting

for a given use duration than hoeing earth. Similarly, scraping bone results in better
developed hafting traces for a given use duration than scraping hide.

The exact hafting arrangement determines the layout of the traces over the hafted
part and some of the trace characteristics (e.g. binding scars) (Table 6.2). Three
main haft types can be considered in the case of flint or other chipped stone tools
(Fig. 6.6). A male arrangement (i.e. the stone tool is inserted into a hole of the
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Fig. 6.7 Intense edge dam-
age in the case of a male
hafting in antler on the dorsal
medial right edge of exp.
10/13, used for chiselling
wood for 32 min (10 x)

handle) results in the same kind of wear over the entire hafted part. A juxtaposed
arrangement leads to a different pattern on the dorsal versus the ventral face. And fi-
nally, a male split arrangement (i.e. the lithic tool is inserted in a cleft of the handle)
results in a different wear pattern between the centre of the stone tool and the edges
(independent of the face). In addition, only a male arrangement has an important
impact on the edge, which can result in intense scarring (Fig. 6.7). Of peculiar in-
terest is the use of bindings, which are necessary in the case of juxtaposed or male
split arrangements. Bindings cause the formation of a very typical scar in terms of
its morphology and initiation (Fig. 6.8) that can be linked with binding use in all but
one case, on the condition that a use origin can be excluded. Only when the tool is
used for drilling or perforating, a similar scar type may result in the hafted area even
when no bindings are used. In all other cases, it is definitely linked with bindings.
Given that a use-wear analysis can easily set light on this issue, no interpretative
problems should arise. The use of resin often hinders trace production, but this also
depends on how the tool is extracted from its haft. When no heating is used and
the resin is fractured (e.g. by percussion), very distinct friction spots are formed
(Fig. 6.9). In all other cases, the absence of scarring or polish in a well-delimited
area forms the most important criterion to infer resin use.

Fig. 6.8 Scarring from contact with bindings: a on the ventral medial right edge of exp. 10/17,
used for chiselling wood for 40 min, fixed on a juxtaposed antler haft with dried leather bindings
(applied wet) (20 x); b on the ventral medial right edge of exp. 10/30, used for chiselling wood for
30 min, fixed in a male split wooden haft with leather bindings (25 x)
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Fig. 6.9 Residual resin friction spots: a on the dorsal medial right edge of exp. 22/46 (100 x); b on
the ventral bulb of exp. 22/45 (200 x). Both tools were used for grooving wood for 1 h, and were
hafted with resin in a wooden haft

Table 6.3 Microscopic wear traits that allow the distinction between a haft made out of wood or
out of hard animal matter (bone/antler)

Trace attribute ‘ Hard animal matter Wood
Polish
Polish morphology cf. usewear cf. usewear
Typical morphology Appears at moderate Appears at poor development
development
Polish development Quicker moderately developed| Longer poorly developed
Polish interpretability Slightly better interpretable Slightly less interpretable
Polish extension Poor presence Moderate presence
Tends to be concentrated on | Tends to follow
outer edge/ridge microtopography
Scarring
Scar initiation Narrow = present Narrow = absent
Scar termination Abrupt Non-abrupt
Scar definition Moderate to well 111 to moderate
Bright spots
Bright spot amount Few to moderate Few
Bright spot size Moderate Small
Striations
Striation amount Few to moderate Few
Striation orientation Perpendicular Not preferential
Rounding
‘ Insignificant ‘ Insignificant

The hafting material determines the morphology of the traces and polish proves
to be most significant, while scarring can be used as supportive evidence (Table 6.3).
Interpretations are based on the same criteria as in the case of use-wear, on the con-
dition that the small differences in trace characteristics (e.g. distribution) mentioned
above are taken into account. Overall, hafting polishes are not extremely well-devel-
oped. The best-developed areas are generally located on the ridges and when tools
are used for at least 30 min, they are generally diagnostic (Figs. 6.10, 6.11, 6.12).



94 V. Rots

Fig. 6.10 Polish from a contact with a wooden haft: a poorly developed wood haft polish on the
dorsal proximal ridge of exp. 1/2, used for hoeing wood for 2 min (200 x); b well-developed wood
haft polish on the dorsal medial ridge of exp. 1/1, used for hoeing wood for 30 min (200 x). Both
tools were fixed on a juxtaposed wooden haft with leather bindings

Fig. 6.11 Polish from a contact with an antler haft: a poorly developed antler haft polish on the
dorsal proximal ridge of exp. 10/26; b well-developed antler haft polish on the dorsal proximal
ridge of exp. 10/26 (200 x). The tool was used for hoeing wood for 2 min and it was fixed on a
juxtaposed antler haft with vegetal bindings

Fig. 6.12 Polish from the
contact with vegetal bindings
on the dorsal medial ridge

of exp. 9/4, used for hoeing
earth for 4 h, fixed on a juxta-
posed wooden haft with lime
tree bindings (200 x)
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6.4 Step-By-Step Analytical Procedure

In order to aid the inexperienced analyst in an examination of prehensile wear, a
systematic analytical procedure is proposed here. This procedure was previously
published in comparable form in Rots (2010). It needs to be stressed that a close
examination of prehensile wear necessitates a personal experimental reference col-
lection as one cannot only base oneself on published pictures that are always selec-
tions out of more elaborate and complex trace patterns. Published pictures serve as
general reference of the kind of wear one can expect.

6.4.1 Choice of Method

The adequacy of a certain method depends on the research question. I focus here
on the examination of wear traces only—residues are dealt with in chapter 1 and 11
of this volume. Nevertheless, it is evident that if the preservation conditions of the
site and the assemblage are sufficient for a potential preservation of residues, the
analytical approach has to be adapted accordingly. Residues need to be examined
before any examination of the blanks for wear traces can take place. After all, an
examination of wear traces necessitates a manipulation of the blanks which may
contaminate the residues, and cleaning may be necessary, which could remove the
residues. For details on appropriate methods for residue analysis, I refer to the chap-
ter 11 (this volume).

For wear traces, one of the following methods can be chosen depending on the
available equipment and experience:

* Macroscopic analysis (no magnification, aside from perhaps a hand lens);

* Binocular stereoscopic microscope (low magnifications, generally less than
100 x);

» Reflected-light microscope (high magnifications, generally between 50-500 %),
bright-field illumination;

» Scanning electron microscope;

» Confocal microscope.

When experienced, a macroscopic analysis may be appropriate for a first and su-
perficial evaluation of the presence of hafted tools within an assemblage. It is, how-
ever, not suitable for more detailed identifications, independent of one’s experience
with prehensile wear. An examination with a binocular stereoscopic microscope and
a reflected-light microscope differ both in the required analytical time and the type
of results that can be expected. Hafting arrangements are often identifiable under
low magnification; hafting materials are not, aside from perhaps their relative hard-
ness. An analysis under high magnification is more time-consuming, but it allows
for more exact hafting material identifications. Choosing between both depends on
the raw material, the available equipment, the size of the tool sample to be analysed,
the questions to be addressed and the required detail. The most suitable procedure
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is one that combines both approaches, as both have their advantages and shortcom-
ings. In my opinion, the most successful procedure is gradual in nature; it starts
from lower magnifications on a larger tool sample up to high magnifications on a
smaller tool sample. This seems to combine the better of two worlds: sufficiently
large samples and sufficient detail for a selection of tools. Where relevant, a scan-
ning electron microscope can be used for more detailed examinations of selected
samples (Anderson-Gerfaud 1980). It is far more cumbersome to use it for a sys-
tematic analysis of large tool samples. A confocal microscope, even though it is
promising (Evans and Donahue 2008), has not yet proven its potential for improv-
ing prehensile wear identifications.

6.4.2 Relevant Initial Observations

At the start of the analysis, a general macroscopic examination provides a first in-
sight in the assemblage.

6.4.2.1 Preservation Quality

The preservation quality of the archaeological material needs to be evaluated be-
forehand. It has been mentioned that polish and scarring are the most dominant
trace types in the case of prehensile wear. Aside from those, also bright spots (Rots
2002b), striations and rounding may form. The presence of a macroscopically vis-
ible alteration or patination reduces or even excludes the chances of being able to
rely on polish formation for reliable hafting inferences. As long as the edges are not
abraded or smoothened due to post-depositional factors, scarring may still merit a
close examination. Nevertheless, one should always try to rely on a combination of
different trace types. Even when an assemblage may appear well-preserved mac-
roscopically, a microscopic examination may prove otherwise. The occurrence of
bright spots in a random distribution all over the tool (whether or not in association
with an alteration polish, rounding, etc.) is crucial as this excludes bright spots from
being used as evidence for arguing hafting. Also striations and rounding may have
a post-depositional origin.

Next to post-depositional factors, also excavation may cause trace formation,
mainly scarring and striations. As most traces are the result of contact with metal
equipment, they are quite well distinguishable.

When alterations prove to be absent or minimal, a detailed examination of pre-
hensile wear can take place without many problems. It is evident that well-pre-
served assemblages are always preferable. When alterations occur, the certainty
level and the potential detail of the identifications decrease accordingly. Extra care
should then be taken with certain trace types, such as polish and bright spots in
particular. Thanks to the importance of trace patterning in the case of hafting, tools
with explicit hafting wear may still be identifiable in spite of significant alterations.
In most cases, no further detail can however be provided.
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6.4.2.2 Raw Material Coarseness

On the whole, traces are less explicit on coarse-grained flints. This implies that
macroscopic glosses tend to be rare, that polishes are generally somewhat less de-
veloped and bright spots more restricted in number and that scarring tends to be
somewhat more abrupt in termination. Certainty levels may be slightly lower on a
macroscopic level and perhaps also under low magnification.

6.4.2.3 Retouch

Retouch is an important feature to take into account as it reduces the possibilities
of a straightforward identification of hafting, in particular on a macroscopic level,
as it limits the chance of scarring (Odell 1981). Coarse retouch presents the greatest
problem, while limited or fine retouch should not cause too much problems. Use
scars are not to be confused with retouch; generally speaking, retouch tends to be
more regular in morphology and more continuous in distribution, retouch scars also
show a clear initiation often with crushing around the initiation point, etc.

6.4.2.4 Morphology

While some morphological features (transversal cross-section, butt protrusion, etc.;
see Rots 2010) may influence the trace distribution or the location of trace concen-
trations, other features may be suggestive of hafting (e.g., tangs, notches) (Ferring
1975; Rots 2002c, 2005; Stordeur 1987b; Tillet 1995). The transversal convexity
is particularly important for the location of the best-developed polishes. Ridges
should be examined at their “flattest” and thus more prominent side first as the best-
developed traces are to be expected there. The longitudinal curvature determines
the ease of hafting, the amount of contact between the tool’s face and the haft, and
the necessity to remove the bulb of percussion (see Rots 2005 for an archaeologi-
cal example). Male arrangements are less flexible, what the stone tool morphology
concerns, than juxtaposed arrangements. Important longitudinal curves may limit
the contact surface between tool and haft and determine the location of trace con-
centrations. The presence of tangs, notches, etc. does not prove that tools were used
hafted, but they may be suggestive of the hafting arrangement once indubitable
hafting wear is observed.

6.4.2.5 Fractures

Fractures may comprise of relevant information with regard to hafting. On average,
hafted tools fracture more easily during use than hand-held ones. During resharp-
ening, potential fractures may also be influenced by the presence of a handle (e.g.,
(Van Peer et al. 2008). In order to evaluate whether a fracture is hafting-related,
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Fig. 6.13 Intense edge damage associated with a hafting fracture on the ventral proximal fracture
edge of exp. 10/16, used to chisel wood for 30 min, fixed on a juxtaposed wooden haft with dried
leather bindings (applied wet) (8 x)

its location, initiation, termination and associated scarring need to be examined.
Intense associated scarring is for instance indicative of a hafting cause (Fig. 6.13).

6.4.3 Tool Use

Tool use is a dominant variable in the formation of hafting traces, therefore, it is
essential that tool use is known—if the used portion is preserved—in order to allow
reliable hafting inferences.

6.4.3.1 Used Tool Portion

The typological working edge as well as every other potentially functional edge
needs to be examined for suggestive macro-/microscopic use evidence, like scar-
ring, polish, rounding of the outer edge, etc. The occurrence of more than one used
portion is important in view of hafting. A haft limits the flexibility of stone tool use
by selecting one part for use and by securing the other part. Unless when hafted
tools are turned around in their haft for another use session, hafted tools generally
have just one used portion. Different use zones could thus be an argument against
hafting if one is certain that all traces are caused by the direct contact with the mate-
rial worked in use. The identification of the used portion allows one to assess where
a potential haft could be located approximately.
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6.4.3.2 Distribution of Use-Wear Traces, i.e. Centralised or Not

A microscopic examination is most appropriate for adequately evaluating the use-
wear distribution. Its extension is important with regard to the prehensile mode.
For instance, a centralised use-wear distribution is indicative of hafting (Beyries
and Rots 2008) even though it needs to be combined with an actual observation of
hafting traces. Only a hafting arrangement that prevents the lateral inclination of a
stone tool during use can cause a strictly centralised use-wear distribution (i.e., lat-
eral hafting). It is mainly relevant for scraping activities. A decentralised use-wear
distribution (independent of the degree of de-centralisation) may be the result of
either hand-held or hafted use.

6.4.3.3 Worked Material and Use Motion

A magnification is required for an adequate evaluation of the exact worked mate-
rial and use motion. The worked material is important for evaluating what kind of
traces to expect in the case of hand-held use: processing schist, wood, bone/antler,
may potentially result in a well-developed prehension polish. Some use motions
exclude hand-held use (e.g., hoeing, axing). The combination of worked material
and use motion gives an idea about what to expect for the hafting trace intensity and
the general hafting trace pattern in the case of hafted use (see above). Knowledge
on the exact tool use may also allow the exclusion of certain hafting arrangements
or tool positions.

6.4.3.4 Relative Use Duration

An assessment of the minimal use duration allows an evaluation of the trace devel-
opment to be expected for prehension or hafting wear. Only the last use cycle can
be assessed based on use-wear given that resharpening at least partially removes
these traces. Well-developed prehensile wear may consequently indicate a longer
complete use cycle of the tools.

6.4.4 Hafted or Not?

The most important argument for distinguishing hafted and hand-held tools is the
occurrence of some kind of boundary in the trace pattern, which only forms on
hafted tools and which can consist of a number of traces:

* A suddenly differing polish distribution, extension and/or morphology. In con-
trast to a use-wear polish, a hafting polish generally lacks a real impact on the
edge;
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» An abrupt start of marked scarring or of a different kind of scarring. The scarring
around the haft boundary is often more intense and larger than on the remaining
hafted edges. It is generally uneven in size and it may form a patch;

» The (sudden) occurrence of bright spots and/or striations;

* An association of scarring and bright spots, or scarring and striations. These
kinds of associations provide a strong argument in view of hafting.

A boundary that is observable on a macroscopic level is equally valid to one identi-
fied on a microscopic level, but the argument gains in strength if it is confirmed on
different levels. An increase in magnification allows the observation of more traces,
but there is a loss in overview, which should not be neglected given the importance
of patterning for hafting. A low magnification analysis is therefore often very suit-
able for identifying potential haft boundaries. A number of additional traits that al-
low a distinction between hand-held and hafted tools are listed in Table 6.1.

6.4.5 Which Hafting Arrangement was Used?

For the determination of the hafting arrangement, adequate macroscopic data are
rare and one should only rely on microscopic data (low or high power). Only gen-
eral traits are included here, more details can be found in the included tables.

The haft type is interpreted based on a comparison between the traces on the dor-
sal face and those on the ventral face, between the traces in the centre of the tool and
those on the edges (Table 6.2). If traces (polish morphology and scarring intensity
in particular) differ between both faces, a juxtaposed haft is most likely. If traces
are similar, a male-type arrangement is more likely. If there is no real impact on the
edges, and if the traces on the edges differ from what is observed in the centre of the
tool (e.g., ridges), a male split arrangement is most likely. When the traces on the
ridges are not well developed, a distinction between a juxtaposed and male split haft
may be hampered. For a distinction, one needs to focus on the polish intrusion on
the edges in comparison with the tool morphology. When polish intrudes in lower
zones, a contact with a binding material may be more likely given its softer nature.
Obviously, one also needs to pay attention to differences that may be caused by the
protrusion or not of the edges from their haft (i.e., for juxtaposed and male split
hafting arrangements). When a stone tool is smaller than its haft, less scarring will
form than when the edges protrude, given the lack of protection. In the same way,
the influence of the bindings on the formation of edge polish will increase when
edges protrude from their haft.

The tool placement, direction and the orientation of the active part can be de-
rived based on the location of the used portion and the exact location of use-wear
traces. Hafting traces are of secondary importance.

The haft material is more difficult to derive, given that dry wood is used for haft-
ing and that it does not differ much in hardness in comparison to bone and antler.
Nevertheless, distinctive elements concern differences in polish morphology and
extension and in some scar characteristics (see Table 6.3): given its harder nature,
antler results in a less intrusive polish and into more abrupt scarring than wood.
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Table 6.4 Microscopic wear traits that allow a distinction between different types of bindings

Trace attribute Leather bindings Wet leather/intestines ‘ Vegetal bindings
Polish
Polish morphology cf. usewear, but slightly | cf. usewear cf. usewear
brighter
Polish development | Tends to be moderate Tends to be poor Tends to be
to important important
Polish linkage Tends to be moderate Tends to be low Tends to be high
to high
Polish extension Several extensions, Tends to be concen- Tends to be
preferentially border trated on outer edge distributed along
and inner surface microtopography
Polish interpretability | Tends to be moderate Tends to be low Tends to be high
Scarring
Scar morphology
*Sliced scars Present Present Frequent, except
when retouch
*Crushing Present Present Absent, except when
retouch
Scar intiation
*Straight into Present Present Present, except
curve when retouch
*Curved Present Present Present
*Twis ted Present Present Present, except
when retouch
Scar termination
*Superposition Frequent Present Rare, except when

retouch

Scar definition

Not significant

Minor tendance to
frequent well-defined
scars

Minor tendance
to frequent well-
defined scars

The use of bindings is inferred based on the occurrence of very typical scars that
were grouped under the category “binding scars”: sliced and sliced into scalar scars
mainly, with a curved or bent initiation (see Table 6.1, 6.4, Fig. 6.8). These scars
occur in isolation or in small patches, and they are often most explicit around the
haft boundary. A few causes must be excluded beforehand if these scars are to be
used as evidence:

1. On a general morphological level, use and prehension may lead to similar scars,
but these differ in location and distribution, etc.;

2. Male-hafted tools (direct contact) used in rotation may show similar scarring on
the hafted edges not linked to the use of bindings. Next to scarring evidence, also
polish characteristics may be used; polish (if sufficiently developed) is particu-
larly useful for a distinction between different binding materials (see Table 6.4).

A wrapping reduces the amount of friction and thus also the trace intensity (see
Table 6.5). Resin may prevent all trace formation, although some very typical and
distinct resin polish spots may form (see Table 6.6, Fig. 6.9).
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Table 6.5 Microscopic wear traits that allow the identification of the use of a (leather) wrapping

Trace attribute Wrapping
Macroscopic

Scarring Decrease
Gloss Decrease
Microscopic polish

Polish morphology Mixed polish

Polish development

Not significant

Polish extension

Slightly more extensive (and intrusive)

Microscopic scarring

Number of damaged tool part

Decrease (significant)

Scar intensity

Minor decrease

Scar morphology

*Sliced Minor decrease (insignifcant)
*Nibbling Increase

*Crushing Decrease (significant)
*Elongated Absent (needs confirmation)
Scar initiation

*Narrow ‘ Decrease

Scar termination

*Non-abrupt (snap, feather) Increase

*Abrupt (hinge, step) Decrease

*Superposition Decrease

Rounding Minor increase

Table 6.6 Microscopic wear traits that allow the identification of resin use

Trace attribute

Resin use

POLISH

nr of polished tool parts

important reduction

polish attribution

resin friction polish (other polishes are extermely rare)

polish extension

on surface or on border & inner surface

SCARRING

nr of damaged tool parts

reduction

scar morphology

not significant

scar termination

increase in hinge terminations

scar size

reduction of very large scars

BRIGHT SPOTS

bright spot attribution

resin friction (systematically)

bright spot cause

extraction from the haft mainly

STRIATIONS

striation attribution

often to resin friction

striation cause

often to extraction from haft
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6.5 Conclusion

The experimental program allowed the identification of traits that permit a distinc-
tion between hand-held and hafted stone tools in archacological assemblages. Based
on the described traits, prehensile wear should be recognisable and interpretable, and
clues regarding the exact hafting arrangement used can be obtained. Nevertheless,
a personal experimental reference collection remains essential during the analysis
and one should not only rely on published pictures. This counts for all use-wear
identifications. The interrelation between traces and trace types as well as detailed
distributions and extensions are not easy to grasp in just a few pictures. When per-
forming experiments, attention should be devoted to task completion instead of trace
production in order to reconstruct the prehistoric use situation as reliable as possible.

I would like to stress that in spite of the efforts needed for integrating prehensile
wear in larger functional studies, it is worth the investment given the importance of
hafting for inferences regarding technological evolutions and past human behaviour
and its complexity. In addition, it completes the understanding of the causes that
may lead to wear formation and of the wear distribution and patterning on archaco-
logical stone tools.
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Chapter 7
Current Analytical Frameworks for Studies
of Use—Wear on Ground Stone Tools

Laure Dubreuil, Daniel Savage, Selina Delgado-Raack, Hugues Plisson,
Birgitta Stephenson and Ignacio de la Torre

7.1 Introduction

This chapter serves as a discussion of the framework currently used in use—wear
studies of ground stone tools. What we present here is an update of an earlier paper
(Dubreuil and Savage 2013), with revisions and contributions from other scholars
on the topics of use—wear analysis and research design, raw material analysis, the
equipment used in use—wear analysis and photography, residue analysis, as well as
the framework developed at naked eye and high magnifications.
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The category of “ground stone tools” (GST) encompasses objects which were
manufactured and/or used according to motions such as percussion, pounding,
pecking, grinding, abrasion, polishing, etc. The terms “macrolithic tools” or “non-
flint implements” have also been proposed as synonyms for this category (e.g.,
Adams et al. 2009). Common GST types include hammerstones, abraders, grind-
ing tools (e.g., grinding slabs/querns/metates used in conjunction with handstones/
manos), as well as pounding (e.g., mortars and pestles) and cutting (axes and adzes)
implements.

Large scale syntheses by Wright (1992b) in Southwest Asia, Adams (2002) in
the American Southwest, and de Beaune (2000) in Europe, have shown that GST
assemblage composition often varies substantially through time and according to
geographic area. From a chronological perspective, tool types such as cupmarks,
anvils, hammerstones, and pounders appear well represented in early prehistory
(e.g., Leakey 1971; Willoughby 1987; Goren-Inbar et al. 2002; Mora and de la
Torre 2005). Whereas sets of grinding slabs—handstones (also known as metates
and manos) and other grinding implements make their earliest appearance in South
Africa (e.g., McBrearty and Brooks 2000; Klein 2009, p. 537; Henshilwood et al.
2011) early in the Middle Stone Age (dated approximately between 300 ka and
50 ka following Klein 2009). Mortars and pestles emerged later, and some of the
earliest manifestations are seen during the Upper Paleolithic period in Europe (43—
11 ka, following Klein 2009, p. 666) and the Early Epipaleolithic (23.0-14.6 ka cal.
BP, following Mabher et al. 2011) in Southwest Asia (e.g., Semenov 1964, p. 134;
Bar-Yosef 1980; Wright 1992, 1994; de Beaune 2004). Ground stone assemblages
tend to become larger and more varied during the terminal Pleistocene—Early Ho-
locene (for instance at Natufian and Jomon sites), a period which coincided with
the development of semisedentary communities. Precursors of edge-ground tools,
such as axes and adzes, often viewed as characteristic of the Neolithic period, can
also be found in such contexts. Recent studies suggest that they appear even earlier
in Australia (Geneste et al. 2012) and Japan (Takashi 2012). The subsequent proto-
historic and historic periods coincide with major developments in GST technolo-
gies, including those related to metallurgy, the stabilization of querns into a solid
platform, the invention of the hopper mill and rotary quern, as well as presses for
the extraction of oil, and the development of water and wind-milling industries
(e.g., Lidstrom-Holmberg 1998; Curtis 2001; Alonso Martinez 2002; Treuil 2002;
Delgado-Raack and Risch 2008).

Semenov’s (1957) pioneering work on use—wear included an analysis of axes,
adzes, mortars, pestles, and abraders. However, unlike chipped stone implements,
studies aimed at exploring use—wear formation on ground stones only expanded
in the decades following the publication in 1964 of the English translation of Se-
menov’s book. The aim of the present chapter is to discuss the methodological
framework currently employed to study use—wear on ground stones, with a focus on
noncutting types of GST. Some parallels in the characteristics of use—wear forma-
tion do exist between noncutting (e.g., hammerstones, abraders, polishers, grinding,
and pounding implements) and cutting (e.g., knifes, axes, and adzes) GSTs, as they
can be made of the same types of raw materials. However, their mode of operation
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differs significantly, which has a major impact on use—wear development. For simi-
lar reasons, use—wear formation on stone beads and pendants, which are sometimes
included in the ground stone category, is not discussed in this paper. Before review-
ing the methodological framework, we will first discuss the approach to research
design for studies of GSTs.

7.2 GST Analysis: Use—wear Approach and Research
Design

GST studies play a key role in investigating major anthropological questions, in-
cluding the emergence of early hominid technology and complex cognitive abili-
ties, the transition from foraging to farming, the rise of symbolic behavior, and
hierarchical social organization as well as gender construction. Understanding the
function of the GST is often central to these studies.

A few examples of such studies are briefly reviewed here. For instance, it has
been recently suggested that percussive technology (hammerstones and anvils)
might have been inherited from a human—chimpanzee clade (e.g., Mercader et al.
2007). The hypothesis that percussive technology could be a precursor to more
complex stone knapping techniques is also under investigation (e.g., Carvalho et al.
2008; Haslam et al. 2009; McGrew 2010; Bril et al. 2012). Comparative technologi-
cal and functional analysis of early hominin and modern primate percussive tools is
one of the main avenues of research to explore these hypotheses.

For the Middle Stone Age or Middle Paleolithic, GST technology has been
particularly discussed in the perspective of the origins of complex or “modern”
behavior. In these contexts, ground stone analysis is critical for investigating the
emergence of symbolism because of the common association of these tools with
ochre remains (e.g., McBrearty and Brooks 2000; Van Peer et al. 2003; d’Errico
etal. 2009; d’Errico and Stringer 2011). Functional analysis of GSTs is of major im-
portance for better understanding the use of ochre and ocher processing techniques.

Moving forward in time, studies of Natufian GSTs demonstrate the importance
of functional analysis for investigating the transition from foraging to farming. The
Natufian corresponds to a transitional phase between hunter—gatherer and farmer
adaptations in the Southern Levant. During this period, a significant increase in
the relative abundance and typological diversity of GSTs is observed (e.g., Bar-
Yosef 1980, 1981; Wright 1992a, 1994). These trends are often said to support the
assumption of intensified plant exploitation during the Natufian period; however,
direct evidence of this intensification is scarce, given the generally poor preserva-
tion of macrobotanical remains in Epipaleolithic contexts (e.g., Zohary et al. 2012;
Miller 1991; Weiss et al. 2004; Dubreuil and Rosen 2010). Consequently, functional
analyses of grinding implements are of prime importance for investigating poten-
tial changes in plant exploitation during the Natufian (see for instance, Dubreuil
2004, 2008, 2009; Dubreuil and Plisson 2010). These analyses are also essential for
testing some of the most influential hypotheses proposed to explain the origins of
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farming, such as the broad spectrum revolution (Flannery 1969, 1973), or the de-
velopment of socio-economic competition and feasting (Hayden 1990, 2004, 2009;
Hayden et al. 2013). Hence, GSTs are key artifacts to explore major transformations
associated with the development of farming communities, including changes in
subsistence as well as in the social organization of production and consumption, and
the development of socio-economic inequality and hierarchy (Wright 2000, 2014;
Belfer-Cohen and Hovers 2005; Rosenberg 2008; Dubreuil and Plisson 2010). As
underlined by Risch (2008), functional analysis is an important tool to investigate
the social organization of labour, a decisive factor in the economic development of
societies and of the production of surpluses.

At the site level, Adams (2002, pp. 46-56) lists a number of research questions
which can be investigated through the study of GSTs, including: settlement conti-
nuity, duration and intensity; food processing activities and intensity of use; manu-
facturing or craft activities which took place at a site, as well as group affiliation.
Several aspects of the GST assemblages can be analyzed to investigate these ques-
tions, such as the size of the tools, the numbers of tools and working surfaces, and
the investment in tool manufacture, including the presence of comfort features (any
feature which makes the tool more comfortable to use, Adams 2002, p. 19) as well
as their spatial distribution (Delgado-Raack 2013). In general, and as with the larger
anthropological issues mentioned earlier, identifying the function of GSTs plays a
central role for investigating “site level” questions.

In archeology, the functional approach generally includes the complimentary
fields of use—wear and residue analysis (Rots and Williamson 2004). For instance,
use—wear analysis can provide information about the way a tool was used, while
residue analysis can identify the processed material to a greater degree of precision.
Kinetics is an important and often overlooked aspect, which can only be fully as-
sessed by combining the use—wear approach with morphological analysis. The tool
morphology provides essential data on the way the tool is operated, as the form is
intrinsically linked to kinetics. However, ground stone tool morphology should be
regarded as being mediated by various parameters, not only its function (Horsfall
1987). Moreover, as stressed by Sigaut (1991), there is commonly a range of kinet-
ics a specific tool can be associated with. Sigaut (1991) draws on the example of a
knife, noting that there are various ways of cutting depending on both, how the tool
is held and moved. For example, a knife can be used to peel or cut, but can also be
used as a screwdriver. In prehistoric chipped stone technology, the burin is a good
example of a tool type once thought to have a single function, but which has been
found to be associated with various kinetics, including engraving, grooving, scrap-
ing, boring, splitting (Plisson 2006), not to mention misidentified bladelet cores and
other burin like artefacts. With regard to GSTs, a striking example of such func-
tional variability is the use of handstone-like tools without a lower grinding slab
to process hide (Adams 1988; Dubreuil and Grosman 2009). As will be discussed
later, use—wear is a particularly useful approach to unravel the way a tool was used,
as it allows assessing the working parts of the tools, the manner of prehension or
handling, and the direction of the motion.
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It is important to underline here that determining the matter processed and the ki-
netics only gives a partial definition of the technical function of the tool. According
to Sigaut (1991), to fully understand the function of a tool, we need not only unravel
the matter processed and the kinetics but also answer the following questions: who
used the tool, for what, and when? The question “for what?” is at least partly re-
lated to the issue of intentionality, which includes not only the action (for instance,
a mortar was used with a pestle operated according to a combination of pounding
and grinding motion to reduce acorn into smaller particle) but also its purpose (for
a family meal or for a party). Clearly, a comprehensive description of the function
of a prehistoric tool, as defined here, is beyond the reach of our current analytical
methods. Nevertheless, some key elements can be assessed, especially by combin-
ing functional studies with other approaches such as morphological, technological,
typological, and spatial analysis.

What follows is an example of how use—wear studies and spatial data can be
combined to explore the “for what” questions presented above. GSTs are some-
times found associated with graves. Ethnographic studies indicate that tools
associated with graves can hold different meanings. These tools may, for in-
stance, represent personal possessions, gifts, debt payments, offerings, or may
reflect the funerary ritual itself (e.g., Ucko 1969; Binford 1971; Carr 1995). At
the Natufian site of Hilazon, various types of GSTs were found associated with
burials (Dubreuil and Grosman 2013). Among them, a small abrader shows
wear patterns similar to those observed on pebbles used as pottery burnishers,
yet pottery production does not appear until a much later period in the region.
However, the burial pit in which the abrader was found was plastered with clay,
which suggests the possibility that this abrader was used in the preparation of
the burial pit into which it was later interred. In general, the spatial context
can provide crucial data for understanding the function, context of use, discard
behavior, and symbolic aspects of the ground stone implements (e.g., Lidstrom
Holmberg 1998, 2004; Tsoraki 2007; Wright 2008, 2014; Roda Gilabert et al.
2012; Buonasera 2013; Delgado-Raack 2013).

Finally, it should be emphasized that the use—wear approach allows assess-
ing the kinetics and the processed material corresponding not just to the last
stage of utilization of the tool, but earlier stages as well. In fact, when trac-
es are preserved, a wider range of utilization phases, including manufacture,
hafting, and manipulation can be investigated using the use—wear approach.
Identifying these phases, and reconstructing the history of each implement is
an important step contributing to our understanding of the artifact function
as defined by Sigaut (1991), and ultimately of past technological, economic,
social, and symbolic systems. Nevertheless, the use—wear approach cannot be
dissociated from a more general, technological study of archeological stone
tools, as first conceived by Semenov (1964, see also Risch 2008). In this per-
spective, establishing the “sequence of wear” and the “life history” of artifacts
is particularly helpful.
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7.3 The Tool Life History and the Sequence Of Wear

The life history of a GST can encompass several stages (e.g., Nierlé 1983; Wright
1992; Dubreuil 2002; Adams 2002; Baysal and Wright 2005; van Gijn and Verbaas
2009; Dubreuil and Savage 2013) including: raw material procurement; manufac-
ture; primary, secondary use etc.; recycling; discard; and lastly, postdepositional
processes (see Table 7.1).

The reconstruction of the life history of a tool partly relies on the ability of the
analyst to identify various types of wear on a tool and to organize them in a se-
quence according to their relative chronology. This can be achieved by looking for
zones where different types of wear overlap. However, reconstructing the life his-
tory of an artifact based on use—wear is complex, as some of the stages of use can be
difficult to isolate. In particular, distinguishing multifunctional from multiple-use or
reused objects (sensus Adams 2002; Table 7.1) is challenging when distinct types
of nonoverlapping wear are identified on an artifact. Using broader categories (e.g.,
evidence of multiple use or evidence of recycling) appears often more appropriate.

Furthermore, short-term use, and some cases of multiple uses (as discussed lat-
er), will be difficult to detect. These limitations have to be taken into account while
interpreting the results. Accordingly, it is important to compare several tools of the
same type in order to expose general trends or patterns within a GST assemblage.
Through an understanding of the life history of the variety of tools from a site, it is
possible to characterize a GST assemblage by the relative proportion of ad-hoc and
manufactured tools, the investment in the manufacture of the different tool types,
the relationship between tool morphologies and function, the specialization and
standardization of the tool categories, as well as curation and recycling behavior
(e.g., Dubreuil 2002, 2008, 2009).

In order to assess the life history of an artifact, one must determine whether the
aspects of the surface and wear result from manufacture, use, curation, or postdepo-
sitional processes. An important step toward the resolution of this problem is the use
or creation of an experimental reference collection. Our understanding of use—wear
formation on GSTs depends heavily on experiments.

7.4 The Reference Collections

The creation of a “natural reference collection” of raw materials is an essential step
for use—wear studies of GSTs. In particular, this reference collection should aim
at documenting the aspects of fresh, eroded, or water-worn surfaces and breakage
planes. This will help in sorting between the implements that have been manu-
factured and/or used from the unused (or too briefly used) items. Observation of
“natural surfaces” can also help in identifying postdepositional alterations, which
may affect the archeological material. For example, Mansur (1997) draws on char-
acteristics of natural alteration of quartz resulting from dissolution phenomena to
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Table 7.1 Ground stone tool life history

Stages

Definition—comments

I: Raw material choice and
procurement

The tool efficiency is largely determined by raw material
properties, so the choice of the raw material is an important
aspect for discussing tool function. Furthermore, the type of
procurement (e.g., whether it is collected as a pebble or an
eroded block or extracted from a quarry) has an impact on the
manufacture process

1I: Manufacture

This step is absent for ad-hoc implements

III: Primary utilization

The function the artifact was initially designed for

IV: Secondary utilization

Artifacts used for several tasks are frequently referred to as
“multifunctional” or as “multiple tools.” Adams (2002) differ-
entiated between single use, reuse (when the tool is employed
in a second activity that does not alter the design of the tool),
and multiple-use (when several areas of the surface are used
in distinct activities)

V: Recycling

According to Schiffer and Skibo (1987), recycling neces-
sitates a reshaping of the tool for a new utilization. This
definition corresponds to Adams (2002) “redesigned tools”
category. For Adams, recycling implies changing the type of
use as, for instance, when a ground stone tool is incorporated
into the wall of a structure

VI: Discard

In theory, discard can happen at various stages during and
after manufacture, and is the process by which stages [-1V
become apparent within a single archeological assemblage.
Exhausted, or worn out, tools which are no longer usable

can be identifiable by thinning or perforation of the tool at
the working surface, or breakage of the tool. Ground stone
tools may be placed in specific discard contest such as grave.
The “killing”, or intentional breakage, of ground stone tools
placed in grave has been reported ethnographically (Adams
2008) and the issue is discussed in light of specific archeolog-
ical examples in Adams (2008), Van Gijn and Verbaas (2009),
Stroulia and Chondrou (2013), and Wright (2014). Arguments
favoring intentional breakage can be based on recurrent frac-
ture patterns found in an assemblage. Other indices may also
be used such as the localization, numbers, and arrangements
of fracture scars

VI: Post-depositional processes

After discard, postdepositional processes such as breakage or
weathering may affect the shape and surfaces of an implement

identify postdepositional alteration on GST from the Beagle Channel region. Ex-
periments aimed at exploring how postdepositional processes may affect use—wear
are yet to be developed for GST. This is partly related to the significant amount
of time required for the production and use of these experimental tools. However,
experiments with a tumbling mill and basalt fragments have allowed for a better
understanding of wear related to soil movement (Dubreuil 2002, p. 228).

The wear resulting from the production of an experimental tool should be exam-
ined and described in detail before its use. This is particularly important for investi-
gating the manufacturing process which has been used to produce an archeological
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tool. Furthermore, as underlined in the definition of the GST, these implements can
be manufactured and used by similar action (e.g., pecking, pounding, grinding, and
polishing). Differentiating use—wear related to manufacture from those related to
use is a critical issue in GST analysis.

Experiments with GSTs have focused primarily on manufactured, rather than
ad-hoc implements (see Tables 7.2 and 7.3). Most frequently, experiments were
performed with grinding implements such as handstones and grinding slabs, as well
as different kinds of abraders. In addition, use—wear on ethnographic tools has been
examined in a variety of studies (e.g., Hayden 1987; Hampton 1997; Clemente et al.
2002; Rodriguez Rodriguez et al. 2004, 2006; Cunnar 2007; Liu et al. 2010; Pro-
copiou et al. 2011). Ethnographic studies indicate that GSTs can be used over long
periods of time, in some cases, for generations (e.g., Runnels 1981; Hayden 1987;
Horsfall 1987; Ertug-Yaras 2002; Baudais and Lundstrom-Baudais 2002; Delgado-
Raack and Rich 2009; Hamon and Le Gall 2013). Consequently, it is not always
feasible to document the fullest extent of wear development on experimental tools.
However, tools such as grinding slabs and handstones require regular maintenance,
accomplished by pecking the working surface to restore the abrasive qualities which
initially made it desirable as a grinding tool. These maintenance cycles remove pre-
vious traces of wear, refreshing the surface for wear development to begin anew.

Several types of experimental programs can be undertaken (e.g., Keeley 1980;
Plisson 1991), including mechanized or manual, and exploratory or systematic ap-
proaches (when parameters which may affect use—wear formation are controlled as
much as possible). Most experiments with GST involve manual approaches, as it
is not possible to fully reproduce manual motions with a machine, and kinetics is
an important aspect affecting use—wear formation. Manual approaches can serve to
assess the feasibility and efficiency of the action performed with tools. Assessing
tool productivity is very important, and has been attempted in a few studies (e.g.,
see discussion in Wright 1994; Menasanch et al. 2002; Samuel 2010; Valamoti et al.
2013).

Manual experiments can be used to evaluate the capacity of an experimental tool
to perform a certain task, and to compare the efficiency of different tools or differ-
ent raw materials. Although quantification is needed, this more qualitative approach
is particularly crucial to explore past technical systems. For instance, drawing on
the example of the technology associated with cereal exploitation, assessing GST
efficiency with manual experiments can provide insight into the chaine operatoire
of plant processing, by helping assessing the most viable techniques for dehusking,
grinding, and pounding the material in different states (e.g., fresh, dry, grilled, and
soaked), or to produce a variety of products (e.g., gruel, flour, and beer-alcohol).

A few mechanized experiments have been conducted as well, often with a focus
on the analysis of material behavior using material science approaches (e.g., Pro-
copiou et al. 1998; Procopiou 2004; Delgado-Raack et al. 2009). These approaches
are particularly important for our understanding of wear formation processes.
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7.5 Use—wear Formation Processes and Raw Material
Analysis

7.5.1 Use—wear Formation Processes

From a tribological point of view, wear can be defined as “a continuous damage
process of surfaces, which are in contact with a relative movement” (Shizu and
Ping 2012, p. 263). Drawing on tribology, Adams (2002, pp. 27-33) defines four
processes of wear formation for GST: adhesive wear, which results from the at-
traction between contacting surfaces at the atomic level (Bahadur 2012, pp. 6-2);
fatigue wear, the crushing and fracturing of rock grains by the pressure of contact;
abrasive wear, the gouging and scratching of a soft surface by the asperities of a
harder surface; and tribochemical wear, a buildup of chemical reaction products
created through the interaction of the two surfaces.

Each process leaves distinct patterns on the surface of the stone which can be
used to reconstruct the contact environment associated with the use-context of the
tool (Adams et al. 2009; Table 6.2). Adhesive wear is notable for the manner in
which it interacts with other wear processes (Adams 2002, p. 29). For example,
grains removed by adhesion become abrasive agents within the contact environ-
ment, which accelerates the development of abrasive wear patterns. Fatigue and
abrasive wear are additional reductive processes that are associated with cracks,
fractures, striations, and gouges. The heat produced by friction accelerates the
chemical processes responsible for tribochemical wear, which may become visible
as a reflective polish on the surface of the rock (see for instance in Fig. 7.7).

Two models of use-wear formation have dominated the discussion of use—wear
analysis on flint tools. While the role of abrasive processes in use-wear formation
has been widely acknowledged, the extent to which adhesive or tribochemical wear
comes into play is debated (e.g., Diamond 1979; Kamminga 1979; Anderson 1980;
Meeks et al. 1982; Unger-Hamilton 1984; Mansur-Franchomme 1986; Yamada
2000, pp. 47-62; Anderson et al. 2006; Christensen 1998; Astruc et al. 2003; Ev-
ans and Donahue 2005). In general, tribological approaches, and more specifically,
multiscale analysis using continuous wavelengths (Vargiolu et al. 2007; Procopiou
etal. 2011, 2013; Bofill et al. 2013), as well as residue analysis, may be needed to
fully understand these wear formation processes. The analysis of the mechanical
properties of the various raw materials used for making GSTs can also greatly con-
tribute to our understanding of use—wear formation processes

7.5.2 The Physical and Mechanical Properties of Stones
(Selina Delgado-Raack)

The types of rock commonly used in the making of GSTs can be described as aggre-
gates of mineral particles, in which grains or crystals of very different compositional
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nature and size coexist. These characteristics diverge from those found in the
chipped stone industry, where siliceous or vitreous materials such as flint, chert,
or obsidian are typically used. These rocks tend to be fine grained and much more
homogeneous.

A detailed description of GST raw materials is crucial for functional analy-
sis, because several properties of the rock affect the efficiency of a tool and
the formation of use—wear. A number of publications have discussed this as-
pect, especially for grinding artifacts such as handstones and grinding slabs
(Shoumacker 1993, pp. 165-176; Procopiou 1998; Baudais and Lundstrom-
Baudais 2002, pp. 155-180; Santallier et al. 2002, pp. 15-29; Schneider 2002,
pp- 31-53; Milleville 2007; Schneider and LaPorta 2008, pp. 19-40). However,
lithic properties have only recently been fully integrated in functional studies.
Mechanical tests using industrial machines, in which rocks are subjected to
wear under controlled conditions, have allowed for the evaluation of the me-
chanical behavior of a variety of rocks in certain wear systems (e.g., Delgado-
Raack 2008; Delgado-Raack et al. 2008, 2009). It is important to emphasize
that these trials are not intended to replicate work processes as they actually
happened in prehistory. Following these studies, Table 7.4 summarizes the pe-
trographic variables which can potentially influence the mechanical behavior
of rock, while providing a basis for raw material description.

The importance of mechanical tests lies on their ability to systematically and
objectively characterize the physical reaction of a rock in a controlled environment.
We focus here on GSTs operating by what is called in physics, “kinetic friction”
or “dynamic friction,” that is the force produced when one solid body moves tan-
gentially over another with which it is in contact (Blau 1996, p. 18). In systems in
which wear is generated through frictional processes, the physical reaction of a rock
can be characterized by its abrasive capacity. The abrasive capacity results from
the combination of two independent variables: (1) the ability of a rock to develop
surface roughness and (2) the resistance against friction, measured by volume loss.

The mechanical tests carried out so far demonstrate that the physical reaction of
a rock depends primarily on the mechanical system (Table 7.5), which is to say that
raw materials react differently to friction, percussion, cutting, drilling, etc. Accord-
ingly, rocks that are hard to cut will not necessarily be the most difficult to knap, and
the easiest rocks to knap will not necessarily be easy to polish.

Mechanical tests have also shown that a combination of several petrograph-
ic features needs to be considered when examining wear processes (Table 7.5).
Wear processes are regarded here as being related to the physical reaction of
the rock, or, as discussed previously, its abrasive capacity determined by its
surface roughness as well as its resistance to friction. In general, the compo-
sitional homogeneity of a rock reduces surface roughness, while the quantity
of quartz favors it. Quartz is one of the most abundant and hardest miner-
als in nature. However, it often coexists in rocks with other softer minerals.
This heterogeneity can lead, under certain mechanical system, to the develop-
ment of surface roughness. Rock porosity and hardness are features that can
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Table 7.5 Petrographic features that influence physical behavior of the rocks, as observed in a
series of mechanical tests conducted in industrial machines (Delgado-Raack et al. 2009, p. 1828
and Table 7.3). In the PEI test, the surface is put under frictional wear of several steel balls of milim-
eter size, which oscillate some revolutions per minute. In the Dorry test, the lithic surface wears
through the rotating contact of a steel track. In both tests, several grams of abrasive (corundum)
are added. X =proportional relationship; 1/X=inverse relationship

Frictional wear by oscillat- | Frictional wear by rotating steel track
ing steel balls (PEI) (DORRY)
Roughness | Volume lost Roughness Volume lost
Compositional /X /X 1/X
homogeneity
Quartz X X X
Angularity 1/X
Apparent density 1/X 1/X 1/X
Open porosity X X
Weighted average of X X
microhardness
Cohesion 1/X 1/X

positively influence the development of surface roughness under certain me-
chanical system. Conversely, density can be detrimental to this feature. Simi-
larly, the resistance against friction, the second parameter characterizing the
physical reaction of a rock, mainly depends on the density of the rock and on
the cohesion of the constituent particles.

Other mechanical parameters, such as flexion, also highlight that mechanical
behavior of rocks depends on a combination of petrographic features. In this case,
high porosity, the presence of anisotropy, and heterogeneous grain sizes are charac-
teristics which adversely affect the resistance to flexion.

Mechanical tests of the type described above and especially their applica-
tion to GSTs analysis are still in an initial stage, although their potential re-
garding both functional analysis of GST and economic studies of past societies
is remarkable (e.g., Bradley et al. 1992, pp. 223-233; Delgado-Raack et al.
2008, 2009).

Indeed, in-depth knowledge of the petrographic properties of rocks can con-
tribute greatly to the functional interpretation of use—wear traces. As indicated
above, the results obtained in mechanical analysis highlight the role of some
petrographic variables in the physical behavior of the rock, and therefore, in
the development of wear traces. For instance, high lithological cohesion can
favor the development of sinuous reliefs, while constant surface renewal in
less cohesive materials will, under similar wear conditions, result in irregular
reliefs (Fig. 7.1). Given the complex causal relationship between the char-
acteristics of the raw material a tool is made of, the properties of the other
materials involved in the tool operation (i.e., the matter processed, eventually
a complementary tool), the kinetics, and wear processes, taking into account
the petrographic features of the rock, are crucial. In addition, the study of
rock properties allows addressing the concept of tool efficiency. Some analyses
have shown that the optimal mechanical solution is not always the one that was
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Fig. 7.1 Simplified diagram that shows the relationship between different intrinsic variables of
rocks and the contact material in a frictional system, always under the assumption that the miner-
alogical composition is uniform. (S. Delgado-Raack)

actually chosen, indicating that considerations other than productivity could be
acting in some cases, such as territorial control for instance. This has been dis-
cussed for example for the Neolithic axe trade in England (Bradley et al. 1992,
pp. 223-233) and the Bronze Age grinding tool production in South-East Iberia
(Delgado-Raack et al. 2008, 2009). Hence, when the analysis of the mechanical
properties of rocks is combined with the study of raw material procurement, of
the spatial distribution of technical equipments, and of the social contexts of
their use, it is possible to better characterize the production systems, to discuss
the social access to resources, and their management in past societies.

Detailed description of the raw material following the framework outlined in
Table 7.4 is therefore regarded here as an essential preliminary step in use—wear
analysis.

Before discussing the frameworks currently used for describing use—wear, clean-
ing procedures and residue analysis, as well as methods for observation, macro- and
microphotography will be first discussed in the next section.
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7.6 Methods of Preparation, Observation
and Documentation

7.6.1 Cleaning Procedure

The effectiveness of different cleaning procedures has been compared experimen-
tally (Dubreuil 2002, 2004). The cleaning techniques examined included: rinsing
with water, with water and detergent using a gentle toothbrush, cleaning with hy-
drogen peroxide of different concentrations, and rinsing with pure acetone. Washing
with detergent using a gentle brush was generally found sufficient both for low and
high magnification analysis. Even with experiments involving the processing of
greasy materials such as nuts, meat, or fish, the use of hydrogen peroxide or acetate
was not found to be necessary. A soft brush was needed however to remove the resi-
dues which have accumulated in the interstices. It is important to note the aspect of
residues and their distribution within the surface before cleaning the experimental
objects. However, following Evans and Donahue (2005), more aggressing cleaning
techniques may be preferred in order to remove as much of the remaining residue
as possible, especially when investigating use—wear formation processes (see also
Byrne et al. 2000).

The desire for clear observation must be weighed against the preservation of
residues related to the use of the tool. Ochre remains represent an obvious example;
when such residues are present, the object should not be cleaned, and the use—wear
approach must be adapted to this specific situation by focusing on the visible part
of the stone surface, and by taking into account the distribution and aspect of the
residues (e.g., Logan and Fratt 1993; Dubreuil and Grosman 2009).

Ideally, a strategy for residue analysis should be designed before cleaning the
archeological implements, and even earlier during field work, as taking sediment
samples from around the tool can be of critical importance (e.g., Procopiou et al.
2002; Piperno 2006, p. 84). Although a discussion of residue analysis is beyond the
scope of this chapter, an overview of the type of residues that can be investigated on
GST is important to assess cleaning procedures.

7.6.2  Residues Analysis: An Overview (Birgitta Stephenson)

The matrices and voids associated with ground surfaces such as grindstones, hand-
stones, grinding surfaces, and mortars provide an ideal environment for the trapping
of residues (e.g., Buonasera 2005; Quigg 2003; Stephenson 2011, p. 78). It has been
demonstrated that oily and or fatty films will penetrate grinding surfaces without
much effort, and that the depth of penetration is determined by the porosity of the
surface (Stephenson 2011). In the case of other residues such as phytoliths, starch-
es, ochre, collagen, and resin, the mechanical actions which accompany grinding
and pounding force residues into the interstitial spaces. Depth in this case varies
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according to the duration of action. While attrition of the stone surface caused by
subsequent processing can remove some of these impacted residues, a large per-
centage may remain and survive below the active working surface. These become
overwritten by layers of additional residues thereby creating a debris trail and a
history of grinding activity. Due to differing molecular weights and differential resi-
due preservation, however, currently it is not possible to determine the sequence of
residue layering (Langejans 2010).

Until recently, identifying microresidues has primarily relied upon nondestruc-
tive high power reflected light microscopy approaches (e.g., Prinsloo et al. 2014). A
number of recent investigations have combined use—wear studies with the mapping
of residues across the tool surfaces (see Hogberg et al. 2009; Lombard 2005, 2008)
to determine residue distribution and particular wear. This approach has been re-
cently implemented in ground stone analysis (e.g., Stephenson 2011, 2012; Fullagar
and Stephenson 2012). In the case of complete tools such as grindstones, mortars,
and handstones or in-situ features such as bedrock GST, a handheld digital micro-
scope is useful to examine the surface of the tool and assist with the selection of
residue sampling points. Experimental work on grooved artefacts has demonstrated
that in addition to the cross-sectional center of a groove, residues build up across the
shoulders and the lip of the groove (Field et al. 2009; Stephenson 2011). The dis-
tribution of residues varies with the materials being ground and work is being cur-
rently undertaken to identify particular signature of grinding patterns (Smith 2004).
It can be supposed that, given the nature of grinding and pounding, residues should
rarely be confined to the working surface and may be found on nearby nonworked
areas (as documented for instance for scrapers by Rots and Williamson 2004).

Residue preservation mechanisms are an important issue that remain poorly un-
derstood (Langejans 2010; Buenasera 2013; Portillo et al. 2013). Some studies have
demonstrated that residues can survive across GST surfaces for prolonged periods
of time in certain context (e.g., Del Pilar Babot and Apella 2003; Fullagar and Jones
2004; Piperno et al. 2004, 2009; Revedin et al. 2010; Liu et al. 2011; Nadel et al.
2012; Portillo et al. 2013). Residue analysis involves the identification of surviv-
ing residues which commonly include organic remains such as plant (e.g., starch,
raphides, phytoliths, and pollen) and animal (e.g., blood, bone, hair, and collagen),
as well as inorganic matters (e.g., vivianite, aragonite, and ochre).

Sampling for phytoliths and starch usually requires the collection of sediments
from the stone’s surface, as well as several rinses with an ultrasonic device (e.g.,
Piperno et al. 2004, 2009; Pearsall et al. 2004; Rumold 2010; Portillo et al. 2013).
Lipids and other amorphous residues may also be extracted from GSTs (e.g., For-
menti and Procopiou 1998; Christensen and Valla 1999; Del Pilar Babot and Apella
2003; Buonasera 2007, 2012, 2013) by collecting residues from the surface, from
within interstices, or by drilling into the stone (e.g., Procopiou et al. 2002; Del Pilar
Babot and Apella 2003; Buonasera 2007, 2013). Successful residue extraction from
ground surfaces has been also obtained by employing a series of ultra purified water
lifts across the ground surface to extract residues trapped in the matrix (Stephenson
2011; Fullagar and Stephenson 2012). This procedure allows a detailed sampling
of residues across the tool surface. Using a variable volumetric pipette, aliquots
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of ultra purified water are applied to selected sample points. Preferred points are
porous and include natural fissures, cracks, and pitted areas. Initially, water aliquots
are left to soak with the process being repeated a number of times depending on the
porosity of the stone. A second pipette is used to agitate the lift surface area and to
draw back and expel the ultra purified water through the matrix. This is repeated a
number of times until a sample of the water containing lifted residues is drawn up
and placed in an eppendorf tube for later microscopic examination.

Another method used successfully by archeologists to examine grinding tool
residues and microwear involves the use of Polyvinyl Siloxane (PVS) peels (e.g.,
Fullagar and Wallis 2011). PVS peels allow for high resolution “negative” impres-
sions or moulds of the ground surface which can be examined using incident light
microscopy to show polish, striations, and other use—wear features. In some instanc-
es, residues ripped from the ground surface can be observed across the PVS peel.
An injector gun or dispenser with a cartridge and an applicator is used to apply the
Polyvinyl Siloxane to the surface and is left to dry for approximately 10 min before
removing with tweezers and storing in a plastic bag for later microscopic examina-
tion (Fullagar and Stephenson 2012).

Regardless of the type of residue in question, sampling should be done before
cleaning, although in the case of phytoliths at least, some can still be recovered
afterward (Piperno 2006, p. 84).

Until recently, identifying and interpreting residues has relied heavily on mor-
phological characteristics. The visual diagnostic properties of some residues how-
ever, can be altered when their structural bonds are broken due to the mechanical
forces associated with processing and alterations associated with cooking which
cause residues to become ambiguous. Likewise, environmental influences such as
water can cause residues to swell and become amorphous, making them more dif-
ficult to identify. As such, contemporary microscopic residue analysis approaches
benefit greatly from the use of multiple lines of evidence. The recent introduction of
the biochemical staining of lifted residues in conjunction with microscope residue
analysis studies has helped identify these altered and/or ambiguous residues (see
Stephenson 2012). A number of class specific stains have been developed to iden-
tify particular residues and includes stains for lignin, starch, alkaloids, collagen,
lipids, and keratin (Haslam 2004; Smith 2004; Lamb and Loy 2005; Barton 2007,
Torrence 2006; Crowther 2009; Stephenson 2011).

Fourier transform infrared spectroscopy (FTIR) provides a further line of evi-
dence for residue identification. FTIR allows broad categories of residues like pro-
tein to be identified to species level (Prinsloo et al. 2014). Cross-over immuno-
electrophoresis (CIEP) techniques have also been employed with some success to
identify protein residues to the family level (Yost 2008). This process makes use of
antigen—antibody reactions but is limited by similar serum protein antigenic deter-
minations (Prinsloo et al. 2014). This may occur between distinctly and closely re-
lated animals alike and may lead to equivocal residue determinations. Other protein
detection methods which have been used in archeological tool investigations in-
clude radioimmune assay (RIA) and enzyme-linked immunosorbent assay (ELISA)
to varying degrees of success (Prinsloo et al. 2014).
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As with use—wear observations, it is important to consider that not all residues
are related to use (Odell 2001, p. 56); for instance, the depositional context, par-
ticularly in grassland environments, may skew the results of starch and phytolith
analyses (Haslam 2009). Similarly, weathering can distort or remove residues, and
poor preservation conditions can markedly bias the quantity and type preserved
(Briuer 1976). It is necessary to compare densities of residues from nonground ar-
eas and from adhering soils to ascertain the use-relatedness of observed residues.
Importantly, use—wear and residue analysis are complementary and inform each
other to assess tool function. The additional lines of residue analysis described here
help increase the accuracy and robusticity of derived determinations.

7.6.3 A Multiple Scale Approach

This section reviews the widely used, as well as emerging approaches and equip-
ment for use—wear analysis of GSTs. It is argued that all of these approaches should
be regarded as complementary, as they each focus on specific aspects of use—wear.
A holistic analysis builds on the use of all of these approaches in addition to unaided
eye observations (discussed in Sect. 7.1) which represent a crucial step in use—wear
analysis.

As illustrated by the pioneering work of Jenny Adams (1988, 1989, 1994), re-
search on use—wear formation on noncutting GSTs has largely focused on obser-
vations at low magnifications (traditionally up to 80 % using a stereomicroscope).
Although less developed, analyses at high magnifications (traditionally 50-500 x
with a metallographic microscope) are, however, becoming increasingly common.
Regarding observations with metallographic microscopes, the use of a differential
interference contrast, or Nomarski system, is indispensable to distinguish use—
wear features on microcrystals which are hardly visible below 400 x magnification
(Plisson and Lompré 2008; Adams et al. 2009). Long working distance objectives
(LWD) are more convenient for analyzing irregular rough surfaces and give a better
depth of field.

Because GST can be of various sizes, large microscope stands with an extend-
able boom are generally necessary for the analysis of large implements. Portable
digital microscopes are particularly useful for the study of deep mortars and bed-
rock features. High resolution casts of dental elastomer or acetate can also be used
with microscopes which are unable to accommodate the original object (Adams
et al. 2009). However, elastomer casts tend to leave greasy stains on the artifact
which are difficult to remove, a problem which is not encountered with the acetate.
However, acetate casts are more fragile and tend to deform.

Other analyses have also been carried out on GST, including for instance, the use
of SEMs (scanning electronic microscopes, e.g., Dubreuil 2004; Cunnar 2007; Bo-
fill et al. 2013), rugosimeters (e.g., Procopiou et al. 1998; Procopiou 2004; Delga-
do-Raack et al. 2009), interferometry, and confocal microscopy (Bofill 2012; Bofill
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et al. 2013). Generally, due to time and budget constraints, SEM and confocal mi-
croscopy, as well as rugosimetry and interferometry, are used only for the study of
small samples and/or to address specific questions such the processes of use—wear
formation, or quantification of wear.

Geographic Information System (GIS) methods can also help in quantifying and
recording use—wear patterns. Recently, de la Torre et al. (2013) explored the poten-
tial of GIS tools to characterize battering damage in experimental anvils used for
a variety of tasks (meat pounding, bipolar flaking, bone breaking, plant process-
ing, and nut cracking). Photographs of the battered anvils were georeferenced in
a local Cartesian system, and the distribution of use—wear was mapped over the
pictures. This enabled calculating the perimeter, area, and relative position of bat-
tering features observed in the anvils, as well as their density, size, orientation, and
shape. These data were used to calculate indices on the percentage of the anvil area
covered by use—wear, the areas with more intense battering, the density of use—
wear, the mean shapes of battering marks, and to obtain a large number of indices
related to the spatial patterning of marks (e.g., distance of battering traces to the
center and edge of the anvil, elongation of battering clusters, etc). While de la Torre
etal. (2013) based their spatial analysis on 2D variables derived from georeferenced
photographs, new developments in 3D scanning reconstruction can be used to de-
velop high resolution digital elevation models (DEMs) of GST surfaces, which
expand the analytical potential of GIS for use—wear studies. More details on 3D
modeling and photogrammetry are provided in the next section.

7.6.4 Documenting Use—wear (Hugues Plisson)

The wear analysis of ground tools involves various observation and recording tech-
niques for covering a large range of relevant criteria, from the morphology of the
whole working surface (see for instance, Fig. 7.8) to the wear of individual micro-
scopic crystals (for instance, Fig. 7.6), to say nothing of residues. There is prob-
ably more emphasis on both ends of the magnification scale than for chipped stone
artifacts, which is particularly appropriate for digital imaging. The development of
digital photography has not only provided a more convenient means of taking basic
images, but it has also allowed the production of new types of images which were
unthinkable in the times of the film camera.

Contrary to the extravagant claims of magnification promoted by advertisers of
so called “digital microscopes” (their figures are based in fact on enlargement to a
15 in. screen rather than the sensor plane), digital photo recording at macro- and
microscopic scales has not overturned the laws of optics. Therefore, before attempt-
ing microphotography;, it is necessary to have a good understanding of all the basic
parameters which determine the quality of an optical image (Plisson 1989, 2014,
in press). This is becoming even more critical as magnification increases. It is also
important to select the appropriate equipment:
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Fig. 7.2 Macroscopic detail of an experimental sandstone abrader used for shaping bone needles.
Wild M7 stereoscope with 1 x achromatic objective at 9 x visual magnification (3:1 on the sensor
plane, since for photography only the center of the frame is used). Crop (45 % of 10 million pix-
els) of a postprocessed raw file from a Nikon D80 SLR camera fixed via a Wild phototube with a
Nikon MDC 10x projective lens (the best optical coupling). Left bottom: enlarged residue. Scale
4 mm, graduation 1 mm. (H. Plisson)

The large sensors of SLR cameras have both higher resolution and better dy-
namic range than the very small sensors found in the video cameras designed for
the microscopes. SLR cameras are, in addition, far more versatile.

The optical geometry used in stereoscopic observation is far from being optimal
for photography. Consequently, an SLR camera with a 50 or 60 mm macrolens
produces better images than when fixed to a binocular microscope (Figs. 7.2
and 7.3). In practice, with a DX format sensor (15%25 mm), the frame at 1:1
magnification of the macrolens is the same as seen in direct observation with a
Leica MZ6 or Nikon SMZ2B stereoscope at 8 x with 10 x/21 oculars (note that
magnification is not calculated in the same way for macrophotography as it is
for observation with a microscope). With additional rings or macro bellow, it
is possible to reach 5:1. However, beyond 3:1, it is more convenient to replace
the macrolens with a 4 or 5 x microscope objective (finite design) or the whole
extension device and the macro objective with a 200 m telezoom to which is
fixed a microscope objective (infinite design) (Fig. 7.4 and Littlefield 2010).
The telephoto objective acts like the tube lens of the microscope. In any case, the
resolution of the photography depends on the stability and rigidity of the stand.

At higher magnification, or when a specific illumination is needed (bright
field, dark field, etc.), there is no other solution than to attach the camera to the
microscope. Ideally apochromatic objectives (corrected across all frequencies
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Fig. 7.3 Same macroscopic detail as Fig. 7.2. Leitz Elmar f=5 cm 1:3,5 1951 objective on a bellow
with 15 mm extension (=3:1 magnification). Crop (45 % of 10 million pixels) of a postprocessed raw
file from a Nikon D80 SLR camera. Left bottom: enlarged residue. Scale 4 mm, graduation 1 mm.
(H. Plisson). Both photos have been equally postprocessed; the difference being purely optical. The
second image would be even sharper with a modern objective designed for photomacrography

of white light) are highly recommended, but they are very expensive. In prac-
tice, the differential interference contrast system (Figs. 7.5, 7.6, and 7.7), which
is indispensable for distinguishing use—wear on microcrystals, also reduces the
chromatic aberration of more common achromatic lenses.

Once the optical and photographic equipment has been adequately chosen, digi-
tal tools can be explored. They are of three types: software for remote shooting,
image processing, and image analysis. The first two are discussed here as they are
directly related to the structure and quality of the images produced.

Remote shooting software allows the control of the SLR camera from a comput-
er, a tablet or a smartphone, and direct monitoring of the frame and focus. Most of
the camera adjustments can be manipulated on screen. Automation of the shots with
specific parameters is also possible, including progressive, step by step changes in
focus, which produces a vertical scan of the sample.

Two varieties of image processing software are discussed here: conversion pro-
grams for processing raw image files into standard formats (jpg, tif, etc.), and com-
position programs which combine several images into one.

Raw format is the digital equivalent of the film negative, and each SLR camera
has its own raw format, which encodes the image in 12, 14, or 16-bit color depth
(e.g., Verhoeven 2010). Any adjustment of the image quality made before shooting
(contrast, sharpness, color balance, saturation, etc.) can be afterward corrected or
canceled when operating in raw format, which is not the case in jpg or tif. Moreover,
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Fig. 7.4 Microscopic detail of pyrite grains encrusted in the crushed active edge of a Neolithic
lighter (Mikolas burial cave, France). Shot with a long working distance Olympus LMPlanFL
10%/0.25 microscope objective coupled to a 70-300 mm telephoto zoom lens (/eft side). Postpro-
cessed 16 million pixels single raw photo from a Nikon D7000 SLR Camera. On a BH2 micro-
scope, the frame would cover 0.95 mm of the object. Scale 1 mm, graduation 100 um. (H. Plisson)

Fig. 7.5 Micro wear of a
quartz crystal of a sandstone
handstone used to process
dry hide. Single shot taken at
500% (50x/0.50 objective)
from an acetate print, with a
5.3 million pixels Nikon D1X
SLR camera on an episcopic
DIC bright field microscope.
(H. Plisson)

12, 14, or 16-bit encoding gives a larger contrast range than the 8-bit encoding of
the jpg format, since more information is recorded.

With virtual imaging, we are entering into the digital dimension of photography:
it is possible to create a representation that is no longer the direct transposition of
an optical image, but a mathematical construction based on the analysis of a se-
ries of photos (Figs. 7.6, 7.7, 7.8, and 7.9). Three applications involving this third
dimension are particularly useful for use—wear analysis. They are based on two
principles: the treatment of several photos taken under (i) a single axis (focus stack-
ing) or (ii) different axes (photogrammetry).
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Fig. 7.6 Same microscopic
detail as Fig. 7.5. Digital
stacking with Helicon Focus
of 16 shots taken at 500 x
(50%/0.50 objective) from an
acetate print, with a Nikon
D1X 5.3 million pixels SLR
camera on an episcopic DIC
bright field microscope. Scale
100 pm, graduation 1 pm.
(H. Plisson)

Fig. 7.7 Micropolish on the
grains of a basalt handstone
used to process dry hide.
Digital stacking with Helicon
Focus of 9 shots taken at
500% (50x/0.50 objective)
from an acetate print, with a
Nikon D1X 5.3 million pixels
SLR camera on an episcopic
DIC bright field microscope.
Scale 100 um, graduation

1 um. (H. Plisson)

Focus stacking (also called z-stacking, depth of field stacking, multifocus, or
focal plane merging) enhances the depth of field of 2D views (Figs. 7.5 and 7.6).
This is particularly interesting in photomicrography (e.g., Thiéry and Green 2012),
especially when working with high-magnification lenses. Focus stacking can also
provide 3D reconstructions, the resolution of which depends on the number and
regularity of shots (Fig. 7.8). Photogrammetry refers only to 3D and enables
reconstructing an entire volume (Pierrot-Deseilligny and Clery 2011; Fig. 7.9).
It works by assigning absolute coordinates to individual points in a sequence of
images taken from many angles. In practice, both solutions are complementary
because they have opposite requirements; whereas photogrammetry needs a wide
depth of field, image stacking requires a narrow depth of field. Consequently, the
only modus operandi at high magnification is focus stacking, while photogram-
metry is relevant at low magnification and for whole objects. The inconvenience
of focus stacking is that the steps between each shot must be equal and that the
Z axis has to be calibrated according to the shooting condition (Berejnov 2009).
Photogrammetry is less constraining than focus stacking for acquiring the set of
photos: the shots just need to overlap each other and cover the whole surface or
the object while taken from different angles, with a difference of 10-20° between
each shot. Lighting has to be very dull and spatially uniform, with little shadow,
but shooting distance can vary.

There is a large variety of programs for remote shooting, focus stacking, and
photogrammetry, from free and open source to very expensive and commercial, as
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Fig. 7.8 3D modeling by focus stacking (21 shots) made with Helicon Focus of an experimental
bone point shaper (14x9.3 cm). Top: with photographic texture. Down: comparison without tex-
ture between a photogrammetric model of the same object (/eff) and the stacked model (right).
With object of this size, the large depth of field restricts the vertical resolution. (H. Plisson)

well as an increasing choice of reasonably priced products, plus online services for
photogrammetry:

* Among the remote programs, Helicon Remote from Helicon Soft, is certainly the
most complete and flexible; Helicon Remote is compatible with Canon and Nikon
cameras and also with stepper motors, and is available for Windows, Mac, and An-
droid 3.1+. For PC users, a worthwhile alternative for remote bracketing and moni-
toring is provided by ControlMyNikon, while DslrDashboard and DSLR Control-
ler (Canon only) are two valuable solutions with Android tablets and smartphones.

* The most commonly used softwares for focus stacking are Combine Z (freeware,
but PC only), Zerene Stacker, and Helicon Focus; Photoshop can also give good
results, but without the large range of options and functions provided by Helicon
Focus, which is the most comprehensive software package.

* A free licensed package (Bundler, CMVS, and PMVS?2 for point cloud extrac-
tion, coupled with Meshlab for meshing and texturing), with various integrated
interfaces (SFMToolKit, VisualSFM), has been critical for the development
of photogrammetry in archeology. However, the initial learning curve of these
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Image Sequence
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Contoured DEM (0.5mm intervals) Texture Map (DEM/Slope Overlay)
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Fig. 7.9 The application of photogrammetry and GIS to the study of GST surfaces. Workflow: / high
density point cloud processed with VisualSFM. 2 point cloud cleaned, cropped, rotated, and scaled
using Meshlab. 3 point cloud data prepared for GIS in Microsoft Access. 4 surface maps and profiles
produced in GRASS GIS. 5 mesh and textured models produced with Agisoft Photoscan. (D. Savage)

software packages may be a barrier to their adoption. Free web services are now
available, but with the exception of Arc3D, they still do not provide sufficient
3D resolution for detailed analysis. Today, the easiest and most efficient solution
is provided by Agisoft, with the inexpensive standard edition of photoscan for
Windows, Mac OS, or Linux.
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In the use—wear analysis of ground stone tools, both techniques are quite indispens-
able: photogrammetry for characterizing the deformation of the working surface and
focus stacking, combined with acetate cast which reduces flare (Plisson and Lom-
pré 2008; Adams et al. 2009) for documenting microwear polishes on microscopic
crystals. The development of 3D scanning and photogrammetry, allowing 3D recon-
struction of an artifact, is of major importance for investigating a largely overlooked
aspect of use—wear formation: overall morphological changes through use. We will
discuss these changes in the following section on unaided eye analysis before re-
viewing low and high magnification analysis.

7.7 Use—wear Analysis: Framework for Unaided Eye,
Low, and High Magnifications Analysis

7.7.1 Unaided Eye Analysis

In general, observations with the unaided eye are crucial in use—wear analysis of
GSTs. Substantial information can be gathered with the naked eye, and many features
are best observed and described at this scale. For instance, overall morphological
changes constitute an important manifestation of wear, and more generally of the
tool’s life history, which can be observed without the use of magnification.

Overall Morphological Changes Morphological changes related to use can
include alteration of the working surface profile (becoming more concave, con-
vex, or flat), the creation of facet(s), cupholes, or groove(s), and can lead to the
transformation of the overall shape of the object as, for instance, more surfaces are
put into use. Only a few experimental programs have explored this aspect so far
(e.g., Adams 1993; Delgado-Raack and Risch 2009; de la Torre et al. 2013; Stroulia
and Dubreuil 2013). It is therefore premature to suggest a framework for analyzing
those changes and only general observations are discussed here.

Changes to the initial morphology of the tool are strongly correlated with the
way the tool is used (its kinetics as well as the use of a complementary tool; Adams
1993; Lidstrom Holmberg 2004). Gaining a better understanding of morphological
changes through use is particularly important for the analysis of tool kinetics, and
is critical for investigating the development of certain grinding systems, such as
those associated with the concavo-convex configuration of grinding slab working
surfaces (e.g., Delgado-Raack and Risch 2009; Stroulia and Dubreuil 2013). Yet,
overall morphological changes are also correlated to a number of factors including
the type of matter processed and the intensity and length of use.

Maintenance and recycling strategies are also important. Maintenance strategies
can, for instance, involve the pecking of the surface, and if the working surface has
become too deep, the removal of the edges by flaking. Ultimately, those morpholog-
ical changes can result in the recycling of a tool. Therefore, a better understanding
of morphological change is crucial for investigating the life history of an artifact. In
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addition, at a more methodological and practical level, understanding morphologi-
cal changes through use can provide important data for the definition of tool types,
which are often based on morphological characteristics.

Analyzing morphological changes can greatly benefit from approaches such as
GIS or 3D modeling, as those changes may be difficult to record accurately using
traditional tools. For example, precise surface profiles or contours can be arduous
to acquire by profile gauge. Instead, this can be accomplished by combining 3D
modeling techniques with GIS tools, traditionally employed in landscape analysis,
can also be used to convert the 3D output from a photogrammetry application into
a digital elevation model (DEM), a continuous raster plane within which is embed-
ded the elevation data for the surface of the artifact (Fig. 7.9). DEMs produced both
before and after an experiment can be compared to precisely measure any morpho-
logical changes. The GIS approach offers a number of advantages over traditional
3D viewing software. A DEM of the surface of an artifact can be contoured and pro-
filed with greater precision than can be achieved with a profile gauge. Furthermore,
a contoured elevation map embeds accurate 3D data into a 2D image, something no
traditional photographic technique can accomplish. First order derivatives, such as
slope maps, can be used to examine the extent of leveling or grain rounding across
the surface of the stone, and perhaps, to even quantify some of these use—wear
criteria. However, the GIS approach has its limitations as well. Since a raster map
can only have a single cell for any set of XY coordinates, only one nonoverlapping
face of a tool may be analyzed at a time. Accordingly, any extraneous points which
lie either above or below the desired surface can cause spikes and other anomalies
when the point cloud is rasterized by the GIS. The point-cloud must therefore be
carefully cleaned (using Meshlab or an equivalent) prior to importing it into the
GIS. Nevertheless, GIS is a powerful tool for analyzing surfaces, and its application
to use—wear analysis is still exploratory in nature.

7.7.1.1 Unaided Eye Observations and Tool Kinetics

In addition to the analysis of the morphological changes, unaided eye observa-
tions also provide a scheme for implementing study at low and high magnifica-
tions. The identification of the working part(s) of a tool, the modes of prehension,
or the resting surfaces are generally initiated during unaided eye observations.
At this stage, it is also possible to assess the kinetic motions involved in the
use of the tool. In this respect, Leroi-Gourhan’s classification of tool motions
(1971, but see also Nierlé 1983; de Beaune 1989, 2004) provides a useful analyti-
cal framework (Table 7.6). Henceforth, we will use the terminology presented in
Table 7.6. Most relevant for our discussion is the distinction between percussion
and abrasion or thrusting percussion, which describes the way force is applied to
the processed matter, and the distinction between active and passive tools. In this
section, we will discuss use—wear patterns observed at naked eyes on tools used
by percussion and by abrasion.
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Table 7.6 Description of a tool motion according to Leroi-Gourhan’s principles

Stages Definition — comments
I: Raw material choice and The tool efficiency is largely determined by raw material properties,
procurement so the choice of the raw material is an important aspect for discussing

tool function. Furthermore, the type of procurement (e.g., whether it is
collected as a pebble or an eroded block or extracted from a quarry) has
an impact on the manufacture process.

II: Manufacture This step is absent for ad hoc implements
I1I: Primary utilization The function the artifact was initially designed for
IV: Secondary utilization Artifacts used for several tasks are frequently referred to as

“multifunctional” or as “multiple tools.” Adams (2002) differentiated

between single use, reuse (when the tool is employed in a second

activity that does not alter the design of the tool), and multiple-use

(when several areas of the surface are used in distinct activities).

V: Recycling According to Schiffer and Skibo (1987), recycling necessitates a

reshaping of the tool for a new utilization. This definition corresponds to

Adams (2002) “redesigned tools” category. For Adams, recycling

implies changing the type of use as, for instance, when a ground stone

tool is incorporated into the wall of a structure;

VI: Discard In theory, discard can happen at various stages during and after
manufacture, and is the process by which stages I - IV become apparent
within a single archaeological assemblage. Exhausted, or worn out, tools
which are no longer usable can be identifiable by thinning or perforation
of the tool at the working surface, or breakage of the tool. Ground stone
tools may be placed in specific discard contest such as grave. The

‘killing’, or intentional breakage, of ground stone tools placed in grave
has been reported ethnographically (Adams, 2008) and the issue is
discussed in light of specific archaeological examples in Adams (2008),
Van Gijn and Verbaas (2009), Stroulia and Chondrou (2013), Wright
(2014). Arguments favoring intentional breakage can be based on
recurrent fracture patterns found in an assemblage. Other indices may
also be used such as the localization, numbers and arrangements of
fracture scars.

VI: Post-depositional After discard, post-depositional processes such as breakage or

processes weathering may affect the shape and surfaces of an implement.

7.7.1.2 Use—wear on Percussive Tools

Noncutting GSTs used by percussion, such as hammerstones or anvils, are associ-
ated with impact marks, scars, or breakage as well as abrasion patches. The impacts
can be concentrated, forming specific features such as cupholes. Fewer experiments
have been performed for percussion tools (Table 7.2) than for tools used by abra-
sion or thrusting percussion, but they have nonetheless shown variation in use—wear
patterns associated with different use-contexts. Macroscopically, these variations
encompass the morphology of the impacts, fractures, and abrasion patches as well
as the extension, localization, and morphology of the active zone (e.g., Chavaillon
1979; Dodd 1979; Hayden 1987; Willoughby 1987; de Beaune 1989, 1997, 2000;
Reid and Pritchard-Parker 1993; Wilke and Quintero 1994, 1996; Goren-Inbar et al.
2002; Poissonier 2002; Mora and de la Torre 2005; Roda Gilabert et al. 2012; de la
Torre et al. 2013). The wear pattern characteristics produced on percussion tools,
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such as impact depth and morphology, are especially sensitive to the raw material
properties of both the upper and lower implements.

Recent experiments with quartzite anvils from Olduvai Gorge (de la Torre et al.
2013) contribute to characterizing use—wear in Early Stone Age pounding tools.
In these experiments, the abrasion patches produced on the working surface of
the quartzite anvils were negligible due to the resistant structure of quartzite crys-
tals. On softer materials, including many igneous and sedimentary rocks, abrasion
patches eventually deepen to pits, as observed in chimpanzee stone tool assem-
blages (Carvalho et al. 2008).

According to experimental results (de la Torre et al. 2013), bone cracking as well
as meat and vegetable pounding produces shallow battering (impact) marks; how-
ever, bipolar knapping causes significant crystal damage due to the massive load
produced by contact between two equally hard elements—the core and the anvil.
Thus, crushed areas in bipolar anvils are normally caused by the strong loading
force of the core against the passive pounder when the core is hit by the hammer.
Repeated contact between the core and the anvil, plus occasional missed blows of
the hammer against the anvil, produces abundant deep impact marks over the work-
ing surface of the passive pounder. Distance between active (hammer) and passive
(anvil) elements during the pounding process is also important to explain battering;
for example, strikes are not strong during meat and plant pounding, and therefore, it
could be expected that battering marks would be negligible when compared to more
forceful percussive tasks. However, during meat and plant pounding, distance be-
tween the pounders becomes progressively shorter as the material is processed, pro-
ducing impact marks on the working surface of active and passive percussion tools.

Impact marks are less common during bone breaking and nut cracking, where
the elements being processed are thick and elastic, which dissipates the force of im-
pact. In contrast, both bone and nut cracking cause abrasion on the working surface
of anvils, produced by the friction of the nuts and bones against the passive pounder.
In addition, since bone cracking is often performed with the bone placed at an angle
to the edge of the anvil, damage to the edges, in the form of scarring and rounding,
is often observed (de la Torre et al. 2013).

Breakage patterns are relevant in characterizing battered tools, as fracturing of
both the active and passive pounder can produce a variety of lithic debris, and mod-
ify the morphology of the tools. Experiments aimed at replicating Early Stone Age
pounding tools (de la Torre et al. 2013) found that most of the fragments come from
the edge of the tools, particularly edges with an angle of <90°. These byproducts
are not complete flakes, and only rarely do they feature a striking platform. Instead,
they have either very thin sections or irregular thick profiles. Many preserve rem-
nants of the anvil edges, creating a characteristic triangular section (de la Torre et al.
2013). These experimental results support the interpretation of some archeological
assemblages from Olduvai Gorge as the byproduct of battering activities (Mora
and de la Torre 2005; de la Torre and Mora 2010). Others, such as that shown
in Fig. 7.10, bear abundant impact marks produced by unknown pounding tasks
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Fig. 7.10 Quartzite battered artifact from TK Lower Floor, an approx. 1.3 million-year-old assem-
blage from Olduvai Gorge (Tanzania). A) Edge scarring. B) Battering (impact marks). Leakey
collections, Museum of Dar-es-Salaam, Tanzania. (1. de la Torre)

and use—wear analysis. Both of archeological and experimental assemblages (de la
Torre et al. 2013) can help to disentangle the activities involved in their production.

Generic or poorly developed use—wear is also described in some experiments
with percussion tools. For instance, in bone breakage experiments with quartz ham-
merstones, as described by de la Torre et al. (2013) and also observed in another
study (pers.obs., L.D), most of the macroscopically visible impact marks are mainly
created when the hammerstone accidentally strikes the anvil. In general, the issue
of generic or weakly developed use—wear is most pronounced with expedient tools
used for short periods of time.

To the unaided eye, there may be some similarities between the wear patterns
created by abrasion and percussion. As noted in some experiments (e.g., Poissonnier
2002), percussive tools used for pecking can develop regularized and beveled sur-
face facets. These facets, produced here by repeated, shallow impacts, are similar to
those typically associated with abrasion activities.
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7.7.1.3 Use—wear on Tools Used By Abrasion or Thrusting Percussion

The use—wear patterns developed by abrasion, or thrusting percussion, can be de-
scribed as a leveling or smoothing of the microrelief on the active surface of a GST.
As argued by Semenov (1964, p. 66), the high and low elevations of the surface
topography of a stone generally present a “hole and bump kind of appearance.” On
a surface manufactured by pecking, the asperities often look like irregular domes
or peaks. The topography of pecked surfaces varies mainly according to the type
of raw material, the morphology of the hammerstone’s working edge, the force ap-
plied, and the angle of impact. When a pecked tool or an implement with an irregu-
lar surface is used for grinding or abrading, contact with the processed matter and/
or the complementary tool is more extensive on the highest points of the surface,
leading to the formation of plateaus and leveled areas. These traces may develop
discontinuously across the surface, forming a reticular pattern.

The characteristics of the low and high topography are significant parameters
for describing use—wear variation on ground stone implements used for abrasive
activities. In this respect, the abundance of plateaus or leveled areas on the working
surface, as well as the size, morphology, and roughness of these features, are im-
portant variables. Experiments suggest that variation in the low and high aspects of
the topography depends on several parameters such as the type of raw material, the
techniques of manufacture, the way the tool was used, the processed matter, and the
duration of use (see for instance, Dubreuil and Savage 2013, Fig. 7.2).

On GSTs used in abrasive tasks, in addition to the characteristics of low and high
topography, striations and reflective patch(es) may also be visible to the unaided
eye. Subsequent observations with the microscope and stereomicroscope generally
test the hypotheses made at this scale. It should be underlined that most of the cri-
teria defined for use—wear analysis at the sterecoscopic and microscopic scales focus
on tools used by abrasion. We will focus in the following section on the frameworks
established for describing use—wear more than on the criteria used at low and high
magnification to assess the tool kinetics and the matter processed. Some of the rea-
sons beyond this are related to the variability found among the different raw materi-
als used for making the GSTs and also to the fact that we would like to encourage
the use of a reference collection. As for the unaided observations, comparisons be-
tween various zones of the tool, and if possible natural surfaces, are also important
to identify and analyze use—wear pattern on an archeological tool.

7.7.2  Low Magnification Analysis

The framework developed by several scholars to study use—wear at low magnifica-
tion has recently been discussed (Adams et al. 2009). The outline of this framework
and additional comments are provided here (Table 7.7). Main characteristics for
use—wear description include the aspect of the topography, changes on individual
grains, surface reflectivity, and linear traces. Most GSTs are made of raw materials
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Tables 7.7 Framework at low magnifications

L. Dubreuil et al.

Activity

Raw material of the active and/or
passive tool(s)

References

Grinding, pounding (with upper and lower implements)

Grinding maize

Medium-grained quartzite and granitic
stones, vesicular basalt, sandstone

Wright, 1993; Kamp, 1995; Adams, 1999

Grinding cereals
(e.g., wheat, spelt
barley, millet)

Granatiferous mica schist, conglomerate,
gabbro, (olive, oak, almond),
metapsammite, basalt, compact sandstone,
quartzitic sandstone, fine-grained sandstone

wood

Procopiou, 1998; Menasanch et al. 2002;

Risch, 2002; Dubreuil, 2002; Zurro et al., 2005;
Hamon, 2007; Delgado-Raack, 2008; Verbaas
and van Gijin, 2008; Hamon & Plisson, 2008;
Bofill et al., 2013

Pounding cereals

Basalt

Dubreuil, in prep.

Grinding linseed

Quartzitic sandstone

Verbaas and van Gjin, 2008

Grinding Medium-grained quartzite, granitic stone, Adams, 1999
sunflower seeds sandstone, vesicular basalt
Grinding Medium-grained quartzite, granitic stone Adams, 1999
amaranth seeds Medium-grained quartzite, sandstone Adams, 1999
Vesicular basalt Adams, 1999
Grinding nuts Basalt Dubreuil, 2002; Bofill et al. 2013

Grinding acorns

Basalt, quartzitic sandstone

Dubreuil, 2002; Hamon & Plisson, 2009

Pounding acorns Basalt Dubreuil, in prep.
Grinding mustard Basalt Dubreuil, 2002
seeds
Grinding Basalt Dubreuil, 2002; Bofill et al. 2013
legumes (e.g.,
fenugreek, feva
beans, lentils)
Pounding lentils Basalt Dubreuil, in prep.
Pounding Basalt Dubreuil, in prep.
rosemary
Grinding meat Basalt Dubreuil, 2002
Pounding meat Basalt, quartzitic sandstone, compact Hamon & Plisson, 2009; Dubreuil, in prep.
sandstone
Grinding fish Basalt Dubreuil, 2002

Crushing  bone,
cartilage and
marrow

Compact altered sandstone, quartzitic
sandstone, calcareous sandstone

Hamon & Plisson, 2009

Grinding pottery
clay, pot sherds

Medium-grained
sandstone

quartzite, compact

Adams, 1989; Cunnar, 2007; Hamon, 2007

Temper grinding
(“chamotte”, cooked
bone and flint)

Compact sandstone

Hamon, 2007

pigment

Grinding calcite Compact sandstone, calcareous sandstone Hamon & Plisson, 2009
Grinding  ochre Basalt, compact sandstone, medium- Logan and Fratt, 1993; Dubreuil, 2002;
and processing | grained sandstone Hamon, 2006; Verbaas and van Gjin, 2008
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which are composed of a fine matrix or groundmass in which larger grains are im-
bedded. Important criteria for describing use—wear at low magnifications concern
the changes observed in the morphology of these larger grains. In general, the pres-
ence/absence of wear traces on individual grains and the prevalence of these traces
across the surface are two important parameters for characterizing use—wear.

In addition to the features mentioned in Table 7.7, several parameters can be used
to further characterize the wear traces on individual grains, such as linear traces and
surface reflectivity, particularly their incidence on low and high topography; the
distribution of wear traces on the surface (e.g., sparse, covering, and concentrated);
their density (e.g., separated, adjacent, and connected); their morphology in section
and degree of roughness (especially for leveling), and the orientation of the traces
(especially for linear traces and pits created by grain removal).

The analytical framework used for describing use—wear must be adapted to the
sample that is analyzed. Depending on the variability observed, some aspects will
require greater attention than others. Even though the procedure for recording use—
wear patterns may vary, the use of common terminology and conceptual frame-
works, such as the one presented in this and earlier studies (e.g., Adams et al. 2009)
is strongly suggested in order to facilitate the diffusion of the results.

In the framework presented above, the description of wear patterns on the largest
grains is critical to use—wear description, and is one of the main criteria used for
assessing the properties of the processed matter. An obvious limitation of this sys-
tem is its application to the study of fine-grained raw materials, whose constituent
minerals are too small to be observed under the stereomicroscope. This is the case,
for instance, with some varieties of basalt (Dubreuil 2002) and limestone (pers.obs.,
L.D). In this situation, observations at higher magnifications may provide a viable
alternative.

7.7.3 High Magnification Analysis

Investigations at high magnification have focused primarily on micropolish forma-
tion. However, other use—wear characteristics are important at this scale as well.
These characteristics, presented in Table 7.8, are similar to those investigated at
low magnifications. For instance, they include the description of microrelief as well
as wear present on the largest grains. Additional criteria are proposed in Table 7.8
to characterize the linear traces at high magnification as well as specific features,
such as abraded areas (regularized surfaces with a rough or granular texture and low
reflectivity).

An application of this approach is provided in the following example, which
illustrates the importance of considering mechanics while interpreting use—wear
patterns. The four experiments discussed here, a subset of a larger grooved stone
experimental program, focus on the use—wear variability produced by processing
bone tools with grooved abraders of both sandstone and basalt. In the first set of
experiments, a rotating group of volunteers was asked to grind the shaft of a deer
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Table 7.8 Framework at high magnifications

Wear characteristic Description

The aspect of the topography Describes whether the topography is uneven, sinuous or
leveled, the texture of the surface (rough or smooth), and
variation of these factors across the surface of the object
Wear traces on individual grains | Focuses on the damage present on the large grains when
clearly distinguishable from the groundmass, most particu-
larly the presence and relative abundance of microfracture,
edge rounding, and leveling. In general, the framework
outlined at low magnification can be used at high magni-
fication to describe this aspect of use-wear (e.g., relative
abundance, density, distribution, etc.)

Linear traces The framework used at low magnification can be employed
at high magnification as well to describe these features.
Additional parameters significant at a microscopic scale
(following the framework developed for flint tools e.g.,
Semenov 1964; Keeley 1980; Mansur-Franchomme 1986)
include: their reflectivity, whether or not the traces appear
abrasive or additive on the surface, the texture of the bottom
(rough, smooth, and granulated), and the aspect of the side
or ridge

Among the linear features observed on flint implements,
Keeley (1980, pp. 23-24) includes abrasion tracks, which
are defined as broad, deep, and typically short, traces

with multiple parallel tracks. The author notes that these
traces are associated with a variety of contexts, including
manufacture. On basalt ground stone tools, these features
were found mostly in association with the manufacture of
the surface by pecking, and have been referred to as “impact
marks” in previous works (Dubreuil 2002, p. 219)

Abraded areas Abraded areas are defined here as even, regularized surfaces
with a rough or granular texture and low reflectivity. These
features are specifically associated with abrasion against a
hard, rough surface. It should be noted that our definition
differs from Mansur (1997), who attributed these features to
postdepositional processes. Abraded areas can be described
based on their density (separated, adjacent, and connected),
dimension and localization

Surface reflectivity (polish or As for low magnification analysis, arbitrary levels of
sheen) reflectivity can be defined

metapodial to a smooth, even surface, using a reciprocal stroke with the bone held
parallel to the base of the groove. The second round of experiments simulated the
manufacture of a bone awl by grinding the end of a metapodial fragment at an angle
to the base of the groove. Each experiment was performed for a total of 4 h and
15 min.

These use mechanics differ in terms of the pressure applied to the stone as well
as the size and morphology of the bone surface making contact with the groove.
Abrading a bone shaft along the base of the groove is mostly a horizontal process;
with the metapodial held at its free end to the side of the groove, at no point does
the bone sit directly between the hand and the stone. By contrast, the higher angle
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Manufacture Use
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Fig. 7.11 Illustrating the effects of kinetics on wear development. Even though both experiments
used the same materials, grinding a bone point caused more dramatic leveling of the basalt and
sandstone crytals. Furthermore, the ability of the bone point to follow the topography of the stone
caused these wear patterns to be more widely distributed across the surface. (D. Savage)

of attack required for point manufacture involves direct pressure into the groove
base, and accordingly, more force spreads across a smaller area. These factors are
reflected by the resulting microscopic use—wear patterns, which manifest similarly
on both the sandstone and basalt raw materials (Fig. 7.11).

Both experiments resulted in the erosion of the highest peaks of the crystal grains,
flattening the asperity of the groove surface, best observed at high magnifications.
This effect, which Adams et al. (2009) term leveling, is expressed most dramati-
cally by the point manufacture experiments. These experiments leveled the crys-
tals of both the sandstone and basalt grooves. In the case of the sandstone groove,
the result is a network of interconnected plateaus, with only shallow interstices
remaining between the quartz grains; similarly, the microtopography of the basalt
groove was leveled to an even, continuous surface. Furthermore, the narrow tip of
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the metapodial fragment traced the existing contour of the basalt groove, equally
affecting both the high and low topography, as well as rounding off the margins of
the vesicles (the sandstone groove was very flat to begin with). The end result is a
topographic profile which can be described as smooth and sinuous.

By contrast, the leveling produced by the shaft abrasion experiments is both, less
pronounced and restricted to small, isolated patches of the surface. The length of the
metapodial shaft causes it to act as a bridge between the peaks of the microtopog-
raphy, transforming them into isolated plateaus while leaving most of the groove
surface untouched. The crystals on these peaks show some leveling, though the ef-
fect did not reach to the bottom of the interstices, and therefore, the grains remain
individually distinct. On the sandstone abrader, these interstices became filled with
compacted bone powder, which was burnt yellow by frictional heat.

Investigating micropolish formation on GSTs remains a major goal of use-wear
analysis at high magnifications. Some studies have shown that raw materials dif-
fer in their susceptibility to the development of micropolish. For instance, through
experiments, Fullagar and Field (1997) noted that “polish development on weakly
cemented sandstone is limited in extent by the constant abrasion of quartz grains.”
Similarly, Liu et al. (2010) report greater polish development on diabase compared
to sandstone.

Yet, well-developed micropolish has also been observed on experimental and
archeological GSTs, sometimes with characteristics similar to those seen on flint
implements (e.g., plant micropolish). The framework established for the description
of micropolish on flint (e.g., Keeley 1980; Anderson-Gerfaud 1981; Vaughan 1981;
Plisson 1985; Mansur-Franchomme 1986; Van Gijn 1990) can be adapted to GST
analysis. The system developed by Plisson (1985) was mostly used here, however it
is important to underline that the terminology used in this study is different. Accord-
ingly, it is suggested to characterize micropolishes based on their localization, their
distribution on the surface (e.g., sparse, covering, and concentrated), their density
(e.g., separated, adjacent, and connected), orientation, dimensions, and microto-
pographic context. Microtopographic context refers here to the distribution rela-
tive to a number of characteristics of the stone, including: the position on the high
and low topography; specific features, such as abraded, rounded, and leveled areas;
or even certain types of minerals. Furthermore, micropolish should be described
with respect to its morphology in cross-section (irregular, domed, or flat); texture
(rough, fluid, or smooth); contours (limits can be sharp or diffuse); structure, which
describes variation in the distribution of the micropolish (e.g., separated, closed, or
connected); and the presence of special features (for instance striations or pits). It
should be noted that variation in the morphology and texture may occur within a
micropolish, so that micropolish formations can be described, for instance, as flat/
domed or fluid/smooth. The vertical extension, opacity, and brightness are also im-
portant features to consider when characterizing micropolish on GST. The vertical
extension of the micropolish which can be more or less invasive in the microto-
pography is often related to the micropolish development in the sense that weakly
developed micropolish tends to be superficial. Figure 7.12 provides examples of
the criteria used for describing micropolish morphology for features observed on
experimental and archeological grooved abraders.
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Fig. 7.12 Visual examples of the micropolish criteria outlined in this chapter. Imagery draw from
an assortment of archeological (a) and experimental (e) basalt tools. (D. Savage)

Experiments have shown that the characteristics of micropolish vary as a func-
tion of the kinetics and matter involved in a processing task, however, this variation
may only be apparent when the micropolish has become sufficiently well developed
(e.g., Field and Fullagar 1997; Dubreuil 2004; Dubreuil and Grosman 2009; Cunnar
2007; Verbaas and Van Gijn 2008; Van Gijn and Verbaas 2009; Dubreuil and Plis-
son 2010; Bofill et al. 2013). Figure 7.13 illustrates distinct types of micropolish
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Wood (x200) Bone (x200)

Fig. 7.13 Distinct types of micropolish found on basalt abraders

observed on basalt abraders. Each object was used as a passive implement for
210 min, the worked material being rubbed onto the surface in a back-and-forth
motion. Definition of micropolish types associated with specific use context is de-
veloping (e.g., Field and Fullagar 1997; Cunnar 2007; Van Gijn and Verbaas 2009;
Dubreuil and Grosman 2009, 2013; Bofill et al. 2013), however more experiments
are required to better understand micropolish variability.

Even where the entire surface is used, micropolish formation may be re-
stricted to a small area of the working surface or even to a single crystal. On
implements such as grinding slabs and handstones, zones of micropolish are
often discontinuous on the working surface or present, as described in Liu et al.
(2010), as a reticular pattern. A striated type of polish, probably related to an
“abrasive background,” and caused by contact with the opposing grinding tools,
has been described by several authors (e.g., Field and Fullagar 1997 on sand-
stone, Dubreuil 2002 on basalt; Fig. 7.14). These features present some similari-
ties with use—wear found on abraders used to process hard materials, especially
stones (Dubreuil 2002, 2004). On basalt grinding implements, this micropolish
can be described as flat, striated, superficial on the topography, translucent to
opaque, and reflective.

On basalt implements at least, the micropolish found on abraders and polishers
generally shows greater morphological variation than that observed on grinding-
slabs and handstones. This can be explained by the presence on grinding-slabs and
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Fig. 7.14 Detail of the working surface of an experimental handstone used for grinding dry
naked wheat (Fig. 3a From a quoted article of Hamon and Plisson 2008) and cross section. Olym-
pus LEXT OSL4000 laser confocal microscope with 50 % objective. Measurement in pixel and
micrometer. (Hugues Plisson)

handstones of the aforementioned “abrasive background.” As well, diagnostic mi-
cropolish seems to develop faster on abraders and polishers. Along the same lines,
it is interesting to note that well-developed prehension wear is commonly found on
GST. This type of micropolish is apparent on all aspects of the microrelief, and can
be described as bright, opaque, rather thick, domed, and smooth.

7.8 Conclusion

Use—wear approaches are critical in ground stone studies, including in the first
steps of the analysis, since tool description and classification already incorporate
information about wear patterns. Obviously, use—wear approaches can also pro-
vide significant data on the function of a ground stone tool. Functional hypotheses
based on ground stone tools play a major role in the interpretation of key anthropo-
logical events, including the emergence of early hominid technology and complex
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cognitive abilities, the transition from foraging to farming, and the rise of symbolic
behavior and hierarchical social organization, and gender construction.

The main objective of use—wear analysis is to unravel the function of a tool by
assessing both its kinetics and the material(s) processed. Use—wear analysis gener-
ally allows the identification of broad, more of less inclusive, categories of pro-
cessed materials (e.g., soft, hard or stone, bone, wood, etc.), and in some cases, the
state in which this matter was processed (for instance, dry or damp). In this respect,
residue analysis can permit a more precise determination. A wide range of organic
and nonorganic residues, as well as methods of sampling and identification, are cur-
rently being investigated. Residue and use—wear approaches are complementary,
especially considering that use—wear is needed to assess the kinetics of the tool.
Kinetics is an important, often disregarded aspect of tool function; the kinetics of a
processing task indicates how the tool was operated, and therefore, how the material
was transformed.

Assessing the kinetics and the processed material(s) only represents part of the
definition of the function of a tool, the more “technical” part. A comprehensive defi-
nition would require unraveling for what purpose(s) the identified activity was per-
formed and by whom the tool was operated (Sigaut 1991). While this is beyond the
scope of the use—wear approach alone, these issues can nevertheless be approached
by combining use—wear and spatial analysis. Furthermore, the use—wear approach
not only allows investigating a tool’s function but its entire life history as well. To
this end, use—wear analysis can provide significant data on tool manufacture, spe-
cialization, recycling, and discard behaviors.

Use—wear analysis relies to a great extent on experiments. Experiments which
have been carried out with ground stone objects cover a wide range of tool types,
raw materials, and tasks. Nevertheless, only a limited fraction of ground stone vari-
ability has been explored so far. Replication of experiments and blind tests—two
approaches that are important for strengthening the analytical framework of use—
wear analysis—are still too few.

The available experimental evidence indicates that use—wear characteristics
vary, among other factors, according to the type of processed matter and the kinetics
of the processing task. The integration of observations made with the unaided eye,
as well as at low and high magnifications, is ideal because it increases the accuracy
of use—wear interpretations. Depending on the type of rock and modes of use, one
scale of observation may be more informative than another.

Observations with unaided eyes are particularly important as many features are
best observed and described at this scale, including morphological changes result-
ing from use, such as the formation of cupholes, facets, grooves, or any other altera-
tion to the working surface. Morphological changes are a significant manifestation
of the use, maintenance, and recycling of a tool, however, they remain understudied.
Analysis of these morphological changes can greatly benefit from the development
of GIS and 3D modeling approaches reviewed in this chapter. Unaided observations
often provide a scheme for implementing study at low and high magnifications, and
enable the identification of the working part(s) of a tool, the modes of prehension,
or the resting surfaces.
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Regarding low magnification analysis, a synthesis of experiments carried out by
several scholars has led to the creation of a general analytical framework, which is
applicable to a wide range of raw materials and tools (Adams et al. 2009). How-
ever, as emphasized above, this framework is of limited value for fine-grained raw
materials.

As suggested in this chapter, observations at high magnifications can be used
to further investigate those made at low magnifications; however, the analysis of
micropolish has been privileged at this scale. Experiments have shown that the for-
mation of well-developed micropolish is not assured, even after a relatively long
period of utilization. For instance, rocks with loose and easily dislodged minerals
may prevent the formation of micropolish. When present, micropolish is not neces-
sarily evident on the entire working surface, but can be limited to small areas or
to single mineral grains. A number of studies have documented the development
of diagnostic micropolish both on experimental and archeological ground stone
objects. It is suggested here that the system developed in chipped stone analysis for
the description of micropolish can be adapted to GST study. More experiments are
required in order to define the micropolish morphological characteristics associated
with specific use contexts.

New advances in use—wear analysis, including the use of electronic and confo-
cal microscopy, as well as tribological approaches, will likely provide more precise
information on certain aspects of use—wear on GSTs, especially with regard to the
quantification of use—wear characteristics and the investigation of formation pro-
cesses. These two dimensions are critical for improving the use—wear analysis of
ground stone implements.
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Chapter 8
Use-Wear Methodology on the Analysis
of Osseous Industries

Marina Almeida Evora

8.1 Introduction

Bone tool assemblages are important evidence of the material culture of prehistoric
populations of hunter-gatherers. These industries encompass, in general, all objects
produced from organic raw materials, i.e. the set that includes all debitage debris
and equipment manufacturing.

The equipment consists of objects that had a use/function and have suffered or
not a transformation. It is quite diverse and includes elements such as projectiles,
intermediate pieces, awls, /issoirs, needles, beads, statuary, among other tools.

The osseous material industry includes objects made from mammal bone, ivory,
dentine, antler, shells, horn, shell egg, shellfish, tortoise shell and baleen.

Use-wear analysis attempts to help to reconstruct how a tool was manufactured/
modified and used through a microscopic analysis of traces left on the osseous sur-
face. One important factor that should be kept in mind is that when tool morphology
is identified it does not necessarily mean its function was also identified.

Their function is sometimes difficult to identify due to the fact that osseous ma-
terial, such as bone or antler, were used in various states, that is dry, wet, fresh and
heated. This fact influences the morphology of the traces left on the bone surface
along with the mineral nature of the tools and their type, used to work and modify
the bone surface. Also, some tools break during their use, and were recycled and
used again in a different task. On the other hand, the active parts of a tool may dete-
riorate and it may have been reshaped in order to be used again.

Another important factor to keep in mind is that there are taphonomic modifica-
tions to which the osseous materials are submitted. These can alter the bone surface
in different ways, to the point of creating pseudo-tools (Brain 1981; Dominguez-
Rodrigo et al. 2009). That said, experimental programs and ethnographic studies are

M. Almeida Evora (B<)

Interdisciplinary Center for Archaeology and Evolution of Human Behaviour,
FCHS—Universidade do Algarve, Campus de Gambelas, 8005-139, Faro—Portugal
e-mail: marevora@gmail.com

© Springer International Publishing Switzerland 2015 159
J. M. Marreiros et al. (eds.), Use-Wear and Residue Analysis in Archaeology, Manuals
in Archaeological Method, Theory and Technique, DOI 10.1007/978-3-319-08257-8 8



160 M. Almeida Evora

important complements of the use-wear analysis of bone surfaces, because the last
traces seen on the bone surface are the result of its last function.

8.2 Current Status on Use-Wear Analysis of Bone
Artefacts

Use-wear research on osseous materials is mainly based on use-wear studies on
stone tools.

According to Banks (1996) there are two major schools that dominate this field
of research—ethnography and experimentation.

By the end of the nineteenth century and during the twentieth century some au-
thors such as Nilsson (1838), Evans (1897), Vayson (1922) and Gould et al. (1971)
(all cited in Banks 1996), examined the edges of stone tools for macroscopic dam-
age or evidence of use. They used ethnographic analogies to explain what types of
activities or tool use could have produced the edge damage that they observed.

In the twentieth century, experimentation played an important role in use-wear
analysis. Photography and registering of the length of time that a tool was used was
introduced by Curwen (1930). Through experimentation programs, the wear seen
on the tool’s surface was recognised not to always be the result of cultural activities,
as noticed by Levi-Sala (1986). By using Experimentation, Levi-Sala (1986) has
demonstrated that natural processes sometimes leave wear traces on tools. These
traces resemble and some are even identical to wear traces left by humans on the
tool’s surface (Levi-Sala 1986).

Experimentation was also carried out by Bouchud (1977), Dauvois (1977), Se-
menov (1985), Knecht (1991), d’Errico (1993) and Christensen (1999), among oth-
ers, for complementing microscopic analysis of manufacturing and polish stigmata
on completed organic projectile points and other tools so it would provide clues to
the production sequence.

Experimentation turned out to be an important factor on use-wear analysis, be-
cause the stigmata seen on the experimental tools allows the process of analogy and
parallels with the archaeological artefacts. Simultaneously, it creates a reference
collection that makes possible the understanding of tool kinematics and techniques
used to manufacture and modify the tool surfaces (Christensen 1999).

According to Banks (1996), LeMoine (1997), Christensen (1999) and Gibaja Bao
(2002) there are authors who identify and interpret wear features at low magnifica-
tions (<100 x), and others who use higher magnifications (typically 100 x-500 x).
Each of these methodologies presents advantages and disadvantages. Low-power
magnification studies are conducted with the use of stereomicroscopes and outside
light sources and usually use magnifications ranging from 10 x—80 x. Their major
advantage is to allow the analysis of large samples of artefacts; they also have a
good depth of field in their optimal range of magnification; and finally, because
they are less expensive. On the other hand, the disadvantages are the loss of resolu-
tion at magnifications above 50 x and having poor light-gathering capabilities. The
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low-power approach is not effective in identifying tools that did not suffer any edge
damage during use. Also, it is difficult to interpret a sequence of tool use when the
utensil edge has been used multiple times on different worked materials, because
only the last phase of tool use will be readily visible on the edge.

LeMoine (1997) states that with low-power microscopes only flake scars
and striations are the main features that are observable. According to Sidera and
Legrand (2006) the macroscopic analysis is efficient to use on those artefacts that
had volume alterations and traces of use well developed in their surface.

High-power methodologies, on the other hand, have been used on the identi-
fication and interpretation of use-generated polishes (d’Errico 1993; Christensen
1999). This method was introduced by Semenov (1985) in his book “Prehistoric
Technology” first published in 1957 in the Russian version (Christensen 1999).
Semenov’s research described the traceology or kinematics related to tool use and
accomplished this through an analysis of striations, edge damage and abrasive pol-
ishes. Polishes tend not to vary according to the manner of the tool’s use. One
problem is the complexity of the polishing description. High-power microscopes
are very expensive and not available everywhere.

Recently, there are researchers using digital cameras to document some features.
These cameras are used in conjunction with software packages that allow many at-
tributes to be measured and quantified in a variety of ways (Banks 1996). Knecht
(1991) and Christensen (1999) also used high-power magnification—Scan Electron
Microscope (SEM)—for the use-wear analysis of organic artefacts and lithic arte-
facts used in the manufacture of organic tools. Use-wear analysis with SEM has
some advantages, like increased magnification, depth of field and image quality.
But some bone artefacts cannot be seen under SEM because their size is far too
large to fit in the microscope chamber, and this means they would have to be cut
to size or replicas would have to be made. In these instances, the artefact has to be
coated with a conductive material such as gold, carbon or alloy (LeMoine 1997).
The disadvantage of SEM is that some characteristic polishes are not distinctive
under this high-power microscope. Some researchers also use another technique
together with SEM, the X-ray analyser for detecting residues of polishes (LeMoine
1997).

8.3 Methods

I present here a methodology for the use-wear analysis of the osseous industry,
based on research from previous works by Averbouh (2000), Bertrand (1999),
Camps-Fabrer (1977), d’Errico et al. (1984), d’Errico and Puech (1984), d’Errico
and Giacobini (1985), d’Errico and Giacobini (1986), d’Errico and Espinet-Mouc-
adel (1986), d’Errico (1993), d’Errico and Cacho (1994), LeMoine (1997), Knecht
(1991), Maigrot (1997, 2003a, 2003b), Pétillon (2006) and Tartar (2003). The meth-
odology of use-wear analysis serves both to understand the techniques of manu-
facturing the tool and its possible function. It will be necessary, thus, to document
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the artefact as precisely as possible. To do that, it can be created a database where
it will be first registered what we can verify through the naked eye observation or
macroscopically. It is important that, if possible, one distinguishes the raw material
(Bouchud 1974; Poplin 1974), for it may give us clues about the techniques and
procedures used in blank acquisition and modification. This is due to the fact that
different debitage techniques are sometimes applied to various osseous materials,
because they have different mechanical properties and do not react (brake) the same
way.

The observation of the bone surface’s preservation state is important because it
permits to identify several factors, such as the presence or absence of spongy tissue
and of the cortical tissue and in what state of preservation they are. It is also possible
to identify taphonomic alterations through traces left by physical-chemical agents
and also by actions of natural agents such as plants and animals.

The analysis of bone surface modifications will also track vestiges of substances
such as adhesives, colorants, micro-splinters of chert stuck to the bone surface,
or changes caused by fire (superficially or deeply) (Behrensmeyer 1978; Blumen-
schine et al 1996; Lyman 1994; Manne 2010; Juana and Dominguez-Rodrigo 2011;
Outram 2002; Orton 2010; Semenov 1985).

As noted by Knecht (1991) and LeMoine (1997) sometimes the preservation
state of the artefact does not allow for an analysis of its surface, either caused
by its deterioration or by other natural reasons. Sometimes, some artefacts are
very fragile and eroded to the naked eye, not allowing a microscopic exami-
nation of its details. Others, on the other hand, seem to be well preserved but
they are in fact eroded and weathered at a microscopic scale (LeMoine 1997).
Knecht (1991) also refers to another problematic issue: the common practice
over the last century to cover up the surface of the bone artefacts with a layer
of varnish in order to prevent it from disintegrating. This method makes it quite
difficult to analyse the artefact’s surface because the coating does not allow the
observation of stigmata of manufacturing and/or use with a binocular micro-
scope (Evora 2008) or a reflected light microscope. It will also prevent the use
of the Scanning Electron Microscope (Knecht 1991). Removing this varnish
can also destroy the surface, and so its information will be lost.

8.3.1 Artefact Orientation

In graphical representation and photography, the artefact is always oriented with
the proximal part downwards and the top surface (cortical surface) towards the
observer. Except for the finished artefacts, the question of the orientation of the
artefact is not simple. Since some artefacts are fragmented, others are manufactured
using bone leftovers, or are either blanks or unfinished tools. This situation does not
allow to define properly its future active area. So for these particular pieces, when
registering their graphic orientation or photography, the artefact can be displayed
following their anatomical orientation if it does not have any technical stigmata. For
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the debitage debris, the displayed orientation is either the anatomical or the techni-
cal surface always indicating, in these cases in particular, the orientation that was
possible to use (Averbouh 2000).

8.3.2 Artefact Recording

For each artefact, the following list should be registered:

» Archaeological site where the artefact comes from and, whenever possible the
level/stratigraphic layer;

 Identification of the raw material and respective species (and whenever possible
anatomical location);

» Typology of the artefact;

» Type of contour/profile of the artefact;

* Morphological information: maximum length (proximal, mesial and distal);
maximum width (proximal, mesial and distal); maximum thickness (proximal,
mesial and distal);

» State of preservation (if the artefact is complete or broken, and if so which part
has been preserved) and changes in the surface;

» Type of fracture and its location;

* Morphology of the distal and proximal ends;

» Type of section (proximal, mesial and distal).

After this initial macroscopic recording, we can move on to the microscopic analy-
sis of bone surfaces, making use of various methods, some easy, others more dif-
ficult and expensive, as the case with some high power microscopes.

8.3.3 Microscopic Analysis

In the process of microscopic analysis of osseous surface several technical and use
traces are recorded:

» The schematic representation of all technical stigmata (negative withdrawal,
striations, pan de fracture, grooves) and use (the active regions can be located
anywhere, but they are usually in the proximal and distal ends and, more rarely,
in some artefacts over the cortical surface) and their location;

» The description of each stigma: their type; location details; their orientation in
accordance with longitudinal axis of the artefact; their inclination or incidence to
the surface (rough, oblique, vertical, diagonal); their extent (marginal, moderate,
invasive coverage); their distribution (continuous or discontinuous); their organ-
isation; their morphology; as to discriminate striations also its density, size and
orientation relative to the longitudinal axis of the artefact.
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This record, made in detail, will provide information as to any primary changes
(debitage and manufacturing techniques) and secondary changes (finishing of the
pieces) (LeMoine 1997) employed in the manufacture of the artefact. It will also
provide information on possible functions the artefact had and, based on the analy-
sis of the debitage debris, information on the economy of the raw material (Tartar
2003) (Figs. 8.1, 8.2, 8.3, 8.4, 8.5, 8.6, 8.7, 8.8, 8.9, 8.10, 8.11, 8.12, 8.13, 8.14,
8.15, and 8.16).

8.4 Final Remarks

Since the natural characteristics of osseous materials are very different from the
characteristics of stone tools, their use-wear analysis is more difficult to interpret.
Because this raw material is usually found fractured and its surface is modified
by several different ways of preservation. It is the case of fresh, heated or dry
states. In the case of mammal bone and antler, some tools have had more than
one function, and some others, after being broken, were also recycled and gain a
new function. It all depends on what specific tool the artisan wanted or needed to
manufacture, for a specific task or several tasks. These working techniques and
changes made during the life time of a tool have great influence on what we see
under the microscope, because the traces left are not always the same. Also we
have to add the fact that bone material goes through natural surface alterations
due to taphonomical agents that sometimes deeply modify its surface. The basic
knowledge of taphonomical alterations is, thus, fundamental when analysing bone
surfaces.

From what was mentioned above, we see that the interpretation and understand-
ing of several types of traces left on the bone surface, through use-wear analysis, is
mostly based on comparisons with traces left on experimental tools. For this reason,
functional studies are very important and must be complemented with ethnographic
information.

Ethnographic studies of recent Hunter-Gatherers populations provide insights
into the many ways an osseous raw material could be transformed and what kind of
tools could be produced from it.
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Fig. 8.2 Distal end of an ant-
ler tool from Buraca Grande
site. 20 x magnification

Fig. 8.3 Surface of an antler
(?) projectile point with bevel
from Buraca Grande site.

30 x magnification

Fig. 8.4 Surface of a fusi-
form bone tool from Vale Boi
site. 20 x magnification

Fig. 8.5 Manufacturing . o
stria on an antler projectile

point from Vale Boi site. 16 x L . ,:’ o - I f‘

magnification
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Fig. 8.6 Tongue fracture on
an indeterminate raw material
tool from Buraca Grande site.
10 x magnification COLOR

Fig. 8.7 Saw fracture on an
indeterminate raw material
tool from Buraca Grande site.
10 x magnification

Fig. 8.8 Impact marks on
a distal end of an antler
tool from Vale Boi. 10 x
magnification

Fig. 8.9 Incisions on the
lower surface of an antler
massive based point from
Buraca Grande Site. 10 x
magnification COLOR
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Fig. 8.10 Incisions on the
surface of a fusiform bone
tool from Caldeirao Cave.
30 x magnification

Fig. 8.11 Microwave pattern
inside the manufacturing
stria on the surface of a bone
tool from Vale Boi site. 30 x
magnification

Fig. 8.12 Bumps pattern
(usually left by an unretouch
tool like a burin) on the
surface of an antler projectile
point from Vale Boi. 40 x
magnification

Fig. 8.13 Stigma on the bone
surface left by a wedge used
to separate, by bipartition,

a metacarpus of Cervus
elaphus. Vale Boi site. 10 %
magnification
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Fig. 8.14 Stigma on the
bone surface left by a wedge
used to separate by biparti-
tion a metacarpus of Cervus
elaphus. Vale Boi site. 20 %
magnification

Fig. 8.15 Experimentation:
scraping stria over an antler
spongiosa surface showing

the area where the chert tool
stopped. 14 x magnification

Fig. 8.16 Experimentation:
scraping stria made with
unretouched chert splinter
over antler surface. 20 x
magnification
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Chapter 9
Traceology on Metal. Use-Wear Marks
on Copper-Based Tools and Weapons

Carmen Gutiérrez Sdez and Ignacio Martin Lerma

9.1 Introduction

The use-wear analysis of metallic objects started late when compared to lithic use-
wear studies, due to different reasons. Determining the functionality of stone imple-
ments was an early concern of most researchers (Nilsson 1868; Semenov 1964),
because the morphological limitations imposed by the raw material fogged any de-
ductions regarding functionality, apart from a few specific types. Concerning me-
tallic objects, this issue is not so critical, as their morphologies were defined in the
past, and most of them still exist. Studies on the functionality of prehistoric lithic
and metallic objects are developing at different paces. Starting from the discussions
of the 80s, lithic use-wear analysis has generated a huge body of knowledge on tools
and weapons from different prehistoric periods. Its experimentation-based method-
ology provides an important frame of reference for researching metallic materials.
Traditional Archaecometallurgy sets its knowledge upon four bases. Technology
addresses the point of origin and the circulation of metals, as well as the degree of
technical knowledge. It is based on raw material studies, by means of mineral, metal
and alloy identification through XRF, EDX, LIBS, lead isotopes or IBA techniques,
while manufacturing processes can be determined by metallographic analyses
(Rovira and Gomez Ramos 1998). Typology can deduce the objects’ function and
use from their morphologies. Finally, statistical techniques and the study of contexts
complete the archacometallurgical perspective. However, advances in these disci-
plines and their use of increasingly sophisticated equipments cannot hide the fact
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that a sustained functional vision of prehistoric metallic implements, weapons, tools
or both at the time, has barely received any attention in terms of research.

Recently though, the need for a more precise knowledge of the functionality of
metallic tools started to develop, replacing functional presumptions derived solely
from typology. This need is reflected by several studies on the analysis of use-wear
marks on prehistoric tools and/or by experimental reconstructions, with diverse re-
sults. In any case, weapons are the type of metallic object that is getting more at-
tention from researchers, judging from the papers on daggers (Wall 1987), swords
(Bridgford 1997; Kristiansen 2002; Quilliec 2007), spear heads (York 2002; Apple-
by 2003), halberds (O’Flaherty 2007; Brandherm 2004), Palmela points (Gutiérrez
et al. 2010; Gutiérrez et al. in press), shields (Coles 1979; Malloy 2004) or the
technology and functionality of Bronze Age weaponry documented in the recent
edition by Uckelmann and Mddlinger (2011). Attention has been paid to axes as
well (Kienlin and Ottaway 1998; Roberts and Ottaway 2003; Moyler 2008; Dolfini
2011). An experimental approach to marks left on different materials by such tools
as punches, saws and knifes/daggers was carried out in recent years (Gutiérrez Sdez
et al. 2008; Gutiérrez and Soriano 2008).

Other works have focused on the comparative study of metallic implements and
their lithic counterparts (Greenfield 1999, 2002; Matthieu and Meyer 1997; Skak-
Nielsen 2009) or on finding contrasts between the different marks left by both ma-
terials on bone (Olsen 1988; Sands 1997; Liesau 1998; Greenfield 1999), aiming at
determining the use of metallic implements in archaeological assemblages.

9.2 Copper-Based Raw Materials and their Production

Copper (Cu) is a relatively abundant, reddish mineral with a metallic luster. Cop-
per can occur in native form but also in various minerals as oxides (tenorite and
cuprite), carbonates (azurite and malaquite) and sulphides. Impurities may occur in
low concentrations after extracting copper from ore. The melting point of pure cop-
per reaches 1083 °C. Among the main properties of copper, the more relevant are its
tenacity, ductility and malleability, which provide it with plasticity, i.e., the ability
to deform without breaking, in response to an applied force.

Despite its tenacity, copper is a relatively soft metal, with a hardness of 3.0 on
Mohs scale. That is why, so early in prehistoric metallurgy, it appears mixed with
other elements such as tin (producing bronze) or arsenic (arsenical coppers) that
provide hardness. This mixture can be deliberate or not. When these elements ap-
pear in low percentages it is probably not a deliberate alloy. Actually, alloys in
which the minority metals are less than 1% or 2% are often called natural alloys.
This happens with arsenical coppers and some low-tin bronzes from Bell Beaker
and ancient Bronze Age contexts (Montero Ruiz 2010, pp. 162—172).

Arsenic (As) is a semimetal with a hardness of 3.5 on the Mohs scale and a melt-
ing point of 817°C. It commonly occurs as sulfur but it can be found in nature as
a mineral component together with other elements such as copper. It is toxic and
easily volatilized during the processes of reduction and smelting.
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Tin (Sn) is a silvery metal with a hardness of 1.5 and a low melting point of
232°C. It is quite malleable and resistant to corrosion. Its presence as a native metal
is scarce; its common mineral form is cassiterite, which melts at 1000 °C. The addi-
tion of tin improves the qualities of copper, such as hardness, thus providing weap-
ons and tools that are more resistant to deformation. Tin also lowers the melting
point and improves the fluidity of the alloy, which facilitates distribution in the
mould.

Metal working processes are laborious and require several stages. The first stage
is reduction, i.e. the process of extracting metals from ores. Reduction is achieved
by heating in a furnace or smelting crucible where metal will be separated from
gangue. This stage is not required for native coppers but it is necessary for other
copper minerals, even for sulphides.

Once the metal has been obtained, casting is the next step. Tin is usually added
during casting, in mineral or metallic form. Still, experimentation has shown that
both materials can be combined in mineral form during reduction (Rovira 2007).
Gases should be allowed to escape during casting to avoid the formation of bubbles
in the metal. Once the melting point is reached, the metal is immediately poured into
moulds and left to cool down. Different types of moulds can be used: single-piece
open or closed, bivalve or multiple, made of stone, clay or metal (Renzi 2010). The
simpler, single-piece open molds can also be made from sand.

At this point, different post-casting treatments can be applied to achieve optimal
results. Possible treatments are cold hammering and annealing. The former pro-
vides hardness but also brittleness to the material. Annealing softens the metal and
reduces hardness, but grain recrystallisation returns plasticity and uniformity to the
structure. The best treatment is forging, which combines both of these processes,
i.e. red-hot forging produces the required shape and hardness without risking break-
age. The use of hot forging in prehistory is debated due to the absence in the ar-
chaeological record of any tongs to hold the hot pieces during hammering (Montero
2010, p. 181). According to Rovira and Goémez Ramos (2003), treatments applied to
copper-based metals in Prehistoric times show the use of various operational chains
that combine cold hammering and annealing in different ways.

Forging is carried out using a hammer, the object resting on an anvil. Both ham-
mer and anvil can leave imprints on the surface of the tools. Post-casting processes
such as cold hammering and annealing modify the metallic structure in varying
degrees and, consequently, the mechanical properties of the objects. In this sense,
each type of object requires a specific treatment, for example, producing a bracelet
does not require the same operational chain as a halberd or a sword.

Furthermore, finishing involves other processes, like whetting by means of an
abrasive element to sharpen the edges of cutting implements or shearing, when
required, e.g. by saws and several other objects. Besides, filing the whole surface is
quite common, to eliminate roughness and the opaque color resulting from casting
and annealing, and thus obtain a polished and shinny metallic surface. Whetting and
filing, both generate important fields of striations, the former on edges and adjacent
areas and the latter over the entire surface. The orientation of striations in relation
to the major axis of the object indicates the direction followed by the abrasive ele-
ment. In terms of use-wear analysis, metal objects are similar to those made on bone
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and polished stone, as all of them require finishing by means of intense polishment,
which originates a field of marks prior to use. Knapped stone objects are different,
as their production techniques generate fewer marks, over limited areas. Finally,
other tasks such as attaching a blade to its haft may require further processes, in-
cluding drilling holes for rivets, amongst other. Decoration can also be applied, but
until late Bronze Age, this is mostly limited to ornaments.

Copper and bronze are plastic materials that are deformable rather than break-
able. This property is one of the main features that distinguish copper-based from
lithic materials, particularly the siliceous ones, as the latter are fragile materials
which, under the same strain, will break with scarce deformation only. The set of
mechanical marks which can be found on the working edge of flint/obsidian or cop-
per/bronze implements, used for the same action, will be very different. The former
will show dulling and various types of scars, while metallic surfaces will show a
range of plastic deformations but scarce breakage.

On the other hand, the degree of plasticity varies in relation to the proportion of
tin in the alloy. A recent study (Soriano and Gutiérrez 2007), aiming at assessing the
influence of different copper-based raw materials on use-wear marks, showed that
copper has a tendency to feature more plastic deformations, while bronzes with a
greater proportion of tin (15—-17 %) show deformations and small breakage. Low-
tin bronzes (5 % tin) show less marks than the former metals and no breakage, and
feature less damage from technological processes and use.

Determining Functionality: Experimentation

Defining the function of implements is more than just interpreting use-wear marks.
It involves knowing their social value, their role in the economy and the technologi-
cal processes. Therefore, context must be taken into account, and the operational
chain must be studied, as thoroughly as possible. The latter should cover the four
fundamental stages: raw material type and procurement, production, consumption/
sharpening and recycling/abandonment or deposit (hoards). The study of consump-
tion is directly related to the specific use of a particular implement, trying to address
the basic issues: on which material, which kinematics, for how long or how intense-
ly. This is the field of work of use-wear or traceology, based upon experimentation
and providing a reference collection that can be compared to the marks found on
archaeological objects.

The circumstances in which a certain type of object was used may vary signifi-
cantly both in chronological and geographical terms, namely due to raw material
availability and each group’s own cultural forms. Trying to reproduce those circum-
stances requires a deep knowledge of contexts and putting into practice the wid-
est possible range of original situations. Furthermore, during experimentation one
learns about the effectiveness of the implement itself regarding a specific task. Such
a close contact with the tool or weapon provides an understanding that includes and
goes beyond the strictly technical and typological data.

Different experimentations on metallic objects have been carried out so far,
with varying quality degrees. Kienlin and Ottaway (1998) and Roberts and Ott-
away (2003) studies on flanged and socketed axes are amongst the more consistent
pioneer works. Other authors mostly base themselves on an extremely undersized
experimental sample, generally limited to producing a few implements to test their
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effectiveness on a pre-determined task. Such a narrow starting basis produces only
partial results, hardly applicable to archaeological materials. Often, but not always,
tool use is followed by an examination of marks. Sometimes, marks found on pre-
historic objects are interpreted directly, without the support of an experimental ref-
erence corpus. A comprehensive discussion on the need and validity of different
experimental approaches can be found in Kamphaus (2007).

Use-wear experimentation methodology has been well established in studies on
the use-wear marks of lithic tools (Keeley 1980; Gonzalez and Ibafiez 1994). As far
as metal is concerned, the main variables are raw materials and production tech-
niques, as an implement’s hardness and resistance to strain depends on these two
factors. A small, specifically designed experimental program has shown how differ-
ent raw materials—pure copper and 5 and 17% tin bronzes—have an effect on the
variability of use-wear marks (Soriano and Gutiérrez 2007). The authors also de-
termined that post-casting technical processes, combining cold hammering and an-
nealing, did not seem to add any variation to the patterns of use-wear marks. How-
ever, the metallographic analysis concluded that neither hammering nor annealing
had significantly affected the objects, so this issue still needs to be addressed. A
broader approach, combining different raw materials, post-casting processes, types
of actions and worked materials, should be the common base of an experimental
corpus.

Furthermore, some elements directly related to use must also be taken into ac-
count: the design of implements and working edges, as well as hafting, worked
material, tasks and time of work. The combinations of each of these aspects or in-
dependent variables generate a specific pattern of marks. This is how one can build
up an experimental basis that may establish relationships between different types of
marks and the causes that produce them.

Archaeological objects feature different types of marks, which are not always
use-related. Some may result from technological processes and from a range of
post-depositional events. Concerning metal, the latter are critical due to corrosion,
which affects materials with varying degrees of intensity. Cleaning and restoration
treatments are another major issue, as they can obliterate or add marks without
keeping a proper record of such procedures.

Undertaking comprehensive experimentation to include all these aspects is seldom
possible, due to the high infrastructure costs and investment in terms of the time and
effort required to produce metallic objects. Still, it can be achieved; starting from lim-
ited samples whereby crosschecking variables and object response is done at a small
scale, using an explicit method of variable and experimentation control.

9.3 The Marks

The catalogue of marks resulting from experiments is extensive and it is expected
to be further extended as new experiments are developed. In fact, since the table
proposed in 2002 (Gutiérrez 2002) new marks have been identified and are still
being researched.
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Fig. 9.1 Technological (1-1 to 1-4) and functional (1-5a to 1-6b) plastic deformations
9.3.1 Plastic Deformations

They are due to the tenacity of metal and its plastic deformation range, that is, its
ability to deform once a strong enough force is applied, without returning to its orig-
inal shape. Some of these marks are visible to the naked eye; in other cases, a stereo
microscope is required, generally at magnifications not higher than 30x. In any
case, these ought to be considered macro-traces as they do not require microscopic
examination, with the exception of polish and some types of very small striations.

Massive Depressions Varied imprints: indentations, generally wide and shallow
that may appear throughout the whole surface and may have varied morphologies.
They usually correspond to hammer (Fig. 9.1: 1-1) and anvil marks made during
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forging, but they may also result from other impacts, due to different causes, acci-
dental or not, during use or deposition. They may occur isolated or grouped, mainly
along the central part of both sides of the object. Determining their exact origin is
rather difficult. Some of the marks that Quilliec (2007, p. 104) calls blow impacts
on sword blades could be included in this paragraph; their morphology cannot be
typified.

Lineal Depression Fissures: Isolated cracks, featuring a V-shaped bottom and an
irregular outline, resulting from corrosion under strain. Their length, width and
depth are variable. They are more common in cases of intense forging, in pieces
bent by hammering and in bronzes with a high tin content; in this last case the mal-
leability of the metal is lower than in pure copper (Fig. 9.1: 1-2).

Band of fissures: A set of multiple tiny, parallel fissures that form a band (Fig. 9.1:
1-3). They have been detected experimentally after hammer-flattening items bent
during use. These fissures occur on the inner surface of the curvature once the
object has been flattened. The bands are barely perceptible in experimental objects,
both to the naked eye and under the stereo microscope, and hardly detectable in
archaeological materials.

Incisions: The term refers to decorative elements or technical gestures. Incisions
are grooves of variable width, thickness and regularity, which can form simple or
complex motifs, usually made with a chisel or burin (Montero Ruiz 2010, p. 187).
These grooves can be extremely shallow due to intensive use, as shown by the study
of a set of bracelets from the Deposito de Miedes (Lucas et al. 2005-6). Incisions
not related to decorative motifs can be considered technical gestures, e.g. near the
handle to facilitate its attachment or, in other cases, aiming at modifying or destroy-
ing the item.

Striations: Striations appear as regular, straight or curved grooves on the metal
surface. The bottom is generally U-shaped and they are difficult to classify due to
their high numbers and morphological variety. Striations can be detected by the
naked eye or with a stereo microscope; microscopes with higher magnification are
required for the smallest ones. Different causes may account for striations. The most
abundant striations on experimental objects result from polishing and sharpening.
A lesser amount is due to object use. Both types of striations are hard to tell apart in
the absence of a pictorial record — magnified photographs or moulds - taken before
and after use, for comparison purposes. Striations may occur isolated or in clusters
of parallel striations. The former can be due to use, accidental causes or to the use
of a scalpel. When they are found in clusters, they ought to be considered the result
of sharpening, filing or a consequence of using such elements as glass fibber during
cleaning. Their location and orientation are equally diverse. A brief classification
has been proposed in Gutiérrez (2002).

Experimentation has shown that striations, either technological or caused by use,
disappear gradually under the layer of tenorite that appears when metal is exposed
to the elements. This may explain why they are so rare on archaeological materials
and draws attention to the fact that many striations may result from restoration and
cleaning processes, using such elements as glass fibber (Fig. 9.2: 2-2b), scalpels or
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2-1a. Notch with upper flange on experimental dagger 2-1b. Notch with upper and lateral flange. Argaric
dagger (MAN)

2-2b. Rounding teeth after use and cleaning striate from

2-2a. Rounding and lustre band on saw teeth. Work ex
fibreglass. Saw from ‘Los Millares'(MAN)

periment on fresh bone

2-3. Notches and flanges on experimental dagger 2-4, Flanges of handling. Chalcolithic saw
blade (MAN)

2-5a. Distal flattening with face thicking. Experimental 2-5b. Distal flattening. Palmela point from ‘Miranda de
Palmela point Ebro’ (MAN)

Fig.9.2 Main types of deformations due to usage on archaeological (2-2b and 2-4) and experimental
(2-1 aand b, 2-2a, 2-3, 2-5a and b) tools

a mechanical lathe. The main criterion to establish their origin is their relationship
with the tenorite layer. If striations cover or cut the tenorite film, they are due to
post-depositional processes.
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Rounding Dulling: Rounding of the working edge and of the protuberant parts
(Figs. 9.2: 2-2a, 2-2b). It is hard to assess on the edges, as prehistoric edges are not
extremely sharp, and also over the surface, due to filling processes. Dulling caused
by use is easier to identify on decorative incisions or on items that lost a significant
part of their apex in result of intensive use.

Edge Deformation Marks located along an item’s edge, either active or passive, or
on the hafting zone.

Breakage: Edge deformation of irregular morphology due to loss of material or
tearing. In some cases, it’s the far end of a fissure originated inside the item, which
spreads easily during intense forging. Unlike chipping in lithic industry, which also
involves loss of material, breakage in metallic items does not feature clear patterns.

Notch: A concavity on a continuous edge that does not involve breakage or loss
of material, but a displacement instead. The morphology of a notch is usually semi-
circular and more or less regular. A type of deep notch with an angular bottom has
been related to the clash of weapon edges or “edge on edge” (Kristiansen 2002;
Fig. 4A and b). Notches are caused by a plastic displacement of the metal and can
be associated to other marks, such as thickening on one or both sides or a ridge.
Notches are formed in response to pressure against a hard element, for instance a
file, during production or against the handle and the worked material during use, or
due to accidental causes. Along with ridges, notches are one of the most frequent
plastic marks, and typical of working edges (Figs. 1-6b, 2-1a, 2-1b, 2-3).

On rare occasions, notches start from the edge and are located on one of the
sides; their shape is usually triangular. Under those circumstances, they might be
associated to percussion events.

Ridge: A small metal chip either on vertical position on the edge or over one side
(Figs. 1-5b, 1-6b, 2-1b, 2-3, 2-4). Its morphology can be regular or irregular and it
is, in fact, a result of metal overrunning in response to pressure. Ridges resulting
from technological processes are vertical and their edges are irregular. Should the
item be used, the ridge will fold over one of the sides of the working edge. Ridges
caused by use may occur in vertical position on the edge or, more often, folded over
one side, but their shape is always regular. They may be associated with other plas-
tic marks, such as notches and flattening.

Flattening: A flat or slightly curved surface is produced when metal is pushed
back by a strong impact that removes the apex. It is typical of weapons such
as arrows, spears or javelins (Fig. 9.2: 2-5a, 2-5b). It may occur on the active
apex after hitting a hard element and be located on the tip, or start at the tip
and extend slightly over one surface, or be located laterally, much like a burin
blow. Its position depends upon a point’s penetration angle during impact. A less
common position is at the apex of the tang, caused by a backlash against the
handle. Thus, it may occur on any hafted implement. The surface can be smooth,
striated or coarse, as it is a micro-breakage of the metallic surface caused by in-
creased cold-shortness when metal deforms and overflows. This particular mark
is hardly perceptible to the naked eye and sometimes requires magnifications of
up to 20x to be identified. The apices of throwing weapons may show more than
one flattening.
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Thickening: A small, roughly semicircular protuberance, caused by a displace-
ment of the metal (Fig. 9.2: 2-5a). It occurs below notches and flattening, on one
or both sides of the edge. It is equivalent to the bulb on the ventral face of knapped
lithics. Notches or flattening do not always cause thickening as metal overflows;
sometimes the result may be a ridge.

Edge asymmetry: This particular mark has been identified and described by
Kienlyn and Ottaway (1998, p. 275), on the edges of experimental and archaeologi-
cal socketed axes. Asymmetry is caused by sharpening only one side of the working
edge, to keep the instrument sharp.

Deformation of the Profile Folding: An easily identifiable mark, as one side of the
implement folds over the other. This may occur with varying degrees of intensity,
up to the point that one side completely folds over the other. Folding is frequent on
the blades of knifes and points, on the junction between blades and hafting tangs
or on the lower end of tangs. Folds located on the lower third of the blade or on
the blade/tang junction are related to the upper limit of the hafting zone or handle
(Fig. 9.3: 3-1). A particular form of folding is the S-profile, a series of soft folds
along the blade. A number of folds have been identified by the authors on archaeo-
logical and experimental Palmela points, associated to other impact marks (Gutiér-
rez et al.in press). Kristiansen (2002, p. 323) also found this mark on the tips of
Bronze Age swords; according to the author, these folds result from clashes against
a shield.

Lateral folding: A bending towards one of the sides, which can occur, with varying
intensity, at any spot along the profile, but more commonly on the tang (Fig. 9.3: 3-2).

Micro-folding: Bending ofapointed edge over one ofthesides (Fig. 9.3:3-5a,3-5b).
The authors have identified this mark on the distal apex of throwing weapons, and
occasionally, on the tip of the tang (Fig. 9.4: 4-1). It is not always evident to the
naked eye.

Torsion: A soft, helicoidal folding. It may occur at the distal end or along the
profile, especially on the weakest points like the junction between blade and tang
(Fig. 9.4: 4-2).

Morphological asymmetry: Two metal points from the Late Bronze deposits
found in the cave sites of Carritx and Mussol (Menorca, Spain) featured a strongly
asymmetrical configuration. This asymmetry, along with the presence of striations
on one lateral edge only, was interpreted by the excavation team as evidence for
the preferential use of a single edge (Lull et al. 1999, pp. 119-120 and 221-222;
Table 9.1).

9.3.2 Physical and Chemical Deformations

Physical and Chemical Alterations Corrosion: Corrosion is part of a metal’s nature
and starts just as it comes out of the mould and is exposed to the elements. Atmo-
spheric oxygen, water and mineral salts from sedimentary environments are the
main agents of corrosion. The contact of metal objects with organic matter also
fosters corrosion.
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Palmela

‘8" silhuette of the stalk. Ex- S’ silhuette of the stalk. Palmela
1ental Palmela point ) from *Villacarrillo’ (MAN)

g i folding 2 ate- o i i .
al micro folding and late 3-5b. Distal micro folding and lateral f1

ral flanges. Experimental Palmela

Palmela point from uilar de

Fig. 9.3 Use-wear marks on experimental (3-1, 3.2, 3-3, 3-5a) and archaeological (3-4 and 3-5b)
Palmela points
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tool (4-4) and an experimental metal tool (4-5)
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Table 9.1 All types of marks

Category

Description

Type of marks

Causes

Plastic
deformations

Massive
depressions

Varied imprints

Technological processes

Use/handle

Post-depositional alterations

Lineal depressions

Incisions Technological process/
decoration

Striations Use/Handle/Resharpening

Fissures Post-depositional alterations

Band of fissures

Mechanical cleaning

Rounding

Dulling

Technological processes

Use/Handle

Post-depositional alterations

Edge deformation

Breakage Technological processes
Notch Use/Handle/Resharpening
Ridge Mechanical cleaning
Flattening Post-depositional alterations
Thickening

Edge asymmetry

Deformation of the
profile

Folding

Technological processes

Lateral folding

Use/Handle/ Resharpening

Micro-folding

Torsion

Morphological asymmetry
Physical and chem-| Corrosion

ical alterations Polishment

Luster bands

Differential alterations
Adhering materials| Residues

Technological processes
Use/Handle
Post-depositional alterations

Physical and
chemical
deformations

Added
elements

Use/Handle
Post-depositional alterations

Different types of corrosion affect metal in different ways. The so-called copper
patina, which tends to protect the metal, consists of cuprous oxide or cuprite, of
reddish colour, or cupric oxide or tenorite (Fig. 9.1: 1-4) of blackish color. Copper
sulphates and sulphides (antlerite, covellite and chalcocite) are of green-bluish col-
or. Other bluish or greenish corrosions are copper salts or carbonates: azurite and
malachite. Chlorine hydroxides or halides like green atacamite and paratacamite are
more harmful to artifact preservation. All these alterations cover use-wear marks to
the point of partly or completely hiding them. Furthermore, they can deteriorate the
artifact and even destroy it in the worst cases.

Polish: Despite being an important mark in lithic use-wear analysis, for identify-
ing worked materials, it has only a limited use in studies on metallic artifacts. Dur-
ing experimentation, the authors have found examples of polishment on the edge
of used implements (Gutiérrez and Soriano 2008), but they were always scarce and
only occur on those rare spots where corrosions like cuprite and tenorite were not
present. Corrosion hides polishment. In addition, restoration treatments that use
waxes prevent observation under the microscope, even if thorough cleaning didn’t
obliterate marks before.
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Luster band: Areas of shinier metal forming bands along the used edge were
observed by the authors on experimental materials (Fig. 9.2: 2-2a). These bands are
produced by friction between metal and the worked material and obliterate the layer
of alteration that formed since the implement was produced. It is a hardly recogniz-
able mark on archaeological material, as corrosion forms well developed layers that
cover-up these differences.

Differential alterations: An assemblage of archaeological objects will show dif-
ferent degrees of corrosion along each item. This is common in elements such as
knives/daggers, between the hafting zone and the blade (Figs. 9.4: 4-3a, 4-3b). Af-
ter experimental butchery, the authors observed the same phenomenon when the
wooden handle was removed for use-wear analysis. Differential alteration is due to
contact with diverse organic materials along the implement’s length. Tenorite will
be eliminated by friction during use, while part of the organic residues such as fat,
flesh, hair and skin find its way under the handle, leaving small deposits that cause
more intense corrosion. If archaeological artifacts were deposited at the sites with
their organic handles still attached, one may consider that the latter would protect
the hafting zone from some external aggressions, but its turn would also lead to
other alterations, caused by contact with the handle.

9.3.3 Added Elements

Adhering Materials
Residues: It is not uncommon to find small organic residues adhered to metallic ar-
chaeological objects, as the former become impregnated with copper oxide. A small
notched dagger showed a flax fibber rolled between head and blade, as well as re-
mains of Quercus sp. wood, perhaps from a sheath, adhering to both sides of the
blade (Badal et al. 2005; Figs. 9.4: 4-4, 4-5). These residues can help in the determi-
nation of materials used in hafting and of other elements used to assemble the artifact.
The above is a catalogue of marks identified during the authors’ experimental
work (Gutiérrez and Soriano 2008). It is by no means the ultimate list of all the
marks resulting from technology or use. Apart from some of the marks included
here, some authors have forwarded other evidence of use, such as edge asymmetry
(Kienlyn and Ottaway 1998, p. 275) or morphological asymmetry (Lull et al. 1999,
pp- 119-120), which would indicate successive resharpening events on a specific
part of the implement. There are also some comprehensive sets of technological, use
or destruction marks related to Late Bronze Atlantic swords (Quilliec 2007) or to
a Chalcolithic metallic assemblage (Dolfini 2011) The plastic capacity of metal to
deform generates a significant morphological diversity of marks.

9.4 Working Procedures

Items should be cleaned prior to examination, in order to facilitate the detec-
tion of marks. Cleaning is more urgent in experimental objects because residues
from worked materials must be removed quickly, before organic matter generates
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corrosion spots. Cleaning may be carried out by means of a soft brush and a solution
of water and alcohol (deionised water and 50 % alcohol) followed by chemical dry-
ing in a bath of pure alcohol for 1 min, and then acetone for another minute. Finally,
items are left to air dry.

Regarding archaeological materials, procedures are similar, if cleaning is at all
possible. A higher percentage of alcohol in the water-alcohol solution is required
(about 80%) and brushing should be replaced by a bath in an ultrasonic tank.
Should artifacts feature strong corrosion, a wooden punch or a laser may be used,
but the latter should be handled by a professional restorer. In any case, it is conve-
nient to take pictures under the stereo microscope before cleaning, and to keep a
photographic record of the whole process.

Most of the observations were carried out using a Leica Wild M3C stereo micro-
scope with two wide angle eyepieces 10x/21Ba, magnification intervals at 0.64x,
10x, 16x, 25% and 40x and a 2-40x work range, featuring a micrometer on the
eyepieces. For polishes and small striations a Leitz DMRX transmitted/reflected
light microscope with revolving nose and magnifications from 50 to 400x was used.
Both were equipped with a Canon Eox450 digital camera connected to a computer;
ZoomBrowser EX 4.0 and Helicon-Focus 4.48 software was used as well. This
must be stressed because out of the realm of Traceology, mentions of unused metal-
work based upon simple, naked eye observation only are commonplace.

9.5 Conclusions

Metal Traceology started its development in the last decade but is still undergo-
ing the inherent problems of a developing discipline. The experimental corpus is
scarce; experimentation often lack structured designs. In addition, the definition
and typification of marks is insufficient and there is a lack of relationship between
the marks and the use variables. Thus, it is important to consolidate a proper meth-
odology that sets conclusions and enables the application of results to broader as-
semblages.

The examination of archaeological artifacts also has significant limitations,
sometimes impossible to overcome. Corrosion hides many of the marks, to the point
of invalidating use-wear analysis. Besides, obliteration of the original marks and
their replacement by new ones is commonplace during restoration. Roberts and
Ottaway (2003, pp. 119-120) also point out that artifact sharpening and recycling
add potential limitations to the use-wear analysis of metallic objects. Concerning
resharpening, the problem is the same as when the worn out edges of lithic imple-
ments are rejuvenated by retouch. If the implement has been further used, one can
observe its last function, otherwise there will be no use-wear marks. Therefore,
lithic use-wear analysis shows that absence of marks does not always mean absence
of use. The same authors argue that the diversity of uses with the same instrument
leaves unclear or hardly identifiable patterns. Both are, indeed, limitations inherent
to the study of marks on any raw material.
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A first approach at evaluating the potential of metal traceology can be achieved,
based upon the results obtained so far. By comparing the results with those obtained
in the analysis of lithic industry, the contributions of metal traceology are rather
poor. The lack of access to such marks as polishment or, quite often, striations, de-
prives us of important criteria to interpret aspects like worked materials or actions
performed.

The most important corpus of marks on metalwork concerns the plastic deforma-
tions on the edges or other parts of the artifact. There is a whole range of deforma-
tions and in many cases it is difficult to relate them with variables such as material
or action. Most deformations have limited diagnostic capabilities. They will only
allow for generic interpretations on whether the artifact has been used and in which
specific zone. On the basis of sound experimentation, results might be extended as
far as determining aspects like the hardness of worked materials or whether marks
were caused by percussion or pressure—much like chippings in lithic industry.

Fortunately, these data are important by themselves as far as interpreting the
functions of prehistoric metalwork is concerned. Thorough research can provide
an assessment of functional effectiveness and relate it to issues like raw materials,
work processes and morphological design; these issues are not limited to tools only,
as they can also apply to ornaments. The latter, together with tools and weapons
such as saws, halberds, swords, shields and several other items found in domes-
tic, funerary or deposit contexts, have very specific morphologies and are scarcely
susceptible of a diversified use. Evidence on whether or not they have been used
can help reinterpreting some aspects of technological, social, economic and even
ideological nature.
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Chapter 10
Pottery Use-Alteration Analysis

James M. Skibo

10.1 Introduction

My interest in pottery use-alteration analysis is now in its third decade. A series of
experiments (O’Brien 1990; Schiffer and Skibo 1989; Skibo et al. 1997; Vaz Pinto
et al. 1987) and ethnoarchaeological work among the Kalinga, (Longacre 1974,
1981, 1985, 1991; Longacre and Skibo 1994; Stark and Skibo 2007) culminated
in my book (Skibo 1992) that developed the method and theory for understanding
how pottery was used based upon three use-alteration traces: attrition, residue, and
carbonization. This initial work was developed further in Understanding Pottery
Function (Skibo 2013), which is a manual for conducting use-alteration analysis.
Interested readers should refer to this book for a full description for not only how
to conduct a use-alteration study but also how to complete examination of pot-
tery function. In this chapter I briefly review the methods for analyzing pottery
use-alteration traces.

10.2 An Approach to Pottery Analysis

Any analysis of pottery should start with the notion that all pots are designed to
be used—that is to perform some function. My notion of function, however, is
a bit wider than one used most typically, as it includes not just utilitarian func-
tion (techno-function in our terms) but also social and symbolic functions as
well (socio-, ideo and emotive functions) (see Schiffer and Skibo 1987; Skibo and
Schiffer 2008). To isolate these functions one can speak in terms of performance
characteristics, which are the capabilities any technology must possess in order to
perform its functions in an activity. Any potter has at their disposal a series of tech-
nical choices when making a pot. Thus they could add more temper to increase
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thermal shock resistance (an important techno-functional performance characteris-
tic for cooking pots) or alter the angle of the shoulder profile to perform an impor-
tant social performance characteristic (e.g., Pauketat and Emerson 1991). The point
is that pottery, being an extremely malleable medium, gives potters many choices
when designing and making a pot to suit a particular intended function. One goal
of ceramic analysis is to tease out these functional performance characteristics. So
we measure a host of technical properties, like size, thickness of the wall, tem-
per attributes, and firing temperature to try and understand why these vessels were
made—their intended function.

There are a number of reasons, however, why a reconstruction of intended func-
tion is insufficient and, consequently, an exploration of actual pottery function is
important. Actual function does not always follow intended function. A potter may
design a pot to perform specific functions but the vessel user may choose to use the
pot in a very different way. Pots can also be designed to be multifunctional, per-
forming a number of roles at an acceptable level-—cooking, storing, brewing beer,
etc. So an exploration of actual function is necessary to determine how the vessels
were used. Pots can also be recycled and reused, and these functions are lost if one
looks only at the intended function. Finally, everyday cooking pots can become
ritual containers under some circumstances and it is important to develop strategies
to infer these secondary functions as well.

10.3 Use-Alteration Traces

10.3.1 Carbonization

Carbonization on vessels occurs in two forms, internal carbonization of food and
external deposition of soot from the smoke of a cooking fire. Soot is the product of
the pyrolysis of wood from a cook fire and it consists of various products including
tars and resins. Beginning with Hally (1983), experiments have shown that there
are three types of soot patches on the exterior of vessels. The first type is flat black
and fluffy and is deposited over any part of the vessel that impacts rising smoke
and is deposited immediately after the pot is put over the fire. This type of soot is
easily rubbed off and can be removed by simply rinsing with water. This transient
layer of soot would not likely survive the various effects of cultural (washing) and
noncultural processes and thus is not particularly useful in use-alteration analysis.

The second type of soot is more permanently affixed to the ceramic surface be-
cause it contains resin droplets, which are drawn up with the rising smoke and are
solidified once they come in contact with cooler surfaces. Once the resin cools, it
can produce a hard, waterproof soot layer that is very resistant to breakdown. The
oldest pottery in North America from the southeastern USA has evidence of this
type of soot suggesting that it is very resistant to various forms of bioturbation
(Beck et al. 2002; Sassaman 1993; Skibo 2013).



10 Pottery Use-Alteration Analysis 191

The third patch on the exterior of vessels is really the absence of soot, which
occurs because soot cannot form on surfaces as they approach 400 °C. If soot was
deposited in an early cooking episode, it will burn away when subject to high tem-
peratures. This patch can vary from a light gray area to an area that is completely
oxidized.

The temperature of the ceramic surface is the key variable in the deposition of
the different types and patches of exterior soot. There are a number of factors that
can control the temperature of the ceramic surface that include the distance of the
vessel above the flames, presence of water in the vessel, type of wood, and hearth
design. The presence of water in the vessel is especially an important factor as it
can, in many types of cooking, keep the temperature of the ceramic surface cool
enough, so that soot can be deposited. Consequently, with many types of low-fired
wares water will permeate into the vessel wall and keep the ceramic surface rela-
tively cool so that soot can be deposited. Thus pots used for boiling, for example,
may be sooted on the base, whereas pots used in the absence of water, as in roasting
or cases in which water is boiled off, the ceramic surface will get to temperatures
approaching 400 °C and no soot will be deposited.

Carbonization on the interior of vessels is caused by the charring of food. Charred
food can either lay on the surface as encrustations, or carbonize within the ceramic
surface itself. Encrustations of charred food often times extend to the exterior of
the vessels as a result of boil-overs. Although both types of internal carbonizations
are important and can be useful for inferring vessel function, encrustations are far
less common and much more prone to removal in the depositional environment.
Nonetheless, when encrustations are found they can be important as they can be
useful for inferring cooking behavior and can be linked to what was being cooked
(see Malainey 2011). The processes that form internal carbonizations, however, are
the same whether they are found within the vessel wall or laying on the surface as
encrustations.

The temperature of the ceramic surface is the primary factor controlling the de-
position of internal carbonization as the vessel wall must reach between 300 and
400°C for food particles to char. If cooking is done in the wet mode (boiling) car-
bonization will not occur below the water line as the temperature of the interior
surface will not go much beyond 100 °C. But just above the water line, where food
particles and fats can adhere to the vessel wall, the temperatures will exceed 300°C
and carbonization will occur. If the pots are permeable, which often occurs in low-
fired cooking pots, food particles and fats can be transported into the vessel wall
where they will be carbonized. This type of internal carbonization has great perma-
nence as it becomes part of the vessel wall. A ring of carbonization at the water line
is a signature trace of vessels used to cook in the wet mode.

In the dry cooking mode, as in roasting or in cases where water is completely re-
moved from the contents, the surface temperatures on the interior of the vessel will
exceed 300°C and carbonization will occur. This type of carbonization, however,
will not penetrate the surface as described above.
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10.3.2 Recording External and Internal Carbonization

There is certainly a great deal of ceramic diversity in prehistory and no analytic
strategy can be devised that could accommodate this diversity. Consequently, each
ceramic analyst must devise a strategy unique to their collections and research ques-
tions. With that said, there are some common factors that should be employed when
conducting an analysis of carbonization traces.

The first important point for recording carbonization patterns is that the analysis
should start with whole vessels if possible. Whole and reconstructable vessels are
often a rare commodity in a region, so I do not mean to imply that this analysis can
only be done with such collections. The point here is that these vessels should be
consulted if available and partially reconstructable vessels or large sherds should be
analyzed first. The analysis should start with the largest fragments in the collection
preferably from each size and morphological class.

There can be a great deal of variability in internal carbonization and sooting
traces. The good news for the analyst is that we are concerned not with idiosyncratic
sooting patches but rather general patterns. I have found that sketches are the best
way to quickly and accurately record carbonization on whole vessels. There is a
long tradition in archaeology of scientific and technical drawing that can make a
detailed recording of ceramic variability, but in most cases such drawings are not
necessary for initial data recording. The strategy I found most effective to record the
general use-alteration traces are roughly measured sketches that can be recorded by
any lab analyst with just a small amount of instruction.

Many ceramic analysts are left with piles of small sherds to record. In these
cases the presence and absence of interior and exterior carbonization can be re-
corded. These data can be combined with the whole or partially reconstructed vessel
data to help infer vessel use activity. Even in cases where no whole vessel data are
available, some important information can still be retrieved from sherd data. For
example, Sassaman (1993) was able to infer with only sherd data that some of the
Late Archaic pottery from the southeastern USA was used for direct heating over a
fire while other vessels were used for indirect heating with hot rocks.

Cooking over a fire, however, is not the only reason that carbonization patterns
can occur on ceramic surfaces. For example, during the firing process fuel or gas
can come in contact with the vessel and create fire clouds (Rye 1981, pp. 120-121).
These fire clouds can mimic carbonization created while cooking. In addition, the
purposeful darkening of a pot in a reducing environment during firing (smudging)
can create a surface that is completely carbonized. Finally, carbonization or oxida-
tion of surfaces can happen if a vessel is subject to great heat such as in a house or
a room fire. Fire clouds, smudging, and postdepositional burning, however, can be
casily discriminated from use-related carbonization by the patterning of the patches.
Smudging will usually cover an entire surface and fire clouds will occur randomly,
whereas use-related carbonization will occur in patches that are usually repeated in
each size and morphological class.
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Carbonization data can be used by the researcher to draw a number of inferences
about cooking activity, such as mode of cooking (wet or dry), direct or indirect
heating, or hearth design. There are a number of scholars who have successfully
analyzed carbonization patterns and made inferences about vessel function. Hally
(1983, 1986) was the first to systematically examine carbonization from late prehis-
toric sites from the northwestern portion of Georgia in the USA. Based on exterior
sooting patterns, he was able to determine the hearth designs and the way the pots
were suspended over a fire. He also noted that two different sizes of morphologi-
cally identical pots were used differently.

Also from the southeastern USA, Sassaman (1993) examined exterior sooting
patterns on Late Archaic vessels, the first pottery containers in North America. The
most important finding of his study was that pottery from interior sites had very
little evidence of sooting while sooting was found on a high percentage of sherds
excavated from sites on the coast. Sassaman argued that the people on the coast
were using the pots for direct heating over a fire whereas the Late Archaic cooks
from interior villages were using the vessels for indirect heating—hot rock cooking.

10.3.3 Attrition

Pottery surface attrition is the removal or deformation of the ceramic that occurs
throughout a vessel’s life history and thus is created by a number of use and nonuse
related processes. Use attrition is created by a number of processes during cooking,
cleaning, storage of liquids, and other activities as a vessel is used for its primary
function. But attrition is a very instructive trace for informing on a vessel’s life
history beyond its primary function where it can be used in a secondary function
or even recycled. Broken sherds are often used as scrapers, scoops, and other tools
that can leave attritional traces indicative of a particular use. And once sherds are
deposited, attrition can also be used to infer a vessel’s postdepositional life history
as it may be impacted by wind, water, or freezing and thawing.

There are a number of abrasive and nonabrasive processes that can cause ce-
ramic attrition. Abrasive processes create traces like scratches, gouges, and nicks
that grow into patches as an abrasive activity is repeated. The principles of ceramic
abrasion (Schiffer and Skibo 1989) include the characteristics of the ceramic, char-
acteristics of the abrader, and the nature of the ceramic-abrader contact.

There are also several common forms of nonabrasive attritional processes: spall-
ing as a result of fermentation, vaporization of water, and salt crystallization. When
fermentation is done in low-fired pottery that permits some liquid permeation, spall-
ing can occur as expanding gases within the vessel wall remove some of the interior
surface. Arthur ( 2002, 2003, 2006) noted this trace on ethnographic vessels and
it has subsequently been noted on a number of prehistoric collections (Skibo and
Blinman 1999).

Exterior spalls often occur in low-fired water storage jars in arid environments
(O’Brien 1990). Water permeates the wall and evaporates, which creates a cooling
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effect, but the crystallization of salts just beneath the surface can create spalling.
Finally, spalling can occur in some cooking situations. This was noted in Kalinga
rice cooking pots during their final stage of cooking when they are taken off the
fire and placed next to the flames to remove the last of the water in the rice. In this
situation, the water in the vessel wall turns to steam and escapes through the interior
surface, which creates spalls.

10.3.4 Recording Attritional Traces

Attritional traces can be recorded on sherds or vessels. If recorded on vessels, I rec-
ommend the same strategy as described above for recording carbonization—sketch
attritional traces on a vessel profile template. Attritional traces on sherds are also
very instructive as they are often used as tools (e.g., Lopez Varela et al. 2002) or
the abrasion can also inform on important postdepositional processes. Use-attrition
is described by two terms (Schiffer and Skibo 1989): marks and patches. A mark is
created by a single attritional event, such as a spall, nick, chip, or scratch. In some
cases the direction, angle, and force applied can be inferred from the attributes
of this mark. Use-activities create repeated marks that grow into patches. Patches
sometimes have the entire exterior surface removed so individual marks of this
use-activity are not apparent in the center. But at the periphery, individual marks
can often be identified. Together, the attributes of marks and patches can provide
important clues to vessel use activities.

A number of scholars have used attritional traces to infer ceramic use throughout
a vessel’s life history. The production of alcoholic beverages through the fermenta-
tion of food is found throughout the world and in many areas it is a practice that has
been going on for thousands of years (Dietler 2006; McGovern 2003; McGovern
et al. 2004). Chemical residue analysis would seem like the most direct way to find
evidence of fermentation in ceramic vessels, but for a number of reasons this is not
easily done (McGovern et al. 2004). Consequently, I would predict that the practice
of fermentation and alcohol consumption in prehistory is more common than we
have been able to confirm. But there is an abrasive trace, interior pitting, which
often is formed in ceramic vessels used for alcohol fermentation.

I did a study of the earliest pottery on the Colorado Plateau in the American
Southwest. The first pottery in this region was globular, neckless, jars referred to
as “seed jars” in the local taxonomy because they are similar to forms used in the
historic period to store seeds. My analysis, however, discovered that many of the
pots were used over a fire, based on sooting, and that they were used to cook foods
in both the wet and dry modes (Skibo and Blinman 1999; Skibo and Schiffer 2008).
Besides being used as cooking pots, these vessels had tell-tale traces of fermenta-
tion—interior spalling. As noted above, the fermenting liquid can penetrate the ves-
sel wall and spall the interior surface as expanding gases rise to the surface.

Finally, attritional traces have also been used to infer how recycled sherds are
used as tools (Sullivan et al. 1991). Lopez Varela et al. (2002) found extensive
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evidence of sherd tools at K’axob, the Late Classic Period site in northern Belize.
By examining the attritional traces on these tools they were able to classify them
into smoothing, scraping, incising, polishing, and boring tools.

10.3.5 Residue

Pots are designed to hold contents and they have a number of unique characteristics
that permit them to perform differently than other containers such as baskets, skins,
and wooden bowls. Among the benefits of pottery is that they can be put directly
over a fire so that they can be used in direct heat cooking. Additionally, ceramic
containers make good storage containers, especially if you want to keep the con-
tents safe from rodents or you have a liquid that needs a sturdy container. Since the
primary function of pottery is to serve as a container, it is certainly important for
archaeologists to determine what was stored, cooked, processed, or transferred in
these vessels.

The chemical analysis of residues that are left behind in these vessels has be-
come an extremely active area of research (e.g., Evershed 1993; Heron and Ever-
shed 1993, Malainey 2007). Although a variety of different chemical compounds
can be used to identify past contents, I have preferred to focus on fatty acids in
my work for a number of reasons. First, every living thing has different types and
combinations of fatty acids, so it is at least theoretical possible to link residues to
foods once stored or cooked in a vessel. Second, fatty acids are quite resistant to
breakdown in the depositional environment, especially if one focuses on the fatty
acids that have been absorbed in the vessel walls. Third and finally, if one does
focus on the absorbed lipids then there is far less chance of contamination from the
depositional environment or from handling the sherds.

I once tried to do lipid analysis but have learned that unless one is familiar with
lipid chemistry and gas chromatography/mass spectroscopy or other analytical
techniques, the lab work should be left to those who have the training to conduct it.
Below I describe some of the most useful techniques and how archaeologists can
use it to identify the former contents of their vessels (see Evershed 1993; Malainey
2007 for a detailed description of these techniques).

A number of labs will conduct residue analysis and they should also be consulted
regarding the protocol for the process of selecting and caring for sherd samples.
The techniques used and the sampling procedure will depend in large part on the
researcher’s questions and the types of vessels being sampled. For example, to iden-
tify the contents of storage pots it would be best to collect a sample from the base of
avessel. Cooking pot samples, however, should be recovered from the area that cor-
responds to the maximum capacity as heat can break down some of the compounds
of interest (Charters et al. 1993; Malainey 2007). The zone of maximum capacity on
vessels can often be identified by a patch of internal carbonization.

To avoid contamination, either from the depositional environment or handling by
archaeologists, it is best to extract the lipids from within the vessel wall. A number
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of researchers have demonstrated that lipids within the vessel wall not only occur in
greater amounts (Condamin et al. 1976) but they are also far less likely to be con-
taminated by the migration of lipids from the soil (Heron et al. 1991). Avoiding the
lipids on the exterior surface also reduces the possibility that handling of the sherds
may have introduced lipids (Evershed 1993). Although lipids have been success-
fully extracted from curated samples and washing sherds in water does not seem to
have a significant impact, it is best to select samples in the field and not only handle
them with clean tools and hands but also to leave them unwashed (Oudemans and
Boon 1991). Because plasticizers, likely the result of storage in plastic bags, are
often found in archaeological residues (Oudemans and Boon 1991, p. 223), it is also
best to place the samples in aluminum foil while in the field.

To date there have been a number of successful attempts at identification of
contents of vessels through the analysis of fatty acids. For example, Malainey
et al. (2001; 1999a, b, and c) did an extensive study of pottery lipids extracted
from the Late Pre-contact Period in Western Canada. They investigated changes in
diet, as represented by what was cooked in the vessels, at sites from four different
environmental settings that ranged from open grassland to boreal forest. Using gas
chromatography they determined the contents of the vessels based upon the rela-
tive percentages of ten fatty acids. Among their findings is that the residue from the
grassland sites was dominated by large herbivore products. Evidence of herbivores
in the residue decreased in the transition zones between the grassland and forest
and were not found at all in the boreal forest zone. This type of information is im-
portant for reconstructing the hunter-gatherer mobility and subsistence strategy in
this region.

In North American prehistory the appearance and spread of maize across the
continent and the impact of domesticated plants on the communities is of consider-
able interest. Reber and Evershed (2004a, b; see also and Reber et al. 2004) have ex-
plored this question with the investigation of pottery residue. If corn was processed
in pots then it should leave behind residue evidence. For a number of reasons, how-
ever, finding a unique biomarker of corn processing in pottery residue has been a
challenge. They have found that a strong case for maize processing can be made if
the residue contains a long chain alcohol (#n-dotricontanola) along with fatty acids
common to C, plants. One of most interesting findings is that lower status individu-
als at Late Emergent Mississippian sites consumed proportionately more maize than
high status individuals.

10.4 Summary and Conclusion

The analysis of use-alteration traces is now becoming routine part of ceramic analy-
sis (e.g., Garraty 2011; Hally 1983; Hardin and Mills 2000; Lopez Varela et al. 2002
Sassaman 1993). These types of studies have shown that use-alteration traces can
provide much more specific information about pottery function that include what
was stored or cooked in vessels, whether it was used over a fire, the method of cook-
ing used, and also the reuse and recycling of ceramic material.
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Chapter 11

About Small Things and Bigger Pictures:

An Introduction to the Morphological
Identification of Micro-residues on Stone Tools

Geeske H. J. Langejans and Marlize Lombard

11.1 Introduction

On what and how were stone tools used in the past? This seems an obvious ques-
tion, but often proves hard or even impossible to answer. Sometimes, we find points
embedded in prey (Boéda et al. 1999; Milo 1998), or visible glue remains on tools
(Deacon and Deacon 1980). Such rare finds give direct insight into prehistoric tool
use and technology, but most often no obvious clues remain. The morphological
identification and analysis of micro-residues is one way to investigate processed
materials and aspects of tool function and technology. Depending on the research
question, the method is best applied in combination with other approaches (e.g.,
Akerman et al. 2002; Fullagar et al. 2006; Hardy and Garufi 1998). For example,
investigating early use or domestication of certain plant materials can be augmented
by detailed starch grain analysis (e.g. Piperno et al. 2009), or reconstructing Stone
Age hunting technologies is best combined with macro-fracture and micro-wear
analyses (e.g. Lombard 2011).

As a subdivision of use-trace or functional studies, most micro-residue ana-
lysts base their interpretations on replication, experimental or ethnographic work
(e.g., Lombard et al. 2004; Rots and Williamson 2004). By recording these micro-
residues similarly to those on archaeological tools, modern reference collections
are established and functional hypotheses can be assessed. We promote an all-round
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approach where archaeological interpretation is regularly assessed or tested with
replication or ethnographic work, and where combinations of use-trace techniques
are applied, refined, or developed to specifically and best address the question at
hand. Here we focus on the morphological identification of micro-residues, their
documentation and interpretation—also highlighting some of the “bigger ques-
tions” the approach can address. Other supporting methods are discussed elsewhere
in this book.

Once an analyst is familiar with the morphological characteristics of replicated
comparative micro-residues, a variety of plant, animal, and mineral remains can
be recognized on archaeological tools from contexts with good preservation. The
discipline has a long and lively history and as early as 1849 it was recognized that
the optical properties of starch grains can be used to identify them to species level
(Schleiden 1849). However, this knowledge was not used in archaeology until much
later (Ungent et al. 1981, 1982). In addition, in 1938 the preservation of organic
micro-residues on European prehistoric artifacts was presented (Von Stokar 1938),
and in 1973 the discovery of red blood cells on a 2000-year-old mummy was an-
nounced (Zimmerman 1973). During the 1970s, large-scale micro-residue analyses
on stone tools were conducted (Bruier 1976; Shafer and Holloway 1979). A decade
later, the method drew attention due to the interest in blood remains, and later DNA
analysis (Hardy et al. 1997; Loy 1983, 1993). The feasibility of these focus areas
was heavily debated (compare Eisele et al. 1995; Newman et al. 1996, for an over-
view see Smith 2001). The most recent work, in which morphological analysis of
residues was combined with a non-destructive chemiluminescence technique, again
demonstrated that, under favorable conditions, blood residues can preserve on stone
tools dated to more than 60 000 years old (Lombard 2014).

Presently, as a result of long-term dedication, replication, and development of
new techniques and interpretative frameworks, the approach is used to address
a wide variety of research interests, for example: the identification of early crop
plants and horticulture (Piperno et al. 2009; Summerhayes et al. 2010), variability
in Neanderthal subsistence (Hardy and Moncel 2011; Henry et al. 2011), and the
reconstruction of hunting and hafting technologies (Barton et al. 2009; Lombard
2011). There are different levels of study where the results obtained from micro-
residue analysis can be applied or fed into, these include:

1. Investigating aspects of old and rare artifacts (e.g., Barton 2007; Loy 1998).

2. DNA analysis and dating (e.g., Milanesi et al. 2011; Zarrillo et al. 2008).

3. Determining the function of particular tools or tool types and assessing viability
in functional typologies (e.g., Hardy et al. 2008; Langejans 2012a, b).

4. Assessing site function, mobility, and the range of activities undertaken at par-
ticular places (e.g., Fullagar and Jones 2004; Piperno et al. 2004).

5. Reconstructing and/or evaluating behavioral hypotheses, such as cognitive evo-
lution (e.g., Lombard and Haidle 2012; Wadley et al. 2009); developing and/or
assessing archaeological explanations of (cultural) change and stability, (e.g.,
Fullagar and Field 1997; Lombard and Phillipson 2010).
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11.2 Site and Sample Selection

An important criterion for sample selection is the preservation of micro-residues on
archaeological tools. We suggest that sites are assessed for suitability before large-
scale micro-residue projects are initiated, as not all are appropriate for this method,
and open-air sites are considered problematic. The decay of micro-remains is gen-
erally similar to that of macro-remains. Archaeological contexts with good organic
preservation are, therefore, good candidates for micro-residue studies (Langejans
2010). Different materials will decay differently, for example, muscle tissue pre-
serves well in waterlogged, acidic deposits (Borsheim et al. 2001; Painter 1991), but
bone only preserves when the waterlogged environment is not acidic (Child 1995;
Gernaey et al. 2001). On a very general level, muscle tissue and starch are more
susceptible to decay than bone and plant tissue (Langejans 2010). Decay can be bio-
logical (caused by bacteria and fungi), chemical (such as crystal growth and leach-
ing), and mechanical (erosion) (Kars 2003; Langejans 2010 and references therein).

Sites with good preservation are usually dry and have stable in situ deposits, such
as caves or rock shelters. In general, acidic (pH <6.5) and alkaline (pH>7.5) condi-
tions are both good for preservation. Desiccated, waterlogged, and oxygen deprived
environments also prevent decay. Very low temperatures (<0 °C) can ensure preser-
vation, but high ones (>25 °C) ensure preservation only when deposits are dry. The
presence of heavy metals can prevent decay, but UV light will enhance decay of
residues such as muscle and woody tissue. Corrosive soils generally consist of large
aggregates, such as sand, and are permeable and acidic (Langejans 2010).

Tracing the life history of a sample is similarly important—not all curated tools/
assemblages are suitable for micro-residue analysis (e.g. Langejans 2012a, b). The
best results are achieved from samples that are specifically excavated and curated
for micro-residue studies (e.g., Lombard 2007), because cleaning, handling, trans-
portation, and storage conditions may all negatively affect the integrity of micro-
residue results. Contaminants (and the absence of remains) can confuse and compli-
cate a study (Wadley et al. 2004), but this can be overcome to an extent by applying
a multi-stranded approach, which we discuss below.

Meaningful results are mostly obtained when research questions guide sample
selection. For example, to understand how stone points were used over time and
space, samples of comparable artifacts from various contexts are studied. If a study
focuses on site function, a variety of tools from a single context is needed. We found
it useful to analyze relatively large samples of morphologically comparable tools so
that outcomes can be statistically assessed (Lombard 2005, 2007).

11.3 Hardware and Methods

Morphologically identified micro-residues are recorded with thorough observation
notes, spatial plotting on photographs or line drawings of tools (see Fig. 11.1 for
a simplified example), and through detailed photographic records (e.g., Fullagar
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Fig. 11.1 The top is a simplified residue distribution map for a Middle Stone Age stone segment
from Sibudu Cave, South Africa (adapted from Lombard 2008, Fig. 3). The segment is divided
in six portions and here the general residue groups are indicated by the following symbols: black
circle=animal type remains (muscle tissue, bone, collagen, blood, and hair); open circle=plant
type remains (plant tissue/fibers, starch); grey circle=ochre and resin micro-residues. The lower
part of the figure is a graph with the combined and quantified results of an assemblage of segments
(n=53) (from Lombard 2007, 2008). Note that plant remains, ochre, and resin are most abundant
on portions with steep retouch (the backed side, portions 4-6). Animal type remains are dominant
on the sharp edged portions 1-3. Lombard (2007, 2008) interpreted these patterns as evidence
for the hafting of the segments using mixed ochre and resin adhesives, and their use as hunting
weapons
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2006; Lombard 2011; Wadley and Lombard 2007). Detailed analyses are time-
consuming and require expensive, specialized equipment. It is thus wise to test a
sample for feasibility by scanning a few tools using low-power microscopy (mag-
nification< 100). In doing so, larger parts of the tool surface are in focus and this
highlights potential micro-residue preservation and distribution patterns. Accurate
identification of micro-residue types, however, often requires high magnifications
(200-1000), using reflected light microscopes.

Based on the research question, some micro-residues can be isolated from the
tools on which they occur and mounted on microscope slides. For the study of these
samples, direct or transmitted light microscopes are used where samples and slides
are illuminated from below (Artioli 2010; Murphy 2001). The generally very clear
image achieved with direct light can be further improved with image enhancing
techniques, such as differential interface contrast (DIC) (Murphy 2001). The identi-
fication of some residue types, such as starch grains or phytoliths is better facilitated
using this technique than when observed in situ using a reflected light microscope
(e.g., Fullagar 2006).

However, and again subject to the research question, the associations between
micro-residues, other use-traces and their orientations and distribution patterns on
the tools can be critical. First, where good preservation prevails, the amount of
information is amplified; enabling detailed functional and technological interpreta-
tions (Lombard 2008; Lombard and Wadley 2007). Also, the study and interpreta-
tion of in situ micro-residues can help distinguish use-related from non use-related
remains (Langejans 2011; Lombard and Wadley 2007; Wadley and Lombard 2007).

Stone tools are usually opaque and irregular, requiring the use of a reflected light
microscope fitted with long working distance lenses. Here, light is projected onto
the sample and reflected back into the lens. Polarizing filters help to identify micro-
residues using their optically anisotropic (directional property of light) characteris-
tics. The result of cross-polarization (where the two polarizing filters are aligned)
is that micro-residues with birefringent characteristics become brighter compared
to other materials (Murphy 2001; Rost and Oldfield 2000). In polarized light (us-
ing only the east—west filter), some organic remains with crystalline structures are
birefringent (refracted light gives a “rainbow shimmer”) (Murphy 2001). Different
materials respond differently to polarized and cross-polarized light and the intensity
or brightness of materials can be used to identify different micro-residue types.

Microscopes with a fluorescent option may also add to the quality of informa-
tion. Unlike conventional microscopy and other contrast enhancing technologies,
the sample does not reflect light, but reemits light (Artioli 2010; Lakowicz 2006).
Depending on their chemical composition, some remains have a characteristic au-
tofluorescence, for example, when using the UV filter, many organic materials emit
a weak yellow fluorescent light, and many recent contaminant fibers are strongly
fluorescent (blue).
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11.4 Guidelines for the Morphological Identification
of Micro-Residues on Tools

The morphological identification of micro-residues is based on their visual charac-
teristics including shape, color, size, texture, and their original nature; for example,
were they, during deposition, hard or soft, liquid, dry, or viscous? Modern compara-
tive collections are used to establish these characteristics and interpret aspects of
tool function and technology (Lombard 2007; Lombard and Wadley 2007, 2009).
Reference samples can be replicated, experimental, or ethnographic; as long as the
mode of handling, use, and processed materials are known (Fullagar 2006; Rots and
Williamson 2004). Below we provide an overview of the morphological charac-
teristics of different micro-residue types. This is a general list, partly based on our
own work so far, and we recommend that analysts create their own experimental
reference collections, aimed at resolving specific research questions. For example,
previously, micro-residues were interpreted as plant types if they displayed bire-
fringence and if starch grains were present. However, this did not always make
sense when compared to tool morphology, other related use-traces or the associated
faunal assemblages. Only after extensive experimentation, blind testing, and read-
ing on animal histology, did ML establish that some animal micro-residues are also
birefringent (Lombard and Wadley 2007, compare their Fig. 1; 2009; Wadley and
Lombard 2007).

11.4.1 Plant Micro-Residues

11.4.1.1 Plant Tissue and Fibers

Plant cells can be recognized by their double cell walls, large vacuoles, and chlo-
roplast organelles (Devlin and Witham 1983; Mauseth 1988). Plant cell walls are
composed of cellulose fibers that are embedded in hemicelluloses and lignin, and
other polysaccharides and proteins (Campbell 1990), making them rather robust
and very suitable for preservation. The rigid organization of plant tissue gives plant
residues a characteristic stiff and angular appearance (Lombard and Wadley 2007,
Fig. 3a). Although, it is seldom possible to differentiate between specific cell types
or tissues on archaeological tools, some distinctions can be made. For example,
elongated vessels are different from brick-like epidermal tissue (Wadley et al. 2004,
Fig. 3a, 3¢), and the latter can have a waxy top layer and hairs (Devlin and Witham
1983; Mauseth 1988).

Plant tissue is often birefringent and bright in cross-polarized light (Langejans
2012a, b, Fig. S11), and can appear translucent under high-power magnification
(Lombard 2008, also see Fullagar 2006). Plant or cellulose fibers usually consist of
long, slender cells that commonly occur in ribbon-like strands or fibrous bundles.
The cellulose strands often appear as broken twisted fibers, with shattered ends.
Such breaks can seem straight and abrupt (Lombard 2008). Fibers are likely to be
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sclerenchyma tissue (a supporting tissue), which may develop in any or all parts
of the primary and secondary plant bodies (Raven et al. 1992). Other plant micro-
residues, such as starch grains and resin, often accompany plant tissues and fibers
(Fullagar 2006; Lombard 2008).

Ancient micro-residues tend to lose color and brightness, sometimes taking on
colors from the sediment, and they generally appear more faded than fresh micro-
residues. When preserved, cellular structures are often warped and fragmented.
Post-depositional and post-excavational plant remains are mostly exceptionally
birefringent with bright colors and intact cellular structures. In fresh green plant
tissue, chlorophyll can be observed, which does generally not preserve over time
(Langejans 2012a, b).

11.4.2 Degraded Plant Tissue and Charcoal

When microbes attack a plant cell they focus on the nutrients inside the cell, leaving
the tough cellulose in the cell walls; thus, archaeological plant tissue generally only
consists of a silica skeleton, compared to fresh tissue. Degraded plant tissue can be
white or light yellow, but frequently appears dark brown. Degraded wood is often
fragmented (Langejans 2012a, b).

Charcoal or burnt plant tissue varies in color between brown and black, depend-
ing on the temperature and burning process. The plant cells carbonize during burn-
ing and this leaves a carbon skeleton behind. Degraded plant tissue and charcoal
may appear similar, and burnt plant tissue can have a fatty gloss. Both degraded
and burnt plant tissue can be birefringent, but this is not always the case (Langejans
2012a, b).

11.4.3 Starch Grains

Starch grains are specialized cells in which plants store energy in the form of sugars.
Large grains are most abundant in storage organs, such as roots, tubers, and seeds,
but smaller ones can also be found in smaller quantities in other plant parts (Haslam
2004). As a grain grows, two types of sugars are alternately deposited (Gott et al.
2006; Lillford and Morrison 1997) and these are visible as concentric (growth)
rings or lamella (Donald et al. 2001). Inside the grains, the sugars form a crystalline
structure that, under cross-polarized light, creates the distinctive polarization cross
(Gidley 2001): Two discrete dark bands that cross more or less in the middle of the
granule (Torrence 20006).

Starch grains can vary in size from 1 to 175 um; they can be circular, elliptical,
or triangular. The shapes, sizes, lamella, position and nature of the hilum or grain
core, and polarization crosses can be specific for different plant species (Gott et al.
2006; Langejans 2006, compare Figs. 3.1-3.10; Torrence 2006). Identification of
starch grains to species level requires extraction of the residue and direct light mi-
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croscopy. Starch grains are birefringent and translucent, but when damaged, they
may lose their distinctive shape and become opaque (Barton and Matthews 2006;
Gott et al. 2006). On staining extracted samples with Congo red dye or iodine, or
on applying an iodine—potassium—iodine test, (damaged) starch grains and cellulose
change color. Other remains, such as proteins, are unaffected by this staining (Lamb
and Loy 2005; Torrence 2000).

Small (<5 pm) starch grains are ubiquitous in most sediments, and other remains,
such as fungal spores, spherulites, and diatoms have similar, though weaker, optical
properties and might be mistaken for starch (Haslam 2006; Loy 2006). Therefore,
without the association of other plant micro-residues and repeated spatial cluster-
ing on a representative sample of tools, starch cannot be considered use-related
(Lombard 2008).

11.4.4 Resin

Resin is a general term for plant secretions that includes pitch, waxy oils, gums and
latex, and is sometimes confused with petroleum-based materials, such as bitumen.
Pristine resins are not processed, whereas tar and pitch are the by-products of the
distillation of resinous wood (Connan and Nissenbaum 2003; Font et al. 2007).
Pitch, tar, and resin mixes are difficult to distinguish visually and only spectro-
graphic analysis can reveal the nature of an archaeological substance (Font et al.
2007); therefore, we use the word resin here for a suite of different materials.

Resin or gum films can have a glassy transparent appearance and their color
can range from brown to yellow (Lombard and Wadley 2007, Fig. 2). The deposit
indicates the fluid or viscous nature of the residue and can appear like small smooth
droplets or have a cracked appearance (Langejans 2012a, b, Fig. S3). The cracks
are usually straight-edged and clear (Lombard 2008). Resin might also appear bire-
fringent, and starch grains, woody residue, plant fibers, epidermal cells, and other
plant cells are often recorded within a resinous deposit (Fullagar 2006; Lombard
and Wadley 2007). Tar and pitch are darker than pristine resins; ranging from brown
to black. Degraded resinous residues can have a granular appearance with more
visible starch grains around the edges of deposits (Lombard 2008, Fig. 8). Resin
mixes generally lose their glassy and transparent characteristics. They appear more
organic with globular shapes; they become more gummy and sticky, and less brittle.
Breaks appear more rounded and fluid than pristine and fresh resins.

Plant exudates are much less viscous than resins, and quickly dry on exposure,
often only leaving a stain (Langejans 2012a, b, Fig. S7). Depending on the thick-
ness of the exudate, the stain can be a simple dark spot or a thin deposit. Often the
deposit resembles a mud cracked surface with straight, but smooth edges. Some-
times starch grains are present inside the deposit. Thicker plant exudate deposits are
birefringent and semi-translucent (Langejans 2012a, b).
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11.4.5 Animal Micro-Residues

Animal cells are made from proteins, are less rigid than plant cells, and only contain
small vacuoles that are not clearly visible when using reflected light microscopy.
Animal residues often become dull or opaque when the light polarizer is rotated,
and nuclei are sometimes visible although obvious cell structure is seldom observed
(Lombard 2008). Of the four types of animal tissue, supporting/connective and
muscle tissue are most common on archaeological tools.

11.4.6 Supporting and Connective Tissues

Supporting or connective tissues include bone, sinew, and cartilage and they bind
and support other tissues. They all consist of an extracellular matrix with scattered
cells and collagen fibers. Collagen refers to a group of proteins that is abundant in
these supporting tissues, but is also present in, for example, epithelial and muscle
tissue. The parallel collagen fibrils are arranged into strong bundles of 2—10 mm in
diameter (Young and Heath 2002). In loose connective tissue, such as the tissue lay-
ers that connect skin to muscle tissue, the limited collagen fibers have a loose weave
and the (fat) cells have no rigid organization. Fibrous connective tissue, such as
tendons, on the other hand, is dense because it contains many collagen fibers. Bone
is a mineralized supporting tissue, and cartilage is a specialized type of fibrous con-
nective tissue, where collagen fibers are imbedded in a rubbery chondrin matrix
(Campbell 1990; Moran and Rowley 2005).

Because collagen consists of parallel bundles, divided in to fibrils, the fibers of-
ten have the appearance of rope and the ends may appear unraveled (Lombard 2011,
Fig. 6d; Wadley and Lombard 2007, Fig. 3a). The orientation of the elongated tro-
pocollagen molecules in collagen fibers makes them birefringent, but under polar-
ized light they often appear opaque. Some collagen bundles may display structured
layers (Junqueira et al. 1998). Certain collagen types do not form fibrils but rather
have a mesh-like structure (Young and Heath 2002), sometimes described as sheet
collagen (see Lombard 2005, 2008). Due to its positioning between other tissues
and connecting function, loose connective tissue can have a mixed appearance of
fat, bone, and muscle tissue.

Cartilage is organic, or flowing and fibrous, but less than loose connective tis-
sue; cartilage can be birefringent. Bone and fatty bone often appear as amorphous,
opaque deposits on archaeological tools (Lombard 2008, Figs. 13 and 14). They have
a greasy appearance with no characterizing structure, and they are generally not bi-
refringent. Bone flakes can be angular and rigid (Langejans 2012a, b, Fig. S10) and
can sometimes have small perforations under magnifications of >200. Bone depos-
its are usually white to light yellow; when extremely fatty, they can appear bluish in
cross-polarized light. Degraded non-fatty bone can be translucent (Lombard 2008).
Burnt bone is similar to unburnt bone, but often varies in color from deep yellow
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to orange and can appear more granular (Langejans 2012a, b, Fig. S1). In a recent
study, using non-destructive Fourier transform infrared (FTIR) spectroscopy, we
were able to verify the micro-morphological identification of bone (Prinsloo et al.
2013).

11.4.7 Blood

Mammalian red blood cells or erythrocytes lack nuclei and are thus recognized by
their biconcave disc shape with an average diameter of 7.2 um (Young and Heath
2002). On drying, they may be smaller (3—5 um) and the edges of the cells may
become crenated or ruffled (Lombard 2008, 2014). Because red blood cells are so
small, they are usually only visible at >500 %. Amphibian, avian, and reptile blood
cells have nuclei and these cells have elongated shapes; the cell sizes vary between
orders and species (Gulliver 1875). Chemstrip or Hemastix© tests can be used to
test an extracted micro-residue for blood (e.g., Loy 1983; Newman et al. 1997), but
these and similar tests are known to give false positives and their reliability is de-
bated (for an overview see Smith and Wilson 2001). An enhanced, non-destructive
luminol product that can be used directly on the surfaces of stone tools to reveal
blood distribution patterns, however, withstood the rigour of blind testing and it was
demonstrated that false positives could be distinguished from true blood residues
(Gundy et al. 2008; Lombard 2014).

Blood residues on archaeological tools are often associated with other animal
residues, and indicated by the characteristic mud-cracking of thick films, the color
and/or the presence of red blood cells (Wadley et al. 2004, Figs. 3c, d, Lombard
2014). Blood films are relatively reflective and may range in color from yellow, for
thin films to red or black, for thicker deposits. (Lombard 2008, also see Lombard
2011).

11.4.8 Muscle Tissue

Muscle tissue is composed of long cells, which are capable of contraction. In skel-
etal tissue or striated muscle tissue, the muscle cells or fibers are subdivided into
many longitudinally oriented units, myofibrils, which are again divided into sar-
comeres. This alignment forms dark and light bands, and gives the tissue a striped
appearance (Wadley et al. 2004, Fig. 3d). Visceral or smooth muscle tissue does not
have striations; visceral cells are spindle shaped and can be much smaller than other
muscle cells. In longitudinal section, striated tissue appears as very elongated and
parallel fibers, and in cross-section the cells are circular (Campbell 1990; Moran
and Rowley 2005).

The darker bands in the tissue are anisotropic and therefore birefringent under
cross-polarized light (Junqueira et al. 1998; Lombard 2008). Sometimes, animal
tissue on replicated stone tools used for hunting or butchering is soft, organic and
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flowing with associated gelatinous strands; very unlike any plant tissue (Lombard
and Wadley 2007, Fig. 4a, b; Wadley et al. 2004, Fig. 3a). Muscle tissue varies in
color from pale to yellow, orange and brown (Lombard 2008). Muscle tissue is
generally not as translucent as plant tissue. The ends of fibers can appear like unrav-
eled ropes or twisted. When muscle tissue dries out, it shrinks, discolors, and can
become stiff causing it to crack, sometimes resembling woody fibers, but it is usu-
ally much darker brown or orange. When rehydrated it can regain its flowing nature,
although the change in color is permanent (Zimmerman 2001).

11.4.9 Fat and Marrow

Fat (adipose tissue) and marrow cells have distinctive globular or ovoid shapes
(Lombard and Wadley 2007, Figs. 4c, d). When crushed or smeared, the tissue be-
comes amorphous but the smear itself can be detected (Lombard 2008). Unilocular
(common or yellow) adipose tissue is composed of cells that contain one large cen-
tral droplet of yellow fat in their cytoplasm. Multilocular (or brown) adipose tissue
is limited in mammalian adults and composed of cells that contain numerous lipid
droplets and abundant brown mitochondria (Junqueira et al. 1998). In some marrow
deposits, bright red erythrocytes occur, which are responsible for platelet forma-
tion (Young and Heath 2002). In archaeological samples these brown and red spots
can sometimes be detected within a whitish deposit and indicate the faunal origin
of the residue. Fat and marrow can appear birefringent on the surface, but often
become opaque when the polarizer is rotated. These residues are sometimes bluish
under cross-polarized light (Lombard 2008; Wadley and Lombard 2007, Fig. 3e).
This blue haze is caused by the secondary mineral vivianite that is present in fat
(Fullagar 2006). FTIR spectroscopy conducted on replicated artefacts demonstrated
that the morphological identification of microscopic fat residues using microscopy
can be assessed without destruction of the sample or interfering with the distribu-
tion of micro-residues on an artefact (Prinsloo et al. 2013).

11.4.10 Hair

Animal hairs are formed in the deeper layers of the skin and they are made from
long keratin proteins. Hairs are cylindrical and consist of three layers. The outer
layer is the cuticula and it displays cuticular scales. Moving inwards is the cortex
that contains amorphous dry cells and pigment granules; these are not clearly vis-
ible under the microscope. The centre of the hair is the medulla and consists of
tightly packed dry cells. The medulla is clearly visible under the microscope as a
dark core; the cells are so packed that the cell structure is not visible (Bonnichsen
et al. 2001; Teerink 1991). The scales and medulla of different mammal species
have characteristic patterns and hairs can be used to identity species (e.g., Teerink
1991, and Figs 56284 therein).
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11.4.11 Fish Micro-residues

The tissue of fish has similar properties as that of mammals. Some tissue has similar
banded skeletal muscle tissue and fish muscle tissue can also be birefringent. In
general it appears oilier than mammalian tissue, but this can differ between species.
The red blood cells of fish are about the same size as those of mammals (6—8 pum),
but they are elliptical instead of round. More characteristic, however, are fish scales.
The skin of most bony and cartilaginous fish is covered with scaly plates. Scales are
produced by the dermis and mainly consist of collagen. The degree of mineraliza-
tion varies between species, as does the shape; for example, they can be round, dia-
mond shaped, or teethed. Most have clear concentric growth lines (Helfman et al.
2009, and Fig. 3.18 therein). The growth rings and cells within can be birefringent
and in polarized light the surface of the scales is translucent, but in cross-polarized
light it is opaque. The size and shape of scales is diagnostic for species; however,
one species can have different types of scales and there can be differences between
sexes (Helfman et al. 2009).

11.4.12 Ochre

Ochre is a red iron oxide (Fe,O,) or yellow hydroxide (FeOOH). Heating dehydrates
the hydroxide, turning it into red ochre (Wadley 2009). These deposits are granular.
Polarized light enhances the color and in cross-polarized light ochre is dull. Ochre is
sometimes mixed with other materials like fat or resin, and as it is absorbed it may
lose its granular properties. Fat and ochre mixes generally appear as (bright) red fat
deposits, but without the blue haze in cross-polarized light (Langejans 2012a, b,
Figs. S2, 3; Lombard 2006a, Figs. 1, 2).

11.4.13 Non-use Related Remains

Archaeological soil can be a source of micro-residues that are not related to use. Site
sediments can contain organic remains such as ash, bone, pollen, insect remains,
plastic bits, and charcoal amongst sand, clay and other particles. To ensure that
“dirt” is not confused with use-related micro-residues, it is good practice to analyze
soil samples from the contexts associated with the artifact samples (Fullagar 2006;
Fullagar et al. 1996). One way to do this is to take double-sided tape and attach it
to a microscope slide; the other sticky side is dipped in the soil sample until the
sediment covers the tape. The “soil” particles can then be analyzed and recorded
under the same lighting and magnification conditions as used during micro-residue
analysis (c.f. Wadley and Lombard 2007). Once excavated, non use-related micro-
residues can also contaminate a sample by air or through handling. Dust consists
of starch, pollen, fibers, hairs and so on; a way to test what dust particles can be



11 About Small Things and Bigger Pictures 211

expected is by setting out dust catchers (c.f. Wadley and Lombard 2007, also see
their Fig. 1). Remains from handling are generally fat or oily deposits (Wadley
et al. 2004, Fig. 1) and skin flakes; the latter can resemble bone flakes. Generally,
non use-related remains can be recognized by their random distribution on a tool’s
surface. If they are recent, they often are “fresh” looking and can have bright colors.

11.5 Analysis of the Results: A Multi-stranded Approach

We follow a multi-stranded approach when analyzing and interpreting
micro-residues recorded on archaeological stone tools (for a discussion of the
method see Langejans 2011; Lombard and Wadley 2007; Wadley and Lombard
2007, and for archaeological applications see Langejans 2012a, b; Lombard
2008, 2011; Wadley and Langejans 2014). This approach combines different
contextual factors to inform on the origin of the observed remains. First, mi-
cro-residues are identified, recorded and carefully plotted in relation to tool
morphology (as in the distribution map in Fig. 11.1). The different types are
then quantified and appraised according to their distribution patterns, their as-
sociation with other micro-residue types, and mechanical use-traces (Fig. 11.1).
Some non use-related micro-residues may be recognized as remains from the
site sediment and dust. Although, they can appear similar to use-related res-
idues, they tend to have random and less concentrated distribution patterns.
Additionally, they lack repeated association with other micro-residue types or
use-wear. Use-related micro-residues generally appear in more abundant con-
centrations than incidental remains, usually reoccurring in specific combina-
tions (e.g., the resin, ochre, and plant remains in Fig. 11.1), and they often have
meaningful repeated associations with micro-wear or macro-fracture traces. In
addition, on morphologically similar artifacts, the use-related micro-residues
commonly display recurring distribution patterns (see the graph in Fig. 11.1).
This patterning indicates which portions were used or hafted, and the micro-
residue types reveal processed or contact materials (Lombard 2011; Lombard
and Wadley 2007; Wadley and Lombard 2007).

Quantification of micro-residue observations remains a challenge, but progress
is being made. For example, in Fig. 11.1, the surfaces of similar morphology tools
were divided into portions and the micro-residues types per portion were counted,
in doing so micro-residue occurrences could be quantified and interpreted (c.f.
Lombard 2008). The number and position of the portions used depend on the tool
type and size, and the research question. The tool portions are similar throughout
the sample to ensure comparability of the results across the assemblage (Langejans
2011; Lombard 2004, 2005). Different research questions may, however, require
different quantification systems.

After quantification, the number and types of micro-residues per portion and
across samples can be compared. This may lead to the identification of general
patterns; for example, some remains will always be found together, in particular
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suites, or on similar portions and others not (e.g., in Fig. 11.1, the ochre and ani-
mal type remains are not often found together) (e.g. Lombard 2008). If the tool
samples are large enough and if preservation is good (ensuring a generous dataset),
statistical tests such as T-tests and Chi-square tests, can be used to assess the prob-
ability of use-related or coincidental distribution patterns (e.g., Langejans 2011;
Lombard 2004, 2005, 2007). When tool and recorded micro-residue samples are too
small, low-level statistics, such as percentages, can be used (c.f. Langejans 2012a,
b; Lombard 2011).

11.6 Addressing the Bigger Questions

Getting bogged down with the microscopic details as described above is tedious, and
may appear inconsequential. However, depending on scope and approach, results
can contribute meaningfully to the larger arena of anthropological discourse, and
even stimulate paradigm shifts. To illustrate such potential, we use a very brief and
simplified account of the global debate around the early use of stone-tipped, hand-
delivered spears and mechanically-projected arrows (e.g., Barton et al. 2009; Lom-
bard 2011; Sisk and Shea 2011; Villa and Soriano 2010). Initially, it was assumed
that Neanderthals were “primitive scavengers” (e.g., Binford 1985; Stiner 1994),
yet, Shea (1989, 1993) suggested that fracture patterns on Levantine Middle Paleo-
lithic stone tools indicated their use as spear tips. Others were unable to reproduce
similar results and questioned this outcome; they instead proposed that the tools
were convergent scrapers or had multiple functions (e.g., Holdaway 1989; Plisson
and Beyries 1998; Roler and Clark 1997). Subsequently, however, Shea’s notion of
Neanderthals as effective, well-equipped hunters was reinforced with micro-residue
analysis. A study conducted on stone points associated with the Neanderthals in
the Crimea, demonstrated that some were hafted and probably used to tip hunting
weapons (Hardy 1999; Hardy et al. 2001).

More recent use-trace work on South African tools showed that since about
100,000 years ago modern humans used stone-tipped hunting weapons (Lombard
2011; Villa and Soriano 2010). The micro-residue suites on the hafted tools from
about 70,000 years ago include resin, plant tissue, fibers, ochre, and animal remains
such as fat and muscle tissue (Lombard 2006a, b, 2008, also see our Fig. 11.1).
Use and hafting interpretations, based on the multi-stranded approach presented
above, have now culminated in what can be called “the spear vs bow-and-arrow
debate” (e.g., Lombard and Parson 2011; Sisk and Shea 2009; Villa and Soriano
2010; Wadley and Mohapi 2008); with direct evidence now established for the use
of stone-tipped arrows at 64,000 years ago in South Africa (Backwell et al. 2008;
Lombard 2011; Lombard and Phillipson 2010). Early use of bow-and-arrow tech-
nology may also inform on levels of cognitive complexity (Lombard and Haidle
2012). Thus, as with the “hunting vs scavenging debate”, knowing how weap-
ons were delivered can help to understand early human behavior and cognition
(c.f. Wadley 2010; Wadley et al. 2009).
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11.7 Concluding Thoughts: From an Observation to a
Change in Paradigm

For many years, micro-residue analysis was a contested method (Grace 1996;
Smith and Wilson 2001, and see the debate in Fullagar et al. 1996), but with rig-
orous testing much criticism has and will be overcome. Blind tests demonstrated
the merit of the morphological approach to identify micro-residue types (e.g.,
Lombard and Wadley 2007; Wadley and Lombard 2007; Monnier et al. 2012;
Wadley et al. 2004). The preservation of micro-residues has been addressed
(e.g., Barton 2009; Haslam 2004; Langejans 2010; Lu 2006), and it is generally
accepted that although not all sites are suitable, in many contexts micro-residues
are preserved.

Contaminants, such as spores can be distinguished from use-related remains
based on their optical properties (Haslam 2006; Loy 2006); contaminants have ran-
dom distribution patterns and less concentrated deposits and frequencies (Barton
et al. 1998; Williamson 2006). By scrutinizing soil and dust samples, and by work-
ing in a controlled and clean lab environment (Crowther et al. 2014; Loy and Barton
2006; Wadley and Lombard 2007), and by applying the multi-stranded approach
(Hardy and Garufi 1998; Langejans 2011; Wadley and Lombard 2007), use-related
remains can be distinguished from non use-related micro-residues. Moreover, mi-
cro-residues have been directly dated, proving their age (Zarrillo et al. 2008). The
cumulative efforts of many researchers indicate that micro-residue analyses, con-
ducted on appropriate samples of archaeological stone tools, are successful because
use-related remains are notably (and sometimes statistically significantly) different
in terms of their distribution patterns, numbers, contexts, and optical properties,
compared to non use-related remains.

Micro-residue analysis is a growing discipline. Here we only covered morpho-
logical identification of micro-residues using reflected light microscopy as it is the
method we have been using and developing for our particular research aims over
the past decade. Yet, new techniques, technologies and quantification methods will
no doubt refine and improve future work. Most importantly, when approaches are
developed and tested with pertinent research questions in mind, the results can pro-
vide detailed insight into past human behavior and ways of thinking, on a scale and
quality previously inconceivable.
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